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Introduction . 

The 1983 edition of the National Semiconductor Interface' 
Bipolar LSI"' Bipolar Memory , Programmable Logic 
Databook Is the most comprehensive available. It con
tains complete specifications on these high technology 
products, as well as applications Information, product 
selection and cross reference guides. 

Quality and Reliability 
As electronic systems become more and more complex, 
the need for consistently high quality integrated circuits 
becomes increasingly Important. Having recognized this 
need as far back as the 1970s, National Semiconductor in
itiated a unique, company-wide Quality Improvement Pro
gram. The results have been dramatic and, we believe, 
unmatched in this industry. Over the years, National has 
regularly been named by many major customers· as·"Qual
ity Manufacturer of the Year." We are proud of our suc
cess, which sets a standard for others to achieve. And yet 
our quest for perfection Is ongoing, so that"customers can 
continue to rely on National Semiconductor integrated cir
cuits and products In their system designs. 
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Einfiihrung 

Die 1983er Ausgabe des National Semiconductor Inter· 
face/Bipolar LSI/Bipolar Memory/Programmable Logic 
Datenbuches 1st die umfassendste Ausgabe die jemals 
zur verfUgung stand. Sle belnhaltet komplette Spezifika· 
tionen dieser hochtechnologlschen Produkte so wie 
Angaben uber Anwendungsmoglichkeiten, Produktselek· 
tion und Referenzlisten. 

Qualitat und Zuverlassigkeit 

Mit der zunehmenden Komplexltat der el~ktronischen Sys· 
teme wird die Notwendigkeit integriete Schaltungen mit 
hoher Qualitat immer wichtiger. Dies bereits in den 70/ger 
Jahren erkannt, entwickelte National Semiconductor ein 
einmaliges, firmenweites "Qualitatsverbesserungspro· 
gramm". Die damit von National Semiconductor erreich· 
ten Ergebnisse sind bis heute-wie wir glauben-uner· 
reicht. Wah rend der letzten Jahre wurde National 
Semiconductor regelmassig als "Qualitatshersteller Nr 
1" bewertet. Auf diesen Erfolg sind wir stolz. Er setzt neue 
Mass·SHibe fUr die Industrie. Und doch gehen unsere 
Austrengungen zu immer hoheren Perfektion weiter, so 
dass sich unsere Kunden auch in Zukunft auf National 
Semiconductor's integriete Schaltungen und Produkte in 
ihren Systemen absolut verlassen konnen. 
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Introduction 

L'edition 1983 du catalogue National Semiconductor 
Interface/Bipolar LSI/Bipolar Memory/Programmable 
Logic est Ie plus accessible des catalogues disponibles. 
Le contenu de cette edition specifie completement ces 
produits a technologie de pointe et decrit des examples 
d'application, plus une selection de produits avec une 
liste de correspondance. 

Qualite et Fiabilite 

La complexits croissante des systemes electroniques 
demande des circuits integres de plus en plus haute qual· 
ite. Conscient de ce besoin des les annees '70 National 
Semiconductor fut a I'origine d'un programme unique ac· 
centuant la qualite de tous ses produits. Les rssultats 
furent spectaculaires et inegales. Depuis National 
Semiconductor a re9u la distinction pour la qual/te de ses 
produits de la part de ses clients. Nous sommes fiers de 
ce succes qui force les autres a suivre nos standarts. 
Notre recherche de la perfection se poursuit apportant la 
con fiance pour nos clients en nos produits et leur utilisa· 
tion pour leurs syst~mes. 



TRADEMARKS 

Following is the most current list of National Semiconductor Corporation's trademarks and registered trademarks. 

Abuseable™ M2CMOSTM 

Anadig™ Macrocomponent™ 
Auto-Chem Deflasher™ Microbus™ data bus (adjective) 
BI-FETTM microCMOSTM 
BLC/BLXTM MICROWIRETM 
CIMTM MICRO-DACTM 
CIMBUSTM MST™ 
CIM-BDTM Nitride PIUS™ 
CIM-XXXTM Nitride Plus Oxide™ 
COPSTM microcontrollers NSC800™ 
DIBTM NS16000™ 
DIGITALKER™ NSX-16™ 
DISCERNTM NURAMTM 
DNRTM OXISS™ 
DPVMTM P2CMOSTM 

E-Z-LIt~KTM Perfect Watch ™ 
HEX 3000™ PolycraftTM 

ISETM POSitalker™ 
Integral ISETM QUAD3000™ 
IntelisplayTM RATTM 

ISE-16™ Shelf-Chek™ 

PAL ® and PALASM® are registered trademarks of Monolithic Memories, Inc. 
VAX® is a registered trademark of Digital Equipment Corp. 

LIFE SUPPORT POLICY 

SERIESI800™ 
SPIRETM 

Starlink™ 
STARPLEXTM 

STARPLEX WM 
SuperChipTM 

SYS-16™ 
TAPE-PAKTM 
Trapezoidal™ 
TRI-CODETM 
TRI-POLyrM 
TRI-SAFETM 
XMOSTM 
XPUTM 
ZSTARTM 

883B/RETSTM 
883S/RETSTM 

Th6 National Anthem® 
Datachecker® 
Maxi-ROM® 
TRI-STATE® 

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES 
OR SYSTEMS WITHOUTTHE EXPRESS WRITTEN APPROVAL OFTHE PRESIDENT OF NATIONALSEMICONDUCTOR 
CORPORATION. As used herein: 

1. Life support devices or systems are devices or systems 
which, (a) are intended for surgical implant into the 
body, or (b) support or sustain life, and whose fai lure to 
perform, when properly used in accordance with in
structions for use provided in the labeling, can be rea
sonably expected to result in a significant injury to the 
user. 

2. A critical component is any component of a life support 
device or system whose failure to perform can be rea
sonablyexpected to cause the failureof the life support 
device or system, or to affect its safety or effectiveness. 

National Semiconductor Corporation 2900 Semiconductor Drive Santa Clara, California 95051 Tel: (408) 721-5000 TWX: (910) 339-9240 
National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied. and National reserves the right, at any time without notice, to change said circuitry or specifications. 
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DM54S572 (1024 x 4) 4096·Bit TTL PROM. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 21·22 
DM54S572A (1024 x 4) 4096·Bit TTL PROM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21·22 
DM54S573 (1024 x 4) 4096·Bit TTL PROM. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . 21·22 
DM54S573A (1024 x 4) 4096·Bit TTL PROM ..... " . . . . . . . . . . . . . . . . . .. . . . . . . ... . 21·22 
DM54S573B (1024 x 4) 4096·Bit TTL PROM ... " . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . 21·22 
DM74S188 (32 x 8) 256·Bit TTL PROM. . . . . . . . . . . • . .. . . . . . . . . . . . . . . . . . . . . . . . . 21·6 
DM74S18964·Bit(16x4)TRI~STATERAM .................................. ~. 22·3 
DM74S189A High Speed 64·Bit TRI·STATE RAM .............................. 22·3 
DM74S287 (256 x 4) 1024·Bit TTL PROM .............................. '. . . . . . . 21·8 
DM74S288 (32 x 8) 256·Bit TTL PROM .............. " . . . . . . . . . . . . . . . . . . .. . . . 21·6 
DM74S289 64·Bit Open·Coliector RAM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22·3 
DM74S387 (256 x 4) 1024·Bit TTL PROM ....... " . . . . . . .. . .. . . . . . . . . . . . . . . . .. 21·8 
DM74LS471 (256 x 8) 2048·Bit TTL PROM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 21·12 
DM74S472 (512 x 8) 4096·Bit TTL PROM . ~ ........................... : . . . . . . . 21·14 
DM74S472A (512 x 8) 4096·Bit TTL PROM. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . 21·14 
DM74S472B (512 x 8) 4096·Bit TTL PROM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 21·14 
DM74S473 (512 x 8) 4096·Bit TTL PROM. . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . 21·14 
DM74S473A (512 x 8) 4096·Bit TTL PROM. . . . . . . . . . .. . . . . . .. . . .. . . . . . . . . . . . . . 21·14 
DM74S474 (512 x 8) 4096·Bit TTL PROM ................. " . . . . . . . . . . . . . . . . . . 21·16 
DM74S474A (512 x 8) 4096·Bit TTL PROM. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . 21·16 
DM74S474B (512 x 8) 4096·Bit TTL PROM .. " ....... " . . . . .. . . . . . . . . . . . . . . . . . 21·16 
DM74S475 (512 x 8)4096·Bit TTL PROM ..... " ........................ ".... 21·16 
DM74S475A (512 x 8) 4096·Bit TTL PROM ................ " . . . . . . . . . . . . . . . . . . 21·16 
DM74S570 (512 x 4) 2048·Bit TTL PROM ( ........................... ; . . . . . . . . 21·10 
DM74S570A (512 x 4) 2048·Bit TTL PROM. . . . . . . . . . . . . . . .. .. . . .. . . . . . . .. . . . . . 21·10 
DM74S571 (512 x 4) 2048·Bit TTL PROM .............................. ",. . . . . 21·10 
DM74S571A (512 x 4) 2048·Blt TTL PROM. . . . . . . .. . .. . . . . . .. . . .. . . . . . . . . . . . . . 21·10 
DM74S571 B (512 x 4) 2048~Bit TTL PROM. . . . • . . . . . .. . . . . . . . . . .. . . . . . . . . . . . . . 21·10 
DM74S572 (1024 x 4) 4096·EUt TTL PROM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21·22 
DM74S572A (1024 x 4) 4096·Blt TTL PROM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21·22 
DM74S573 (1024 x 4) 4096·Bit TTL PROM. . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 21·22 
DM74S573A (1024 x 4) 4096·Bit TTL PROM . .. . . . . .. . . .. . . . . . • . . . . . . • . . . . . . . . . 21·22 
DM74S573B (1024 x 4) 4096·Bit TTL PROM ................................... ' 21·22 
DM75S06 Open·Coliector Non·lnvertlng, 64·Bit (16 x 4) RAM ....•...•........... 22·10 
DM75S07 TRI·STATE Non·lnvertlng, 64·Blt (16 x 4) RAM ................•....... 22·10 
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Alpha-Numerical Index (Continued) 

DM75S07A High Speed TRI·STATE .Non·lnverting, 64·Bit (16 x 4) RAM ............ . 
DM75S68 16 x 4 Edge Triggered Register .................... : .............. . 
DM76S64 Bipolar Character Generator ..................................... . 
DM76S128 Bipolar Character Generator ................. : .................. . 
DM77SR25 (512 x 8) 4k·Bit Registered TIL PROM ............................ . 
DM77SR25B(512 x 8) 4k·Bit Registered TIL PROM ........................... . 
DM77S180 (1024 x 8) 8192·Bit TIL PROM ................................... . 
DM77LS181 (1024 x 8) 8192·Bit TIL PROM .................................. . 
DM77S181 (1024 x 8) 8192·Bit TIL PROM ................................... . 
DM77S181A (1024 x 8) 8192·Bit TIL PROM ......................... ',' ....... . 
DM77SR181 (1024 x 8) 8k·Bit Registered TIL PROM .......................... . 
DM77S184 (2048 x 4) 8192·Bit TIL PROM ................................... . 
DM77S185 (2048 x 4) 8192·Bit TIL PROM ................................... . 
DM77S185A (2048 x 4) 8192·Bit TIL PROM .................................. ; 
DM77S185B (2048 x 4) 8192·Bit TIL PROM .................................. . 
DM77S190 (2048 x 8) 16,384~Bit TIL PROM .................................. . 
DM77S190A (2048 x 8) 16,384·Bit TIL PROM ................................ . 
DM77S190B (2048 x 8) 16,384·Bit TIL PROM ....................... ~ ........ . 
DM77S191 (2048 x 8) 16,384·Bit TIL PROM .................................. . 
DM77S191A (2048 x 8) 16,384·Bit TIL PROM ................................ . 
DM77S191 B (2048 x 8) 16,384·Bit TIL PROM ................................ . 
DM77S195A (4096 x 4) 16,384·Bit TIL PROM .....................•........... 
DM77S195B (4096 x 4) 16,384·Bit TIL PROM ................................ . 
DM77S280 (1024 x 8) 8192·Bit TIL PROM ................ ' ....... ',' .......... . 
DM77S281 (1024 x 8) 8192-Bit TIL PROM ................................... . 
DM77S281A (1024 x 8) 8192·Bit TIL PROM ................................... ' 
DM77S290 (2048 x 8) 16,384-Bit TIL PROM .................................. . 
DM77S290A (2048 x 8) 16,384-Bit TIL PROM ................................ . 
DM77S290B (2048 x 8) 16,384-Bit TIL PROM .: ............................. ;. 
DM77S291 (2048 x 8) 16,384-Bit TIL PROM ................................ ; .. 
DM77S291A (2048 x 8) 16,384-Bit TIL PROM ................................ . 
DM77S291 B (2048 x 8) 16,384·Bit TTL PROM ................................ . 
DM77S321 (4096 x 8) 32,768·Bit TIL PROM .................................. . 
DM77S321 A (4096 x 8) 32,768-Bit TIL PROM ................................ . 
DM77S401 First·ln, First·Out (FiFo) 64 x 4, 64 x 5 Serial Memories .............. . 
DM77S401A First·ln, First·Out (FiFo) 64 x 4, 64 x 5 Serial Memories ............. . 
DM77S402 First-In, First-Out (FiFo) 64 x 4, 64 x 5 'Serial Memories .............. . 
DM77S402A First·ln, First·Out (FiFo) 64 x 4,64 x 5 Serial Memories ............. . 
DM77S421 (4096 x 8) 32,768-Bit TTL PROM ................... ~ .............. . 
DM77S421A (4096 x 8) 32,768·Bit TTL PROM ................................ . 
DM77SR474 (512 x 8) 4k·Bit Registered TIL PROM ........................... . 
DM77SR474B (512 x 8) 4k-Bit Registered TIL PROM ........... ' ............... ; 
DM77SR476 (512 x 8) 4k-Bit Registered TIL PROM .. ~ ........................ . 
DM77SR476B (512 x 8) 4k·Bit Registered TTL PROM ......... ; ...... ~ ......... . 
DM85S06 Open-Collector .Non·lnverting, 64·Bit (16 x 4) RAM ; .................. . 
DM85S07 TRI-STATE .Non·lnverting, 64-Bit (16 x 4) RAM ...................... '. ; , 
DM85S07A High Speed TRI·STATE .Non-Inverting, 64·Bit (16 x 4) RAM ............ . 
DM85S68 16 x 4 Edge Triggered Register .................................... . 
DM86564 Bipolar Character Generator ..................................... . 
DM86S128 Bipolar Character Generator .................................... . 
DM87SR25 (512 x 8) 4k·Bit Registered TIL PROM ............................ . 
DM87SR25B (512 x 8) 4k-Bit Registered TIL PROM ........................... . 
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Alpha-Numerical Index (Contlriued) 

DM87S180 (1024 x 8) 8192·81t TTL PROM ........................ ; .......... . 
DM87LS181 (1024 X 8)8192·Blt TTL PROM .....• ; ........................... . 
DM87S181 (1024 X 8) 8192·Bit TTL PROM ................................... . 
DM87S181A (1024 X 8) 8192·Blt TTL PROM .................................. . 
DM87SR181 (1024 X 8) 8k·Blt Registered TTL PROM .......................... . 
DM87S184 (2048 X 4) 8192·Blt TTL PROM ................................... . 
DM87S185 (2048 X 4) 8192·Bit TTL PROM ................................... . 
DM87S185A (2048 X 4) 8192·Blt TTL PROM .................................. . 
DM87S185B (2048 X 4) 8192·8it TTL PROM .......... ; ....................... . 
DM87S190 (2048 X 8) 16,384·Bit TTL PROM ..............•.................... 
DM87S190A (2048 X 8) 16,384·Blt TTL PROM ................................ . 
DM87S190B (2048 X 8) 16,384·Blt TTL PROM ...............................•. 
DM87S191 (2048 X 8) 16,384·Blt TTL PROM ................................. .. 
DM87S191A (2048 X 8) 16,384·Blt TTL PROM ..................... ; .......... . 
DM87S191B (2048 X 8) 16:384·Bit TTL PROM ................................ . 
DM87S195A (4096 X 4) 16,384·8it TIL PROM ................................ . 
DM87S195B (4096 X 4) 16,384·Bit TTL PROM ..............•.................. 
DM87S280 (1024 X 8) 8192·Bit TTL PROM ..... ~ ............................ .. 
DM87S281 (1024 X 8) 8192·BitTTL PROM ................................... . 
DM87S281A (1024 X 8) 8192·Bit TTL PROM .................................. . 
DM87S290 (2048 X 8) 16,384·Bit TTL PROM ................... ; .............. . 
DM87S290A (2048 X 8) 16,384·BitTTL PROM .........•....................... 
DM87S290B (2048 X 8) 16,384.Bit TTL PROM .........•.....•................. 
DM87S291 (2048 X 8) 16,384·Bit TTL j:)ROM .................................. . 
DM87S291A (2048 X 8) 16,384·Bit TTL PROM .........•..............•........ 
DM87S291 B (2048 X 8) 16,384·Bit TTL PROM ................................ . 
DM87S321 (4096 X 8) 32,768·Bit TTL PROM .................................. . 
DM87S321A (4096 X 8) 32,768·Bit TTL PROM ................................ . 
DM87S401 First·ln, First·Out (FiFo) 64 X 4,64 X 5 Serial Memories .............•. 
DM87S4d1A First·ln, First·Out (FIFo) 64 X 4,64 X 5 Serial Memories ............. . 
DM87S402 First·ln, First·Out (FiFo) 64 X 4, 64 X 5 Serial Memories .............. . 
DM87S402A First·ln, First·Out (FIFo) 64 X 4,64 X 5 Serial Memories .......•...... 
DM87S421 (4096 X 8) 32,768·Bit TTL PROM .................................. . 
DM87S421A (4096 X 8), 32,768·Bit TTL PROM ................................ . 
DM87SR474 (612 X 8) 4k·Bit Registered TTL PROM ......•..................... 
DM87SR474B (512 X 8) 4k·Bit Registered TTL PROM .......................... . 
DM87SR476 (512 X 8) 4k·Bit Registered TIL PROM ..........•...............•. 
DM87SR476B (512 X 8) 4k·Blt Registered TIL PROM .......................... . 
DP·XXX Advanced Graphic CRT Controller, AGCRTC •......................... 
DP7303 8·Bit TRI·STATE Bidirectional Transceiver ....•........... " ........... . 
DP7304B 8·Bit TAI·STATEBidlrectional Transceiver ....................•...... 
DP~307 8~Bit TRI·STATE Bidirectional Transceiver ..................•.......... 
DP7308 8·Bit TRI~STATE Bidirectional Transceiver ............................ . 
DP7310 Octal Latched Peripheral Drivers ..........•..................•...... 
DP7311 Octal Latched Peripheral Drivers .•..•................ ; ..••.......... 
DP8212 8·Bit Input/Output Port ............•.......•....................... 
DP8212M 8·8it Input/Output Port .......................................... . 
DP8216 4·Bit Bidirectional Bus Transceiver .........•...... : ................ . 
DP8216M 4·81t Bidirectional 8us Transceiver ................................ . 
DP82~4 Clock Generator and Driver ................•..........•........... ~ 
DP8226 4·Blt Bidirectional Bus Transceiver ••.......•••....•..•.............. 
DP8226M 4·Blt Bidirectional Bus Transceiver .......•....•................... 

16 

21·24 
21·26 
21·24 
21·24 
21·28 
21·30 
21·30 
21·30' 
21·30 
21·32 
21·32 
21·32 
21·32 
21·32 
21·32 
21·34 
21·34 
21·24 
21·24 
21·24 
21·32 
21·32 
21·32 
21·32 
21·32 
21·32 
21·36 
21·36 
22·16 
22·20 
22·16 
22·20 
21·36 
21·36 
21·18 
21·18 
21·20 
21·20 
5·104 

2·5,2·6 
2·5, 2·11 
2·5, 2·16 
2·5,2·20 

3·4 
3·4 
8·4 
8·4 

8·11 
8·11 
8·1a 
8·11 
8·11 



Alpha-Numerical Index (Continued) 

DP8228 System Controller and Bus Driver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-22 
DP8228M System Controller and Bus Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-22 
DP8238 System Controller and Bus Driver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-22 
DP8238M System Controller and Bus Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-22 
DP8303 8·Bit TRI·STATE Bidirectional Transceiver. . . . . . . . . . . . . . . . . . . . . . . . . .. .. 2-5,2-6 
DP8304B 8-Bit TRI-STATE Bidirectional Transceiver ........................... 2·5, 2-11 
DP8307 8-Blt TRI·STATE Bidirectional Transceiver. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-5, 2-16 
DP8308 8·Bit TRI·STATE Bidirectional Transceiver ............................. ,2-5,2-20 
DP8310 Octal latched Peripheral Drivers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-4 
DP8311 Octal latched Peripheral Drivers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3·4 
DP8340 Serial Bi-Phase Transmitter/Encoder ........................... ;.... 9-3 
DP8341 Serial Bi-Phase Receiver/Decoder. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . 9-12 
DP8342 High-Speed Serial Transmitter/Encoder. :. . . . . . .. . . . . . . . . . . . . . . . . .. . . 9-23 
DP8343 High·Speed Serial Receiver/Decoder ................................ 9-32 
DP8350 Series CRT Controllers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-6 
22' DP8400 E C Expandable Error Checker and Corrector ........................ 7-72 

DP8408 Dynamic RAM Controller/Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-26 
DP8409 Multi·Mode Dynamic RAM ControlJer/priver ................. '......... 7-43 
DP8419 High Speed Dynamic RAM Controller/Driver. . . . . . . . . . . . . . . . . . ... . . . . . . 7-64 
DP8460 Data Separator ....................... . . . . . . . . . . . . . . .. . .. . . . . . . . . 10-10 
DP8464 Disk Pulse Detector .............................................. 10-31 
DP8466 Disk Data Controller ............... " ....... " . . . .. . . . . . . . . . . . . . . . . . 10-34 
DP8480 10k ECl to TIL level Translator with latch .................. "........ 4-4 
DP8481 TIL to 10k ECl level Translator with latch ........................... 4-7 
DP8482100k ECl to TIL level Translator with latch ........... '............... 4-10 
DP8483 TIL to 100k ECl level Translator with latch ..................•....... 4·13 
DP84240 Octal TRI-STATE MOS Driver. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . . 7-15 
DP84244 Octal TRI·STATE MOS Driver. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . 7-15 
DP84300 Programmable Refresh Timer ................... ; . . . . . . . . . . . . . . . . . 7-139 
DP84312 Dynamic RAM Controller Interface Circuit for the NS16032 CPU. " . . . . .. . 7-144 
DP84322 Dynamic RAM Controller Interface Circuit for the 68000 CPU. . . . . . . . . . . . 7-152 
DP84332 Dynamic RAM Controller Interface Circuit for the 8086 

and 8088 CPUs ................... ; .......... :........................ 7-167 
DS0025C Two Phase MOS Clock Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6·4 
DS00265 MHz Two Phase MOS Clock Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6·7 
DS00565 MHz Two Phase MOS Clock Driver" . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . 6-7 
DS1488 Quad Line Driver ............................................. . . . . 1-7 
DS1489 Quad Line Receiver .............................. " . . . . . . . . . . . . . . . . 1-10 
DS1489A Quad Line Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-10 
DS1603 Dual Line Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-25 
DS1611 Dual Peripheral Driver ....... " ......... " . . . . . . . . .. . . . . . . . . . . . . . . . . . 3-11 
DS1612 Dual Peripheral Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . 3-11 
DS1613 Dual Peripheral Driver .................................. : ...... : . . . . 3-11 
DS1614 Dual Peripheral Driver ............................ "".' . . . . . . . . . . . . . 3-11 
DS1617 Bubble Memory Sense Amplifier ......................... . . . . . . . . . . . 6-17 
DS1628 Octal TRI-STATE MOS Driver ..............................•........ 6-24 
DS1630 Hex CMOS Compatible Buffer ........................ : . . . . . . . . . . . . . 4-16 
DS1631 CMOS Dual Peripheral Driver .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3·24 
DS1632 Dual Peripheral Driver. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . 3-24 
DS1633 Duai Peripheral Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-24 
DS1634 Dual Peripheral Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 3-24 
DS1644 Quad TIl-to-MOS Clock Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-27 
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Alpha-Numerical Index (Continued) 

OS1645 Hex TRI-STATE TTL-to-MOS Latch/Driver ............................. 6-30 
OS1647 Quad TRI-STATE MOS Memory I/O Register. . . . . . . . . . . . . . . . . . . . . . . . . . . 6-35 
DS1648 TRI-STATE TTL-to-MOS MultiplexerlDriver ............................ 6-41 
OS1649 Hex TRI-STATE TTL-to-MOS Driver. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . 6-46 
DS1650 Quad Differential Line Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-31 
OS1651 Quad High Speed MOS Sense Amplifier. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-49 
OS1652 Quad Differential Line Receiver. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-31 
OS1653 Quad High Speed MOS Sense Amplifier; ..................... : . . . . . . . 6-49 
OS1671 Bootstrapped Two Phase MOS Clock Driver . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-55 
DS1674 Quad TTL-to-MOS Clock Driver ............. ; . . . . . . . . . . . . . . . . . . . . . . . .6-27 
DS1675 Hex TRI-STATE TTL-to-MOS Latch/Driver ............................. 6-30 
OS1677 Quad TRI-STATE MOS Memory I/O Register. . . . . . . . . . . . . . . . . . . . . . . . . . . 6-35 
DS1678 TRI-STATE TTL-to-MOS Multiplexer/Driver ............................ 6-41 
OS1679 Hex TRI-STATE TTL-to-MOS Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . 6-46 
DS1687 Negative Voltage Relay Driver ...................................... 3-49 
DS1691A (RS-422/RS-423) Line Driver with TRI-STATE .......................... 1-37 
DS1692 TRI-STATE Differential Line Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-42 
DS16.147 Quad TRI-STATE MOS Memory I/O Register. . . . . . . . . . . . . . . . . . . . . . . . . . 6-35 
DS16149 Hex MOS Driver ............. '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-62 
DS16177 QuadrRI-STATE MOS Memory I/O Register. . . . . . . . . . . . . . . . . . .. . . . . . . 6-35 
DS16179 Hex MOS Driver ......................... ; . . . . . . . . . . . . . . . . . . . . . . . . 6-62 
DS26LS31C Quad Hig~ Speed Differential Line Driver. . . . . . . . . . . . . . . . . . . . . . . . . . 1-12 
DS26LS31M Quad High Speed Differential Line Driver. . . . . . . . . . . . . . . . . . . . . . . . . 1-12 
DS26LS32C Quad Differential Line Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . 1-15 
DS26LS32AC Quad Differenth:lI Line Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-15 
DS26LS32M Quad Differential Line Receiver .. ~ ...... ; . . . . . . . . . . . . . . . . . . . . . . . 1-15 
DS26LS33C Quad Differential Line Receiver ............................. ; . . . . 1-15 
DS26LS33AC Quad Differential Line Receiver ............ '. . . . . . . . . . . . . . . . . . . . 1-15 
DS26LS33M Quad Differential Line Receiver .......................... ~ . . . . . . 1715 
DS26S10 Quad Bus Transceiver ...... '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-24 
DS26S11 Quad Bus Transceiver ... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-24 
DS3245 Quad MOS Clock Driver .......................... ~ . . . . . . . . . . . . . . . . 6-14 
DS3486 Quad RS-422, RS-423 Line Receiver ........... ~ ... ',' .. '. . . . . . . . . . . . . . . 1"18 
DS3487 Quad TRI-STATE Line Driver. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-22 
DS3587 Quad TRI-STATE Line Driver ................................ " . . . . . . . 1-22 
DS3603 Dual Line Receiver ................................................ 1-25 
DS3611 Dual Peripheral Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-11 
DS3612 Dual Peripheral Driver ~ ......................................... ~ . . '3-11 
DS3613 Dual Peripheral Driver ................................. ~ . . . . . . . . . . . 3-11 
DS3614 Dual Peripheral Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-11 
DS3616 Bubble Memory Coil Driver. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 3-17 
DS3617 Bubble Memory Sense Amplifier. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-17 
DS3628 Octal TRI-STATE MOS Driver .... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-24 
DS3630 Hex CMOS Compatible Buffer ...................................... ' 4-16 
DS3631 CMOS Dual Peripheral Driver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-24 
DS3632 CMOS Dual Peripheral Driver ................................ '. . . . . . . 3-24 
DS3633 CMOS Dual Peripheral Driver ' ........................... : . .. . . . . . . . . 3-24 
DS3634 CMOS Dual Peripheral Driver ............. ~ . . . . . . . . . . . . . . . . . . . . . . . . . 3-24 
DS3644 Quad TTL-to-MOS Clock Driver .. " .............. : . . . . . . . . . . . . . . . . . . . 6-27 
DS3645 Hex TRI-STATE TTL-to-MOS Latch/Driver .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-30 
DS3647 Quad TRI-STATE MOS Memory I/O Register ................... ' . . . . . . . . 6-35 
DS3648 TRI-STATE TTL-to-MOS Multiplexer/Driver. . . . . . . . . .. . . . . . . . . . . . . . . . . . 6-41 
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DS3649 Hex TAI·STATE TTL·to·MOS Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 6·46 
DS3650 Quad Differential Line Aeceiver ................ : . . . . . . . . . . . . . . . . . . . . 1·31 
DS3651 Quad High Speed MOS Sense Amplifier. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6·49 
DS3652 Quad Differential Line Aeceiver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·31 
DS3653 Quad High Speed MOS Sense Amplifier. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6·49 
DS3654 Printer Solenoid Driver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3·29 
DS3656 Quad Peripheral Driver ................................... ~ . . . . . . . . 3·33 
DS3658 Quad High Current Peripheral Driver. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . 3·35 
DS3662 Quad High Speed Trapezoidal Bus Transceiver. . . . . . . . . . . . . . . . . . . . . .. . 2·29 
DS36661EEE·488 GPIB Transceiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 2·48 
DS3667 TAI·STATE Bidirectional Transceiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2·56 
DS3668 Quad High Current Peripheral Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3·38 
DS3669 Quad High Current Peripheral Driver. . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . 3·41 
DS3671 Bootstrapped Two Phase MOS Clock Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . 6·55 
DS3674 Quad TTL·to·MOS Clock Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 6·27 
DS3675 Hex TAI·STATE TTL·to·MOS Latch/Driver. . . . . . . . . . . . . . . . . . . . . . . . . . .. . 6·30 
DS3677 Quad TAI·STATE MOS Memory I/O Aegister . . . . . . . . . . . . . . . . . . . . . . . . . . . 6·35 
DS3678 TAI·STATE TTL·to·MOS Multiplexer/Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . 6·41 
DS3679 Hex TAI·STATE TTL·to·MOS Driver .................................. 6·46 
DS3680 Quad Negative Voltage Relay Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3·44 
DS3685 Hex TRI·STATE Latch ................................. ~ . . . . . . . . . . . 6·59 
DS3686 Dual Positive Voltage Aelay Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 3·47 
DS3687 Negative Voltage Aelay Driver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3·49 
DS3691 (AS·422/RS·423) Line Driver with TAI·STATE ........................... 1·37 
DS3692 TAI·STATE Differential Line Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·42 
DS3695 Differential TRI·STATE Bus/Line Transceiver. . . . . . . . . . . . . . . . . . . . . . . . . . 1·47 
DS3696 Differential TAI·STATE Bus/Line Transceiver. . . . . . . . . . . . . . . . . . . . . . . . . . 1·47 
DS3697 Differential TAI·STATE Bus/Line Transceiver/Aepeater . . . . . . . . . . . . . . . . . . 1·47 
DS3698 Differential TAI·STATE Bus/Li~e Transceiver/Aepeater . . . . . . . . . . . . . . . . . . 1·47 
DS36147 Quad TAI·STATE MOS Memory I/O Aegister . . . . . . . . . . . . . . . . . . . . . . . . . . 6·35 
DS36149 Hex MOS Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6·62 
DS36177 Quad TAI·STATE MOS Memory I/O Aegister . . . . . . . . . . . . . . . . . . . . . . . . . . 6·35 
DS36179 Hex MOS Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6·62 
DS7640 Quad NOA Unified Bus Aeceiver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2·68 
DS7641 Quad Unified Bus Transceiver- . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 2·70 
DS78C20 Dual CMOS Compatible Differential Line Receiver. . . . . . . . . . . . . . . . . . . . 1·98 
DS78C120 Dual CMOS Compatible Differential Line Aeceiver ...... ; ...... ". . . . . . 1·109 
DS78L12 Hex TTL·MOS Inverter/Interface Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4·25 
DS78LS120 Dual Differential Line Aeceiver (Noise Filtering and Fail·Safe) . . . . . . . . . 1·116 
DS7800 Dual Voltage Level Translator ............. , . . . . . . . . . . . . . . . . . . . . . . . .. 4·19 
DS7810 Quad 2·lnput TTL·MOS Interface Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-22 
DS7811 Quad 2·lnput TTL·MOS Interface Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4·22 
DS7812 Hex TTL·MOS Inverter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4·22 
DS7819 Quad 2·lnput TTL·MOS AND Gate ................................... 4·27 
DS7820 Dual Line Aeceiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·91 
DS7820A Dual Line Aeceiver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·94 
DS7830 Dual Differential Line Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·101 
DS7831 Dual TAI·STATE Line Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·104 
DS7832 Dual TAI·STATE Line Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·104 
DS7833 Quad TAI·STATE Bus Transceiver ............................... . . . . 2·75 
DS7834 Quad TAI·STATE Bus Transceiver ................................... 2·79 
DS7835 Quad TAI·STATE Bus Transceiver ................................... 2·75 
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DS7836 Quad NOR Unified Bus Receiver ........................... , ........ . 
DS7837 Hex Unified Bus Receiver ......................................... . 
DS7838 Quad Unified Bus Transceiver ............................. ' ........ . 
DS7839 Quad TRI-STATE Bus Transceiver .................................. . 
DS7880 High Voltage 7-Segment Decoder/Driver ............................. . 
DS7889 8-Segment High Voltage Cathode Driver (Active-High Inputs) ............ . 
DS7897A 8-Digit High Voltage Anode Driver (Active-Low Inputs) ................ . 
DS8T26A 4-Bit Bidirectional Bus Transce.iver ................................ . 
DS8T26AM 4-Bit Bidirectional Bus Transceiver .............................. . 
DS8T28 4-Bit Bidirectional Bus Transceiver ........................... ' ...... . 
DS8T28M 4-Bit Bidirectional Bus Transceiver ............................... . 
DS8614130/225 MHz Low Power Dual Modulus Prescaler ..................... . 
DS8615130/225 MHz Low Power Dual Modulus Prescaler ..................... . 
DS8616130/225 MHz Low Power Dual Modulus Prescaler ..................... . 
DS8617130/225 MHz Low Power Dual Modulus Prescaler ..................... . 
DS8621 275 MHz/1.2 GHz VHF/UHF Prescaler. ..... ' ......................... . 
DS8622500 MHz/1.2 GHz Dual Modulus VHF/UHF Prescaler .................. . 
DS8626120 MHz Divide-by-40 Prescaler .................................... . 
DS8627130/225 MHz Low Power Prescaler ................................. . 
DS8628130/225 MHz Low Power Prescaler , ................................. . 
DS8629120 MHz Divide-by-100 Prescaler ................................... . 
DS8640 Quad NOR Unified Bus Receiver ......... ' .......................... . 
DS8641 Quad Unified Bus Transceiver ..................................... . 
DS8642 Quad Transceiver. ............................................... . 
DS8654 8-0utput Display Driver (LED, VF, Thermal Printer) ..................... . 
DS8656 Diode Matrix .......................... : ........... .' ............ . 
DS866414-Digit Decoder/Driver with Low Battery Indicator .................... . 
DS866614~Digit Decoder/Driver ........................................... . 
DS8669 2-Digit BCD-to-7-Segment DecoderlDriver ........................... ; . 
DS8692 Printing Calculator Interface Set ................................... . 
DS8693 Printing Calculator Interface Set ............... .' ................... . 
DS8694 Printing Calculator Interface Set ................................... . 
DS88C20 Dual CMOS Compatible Differential Line Receiver ................... . 
DS88C120 Dual CMOS Compatible Differential Line Receiver .................. . 
DS88L12 Hex TTL-MOS Inverterllnterface Gate ............ ' .................. . 
DS88LS120 Dual Differential Line Receiver (Noise Filtering and Fail-Safe) ... ' ..... . 
DS8800 Dual Voltage Level Translator. ............................. ' ........ . 
DS8810 Quad 2-lnput TTL-MOS Interface Gate ............................... . 
DS8811 Quad 2-lnput TTL-MOS Interface Gate ............................... . 
DS8812 Hex TTL-MOS Inverter ........................................... ; . 
DS8819 Quad 2-lnput TTL-MOS AND Gate .................................. . 
DS8820 Dual Line Receiver ................................................ . 
DS8820A Dual Line Receiver ............................................. . 
DS8830 Dual Differential Line Driver ....................................... . 
DS8831 Dual TRI-STATE Line Driver ........................................ . 
DS8832 Dual TRI-STATE Line Driver. ....................................... . 
DS8833 Quad TRI-STATE Bus Transceiver .................................. . 
DS8834 Quad TRI-STATE Bus Transceiver .................................. . 
DS8835 Quad TRI-STATE Bus Transceiver ............................... ~ .. . 
DS8836 Quad NOR Unified Bus Receiver ................................... . 
DS8837 Hex Unified Bus Receiver ............................... ~ ......... . 
DS8838 Quad Unified Bus Transceiver ..................................... . 
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DS8839 Quad TRI-STATE Bus Transceiver .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-79 
DS8859A Open Collector Hex Latch LED Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-133 
DS8861 MOS-to-LED 5-Segment Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-136 
DS8863 MOS-to-LED 8-Digit Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5-136 
DS8867 8-Segment Constant Current Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-139 
DS8869A Open Collector Hex Latch LED Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-133 
DS8870 Hex LED Digit Driver .......... '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-141 
DS8871 Saturating LED Cathode Driver ..................................... 5-143 
DS8872 Saturating LED Cathode Driver .................. , . . . . . . . . . . . . . . . . . . 5-143 
DS8873 Saturating LED Cathode Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-143 
DS8874 9·Digit Shift Input LED Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-145 
DS8877 6·Digit LED Driver ............................................ ~ . . . 5-147 
DS8880 High Voltage 7-Segment Decoder/Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-149 
DS8881 Vacuum Fluorescent Display Driver. ..... : . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-152 
DS8884A High Voltage Cathode Decoder/Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-156 
DS8885 MOS-to-High Voltage Cathode Buffer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-158 
DS8887 8-Digit High Voltage Anode Driver (Active-High Inputs) . . . . . . . . . . . . . . . . . . 5-160 
DS8889 8-Segment High Voltage Cathode Driver (Active-High Inputs). . . . . . . . . . . . . 5-160 
DS8891A High Voltage Anode Driver (Active-Low Inputs) . . . . . . . . . . . . . . . . ... . . . . . 5-164 
DS8897A 8-Digit High Voltage Anode Driver (Active-Low Inputs) .......... . . . . .. . 5-160 
DS8906 AM/FM Digital Phase·Locked Loop Frequency Synthesizer. . . . . . . . . . . . . . 11-4 
DS8907 AM/FM Digital Phase-Locked Loop Frequency Synthesizer. . . . . . . . . . . . . . 11-10 
DS8908 AM/FM Digital Phase-Locked Loop Frequency Synthesizer. . . . . . . . . . . . . . 11-16 
DS8963 MOS-to-LED 8-Digit Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-136 
DS8973 9-Digit LED Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-166 
DS8975 9-Digit LED Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-166 
DS55107 Dual Line Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ·1-25 
DS55108 Dual Line Receiver. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . 1-25 
DS55113 Dual TRI-STATE Differential Line Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-52 
DS55114 Dual Differential Line Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-57 
DS55115 Dual Differential Line Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-61 
DS55121 Dual Line Driver. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-66 
DS55122 Triple Line Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-68 
DS55325 Memory Driver .................................. ~ . . . . . . . . . . . . . . . . 6·66 
DS55450 Dual Peripheral Driver. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-51 
DS55451 Dual Peripheral Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-51 
DS55452 Dual Peripheral Driver. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-51 
DS55453 Dual Peripheral Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3·51 
DS55454 Dual Peripheral Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-51 
DS55461 Dual Peripheral Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-62 
DS55462 Dual Peripheral Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-62 
DS55463 Dual Peripheral Driver ............................................ : . 3·62 
DS55464 Dual Peripheral Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-62 
DS55493 Quad LED Segment Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-109 
DS55494 Hex Digit Driver ................ '" ..................... '" ...... 5-111 
DS75107 Dual Line Receiver. " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-25 
DS75108 Dual Line Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-25 
DS75113 Dual TRI-STATE Differential Line Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-52 
DS75114 Dual Differential Line Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-57 
DS75115 Dual Differential Line Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-61 
DS75121 Dual Line Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-66 
DS75122 Triple Line Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-68 
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DS75123 Dual Line Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-71 
DS75124 Triple Line Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-73 
DS75125 Seven·Channel Line Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-76 
DS75127 Seven·Channel Line Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-76 
DS75128 Eight·Channel Line Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-80 
DS75129 Eight·Channel Line Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-80 
DS75150 Dual Line Driver. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-84 
DS75154 Quad Line Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-87 
DS75160A IEEE-488 GPIB Transceivers ..................................... 2-61 
DS75161A IEEE-488 GPIB Transceivers ..................................... 2-61 
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Section 1 
Transmission Line 
Drivers/Receivers 

TEMPERATURE RANGE DESCRIPTION PAGE 
- 55°C to + 125°C O°C to + 70°C NUMBER 

DS1488 Quad Line Driver 1-7 
DS1489 Quad Line Receiver 1-10 
DS1489A Quad Line Receiver 1-.10 

*DS26LS31M DS26LS31C Quad Differential Line Driver 1-12 
* DS26LS32M DS26LS32C Quad Differential Line Receiver 1-15 

DS26LS32AC Quad Differential Line Receiver 1-15 
* DS26LS33M DS26LS33C Quad Differential Line Receiver 1-15 

DS26LS33AC Quad Differential Line Receiver 1-15 
DS3486 Quad RS-422, RS-423 Line Receiver 1-18 

DS3587 DS3487 Quad TRI-STATE Line Driver 1-22 
*DS1603 DS3603 Dual TRI-STATE Line Receiver 1-25 
*DS1650 DS3650 Quad Differential Line Receiver 1-31 
*DS1652 DS3652 Quad Differential Line Receiver 1-31 
*DS1691A DS3691 RS422-RS423 Line Drivers 1-37 
* DS1692 DS3692 TRI-STATE Differential Line Driver 1-42 

DS3695 Differential TRI-STATE Bus/Line Transceiver 1-47 
DS3696 Differential TRI-STATE Bus/Line Transceiver 1-47 
DS3697 Differential TRI-STATE Bus/Line Transceiver/ 1-47 

Repeater 
DS3698 Differential TRI-STATE Bus/Line Transceiver/ 1-47 

Repeater 
* DS55107 DS75107 Dual Line Receiver 1-25 

DS75207 Dual Line Receiver 1-25 
* DS55108 DS75108 Dual Line Receiver 1-25 

DS75208 Dual Line Receiver 1-25 
*DS55113 DS75113 Dual TRI-STATE Differential Line Driver 1-52 
* DS55114 DS75114 Dual Differential line Driver 1-57 
*DS55115 DS75115 Dual Differential Line Receiver 1'-61 
DS55121 DS75121 Dual Line Driver 1-66 

* DS55122 DS75122 Triple Line Receiver 1-68 
DS75123 Dual Line Driver 1-71 
DS75124 Triple Line Receiver 1-73 
DS75125 Seven-Channel Line Receiver 1-76 
DS75127 Seven-Channel Line Receiver 1-76 
DS75128 Eight-Channel Line Receiver 1-80 
DS75129 Eight-Channel Line Receiver 1-80 
DS75150 Dual line Driver 1-84 
DS75154 Dual Line Receiver 1-87 

DS7820 DS8820 Dual Line Receiver 1-91 
* DS7820A DS8820A Dual Line Receiver 1-94 
* DS78C20 DS88C20 Dual CMOS Compatible Differential 1-98 

Line Receiver 
* DS7830 DS8830 Dual Differential Line Driver 1-101 
*DS7831 DS8831 Dual TRI-STATE Line Driver 1-104 
* DS7832 DS8832 Dual TRI-STATE Line Driver 1-104 
*DS78C120 DS88C120 Dual CMOS Compatible Line Receiver 1-109 
* DS78LS120 DS88LS120 Dual Differential Line Receiver 1-116 
MM78C29 MM88C29 Quad Single-Ended Line Driver CMOS 
MM78C30 MM88C30 Dual Differential Line Driver CMOS 

AN-22 Integrated Circuits for Digital Data 1-123 

Transmission 
AN-108 Transmission Line Characteristics 1-139 

AN-214 Transmission Line Drivers and Receivers 1-145' 
for EIA Standards RS-422 and RS-423 

AN-216 Summary of Electrical Characteristics of 1-155 
Some Well Known Digital Interface Standards 

* Also available screened in accordance with MIL-STD-883 Class B. Refer to National Semiconductor's "The Reliability Handbook". 



~I 

Selection Guide 

UNBALANCED (COMMON-MODE) TRANSMISSION DRIVERS AND RECEIVERS 

Unbalanced data transmission isn't recommended for long lines or fast data rates_ Unbalanced 
line receivers are sensitive to common-mode noise, such as ground I R noise and induced 
reactive noise. Unbalanced line drivers should employ slew rate control to prevent near end 
crosstalk to other wires in the cable. Receivers should employ response control and hysteresis_ 
Unbalanced data transmission was preferred because the cabling requires only one wire/ 
signal plus ground and the circuits were lower cost. New lower cost circuits available today 
negate the last argument. Many old interfaces such as RS-232 will continue to exist for 
many years, and so will the application for·unbalanced circuits. 

Line length is a function of data rate (baud) and slew rate. The recommended safe operating 
area (line length vs baud rate is shown below for 24 AWG wire. It assumes that a differential 
line receiver is used which is referenced at the driver ground. Also, it assumes that the 
driver slew rate is between 0.1 to 0.3 times the reciprocal of the baud rate (minimum unit 
interval). Otherwise, line lengths greater than 50 feet are not recommended. The exception 
to line length is the 360 I/O coaxial interface. The coaxial provides improved grounding 
and eliminates crosstalk. 

UNBALANCED DRIVERS 

Propagation Output Output 
Slew Rate Party-Line 

Open-Collector Power 
Circuits/ 

Delay Voltage Current or Supplies Standard 
(ns) (V) (mAl 

Control Application 
Open Emitter (V) Package 

200 ±6or±9 ±6 10S/C ±90r±15 RS-232 4 

60 ±5 ±10 10S/C ±12 RS-232 2 

200 ±2 ±20 CEXT Yes TRI-STATE® 5 or ±5 RS-423 4 

200 ±2 ±20 CEXT Yes TRI-STATE 5 or ±5 MIL 188-114 4 

10 2.4 - -100 Yes Emitter 5 360 I/O 2 

10 2.4 -100 Yes Emitter 5 360 I/O 2 

20 0.7 300 Yes Emitter and 5 2 
Collector 

18 0.7 300 Yes Collector 5 2 

26 0.7 300 Yes C,ollector 5 2 

18 0.7 300 Yes Collector 5 2 

27 0.7 300 Yes Collector 5 2 

10k 

4k 

i=" 
~ 1k 
:l: 
~ RECOMMENDED t!l 
z OPERATING w 
...J AREA 
w 
z 100 
~ 

10 
100 1k 10k 100k 

DATA MODULATION (BAUD RATE) 

Device Number 
Page 

Commercial Military Comment 
O°C to +70°C -55°C to +125°C 

No_ 

OS1488 1-7 

OS75150 1-84 

OS3691 OS1691A 1-37 

OS3692 OS1692 ±10V common-mode range 1-42 

OS75121 OS55121 50n coax. driver 1-66 

OS75123 50n coax. driver (IBM) 1-7 

OS75450 3-5 

OS75451 OS55451 3-5 

OS75452 OS55452 3-5 

OS75453 OS55453 3-5 

OS75454 OS55454 3-5 



UNBALANCED RECEIVERS 

Propagation Threshold Input 
Hysteresis' Response Strobed or 

Power 
Circuits/ 

Device Number 
Page 

Delay Sensitivity Range Supplies Standard Commercial Military Comments 
(mV) Control TRI-STATE® Package No. 

(ns) (V). (V) (V) o°c to +70°C -55°C to +125°C 

30 3 ±25 250 CEXT 5 RS·232 4 OS1489 1-10 

30 3 ±25 1150 CEXT 5 RS·232 4 OS1489A Preferential in applica- 1-10 
tions to OS 1489 

22 3 ±25 800 CEXT 5 or 15 RS-232 4 OS75154 1·87 

50 ±0.2 ±25 50 CEXT Strobed 5 RS-423 2 OS88LS120 OS78LS120 Fail·safe 1-116 

50 ±0.2 ±25 50 CEXT Strobed 5 to 15 RS·423 2 OS88C120 OS78C.120 Fail·safe 1-109 

17 ±0.2 ±7 100 TRI·STATE 5 RS-423 4 OS26LS32C OS26LS32M 1-15 

23 ±0.2 ±7 100 TRI-STATE 5 RS·423 4 OS26LS32AC Fail-safe 1-15 

17 ±0.5 ±15 200 TRI·STATE 5 RS-423 4 DS26LS33C DS26LS33M 1-15 

23 ±0.5 ±15 200 TRI-STATE 5 RS·423 4 OS26LS33AC Fail-safe 1-15 

25 ±0.1 ±15 100 TRI-STATE 5 RS-423 4 OS3486 1-18 

20 0.8 to 2 7 600 Strobed 5 360 I/O 3 OS75122 OS55122 50.\1 coax. receiver 1-68 

20 0.8 to 2 7 400 Strobed 5 360 I/O 3 OS75124 OS55124 50.\1 coax. receiver (IBM) 1-73 

16 0.7 to 1.7 -2/7 5 360 I/O 7 OS75125 IBM coax. receiver 1-76 
...... 
w 16 0.7 to 1.7 -2/7 5 360 I/O 7 OS75127 IBM coax. receiver 1-76 

16 0.7tu1.7 -2/7 5 360 I/O 8 OS75128 IBM coax. receiver 1-80 

16 0.7 to 1.7 -2/7 5 360 I/O 8 OS75129 IBM coax. receiver 1-80 
- - - - -----
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Selection Guide 

BA~ANCED (DIFFERENTIAL) TRANSMISSION LINE DRIVERS AND RECEIVERS 

Balanced data transmission is applicable for long lines in the presence of high common-mode 
10k 

noise. Balanced circuits don't generate much .noise and are also not susceptible to common- 4k 
mode noise, and therefore work well in long lines when cabled with other signals. ~ i= 
Line length is a function of data rate (baud) and the combination of I R drop and skin ~ lk :l: 

RECOMMENOEO '" 
effect. Refer to AN-108 and AN-22. The recommended safe operating area (line length vs .... 

t:I 

baud rate) is shown for 24 AWG wire. z 
OPERATING 

'" 
w 
-J 

AREA w 
-J 
a::I 100 ct 

'" 
c.:I 

-40 

10 
10k lOOk· 1M 10M 

DATA MODULATION (BAUD RATE) 

..... 

.j:. 
BALANCED DRIVERS 

Propagation VOL (V)I VOH (V)I Party Line Power Circuits/ 
Device Number 

Page 
TRI·STATE® Open-Collector Standard Commercial Military Comments 

Delay (ns) IOL(mA) IOH (mA) Application Supplies (V) Package 
O°C to +70°C -55°C to +125°C 

No. 

10 0.5/40 1.8/-40 5 2 OS8830 OS7830 1-101 

100 0.4/11 2.9/-57 5 or 15 2 MM88C30 MM78C30 CMOS comparator CMOS 

100 004/11 2.9/-57 5 or 15 2 MM88C29 MM78C29 Non-inverting MM88C30 CMOS 

.-10 0.5/40 1.8/-40 Yes TRI-STATE 5 2 OS8831 057831 1-104 

10 0.5/40 1.8/-40 Yes TRI·5TATE 5 2 058832 OS7832 . OS8831 without VCC clamp diode 1-104 I 

13 0.4/40 2/-40 Yes . TRI-STATE Optional 5 2 OS75113 0555113 1-52 
I 

I 

15 0.4/40 2/-40 Optional 5 2 0575114 OS55114 1-57 
I 

200 -2/20 2/-20 Yes TRI·STATE 5 or ±5 RS422 2 OS3691 051691A 1-37 

200 -2/20 2/-20 Yes TRI-STATE 5 or ±5 2 OS3692 OS1692 ±10V TRI-STATE common·mode 1-42 
range 

15 Yes TRI·STATE 5 R5-485 1 053695 RS-485 Transceiver 147 

15 Yes TRI-STATE 5 RS-485 1 OS3696 R5·485 Transceiver 1-47 

15 Yes TRI·STATE 5 RS-485 1 OS3697 R5-485 Transceiver 1-47 

15 Yes TRI-5TATE 5 R5485 1 OS3698 R5-485 Transceiver 1-47 

12 0.5/40 2.5/-20 Yes TRI·STATE 5 R5422 4 0526L531C 0526LS31M 1-12 

15 0.5/48 2/-50 Yes TRI-STATE 5 R5-422 4 053487 OS3587 1-22 
- -- - - - - ---- -----



BALANC.ED RECEIVERS 

Propagation 
Threshold Common-Mode 

Hysteresis 
Power 

Circuits! 
Device Number 

Page 
Sensitivity Range 

Response Strobed or 
Supplies Standard Commercial Military Comments 

Delay (ns) 
(mV) (V) 

(mV) Control TRI-STATE® 
(V) 

Package 
DoC to +70°C -SSoC to +12SoC No. 

40 ±1000 ±15 Yes Strobed 5 2 OS8820 OS7820 1-91 

30 ±1000 ±15 Yes Strobed 5 2 OS8820A OS7820A 1-94 

60 ±200 ±1O 50 Yes Strobed 5 to 15 RS-422 2 OS88C20 OS78C20 CMOS compatible 1-98 

60 ±200 ±10 50 Yes Strobed 5 to 15 RS-422 2 OS88C120 OS78C120 Fail-safe, CMOS 1-109 
compatible 

50 ±200 ±1O 50 Yes Strobed 5 RS-422 2 OS88LS120 OS78LS120 Fail-safe 1-116 

20 ±500 ±15 Yes Strobed 5 2 OS75115 OS55115 1-61 

17 ±200 ±7 100 TRI-STATE 5 RS-422 4 OS26LS32C OS26LS32M 1-15 

17 ±200 ±7 100 TRI-STATE 5 RS-422 4 OS26LS32AC Fail-Safe 1-15 

17 ±500 ±15 200 TRI-STATE 5 RS-422 4 OS26LS33C OS26LS33M 1-15 

17 ±500 ±15 200 TRI-STATE 5 RS-422 4 OS26LS33AC Fail-Safe 1-15 

25 ±200 ±1O 80 TRI-STATE 5 RS-422 4 OS3486 1-18 

...... - 10 ±25 ±3 TRI-STATE ±5 4 OS365Q OS1650 1-31 
&. 10 ±25 ±3 Strobed ±5 4 OS3652 OS1652 1-31 

22 ±200 +12, -7 70 TRI-STATE 5 RS-485 1 OS3695 RS-485 Transceiver 1-47 

22 ±200 +12, -7 70 TRI-STATE 5 RS-485 1 OS3696 RS-485 Transceiver 1-47 

22 ±200 +12, -7 70 TRI-STATE 5 RS-485 1 OS3697 RS-485 Transceiver 1-47 

22 ±200 +12, -7 70 TRI-STATE 5 RS-485 1 OS3698 RS-485 Transceiver 1-47 

17 ±25 ±3 Strobed ±5 2 OS75107 OS55107 1-25 

17 ±10 ±3 Strobed ±5 2 OS75207 1-25 

17 ±25 ±3 Strobed ±5 2 OS75108 OS55108 1-25 

17 ±1O ±3 Strobed ±5 2 OS75208 1-25 

17 ±25 ±3 TRI-STATE ±5 2 OS3603 OS1603 1-25 

Note. Voltage comparators (such as the LM710) have good threshold sensitivity and good common-mode range and, in turn, also make good line receivers. These comparators generally use 2 power supplies 
(±15Vl. which may not be available in some digital systems. 

- -- -- -- -- -
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~National 
D Semiconductor 

051488 Quad Line Driver 

General Description 

The DS1488 is a quad line driver which converts 
standard TTL input logic levels through one stage 
of inversion to output levels which meet EIA 
Standard No. RS·232C and CCITT Recommenda· 
tion V. 24. 

Schematic and Connection Diagrams 

~------,---------'---.---~v· 

Typical Applications 

Transmission Line 
Drivers/Receivers 

Features 

• Current limited output 

• Power·off source impedance 

±10 mA typ 

300n min 

• Simple slew rate control with external capacitor 

• Flexible operating supply range 

• Inputs are TJLlLS compatible 

V' 

V-

Dual·ln·Line Package 

TOPVIEW 

Order Number DS1488J or DS1488N 
See NS Package J14A or N14A 

GNO 

RS232C Data Transmission 

TlL/OlL 1/40S1488 
1/40S1489/ 

OS1489A TTL/OlL __ .r-, 
P---i----r---+---i :><>-==:t _}l- -----1"-' 

--.... k,>-----1._" 

TTL/OlL 

--.~(=}:: 

INTERFACE DATA 
TERMINAL EQUIPMENT 

SIGNAL GROUND 

·OptioRlI fornoisefilt8ling 

1·7 

TTL/OlL 

'-"1--
--<1 ... -,_..r--

MODEM 
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Absolute Maximum Ratings (Note 1) 

Supply Voltage 
V+ 
V-

Input Voltage (V IN ) 

Output Voltage 

Operating Temperature Range 
Storage Temperature Range 

Maximum Power Dissipation * at 25°C 
Cavity Package 
Molded Package 

Lead Temperature (Soldering, 10 sec) 

+15V 
-15V 

-15V ~ VIN ~ 7.0V 
±15V 

O°C to +75°C 
-65°Cto +150°C 

1364 mW 
1280 mW 

3QOoC 
*Derate cavity package 9.1 mW/oC above 25°C; derate molded pack
age 10.2 mWrC above 25°C. 

Electrical Charac,teristics; (Notes 2 and 3) Vcc+= 9V, VCC-= -9V unless otherwise specified 

PARAMETER CONDITIONS MIN TYP 

IlL Logical "0" Input Current VIN = OV -1.0 

IIH Logical "1" Input Current VIN = +5.0V 0.005 

VOH High Level Output Voltage RL = 3.0 kU, V+ = 9.0V, V- = -9.0V 6.0 7.0 

VIN = 0.8V V+ = 13.2V, V = -13.2V 9.0 10.5 

VOL Low Level Output Voltage RL = 3.0 kU, V+ = 9.0V, V- = -9.0V -6.8 

VIN = 1.9V V+ = 13.2V, V = -13.2V -10.5 

105+ High Level Output VOUT = OV, VIN = 0.8V -6.0 -10.0 
Short,Circuit Current 

105- Low Level Output . VOUT = OV, VIN = 1.9V 6.0 10.0 

Short,Circuit Current 

ROUT Output Resistance V+ = V- = OV, VOUT = ±2V 300 

Icc+ Positive Supply Current V+ = 9.0V, V- = -9.0V 15.0 

(Output Open) VIN = 1.9V V+ = 12V, V =-12V 19.0 

V+ = 15V, V =-15V 25.0 

V+ = 9.0V, V = -9.0V 4.5 

VIN = 0.8V V+ = 12V, V- = -12V 5.5 

V+ = 15V, V = -15V 8.0 

Icc- Negative Supply Current V+ = 9.0V, V- = -9.0V -13.0 

(Output Open) VIN = 1.9V V+ = 12V, V = -12V -18.0 

V+ = 15V, V =-15V -25.0 

V+ = 9.0V, V- = -9.0V -0.001 

VIN = 0.8V V+ = 12V, V =-12V -0.001 

V+ = 15V, V = -15V -om 
Pd Power Dissipation V+ = 9.0V, V- = -9.0V 252 

V+ = 12V, V =-12V 444 

Switching Characteristics (VCC = 9V, VEE = -9V, TA = 25°C) 

PARAMETER CONDITIONS MIN TYP 

tpdl Propagation Delay to a Logical "1" RL = 3.0 kU, CL = 15 pF, T A = 25°C 230 

!PdO Propagation Delay to a Logical "0" RL = 3.0 kU, CL = 15 pF, T A = 25°C 70 

tr . Rise Time RL =3.0kU,CL = 15pF, TA = 25°C 75 

tf Fall Time RL = 3.0 kU, CL = 15 pF, T A = 25°C 40 

MAX UNITS 

-1.3 mA 

10.0 J.lA 

V 

V 

-6.0 V 

-9.0 V 

-12.0 mA 

12.0 'mA 

U 

20.0 mA 

25.0 mA 

34.0 mA 

6.0 mA 

7.0 mA 

12.0 mA 

-17.0 mA 

-23.0 mA 

-34.0 mA 

-0.015 mA 

-0.015 mA 

-2.5 mA 

333 mW 

576 mW 

MAX UNITS 

350 ns 

175 ns 

100 ns 

75 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 9°C to +75°C temperature range for the DS1488. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

1-8 



Applications 

By connecting a capacitor to each driver output 
the slew rate can be controlled utilizing the output 
current limiting characteristics of the OS1488. 
For a set slew rate the appropriate capacitor value 
may be calculated using the following relationship 

C = Isc (L'lT/LW) 

where C is the required capacitor, Isc is the short 
circuit current value, and L'lV/L'lT is the slew rate. 

Typical Applications (Continued) 

DTl/TTl 
INPUT 

DTL/TTL·to-MOS Translator 

-12V -12V 

RS232C specifies that the output slew rate must 
not exceed 30V per microsecond. Using the worst 
case output short circuit current of 12 mA in the 
above equation, calculations result in a required 
capacitor of 400 pF connected to each output. 

DTl/TTl 
INPUT 

DTLlTTL·to-HTL Translator 

'12V 

-12V 

DTLlTTL-to-RTL Translator 

DTlIlTl 
INPUT 

'12V 

-12V 'J.OV 

AC Load Circuit Switching Time Waveforms 

VIN~VOUT 
=JK rI5PF' 

*Cl includes probe and jigcapacilance. 

~~-I-.5V ---..\--====::" 
Y'N ~ '..,. r ~'''''l VOUT ____ ""'" 

trandtfaremeasuredbetween 
TD%and 90% of the output 
waveform. 

Typical Performance Characteristics 
Output Voltage and Current-Limiting Characteristics 

-16 -12 -8 -4 4 .8 12 16 

vo • OUTPUT VOLTAGE (V) 

1·9 



~National 
~ Semiconductor 

Transmission Line 
Drivers/Receivers 

DS1489/DS1489A Quad Line Receiver 
General Description 

The DS1489IDS1489A are quad line receivers 
designed to interface data terminal equipment 
with data communications equipment. They are 
constructed on a single monolithic silicon chip. 
These devices satisfy the specifications of E IA 
standard No. RS232C. The DS1489/DS1489A 
meet and exceed the specifications of MC 1489/ 
MC1489A and are pin-for-pin replacements. 

Features 

• Four totally separate receivers per package 

• Programmable threshold 

• Built·in input threshold hysteresis 

• "Fail safe" operating mode 

• Inputs withstand ±30V 

Schematic and Connection Diagrams Dual·ln-Line Package 

(lf4 of unit shown) r----+---+--<J v" 

9k Sk 2k 

~~s:~:~~ o---------+---+-JtM~ 

INPUT O--.J\IV\r-.... --.... --i 

L---~--~--~~-~~-OGNO 

OS1489: R, ·IOK 
DS1489A: R, ·2K 

AC Test Circuit and Voltage Waveforms 
RESPONSE CONTROL 

• OPEN OUTPUT Vee 

Typical Applications 
1/4 DS14891 

1/4051488 DS1489A TTl 
--~-, 

b--~----~---+--~~~--~ ~~--

TTL 

-.. <=}::-<>Cl---+----t.---+---<C 

I"TERFACEDATA 
TERMINAL EQUII'MENT 

·Optional tar noise filtering. 

RS232C Data Transmission 

--.... - ~ 

TTL 

--<~"-1::= ,_r--

1·10 

RESPONSE REsPONSE 
IN~Ul CON~RDl OU1;U1 IN~UT CON~RDl OU1;UT 

Order Number DS1489J, DS1489AJ, 
DS1489N or DS1489AN 

See NS Package J14A or N14A 

'"'"' -Jr-------,.-~~~~~~~~~:: 
--~~I'r 

Jt 

MOS to TTL/LS Translator 



Absolute Maximum Ratings"" (Note 1) 

The fol/owing apply for T A = 25°C unless otherwise specified. 

Power Supply Voltage tOV 
Input Voltage Range ±30V 
Output Load Current 20 mA 

Power Dissipation (Note 2) 1W 
Operating Temperature Range O°C to + 75°C 
Storage Temperature Range -65"C to +150

u
C 

Maximum Power Dissipation* at 25°C 
Cavity Package 
Molded Package 

1308 mW 
1207 mW 

*Oerate cavit~ package 8.~ mW/oC above 25°C; derate molded pack
age 9.7 mW/ C above 25 C. 

Electrical Characteristics (Notes 2, 3 and 4) 

DS1489/DS1489A: The following apply for Vee = 5.0V ±1%, O°C"'S. TA ~ +75°C unless otherwise specified. 

PARAMETER CONDITIONS M,IN TYP 

VTH Input High Thrtshold Voltage 
DS148~ 

TA c 25°C 1.0 1.25 

VOUT ~ 0.45V, 0.9 

f' lOUT = 10 mA 
DS1489A 

TA = 25°C 1.75 2.00 

1.55 

VTL Input Low Threshold Voltage VOUT ;::: 2.5V TA = 25°C 0.75 1.00 

lOUT = -0.5 mA 0.65 

liN Input Current VIN = +25V +3.6 +5.6 

VIN = -25V -3.6 -5.6 

VIN = +3V +0.43 +0.53 

VIN = -3V -0.43 -0.53 

VOH ': Output High Voltage 
lOUT = -0.5 mA 

VIN = 0.75V 2.6 3.8 

Input = Open 2.6 3.8 

VOL Output Low Voltage VIN = 3.0V, lOUT = 10 mA 0.3~ 

Ise Output Short Circuit Current VIN = 0.75V 3.0 

Icc Supply Current V IN = 5.0V 14 

Pd Power Dissipation VIN = 5.0V 70 

Switching Characteristics (VCC = 5V, TA = 25°C) 

PARAMETER CONDITIONS MIN TYP 

tpdl Input to Output "High" RL = 3.9k, (Figure 1) (ac Test Circuit) 2S 

Propagation Delay 

tpdO Input to Output "Low" RL = 390n, (Figure 1) (ac Test Circuit) 20 

Propagation Delay 

tr Output Rise Time RL = 3.9k, (Figure 1) (ac Test Circuit) 110 

tf Output Fall Time RL = 390n, (Figure 1) (ac Test Circuit) 9 

MAX UNITS 

1.5 V 

1.6 V 

2.25 V 

2.40 V 

1.25 V 

1.35 V 

+8.3 mA 

-8.3 mA 

mA 

mA 

5.0 V 

5.0 V 

0.45 V 

mA 

26 mA 

130 mW 

MAX UNITS 

85 ns 

50 ns 

175 ns 

20 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operl!t~d at these limits. The table of "Ele!=trical Characteristics" 
provides conditions for actual device operation. 
Note 2; Unless otherwise specified min/max limits apply across the O°C to +75°C temperature range for the OS1489 and OS1489A. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 
Note 4: These specifications apply for response control pin = open. 

·1-11 



~ National Transmission Line 
D Semiconductor Drivers/Receivers 
DS26LS31C/DS26LS31M Quad High Speed 
Differential Line Driver 
General Description 
The DS26LS31 is a quad differential line driver designed 
for digital data transmission over balanced lines. The 
DS26LS31 meets all the requirements of EIA Standard 
RS-422 and Federal Standard 1020. I t is designed to 
provide unipolar differential drive to twisted-pair or 
parallel-wire transmission lines. 

The circuit provides an enable and disable function 
common to all four drivers. The DS26LS31 features 
TRI-STATE® outputs and logically ANDed comple
mentary outputs. The inputs are all LS compatible and 
are all one unit Imid .. 

The DS26LS31 features a power up/down protection 
circuit which TR I-STATEs the outputs during power 
up or down preventing er·roneous glitches on the trans
mission lines. 

Logic Diagram 

Features 
.. Output skew - 2.0 ns typical 

• Input to output delay - 10 ns 

• Operation from single 5V supply 

• 16-pin hermetic and molded DIP package 

• Outputs won't load line when VCC = 0 

• Four line drivers in one package for maximum 
package density 

• Output short-circuit protection 

• Complementary outputs 

• Meets the requirements of EIA Standard RS-422 

• Pin compatible with AM26LS31 

• Available in military and commercial temperature 
range 

• Glitch free power up/down 

GND VCC OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 
02 01 C2 C1 B2 B1 A2 A1 

Connection Diagram 
Dual-In-Line Package 

INPUT A 16 5V 

, CHANNEl A ( 
OUTPUTS 

-t---...... 

INPUT 0 

14 

.. } CHANNEL 0 
13 OUTPUTS 

ENABLE L---t--

'----++-tl-..._ ...... 12_ EN~BLE 

11 

INPUT B 1 
CHANNEL C 

10 OUTPUTS 

GNO 9 INPUTC 

TOP VIEW 

Order Number DS26LS31CJ, DS26LS31CN or 
DS26LS31MJ 

See NS Package J16A or N16A 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage 7V Supply Voltage, VCC 
Input Voltage 7V DS26LS31M 4.5 5.5 V 
Output Voltage ' 5V DS26LS31 4.75 5.25 V 
Output Voltage (Power OFF) -Q.25V to 6V Temperature, T A 
Maximum Power Dissipation· at 25°C DS26LS31M -55 +125 °c 

Cavity Package 1509mW DS26LS31 0 +70 "c 
Molded Package 1476mW 

• Derate cavity package 10.1 mW/o C above 25" C; derate molded 
package 11.9 mWr C above 25" c. 

Electrical Characteristics (Notes 2,3 and 4) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VOH Output High Voltage 10H = -20 mA 2.5 V 

VOL Output Low Voltage IOL=20mA 0.5 V 

VIH Input High Voltage 2.0 V 

VIL Input Low Voltage 0.8 V 

IlL Input Low Current VIN = O.4V -40 -200 pA 

IIH Input High Current VIN = 2.7V 20 pA 

II Input Reverse Current VIN = 7V 0.1 mA 

10 TRI-STATE Output Current I Vo = 2.5V 20 pA 

I Vo = 0.5V -20 pA 

VCL Input Clamp Voltage liN = -18 mA -1.5 V 

ISC Output Short-Circuit Current -30 -150 mA 

ICC Power Supply Current All Outputs Disabled 35 60 mA 
or Active 

Switching Characteristics vcc'= 5V, TA = 25°C 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tPLH Input to Output CL = 30 pF 10 15 ns 

tPHL Input to Output CL = 30 pF 10 15 ns 

Skew Output to Output CL = 30 pF 2.0 6.0 ns 

tLZ Enable to Output CL = 10 pF, S2 Open 15 35 ns 

tHZ Enable to Output CL = 10 pF, Sl Open 15 25 ns 

tZL Enable to Output CL = 30 pF, S2 Open ,20 30 ns 

tZH Enable to Output CL = 30 pF, Sl Open 20 30 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation. 
Note 2: Unless otherwise specified, minImax limits apply across the ,-55°C to +125°C temperature range for the DS26LS31 M and across the 
O°C to +70°C range for the DS26LS31. All typicals are given for VCC = 5V and T A = 25°C. 
Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise 
specified. 
Note 4: Only one output at a time should be shorted. 
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AC Test Circuit and Switching Time Waveforms 

f = 1 MHz, tr ::; 15 ns, 
tf::; 6 ns OV 

OUTPUT 

CL (lNCLUOES 

PROBE AND JIG T 
CAPACITANCE} -=-

TEST 
POINT 

NQte. 51 and 52 of load circuit are closed except where shown. 

FIGURE 1. AC Test Circuit 

f= 1 MHz, tr::; 15 ns, 
tf::; 6 ns OV 

OUTPUT 
S2 OPEN 

PISABLE 

tpZL 

tpLZ 

VOL-------'------------~-' 

VOH-------r------------~~ 
OUTPUT 
S1 OPEN 

tpZH 

FIGURE 2. Propagation Delays FIGURE 3. Enable and Disable Times 

Typical Applications 

Two-Wire Balanced System, RS-422 
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~National 
~ Semiconductor 

Transmission Line 
Drivers/Receivers 

DS26LS32C/DS26LS32M, DS26LS32AC, 
DS26LS33C/DS26LS33M, DS26LS33AC 
Quad Differential Line Receivers 
General Description 
The DS26LS32 and DS26LS32A are quad differential line 
receivers designed to meet the AS-422, AS-423 and Fed
eral Standards 1020 and 1030 for balanced and unbal
anced digital data transmission. 

The DS26LS32 and DS26LS32A have an input sensitivity of 
200 mV over the input voltage range of ± 7V and the 
DS26LS33 and DS26LS33A have an input sensitivity of 
SOO mV over the input voltage range of ± 1SV. 

Both the DS26LS32A and DS26LS33A differ in function 
from the popular DS26LS32 and DS26LS33 in that input 
fail-safe circuitry is provided for each receiver, which 
causes the outputs to go to a logic "1" state when the in-
puts are open. ' 

Each version provides an enable and disable function 
common to all four receivers and features TAI-STATE@ out
puts with 8 mA sink capability. Constructed using low 
power Schottky processing, these devices are available 
over the full military and commercial operating tempera
ture ranges. 

Logic Diagram 

Features 
• High differential or common-mode input voltage 

ranges of ± 7V on the DS26LS32 and DS26LS32A and 
± 1SV on the DS26LS33 and DS26LS33A 

• ± 0.2V sensitivity over the input voltage range on the 
DS26LS32 and DS26LS32A, ± O.SV sensitivity on the 
DS26LS33 and DS26LS33A 

• Input fail-safe circuitry on the DS26LS32A and 
DS26LS33A 

• DS26LS32 and DS26LS32A meet all requirements of 
AS-422 and AS-423 

• 6k minimum input impedance 
• 100 mV input hysteresis on the DS26LS32 and 

DS26LS32A, 200 mV on the DS26LS33 and DS26LS33A 

• Operation from a single SV supply 
• TAl-STATE drive, with choice of complementary output 

enables for receiving directly onto a data bus 

• Pin replacement for Advanced Micro Devices 
AM26LS32 

ENABLE ENABLE IN 02 IN 01 IN C2 IN CI IN B2 IN BI IN A2 IN AI 

Connection Diagram 
Dual-In-Llne Package 

OUTPUT A ~--..I 

ENABLE 

OUTPUT C ~----, 

GNO 

TOP VIEW TlIF/5255·2 

TRI·STATE~ is a registered trademark of National Semiconductor Corp. 

TlIF/5255·1 

Truth Table 

1-1S 

ENABLE I ENABLE Input Output 

0 I 1 X Hi-Z 

See 
VID~ VTH (Max) 

Note Below V/D:sVTH (Min) 

Open 

HI-Z = TRI-STATE 

* DS26LS32A and DS26LS33A only 

Note: Input conditions may be any combination not 
defined for ENABLE and ENABLE. 

Order Number DS26LS32MJ, DS26LS32CJ, 
DS26LS32CN, DS26LS32ACJ, DS26LS32ACN, 

DS26LS33MJ, DS26LS33CJ, DS26LS33CN, 
DS26LS33ACJ or DS26LS33ACN 
See NS Package J16A or N16A 

1 

0 

1* 

c en 
N 
0') 
ren 
(,.) 
N 
W 
N » .. 



<C 
('I) 
('I) 

etf 
('I) 

'" <t 
C\I 
~ 
C\I 
('I) 

en 
...J 
CD 
C\I en c 

Absolute Maximum Ratings (Note 1) Operating Conditions 
Min Max Units 

Supply Voltage 7V Supply Voltage (Vce> 

Common-Mode Range ±25V DS26LS32M,DS26LS33M 4.5 5.5 V 

Differential Input Voltage ±25V (MIL) 

Enable Voltage 7V 
DS26LS32C,DS26LS33C 4.75 5.25 V 
DS26LS32AC,DS26LS33AC 

Output Sink Current 50mA (COML) 
Maximum Power Dissipation· at 25°C Temperature (TA) 

Cavity Package 1433mW DS26LS32M,DS26LS33M -55 +125 °C 
Molded Package 1362mW (MIL) 

Storage Temperature Range - 65°C to + 165°C DS26LS32C,DS26LS33C 0 +70 °C 
Lead TelTlperature (Soldering, 10 seconds) 300°C DS26LS32AC,DS26LS33AC 

* Derate cavity package 9.6 mW/oC above 25°C; derate molded package 
(COML) 

10.9 mW/oC above 25°C. 

Electrical Characteristics over the operating temperature range unless otherwise specified (Notes 2, 3 and 4) 

Parameter Conditions Min Typ Max Units 

VTH Differential Input VOUT=VOH I DS26LS32, DS26LS32A, -7VSVCMS + 7V -0.2 ±0.07 0.2 V 

Voltage or VOL I DS26LS33, DS26LS33A, -15VsVCM s +15V -0.5 ±0.14 0.5 V 

RIN Input Resistance -15VsVeM s + 15V (One Input AC GND) 6.0 8.5 kO 

liN Input Current (Under VIN = 15V, Other Input -15VsVIN S + 15V 2.3 rnA 
Test) VIN = -15V, Other Input -15V SVINS + 15V -2.8 rnA 

VOH Output High Voltage Vee = Min, AVIN = 1V, Commercial 2.7 4.2 V 

VEN'ASLE = 0.8V, IOH = - 440 p.A Military 2.5 4.2 V 

VOL Output,Low Voltage Vee = Min, AVIN = -1V, IOl=4 rnA 0.4 V 

VENABLE = 0.8V IOl=8 rnA 0.45 V 

Vil Enable Low Voltage 0.8 V 

VIH Enable High Voltage 2.0 . V 
: 

VI Enable Clamp Vee = Min, liN = -18 rnA -1.5 V 

Voltage 

10 OFF-State (High Vee = Max Vo=2.4V 20 p.A 
Impedance) Output Vo= O.4V -20 p.A 
Current 

III Enable Low Current VIN =O.4V -0.36 rnA 

IIH Enable High Current VIN=2.7V 20 p.A 

Ise Output Short-Circuit Vo=OV, Vee = Max, AVIN = 1V -15 -85 rnA 

Current 

Icc Power Supply Vee = Max, All VIN = GND, DS26LS32,DS26LS32A 52 70 rnA 

Current Outputs Disabled DS26LS33,DS26LS33A 57 80 rnA 

II Input High Current VIN =5.5V 100 p.A 

VHYST Input Hysteresis TA=25°C, Vee=5V, PS26LS32,DS26LS32A 100 mV 

VeM=OV bS26LS33,DS26LS33A 200 mV 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to Imply that the 
device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. ~' :' 
Note 2: All currents Into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 
Note 3: All typical values are Vce=5V, TA=25°e. 
Note 4: Only one output at a time should be shorted .. 
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· Switching Characteristics Vee = 5V, TA = 25°C 

Parameter Conditions 
DS26LS32/DS26LS33 
Min Typ Max 

tplH Input to Output Cl = 15 pF 
17 25 

tpHl 17 25 

tlZ ENABLE to Output Cl =5 pF 
20 30 

tHZ 15 22 

tZl ENABLE to Output Cl = 15 pF 
15 22 

tZH '15 22 

AC Test Circuit and Switching Time Waveforms 

Load Test Circuit for TRI·STATE Outputs 

TEST 
POINT VCC 

FROM OUTPUT 2k « 
UNOER TEST o-..... -.-.......... -.--<r SI o--¥:tv-J 

CllNClUOES 

PROBE AND JIG T 
CAPACITANCE 

Rl 
5k 

DS26LS32AJDS26LS33A 
Min Typ Max 

23 35 
23 35 

15 22 
20 25 

14 22 
15 22 

Propagation Delay (Notes 1 and 3) Enable and Disable Times (Notes 2 and 3) 

TL/F15255·4 

Note 1: Diagram shown for ENABLE low. 

Note 2: S1 and S2 of load circuit are closed except where shown. 

Note 3: Pulse generator for all pulses: Rates 1.0 MHz; Zo = 500; trs 15 ns; tfs6.O ns. 

Typical Applications 

ENABLE 
INPUT 

VOl-+--+-· ....... -I--+--IJ 

OUTPUT VOH--'-----t-• .--_I----.] 
NORMALLY 

HIGH 

Two·Wlre Balanced Systems, RS·422 

DATA 

DATA 
OUTPUT 

Tl1F15255-6 

Single Wire with Common Ground Unbalanced Systems, RS-423 
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Transmission Line ~National 
~ Semiconductor Drivers/Receivers 
053486 Quad ,R5·422, R5·423 Line Receiver 
General Description 
National's quad RS-422, RS-423 receiver features four 
independent receiver chains which comply with EIA 
Standards for the electrical characteristics of balanced/ 
unbalanced voltage digital interface circuits. Receiver 
outputs are 74LS compatible, TRI-STATE@ structures 
which are forced to a high impedance state when the 
appropriate output control pin reaches a logic zero 
condition. A PNP device buffers each output control pin 
to assure minimum loading for either logic one or logic 
zero inputs. I n addition, each receiver chain has internal 
hysteresis circuitry to improve noise margin and dis
courage output instability for slowly changing input 
waveforms. 

Block Diagram 
DIFFERENTIAL 

INPUTS 

INPUT 
NETWORK 

Features 
• Four independent receiver chains 

• TRI-STATE oui:puts 

• High impedance output control inputs (PIA compa-
tible) 

• Internal hysteresis - 140 mV (typ) 

• Fast propagation times - 18 ns (typ) 

• TTL compatible 

• Single 5V supply voltage 

• Pin compatible and interchangeable with MC3486 

TRI·STATE10 
CONTROL 

INPUT OUTPUT 

HYSTERESIS 
LEVEL 

TRANSLATOR 

Connection Diagram 

LEVEL 
TRANSLATOR 

INPUTS A { 

~----------~--~ 

Dual-In-Line Package 

VCC 

OUTPUT A -f------' 

TRI·STATE 
CONTROL AlC 

'-----1- OUTPUT B 

OUTPUT C -+------. 
12 TRI·STATE 

CONTROL BID 

INPUTS C { 

GND 

TOP VIEW 
Order Number DS3486J or DS3486N 

See NS Package J16A or N16A 
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Absolute Maximum Ratings (Note 1) 

Power Supply Voltage, VCC 
Input Common-Mode Voltage, V,CM 
Input Differential Voltage, VID 
TRI-STATE Control Input Voltage, V, 
Output Sink Current, 10 
Storage Temperature, TSTG 
Maximum Power Dissipation* at 25°C 

Cavity Package 
Molded Package 

8V 
±25 V 
±25 V 

8V 
50mA 

_65°C to +150
o
C 

1433 mW 
1362 mW 

*Derate cavity package 9.6 mW/oC above 2SoC; derate molded 
package 10.2 mWtC above 2SoC. 

Electrical Characteristics 

Operating Conditions 
MIN MAX UNITS 

Power Supply Voltage, VCC 4.75 5.25 V 

Operating Temperature, T A 0 70 DC 

Input Common-Mode Voltage -7.0 7.0 V 
Range, V,CR 

(Unless otherwise noted, minimum and maximum limits apply over recommended temperature and power supply voltage ranges. 

Typical values are for T A = 25°C, VCC = 5V and V'C = av. See Note 2.) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

V,H Input Voltage - High Logic State 2.0 V 

(TRI-STATE Control) 

V,L Input Voltage - Low Logic State 0.8 V 

(TRI-STATE Control) 

VTH(D) Differential Input Threshold Voltage -7V::; V'C::; 7V, VIH TRI-STATE = 2V 

10 = 0.4 mA, VOH ~ 2.7V 0.070 0.2 V 

10 = 8 mA, VOL ~ 0.5V 0.070 -0.2 V 

IIB(D) Input 8ias Current VCC = OV or 5.25V, Other Inputs at OV 

VI = -10V -3.25 mA 

V, = -3V -1.50 mA 

VI = 3V 1.50 mA 

V,= 10V 3.25 mA 

I nput Balance -7V::; VIC::; 7V, VIH(3C) = 2V, 

(Note 4) 

10 = 0.4 mA, VID = O.4V 2.7 V 

10 = 8 mA, V/D = -O.4V 0.5 V 

10Z Output TRI-STATE Leakage Current VI(D) = 3V, VIL = 0.8V, VOL = 0.5V -40 fJ.A 

V, (D) = -3V, VIL = 0.8V, VOH = 2.7V 40 fJ.A 

lOS Output Short-Circuit Current V,(D) = 3V, V,H TRI-STATE = 2V, -15 -100 mA 

Vo "'" 0, (Note 3) 

IlL Input Current - Low Logic State VIL = O.5V -100 fJ.A 

(TRI-STATE Control) 

IIH Input Current - High Logic State VIH = 2.7V 20 pA 

(TRI-STATE Control) VIL = 5.25V 100 pA 

VIC Input Clamp Diode Voltage liN = -10 mA -1.5 V 
(TRI-STATE Control) 

ICC Power Supply Current All Inputs VIL = OV 85 mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed_ They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: All currents into device pins are shown as positive, out of device pins are negative. All voltages referenced to ground unless otherwise 
noted. 

Note 3: Only one output at a time should be shorted. 
Note 4: Refer to EIA RS-422/3 for exact conditions. 
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co. ! Switching Characteristics (Unless otherwise noted, VCC = 5V and T A = 25°C.) 

en 
C PARAMETER MIN TVP 

Propagation Delay Time - Differential Inputs to Output 

tPHL(D) Output High to Low' 19 

tPLH{D) Output Low to High 19 

Propagation Delay Time - TRI-STATE Control to 

Output 

tPLZ Output Low to TRI-STATE 23 

tpHZ Output High to TR I-STATE 25 

tpZH Output TRI:STATE to High 18 

tPZL Output TRI-STATE to Low 20 

AC Test Circuits and Switching Time Waveforms 

PULSE 
GENERATOR 

TO SCOPE 
(INPUT) 

OIFFERENTIAL 
INPUTS 

TO SCOPE 
(OUTPUT) 

CL=15pF 
INCLUDES PROBE 

"'1' AND STRAY 
..L CAPACITANCE 

TRI-STATE® CONTROL 

INPUT 

OUTPUT 

1.5V 2V 

VOH------+-,~----__ 

VOL---.J 
DV----------------------

Input pulse characteristics: 

tTLH = tTHL = 6 ns (10% to 90%) 
PRR = 1 MHz, 50% duty cycle 

FIGURE 1. Propagation Delay Differential Input to Output 
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MAX UNITS 

35 ns 

30 ns 

35 ns 

35 ns 

30 ns 

30 ns 



AC Test Circuits and Switching Time Waveforms (Continued) 

TO SCOPE 
(INPUT) TRI-STATE 

CONTROL 

PULSE n 
GENERATOR 

INPUT 

INPUT 

CL = 15 pF INCLUDES 

PROBE AND STRAY I 
CAPACITANCE 

1_5V for tpHZ and tPLZ 
-1.5V for tPLZ and tpZL 

Input pulse characteristics: 
tTLH = tTHL = 6 ns (10% to 90%) 
PAR=- 1 MHz, 50% duty cycle 

tpLZ 

3V 

SW1 CLOSED 
SW2 CLOSED 

L 
tPZH 

3V 

SW10PEN 
OV-- SW2 CLOSED 

VOH~tPZH 
OV 

1.5V 

EIN 

EOUT 

INPUT 

OUTPUT 

5k 

3V 

OV 

ALL DIODES 1N916 OR 
EOUIVALENT 

tpHZ 

SW1 CLOSED 
SW2 CLOSED 

~HZ 
VOH . ~ 

~1.3V I 
OV 

tpZL 

3V 

SW1 CLOSED 
SW2 OPEN 

tpZL 

",,5V -VBE 

VOL 
OV 

FIGURE 2. Propagation Delay TRI-STATE Control Input to Output 
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~ National Transmission Line 
~ Semiconductor Drivers/Receivers 
053587/053487 Quad TRI·STATE® Line Driver 
General Description 
National's quad RS-422 driver features four indepen
dent driver chains which comply with EIA Standards 
for the electrical characteristics of balanced voltage 
digital interface circuits_ The outputs are TRI-STATE® 
structures which are forced to a high impedance state 
when the appropriate output control pin reaches a logic 
zero condition. All input pins are PNP buffered to 
minimize input loading for either logic one or logic zero 
inputs. In addition, internal circuitry assures a high 
impedance output state during the transition between 
power up and power down. 

Block Diagram 

INPUT 

OUTPUT 
CONTROL 0----4 

Connection Diagram 

Features 
• Four independent driver chains 

• TRI-STATE outputs 

• PNP high impedance inputs (PIA compatible) 

• Power up/down protection 

• Fast propagation times (typ 10 ns) 

• TTL'compatible 

• Singll~ 5V supply voltage 

• Output rise and fall times less than 20 ns (typ 10 ns) 

• Pin compatible with MC3487 

• Output skew - 2 ns typ 

10---0 NON-INVERTING 

~~-'-"'INVERTING 

Dual-In-Line Package 

Truth Table 

INPUT A 16 VCC 

INPUT 0 

AlB CONTROL 

OUTPUTS B { 

INPUT B 

GND 

TOP VIEW 

Order Number DS3587J, DS3487J or DS3487N 
See NS Package J16A or N16A 

INPUT 
CONTROL NON-INVERTER INVERTER 

INPUT 

H 

L 

X 

L = Low logic state 
H = High logic state 
X = Irrelevant 

H 

H 

L 

Z = TRI-STATE (high impedance) 

OUTPUT OUTPUT 

H L 

L H 

Z Z 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage 8V Supply Voltage (Vee) 
Input Voltage 5.5V 053587 4.5 5.5 V 
Storage Temperature --65°e to +1500 e DS3487 4.75 5.25 V 
Lead Temperature (Soldering, 10 seconds) 300°C Temperature (T A) 
Maximum Power Dissipation- at 25°C DS3587 -55 +125 °e 

Cavity Package 1509mW DS3487 0 70 °e 
Molded Package 1476 mW 

-Derate cavity package 10.1 mW/oC above 25°C; derate molded 
package 11.9 mWre above 25°C. 

Electrical Characteristics (Notes 2, 3, 4 and 5) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIL Input Low Voltage 0.8 V 

VIH I nput High Voltage 2.0 V 

IlL Input Low Current VIL = 0.5V -200 /lA 

IIH Input High Current VIH = 2.7V 50 /lA 

VIH = 5.5V 100 /lA 

VCL Input Clamp Voltage ICL = -18 mA -1.5 V 

VOL Output Low Voltage IOL=48mA 0.5 V 

VOH Output High Voltage 10H = -20 mA 2.5 V 

lOS Output Short-Circuit Current -40 -140 mA 

10Z Output Leakage Current (TRI-STATE) Vo = 0.5V -100 /lA 

Vo = 5.5V 100 /lA 

10FF Output Leakage Current Power OFF 
VCC = 0 

Vo = 6V 100 /lA 

Vo = -0.25V -100 /lA 

IVos - Vosl Difference in Output Offset Voltage 0.4 V 

VT Differential Output Voltage 2.0 V 

IVTI-IVTI Difference in Differential Output 0.4 V 

Voltage 

ICC Power Supply Current Active 50 80 mA 

TRI-STATE 35 60 mA 

Switching Characteristics vee = 5V, T A = 25°C 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tPHL I nput to Output 10 15 ns 

tPLH I nput to Output 10 15 ns 

tTHL Differential Fall Time 10 15 ns 

tTLH Differential Rise Time 10 15 ns 

tPHZ Enable to Output RL = 200rl, CL = 50 pF 17 25 ns 

tPLZ Enable to Output RL = 200rl, CL = 50 pF 15 25 ns 

tPZH Enable to Output RL = 00, CL = 50 pF, Sl Open 11 25 ns 

tPZL Enable to Output RL = 200rl, CL = 50 pF, S2 Open 15 25 ns 

Noto 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation. 

Nato 2: Unless otherwise specified, min/max limits apply across the oOe to +70° C range for the DS3487. All typicals are given for Vee = 5V and 
TA = 25°C. 
Nato 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise 
specified. 
Note 4: Only one output at a time should be shorted. 
Note 5: Symbols and definitions correspond to EIA RS-422, where applicable. 
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AC Test Circuits and Switching Time Waveforms 

3V OR 
OV 

CONTROL 
INPUT 

INPUT 

CL = 50pF 
INCLUDES PROBE 

AND JIG CAPACITANCE T 

1/4 DS3487 

51 and S2 closed except as noted. 

1k 

CL includes probe and jig capacitance. 

INPUT 

CL 

5V 

3V----------,~--------~ 

INPUT 

OV-----

OUTPUT 1.5V 

1.5V 

Input pulse: f = 1 MHz, 50%; tr = tf ~ 15 ns. 

FIGURE 1. Propagation Delays 

5V 

S1 J200 

CONTROL 
INPUT 

OUTPUT 

OUTPUT 

VOH----+--.. 

VOL------~-J·;-.-

OV 
tpZH 

VOH----~~·~---

VOL----~~·~--
tpZL 

Input pulse: f = 1 MHz, 50%; tr = tf ::; 15 ns. 

S1 = open for tpZH 

S2 = open for tPZL 

FIGURE 2. TRI-STATE Enable and Disable Delays 

TEM CT2 
CURRENT TRANSFORMER 
OR EQUIVALENT 

3V 

INPUT ~ 
OV 

OUTPUT 
(DIFFERENTIAL) 

\~ 
90% 

15 pF 

T T INCLUDING PROBE 
":" ":" AND JIG CAPACITANCE tTLH 

Input pulse: f = 1 MHz, 50%; tr = tf ~ 15 ns. 

FIGURE 3. Differential Rise and Fall Times 
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~National 
D Semiconductor 

. ·Transmission Line 
Orivers/Receivers 

051603/053603, 0555107/0575107, 0555108/0575108, 
0575207, 0575208 Oual Line Receivers 
General Description 
The eight products described herein are TTL 
compatible dual high speed circuits intended for 
sensing in a broad range of system applications. 
While the primary usage will be for line receivers 
or MOS sensing, any of the products may effec
tively be used as voltage comparators, level· trans; 
lators, window detectors, transducer preamplifiers, 
and· in other sensing applications. As digital line 
receivers the products are applicable with the 
SN55109/SN75109 and SN55110/SN75110 com
panion drivers, or may be used in other balanced 
or unbalanced party-line data transmission systems. 
The improved input sensitivity and. delay specifi
cations of the OS75207 and OS75208 make them 
ideal for sensing high performance MOS memories 
as well as high sensitivity line receivers and voltage 
comparators. TR I-STATE® products enhance 
bused organizations. 

Input protection diodes are incorporated in series 
with the collectors of the differential input stage. 
These diodes are useful in certain applications 
that have multiple Vcc+ supplies or Vcc+ sup
pi ies that are turned off. 

Connection Diagrams 
Dual-I n-L ine Package 

INPUT INPUT 
Vee· vcc - 2A 28 NC 

STROBE 
2G 

INPUT INPUT Nt OUTPUT STROBE STROBE GNO 
lA 18 tV lG S 

TOPVIEW 

Order Number DS55107J, DS75107J, 
DS55108J, DS75108J, DS75207J 

or DS75208J 
See NS Package J14A 

Order Number DS75107N, DS75108N, 
DS75207N or DS75208N 
See NS Package N14A 

Product Selection Guide 

Features 
• ~iode protected input stage for power "OFF" 

condition 

• 17nstyphighspeed 

• TTL compatible 

• ±10 mV or ±25 mV input sensitivity 

• ±3V input common-mode range 

• High input impedance with normal Vee, or I 

Vee = OV 

• Strobes for channel selection 

• TR I-STATE outputs for high speed buses 

• Dual circuits 

• Sensitivity gntd. over full common-mode range 

• Logic input clamp diodes-meets both "A" and 
"8" version specifications 

• ±5V standard supply voltages 

Dual-I n-line Package 
INPUT INPUT OUTPUT STROBE 

Vee· vcc - 2A 28 Nt zy 2G 

INPUT INPUT Nt OUTPUT STROBE OISABlE GND 
lA 18 IV lG 0 

TOPVIEW 

Order Number DS1603J or DS3603J 
See NS Package J14A 

Order Number DS3603N 
See NS Package N14A 

TEMPERATURE~ --55°C:STA :S+125°C o°c:s TA :s +70°C 

PACKAGE-+ CAVITY DIP CAVITY OR MOLDED DIP 

INPUT SENSITIVITY-+ ±25 mV ±25 mV ±10 mV 

OUTPUT LOGIC. 

• TTL AClive Pull-up OS55107 0575107 OS75207 
TTL Open Collector OS55108 OS75108 OS75208 
TTL TRI-STATE OS1603 OS3603 OS3604 

1-25 

enc 
encn 
-- -10 ....... 0') en __ 
-loW 
00') 

IS» 0 
....... ~ 
en en Nen 
0 ....... 
.:--J ....... 
....... en en-lo 
NO 
0"' ....... 
CO 



Absolute .Maximum Ratings (Notes 1, 2 and 3) 

Supply Voltage, V cc + 
Supply Voltage, VCC
Differential Input Voltage 
Common Mode Input Voltage 
Strobe Input Voltage 
Storage Temperature Range 

Operating Conditions 

Supply Voltage Vee + 

Supply Voltage Vee-

Operating Temperature Range 

7V 
-7V 
t6V 
'±5V 

S.5V 
-6SoC to +lS0°C' 

MIN 

4.SV 

-4.5V 

. -55' e 

0555107, 
0555108, 
051603 

NOM 

SV 

·SV 

to 

Maximum Power Dissipation· at 25°C 
Cavity Package 
Molded Package 

Lead Temperature (Soldering, 10 sec) 

130SmW 
1207 mW 

300°C 

·Derate cavity package S.7 mW/oC above 25°C; derate 
molded package 9.7 mW/oC above 25°C. 

0575107,0575207 
0575108,0575208 

053603 

MAX MIN NOM MAX 

S.SV 4.7SV SV S.2SV 

-5.SV -4.75V -5V 5.25V 

+125v C ooe to +70 u e 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits, The table of "Electrical eharacteri~tics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°e temperature range for the 051603, 0555107 and 0555108 
and across the oOe to +70oe range for the 053603, 0575107, 0575108. Ali typical values are for T A = 25°C and Vee = 5V. 
Note 3: Ali currents into device pins shown as positilo'll, out of device pins as negative, ali voltages referenced to ground unless otherwise noted. Ali 
values shown as max or min on absolute value basis. 

Typical Applications 
Line Receiver Used in a Party·line or Oata·Bus System 

TTL TO MaS 
DRIVERS 

TWtSTU"'AIR 
TRANSMISSION 
LINE 

zon 

ZolZ -= 

li"'naiverl'" 
05151D1I0515111 
or DSllDl 

Linl'fMrs.,. 
SN1S1e1SN7511D 
IIIOSl.31 

Line Recelver Used in MOS Memory System 

MM5212 MOS MEMORy ARRA, MOSTOTTLR'C'IV'RSIDSJ6041 
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Schematic Diagrams 

DS55107/DS75107.DS75207 
DS55108/DS75108.DS75208 

Vee'o--"~'_--""-"'-"~'_-----1~--1'_-""'----- --, 

900 
180 

900 
4k 

INPUT B 

INPUT A o---~----1 

I .. 
120~ 

1.6k "I 

-~ .. -----, 
~*I j.. __ J 

H I . lL_. 
I I 
.. I 

~4k : 

I 
I 

OUTPUT 

'--~~-r+----,~",,-~--oGNO 

Vee-o--~._---.... - ... ---4._-------' 

Note 1: 1/2 olthe dual circuitisshown. 

Note 2: *lndicatesconnection5common to second half of dual circuit. 

'------i--.... ---OSTROBE G 

... ---~-----o STROBE S 

Note 3: Components shown with dash lines are applicable to the OS55107, OS751 07 and OS75207 only. 

DS1603/DS3603 

Vee' o--.... ~ ..... --.... - ... - .... --4._-----._---4 ..... --.... -------. 

INPUT B OUTPUT 

INPUT A o-----if--...... 

....-~f--+--+-----..... - ... --.... ..()GNO 

L..----.... ----r-OSTRDBE G 

8.5k 

DISA8LE 0 

Vcc - 0---.... ---.... - .... --.... -------1 

Note 1: 112 of the dual cireuit is shown. 

Note 2: *Indicates connections common to second half of dual circuit. 
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0555107/0S75107, OS55108/0S75108 

Electrical Characteristics (TMIN ~TA ~TMAX) 

PARAMETER CONDITIONS MIN 

IIH High Level Input Current Vcc+ = Max, Vcc- = Max, 

Into Al, Bl, A20r B2 V ID = 0.5V, VIC = -3V to 3V 

IlL Low Level Input Current Vcc+ = Max, Vcc- = Max, 

Into Al, B1. A2 or B2 VID = -2V, VIC = -3V to 3V 

IIH High Level Input Current Vcc+ = Max, I VIH(SI = 2.4V 

Into Gl or G2 Vcc- = Max I VIH(SI = Max Vcc+ 

IlL Low Level Input Current V cc+ = Max, V cc- = Max, 

Into Gl or G2 VIl:.<S) = OAV 

IIH High Level Input Current Into S Vcc+ = Max, I VIH(S) = 2.4V 

Vcc- =' Max I VIH(S) = Max Vcc+ 

IlL Low Level Input Current Into S V cc+ = Max, V cc- = Max 

VIL(S) = OAV 

VOH High Level Output Voltage V cc+ = Min, V cc- = Min, 

ILOAD = -400JlA, V ID = 25 mV, 2.4 

VIC = -3V to 3V, (Note 3) 

VOL Low Level Output Voltage Vcc+ = Min, Vcc- = Min, 

ISINK = 16 mA, V ID = -25 mV, 

VIC = -3V to 3V 

10H High Level Output Current Vcc+ = Min, Vcc- = Min 

VOH = Max' V cC+< (Note 4) 

los Short Circuit Output Current V cC+ = Max, V cc- = Max, 
-18 

(Notes 2 and 3) 

ICCH+ High Logic Level Supply Vcc+ = Max, Vcc- = Max, 

Current From V cc V ID = 25 mV, T A = 25°C 

IccH- High Logic Level Supply V cC+ = Max, V cc- = Max, 

Current From Vcc V ID = 25 mV, T A = 25°C 

VI Input Clamp Voltage on G or S Vcc+ = Min, Vcc- = Min, 

liN = -12 mA, T A = 25°C 

Switching Characteristics (Vcc+ = 5V, Vcc- = -5V, T A = 25°C) 
a' 

PARAMETER CONDITIONS MIN 

tPLH(D) Propagation Delay Time, Low to 
RL = 390n, CL = 50 pF, (Note 3) 

High Level, From Differential 
(Note 1) (Note 4) 

Inputs A and B to Output 

tpHL(D) Propagation Delay Time, High to 
RL = 390n, CL = 50 pF, (Note 3) 

Low Level, From Differential 
(Note 1) (Note 4) 

Inputs A and B to Output 

tpLH(S) Propagation Delay Time, Low to 
(Note 3) 

High Level, From Strobe Input G RL = 390n, CL = 50 pF 
(Note 4) 

or S to Output 

tpHL(S) Propagation Delay Time, High to 
(Note 3) 

Low Level, From Strobe Input G RL = 390n, CL = 50 pF 
(Note 4) 

or S to Output 

Note 1: Oifferential input is +100 mV to ":'100 mV pulse. Oelays read from 0 mV on input to 1.5V on output. 
Note 2: Only one output at a time should be shorted. 
Note 3: OS55107/0S75107 only. 
Note 4: OS55108/0S75108 only. 
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TYP MAX UNITS 

30 75 JlA 

-10 JlA 

40 JlA 
1 mA 

-1.6 mA 

80 JlA 

2 mA 

-3.2 mA 

V 

0.4 V 

250 JlA 

-70 mA 

18 30 mA 

-8.4 -15 mA 

-1 -1.5 V 

TYP MAX UNITS 

17 25 ns 

19 25 ns 

17 25 ns 

19 25 ns 

10 15 ns 

13 20 ns 

8 15 ns 

13 20 ns 



OS75207, OS75208 

Electrical Characteristics (O°C;:;; T A ;:;; +70
o
C) 

PARAMETER CONDITIONS MIN 

IIH High Level Input Current V cc+ = Max, V cc- = 'Max, 

Into Al, Bl, A2 or B2 VID = 0.5V, VIC = -3V to 3V 

IlL Low Level Input Current VCCt = Max, Vcc- = Max 

Into Al, Bl, A2 or 82 VID = -2V, VIC = -3V to 3V 

IIH High Level Input Current VCCt = Max, I VIH(SI = 2AV 
Into Gl or G2 Vcc- = Max I VIH(S) = Max VCCt 

IlL Low Level Input Current V CC+ = Max, V cc- = Max, 
Into Gl or G2 VIL(S) = OAV 

IIH High Level Input Current Into S VCCt = Max, l VIH(S) :; 2AV 

Vcc- = Max I VIH(S) = Max Vcc+ 

IlL Low Level Input Current Into S V cc+ = Max, V cc- = Max, 

VIL(S) = DAV 

VOH High Level Output Voltage Vcc+ '" Min, Vcc- = Min, 

ILoAD = -400J.l.A, V ID = 10 mV, 2.4 

VIC = -3V to 3V, (Note 3) 

VOL Low Level Output Voltage Vcc+ = Min, Vcc- = Min, 

ISINK = 16 mA, V ID = -10 mV, 

VIC = -3V to 3V 

10H High Level Output Current VCCt = Min, Vcc- = Min, 

VOH = Max Vcc+- (Note 4) 

los Short Circuit Output Current V cc+ = Max, V cc- = Max 
-18 

(Notes 2, 3 and 4) 

IccH+ High Logic Level Supply Vcc+ = Max, Vcc- = Max, 

Current From Vcc VID = 10 mV, TA = 25°C 

IccH- High Logic Level Supply VCCt = Max, Vcc- = Max, 

Current From V cc VID = 10mV,TA = 25°C 

VI Input Clamp Voltage on G or S Vcc+ = Min, Vcc- = Min, 

liN = -12 mA, TA = 25°C 

Switching Characteristics (Vcc+ = 5V, Vcc- =-5V, TA = 25°C) 

PARAMETER CONDITIONS MIN 

tpLH(D) Propagation Delay Time, Low·to-

High Level, From Differential RL = 470n, CL = 15 pF, (Note 1) 

Inputs A and B to Output 

tpHL(D) Propagation Delay Time, High-to· 

Low Level, From Differential RL = 470n, CL = 15 pF, (Note 1) 

Inputs A and B to Output 

tpLH(S) Propagation Delay Time, Low-to-

High Level, From Strobe Input G RL = 470n, CL = 15 pF 

or S to Output 

tpHL(S) Propagation Delay Time, High-to-

Low Level, From Strobe Input G RL = 470n, CL = 15 pF 

or S to Output 

Note 1: Differential input is +10 mV to -30 mV pulse. Delays read from 0 mV on input to 1.5V on output. 

Note 2: Only one output at a time should be shorted. 

Note 3: 0575207 only. 

Note 4: 0575208 only. 
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TYP MAX UNITS 

3D 75 J.l.A 

-10 J.l.A 

40 J.l.A 

1 mA 

-1.6 mA 

80 J.l.A 

2 mA 

-3.2 mA 

V 

004 V 

250 J.l.A 

-70 mA 

18 30 mA 

-8.4 -15 mA 

-1 -1.5 V 

TYP MAX UNITS 

35 ns 

20 ns 

17 ns 

17 ns 



051603/053603 
Electrical Characteristics (T MIN S;; T A S;; T MAX) 

PARAMETER CONDITIONS MIN 

IIH High Level Input Current V cc+ = Max, V cc- = Max, 

Into A1, B1, A2 or B2 V ID = 0.5V, VIC = -3V to 3V 

IlL Low Level Input Current V CC+ = Max, V cc- = Max, 

Into A1, B1, A2 or B2 V ID = -2V, VIC = -3V to 3V 

IIH High Level Input Current Vcc+ = Max, V IHIS) = 2AV 

Into G1, G2 or D Vcc_=Max V IHIS) = Max VCCt 

IlL Low Level Input Current Into D VCCt = Max, Vcc- = Max, 

V IL(D) = OAV 

IlL Low Level Input Current VCCt = Max, V IHID) = 2V 

Into G1 or G2 Vcc- = Max, 
V ILID) = 0.8V 

VIL(G) = OAV 

VOH High Level Output Voltage VCCt = Min, Vcc- = Min, 

IL.:OAD = -2 rnA, V ID = 25 mV 204 

VIL(D) = 0.8V, VIC = -3V to 3V 

VOL Low Level Output Voltage VCCt = Min, Ycc- = Min, 

ISINK = 16 rnA, V ID = -25 mV, 

VI LID) = 0.8V, VIC = -3V to 3V 

100 Output Disable Current VCC+ = Max, 
VOUT = 2AV 

Vcc- =Max 

V IHID) = 2V VOUT = OAV 

los Short Circuit Output Current VCCt = Max, VIL(O) = 0.8V, 

Vcc- = Max, (Note 2) 
-18 

IccH+ High Logic Level Supply V CCt = Max, V cc- = Max, 

Current From VCCt VI~ = 25 mV, T A = 25°C 

IccH- High Logic Level Supply V cc+ = Max, V cc- = Max, 

Current From V cc- V ID =25mV, TA = 25°C 

VI Input Clamp Voltage on G or D Vcc+ = M,in, Vcc- = Min, 

liN = -12 rnA, T A = 25°C 

Switching Characteristics (Vcc+ == 5V, Vcc- == -5V, TA == 25°C) 

PARAMETER CONDITIONS MIN 

tpLHIO) Propagation Delay Time, Low·to-

High Level, From Differential RL = 390n, CL = 50 pF, (Note 1) 

Inputs A and B to Output 

tPHL(D) Propagation Delay Time, High-to-

Low Level, From Differential RL = 390n, CL = 50 pF, (Note 1) 

Inputs A and B to Output 

tpLHIS) Propagation Delay Time, Low-to-

High Level, From Strobe Input G RL = 390n, CL = 50 pF 

to Output 

tpHL(S) Propagation Delay Time, High-to-

Low Level, From Strobe Input G RL = 390n, CL = 50 pF 

to Output 

tlH Disable Low-to-High to Output 
RL = 390n, CL = 5 pF 

High to Off 

toH Disable Low-to-High to Output 
RL = 390n, CL = 5 pF 

Low to Off 

tHl Disable High-to-Low to Output 
RL = 1ktoOV,CL =50pF 

Off to High 

tHO Disable High-to-Low to Output 
RL = 390n, CL = 50 pF 

Off to Low 

Note 1: Differential input is +100 mY to -100 mY pulse. Delays read from 0 mY on input to 1.5Y on output. 

Note 2: Only one output at a time should be shorted. 
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TYP MAX UNITS 

30 75 JiA 

-10 JiA 

40 JiA 

1 rnA 

-1.6 rnA 

-40 JiA 

-1.6 rnA 

V 

0.4 V 

40 JiA 

-40 JiA 

-70 rnA 

28 40 rnA 

-804 -15 rnA 

-1 -1.5 V 

TYP MAX UNITS 

17 25 ns 

17 '25 ns 

10 15 ns 

8 15 ns 

20 ns 

30 ns 

25 ns 

25 ns 



~National 
~ Semiconductor 
051650/053650, 051652/053652 
Quad Oifferential Line ·Receivers 
General Description 

Transmission Line 
Drivers/Receivers 

The OS 1650/0S3650 and OS 1652/OS3652 are TTL 
compatible quad high speed circuits intended primarily 
for line receiver applications. Switching speeds have 
been enhanced over conventional line receivers by the 
use of Schottky technology, and TRI·STATE® strobing 
is incorporated offering a high impedance output state 
for bussed organizations. 

The OS1650/OS3650 has active pull·up outputs and 
offers a TRI·STATE strobe, while the OS1652/0S3652 
offers open collector outputs providing implied "AND" 
operation. 

The OS 1652/0S3652 can be used for address decoding 
as illustrated below. All outputs of the OS1652/0S3652 
are tied together through a common resistor to 5V. In 

Connection Diagram 
Oual·ln·Line Package 

vee -IN B +IN BOUT B VEE OUT 0 +IN 0 -IN 0 

-IN A +IN A OUT A STB OUT C +IN C -IN e GNO 

TOP VIEW 

Order Number OS1650J, OS1652J, 
0S3650J, OS3652J, 

OS3650N or OS3652N 
See NS Package J16A or N16A 

Typical Applications 
Implied "AND" Gating 

ADO 1 0-~~--1:/ 

AD 0 2 0--+-0-1--1;" 

ADO 3 o--+o-t--~Y 

500 

IO-If--t-~ ...... --o 0 U TPU T 
ADD 40--C>-I--l/, 

this configuration the OS1652/OS3652 provides the 
"AND" function. All addresses have to be true before 
the output will go high. This scheme eliminates the need 
for an "AND" gate and enhances speed throughput for 
address decoding. 

Features 
• High speed 
• TTL compatible 
• Input sensitivity ±25 mV 
• TRI·STATE outputs for high speed busses 
• Standard supply voltages ±5V 

• Pin and function compatible with MC3450 and 
MC3452 

Truth Table 

OUTPUT 
INPUT STROBE OS1650/ OS1652/ 

OS3650 OS3652 

VID:::::25mV L H Open 

H Open Open 

-25 mV::; VID::; 25 mV L X X 

H Open Open 

VID::; -25mV L L L 

H Open Open 

L = Low Logic State Open = TAl-STATE 
H = High Logic State X = Indeterminate State 

Wired "OR" Data Selecting Using TRI·STATE Logic 
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DATA 
LINES 

~ 

01 02 03 

STROBE ¢ 

OS1650/ 
OS3650 

STROBE 
<:> 

OS1650/ 
OS3650 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Power Supply Voltages Supply Voltage, VCC 

VCC +7.0 VOC OS1650,OS1652 4.5 5.5 VOC 

VEE -7.0 VOC OS3650, OS3652 4.75 5.25 VOC 

Oifferential-Mode Input Signal Voltage Supply Voltage, VEE 

Range, VIDR ±6.0 VOC OS1650,OS1652 -4_5 -5.5 VOC 

Common-Mode Input Voltage Range, VICR ±5.0 VOC OS3650, OS3652 -4.75 -5.25 VOC 

Strobe Input Voltage, V I (S) 5.5 VOC Operating Temperature, T A 

Storage Temperature Range -65°C to +150°C OS1650,OS1652 -55 +125 °c 

Lead Temperature (Soldering, 10 seconds) 300°C OS3650, OS3652 0 +70 °c 

Maximum Power Oissipation* at 25°C Output Load Current, IOL 16 rnA 

Cavity Package 1509mW Oifferential-Mode Input 

Molded Package 1476mW Voltage Range, VIDR -5_0 +5.0 VOC 

*Oerate cavity package 10.1 mW/oC above 25°C; derate molded 
Common-Mode Input 

package 11.8 mWtC above 25°C. 
Voltage Range, VieR -3.0 +3.0 VOC 

Input Voltage Range (Any' 

Electrical Characteristics . Input to GNO), VIR -5.0 +3.0 VOC 

(Vec = 5.0 VOC, VEE = -5.0 VOC, Min::; T A ~ Max,unless otherwise noted) (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIS Input Sensitivity, (Note 5) 

(Common-Mode Voltage Range = Min::; VCC::; Max ±25.0 mV 

-3V::; VIN::; 3V) Min ~ VEE ~ Max 

IIHO) High Level Input Current to 
(Figure 5) 75 /1A 

Receiver Input 

IIL(I) Low Level Input Current to 
(Figure 6) -10 /1A 

Receiver Input 

IIH(S) High Level Input Current to VIH(S) = 2.4V, 
100 /1 A 

Strobe Input OS1650,OS1652 

VIH(S) = 2.4V, 
40 /1A 

(Figure 3) OS3650, OS3652 

VIH(S) = VCC 1 rnA 

IIL(S) Low Level Input Current to Strobe 
VIH(S) = O.4V -1.6 rnA 

Input 

VOH High Level Output Voltage OS 1650, OS3650 2.4 VOC 

ICEX High Level Output Leakage (Figure 1) 
OS1652, bS3652 250 /1A 

Current 

VOL Low Level Output Voltage OS3650, OS3652 0.45 
(Figure 1) 

OS1650,OS1652 0.50 
VOC 

lOS Short-Circuit Output Current (Note 4) (Figure 4) OS1650/0S3650 -18 -70 rnA 

10FF Output Oisable Leakage Current OS1650 100 /1A 
(Figure 7) 

OS3650 40 /1A 

ICCH High Logic Level Supply Current 
(Figure 2) 45 60 rnA 

from VCC 

IEEH High Logic Level Supply Current 
(Figure 2) 

from VEE 
-17 -30 rnA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safetY of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the O°C to +70°C range for the OS3650, OS3652 and the -55°C to +125°C 
range for the OS1650, OS1652. All tYpical values are for 1A = 25°C, VCC = 5V and VEE = -5V; 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 
Note 4: Only one output at a time should be shorted. 

Note 5: A parameter which is of primary concern when designing with line receivers is, what is the minimum differential input voltage required 
as the receiver input terminals to guarantee a given output logic state. This parameter is commonly referred to as threshold voltage. It is well 
known that design considerations of threshold voltage are plagued by input offset currents, bias currents, network source resistances, and voltage 
gain. As a design convenience, the OS1650, OS1652 and the OS3650, OS3652 are specified to a parameter called input sensitivitY (VIS). This 
parameter takes into consideration input offset currents and bias currents and guarantees a minimum input differential voltage to cause a given 
output logic state with respect to a maximum source impedance of 200.11 at each input. 
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Switching Characteristics (Vcc = 5 Voc. VEE = -5 Voc. T A = 25°C unless otherwise noted) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tPHL(O) High-to-Low Logic Level Propagation OS 1650/0S3650 21 25 ns 

Oelay Time (Oifferential Inputs) OS1652/0S3652 20 25 ns 

Low-to-High Logic Level Propagation 
(Figure 8) 

OS1650/OS3650 20 25 tPLH(O) ns 

Oelay Time (Differential Inputs) OS 1652/OS3652 22 25 ns 

tPOH(S) TRI-STATE to High Logic Level 
OS 1650/OS3650 16 21 ns 

Propagation Oelay Time (Strobe) 

tPHO(S) High Logic Level to TRI-STATE 
OS1650/0S3650 7 18 ns 

Propagation Oelay Time (Strobe) 
(Figure 9) 

tPOL(S) TRI-STATE to Low Logic Level 
OS 1650/0S3650 19 27 ns 

Propagation Oelay Time (Strobe) 

tPLO(S) Low Logic Level to TRI-STATE 
OS1650/0S3650 14 29 ns 

Propagation Oelay Time (Strobe) 

tPHL(S) High-to-Low Logic Level Propagation 
OS 1652/0S3652 16 25 ns 

Oelay Time (Strobe) 

Low-to-High Logic Level Propagation 
(Figure 10) 

tPLH(S) 
OS1652/OS3652 13 25 ns 

Oelay Time (Strobe) 

Electrical Characteristic Test Circuits 

V1~ 
~1 16 ..... 

~ MIN Vee 
:2 15-

V2 :: 
:3 ~ 

0.8V~ 
:4 051650/ 13-

-5 053650. ~ 
0; 051652/ ..... ,.. MIN VEE 

053652 11-
V3 ~ 

..... 
~ 

V4~· 
..... 7 ..... 

~ 
9-
~, 

051652/ () 
OS3652 \ 

MAX~ , ..... _ 

Vee '-~ ± VDHDRVDL 
leEX "1 

051650/ 
053650 _ 

V1 V2 V3 V4 

OS1650/ OS1652/ OS1650/ OS1652/ OS1650/ OS1652/ OS1650/ OS1652/ 11 
OS3650 OS3652 OS3650 OS1652 OS1650 OS1652 OS1650 OS1652 

VOH +2.975V +3.0V +3.0V GND +0.4 rnA 

-3.0V -2.975V GND -3.0V +0.4 rnA 

ICEX +2.975V +3.0V +3.0V GND 

-3.0V -2.975V GND -3.0V 

VOL +3.0V +3.0V +2.975V +2.975V GND GNO +3.0V +3.0V -16 rnA 

-2.975V -2.975V -3,OV -3.0V -3.0V -3.0V GND GND -16 rnA 

Channel A shown under test. Other channels are tested similarly. 

FIGURE 1. ICEX. VOH and VOL 
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Electrical Characteristic Test Circuits (Continued) 

25 mV 

0.8V 

105 

3V~~~------------------------~ 

OS1650/ 
OS3650, 
OS1652/ 
OS3652 

16 

FIGURE 2. ICCH an~ IEEH 

16 

051650/ 
053650 

leeH 

MAX 
Vee 

3V 

MAX 
VEE 

No'te. Channel A shown under test, other channels are tested 
similarly. Only one output shorted at a time. 

FIGURE 4. lOS 

VI-2V 

VI o-...... - .. -.Q......f 

16 MAX 

15 Vee 

OS1650/ 
3V~-+--~---a~ OS3650, 

051652/ MAX 
OS3652 VEE 

MAX Vee 

MAX VEE 

Note. Channel A(-) shown under test, other channels are tested 
similarly. Devices are tested with V1 from 3V to -3V. 

FIGURE 6. IlL 
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16 MAX 

15 Vee 
3V 

OS1650/ 
OS3650, 
051652/ MAX 
053652 VEE 

FIGURE 3. IIH(S) and IIUS) 

16 MAX 
VI 

Vee 15 
VI-2V 

3V 
051650/ 
053650, 
051652/ MAX 
053652 VEE 

Note. Channel A(-) shown under test, other channels are 
tested similarly. Devices are tested with V1 from 3V to -3V. 

FIGURE 5. IIH 

16 MAX 3V 
Vee 15 

OS1650/ 
2V 053650, 

OS1652/ MAX 
OS3652 VEE 

Note. Output of Channel A shown under test, other outputs 
are tested similarly for V1 = O.4V and 2.4V. 

FIGURE 7. IOFF 



AC Test Circuits and Switching Time Waveforms 
100mV 

OS36S0, 
OS3652 

SV 

EO 

Note, Output of Channel B shown under test, other channels are tested similarly. 
Sl at "A" for OS1652/0S3652 
Sl at "B" for OS1650/0S3650 
CL = 15 pF total for OS1652/OS3652 
CL = 50 pF total for OS1650/0S3650 

EIN 200mv~0% 
OV 

';:'::J:{tPHL(O) 

EO 1.5V 

VOL . 

E I N waveform characteristics: 
tTLH and tTHL ~ 10 ns measured 10% to 90% 
PRR = 1 MHz 
Duty Cycle = 500 ns 

FIGURE 8. Receiver Propagation Delay tPlH(D) and tpHl(D) 

Vlo--------.--~o-~ 

V2o--------r-.~J-~ 

OS1650/ 
OS3650 

5V 

Note. Output of Channel 8 shown under test, other channels are tested similarly. 

Vl V2 Sl S2 

tPLO(S) 100mV GND Closed Closed 

tPOL(S) 100mV GND Closed Open 

tPHO(S) GND 100mV Closed Closed 

tPOH(S) GND 100mV Open Closed 

CL includes jig and probe capacitance. 

EIN waveform characteristics: tTLH and tTHL ~ 10 ns m~asured 
10% to 90% 

PRR = 1 MHz 

Duty Cycle = 50% 

Cl 
15 pF 

50 pF 

15 pF 

50 pF 

tPlO(S) 

OV 

._----- " 1.5V 

VOL---J 

tPHO(S) 

OV 

EO 

'OH~rHO(S) 
'k::::::: VOH - O.SV 

----"1.5V 

tpOl(S) 

EIN3V~0% ~ 
ov 

tpOL(S) 

5V-V01----_ 

EO 1.5V 

VOL 

tPOH(S) 

3V 

EIN 

OV 

VOH 

EO 

" OV 

FIGURE 9. Strobe Propagation Delay tPLO(S), tPOLlS), tPHO(S) and tPOH(S) 
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AC Test Circuits and Switching Time Waveforms (Continued) 

SV 

100mV 0---....... -0-:-1 

390 

-SV 

ISpF 
TITOTAl) 

Note. Output of Channel B shown under test, other channels are tested similarly. 

EIN3V~0% 
OV 

IPlH~S) . IpHl(S) 
VOH 

EO I.SV 
VOL . 

Note. EIN waveform characteristics: 
tTLH and tTHL::; 10 ns measured 10% to 90% 
PRR = 1 MHz 
Duty Cycle = 500 ns 

FIGURE 10. Strobe Propagation Delay tpLH(S) and tpHL(S) 

Schematic Diagrams 
VCCO--....... -1--~~~~-~-~-~--1---~~------------~ 

INPUT [0-----+---' 

4k 4k 

VEEO-----+------4---4------~----~ 

1/4 of circuit shown 

TO OTHER 
CIRCUITS 

OS1650/0S3650 

8S0 8S0 

INPUT [0----+---' 

VEEo-----+------4---4------~-------' 

1/4 of circuit shown 

OS 1652/0S3652 

OUTPUT 

..... ---4--~+~ GND 

~----o STROBE 

r /"--f---<l OUTPUT 

+--'-'--f---OGND 

~--o()STROBE 



~National 
~ Semiconductor 

Transmission Line 
Drivers/Receivers 

DS1691A/DS3691 (RS-422/RS-423) Line Drivers 
with TRI-STATE® 

General Description 
The DS1691AIDS3691 are low power Schottky TIL line 
drivers designed to meet the requirements of EIA stand· 
ards RS·422 and RS·423. They feature 4 buffered outputs 
with high source and sink current capability with internal 
short circuit protection. A mode control input provides a 
choice of operation either as 4 independent line drivers or 
2 differential line drivers. A rise time control pin allows the 
use of an external capacitor to reduce rise time for sup· 
pression of near end crosstalk to other receivers in the 
cable. 

With the mode select pin low, the DS1691AIDS3691 are 
dual differential line drivers with TRI·STATE outputs. They 
feature ± 10V output common·mode range in TRI·STATE 
and OVoutput unbalance when operated with ± 5V supply. 

Connection Diagram 

VCC 

INPUT A 

INPUT B/OISABlE 

MODE SELECT 

GNO 

INPUT C/DISABLE 

INPUT 0 

With Mode Select LOW 
(RS·422 Connection) 

RISE TIME CONTROL A 

OUTPUT A 

.....,.,"--~ OUTPUTB 

RISE TIME CONTROL B 

RISE TIME CONTROL C 

NJ.~-"- OUTPUT C 

OUTPUT 0 

RISE TIME CONTROL 0 

TOP VIEW 

Truth Table 

Operation 
Inputs 

Mode A(o) 

RS·422 0 0 
0 0 
0 1 
0 1 

RS·423 1 0 
1 0 
1 1 
1 1 

Features 
• Dual RS·422 line driver with mode pin low, or quad 

RS·423 line driver with mode pin high 

• Individually TRI·STATEable differential drivers In 
differential mode 

• Short circuit protection for both source and sink outputs 
• Outputs will not clamp line with power off or in 

TRI·STATE 

• Individual rise time control for each output 

• 100n transmission line drive capability 

• Low Icc and lEE power consumption 
RS·422 
RS·423 

35 mW/drivertyp 
26 mW/drivertyp 

• Low current PNP inputs compatible with TIL, MOS and 
CMOS 

Connection Diagram 

B(C) 

0 
1 
0 
1 

0 
1 
0 
1 

With Mode Select HIGH 
(RS·423 Connection) 

VCC RISE TIME CONTROL A 

INPUT A ~----f OUTPUT A 

INPUT B/OISABlE >---1-- OUTPUT B 

MODE SELECT ----II-- RISE TIME CONTROL B 

GNO RISE TIME CONTRO l C 

INPUT c/OISABlE ....;..,j----f OUTPUT C 

INPUT 0 >----11-- OUTPUT 0 

'-----I~ RISE TIME CONTROL 0 

TOP VIEW 

Outputs 

A (D) B(C) 

0 1 
TRI·STATE TRI·STATE 

1 0 
TRI·STATE TRI·STATE 

0 0 
0 1 
1 0 
1 1 

Order Number oS1691AJ, oS3691J or oS3691N 
~ee NS Package J16A or N16A 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Supply Voltage Min 

Vcc 7V 

VEE -7V Supply Voltage 

Maximum Power Dissipation· at 25°C 
DS1691A 

Cavity Package 1509mW Vcc 4.5 

Molded Package 1476mW VEE -4.5 

Input Voltage 15V 
DS3691 

Vcc -4.75 
Output Voltage (Power OFF) ± 15V 

VEE -4.75 
Storage Temperature - 65°Cto + 150°C Temperature (T A) 
Lead Temperature (Soldering, 10 seconds) 300°C DS1691A -55 

DS3691 0 
• Derate cavity package 10.1 mW/oC above 25°C; derate molded package 

11.9 mW/oC above 25°C. 

DC Electrical Characteristics (Notes 2, 3, 4 and 5) 

Parameter Conditions Min Typ 

RS·422 CONNECTION, VEE CONNECTION TO GROUND, MODE SELECTsO.8V 

VIH High Level Input Voltage 2 

VIL Low Level Input Voltage 

IIH High Level Input Current VIN=2.4V 1 

VIN s15V 10 

IlL Low Level Input Current VIN=O.4V -30 

VI Input Clamp Voltage IIN= -12 mA 

Va Differential Output Voltage VIN=2V 3.6 

Va VA,B 
RL= 00 

VIN=0.8V -3.6 

Vr Differential Output Voltage RL = 100n VIN=2V 2 2.4 

Vr VA,B Vcc ";?4.75V VIN=0.8V -2 -2.4 

Vas, Vas Common·Mode Offset RL= 100n 2.5 
Voltage 

IVrl-IVTI Difference in Differential RL= 100n 0.05 
Output Voltage 

IVasl-IVOsI Difference in Common· RL= 100n 0.05 
Mode Offset Voltage 

Vss IVT-VTI RL = 100n, VCC";? 4.75V 4.0 4.8 

VCMR Output Voltage Common· VDISABLE = 2.4V ±10 
Mode Range 

IXA Output Leakage Current VCMR= 10V 

IXB 
Power OFF Vcc=OV 

VCMR = -10V 

lox TRI·STATE Output Current VCMRS10V 
Vcc= Max 

VCMR";? -10V 

ISA - Output Short Circuit Current VOA=6V 80 
VIN=2.4V: 

VoB=OV -:-80 

ISB Output Short Circuit Current VoA=OV -80 
VIN =0.4V 

VoB=6V 80 

Icc Supply Current 18 

1·38 

Max Units 

5.5 V 
-5.5 V 

5.25 V 
-5.25 V 

+ 125 °C 
+70 °C 

Max Units 

V 

0.8 V 

40 p.A 

100 p.A 

-.200 p.A 

-1.5 V 

6.0 V 

-6.0 V 

V 

V 

3 V 

0.4 V 

0.4 V 

V 

V 

100 p.A 

-100 p.A 

100 p.A 

-100 p.A 

150 mA 

-150 mA 

-150 mA 

150 mA 

30 mA 



AC Electrical Characteristics TA = 25°C (Note 5) 

Parameter Conditions Min Typ Max Units 

RS·422 CONNECTION, Vee = 5V, MODE SELECT = O.BV 

tr Output Rise Time RL = 1000, CL = 500 pF (Figure 1) 120 200 ns 

tf Output Fall Time RL = 1000, CL = 500 pF (Figure 1) 120 200 ns 

tpDH Output Propagation Delay RL = 1000, CL = 500 pF (Figure 1) 120 200 ns 

tpDL Output Propagation Delay RL = 1000, CL = 500 pF (Figure 1) 120 200 ns 

tPZL TRI·STATE Delay RL=4500, CL=500 pF, Ce=O pF (Figure 4) 250 350 ns 

tPZH TRI·STATE Delay RL = 4500, CL = 500 pF, Ce = 0 pF (Figure 4) 180 300 ns 

tpLZ TRI·STATE Delay RL = 4500, CL = 500 pF, Ce = 0 pF (Figure 4) 180 300 ns 

tpHZ TRI·STATE Delay RL = 4500, CL = 500 pF, Ce = 0 pF (Figure 4) 250 350 ns 

DC Electrical Characteristics (Notes 2, 3, 4 and 5) 

Parameter Conditions Min Typ Max Units 

RS·423 CONNECTION, /Vee/ = /VEE/, MODE SELECT~2V 

VIH High Level Input Voltage 2 V 

VIL Low Level Input Voltage 0.8 V 

IIH High Level Input Current VIN=2.4V 1 40 /lA 

VIN~15V 10 100 /lA 

IlL Low Level Input Current VIN=OAV -30 -200 p.A 

VI Input Clamp Voltage IIN= -12 mA -1.5 V 

Vo Output Voltage RL = 00, (Note 6) VIN =2V 4.0 4.4 6.0 V 

Vo Vce"2:4.75V VIN=OAV -4.0 -4.4 -6.0 V 

VT Output Voltage RL=4500, VIN=2AV 3.6 4.1 V 

VT Vec"2:4.75V VIN =0.4V -3.6 -4.1 V 

/VT/-/VT/ Output Unbalance /Vee/ = /VEE / =4.75V, RL=4500 0.02 0.4 V 

Ix+ Output Leakage Power OFF Vee=VEE=OV Vo=6V 2 100 p.A 

Ix- Output Leakage Power OFF Vee=VEE=OV Vo= -6V -2 -100 p.A 

Is+ Output Short Circuit Current Vo=OV VIN=2.4V -80 -150 mA 

Is- Output Short Circuit Current Vo=OV VIN =OAV 80 150 mA 

ISLEW Slew Control Current ±140 p.A 

Icc Positive Supply Current VIN = OAV, RL = 00 18 30 mA 

lEE Negative Supply Current VIN = 0.4V, RL = 00 -10 -22 mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to Imply that the 
devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation. 
Note 2: Unless otherwise specified, min/max limits apply across the - 55·e to + 125·C temperature range for the DS1691A and across the o·e to + 70·e 
range for the DS3691. All typlcals are given for VCC = 5V and TA = 25·e. Vee and VEE as listed in operating conditions. 
Note 3: All currents Into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. 
Note 5: Symbols and definitions correspond to EIA RS-422 and/or RS·423 where applicable. 
Note 6: At - 55·C, the output voltage is + 3.9V minimum and - 3.9V minimum. 

1·39 

c en .... 
0) 
CO .... 
l> 
---C en w 
0) 
CO .... 



AC Electrical Characteristics TA = 25°C (Note 5) 

Parameter Conditions Units 

RS·423 CONNECTION, Vee = 5V, VEE - 5V, MODE SELECT = 2.4V 

tr Rise Time RL = 4500, CL = 500 pF, Cc = 0 (Figure 2) 120 300 ns 

t, Fall Time RL = 4500, CL = 500 pF, Cc =,0 (Figure 2) 120 300 ns 

tr Rise Time RL = 4500, CL = 500 pF, Cc = 50 pF (Figure 3) 3.0 itS 

t, Fall Time RL = 4500, CL = 500 pF, Cc = 50 pF (Figure 3) 3.0 

tre Rise Time Coefficient RL = 4500, CL = 500 pF, Cc = 50 pF (Figure 3) 0.06 

tpDH Output Propagation Delay RL = 4500, CL = 500 pF, Cc = 0 (Figure 2) 180 300 ns 

tpDL Output Propagation Delay RL = 4500, CL = 500 pF, Cc = 0 (Figure 2) 180 300 ns 

AC Test Circuits and SWitching Time Waveforms 

Vee 
2 

INPUT 

OUTPUT 

OUT 

VEE 
FIGURE 1. Differential Connection 

3V 

INPUT 

OV 

OUTPUT 

':" 
OUTPUT 

OUT 

VEE 

FIGURE 2. RS-423 Connection 

2.5V 

INPUT I,S10ns 

OV 

OUTPUT 

':" 
OUT 

OUTPUT 

FIGURE 3. Rise Time Control for RS-423 
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AC Test Circuits and Switching Time Waveforms (Continued) 

INPUT B 

OUT 

FIGURE 4. TRI-STATE® Delays 

Switching Waveforms 

INPUT 

Vee' 5V VEE' -5V 

MODE' 1 UNBA~~~~~~ 

BIC) 
VCC' 5V VEE' GND 

MOD E' 0 BA~~~;~~ 
AID) 

Typical Rise Time. Control Characteristics 

Ris~ Time vs External Capacitor 

1k 

100 

10 

1I , 
10 100 lk 10k 

CAPACITANCE IpF) 
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DS1692/D53692 TRI·5TATi:® Differential Line Drivers 

General Description 
The DS16921OS3692 are low power Schottky TIL line 
drivers electrically similar to the DS1691A/DS3691 but 
tested to meet the requirements of MIL-STD-188-114. They 
feature 4 buffered outputs with high source and sink cur
rent capability with internal short circuit protection. A 
mode control input provides a choice of operation either 
as 4 independent line drivers or 2 differential line drivers. A 
rise time control pin allows the use of an external capaci
tor to reduce rise time for suppression of near end cross
talk to other receivers in the cable. 

With the mode select pin low, the DS16921OS3692 are dual 
differential line drivers with TRI-STATE outputs. They 
feature ±"10V output common-mode range in TRI-STATE 
and OV output unbalance when operated with ± 5V supply. 

Logic Diagram (1/2 Circuit Shown) 

Features 
• Dual differential line driver or quad single-ended line 

driver 

• Individually TRI-STATEable differential drivers meet 
MIL-STD-188-114 

• Short circuit protection for both source and sink outputs 

• Individual rise time control for each output " 

• 1000 transmission line drive capability 

• Low Icc and lEE power consumption 
Differential mode 35 mW/driver typ 
Single-ended mode 26 mW/drivertyp 

• Low current PNP inputs compatible with TIL, MOS and 
CMOS 

,..---OCEXT. A (0) 

INPUT A (0)0-------1 ;:o-~ ..... -'""':'""-------t x>---o 0 UTPUT A (0) 

INPUT B (e) 

TRI"STATE" 0-..... --------+----11""" 
DISABLE )0-----. 

S~~~~o-..... ----t ~O-"'---I_.J 

Connection Diagram Truth Table 

16 
RISE TIME CONTROL A 

13 RISE TIME CONTROL B 

RISE TIME CONTROL C 

RISE TIME CONTROL 0 

TOP VIEW 

Order Number OS1692J, OS3692J or OS3692N 
See NS Package J16A or N16A 
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Inputs 

Mode A(O) 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 

X~-OOUTPUT B (C) 

"'---0 CEXT. B (C) 

Outputs 

8 (C) A (D) 8 (C) 

0 0 1 
I 

1 TRI-STATE TRI-STATE 

0 1 0 

1 TRI-STATE TRI-STATE 

0 0 0 

1 
\ 

0 1 

0 1 0 

1 1 1 



Absolute Maximum Ratings (Note 1) Operating Conditions 
Supply Voltage 

Min Max Units 
Vcc 7V 
VEE -7V Supply Voltage 

Maxlrrum Power DIssipatIon * at 25·C OS1692 

Cavity Package 1509mW Vcc 4.5 5.5 V 

Molded Package 1476mW VEE -4.5 -5.5 V 

Input Voltage 15V OS3692 

Output Voltage(PowerOFF) ±15V 
Vcc 4.75 5.25 V 
VEE -4.75 -5.25 V 

Storage Temperature -65·Cto + 150·C Temperature (T A) 
Lead Temperature(Soldering; 10 seconds) 300·C OS1692 -55 +125 ·C 

• Derate cavity package 10.1 mW'oC above 2SoC; derate molded package OS3692 0 +70 ·C 
11.9 mWI"C above 2SOC. 

Electrical Characteristics OS1692/0S3692 (Notes 2, 3 and 4) 

Parameter Conditions Min Typ Max Units 

DS1692, Vcc =SV±10%, OS3692, Vcc=SV±S%, VEE CONNECTION TO GROUND, MODE SELECTsO.8V 

Va Differential Output Voltage VIN =2V 2.5 3.6 V 

Va VA,S RL= 00 
VIN ==0.8V -2.5 -3.6 V 

J 

Vr Differential Output Voltage RL== 1000 VIN ==2V 2 2.6 V 

Vr VA,S Vcc~4.75V VIN ==0.8V -2 -2.6 V 

Vas, Vas Common·Mode Offset RL== 1000 2.5 3 V 
Voltage 

IVrl-IVrl Difference in Differential RL == 1000 0.05 0.4 V 
Output Voltage 

IVasl-IVosl Difference in Common· RL== 1000 0.05 0.4 V 
Mode Offset Voltage 

Vss IVr- Vrl RL == 1000, Vcc~4.75V 4.0 4.8 V 

lox TRI·STATE Output Current Vas -10V -0.002 -0.15 mA 

Vo~ 15V 0.002 0.15 mA 

ISA Output Short Circuit Current VoA ==6V 80 150 mA 
VIN ==2.4V 

Vas==OV -80 -150 mA 

Iss Output Short Circuit Current VOA==OV -80 -150 mA 
VIN ==O.4V 

Vos==6V 80 150 mA 

Icc Supply Current 18 30 mA 

DS1692, Vcc=SV± 10%, VEE = -SV± 10%, DS3692, Vcc=SV±S%, VEE = -S±S%, MODE SELECTsO.8V 

Va Differential Output Voltage VIN ==2.4V 7 8.5 V 

Va VA,S 
RL== 00 

VIN ==O.4V ,-7 -8.5 V 

Vr Differential Output Voltage VIN ==2.4V 6 7.3 V 

Vr VA,S RL==2000 
VIN ==O.4V -6 -7.3 V 

IVrl-IVrl Output Unbalance IVccl == IVEEI, RL==2000 0.02 0.4 V 

lox TRI·STATE Output Current Va==10V 0.002 0.15 mA 

Va== -10V -0.002 -0.15 mA 

Is+ VIN==2.4V -80 -150 mA 
Is- Output Short Circuit Current Va==OV 

VIN ==O.4V 80 150 mA 

ISLEW Slew Control Current ± 140 p,A 

Icc Positive Supply Current VIN == O.4V, RL == 00 . 18 30 mA 

lEE Negative Supply Current VIN == O.4V, RL == 00 -10 -22 mA 
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Electrical Characteristics (Notes 2 and 3) VEE~OV 

Parameter Conditions Min Typ Max Units 

VIH High Level Input Voltage 2 V 

VIL Low Level Input Voltage 0.8 V 

IIH High Level Input Current VIN=2.4V 1 40 p.A 

VIN~ 15V 10 100 p.A 

IlL Low Level Input Current VIN =O.4V -30 -200 p.A 

VI Input Clamp Voltage IIN= -12 mA -1.5 V 

IXA Output Leakage Current I Vo=15V 0.01 0.15 mA 

IXB Power OFF VCC= VEE = 0 I Vo= -15V -0.01 -0.15 mA 

Switching Characteristics TA = 25°(; 

Parameter Conditions Min Typ Max Units 

Vee = 5V, MODE SELECT = O.SV 

tr Differential Output Rise Time RL = 1000, CL = 500 pF (Figure 1) 120 200 ns 

t, Differential Output Fall Time RL = 1000, CL = 500 pF (Figure 1) 120 200 ns 

tpDH Output Propagation Delay RL = 1000, CL = 500 pF (Figure 1) 120 200 ns 

tpDL Output Propagation Delay RL = 1000, CL = 500 pF (Figure 1) 120 200 ns 

tpZL TRI·STATE Delay RL = 1000, CL = 500 pF (Figure 2) 180 250 ns 

tpZH TRI·STATE Delay RL = 1000, CL = 500 pF (Figure 2) 180 250 ns 

tpLZ TRI·STATE Delay RL = 1000, CL = 500 pF (Figure 2) 80 150 ns 

tpHz TRI·STATE Delay RL = 1000, CL ~ 500 pF (Figure 2) 80 ·150 ns 

Vee = 5V, VEE = - 5V, MODE SELECT = O.SV 

tr Differential Output Rise Time RL = 2000, CL = 500 pF (Figure 1) 190 300 ns 

tf Differential Output Fall Time RL = 2000, CL = 500 pF (Figure 1) 190 300 ns 

tpDL Output'Propagation Delay RL = 2000, CL = 500 pF (Figure 1) 190 300 ns 

tpDH Output Propagation Delay RL = 2000, CL = 500 pF (Figure 1) 190 300 ns 

tpZL TRI·STATE Delay RL = 2000, CL = 500 pF (Figure 2) 180 250 ns 

tpzH TRI·STATE Delay RL=2000, CL=500 pF (Figure 2) 180 250 n5 

tpLZ TRI·STATE Delay RL = 2000, CL = 500 pF (Figure 2) 80 150 n5 

tpHZ TRI·STATE Delay RL = 2000, CL = 500 pF (Figure 2) 80 150 n5 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation. 
Note 2: Unless otherwise specified, minImax limits apply across the - 55·C to + 125·e temperature range forthe 051692 and across theO·C to + 70·C range 
for the D53692. All typicals are given for VCC = 5V and TA = 25·C. Vec and VEE as listed in operating conditions . 

. Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. 

" 

- -
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AC Test Circuits and Switching Time Waveforms 

A 

INPUT 

-= OUT 

VCC 
2 A 

INPUT A 

INPUT B 

-= OUT 

JV---------r-------------~ 

*TEK CT2 CURRENT 
TRANSF. OR 
EQUIVALENT 

INPUT 

OV 

OUTPUT 

FIGURE 1. Differential Connection 

*TEK CT2 CURRENT 
TRANSF. OR 
EQUIVALENT 

FIGURE 2. TRI·5TATE Delays for 051692/053692 
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Switching Waveforms 

INPUT l 
--~~ 

B (C)--~ ___ V...;;C~C "_5_V ...;;VE~E "_G_ND __ "",,\ _---... 

MODE = 0 BA~~~~~~ ~ 
A(D)--~' '--~OV~----_..J '----. 

VCC = 5V, VEE = -SV 

Typical Rise Time Control Characteristics 

lk 

100 

"'''''' 
~ 

10 

V 
1 

10 100 lk 10k 

CAPACITANCE (pF) 
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~National 
D Semiconductor 

Transmission Line 
Drivers/Receivers 

PRELIMINARY 

OS3695/0S3696/0S3697/0S3698 Oifferential 
TRI-STATE® Bus/Line Transceivers/Repeaters 

General Description 
The OS3695, OS3696, OS3697 and OS3698 are high speed 
differential TAI·STATE busllfne transceivers/repeaters de· 
signed to meet the requirements of EIA standard AS485 
with extended common mode range (+ 12V to -7V), for 
multipoint data transmission. 

The driver and receiver outputs feature TAl-STATE capabili
ty, for the driver outputs over the entire common mode 
range of +12V to -7V. Bus contention or fault situations 
that cause excessive power dissipation within the device 
are handled by a thermal shutdown circuit, which forces the 
driver outputs into the high impedance state. The OS3696 
and 053698 provide an output pin which reports the occur
rence of a fine fault causing thermal shutdown of the device. 
This is an "open collector" pin with an internal 10 kn pull·up 
resistor. This allows the line fault outputs of several devices 
to be wire OA-ed. 

Both AC and DC specifications are guaranteed over the 0 to 
70'C temperature and 4.75V to 5.25V supply voltage range. 

TRI-STATE- Is a registered trademark 01 NaUonal Semiconductor Corp. 

Connection and Logic Diagrams 

10 Vee 

H 7 IIiI/Ai ).~ 
DE DO/RI 

III SID 

(TOP VIEW) 

Tl/F/5272-1 

ROlli • 1 IT BUS III 

ala 
:) .... 

(TOP VIEW) 
Tl/F/5272-3 

Features 
• Meets new EIA standard AS485 (PN1488), for multipoint 

bus transmission. 
• 15 ns driver propagation delays with 2 ns skew (typical). 
• Single channel per package isolates faulty channels 

(from shutting down good channels). 

• Single + 5V supply. 
• -7V to + 12V bus common mode range permits ± 7V 

ground difference between devices on the bus. 
• Thermal shutdown protection. 
• Power-up down glitch-free driver outputs permit live in

sertion or removal of transceivers. 
• High impedance to bus with driver in TAl-STATE or 

with power off, over the entire common mode range al
lows the unused devices on the bus to be powered 
down. 

• Line fault reporting capability on OS3696 and OS3698 
allows automated fault location and re-routing under 
processor control. 

• 12 kn Minimum receiver input impedance. 
• 70 mV typical receiver hysteresis. 

RO Vee 

h IIG/iii 

)M 
iJ DO/RI 

DI II1II 

(TOP VIEW) 

TLlF/5272-2 

Vee RI }_u 
IJ 

IRI }~ ... 
GilD DO 

(TOP VIEW) 
TLlF/5272-4 

Order Number DS3695N, DS3696N, 
DS3697N or DS3698N 

See NS Package N08E 
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Absolute Maximum Ratings (Note 1) Recommended Operating Conditions 
Supply voltage, Vee 7V 

Min Max Units Control input voltages 7V 
Supply voltage, Vee 4.75 5.25 V Driver input voltage 7V 

Driver output voltages +15V/ -10V Bus voltage -7 +12 V 

Receiver input voltages (DS3695, DS3696) +15V/-10V Operating free air temperature T A 0 70 °C 

Receiver common mode voltage (DS3697, DS3698) ±25V 
Receiver output voltage 5.5V 
Continuous power dissipation @70°C 780mW 
Storage temperature range - 65°C to + 150°C 
Lead temperature (Soldering 10 seconds) 300°C 

Electrical Characteristics (Notes 2 and 3) - (0°C5:TA5:70·C, 4.75V<Vee<5.25V unless otherw,se specified) 

Symbol Parameter Conditions Min Typ Max Units 

VOD1 Differential Driver Output 
10=0 5 V Voltage (Unloaded) 

VOD2 Differential Driver Output 
(Figure 1) 1.5 V Voltage (with Load) 

Il.VOD Change in Magnitude of Driver 
Differential Output Voltage For (Figure 1) 0.2 V 
Complementary Output States 

Voe Driver Common Mode Output 
(Figure 1) 3.0 V Voltage 

Il.lvoci Change in Magnitude of Driver 
Common Mode Output Voltage 

(Figure 1) 0.2 V For Complementary Output 
States 

VIH Input High Voltage 2 V 

Vil Input Low Voltage 
DI,DE, 

0.8 V 

VCl Input Clamp Voltage RE, E IIN= -18 mA -1.5 V 

III Input Low Current Vil =O.4V -360 JlA 

IIH Input High Current VIH=2.4V 20 JlA 

10ZD TRI-STATE OUTPUT Current Vee=OV Vo=12V +1 mA 
for Driver or Vee = Max Vo= -7V -0.8 mA 

VTH Differential Input Threshold VOUT=VOlorVOH -0.2 +0.2 V 
Voltage for Receiver -7V5:VeM-;;' + 12V 

Il.VTH Receiver Input Hysteresis VeM=OV 70 mV 

VOH Receiver Output High Voltage 10H = - 400 JlA 2.4 V 

VOL Output Low RO IOl=16mA 0.5 V 
Voltage LF 10l =8 mA 0.45 

10ZR OFF-State (High Impedance) Vee=Max ±20 JlA 
Output Current at Receiver 0.4V5: Vo-;;'2.4V 

RIN Receiver Input Resistance -7V5:VeM-;;' + 12V 12 kn 

Icc Supply current 
No Load 

Driver outputs enabled 40 mA 
(total package) Driver outputs disabled 23 mA 

10SD Driver Short-circuit Output voltage = - 7V -250 mA 

Output current Output voltage = + 12V -250 mA 

IOSR Receiver short-circuit 
VO=OV, ':'15 -85 mA Output" current 

Note 1. "Absolute maximum ratings" are those beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device should be 
operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation. 

Note 2. All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to device ground unless otherwise 
specified. 

Note 3. 'All typicals are given for Vee = 5V and T A = 25'C. 
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Switching Characteristics (4.75V:O;;Vcc:O;;5.25V; O·C<TA<70·C) 

Symbol Parameter Conditions Min Typ Max Units 

tpLH Driver Input to Output RLOIFF=60n 15 ns 

tpHL Driver Input to Output CL1 = CL2= 100 pF 15 ns 

Skew Driver Output to Output (Figures 3 and 5) 2 ns 

tZH Driver Enable to Output High CL = 100 pF (Figures.4 and 6) S1 open 33 ns 

tZL Driver Enable to Output Low CL = 100 pF (Figures 4 and 6) S2 open 33 ns 

tLZ Driver Disable Time from Low CL = 15' pF (Figures 4 and 6) S2 Open 33 ns 

tH'Z Driver Disable Time from High CL = 15 pF (Figures 4 and 6) S1 Open 33 ns 

tpLH Receiver Input to Output CL = 15 pF (Figures 2 and 7) 22 ns 

tpHL Receiver Input to Output S1 and S2 Closed 22 ns 

tZL Receiver Enable to Output Low CL = 15 pF (Figures 2 and 8) S2 Open 15 ns 

tZH Receiver Enable to Output High CL = 15 pF (Figures 2 and 8) S1 Open 15 ns 

tLZ Receiver Disable from Low CL = 15 pF (Figures 2 and 8) S2 Open 12 ns 

tHZ Receiver Disable from High CL = 15 pF (Figures 2 and 8) S1 Open 12 ns 

AC Test Circuits 

TEST 
POINT ..... . SI 

~ FROM OUTPUT 
UNDER TEST ....... -

~~ 
All OIOOES 

Cl -~ It ~~ 
1N918 OR 

r- ,,'CLUDISP .. " I IIDC 
AND JIG 

~~ CAPACITANCE) 

2m 

~ Voo 

t 
~ 2m Voc TLlF/5272-6 

~ Note: 81 and 82 of load circuit are closed 
except as otherwise mentioned. 

TlIF/5272-5 

FIGURE 1. FIGURE 2. .. rh_V~ 
110n 

FROM OUTPUT 
DE 00 UNDER TEST 82 

·«00 f"'" 1'''='''' 
Cl ~ (INCLUDES PROBE T 

l 
AND JIG 
CAPACITANCE) "::" "::" 

=60n el2- loopl TlIF/5272-8 

Note: Unless otherwise specified 
the switches are closed. 

TLlF/5272-7 

FIGURE 3. FIGURE 4. 
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SWitching Time Waveforms 
3V 

01 

OV-------

3V 

DE or E 

OV 

5V 

DO, DO 
OUTPUT 

VOL 
NORMALLY LOW 

VOH 

DO, DO 
OUTPUT 

NORMALLY HIGH 
OV 

1=IMHz: Ir ·. IOns 
: II' IOns 

FIGURE 5. Driver Propagation Delays 

1= IMHz: Ir '" IOns 
: II'" IOns 

FIGURE 6. Driver Enable and Disable Times 

TL/F/5272-9 

TL/F/5272-10 

VOH ---------"'\ ,--------

~v '::( 

OUTPUT 
RO 

VOL --I IP:tr. .... ,' ----,-=-l-M-HZ-: 1-, '---l-on-s-----~--IPLH 1-

:: -_,------......,..--.\ .... _________ : I_' '_' l_on_s ____ ...Jy,.------,N-PU-T--

Note: Differential input voltage may be realized by grounding Ai and pulsing RI between + 2.5V and - 2.5V 

FIGURE 7. Receiver Propagation Delays 

3V------"'\ 
1= IMHz: Ir ' IOns I.syj 

: -------+-,"'---------1': 1;..' -_l_on_s ______ -..J~ 
5V-----------~~ 

RO 
OUTPUT 

NORMALLY LOW 

RO 
OUTPUT 

NORMALl Y HIGH 
OV--~----------

I 
FIGURE 8. Receiver Enable and Disable Times 
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Function Tables 

Inputs 

RE DE 

X 1 
X 1 
X 0 
X 1 

RE 

0 
0 
0 
1 

Inputs 

E RI-RI 

1 ~ +O.2V 
1 ::;;-O.2V 
0 X 
1 ~ +O.2V 
1 ::;;-O.2V 

x - Don·t care condition 

Z - High impedance state 

01 

1 
0 
X 
X 

Inputs 

DE 

0 
0 
0 
0 

Line 
Condition 

No Fault 
No Fault 

X 
Fault 
Fault 

OS3695/0S3696 Transmitting 

Line Outputs 
Condition DO DO LF" (OS3696 Only) 

No Fault 0 1 H 
No Fault 1 0 H 

X Z Z H 
Fault Z Z L 

OS3695/0S3696 Receiving 

Outputs 

RI-RI RO LF" (OS3696 Only) 

~ +O.2V 1 H 
::;;-O.2V 0 H 

Inputs Open 1 H 
X Z H 

OS3697/0S3698 

Outputs 

DO DO RO/OI (OS3697 Only) LF" (OS3698 Only) 

0 1 1 H 
1 0 0 H 
Z Z Z H 
Z Z 1 L 

Z Z 0 L 

Fault - Improper line conditions causing excessive power dissipation in the driver. such as shorts or bus contention situations 

00: is an "open collector·· output with an on-chip 10 kO pull-up resistor 

Typical Application 

DS3695 
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~National 
~ Semiconductor 

Transmission Line 
Drivers/Receivers 

D5551131D575113 Dual TRI·STATE® 
Differential Line Driver 
General Description· 
The OS55113/0S75113 dual differential line drivers 
with TR I-STATE outputs are designed to provide all the 
features of the OS55114/0S75114 line drivers with the 
added feature of driver output controls_ There are 
individual controls for each output pair, as well as a 
common control for both output pairs. When an output 
control is low, the associated output is in a high
impedance state and the output can neither drive nor 
load the bus. This permits many devices to be connected 
together on the same transmission I ine for party-line 
applications. 

The output stages are similarto TTL totem-pole outputs, 
but with the sink outputs, YS and ZS, and the corres
ponding active pull-up terminals, YP and ZP, available 
on adjacent package pins. 

Features 
• Each circuit offers choice of open-collector or active 

pull-up (totem-pole) outputs 

• Single 5V supply 

• Oifferential I ine operation 

• Oual channels 

• TTL/LScompatibility 
• High-impedance output state for party-line applica-

tions 

• Short-circuit protection 

• High current outputs 

• Single-ended or differential ANO/NANO outputs 

• Common and individual output controls 

• Clamp diodes at inputs 

• Easily adaptable to OS55114/0S75114 applications 

Connection Diagram 
Dual-In-Line Package 

VCC 

1ZP 

Truth Table· 

2ZP 2ZS 2YS 2YP 2A . 2C 

1ZS 1YS 1YP 1A 18 1C 

TOP VIEW 

Order Number DS55113J, DS75113J, or DS75113N 
See NS Package J16A or N16A 

INPUTS OUTPUTS 

OUTPUT CONTROL DATA AND NAND 

C CC A B* Y Z 

L X X X Z Z 

X L X X Z Z 

H H· L X L H 

H H X L L H 

H H H H H L 
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CC 

GND 

Positive logic: Y = AS 
Z =AS 

Output is OFF when 
Cor CC is low 

H = high level 
L = low level 
X = irrelevant 
Z = high impedance (OFF) 

*S input and 4th line of truth 
table applicable only to 
driver number 1 



Absolute Maximum Ratings (Note 1) 

Supply Voltage (VCC) (Note 1) 
Input Voltage 

7V 
5.5V 

Operating Conditions 

MIN MAX 

Supply Voltage (VCC) 
DS55113 4.5 5.5 
DS75113 4.75 5.25 OFF·State Voltage Applied to 

Open·Coliector Outputs 12V High Level Output Current (IOH) --40 
Maximum Power Dissipation* at 25°C 

Cavity Package 

Molded Package 
Operating Free·Air Temperature Range 

DS55113 
DS75113 

Storage Temperature Range 
Lead Temperature (1/16" from case for 

60 seconds): J Package 
Lead Temperature (1/16" from case for 

1 0 seconds): N Package 

1433 mW 
1362 mW 

-55°C to +125"C 
O°C to+70°C 

-B5°C to +150°C 

*Derate cavity package 9.6 mW(C above 25°C; derate molded 
package 10.9 mW/oC above 25°C (Note 2). 

Low Level Output Current (I0L) 40 

Operating Free·Air Tempera' 
ture (TA) 

DS55113 -55 125 
DS75113 0 70 

Electrical Characteristics Over recommended operating free·air temperature range (unless otherwise noted) 

DS55113 DS75113 
PARAMETER CONDITIONS (Note 3) 

MIN 
TYP 

MAX MIN 
TYP 

MAX 
(Note 4) (Note 4) 

VIH High Level Input Voltage 2 2 

VIL Low Level Input Voltage O.S O.S 

VIK Input Clamp Voltage VCC = Min,ll = -12 mA -0.9 -1.5 -0.9 -1.5 

VCC = Min, VIH = 2V, IOH = -10 mA 2.4 3.4 2.4 3.4 
VOH High Level Output Voltage 

VIL=O.SV 10H = -40 mA 2 3.0 2 3.0 

VOL Low Level Output Voltage VCC = Min, VIH = 2V, VIL = O.SV,IOL = 40 mA 0.23 0.4 0.23 0.4 

VOK Output Clamp Voltage VCC = MJx, 10 = -40 mA -1.1 -1.5 -1.1 -1.5 

TA=25°C 1 10 

OF F·State Open-Collector 
VOH = 12V 

TA=125"C 200 
101off) 

Output Current 
VCC = Max 

TA = 25°C 1 10 
VOH = 5.25V 

TA=70°C 20 

TA=25'C,VO=OtoVcC ±10 :tl0 

VCC = Max, Vo = 0 -150 -20 

OFF-State (High-Impedance- Output Controls 
TA = Max 

Vo = O.4V ±SO ±20 
10Z 

State) Output Current at O.SV Va = 2.4V ±SO ±20 

Vo = VCC SO 20 

I nput Current at A, B, C 1 1 
II Maximum Input VCC = Max, VI = 5.5V 

Voltage CC 2 2 

High Level A, B, C 40 40 
IIH 

Input Current CC 
VCC = Max, VI = 2.4V 

80 SO 

Low Level A, B,C -1.6 -1.6 
IlL VCC = Max, VI = O.4V 

I nput Current CC -3.2 -3.2 

lOS 
Short·Circuit Output 

Vcc=Max,Vo=O -40 
Current INote 5) 

-90 -120 -40 -90 -120 

Supply Current (Both All Inputs at OV, No Load, VCC = Max 47 65 47 65 
ICC 

TA=25°C Drivers) VCC = 7V 65 S5 65 85 

Note 1: All voltage values are with respect to network ground terminal. 

Note 2: For operation above 25° C free-air temperature, refer to Dissipation Derating Curves in the Thermal information section. 

UNITS 

V 
V 

mA 

mA 

°c 
°c 

UNITS 

V 

V 

V 

V 

V 

V 

IlA 

IlA 

mA 

IlA 

mA 

mA 

mA 

Note 3: All parameters with the exception of OFF-state open-collector output current are measured with the active pull-up connected to the sink 
output. 

Note 4: All typical values are at T A = 25°C and VCC = 5V, with the exception of ICC at 7V. 

Note 5: Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
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Switching Characteristics Vee = 5V, eL = 30 pF, T A = 25°e 

PARAMETER CONDITIONS 
0555113 0575113 

UNIT 
MIN TVP MAX MIN TVP MAX 

tPLH 
Propagation Delay Time, Low-to-

High-Level Output 
13 20 13 30 ns 

(Figure 1) 

tPHL 
Propagation Delay Time, High-to-

Low-Level Output 
12 20 12 30 ns 

tPZH Output Enable Time to High Level RL = 180n, (Figure 2) 7 15 7 20 ns 

tPZL Output Enable Time to Low Level RL = 250n, (Figure 3) 14 30 14 40 ns 

tPHZ 
Output Disable Time from High 

Level 
RL = 180n, (Figure 2) 10 20 10 30 ns 

tpLZ 
Output Disable Time from Low 

Level 
R L = 250n, (Figure 3) 17 35 17 35 ns 

Schematic Diagram (One side shown only) 

INPUT lB INPUT lA 
U6) 

~~~---.------~----~~----~~---.--------.--------------.------.-~~.-~~ VCC 

AND (4) 
PULL·UP -4~----' 

lYP 

AND SINK (3) 
OUTPUT -t---t---..... -., 

lYS 

VCCo-,----. 

COMMON OUTPUT (9) 

CONTROL cc ----.., 
(COMMON TO BOTH SIDES) 

OUTPUT (7) 

CONTROL ------r-.. 
lC 

(B) 
'-~~----~---'-GNO 

1·54 

(1) NAND 
L..-____ ... _ PULL.UP 

lZP 

100 

(2) NAND SINK 
~~..--t---t-- OUTPUT 

*These components common to both drivers_ 
Resistor values shown are typical and in ohms_ 
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AC Test Circuits and Switching Time Waveforms 

5V 

lk 
r-----

~--+-----------~~~~T lV 

INPUT 
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Note 1: The pulse generator has the following characteristics: ZOUT = son, PAR = 500 kHz, tw = 100 ns. 
Note 2: CL includes probe and jig capacitance. 

Typical Performance Characteristics * 
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*Oata for temperatures below O°C and above 70°C and for supply voltages below 4.75V and above 5.25V are applicable to OS55113 
circuits only. These parameters were measured with the active pull-up connected to the sink output. 
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Typical Performance Characteristics * (Continued) 
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*Oata for temperatures below oOe and above 70°C and for supply voltages below 4.75V and above 5.25V are applicable to OS55113 
circuits only. These parameters were measured with the active pull-up connected to the sink output. 
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~National 
~ Semiconductor 

Transmission Line 
Drivers/Receivers 

055511410575114 Dual Differential Line Drivers 

General Description 
The DS55114/DS75114 dual differential line drivers are 
designed to provide differential output signals with high 
current capability for driving balanced lines, such as 
twisted pair at normal line impedances, without high 
power dissipation. The output stages are similar to TTL 
totem·pole outputs, but with the sink outputs, YS and 
ZS, and the corresponding active pull-up terminals, YP 
and ZP, available on adjacent package pins. Since the 
output stages provide TTL compatible output levels,. 
these devices may also be used as TTL expanders or 
phase splitters. 

Connection Diagram 
Dual·ln-Line Package 

Vee 2ZP 2ZS 2YS 2YP 

lZP lZS lVS lYP lA 

TOPVIEW 

Positive logic: Y = ABC 
Z =ABC 
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Order Number DS55114J, DS75114J, or DS75114N 
See NS Package J16A or N16A 

Schematic Diagram (Each Driver) 
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Resistor values shown are typical and in ohms, 
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Features 
• Each circuit offers choice of open-collector or active 

pull·up (totem-pole) outputs 

• Single 5V supply 
• Differential line operation 

• Dual channels 
• TTL/LS compatibility 
• Design to be interchangeable with Fairchild 9614 

line drivers 

• Short-circuit protection of outputs 

• High current outputs 
• Clamp diodes at inputs and· outputs to terminate 

line transients 

• Single-ended or differential AND/NAND outputs 

• Triple inputs 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage (VCC) 7V Supply Voltage (VCC) 
Input Voltage 5.5V OS55114 4.5 5.5 V 

OFF-State Voltage Applied to Open-Collector Outputs 12V OS75114 4.75 5.25 V 

Maximum Power Oissipation* at 25°C High Level Output Current (lOH) -40 mA 
Cavity Package 1433 mW Low Level Output Current (lOL) 40 mA 
Molded Package 1362 mW 

Operating Free-Air Tempera-
Operating Free-Air Temperature Range 

DS55114 -55°C to +125°C 
ture (TA) 

DS75114 O°C to +70°C 
OS55114 -55 125 °c 

Storage Temperature Range -65°Cto+150°C 
0575114 0 70 °c 

Lead Temperature (1/16" from case 
for 60 seconds): J Package 300°C 

Lead Temperature (1/16" from case 
for 10 seconds): N Package 260°C 

-Derate cavity package 9.6 mWrC above 25°C; derate molded 
package 10.9 mWtC above 25°C (Note 2). 

Electrical Characteristics Over recommended operating free-air temperature range (unless otherwise noted) 

DS55114 DS75114 
PARAMETER CONDITIONS (Note 3) 

MIN 
TVP 

MAX MIN 
TVP 

MAX 
UNITS 

(Note 4) (Note 4 

VIH High Level Input Voltage 2 2 
V 

VIL Low Level Input Voltage 0.8 0.8 

VIK Input Clamp Voltage Vce = Min, II = -12 mA -0.9 -1.5 -0.9 -1.5 V 

Vce = Min, VIH = 2V, 10H = -10 mA 2.4 3.4 2.4 3.4 
V VOH High Level Output Voltage 

VIL = 0.8V 10H = -40 mA 2 3.0 2 3.0 

VOL Low Level Output Voltage 
Vee = Min, VIH = 2V, VIL = o.av, 

0.2 0.4 0.2 0.45 V 
10L = 40 mA 

Vee = 5V, 10 = 40 mA, T A = 25°C 6.1 6.5 6.1 6.5 
V VOK Output Clamp Voltage 

Vee = Max, 10 = -40 mA, TA = 25°C -1.1 -1.5 -1.1 -1.5 

TA = 25°C 1 100 

OFF-State Open·Coliector 
VOH = 12V 

TA= 125°C 200 
I 01 oft) 

Output Current 
Vee = Max 

TA = 25°C 1 100 
pA 

VOH = 5.25V 
TA = 70°C 200 

II 
Input Current at Maximum 

Vee = Max, VI = 5.5V 1 1 mA 
Input Voltage 

IIH High Level Input Current VCC = Max, VI = 2.4V 40 40 pA 

IlL Low Level Input Current Vee = Max, VI = 0.4V -1.1 -1.6 -1.1 -1.6 mA 

lOS 
Short·Circuit Output 

Current (Note 5) 
Vce= Max, VO= 0 -40 -90 -120 -40 -90 -120 mA 

Supply Current (Both Inputs Grounded, No Load, Vce = Max 37 50 37 50 
ICC 

TA = 25°C 
mA 

Drivers) VCC = 7V 47 65 47 70 

Note 1: All voltage values are with respect to network ground terminal. 

Note 2: For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in the Thermal Information section. 

Note 3: All parameters, with the exception of OF F-state open-collector output current, are measured with the active pull-up connected to the 
sink output. 

Note 4: All typical values are at T A = .25° C and V CC = 5V, with the exception of I CC at 7V. 

Note 5: Only one output should be shorted at a time, and duration of the short-circu it shou Id not exceed one second. 

Switching Characteristics VCC=5V,TA=25°C 

PARAMETER CONDITIONS 
0555114 OS75114 

UNITS 
MIN TVP MAX MIN TVP MAX 

tpLH Propagation Delay Time, 
15 20 15 30 ns 

Low·to·High-LeveIOutput 
eL =.30 pF, (Figure 1) 

Propagation Delay Time, 
11 20 11 30 ns tpHL 

High-to·Low-Level Output 
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AC Test Circuit and Switching Time Waveforms 
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Note 1: The pulse generator has the following characteristics: ZOUT = 50n, tw = 100 ns, PRR = 500 kHz. 
Note 2: CL includes probe and jig capacitance. 

FIGURE 1 

Typical Performance Characteristics 
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*Data for temperatures below O°C and above 70°C and for supply voltages below 4.75V and above 5.25V are applicable to D555114 circuits only. 
These parameters were measured with the active pull-up connected to the sink output. 
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Typical Performance Characteristics * (Continued) 
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*Oata for temperatures below O°C and above 70°C and for supply voltages below 4,75V and above 5,25V are applicable to 0555114 
circuits only, These parameters were measured with the active pull-up connected to the sink output. 
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~National 
~ Semiconductor 

Transmission Line 
Drivers/Receivers 

0555115/0575115 Dual Differential Line Receiver 

General Description 
The OS55115/0S75115 is a dual differential line receiver 
designed to sense differential signals from data trans
mission lines. Designed for operation over military and 
commercial temperature ranges, the OS55115/0S75115 
can typically receive ±500 mV differential data with 
±15V common-mode noise. Outputs are open-collector 
and give TTL compatible signals which are a function of 
the polarity of the differential input signal. Active 
output pull-ups are also available, offering the option of 
an active TTL pull-up through an external connection. 

Response time may be controlled with the use of an 
external capacitor. Each channel may be independently 

Connection Diagram 
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lYS 

Dual-In-Line Package 

2 2 AESP 
2YS 2YP STAB TIME CONT B2 2AT 

lYP 1 1 AESP Bl lAT Al 
STRB TIME eONT 

TOP VIEW 

Order Number DS55115J, DS75115J or 
DS75115N 

See NS Package J16A or N16A 

A2 

GND 
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controlled and optional input termination resistors 
are also available. 

Features 
• Single 5V supply 

• High common-mode voltage range 
• Each channel individually strobed 

• Independent response time control 

• Uncommitted collector or active pull-up option 

• TTL compatible output 
• Optional 130n termination resistors 
• Direct replacement for 9615 

Function Table 

STROBE 
DIFF_ 

OUTPUT 
INPUT 

L X H 

H L H 

If H L 

H = VI ~ VIH min or VID more posi
tive than VTH max 

L = VI::; VIL max or VID more nega
tive than VTL max 

X = irrelevant 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage, V CC (Note 1 I 7V Supply Voltage, (VCCI 
Input Voltage at A, Band RT Inputs ±25V OS55115 4.5 5.5 V 
Input Voltage at Strobe Input 5.5V OS75115 4.75 5.25 V 
Off-State Voltage Applied to Open-Collector Outputs 14V High Level Output Current, (IOHI -5 mA 
Maximum Power Oissipation* at 25" C Low Level Output Current, (lOLl 15 mA 

Cavity Package 1433 mW 
Operating Temperature, (TAl 

Molded Package 1362 mW 
Operating Free-Air Temperature Range 

OS55115 -55 125 °c 

OS55115 -55°C to +125°C. OS75115 0 70 °c 

OS75115 O°C to +70°C 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (1/16 inch from case 

for 10 secondsl 300°C 

-Derate cavity package 9.6 mWrC above 25°C; derate molded 
package 10.9 mWrC above 25°C. 

Electrical Characteristics (Notes 2, 3 and 5) 

DS55115 DS75115 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

VTH 
Differential Input High· 

Threshold Voltage 
Vo = O.4V, IOL = 15 rnA, VIC = 0 200 500 200 500 mV 

VTL 
Differential Input 

Vo = 2.4V, IOH = -5 rnA, VIC = 0 -200 
Low·Threshold Voltage 

-500 -200 -500 mV 

15 24 15 24 

VICR 
Common·Mode Input 

VID=±lV to to to to V 
Voltage Range 

-15 -19 -15 -19 

VIH(STROBEI 
High·Level Strobe 

2.4 2.4 V 
Input Voltage 

VILISTROBEI 
Low·Level Strobe 

Input Voltage 
0.4 0.4 V 

VCC = Min, VID = -O.SV, 
TA = Min 2.2 2.4 

VOH High Level Output Voltage TA = 25°C 2.4 3.4 2.4 3.4 V 
IOH = -5mA 

TA = Max 2.4 2.4 

VOL Low Level Output Voltage VCC = Min, VID = 0.5V, IOL = 15 rnA 0.22 0.4 0.22 0.45 V 

TA = Min -{l.9 -{l.9 

IlL Low Level Input Current 
VCC = Max. VI = O.4V, 

TA = 25°C -{l.5 -0.7 -{l.5 -0.7 rnA 
Other Input at 5.5V 

TA = Max -0.7 -0.7 

VCC = Min, VID = -0.5V, TA = 25°C 0.5 2 0.5 5 
ISH High Level Strobe Current 

VSTROBE = 4.5V TA = Max 5 10 IlA 

ISL Low Level Strobe Current 
VCC = Max, VID = 0.5V, 

TA = 25°C -1.15 -2.4 -1.15 -2.4 rnA 
VSTROBE = 0.4V 

14,112 
Response Time Control VCC = Max, VID = 0.5V, 

TA = 25°C -1.2 -3.4 -1.2 -3.4 rnA 
Current (Pin 4 or Pin 12) VRC= 0 

VCC = Min, VOH = 12V, TA = 25°C 100 

Off· State Open·Coliector VID = -4.5V TA = Max 200 
10(OFFI 

Output Current VCC = Min, VOH = 5.25V, TA = 25°C 100 IlA 

VID = -4.75V TA = Max 200 

RT 
Line Terminating 

VCC = 5V TA = 25°C 77 130 167 74 130 179 n 
Resistance 

lOS 
Short~Circuit Output VCC = Max, Vo = OV, 

TA=25°C -15 -40 -BO -14 . ";'40 -100 rnA 
Current VID = -0.5V, (Note 4) 

ICC 
Supply Current (Both VCC = Max, VID = 0.5V, 

TA = 25°C 32 50 32 50 rnA 
Receiversl VIC= OV 

Note 1: "Absolute Maximum Ratings' are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified minImax limits apply across the -55° C to +125° C temperature range for the OS55115 and across the 0° C to 
+70°C range for the OS75115. All typical values are for TA = 25°C, VCC = 5V and VCM = OV. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4. Only one output at a time should be shorted. 

Note 5: Unless otherwise noted, VSTROBE = 2.4V. All parameters with the exception of off-state open-collector output current are measured 
with the active pull-up connected to the sink output. 
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Switching Characteristics Vee = 5V, eL = 30 pF, TA = 25°e 

PARAMETER CONDITIONS 

tPLH 
Propagation Delay Time, Low· 

RL = 3.9 kn, (Figure 1) 
to·High Level Output 

tpHL 
Propagation Delay Time, High· 

RL = 390n, (Figure 1) 
to· Low Level Output 

Schematic Diagram 

VCC RT 

1k lk 

1.5k 1.64k 

1 pF 

INPUT A o-+-W\-004 ..... -+--t----i 

INPUT B o----t----i---f--------' 

150 

Typical Application 

L~ ___ .J 

COMMON TO 
BOTH RECEIVERS 

MIN 

VCC 

2.6k 

DS55115 

TYP MAX 

18 50 

20 50 

RESPONSE 
TIME 

STROBE CONTROL 

3k 

Basic Party·Line or Data·Bus Differential Data Transmission 

LOCATION 1 

~~L-~D---~~+ L ______ ..J 
LOCATION 2 

TWISTED 
PAIR 
LINE 

LOCATION 4 

DS75115 

MIN TYP MAX 
UNITS 

18 75 ns 

20 75 ns 

20 

"--+-~~-O ~~ll.UP 

SINK 
OUTPUT 
YS 

=L::);:: DS75113 DRIVER ~ 0$15115 RECEIVER 

*Zo is internal to the DS55115/DS7511!i 
A capacitor may be connected in series with Zo to reduce power dissipation. 
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Typical Performance Characteristics (Note 3) 
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Input Current vs Input 
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Output Voltage vs 
Differential Input Voltage 
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I ......- Vce = 5V 

I-'VCC - 4,5V 

LOAD = 2k TO Vcc 
TA = 25 C 
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T A - AMBIENT TEMPERATURE ( C) 

Low Level Output Voltage 
vs Output Current 

10 15 20 25 30 

IOL - LOW LEVEl OUTPUT CURRENT (rnA) 

Output Voltage vs 
Strobe Input Voltage 

~ 
N~ LO~D 
VID = 0.5V-
TA=25'C 

~ -VCc=5V 

VCC = 4.5V'\ 

o 2. 

Vs - STROBE INPUT VOLTAGE (V) 

SUpply Current (Both Receivers) 
vs Temperature 

-

VCC = 5.5V 
B INPUT AT 5.5V 

A I~PU~ AT ~V 

-75 -50 -25 0 25 50 75 100 '125 

TA - AMBIENT TEMPERATURE ("C) 
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Output Voltage vs Common·Mode 
Input Voltage 

NO LOAD 
TA =25'C 

VCC = 5.5V 

V 
r- f- VcC'?5V-I- VCC = 4,5V-

I I 
.? VI~ = ~'V 

~ID ~ IV 

-25-20-15-10-5 0 5 10 15 20 25 

VIC - COMMON·MODE INPUT VOLTAGE (V) 

Output Voltage vs 
Differential Input Voltage 

VCC = 5V 
LOAD = 2k to VCC 

-0.2 -0.1 0.1 0.2 

30 

25 

20 

15 

10 

Via - DIFFERENTIAL INPUT VOLTAGE (V) 

'Output Voltage vs Strobe 
Input Voltage 

Vs - STROBE INPUT VOLTAGE (V) 

Propagation Delay Times 
vs Temperature 

VCC = 5V 
(FIGURE 28) 

tP~L (~L = i9OH) ~ 
/ -:-vr 

V 
,., tpLH (RL = 3.9k)-

~ 

-

-75 -50 -25 0 25 50 15 100 125 

TA - AMBIENT TEMPERATURE ("C) 



Frequency Response Control 

10M 

Frequency Response as a Function of 
Capacitance 

VCC = 5V -
TA=25°C: 

N 

.:. 
> u 
2: 
w 
::I 
d 
w 
a: 
u. 
I 

1M 

100k 

10k 

1k 

100 
0.001 

I~ 

" 

"-

0.01 0.1 
Note. CR (response control) > 0.01 ~F may 
cause slowing of rise and fall times of the output. CR - CAPACITANCE (~F) 

AC Test Circuit and Switching Time Waveforms 

OPEN 

INPUT 

PULSE 
GENERATOR ........ 8 ........ -1 

(NOTE 1) 

2.4V 

.J 
RESPONSE 
TIME CONTROL 

OPEN 

(NOTE 2) I
~kPF 

Note 1: The pulse generator has the following characteristics: ZOUT = son, PRR = 500 kHz/tw = 100 ns. 
Note 2: CL includes probe and test fixture capacitance. 

DIFFERENTIAL 
INPUT 

OUTPUT 

3V--+--~----------~ 

::: d\- 'PHL :j. t· ~ tpLH 

\.1.5V 1.5 V! 
VOL-------~------------J 

FIGURE 1. Propagation Delay Times 
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~National 
D Semiconductor 

Transmission Line 
DriverslReceivers 

0555121/0575121 Dual Line Drivers 
General Description 
The OS55121/OS75121 are monolithic dual line 
drivers designed to drive long lengths of coaxial 
cable, strip line, or twisted pair transmission lines 
having impedances from 50 to 500 ohms. Both 
are compatible with standard TTL logic and 
supply voltage levels. 

The OS55121/0S75121 will drive terminated low 
impedanc.e lines due to the low·impedance emitter· 
follower outputs. In addition the outputs are 
uncommitted allowing two or more drivers to 
drive the same line. 

Output short·circuit protection is incorporated 
to turn off the output when the output voltage 
drops below approximately 1.5V. 

Connection Diagram 
Dual-I n-line Package 

Vee F2 E2 02 C2 B2 A2 

16 15 14 

Al 81 Cl 01 El Fl VI 

TOP VIEW 

V2 

GNO 

Order Number DS55121J, DS75121J or DS75121N 
See NS Package J16A or N16A 

Features 
• Designed for digital data transmission over 50 

to 500 ohms coaxial cable, strip line, or 
twisted pair transmission lines 

• TTL compatible 

• Open emitter-follower output structure for 
party-line operation 

• Short-circuit protection 

• AN~-OR logic configuration 

• High speed (max propagation delay time 20 ns) 

• Plug-in replacement for the SN 55121 /SN75121 
and the 8T13 

Typical Performance 
Characteristics 

Output Current vs Output Voltage 

~ -250 
.§. 
.... i -200 

~ -150 

~ -100 

I 
.2 -50 

o 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 

Vo - OUTPUT VOLTAGE (V) 

Truth Table 

A 

INPUTS 

C 0 

H H H X X 

X X X H H 

All Othel Input COll1hll1dtlOIl~ 

OUTPUT 
Y 

H 

H 

L 

H = high level, L = low level, X = irrelevant 

AC Test Circuit and Switching Time Waveforms 
3.0V 

>--+-*---4I......a OUTPUT 

Note1: The pulse generators have the following characteristics: 
lOUT ~ 50S!, Iw : 200 ns, dUly cycle: 50%, I, : I, : 5.0 ns. 

Note 2: CL includes probe and jig capacitance. 

Cl 
(NOTE 8) 

1-66 

c. 5.0 ns l" t-- -1 r-- 5.0 ns 

3.0V~--90% 90% I 
INPUT I 1.5V 1.5V· 

1~ 1~ 
OV " I 

, , , 
tpu~ - ... -: tpHL -~ ""1 

V
OH

· .... v-----'\J . '" 
OUTPUT ~ L 

Val 



Absolute Maximum Ratings (Note 1) Operating Conditions 

MIN MAX 

Supply Voltage. VCC 
Input Voltage 
Output Voltage 
Output Current 
Maximum Power Dissipation* at 25°C 

Cavity Package 
Molded Package 

Lead Temperature (Solderi ng. 10 seconds) 

6.0V 
6.0V 
6.0V 

-75 rnA 

1371 mW 
1280 mW 

300°C 

*Derate cavity package 9.1 mW/"C above 25°C; derate molded 
package 10.2 mWt C above 25° C. 

Supply Voltage. VCC 
Temperature. T A 

DS55121 
DS75121 

4.75 

Electrical Characteristics Vee = 4.75V to 5.25V (unless otherwise noted) (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP 

VIH High Level Input Voltage 2.0 
~ 

V IL Low Level Input Voltage 

VI Input Clamp Voltage Vee = 5.0V, II = -12 rnA 

'I Input Current at Max Input Voltage Vee = 5.25V. V IN = 5.5V 

VOH High Level Output Voltage VIH = 2.0V, 10H = -75 rnA (Note 4) 2.4 

10H High Level Output Current Vee = 5.0V, V IH = 4.75V, VOH = 2.0V, -100 

T A = 25°C (Note 4) 

10L Low Level Output Current Vil = 0.8V, Val = O.4V (Note 4) 

10(oFF) Off State Output Current Vee = OV, Va = 3.0V 

IIH High Leitel Input Current VI = 4.5V 

'lL Low Level Input Current VI =O.4V -{).1 

los Short Circuit Output Current Vee = S.OV, T A = 2SoC 

leeH Supply Current. Outputs High Vcc = S.25V, All Inputs at 2.0V, 

Outputs Open 

Iccl Supply Current, Outputs Low Vce = 5.25V, All Inputs at 0.8V, 

Outputs Open 

Switching Characteristics Vee = 5.0V. TA = 25°C 

PARAMETER CONDITIONS MIN TYP 

t pLH Propagation Delay Time, Low- Rl = 37n., (See ac Test Circuit Cl =15pF 11 

to-High Level Output and Switching Time Waveforms) Cl = 1000 pF 22 

tpHL Propagati.on Delay Time. High- Rl = 37n.. (See ac Test Circuit Cl = 15pF 8.0 

to-Low Level Output and Switching Time Waveforms) CL = 1000 pF 20 

5.25 

+125 
+75 

MAX 

0.8 

-1.5 

1 

-250 

-800 

500 

40 

-1.6 

-30 

28 

60 

MAX 

20 

50 

20 

SO 

UNITS 

V 

°c 
°c 

UNITS 

V 

V 

V 

rnA 

V 

rnA 

J.1A 

J.1A 

J.1A 

rnA 

rnA 

rnA 

rnA 

UNITS 

ns 

ns 

ns 

ns 

Note 1; "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified minImax limits apply across the -5SoC to +12SoC temperature range for the DS55121 and across the O°C to 
+70°C range for the 0575121. All typical values are for T A = 2So C and V CC = SV. 
Note 3: All currents into device pins shown as positive. out of device pins as negative. all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 
Note 4: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table 
for the desired output. 
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~National 
D Semiconductor 

Transmission Line 
DriverslReceivers 

0555122/0575122 Triple. Line Receivers 

General Description 
The OS55122/0S75122 are triple line receivers 
designed for digital data transmission with line 
impedances from 50n to 500n. Each receiver has 
one input with built-in hysteresis which provides a 
large noise margin. The other inputs on each 
receiver are in a standard TTL configuration_ The 
OS55122/0S75122 are compatible with standard 
TTL logic and supply voltage levels. 

Connection Diagram 

Dual-In-Line Package 
Vee 5t Rt Vt Al S3 R3 Vl 

At Bt R2 S2 A2 B2 V2 GNO 

TOP VIEW 

Order Number DS55122J, DS75122J or DS75~22N 
See NS Package J16A or N16A 

Features 
• Built-in input threshold hysteresis 
• High speed ___ typical propagation delay time 

20 ns 

• Independent channel strobes 

• Input gating increases application flexibility 

• Single 5_0V supply operation 

• Fanout to 10 series 54/74 standard loads 

• Plug-in replacement for the SN55122/SN75122 
and the 8T14 

Truth Table 

INPUTS OUTPUT 
A st R S Y 

H H X X L 

X X L H L 

L X H X H 

L X X L H 

X L H X H 

X L X L H 

H = high level, L = low level, X = irrelevant 

tB input and last two lines of the truth table 
are applicable to receivers 1 and 2 only. 

AC Test Circuit and Switching Time Waveforms 

Vec 

Note 1: The pulse generator has the following characteristics: 
lOUT " SOil, tw = 200 ns, duty cycl •• 50%, I, = It = 5.0 ns. 

Note 2: CL includes probe and iig capacitance. 

2.GV 

-= 
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OUTPUT 

,; 5.0 ns 

2.GV 

INPUT 

VOH 

OUTPUT 

VOL 



Absolute Maximum Ratings (Note 1) Operating Conditions 

MIN MAX UNITS 

Supply Volt<lgc, VCC 6.0V Supply Volt<lge, VCC 4.75 5.25 V 

Input Volt<lge 
Operating Temper<lture, T A 

R Input 6.0V 
0555122 -55 +125 °c 

A, B, or 5 Input 5.5V 
0575122 0 +-75 °c 

Output Voltage 6.0V 
Output Current :+.100 mA High level Output Current, -500 !J.A 

Maximum Power Dissipation" at 25
u

C IOH 
Cavity Package 1433 mW low level Output Current, 16 mA 

Molded Package 1362 mW IOl 
Storage Temperature Range -65°C to +150°C 
lead Temperature (Soldering, 10 seconds) 300°C 

• Derate cavity package 9.6 mW/
o 

C above 25° C; derate molded 
package 10.9 mW/oC above 25°C. 

Electrical Characteristics Vee = 4.75V to 5.25V (unless otherwise noted) (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIH High level Input Voltage A, B, R, or 5 2.0 V 

V IL Low Level Input Voltage A, B, R, or S 0.8 V 

VTt-VT - Hysteresis Vcc = 5.0V, T A = 25"C, R,(Note 6) 0.3 0.6 V 

VI Input Clamp Voltage Vcc = 5.0V, II = -12 mA, A, B, or S -1.5 V 

II Input Current at Max I nput Voltage Vcc = 5.25V, V IN = 5.5V, A, B, or S 1.0 mA 

VOH High Level Output Voltage V IH = 2V, V IL = 0.8V, (Note 4) 2.6 V 

10H = -500f.lA VilA) = OV, V IIB1 = OV, 

V IIR) = 1.45V, VIIS) = 2.0V, (Note 7) 
2.6 V 

VOL Low Level Output Voltage V ,H 0' 2.0V, VII ~ 0.8V, (Note 4) 0.4 V 

10l o· 16mA VilA) ~ OV, VII8I ~ OV, 
0.4 V 

VIIR ) = 1.45V, VIIS) = 2.0V, (Note 8) 

IIH High Level Input Current VI = 4.5V, A, B, or S 40 f.lA 

VI = 3.8V, R 170 /-lA 

III Low Level I nput Current VI ~ 0.4V, A, B, or S -0.1 -1.6 mA 

los Short Circuit Output Current Vcc = 5.0V, T A = 25"C, (Note 5) -50 -100 mA 

Icc Supply Current Vcc ~ 5.25V 72 mA 

\ 

Switching Characteristics Vee = 5.0V, T A = 25°C 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tplH Propagation Delay Time, Low·to·High (See ac Test Circuit and Switching 20 30 ns 

Level Output from R Input Time Waveforms) 

tpHL Propagation Delay Time, High·to·Low (See ac Test Circuit and Switching 20 30 ns 

Level Output from R Input Time Wavefolms) 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Churacteristics" 
provides cond it ions for actual device operation. 

Note 2: All currents into device pins are shown as positive, currents out of device pins shown as negative, all voltage values are referenced with 
respect to network ground terminal, unless otherwise noted. All values shown as max or min on absolute value basis. 

Note 3: Min/max limits apply across the guaranteed operating temperature range of -55°C to +125 °c for 0555122 and 0° C to +75° C for 
0575122, unless otherwise specified. Typicals are for VCC = 5.0V, T A = 25°C. Positive current is defined as current into the referenced pin. 

Note 4: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth' table 
for the desired output. 

Note 5: Not more than one output should be shorted at a time. 

Note 6: Hysteresis is the difference between the positive going input threshold Voltage, VT+, and the negative going input thre.shold voltage, VT--

Note 7: Receiver input was at a high level immediately before being reduced to 1 .45V. 

Note 8: Receiver input was at a low level immediately before being raised to 1.45V. 

--
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Typical Performance Characteristics 

Typical Applications 

Output Voltage vs Receiver Input Voltage 

~ ... 
'" 
~ 
> ... 
~ 
Q 

I 
0 

> 

4.0 

3.5 r-t~5.~V 
NO LOAD 

3.0 r-TA =+25°C 

2.5 

2.0 
VT_· ~ VT+ 

1.5 

1.0 

0.5 .- -
o 

o 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

Vi -INPUT VOLTAGE (V) 

Single-Ended Party Line Circuits 

VIH~ INPU~ V,. v,_ 
V,L 

VOH--r--l 

OUTPUT -.J L-
VOL 

The high yain and built·in hysleresisof the DS55122/DS75122 
Ime receivers enable them to be used as Schmitt triggers in 
squaring up pulses. 

Pulse Squaring 
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~National 
~ Semiconductor 

0575123 Dual Line Driver 
General Description 
The DS75123 is a monolithic dual line driver 
designed specifically to meet the 110 interface 
specifications for I BM System 360. It is com· 
patible with standard TTL logic and supply voltage 
levels. 

The low·impedance emitter·follower outputs of 
the DS75123 enable driving terminated low im· 
pedance lines. In addition the outputs are un· 
commited allowing two' or more drivers to drive 
the same line. 

Output short-circuit protection is incorporated 
to turn off the output when the output voltage 
drops below approximately 1.5V. 

Connection Diagram 
Dual·1 n-Line Package 

Vee F2 E2 02 C2 B2 A2 

16 15 14 

V2 

tA Bt ct Ot El Ft Vt GNO 
TOP VIEW 

Order Number DS75123J or DS75123N 
See NS Package J16A or N16A 

Transmission Line 
Drivers/Receivers 

Features 
• Meet IBM System 360 110 interface specifica· 

tions for digital data transmission over 50n to 
500n coaxial cable. strip line. or terminated 
pair transmission lines 

• TTL compatible with single 5.0V supply 

• 3.llV output at IOH = -59.3 mA 

• Open emitter·follower output structure for 
party·line operation 

• Short circuit protection 

• AND-OR logic configuration 

• Plug·in replacement for the SN75123 and the 
8T23 

Typical Performance 
Characteristics 

Output Current vs Output Voltage 
-300 r-r-r-r-r-r--r--~~--' 

~ -250 1--,..-1-1-
..s 
l-i -200 

~ -ISO 

~ -IOq 

I 
.!? -50 

o 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 

Vo - OUTPUT VOLTAGE IVI 

Truth Table 
INPUTS OUTPUT 

A B C 0 E F 
Y 

H H H H X X H 

X X X X H H H 

All Other Input Combinations L 

H = high level. L = low level. X = irrelevant 

AC Test Circuit and Switching Time Waveforms 
3.ov Vee 

r--f--i 
I 

>--+-..... --.... -0 OUTPUT 

C, 
(NOTE 2) 

Notet: THE PULSE GENERATORS HAVE THE FOLLOWING CHARACTERISTICS: lOUT > 50~I. 
tw = 200 os. OUTY CVCLE = 50~. 

Note 2: C, INCLUDES PROBE ANO JIG CAPACITANCE. 
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Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage, VCC Supply Voltage, VCC 
Input Voltage 
Output Voltage 

7.0V 
5.5V 
7.0V 

High Level Output Current, 

Maximum Power Dissipation* at 25°C 
Cavity Package 
Molded Package 

Operating Free-Air Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

1371 mW' 
1280 mW 

O°C to +75°C 
-B5°C to +150°C 

300°C 

IOH 
Temperature, TA 

*Derate cavity package 9.1 mWtC above '25°C; derate molded 
package 10.2 mW/oC above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS 

VIH High Level Input Voltage 

VIL Low Level I nput Voltage 

VI Input Clamp Voltage Vcc = 5,OV,11 = -12 mA 

II Input Current at Max Input Voltage Vcc = 5,25V, VIN = 5.5V 

VOH High Level Output Voltage Vcc = 5.0V, VIH = 2,OV, I T A = 25°C 

10H = -59.3 mA, (Note 4) ITA = O°C to + 75°C 

IOH High Level Output Current Vcc = 5,OV, V IH = 4.5V, TA = 25°C, 

VOH = 2.0V, (Note 4) 

VOL Low Level Output Voltage VIL = O,BV, 10L = -240IlA, (Note 4) 

IO(oFF) Off State Output Current Vcc = 0, Vo= 3.0V 

IIH High Level I nput Current VI = 4.5V 

IlL Low Level Input Current VI =O.4V 

los Short Circuit Output Current Vcc = 5,OV, T A = 25°C 

ICCH Supply Current, Outputs High Vcc = 5.25V, All Inputs at 2,OV, Outputs Open 

IccL Supply Current,Outputs Low Vcc = 5,25V, All Inputs at O.BV, Outputs Open 

Switching Characteristics Vee = 5.0V, TA = 25°C 

PARAMETER CONDITIONS 

tpLH Propagation Delay Time, Low- RL = 50n, (See ac Test Circuit CL =15pF 

to·High Level Output and Switching Time Waveforms CL = 100pF 

tpHL Propagation Delay Time, High- RL = 50n, (See ac Test Circuit CL = 15 pF 

to· Low Level Output and Switching Time Waveforms CL = 100 pF 

MIN 

2.0 

3.11 

2,9 

-100 

-0.1 

MIN 

MIN 

4.75 

0 

TYP 

TYP 

12 

20 

12 

15 

MAX UNITS 

5.25 V 
-100 mA 

+75 °c 

MAX UNITS 

V 

O.B V 

-1,5 V 

1 mA 

V 

V 

-250 mA 

0.15 V 

40 pA 

40 pA 

-1.6 mA 

-30 ' mA 

2B mA 

60 mA 

MAX UNITS 

20 ns 

35 ns 

20 ns 

25 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
'-emperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: All currents into device pins are shown as positive, currents out of device pins shown as negative, all voltage values are referenced with 
respect to network ground terminal, unless otherwise noted. All values shown as max or min on absolute value basis. 

Note 3: Min/max limits apply across the guaranteed operating temperature range of 0° C to +75°C for DS75123, unless otherwise specified. Typi
cals are for VCC = 5.0V, T A = 25°C. Positive !=urrent is defined as current into the referenced pin. 

Note 4: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table 
for the desired output. 
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~National 
~ Semiconductor 

OS75124 Triple Line Receiver 

General Description 
The OS75124 is designed to meet the input/ 
output interface specifications for I BM System 
360. It has built-in hysteresis on one input on 
each of the three receivers to provide large noise 
margin. The other inputs on each receiver are in 
a standard TTL configuration. The OS75124 is 
compatible with standard TTL logic and supply 
voltage levels. 

Connection Diagram· and Truth Table 

vee 

At 

Dual·ln-Line Package 

SI Rt VI A3 S3 R3 

Bl R2 S2 A2 B2 V2 

TOP VIEW 

Order Number DS75124J or DS75124N 
See NS Package J16A or N16A 

Typical Application 
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Features 
• Built-in input threshold hysteresis 

• High speed .. typ propagation delay time 20 ns 

• I ndependent channel strobes 

• Input gating increases application flexibility 

• Single 5.0V supply operation 

• Plug-in replacement for the SN75124 and the 
8T24 

INPUTS OUTPUT 

A Bt R S y' 

H H X X L 

X X L H L 

L X H X H 

L X X L H 

X L H X H 

X L X L H 

H = high level, L = low level. X = irrelevant 

t8 input and last two lines of the truth table 
are applicable to receivers 1 and 2 only. 



Absolute Maximum Ratings (Note 11 Operating Conditions 

MIN MAX UNITS 

Supply Voltage, VCC 7.0V Supply Voltage, VCC 4.75 5.25 V 
Input Voltage High Level Output Current, -800 IJ.A 

R Input with VCC Applied 7.0V IOH 
R Input with VCC not Applied 6.0V Low Level Output Current, 16 mA 
A, B, or S Input 5.5V IOL 

Output Voltage 7.0V Operating Temperature, T A 0 +75 °c 

Output Current ±100 mA 
Maximum Power Dissipation* at 25°C 

Cavity Package 1433 mW 
Molded Package 1362 mW 

Operating Temperature Range O°C to +75°C 
Storage Temperature Range -B5°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

*Derate cavity package 9.6 mW/oC above 25°C; derate molded 
package 10.9 mW/oC above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIH High Level I nput Voltage A, B, or S 2.0 V 

R 1.7 V 

VIL Low Level I nput Voltage A,B,orS 0.8 V 

R 0.7 V 

Vn-VT - Hysteresis Vcc = 5.0V, T A = 25"C, R, (Note 6) 0.2 0.4 V 

VI I nput Clamp Voltage V cc = 5.0V, II = -12 mA, A, B, or S -1.5 V. 

II Input Current at Maximum Vcc = 5.25V, V IN = 5.5V, A, B, or S 1 mA 

Input Voltage I VI = 7.0V 5.0 mA 
R 

!VI =6.0V,Vcc =0 5.0 mA 

VOH High Level Output Voltage VIH = VIHMIN, VIL '= VILMAx,loH = -800tJA, 2.6 V 

(Note 4) 

VOL Low Level Output Voltage VIH =. V INMIN ,V IL = VILMAX, 10L = 16 mA, (Note 4) 0.4 V 

IIH High Level Input Current VI = 4.5V, A, B, or S 40 tJA 

VI = 3.11V, R 170 tJA 

IlL Low Level I nput Current VI = O.4V, A, B, or S -D.l -1.6 mA 

los Short Circuit Output Current Vcc = 5.0V, T A= 25"C, (Note 5) -50 -100 mA 

Icc Supply Current Vcc = 5.25V 72 mA 

Switching Characteristics T A = 25°C, nominal power supplies unless otherwise noted 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpLH Propagation Delay Time, Low-to-High (See ac Test Circuit and Switching 20 30 ns 

Level Output from R Input Time Waveforms) 

tpHL Propagation Delay Time, High·to·Low (See ac Test Circuit and Switching 20 30 ns 

Level Output from R Input Time Waveforms) 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: All currents into device pins are shown as positive, currents out of device pins shown as negative, all voltage values are referenced with 
respect to network ground terminal, unless otherwise noted. All values shown as max or min on absolute value basis. 

Note 3: MinImax limits apply across the guaranteed operating temperature range of O°C to +75°C for DS75124, unless otherwise specified. Typi· 
cals are for Vec = 5.0V, T A = 25°C. Positive current is defined as current into the referenced pin. 

Note 4: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table 
for the desired output. 

Note 5: Not more than one output should be shorted at a time. 

Note 6: Hysteresis is the difference between the positive going input threshold voltage, VT+, and the negative going input threshold voltage, VT-' 
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AC Test Circuit and Switching Time Waveforms 
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0575125, DS75127 Seven-Channel Line Receivers 

General Description 
The DS75125 and DS75127 are monolithic seven-channel 
line receivers designed to satisfy the requirements of the 
IBM System 360/370 input/output interface specifica
tions. Special low-power design and Schottky clamped 
transistors allow for low supply current requirements 
while maintaining fast switching speeds and high current 
TTL outputs. The DS75125 and DS75127 are character
ized for operation from 0 °C to 70 °C. 

Connection Diagrams 

lY 
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lA 

vee 
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DS75125 
Dual-In-Line Package 

3Y 4Y 5Y 6Y 

14 13 12 11 

7Y 2Y 

10 

2A, 3A 4A 5A 6A 7A GNO 

TOP VIEW 

loglc:Y=A 

Order Number DS75125J or DS75125N 
See NS Package J16A or N16A 

Features 
• Meets IBM 360/370 110 specification 
• Input resistance-7 kG to 20 kG 
• Output compatible with TTL 

• Schottky-clamped transistors 
• Operates from single 5V supply 
• High speed -low propagation delay 
• Ratio specification for propagation delay time, low-to

high/high-to-Iow 

• Seven channels in one 16-pin package 
• Stan,dard Vee and ground positioning on DS75127 

DS75127 
Dual-In-Line Package 
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TOP VIEW 

loglc:Y=A 

Order Number DS75127J or DS75127N 
See NS Package J16A or N16A 
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Absolute Maximum Ratings (Note 1) Recommended Operating Conditions 
Min Typ Max Units 

Supply Voltage, Vcc (Note 1) 7V Supply Voltage, Vee 4.5 5 5.5 V 
Input Voltage Range Hlgh·Level Output Current, IOH -0.4 mA 

DS75125 -0.15Vto7V Low·Level Output Current, IOL 16 mA 
DS75127 -2Vt07V 

Maximum Power Dissipation" at 25:C 
Operating Free·Alr Temperature, TA 0 70 'C 

Cavity Package 1509mW 
Molded Package 1476mW 

Operating Free·Air Temperature Range O'Ct070'C 
Storage Temperature Range - 65'C to 150'C 
Lead Temperature(Soldering, 10 seconds) 300'C 

"Derate cavity package 10.1 mW/'C above 25'C; derate molded package 
11.9 mW/'C above 25'C. 

Electrical Characteristics over recommended operating free-air temperature range (Note 3) 

Parameter Conditions Min Typ Max Units 
(Note 5) 

V IH High-Level Input Voltage 1.7 V 

V IL Low-Level Input Voltage 0.7 V 

VOH High-Level Output Voltage Vcc=4.5V, V IL =0.7V, 10H= -0.4 mA 2.4 3.1 V 

VOL Low-Level Output Voltage Vcc=4.5V, V IH = 1.7V, 10L= 16 mA 0.4 0.5 V 

IIH High-Level Input Current Vcc =5.5V, V I =3.11V 0.3 0.42 mA 

IlL Low-Level Input Current VCC =5.5V, VI = 0.15V -0.24 mA 

los Short-Circuit Output Current (Note 4) Vcc =5.5V, Vo=O -18 -60 mA 

rl Input Resistance Vce = 4.5V, OV, or Open, 7 20 kn 

~VI=0_15V to 4.15V 

Icc Supply Current Vee =5.5V, 10H= -0.4 mA, 15 25 mA 

All Inputs at 0.7V 

V ee =5.5V, IOL= 16 mA, 28 47 mA 

All Inputs at 4V 

Switching Characteristics V cc = 5V, T A = 25°C 

Parameter Conditions Min Typ Max Units 

t pLH Propagation Delay Time, Low-to-High-Level Output 7 14 25 ns 

t pHL Propagation Delay Time, High-to-Low-Level Output 10 18 30 ns 

tpLH Ratio of Propagation Delay Times RL = 400n, CL = 50 pF, 0.5 0.8- 1.3 
\ 

ns 
tpHL See Figure 1 

tTLH Transition Time, Low-to-High-Level Output 1 7 12 ns 

tTHL Transition Time, High-to-Low-Level Output 1 3 12 - ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: For operation above 25'C free·air temperature, refer to Thermal Ratings for ICs in Section 12 of Interface Databook. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output should be shorted at a time. 

Note 5: All typical values are at VCC = 5V, TA = 25'C. 
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Schematic (each receiver) 
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AC Test. Circuit and Switching Time Waveforms 

VCC 

3V 

INPUT 

OV 

VOH 

OUTPUT 

":" ":" VOL 

Note 1: The pulse generator has the following characteristics: ZOUT",,50n, PRR = 5 MHz. 

Note 2: CL includes probe and jig capacitance. 

Note 3: All diodes are 1 N3064 or equivalent. 

FIGURE 1 
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Typical Performance Characteristics 
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Supply Current vs 
Supply Voltage 
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0875128, 0875129 Eight-Channel Line Receivers 
General Description 
The OS75128 and OS75129 are eight-channel .line 
receivers designed to satisfy the requirements of the 
input-output interface specification for IBM 360/370. 
Both devices feature common strobes for each group of 
four receivers. The OS75128 has an active-high strobe; the 
OS75129 has an active-low strobe. Special low-power 
design and Schottky-diode-clamped transistors allow 
low supply-current requirements while maintaining fast 
switching speeds and high-current TTL outputs. The 
OS75128 and OS75129 are characterized for operation 
from 0 °C to 70°C. . 

Connection Diagrams 
DS75128 

Dual-In-Line Package 

Features 
• Meets IBM 360/370 I/O specification 

• Input resistance - 7 kO to 20 kO 
• Output compatible with TTL 
• Schottky-clamped transistors 
• Operates from a single 5V supply 
• High speed -low propagation delay 

• Ratio specification - tPLHItPHL 
• Common strobe for each group of four receivers 
• OS75128 strobe - active-high 

OS75129 strobe - active-low 

Vee 1Y 2V 3V 4V 5V 6V 7V BV 2S 

1S 1A ZA 3A 4A 5A 6A 7A BA GNO 

TOP VIEW 

positive logic: V = AS 

DS75129 
Dual-In-Llne Package 

vee 1V zv 3V 4V 5V 6V 7V BV ZS 

1S 1A ZA 3A 4A 5A 6A 7A BA GNO 

TOP VIEW 

positive logic: V = AS 
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Order Number DS75128J or DS75128N 
See NS Package J20A or N20A 

Order Number DS75129J or DS75129N 
See NS Package J20A or N20A 



Absolute Maximum Ratings over operating Recommended Operating Conditions 
free-air temperature range (unless otherwise noted) Min Typ Max Units 

Supply Voltage, Vee (Note 1) 7V Supply Voltage, Vee 4.5 5.0 5.5 V 
A Input Voltage Range -0.15Vt07V Hlgh·Level Output Current, IOH -0.4 mA 
Strobe Input Voltage 7V Low-Level Output Current, IOL 16 mA 
Maximum Power Dissipation· at 25'C Operating Free·Alr Temperature, TA 0 70 ·C 

Cavity Package 1564mW 
Molded Package 1687rroW 

Operating Free·AlrTemperature Range 0'Ct070'C 
Storage Temperature Range - 65'C to 150'C 
Lead Temperature 300'C 

1/16 inch from Case for60 Seconds: J Package 
Lead Temperature 260'C 

1116 Inch from Case for 10 Seconds: N Package 

* Derate cavity package 10.4 mW/'C above 25'C; derate molded package 
13.5 mW/'C above 25·C. 

Electrical Characteristics over recommended operating free-air temperature range (Note 3) 

Parameter Conditions Min 
Typ 

Max Units 
(Note 5) 

VIH High-Level Input Voltage 
A 1.7 

V S 2 

VIL Low-Level Input Voltage ~ 
0.7 

V 
S 0.7 

VOH High-Level Output Voltage Vcc=4.5V, VIL =0.7V, 10H~ -0.4 mA 2.4 3.1 V 

VOL Low-Level Output Voltage Vee = 4.5V, VIH = 1.7V, IOL=16 mA 0.4 0.5 V 

VI Input Clamp Voltage S Vcc=4.5V, 11= -18 mA -1.5 V 

IIH High-Level Input Current 
A Vcc =5.5V, VI =3.11V 0.3 0.42 mA 
S Vcc =5.5V, VI =2.7V 20 ,..A 

IlL Low-Level Input Current 
A Vcc=5.5V, V1 =0.15V -0.24 

mA 
S Vcc =5.5V, VI=O.4V -0.4 

los Short-Circuit Output Current Vcc= 5.5V, Vo= 0 -18 -60 mA 
(Note 4) 

rl Input Resistance Vcc=4.5V, OV,or Open, L\V I=0.15V to 4.15V 7 20 kn 

DS75128 Vcc=5.5V, Strobe at 2.4V, All A Inputs at 0.7V 19 31 

Icc Supply Current 
DS75129 Vcc =5.5V, Strobe at O.4V, All A Inputs at 0.7V 19 31 

mA 
DS75128 Vcc=5.5V, Strobe at 2.4V, All A Inputs at 4V 32 53 
DS75129 Vcc =5.5V, Strobe at O.4V, All A Inputs at 4V 32 53 

Switching Characteristics Vcc =5V, TA=25°C 

OS75128 0575129 
Parameter Conditions Min Typ Max Min Typ Max Units 

tpLH Propagation Delay Time, Low-to-High-Level Output 7 14 25 7 14 25 ns 
A 

tpHL Propagation Delay Time, High-to-Low-Level Output 10 18 30 10 18 30 ns 

tpLH Propagation Delay Time, Low-to-High-Level Output 
RL =400n, 

26 .40 20 35 ns 
S 

tpHL Propagation Delay Time, High-to-Low-Level Output 22 35 16 30 ns 

tpLH 
CL =50 pF, 

tpHL 
Ratio of Propagation Delay Times A 0.5 0.8 1.3 0.5 0.8 1.3 

tTLH Transition Time, Low-to-High-Level Output See Figure 1 1 7 12 1 7 12 ns 

tTHL Transition Time, High-to-Low-Level output 1 3 12 1 3 12 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "qperating Temperature 
Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for 
actual device operation. 
Note 2: For operation above 25·C free·air temperature, refer to Thermal Ratings for ICs, Section 12, Interface Databook. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, atl voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 
Note 4: Only one output should be shorted at a time. 
Note 5: All typical values are at VCC=5V, TA=25·C. 
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Schematic Diagram (each receiver) 
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AC Test Circuit and Switching Time Waveforms 
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Note 1: Input pulses are supplied by a generator having the following characteristics: ZO=50n, PRR=5 MHz. 

Note 2: Includes probe and jig capacitance .. 

Note 3: All diodes are 1 N3064 or equivalent. 

Note 4: The strobe inputs of OS75129 are in·phase with the output. 

Note 5: VREF1 = O.7V and VREF2 = 1.7V for testing data (A) inputs, VREF1 = VREF2 = 1.3V for strobe inputs. 

FIGURE 1 

1·82 



Typical Characteristics 
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OS75150 Dual Line Driver 
General Description 
The DS75150 is a dual monolithic line driver designed 
to satisfy the requirements of the standard interface 
between data terminal equipment and data communica
tion equipment as defined by EIA Standard RS-232-C. 
A rate of 20,000 bits per second can be transmitted with 
a full 2500 pF load. Other applications are in data
transmission systems using relatively short single lines, 
in level translators, and for driving MaS devices. The 
logic input is compatible with most TTL and LS fam
ilies. Operation is from -12V and +12V power supplies. 

Schematic and Connection Diagrams 

+Vee ~~---4----"""--'---'-----' 

TO OTHER 
LINE DRIVER 

INPUT A 

STROBE S ()-4,........~ ...... i--I~H 
TO OTHER 

LINE DRIVER 

Features 

Transmission Line 
Drivers/Receivers 

• Withstands sustained output short-circuit to any 
low impedance voltage between -25V and +25V 

• 2J1s max transition time through the -3V to +3V 
transition region under full 2500 pF load 

• Inputs compatible with most TTL and LS families 

• Common strobe input 

• Inverting output 
• Slew rate can be controlled with an external capacitor 

at the output 

• Standard supply voltages ±12V 

Dual-In-Line Package 

+Vee lY 2Y -Vee 

1--~----4t-"VVv--.t-+--;-+---t4---+-<> OUTPUT 

GND ()-4~~~--I 

TO OTHER 
LINE DRIVER 

TO OTHER 
LINE DRIVER 

-Vee 0--4~---------"---+--+----I 
Componentvaluesshownaranominat. 
112 of circuit shown 

47 
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TOP VIEW 

Positive logicY • .4] 

Order Number DS75150J-8 or DS75150N 
See NS Package J08A or NOSA 



Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage +VCC 15V Supply Voltage (+VCC) 10.8 13.2 V 
Supply Voltage -VCC -15V Supply Voltage (-VCC) -10.8 -13.2 V 
Input Voltage 15V 
Applied .Output Voltage t25V 

Input Voltage (VI) 0 +5.5 V 

Storage Temperature Range -65°C to +150°C Output Voltage (VO) ±15 V 
Maximum Power Dissipation* at 25°C Operating Ambient Temperature 0 +70 °c 

Cavity Package 1133mW Range (TA) 
Molded Package 1022 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

*Derate cavity package 7.6 mWrC above 25°C; derate molded 
package 8.2 mW/oC above 25°C. 

DC Electrical Characteristics (Notes 2, 3, 4 and 5) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIH High·Level Input Voltage (Figure 1) 2 V 

VIL Low·Level Input Voltage (Figure 2) 0.8 V 

VOH High·Level Output Voltage +Vee = 10.8V, -Vee = -13.2V, VIL = 0.8V, 5 8 V 

RL = 3 kD to 7 kD, (Figure 2) 

VOL Low·Level Output Voltage +Vee = 10.8V, -Vee = -1O.8V, VIH = 2V, -8 -5 V 

RL = 3 kD to 7 kD, (Figure 1) 

IIH High·Level Input Current +Vee = 13.2V, -Vee =-13.2V, Data Input 1 10 pA 

VI = 2.4V, (Figure 3) 

+Vee = 13.2V, -Vee =-13.2V, Strobe Input 2 20 pA 

VI = 2.4V, (Figure 3) 

IlL Low·Level Input Current +Vee = 13.2V, -Vee =-13.2V, Data Input -1 -1.6 mA 

VI = O.4V, (Figure.3) 

+Vee = 13.2V, -Vee =-13.2V, Strobe Input -2 -3.2 mA 

VI = O.4V, (Figure 3) 

los Short·Circuit Output Current Vo = 25V 2 5 mA 
+Vee = 13.2V, -Vee =-13.2V, 

Vo =-25V -3 -6 mA 
(Figure 4), Note 4 

Vo = OV, VI = 3V 15 30 mA 

VO=OV,VI=OV -15 -30 mA 

+leeH Supply Current From +Vee, +Vee = 13.2V, -Vee = -13.2V, VI = OV, 10 22 mA 

High·LevelOutput RL = 3 kD, T A = 25°C, (Figure 5) 

-leeH Supply Current From -Vee, +Vee = 13.2V, -Vee = -13.2V, VI = OV, -1 -10 mA 

High·Level Output RL = 3 kD, T A = 25°C, (Figure 5) 

+leeL Supply Current From +Vee, +Vee = 13.2V,-Vee =-13.2V, VI =3V, 8 17 mA 

Low·Level Output RL = 3 kD, T A = 25°C, (Figure 5) 

-leeL Supply Current From -Vee, +Vee = 13.2V,-Vee =-13.2V, VI =3V, -9 -20 mA 

Low·Level Output RL = 3 kD, T A = 25°C, (Figure 5) 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the O°C to +70°C range for the DS75150. All typical values are for T A = 25°C 
and +VCC = 12V, -Vcc = -12V. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 
Note 4: Only one output at a time should be shorted. 
Note 5: The algebraic convention where the most-positive (least·negative) limit is designated as maximum is used in this data sheet for logic levels 
only, e.g., when -5V is the maximum, the typical value is a more·negative volt<jge. 
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AC Electrical Characteristics (+Vcc = 12V,-Vcc =-12V, TA = 25°C) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tTlH Transition Time, Low-to-High CL = 2500 pF, R L = 3 kn to 7 kn, 0.2 1.4 2 IlS 

Level Output (Figure 6) 

tTHL Transition Time, High-to-Low CL = 2500 pF, R L = 3 kn to 7 kn, 0.2 1.5 2 IlS 
Level Output (Figure 6) 

tTlH Transition Time, Low-to-High CL =15pF, RL = 7 kn, (Figure 6) 40 ns 

Level Output 

tTHL Transition Time, High-to-Low CL =15pF, RL =7kn, (Figure 6) 20 ns 

Level Output 

tplH Propagation Delay Time, ~L=15pF, RL = 7 kn, (Figure 6) 60 ns 

Low-to-High Level Output 

tpHL Propagation Delay Time, CL =15pF, RL =7kn, (Figure 6) 45 ns 

High-to-Low Level Output 

DC Test Circuits 
+Vcc -Vee +Vcc -Vee 

t---~· 
:,:~ ~~Jf ± ${'H ~f ~ SEE 

V, NOTE OPEN 

-;;:- L-
1

-.J 

Each input is tested sepantely. 
Note: When testing IIH,the other input isat 3V; when testing 
IIL,the other inputisopen. 

FIGURE 1. VIH, VOL FIGURE 2. VIL, VOH 

los is tested for both input conditions It each of the specified 
outpulconditions. 

FIGURE 4. lOS 

AC Test Circuit and 
Switching Time Waveforms 

....----. f ~.=--~ 
I PULSE I -,-, >--fl-+---L ..... -O OUTPUT 

GENERATOR 11 
(SEE NOTE 1) I L - I Tel 

. - I_ - ---J -=- RL -=- (SEE NOTE 2) 

~10.'-j r- -j 
3V.~0%1 90% INPUT 10% 1.5V 1.5V 
OV 50", 

VOH leHl ~V -3V \PlH [I--+3:V 

VOL -----il~ """~~_-..;;3.;.;V.,--
OUTPUT - ~tTHL - tTLH 

$10 •• 

10% 

Note 1: The pulse geneJltor has the following charlcteristics: duty cycle $ 50%, louT ~ 50n. 
Note2: Cl includes probe Ind jig Clpacitlnce. 

-FIGURE 6. 
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+Vcc -Vee 

+lccH • +ICCl I I I t I . I 
. + r- -l -CCH.-m 

V'~ L_J_.Jl" 
FIGURE 5. ICCH+, ICCH-, ICCL+, ICCL-

Typical Performance Characteristics 

Output Current vs 
Applied Output Voltage 

20 +Vee. 12V VI' 2.4'1 
« 15 -Vee· -12VT .... -+-"'-=+1f-+--+-~ 

~ 10 TA ·25'C 

i 5 II 
- 0 ~ ~ 
~ -5 f-f-~ """ 

I -10 

Vo - APPLIED OUTPUT VOLTAGE (V) 

FIGURE 7. 



~National 
~ Semiconductor 

0575154 Quad Line Receiver 
General Description 

The DS75154 is a quad monolithic line receiver 
designed to satisfy the requirements of the standard 
interface between data terminal equipment and data 
communication equipment as defined by EIA Standard 
RS-232C. Other applications are in relatively short, 
single-line, point-to-point data transmission systems and 
for level translators. Operation is normally from a single 
5V supply; however, a built-in option allows operation 
from a 12V supply without the use of additional com
ponents. The output is compatible with most TIL and 
LS circuits when either supply voltage is used. 

In normal operation, the threshold-control terminals are 
connected to the V CCl terminal, pin 15, even if power is 
being supplied via the alternate VCC2 terminal, pin 16,,_ 
This provides a wide hysteresis loop which is the differ
ence between the positive-going and negative·going 
threshold voltages. In this mode, if the input voltage 
goes to zero, the output voltage will remain at the low or 
high level as determined by the previous input. 

For fail-safe operation, the threshold-control terminals 
are open. This reduces the hysteresis loop by causing 

Schematic and Connection Diagrams 
COMMON TO 4 CIRCUITS 

VCC2 
(NOTE) 

------1 

v~'O-+--------~ 

RI o-.L-----..J\I1I/1r ... 

GNO o-..,.....-----+_~ 

I 
I 
I 
I 
I 
I 
I 

..:: ..J I OF 4 RECEIVERS -------, 
1.6k 

TH~~~~~~~ 0-+-""""-.--..... 
~~M""" 

1.6k 

I 
I 
I 
I 
I 

Transmission Line 
Drivers/Receivers 

the negative-going threshold voltage to be above zero. 
The positive-going threshold voltage remains above zero 
as it is unaffected by the disposition of the threshold 
terminals. In the fail-safe mode, if the input voltage goes 
to zero or an open-circuit condition, the output will go 
to the high level regardless of the previous input condi
tion. 

Features 

• Input resistance, 3 kU to 7 kU over full RS-232C 
voltage range 

• Input threshold adjustable to meet "fail-safe" require-
ments without using external components 

• Inverting output compatible with TTL or LS 

• Built-in hysteresis for increased noise immunity 

• Output with active pull-up for symmetrical switching 
speeds 

• Standard supply voltage-5V or 12V 

Dual·1 n-Line I Package 

ALT 
VCC2 

NORM THR~g~~LD _--O-UT ..... PU-TS-----. 

Vee, 4T IY 2Y 3Y 4Y RI 

OUTPUT 

INPUT o-4-II,N\r-I--...... -t 

lk 

L ____________ .J 

Note: When using VCCI (pin 15), VCC2 (pin 16) may be lelt open or shorted to VCCI ' 
When using VCC2 , VCCI must beleltlopen or connected to the threshold control pins. 
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3T 2T IT tA 2A 3A 4A GNo --..,..---' '-----------
THRESHOLD 
CONTROLS 

_ INPUTS 
Y·A 

TOPVIEW 

Order Number DS75154J or DS75154N 
See NS Package J16A or N16A 



Absolute Maximum Ratings (Note 1) Operating. Conditions 

Normal Supply Voltage (Pin 15) ,(V CC1) 
Alternate Supply Voltage (Pin 16l.(V CC2) 
Input Voltage 

7V 
14V 

±25V 
-65°C to +150°C 

Supply Voltage (Pin 15),(VCC1) 

Alternate Supply Voltage (Pin 16) 

Storage Temperature Range 
(VCC2) 

Input Voltage Maximum Power Dissipation* at 25°C 
Cavity Package 1433 mW 

1362 mW 
300°C 

Temperature, (T A) 
Molded Package 

Lead Temperature (Soldering, 10 seconds) 

*Derate cavity 'package 9.6 mWtC above 25°C; derate molded 
package 10.9 mWtC above 25°C. 

Electrical Characteristics (Notes 2,3 and 4) 

PARAMETER GONDITIONS 

V IH tligh-Level Input Voltage (Figure 1) 

V IL Low-Level Input Voltage (Figure 1) 

VT+ Positive-Going Threshold Voltage Normal Operation 
(Figure 1) 

Fail-Safe Operation 

VT- Negative-Going Threshold Voltage Normal Operation 
(Figure 1) 

Fail-Safe Operation 

VT+-VT_ Hysteresis Normal Operation 
(Figure 1) 

Fail-Safe Operation 

VOH High-Level Output Voltage IOH = -400J.lA, (Figure 1) 

VOL Low-Level Output Voltage IOL = 16 mA, (Figure 1) 

r l Input Resistance flV I = -25V to -14V 

flV I = -14V to -3V 

(Figure 2) flV I = -3V to +3V 

flV I = 3V to 14V 

flV I = 14V to 25V 

VI (OPEN) Open-Circuit Input Voltage II = 0, (Figure 3) 

los Short-Circuit Output Current VCCl = 5.5V, VI = -5V, (Figure 4) 

(Note 5) 

ICCl Supply Current From VCCl VCCl = 5.5V, T A = 25°C, (Figure 5) 

Icc2 Supply Current From VCC2 VCC2 = 13.2V, TA = 25°C, (Figure 5) 

Switching Characteristics (VCC1 = 5V, TA = 25°C) 

PARAMETER CONDITIONS 

tpLH Propagation Delay Time, Low-to-High CL = 50 pF, RL = 390n, (Figure 6) 

Level Output 

tpHL Propagation Delay Time, High-to-Low CL = 50 pF, RL = 390n, (Figure 6) 

Level Output 

tTLH Transition Time, Low-to-High Level CL = 50 pF, RL = 390n. (Figure 6) 

Output 

tTHL Transition Time, High-to-Low Level CL = 50 pF, RL = 390n, (Figure 6) 

Output 

MIN 

3 

0.8 

0.8 

-3 

0.8 

0.8 

0 

2.4 

3 

3 

3 

3 

3 

0 

-10 

MIN 

TYP 

2.2 

2.2 

-1.1 

1.4 

3.3 

0.8 

3.5 

0.23 

5 

5 

6 

5 

5 

0.2 

-20 

20 

23 

TYP 

22 

20 

9 

6 

MIN 

4.5 

10.8 

a 

MAX UNITS 

5.5 V 

13.2 V 

±15 V 

+70 °c 

MAX UNITS 

V 

-3 V 

3 V 

3 V 

0 V 

3 V 

6 V 

2.2 V 

V 

0.4 V 

7 kn 

7 kn 

kn 

7 kn 

7 kn 

2 V 

-40 mA 

35 mA 

40 mA 

MAX UNITS 

ns 

ns 

ns 

ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the O°C to + 70°C range for the DS75154. All typical values are for T A = 25°C and 
VCCl = 5V. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. . 

Note 4: The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic and 
threshold levels only, e.g., when -3V is the maximum, the minimum limit is a more-negative voltage. 
Note 5: Only one output at a time should be shorted. 

1-88 



DC Test Circuits and Truth Tables 
5.5VQ Qll.2V 

V,. VT 

TEST MEASURE A T 

Open·Circuit Input VOH Open Open 
(fail·safel VOH Open Open 

V T + min, VOH O.BV Open 

V T- (fail·safel VOH O.BV Open 

V T+ min (Normall 
VOH Note 1 Pin 15 

VOH Note 1 Pin 15 

V1L max, VOH -3V Pin 15 

V T- min (Norma" VOH -3V Pin 15 

V ,H min. V T+ max. VOL 3V Open 

VT- max (fail'safel VOL 3V Open 

V,H min. Vn max VOL 3V Pin 15 

(Normal I VOL 3V Pin 15 

VOL Note 2 Pin 15 
V T- max (Normal I 

VOL Note 2 Pin 15 

Note 1: Momentarily apply -5V, then O.8V. 

Note 2: Momentarily apply 5V, then ground. 

V. X>---""T-o OPEN 

FIGURE 2. q 

>-----i ;K>--"";'+-oOOPEN 

VIIOPENI L ...J 
~ ---*---

FIGURE 3. VIIOPEN) 
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V VCC1 VCC2 
(PIN 151 (PIN 161 

10H 4.5V Open 
10H Open 10.BV 

10H 5.5V Open 

10H Open 13.2V 

10H 5.5V and T Open 

10H T 13.2V 

10H 5.5V and T Open 

10H T 13.2V 

10L 4.5V Open 

10L Open 10.BV 

10L 4.5V and T Open 

10L T 10.BV 

10L 5.5V and T Open 

10L T 13.2V 

T 
VCC1 VCC2 

(Pin 15) (Pin 16) 

Open 5V Open 
Open Gnd Open 
Open Open Open 
Pin 15 Tand 5V Open 
Gnd Gnd Open 

Open Open 12V 

Open Open Gnd 
Pin 15 T 12V 

Pin 15 T Gnd 
Pin 15 T Open 

T 
VCC1 VCC2 

(Pin 15) (Pin 16) 

Open 5.5V Open 
Pin 15 5.5V Open 
Open Open 13.2V 
Pin 15 T 13.2V 



DC Test Circuits (Continued) 

OPEN 
S.SV « OPEN OPEN 

lli..' ...116 L 
- - Vcc, - Vee:-- Rll 

v 

S.SV]<:. _j 0--013.2V 

Icc, lee2 

OPEN ~. ~ OPEN 
. IS 16 L r T - Vee,' - Vee:-- Rll 

-SV 
5V x>----+-o OPEN 

Each output is tested separately. 
All four line receivers are tested simultaneously. 

FIGURE 4. lOS FIGURE 5. ICC 

AC Test Circuit and SWitching Time Waveforms 

PULSE 
GENERATOR 

(NOTE 1) 

INPUT SV OUTPUT 

~ 

L _ _ _ _ _ \. ~_.-1 ALL DIODES ARE lN3064 

I -":E: \.;ig: 
-= -=" -= 

5V 

INPUT. OV 

-5V 

V OH 2V 
OUTPUT 

VOL 

Note 1: The pulse generator has the following characteristics: ZOUT = 50n, tw = 200 ns, duty cycle ~ 20%. 

Note 2: CL includes probe and jig capacitance 

FIGURE 6. 

Typical Performance Characteristics 

o 

Output Voltage vs 
Input Voltage 

I 
- ~ II FAIL~AFE 

OPERATION 

I 
(NOTE 3) vT-1 -VT' 

NORMALJ 
f-OPEtATIO,N 

l J 

-3 -2 -1 

-

INPUT VOLTAGE (V) 
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~National 
~ Semiconductor 

Transmission Line 
Drivers/Receivers 

0578201058820 Dual Line Receiver 
General Description 

The OS7820, specified from -55°C to +125°C, and 
the OS8820, specified from DoC to +70°C, are 
digital line receivers with two completely indepen
dent units fabricated on a single silicon chip. 
Intended for use with digital systems connected 
by twisted pair lines, they have a differential input 
designed to reject large common mode signals while 
responding to small differential signals. The output 
is directly compatible with TTL or LS integrated 
circuits. 

Features 
• Operation from a single +5V logic supply 

• Input voltage range of ±15V 

Schematic and Connection Diagrams 

RESPONSE TIME 
CDUROl 

• Each channel can be strobed independently 

• High input resistance 

• Fan out of two with TTL integrated circuits 

The response time can be controlled with an ex
ternal capacitor to eliminate noise spi kes, and the 
output state is determined for open inputs .. Ter
mination resistors for the twisted pair line are 
also included in the circuit. Both the OS7820 and 
the OS8820 are specified, worst case, over their 
full operating temperature range, for ± 1 O-percent 
supply voltage variations and over the entire input 
voltage range. 

Dual-In-Line Package 

r-------~--_.-----+--.--------.--~~-- v' 
1NPUT--~~-., 

NONINVERTlN(t 
INPUT 

TERMINATION 

Al 

AlO 

'" 

"J ,., 

"2 
111 

IN~~:J~NG -.JV.I.Iv-----.... ------...J 

Typical Application 

INPUTS U -..... -+-I-~ 

All 
J2D 

TWISTED PAIR LINE 

tExactvalue depends on line length. 

*Optional to control reo;;ponsetime. 
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Order Number DS7820J, DS8820J 
or DS8820N 

See NS Package J14A or N14A 

c,t 
O.O'"F 

STROBE 

OUTPUT 
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Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage 
Input Voltage 
Differential Input Voltage 
Strobe Voltage 
Output Sink Current 
Maximum Power oissipation* at 25°C 

Cavity Package 
Molded Package 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

8.0V 
±20V 
±20V 
8.0V 

25mA 

1308 mW 
1207 mW 

-65°C to +150°C 
300°C 

*Derate cavity package 8.7 mW/oC above 25°C; derate molded 
package 9.7 mW/oC above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS 

VTH Input Threshold Voltage VCM = 0 

Supply Voltage (VCC) 
OS7820 
OS8820 

Temperature IT A) 
OS7820 
oS8820 

MIN 

-0.5 

-15V ~ VCM ~ 15V -1.0 

V OH High Output Level louT ~ 0.2 mA ' 2.5 

VOL Low Output Level IS'NK ~ 3.5 mA 0 

R,- Inverting Input Resistance 3.6 

R,+ Non-Inverting Input Resistance .1.8 

RT Line Termination Resistance T A = 25°C 120 

tr Response Time COELAY = 0 

COELAY = 100 pF 

1sT Strobe Current VSTROBE = O.4V 

VSTROBE = 5.5V 

Icc Power Supply Current V'N = 15V 

V'N = 0 

V'N = -15V 

I'N+ Non-I nverting I npui Current V'N = 15V 

V'N = 0 -1.6 

V'N = -15V -9.8 

I'N- I nverting Input Cu rrent V'N = 15V 

V'N = 0 

V'N = -15V -4.2 

MIN 

4.5 
4.75 

-55 
0 

TYP MAX 

0 0.5 

0 1.0 

5.5 

0.4 

5.0 

2.5 

170 250 

40 

150 

-1.0 -1.4 

5.0 

3.2 6.0 

5.8 10.2 

8.3 15.0 

5.0 7.0 

-1.0 

-7.0 

3.0 4.2 

0 -0.5 

-3.0 

MAX UNITS 

5.5 V 
5.25 V 

+125 °c 
+70 °c 

UNITS 

V 

V 

V 

V 

kQ 

kQ 

Q 

ns 

ns 

mA 

J.lA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2; These specifications apply for 4.5V $ Vee $ 5.5V, -15V $ VCM $ 15V and -55°C $ TA $ +125°C for the OS7820 or O°C $ TA $ 
+70°C for the OS8820 unless otherwise specified; typical.values given are for Vee = 5.0V, TA = 25°C and VCM = 0 unless stated. differently, 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on-absolute value basis. 
Note 4:· The specifications and curves given are for one side only. Therefore, the total package dissipation and supply currents will be double the 
values given when both receivers are operated under identical conditions. 
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Typical Performance Characteristics (Note 3) 

Supply Voltage Sensitivity 

0.3 

~ .... 0.2 '" c 

~ 0.1 > 

~ 
:; 
.... 
c 

~ -0.1 

:: -0.2 
Q 

-0.3 
4 4.5 5.5 

SUPPl V VOL TAGE (V) 

Response Time 

~ 4 
.... Vee' 5V 
'" ~ TA • 25°C 

~ 0 
> 
~ -2 - I z -4 

'\ CdlllY = 100 pF 

'" 
~ 
> ... 
'" 
~ 0 
Q 0 

CdIIIY'O, 

{ /' 
II 

- UJ 
0.2 

\ 

0.4 

TIME (/lS) 

i"'\ 
\ 

0.6 0.8 

Common Mode Rejection 

~ 0.4 1--+--+_-t--+_t-T-jA_"_2-t
S

o_
C
-t 

'" c 
~ 0.2 
> 

~ .... 
c 

~ -0.2 t---+--+-+--+-t---+--+----1 

~ -0.4 1--+--+-+--+-1--+--+--1 

-20 -10 10 20 

INPUT VOL TAGE (V) 

Output Voltage Levels 

'" ~ J 
> ... 
~ 0.2 

0.1 

o 

-
, 

OUTPUT HiGH J± 
Vee' S.OV 

'R 

OUTPUT lOW- - r--

-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (oC) 

Transfer Function 

Vee' 5V 
-FAN OUT- 2 

oJ' ~ -~ I" 

55°C, ~ 
125°C-!J-
25°C -'Ii I'--

"~;;' 
~ j" 
IJ 

-0.4 -0.2 0.2 0.4 

OIFFERENTIAllNPUT VOLTAGE (V) 

Termination Resistance 

2011 

190 
L 

- 180 .... 
u 
z 

~ 
170 ~ 

./ 

" ./ 

"- ./ ---a: 

160 

150 
-75 -50 -25 a 25 50 75 100 125 

TEMPERATURE (OC) 

Positive Supply Current Internal Power Dissipation 

_2L--L~_L--L~~~~~ 

-20' -10 0 10 20 

300 

i" 
oS 
~ 200 ~\ 
>= : 
~ 
Q 
a: 100 

~ 
a 
-20 

\~ 
" 

Vee = 5.0V 
OUTPUT lOW 

~ 
125°C ~ 

'~ TC-" '{""" 
I' ~ 

-10 10 20 

INPUT VOL TAGE (V) INPUT VOLTAGE (V) 

1-93 



I 
c 
< o 
C\I 
CO 
r-.... en 
c 

~National 
~ Semiconductor 

Transmission Line 
Drivers/Receivers 

DS7820AlDS8820A Dual Line Receiver 
General Description 
The DS7820A and the DS8820A are improved 
performance digital line receivers with two com
pletely independent units fabricated on a single 
silicon chip_ I ntended for use with digital systems 
connected by twisted pair lines, they have a differ
ential input designed to reject large common mode 
signals while responding to small differential sig
nals. The output is directly compatible with TTL 
or LS integrated circuits. Some important design 
features include: 

• Operation from a single +5V logic supply 

• I n put voltage range of ± 15V 

.- Strobe low forces output to "1" state 

• High input resistance 

Schematic and Connection Diagrams 
RESPONSE TIME 

CONTROL 

• Fanout of ten with TTL integrated circuits 

• Outputs can be wire OR'ed 

• Series 54/74 compatibfe 

The response time can be controlled with an ex
ternal capacitor to reject input noise spikes. The 
output state is a logic "1" for both inputs open. 
Termination resistors for the twisted pair line are 
also included in the circuit. Both the DS7820A 
and the DS8820A are specified, worst case, over 
their full operating temperature range (-55

u e 
to 125°C and oOe to 70°C respectively), over the 
entire input voltage range, for ± 1 0% supply volt
age variations. 

Dual-In-line Package 

r-----..... - ..... ---+_ .... ---.... - ..... _--vc. ,----t-.;;.ll.INPUT 

NQNINVERTING 
INPUT 

,,1 

Rl 

'10 

RIO 
161 

0' 
5k 

01 
5' 

.J 
151 

0' 
" 

0' 
" 

0'2 
5.'" 

Typical Applications 

Differential Line Driver and Receiver 

1/20S1830 

~ 
INPUTS 

0" 
3k 

0" 
lID 

0" 
Uk 

.15 
320 

Note: Schematicshovvs one-half of unit. 

12 
TERMINATION 

RESPONSE T1ME 

RESPOfJSE TIME 

OUTPut 

Note: Pin 7 connected to bottom of cavity package. 

Order Number DS7820AJ, DS8820AJ 
or DS8820AN 

See NS Package J14A or N14A 

Single Ended (EIA-RS232C) Receiver with Hysteresis 

·Optionaltocontrol response time. 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage B.OV Supply Voltage (V CC) 
Common·Mode Voltage ±20V DS7820A 4.5 5.5 V 
Differential Input Voltage ±20V DS8820A 4.75 5.25 V 
Strobe Voltage B.OV 

Temperature (T A) 
Output Sink Current 50 mA 

DS7820A --55 +125 °c 
Storage Temperature Range _65°C to 150°C 

DSB820A a +70 °c 
Maximum Power Dissipation" at 25°C 

Cavity Package 130B mW 
Molded Package 1207 mW 

Lead Temperature (Soldering, 10 sec) 300°C 

"Derate cavity package B.7 mW/oC above 25°C; derate molded 
package 9.7 mWtC above 25°C. 

Electrical Characteristics (Notes 2, 3, and 4) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VTH Differential Threshold Voltage lOUT = -400)1A, -3V < VCM S; +3V 0.06 0.5 V 

VOUT :::: 2.5V -15V S; VCM < +15V 0.06 1.0 V 

lOUT = +16 mA, -3V < VCM < +3V --0.08 -0.5 V 

VOUT S; 0.4V -15V S; VCM S; +15V -0.08 -1.0 V 

RI - Inverting I nput Resistance -15V S; VCM S; +15V. 3.6 5 kn 
RI ' Non·1 nverting I nput Resistance -15V S; VCM S; +15V 1.8 2.5 kn 
RT Line TerlTJination Resistance T A ~ 25°C 120 170 250 n 
11- Inverting I nput Current VCM = 15V 3.0 4.2 mA 

VCM = OV a -0.5 rnA 

VCM = -15V -3.0 -4.2 mA 

11+ Non·lnverting Input Current VCM = 15V 5.0 7.0 rnA 

VCM = OV -1.0 -1.6 mA 

VCM - -15V -7.0 -9.8 rnA 

Icc Power Supply Current 
V OIFF = -lV I VCM = 15V 3.9 6.0 rnA 

One Side Only lOUT = Logical "a" VCM = -15V 9.2 14.0 mA 

V OIFF = -0.5V, VCM = OV 6.5 10.2 mA 

VOH Logical "1" Output Voltage lOUT = -400)1A, V OIFF = lV 2.5 4.0 5.5 V 

VOL Logical "a" Output Voltage lOUT = +16 mA, V OIFF = -lV a 0.22 004 V 

VSH Logical "1" Strobe Input Voltage lOUT = +16 mA, V OUT S; 0.4V, V OIFF = -3V 2.1 V 

VSL Logical "a" Strobe I nput Voltage lOUT = -400,uA, VOUT :::: 2.5V, V OIFF = -3V 0.9 V 

ISH Logical "1" Strobe I nput Current VSTROBE = 5.5V, V OIFF = 3V 0.01 5.0 )1A 

ISL Logical "a" Strobe I nput Current VSTROBE = OAV, V OIFF = -3V -1.0 -104 mA 

Isc Output Short Circuit Current lOUT = OV, Vcc = 5.5V, VSTROBE = OV -2.8 -4.5 -6.7 mA -

Switching Characteristics T A = 25°e, Vee = 5V, unless otherwise noted 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpdO Propagation Delay, Differential 30 45 ns 

Input to "a" Output 

tpdl Propagation Delay, Differential 27 40 ns 

I nput to "1" Output 

tpdO Propagation Delay, Strobe 
RL = 400n, CL = 15 pF, see Figure 1 

16 25 ns 

Input to "a" Output 

tpdl Propagation Delay, Strobe 18 30 ns 

Input to "1" Output 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the -devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: These specifications apply for 4.5V S; VCC $. 5.5V, -15V $. VCM $. 15V and _55°C $. TA $. +125°C for the DS7820A or 4.75V $. 
VCC $. 5.25V. O°C $. T A $. +70°C for the DS8820A unless otherwise specified. Typical values given are for VCC = 5.0V, T A = 25

u
C and VCM = 

OV unless stated differently. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

1·95 

c 
(J) 
-.....I 
00 
I\) 
o 
~ 
C 
(J) 
00 
00 
I\) 
o 
~ 



Typical Performance Characteristics (Note 3) 
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Temperature Sensitivity 

:; 100 ,--....,,--,.-or---r--.-"""-""""'--' 

oS 
~ 50 t--+--+--

~ 
> 
c 
C 
::t: ! -50 

~ -100 I--+--+--j-
i= 
ffi 
~ -150 '--....L---L_.L--L.--L_"'---I---J 

:!: -75 -50 -25 25 50 75 100 125 

TA rC) 
Q 

Input Characteristics 

!- Vee' 5V ./ 
TA = 25'C / 

< 
oS 1 // i'" 
.... 
." ... 1 "., ~ 
a: 
a: 

-2 ::> 
<..> 

~ 
-4 

-6 

-8 

-INPUt:> ~ 

" """'-1 / ..... 

A 
/""'-+INPUT 

I -10 
-20 -10 10 20 

INPUT VOLTAGE (WITH RESPECT TO GROUNO) (V) 

~ ... 
'" c( 

~ 
> 

Output Voltage Levels 

5 I I 

r- Vee' 5V 
L 

r--f--
LOGICAL "I" OUTPUT, 

r--lOUT = -400 pA -

J::::~ :::::: 

~ o. 

o. 

3 
~ ~ 

L-'-:-0"O\l"lY\l"l, 
2 \.OGICII. '" \6 ",11.-.- ~ 

O. 1 
lot 

-75 -50 -25 0 25 50 75 100 125 

TA ('C) 

Noise Rejection 

1000 r:----n::== 
] 
::t: .... 
C 
;: ... 
'" ::> 100 

'" ~ 
x 
c( 
:;; 

10 
10 100 1000 10,000 

CRESPONSE TIME CONTROL (pF) 



AC Test Circuit and Waveforms 

PULSE 
GEN. 

PULSE 
GEN. 

I, = 1,= 10 ns 
PRR' 1 MHz 

OIFF 
INPUT 

STROBE 
INPUT 

-2.5V 

OV 

OUTPUT. 

...--------.... --0 Vee • 5V 

"Includes Jig and Probe 

A = Oifferenlialinpul 10 "0" OUIPuI 
B = Oifferenliallnpul 10 "I" OUlpul 
C • Slrobe Input to "0" Output 
o • Strobe Input to "I" Output 

FIGURE 1 
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'?A National " 
~ Semiconductor 
DS78C20/DS88C20 

Transmission Line 
Drivers/Receivers 

Dual eM.OS Compatible Differential Line Receiver 
. General Description 

The OS78C20 and OS88C20 are high performance, 
dual differential, CMOS compatible line receivers for 
both balanced and unbalanced digital data transmission. 
The inputs are compatible with E IA and Federal 
Standards. 

Input specifications meet or exceed those of the popular 
OS7820/0S8820 line receiver, and the pinout is identical. 

A response pin is provided for controlling sensitivity to 
input noise' spikes with an external capacitor. Each 
receiver includes a 180D. terminating resistor, which may 
be used oPtionally on twisted pair lines. The OS78C20 
is specified over a -55°C to +125°C operating tempera
ture range, and the OS88C20 over a O°C to +70°C range. 

Features 
• Meets requirements of EIA Standards RS-232-C 

RS-422 and RS-423, and Federal Standards 1020 and 
1030 

• Input voltage range of ±15V (differential or common-
mode) 

• Separate strobe input for each receiver 

• 1/2 VCC strobe threshold for CMOS compatibility 

• 5k typical input impedance 

• 50 mV input hysteresis 

• 200 mV input threshold 

• Operation voltage range = 4.5V to 15V 

• OS7830/0S8830 or MM78C30/MM88C30 recom
mended driver 

Connection Diagram Dual-In-Line Package 

TERMI· RESPONSE 
Vee, -INPUT NATION +INPUT STROBE TIME OUTPUT 

14 13 12 11 10 

-INPUT TERMI· +INPUT STROBE R~SPONSE OUTPUT GND 
NATION TIME 

TOPVIEW 

Order Number DS78C20J, DS88C20J or DS88C20N 
Typical Applications See NS Package J14A or N14A 

RS-422/RS-423 Application 

Vee 
LINE DRIVER ANO RECEIVER (NOTE 3) 

OUTPUT 

STROBE 

Note 1: (Optional internal termination resistor!. 
a) Capacitor in series with internal line termination resistor, terminates the 
line and saves termination power. Exact value depends on line length. 
b) Pin 1 connected to pin 2; terminates the line. 
c) Pin 2 open; no internal line termination. 
d) Transmission line may be terminated elsewhere or not at all. 
Note 2: OPtional to control response time. 

Note 3: VCC 4.5V to 15V for the DS78C20. For further information on line 
drivers and line receivers, refer to application notes AN-22, AN-83 and AN-108. 
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RS-232-C Application with Hysteresis 

Vee 

Vee Rl 01 

INPUT 

For signals which require fail-safe or have slow rise 
and fall times, use R1 and D1 as shown above. 
Otherwise, the positive input (pin 3 or 11) may be 
connected to ground. 

Vee R1 ±5% 

5V 4.3kn 

10V 15 kn 
15V 24kn 

(OUTPUT
"I" FOR 
OPEN INPUT) 

DV D.BV 2.SV 
VIN 



Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage 18V Supply Voltage (VCC) 4.5 15 V 
Common-Mode Voltage ±25V Temperature (T A) 
Differential Input Voltage ±25V DS78C20 -55 +125 °c 
Strobe Voltage 18V DS88C20 0 +70 °c 
Output Sink Current 50mA Common-Mode Voltage (VCM) -15 +15 V 
~aximum Power Dissipation' at 25° C 

Cavity Package 1364 mW 
Molded Package 1280 mW 

Storage Temperature Range ~5°C to +150°C 
Lead Temperature (Soldering. 10 seconds) 300°C 

'Derate cavity package 9.1 mW/"C above 25°C; derate molded 
package 10.2 mW/oC above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VTH Differential Threshold Voltage lOUT = -200 1lA, -lOV -s; VCM -s; 10V 0.06 0.2 V 

VOUT 2 VCC - 1.2V -15V -s; VCM -s; 15V 0.06 0.3 V 

-10V -s; VCM -s; 10V -0.08 -0.2 V 
lOUT = 1.6 mA, VOUT -s; 0.5V 

-15V -s; VCM -s; 15V -0.08 -0.3 V 

RIN Input Resistance -15V -s; VCM -s; 15V 5 kn 

RT Line Termination Resistance TA = 25°C 100 180 300 n 

liND Data Input Current (Unterminated) VCM = 10V 2 3.1 mA 

VCM = OV 0 -0.5 mA 

VCM = -10V -2 -3.1 mA 

VTH8 Input Balance lOUT = 200llA, VOUT2 

VCC - 1.2V, RS = 500n, (Note 5) 
-7V-S;VCM-S;7V 0.1 0.4 V 

lOUT = 1.6 mA, VOUT -s; 0.5V, 
-7V -s; VCM -s; 7V -0.1 -0.4 V 

RS = 500n, (Note 5) 

VOH Logical "1" Output Voltage lOUT = -200 1lA, VDIFF = lV VCC-1.2 VCC-0.75 V 

VOL Logical "0" Output Voltage lOUT = 1.6 mA, VDIFF =-lV 0.25 0.5 V 

ICC Power Supply Current 15V -s; VCM -S;-15V, VCC = 5.5V 8 15 mA 

VDIFF = -0.5V (Both Receivers) VCC = 15V 15 30 mA 

IIN(l) Logical "1" Strobe Input Current VSTROBE = 15V, VDIFF = 3V 15 100 Il A 

IIN(O) Logical "0" Strobe Input Current VSTROBE= OV, VDIFF = -3V -0.5 -100 IlA 

VIH Logical "1" Strobe Input Voltage VCC= 5V 3.5 2.5 V 

lOUT = 1.6 mA, VOL -s; 0.5V VCC = 10V 8.0 5.0 V 

VCC= 15V 12.5 7.5 V 

VIL Logical "0" Strobe Input Voltage VCC= 5V 2.5 1.5 V 
lOUT = -200 1lA, 

VCC= 10V 5.0 2.0 V 
VOH = VCC - 1.2V 

VCC = 15V 7.5 2.5 V 

lOS Output Short·Circuit Current VOUT = OV, VCC = 15V, VSTROBE = OV, (Note 4) -5 -20 -40 mA 

Switching Characteristics vee'" 5V. TA '" 25°e 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpdO(D) Differential Input to "0" Output CL = 50 pF 60 100 ns 

tpd1(D) Differential Input to "1" Output CL = 50 pF 100 150 ns 

tpdO(S) Strobe Input to "0" Output CL = 50 pF 30 70 ns 
I 

tpd1(S) Strobe Input to "1" Output CL = 50 pF 100 150 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides c~mditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the -55° C to +125° C temperature range for the DS78C20 and across the 0° C to 
+70°C range for the DS88C20. All typical values are for T A = 25°C, VCC = 5V and VCM = OV. 

Note 3: All currents into device pins shown as positive. out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 
Note 4: Only one output at a time should be shorted. 
Note 5: Refer to EIA-RS-422 for exact conditions. 
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AC Test Circuit and Switching Time Waveforms 

OIFF INPUT Vee 

tr = tf ::; 10 ns 

PRR = 1 MHz 

>-... -0 OUTPUT 

*Includes probe and jig capacitance 

Z.5V ------._---_ 

OIFF 
INPUT 

-Z.5V ____ J 

OUTPUT 
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~National 
~ Semiconductor 

Transmission Line 
Drivers/Receivers 

057830/058830 Dual Differential Line Driver 
General Description 

The DS7830/DS8830 is a dual differential line 
driver that also performs the dual four-input NAND 
or dual four-input AND function_ 

TTL (Transistor-Transistor-Logic) mUltiple emitter 
inputs allow this line driver to interface with 
standard TTL systems_ The differential outputs 
are balanced and are designed to drive long lengths 
of coaxial cable, strip line, or twisted pair trans
mission lines with characteristic impedances of 
50n to 500n. The differential feature of the 
output eliminates troublesome ground-loop errors 

Schematic· and Connection Diagrams 

'-+---~~~~UT 

"--+---OUTPUT 

"2 PER PACKAGE. 

Typical Application 
Digital Data Transmission 

normally associated with single-wire transmissions. 

Features 

• Single 5 volt power supply 

• Diode protected outputs for termination of 
positive and negative voltage transients 

• Diode protected inputs to prevent line ringing 

• High speed 

• Short circuit protection 

Vee 

Dual·1 n-Line and Flat Package 

AND NAND 
OUTPUT OUTPUT 

AND NAND GNO 
OUTPUT OUTPUT 

TOPVIEW 

Order Number DS7830J, 
DS8830J or DS8830N 

See NS Package J14A or N14A 

CIt 
O.OlvF 

INPUTS U --....... +-1 TWISTED PAIR LINE 

OUTPUT 

·Optional to control response time. 

STROBE 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

VCC 7.0V Supply Voltage (VCC) 

Input Voltage 5.5V OS7830 4.5 5.5 V 

Storage Temperature -65°C to +150°C OS8830 4.75 5;25 V 

Lead Temperature (Soldering. 10 sec) 300°C Temperature (T A) 
Output Short Circuit Ouration (125°C) 1 second OS7830 -55 +125 °c 
Maximum Power Oissipation* at 25°C OS8830 0 +70 °c 

Cavity Package 1308 mW 
Molded Package 1207 mW 

*Oerate cavity package 8.7 mW/oC above 25°C; derate molded 
package 9.7 mW/oC above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIH Logical "1" Input Voltage 2.0 V 

VIL Logical "0" I nput Voltage 0.8 V 

VOH Logical" 1" Output Voltage lOUT = -0.8 mA 2.4 V 
VIN = 0.8V 

lOUT = 40 mA 1.8 3.3 V 

VOL Logical "0" Output Voltage lOUT = 32 mA 0.2 0.4 V 
VIN = 2.0V 

lOUT = 40 mA 0.22 0.5 V 

IIH Logical" 1" I nput Current VIN = 2.4V 120 pA 

VIN = 5.5V 2 mA 

IlL Logical "0" I nput Current VIN = O.4V -4.8 mA 

Ise Output Short Circuit Current Vee = 5.0V, T A = 125°C, (Note 4) -40 -100 -120 mA 

Icc Supply Current VIN = 5.0V, (Each Driver) 11 18 mA 

VI Input Clamp Vee = Min, liN = -12 mA -1.0 -1.5 V 

Switching Characteristics T A = 25°C, Vee = 5V, unless otherwise noted 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpd1 Propagation Delay AND Gate RL = 400n, ~ = 15 pF 8 12 ns 

tpdO (Figure 1) 11 18 ns 

tpd1 Propagation Delay NAND Gate RL = 400n, CL = 15 pF 8 12 ns 

tpdO (Figure 1) 5 8 ns 

t1 Differential Delay Load, lOOn and 5000 pF, 12 16 ns 

(Figure 2) 

t2 Differential Delay Load, lOOn and 5000 pF, 12 16 ns 

(Figure 2) 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the OS7830 and across'the O°C to 
+70°C range for the OS8830. Typical values are for T A = 25°C and VCC = 5.0V. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 
Note 4: Only one output at a time should be shorted. 

l· INPUTSH 

...---

INPUTSH 

...--- I 
VA 

~ Loll IIo..l IIo..l IIo..J I 
100 

~.'" $CL~ 
... ... 

... ~ -- g- 5000pF 

g V, OV 

SAME LOAD VA -VI --
FIGURE 1. FIGURE 2. 
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Typical Performance Characteristics 
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~National 
~ Semiconductor 

Transmission Line 
Drivers/Receivers 

057831/058831, 057832/058832 
Oual TRI·STATE® Line Driver 
General Description 
Through simple logic control, the DS7831/ 
DS8831, DS7832/DS8832 can be used as either 
a quad single-ended line driver or a dual differential 
line driver. They are specifically designed for 
party line (bus-organized) systems. The DS7832/ 
DS8832 does not have the Vee clamp diodes 
found on the DS7831/DS8831. 

The DS7831 and DS7832 are specified for opera
tion over the -55°C to +125°C military tempera
ture range. The DS8831 and DS8832 are specified 
for operation over the O°C to +70°C temperature 
range. 

Features 
• Series 54/74 compatible 
• 17 ns propagation delay 
• Very low output impedance-high drive 

capability 
• 40 mA sink and source currents 
• Gating control to allow either single-ended or • 

differential operation 
• High impedance output state which allows 

many outputs to be connected to a common 
bus line. 

Connection and Logic Diagram 
Dual-I n-Line Package 

"A" OUTPUT 
DISABLE 

DIFFERENTIAll 

Vee 

"B"OUTPUT 
DISABLE 

OUTPUT INPUT OUTPUT INPUT SINGlHNDED 
Al Al AI AI MODE CONTROL 

OUTPUT INPUT OUTPUT INPUT DIffERENTIAL! GND 
82 82 81 81 SINGLEENDEO 

MODE CONTROL 

TOP VIEW 

Truth Table (Shown for A Channels Only) 

DIFFERENTIAL! 
""A·· OUTPUT DISABLE SINGLE·ENDED INPUT A1 

MODE CONTROL 

Mode of Operation 
To operate as a quad single-ended line driver apply 
logical "O"s to the Output Disable pins (to keep 
the outputs in the normal low impedance mode) 
and apply logical "O'''s to both Differential/ 
Single-ended Mode Control inputs. All four 
channels will then operate independently and no 
signal inversion will occur between inputs and 
outputs. 

To operate as a dual differential line driver apply 
logical "O"s to the Output Disable pins and apply 
at least one logical "1" to the Differential/Single
ended Mode Control inputs. The inputs to· the A 
channels should be connected together and the 
inputs to the B channels should be connected to
gether. 

In this mode the signals applied to the resulting 
inputs will pass non-inverted on the A2 and B2 out
puts and inverted on the A 1 and B 1 OU tpu ts. 

When operating in a bus-organized system with 
outputs tied directly to outputs of other 

(continued) 

Order Number 057831J, 058831J, 
057832J, 058832J, 058831 N or 058832N 

See NS Package J16A or N16A 

OUTPUT A1 INPUT A2 OUTPUT A2 

Logical '·r' or Same as Logical·· r· or Same as 
Logical ··0" Input Al Logical ·'0·· Input A2 

X Logical·· r· or Opposite of Logical '·1 ,. or Same as 
1 X Logical "0" Input Al Logical "0" Input A2 

1 X 
High 

High I 
X 

X X X impedance , X impedanc~ 

state state 

X = Don't Care 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage 7V 5upply Voltage (V CCI 
Il)put Voltage 5.5V 057831,057832 4.5 5.5 V 
Output Voltage 5.5V 058831, 058832 4.75 5.25 V 
Storage Temperature Range _65°C to +150°C 
Time that 2 bus·connected devices may Temperature (TAl 

be in opposite low impedance states 057831,057832 -55 +125 °c 
simultaneously 00 058831, 058832 0 +70 °c 
Maximum Power Dissipation' at 25°C 

Cavity Package 1433 mW 
Molded Package 1362 mW 

Lead Temperature (50Idering. 10 sec. I 300°C 

'Derate cavity package 9.6 mW/oC above 25°C; derate molded 
package 10.9 mWrC above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

V IH Logical "1" Input Voltage Vce = Min 2.0 V 

V IL Logical "0" Input Voltage Vee = Min 0.8 V 

VOH Logical "1" Output Voltage 
D57831, D57832 

10 = -40 mA 1.8 2.3 V 

10 =-2 mA 2.4 2.7 V 
Vee = Min 

10 =-40mA 1.8 2.5 V 
D58831, D58832 

10 = -5.2 mA 2.4 2.9 V 

VOL Logical "0" Output Voltage 
D57831, D57832 

10 = 40 mA 0.29 0.50 V 

10=32mA 0.40 V 
Vee = Min 

10 = 40 mA 0.29 0.50 V 
D58831, D58832 

10=32mA 0.40 V 

IIH Logical "1" Input Current D57831. D57832, V IN = 5.5V 1 mA 
Vee = Max 

D58831, D58832, V IN = 2.4V 40 }J.A 

IlL Logical "0" I nput Current Vee = Max, V IN = O.4V -1.0 -1.6 mA 

100 Output Disable Current Vee = Max, Va = 2.4V or O.4V -40 40 }J.A 

Ise Output Short Circuit Current Vee = Max. (Note 41 -40 -100 -120 mA 

Icc Supply Current Vee = Max in TRI·STATE 65 90 mA 

VeL! Input Diode Clamp Voltage Vee = 5.0V. T A = 25°C. liN = -12 mA -1.5 V 
I 

VeLo Output Diode Clamp Voltage 
Vee = 5~ov,1 DS7831/DS8831 

lOUT = -12 mA -1.5 V 
DS7832/D58832 

TA = 25 C I 
lOUT = 12 mA DS7831/DS8831 Vee+ 1.5 V 

Switching Characteristics T A = 25°C; Vce = 5V, unless otherwise noted 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpdO Propagation Delay to a Logical "0" 

from Inputs AI. A2. 81. 82 
13 25 

Differential Single·ended Mode 
ns 

Control to Outputs 

tpdl Propagation Del ay to a Logical" 1" 

from Inputs A I, A2. 8 I, 82 
13 25 ns 

Differential Single·ended Mode 

Contralto Outputs 

tlH Delay from Disable Inputs to High 
RL = 400n, CL = 15 pF 

I mpedance State (from Logical "1" See Figures 4 and 5 6 12 ns 

Levell 

IoH Delay from Disable Inputs to High 

Impedance State (from Logical "0" 14 22 ns 

Levell 

tHl Propagation Delay from Disable Inputs 

to Logical "I" Level (from High 14 22 ns 

Impedance State) 

tHO Propagation Delay from Disable Inputs 

to Logical "0" Level (from High 18 27 ns 

Impedance State) 
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Notes 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannqt be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified minImax limits apply across the -55°C to +125°C temperature range for the OS7831 and OS7832 and across 
the O°C to +70° C range for the OS8831 and OS8832. All typical values are for T A = 25° C and Vee = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

'Note 4: Applies for T A = 125°C only. Only one output should be shorted at a time. 

Mode' of Operation (Continued) 

DS7831/DS8831's, DS7832/DS8832's (Figure 
1), all devices except one must be placed in the 
"high impedance" state. This is accomplished by 
ensuring that a logical "1" is applied to at least 
one of the Output Disable pins of each device 
which is to be in the "high impedance" state. A 
NOR gate was purposely chosen for this function 
since it is possible with only two DM5442/ 
DM7442, BCD·to·decimal decoders, to decode as 
many as 100 DS7831/DS8831's, DS7832/ 
DS8832's (Figure 2). 
The unique device whose Disable inputs receive 
two logical "a" levels assumes the normal low 

SELECTED AS 
DRIVING -
DEVICE 

GATED INTO 
THIRD STATE -

Figure 1 

BUS LINES 

~ 

Figure 2 

.1-106 

impedance output state, providing good capacitive 
drive capability and waveform integrity especially 
during the transition from the logical "a" to 
logical "1" state. The other outputs-in the high 
impedance state-take only a small amount of 
leakage current from the low impedance outputs. 
Since the logical "," output current from the 
selected device is , 00 times that of a conventional 
Series 54174 device (40 mA vs. 400 pA), the 
output is easily able to supply that leakage current 
for several hundred other DS7831/DS8831's, 
DS7832/DS8832's and still have available drive 
for the bus line (Figure 3). 

o 0 
S S 

SELECTED AS 8 B 
DRIVING DEVICE B B 

ONE OF FOUR 
OUTPUTS 

FOR DRIVING 
OTHER 

TTL INPUTS 

3 3 40 rnA 

GATED INTO 
HI IMPEDANCE 

STATE 

GATED INTO 
HI IMPEDANCE 

STATE 

1 2 

Figure 3 



Typical Performance Characteristics 
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Switching Time Waveforms 

tpd1 & tpdO 

IN'UT 

8V---.-I 

1 

INVERTED 1 
OUTPUT I 

1 

1 
1 

·1 
~' .. '~ 

1 I 
I 1 
I 1 
I I 

NONINVERTEO 1 I 
OUTPUT I 

Inputtharacteristic: 

Amplilude=3.0V 
Frequency = 1.0 MHz, 50% duty cycle 
" = If S 10 ns (10% 10 90%) 

INPUT 

\~~. --
I 
I 
I 

OUTPUT 

AC Load Circuit 

051832/ 
058132 

5V 

I 

l 

OV 

FIGURE 4 

5, 

5, 

FIGURE 5 
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tOH 3V 

INPUT I 
I 
I 

OV I 

-j'OHt-
1 
I 

OUTPUT r-r-ACTUAL 
LOGICAL "0" 
VOLTAGE 1 

·'.5V 

t1H 3V 

IN'UT 

ov 1 

OUTPUT '," t--
ACTUAL :_t LOGICAL "I" 
VOLTAGE '\L -1 

tH1 

\" 
IN'UT 

1 OV 

-l 'H' 
1 
I 

OUTPUT 

SwitchS1 5wi'chS2 CL 

tp~1 c1cHed closed 50 pF 

'pdO closed closed 50 pF 

'OH closed closed • 5 pF 

"H closed closed • 5 pF 

'HO closed 50 pF 

'H' closed 50 pF 

* Jig capacitance. 



~National 
~ Semiconductor 

Transmission Line 
Drivers/Receivers 

DS78C120/DS88C120 Dual CMOS Compatible 
Differential Line Receiver 

General Description 
The OS78C120 and OS88C120 are high performance, 
dual differential, CMOS compatible line receivers for 
both balanced and unbalanced digital data transmission. 
The inputs are compatible with EIA, Federal and MIL 
standards. 

Input specifications meet or exceed those of the popular 
OS7820/OS8820 line receiver. 

Features 
• Full compatibility with EIA Standards RS232-C, 

RS422 and RS423, Federal Standards 1020, 1030 
and MIL-188-114 

• Input voltage range of ±15V (differential or common-
mode) 

• Separate strobe input for each receiver 

• 1/2 VCC strobe threshold for CMOS compatibility 

• 5k typical input impedance 

Connection Diagram 

• 50 mV input hysteresis 

• 200"mV input threshold 

• Operation voltage range = 4.5V to 15V 

• Separate fail-safe mode 

Functional Description 
The line receiver will discriminate a ±200 mV input 
signal over a common-mode range of ± 1 OV and a 
±300 mV signal over a range of ±15V. 

Circuit features include hysteresis and response control 
for applications where controlled rise and fall times and/ 
or high frequency noise rejection are desirable. Thres
hold offset control is provided for fail-safe detection, 
should the input be open or short. Each receiver includes 
a 180n terminating resistor and the output gate con
tains a logic strobe for time discrimination. The 
OS78C120 is specified over a -55°C to +125°C tempera
ture range and the OS88C120 from O°C to +70°C. 

Dual-In-Line Package 

FAIL-SAFE TERMI- RESPONSE 
Vee OFFSET -INPUT NATION +INPUT STROBE TIME OUTPUT 

16 15 14 13 12 11 10 

4 

OFFSET -INPUT TERMI- +INPUT STROBE RESPONSE OUTPUT GNO 
FAIL-SAFE NATION TIME 

TOPVIEW 

Order Number DS78C120J, DS88C120J 
or DS88C120N 

See NS Package J16A or N16A 

1-109 



o 
N 

o 
~ c o 
N 

o 
co 
to-. 
CJ) 
C 

Absolute Maximum Ratings (Note 1) Operating Conditions 
Supply Voltage 18V MIN MAX UNITS 

Input Voltage ±25V Supply Voltage (VCC) 4.5 15 V 

Strobe Voltage '. 18V Temperature (T A) 

Output Sink Current 50mA DS78C120 -55 +125 °c 

Maximum Power Dissipation* at 25°C DS88C120 0 +70 °c 

Cavity Package 1433 mW Common-Mode Voltage (VCM) -15 +15 V 
Molded Package 1362 mW 

Storage Temperature Range ~5°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

*Derate cavity packgge 9.6 mW/:C above 25°C; derate molded 
package 10.9 mW/ C above 25 c. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VTH Differential Threshold Voltage lOUT = -200/lA, -7V< VCM< 7V 0.06 0.2 V 

VOUT> VCC - 1.2V -15V < VCM < 15V 0.06 0.3 V 

VTL lOUT = 1.6 rnA, VOUT ~ 0.5V 
-7V < VCM < 7V -0.08 -0.2 V 

Differential Threshold Voltage 
-15V ~ VCM ~ 15V -0.08 -0.3 V 

VTH Differential Threshold Voltage lOUT = -200/lA, -7V~VCM~7V 0.47 0.7 V 

VOUT ~ VCC - 1.2V 

VTL Fail-Safe Offset = 5V lOUT = 1.6 rnA, VOUT ~ 0.5V -7V~ VCM ~ 7V 0.2 0.42 V 

RIN Input Resistance -15V ~ VCM ~ 15V, OV ~ VCC ~ 15V 4 5 kn 

RT Line Termination Resistance TA=25°C 100 180 300 n 

RO Offset Control Resistance TA=25°C 56 kn 

liND Data Input Current (Unterminated) VCM = 10V 2 3.1 rnA 

OV~VCC~15V VCM = OV 0 -0.5 rnA 

VCM = -10V -2 -3.1 rnA 

VTHB Input Balance lOUT = 200 /lA, VOUT~ 
-7V~ VCM~ 7V 

VCC - 1.2V, RS = 500n, (Note 5) 
0.1 0.4 V 

lOUT = 1.6 rnA, VOUT ~ 0.5V, 
-7V~VCM~7V 

RS = 500n, (Note 5) 
-0.1 -0.4 V 

VOH Logical "1" Output Voltage lOUT = -200 /lA, VDIFF = 1V VCC-1.2 VCC-0.75 V 

VOL Logical "0" Output Voltage lOUT = 1.6 rnA, VDIFF= -1V 0.25 0.5 V 

ICC Power Supply Current 15V ~ VCM ~ -15V, VCC = 5.5V 8 15 rnA 

VDI FF = -0.5V (Both Receivers) VCC = 15V 15 30 rnA 

IIN(1) Logical "1" Strobe Input Current VSTROBE = 15V, VDIFF = 3V 15 100 /lA 

IIN(O) Logical "0" Strobe Input Current VSTROBE = OV, VDIFF = -3V -0.5 -100 /lA 

VIH Logical "1" Strobe Input Voltage VCC = 5V 3.5 2.5 V 

VOL ~ 0.5V, lOUT = 1.6 rnA VCC = 10V 8.0 5.0 V 

VCC = 15V 12.5 7.5 V 

VIL Logical "0" Strobe Input Voltage 
VOH = VCC - 1.2V, 

VCC = 5V 2.5 1.5 V 

VCC = 10V 5.0 2.0 V 
lOUT = -200/lA 

VCC = 15V 7.5 2.5 V 

lOS Output Short·Circuit Current VOUT = OV, VCC = 15V, VStROBE = OV, (Note 4) -5 -20 -40 rnA 

Switching Characteristics Vee = 5V, TA = 25°e 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpdOID) Differential Input to "0" Output CL = 50 pF 60 100 ns 

tpd1(D) Differential Input to "1" Output CL = 50 pF 100 150 ns 

tpdO(S) Strobe Input to "0" Output CL = 50 pF 30 70 ns 

tpd1(S) Strobe I nput to "1" Output CL = 50 pF 100 150 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed, Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55° C to +125° C temperature ~ange for the DS78C120 and across the 0° C to 
+70°C range for the DS88C120, All typical values are for TA = 25°'C, VCC = 5V and VCM = OV. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. ' 

Note 4: Only one output at a time should be shorted. 

Note 5: Refer to EIA·RS422 for exact conditions. 
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AC Test Circuit and Switching Time Waveforms 

2.5V 

DIFF 
INPUT 

DIFF.INPUT 

OPEN 

-2.5V -----

Vcc 

STROBE 
INPUT 

OV 

OUTPUT 

tr=tf~10ns 

PRR = 1 MHz 

Differential and Strobe Input Signal 

10-41 .... 0 OUTPUT 

-= OPEN 

*Includes probe and test fixture capacitance 

Note. Optimum switching response is obtained by minimizing stray capacitance on Response Control pin (no external connection). 

Application Hints 

1/2 MM78C30 
LINE DRIVER 

1/4 DS1488 
OR 1/4 DS3691 

Balanced Data Transmission 

Unbalanced Data Transmission 
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Application Hints (Continued) 

Logic Level Translator 

VOH 

VIL VT VIH 

INPUT VOLTAGE 

The DS78C120/DS88C120 may be used as a level translator to interface between ±12V MOS, ECl, TTL and CMOS. To configure, 
bias either input to a voltage equal to 1/2 the voltage of the input signal, and the other input to the driving gate. 

LINE DRIVERS 

Line drivers which will interface with the OS78C120/ 
DS88C120 are listed below. 

Balanced Drivers 

OS26LS31 
MM87C30, MM88C30 
OS7830,OS8830 
OS7831,OS8831 
OS7832, OS8832 
OS1691,OS3691 
OS1692,OS3692 

OS3587, OS3487 

Unbalanced Drivers 

0~1488 
OS75150 

Quad RS422 Line Driver 
Dual CMOS 
Dual TTL 
Dual TRI-STATE@TTL 
Dual TRI·STATE TTL 
Quad RS423/0ual RS422 TTL 
Quad RS423/0ual TRI-STATE 
RS422 TTL 
Quad TRI-STATE RS422 

Quad RS232 
Dual RS232 

RESPONSE CONTROL AND HYSTERESIS 

In unbalanced' (RS232/RS423) applications it is 
recommended that the rise time and fall time of the line 
driver be controlled to reduce cross-talk. Elimination 
of switching noise is accomplished in the OS78C120/ 
OS88C120 by the 50 mV of hysteresis incorporated 
in the output gate. This eliminates the oscillations which 
may appear in a line receiver due to the input signal 
slowly varying about the threshold level for extended 
periods of time. 

High frequency noise which is superimposed on the 
input signal which may exceed 50 mV can be reduced 
in amplitude by filtering the device input. On the 

·OS78C120/0S88C120, a high impedance response 
control pin in the input amplifier is available to filter 
the input signal without affecting the termination 
impedance of the transmission line. Noise pulse width 
rejection vs the value of the response control capacitor 
is shown in Figures 1 and 2. This combination of filters 
followed by hysteresis will optimize performance in a 
worse case noise environment. 
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Application Hints (Continued) 

TRANSMISSION LINE TERMINATION 

On a transmission line which is electrically long, it is 
advisable to terminate the line in its characteristic 
impedance to prevent signal reflection and its associated 
noise/cross-talk. A 180n termination resistor is provided 
in the DS78C120/DS88C120 line receiver. To use the 
term ination resistor, connect pins 2 and 3 together and 
pins 13 and 14 together. The 180n resistor provides a 
good compromise between line reflections, power dissi
pation in the driver, and I R drop in the transmission 
line. If power dissipation and IR drop are still a concern, 
a capacitor may be connected in series with the resistor 
to minimize power loss. 

The value of the capacitor is recommended to be the line 
length (time) divided by 3 times the resistor value. 
Example: if the transmission line is 1,000 feet long, 
(approximately 1000 ns) the capacitor value should be 
1852 pF. For additional application details, refer to 
application notes AN·22 and AN-l08 in the National 
Semiconductor Interface Data Book. 

FAIL-SAFE OPERATION 

Communication systems require elements of a system to 
detect the presence of signals in the transmission lines, 
and it is desirable to have the system shut·down in a 
fail-safe mode ifthe transmission line is open or short. To 
facilitate the detection of input opens or shorts, the 
DS78C120/DS88C120 incorporates an input threshold 
voltage offset. This feature will force the line receiver 
to a specific logic state if presence of either fault is a 
condition. 

Given that the receiver input threshold is ±200 mV, 
an input signal greater than ±200 mV insures the receiver 
will be in a specific logic state. When the offset control 
input (pins 1 and 15) is connected to VCC = 5V, the 

input thresholds are offset from 200 mV to 700 mV, 
referred to the non-inverting input, or -200 mV to 
-700 mV, referred to the inverting input. Therefore, 
if the input is open or short, the input will be greater 
than the input threshold and the receiver will. remain in 
a specified logic state. 

The input circuit of the receiver consists of a 5k resistor 
terminated to ground through 120n on both inputs. 
This network acts as an attenuator, and permits opera· 
tion with common-mode input voltages greater than 
±15V. The offset control input is actually another input 
to the attenuator, but its resistor value is 56k. The off
set control input is connected to the inverting input 
side of the attenuator, and the input voltage to the 
amplifier is the sum of the inverting input plus 0.09 
times the voltage on the offset control input. When the 
offset control input is connected to 5V the input ampli
fier will see VIN(lNVERTING) + 0.45V or VIN(IN
VERTING) + 0.9V when the control input is connected 
to 10V. The offset control input will not significantly 
affect the differential performance of the receiver over 
its common·mode operating range, and will not change 
the input impedance balance of the receiver. 

It is recommended that the receiver be terminated 
(500n or less) to insure it will detect an open circuit in 
the presence of noise. 

The offset control can be used to insure fail·safe opera
tion for unbalanced interface (RS423) or for balanced 
interface (RS422) operation. 

For unbalanced operation, the receiver would be in an 
indeterminate logic state if the offset control input was 
open. Connecting the·offset to 5V offsets the receiver 
threshold 0.45V. The output is forced to a logic zero 
state if the input is open or short. 

Unbalanced RS423 and RS232 Fail-Safe 

w 
c.:l 
c:t 
~ 
o 
> 
I-

~ 
I
:::> 
o 

(OFFSET CONTROL 
INPUT OPEN) 

·INPUTVOLTAGE 

1-114 

w 
c.:l 
c:t 
~ 
o 
> 
I-

~ 
I
:::> 
o 

LINE RECEIVER 
1/2 DS7BC120 

5V 

O.45V 

INPUT VOLTAGE 

(OFFSET CONTROL 
INPUT= 5V). 



Application Hints (Continued) 

Balanced RS422 Fail-Safe 
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For balanced operation with inputs short or open, 
receiver C will be in an indeterminate logic' state. 
Receivers A,and B will be in a logic zero state allowing 
the NOR gate to detect the short or open condition. 
The strobe will disable receivers A and B and'may 
therefore be used to sample the fail-safe detector. 
Another method of fail-safe detection consists of filter
ing the output of the NOR gate D so it would not 
indicate a fault condition when receiver inputs pass 
through the threshold region, generating an output 
transient. 

Truth Table (For Balanced Fail-Safe) 

INPUT STROBE A-OUT 

0 1 0 

1 1 1 

X 1 a 
0 0 1 

1 0 1 

X 0 1 

In a communications system, only the control signals 
are required to detect input fault conditions. Advantages 
of a balanced data transmission system over an unbal
anced transmission system are: 

1. High noise immunity 
2. High data ratio 
3 Long line lengths 

B-OUT C-OUT D-OUT 

1 0 0 

0 1 0 

0 X 1 

1 0 0 

1 0 0 

1 0 0 

1-115 



~National 
D Semiconductor 

Transmission Line 
Drivers/Receivers 

DS78LS120/DS88LS120 Dual Differential 
Line Receiver (Noise Filtering and Fail-Safe) 

General Description 

The DS78LS120 and DS88LS120 are high performance. 
dual differential, TTL compatible line receivers for both 
balanced and unbalanced digital data transmission. The 
inputs are compatible with EIA, Federal and MIL 
standards. 

The line receiver will discriminate a ±200 mV input 
signal over a common-mode range of ±10V and, a 
±300 mV signal over a range of ±15V. 

Circuit features include hysteresis and response control 
for applications where controlled rise and fall times and/ 
or high frequency noise rejection are desirable. Thres
hold offset control is provided for fail-safe detection, 
should the input be open or short. Each receiver includes 
an optional 180n terminating resistor and the output gate 
contains a logic strobe for time discrimination. The 
DS78LS120 is specified over a -55°C to +125°C temper
ature range and the DS88LS120 from O°C to +70°C_ 

Connection Diagram 

Input specifications meet or exceed those of the popular 
DS7820lOS8820 line receiver. 

Features 

• Meets EIA Standards RS232-C, RS422 and RS423, 
Federal Standards 1020. 1030 and M I L-188-114 

• Input voltage range of ±15V (differential or common-
mode) 

• Separate strobe input for each receiver 

• 5k typical input impedance 

• Optional 180n termination resistor 

• 50 mV input hysteresis 

• 200 mV input threshold 

• Separate fail-safe mode 

Dual-In-Line Package 

FAIL-SAFE TERMI- RESPONSE 
Vee OFFSET -INPUT NATION +INPUT STROBE TIME OUTPUT 

16 15 14 13 12 11 10 

2 4 6 

FAIL-SAFE -INPUT TERMI- +INPUT STROBE RESPONSE OUTPUT GND 
OFFSET NATION TIME 

TOPVIEW 

Order Number DS78LS120J, DS88LS120J 
or DS88LS120N 

See NS Package J16A or N16A 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage 7V Supply Voltage (VCC) 4.5 5.5 V 

Input Voltage ±25V Temperature (T A) 
Strobe Voltage 7V DS78LS120 -55 +125 °c 
Output Sink Current 50mA DS88LS120 0 +70 °c 
Storage Temperature Range -£5°C to +150°C Common·Mode Voltage (VCM) 
Maximum Power Dissipation· at 25°C 

-15 +15 V 

Cavity Package 1433 mW 
Molded Package 1362 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

·Derate cavity package 9.6 mW/oC above 25°C; derate molded 
package 10.9 mWtC above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

-7V<VCM<7V 0.06 0.2 V 
VTH Differential Threshold Voltage : IOUT= -400}lA"VOUT~2.5V 

-15V-::;VCM-::;15V 0.06 0.3 V 

-7V-::;VCM-::;7V -0.08 -0.2 V 
VTL Differential Threshold Voltage lOUT = 4 rnA, VOUT -::; 0.5V 

-15V-::;VCM-::;15V -0.08 -0.3 V 

VTH Differential Threshold Voltage lOUT = -400 }lA, VOUT 2 2.5V -7V-::; VCM -::; 7V 0.47 0.7 V 

VTL With Fail Safe Offset = 5V lOUT = 4 rnA, VOUT -::; 0.5 -7V-::;VCM-::;7V -0.2 -0.42 V 

RIN Input Resistance -15V -::; V CM -::; 15V, OV -::; V CC -::; 7V 4 5 kn 

RT Line Termination Resistance TA = 25°C 100 180 300 n 

RO Offset Control Resistance TA=25°C 42 56 70 kn 

liND Data Input Current (Unterminated) VCM = 10V 2 3.1 rnA 

VCM = OV OV -::; VCC-::; 7V 0 -0.5 rnA 

VCM = -10V -2 -3.1 ,rnA 

VTHB I nput Balance lOUT = -400}lA. VOUT 2 2.5V. 

AS = 500n, (Note 5) 
-7V-::;VCM-::;7V 0.1 0.4 V 

lOUT = 4 rnA. VOUT -::; 0.5V, 
-7V-::;VCM-::;7V 

RS = 500n, (Note 5) 
-0.1 -0.4 V 

VOH Logical "1" Output Voltage lOUT = -400 }lA, VDI FF = 1V, VCC = 4.5V 2.5 3 V 

VOL Logical "0" Output Voltage lOUT = 4 rnA, VDIFF = -lV, VCC = 4.5V 0.35 0.5 V 

ICC Power Supply Current VCC = 5.5V, VCM = 15V 9 12 rnA 

VDIFF = -0.5V, (Both Receivers) VCM = -15V 10 16 rnA 

IIN(1) Logical "1" Strobe Input Current VSTROBE = 5.5V, VDIFF = 3V 1 100 }lA 

IIN(O) Logical "0" Strobe Input Current VSTROBE = OV, VDIFF = -3V -290 -400 }lA 

VIH Logical "1" Strobe Input Voltage VOL -::; 0.5, lOUT = 4 rnA 2.0 1.12 V 

\IlL Logical "0" Strobe Input Voltage VOH ~ 2.5V. lOUT = -400f,.LA 1.12 0.8 V 

lOS Output Short·Circuit Current VOUT = OV, VCC = 5.5V, VSTROBE = OV, (Note 4) -30 -100 -170 rnA 

Switching Characteristics Vee = 5V, TA = 25°e 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpdO(D) Differential Input to "0" Output 38 60 ns 

tpd1(D) Differential Input to "1" Output 38 60 ns 
Response Pin Open, CL = 15 pF, RL = 2 kn 

tpdO(S) Strobe Input to "0" Output 16 25 ns 

tpd1(S) Strobe Input to "1" Output 12 25 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS78LS120 and across the O°C to 
+70°C for the DS88LS120. All typical values are for TA = 25°C, VCC = 5V and VCM = OV. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 
Note 5: Refer to EIA·RS422 for exact conditions. 
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AC Test Circui~ and Switching Time Waveforms 
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tr = tf ~ 10 ns 

PRR = 1 MHz 
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Differential and Strobe Input Signal 

OUTPUT 

*Includes probe and test fixture capacitance 

Vcc 

tpd1(S)4---~ 

Note. Optimum switching response is obtained by minimizing stray capacitance on Response Control pin (no external connection!' 

Application Hints 
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Application Hints (Continued) 
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Logic Level Translator 

~OUTPUT 

The DS78lS120/DS88lS120 may be used as a level translator to interface between ±12V MOS, ECl, TTL and CMOS. To configure, 
bias either input to a voltage equal to 1/2 the voltage of the input signal, and the other input to the driving gate. 

LINE DRIVERS 

Line drivers which will interface with the DS78LS120/ 
OS88LS120 are listed below. 

Balanced Drivers 

OS26LS31 
MM87C30, MM88C30 
OS7830, OS8830 
OS7831,OS8831 
057832, 058832 
OS1691,053691 
051692,053692 

OS3487 

Unbalanced Drivers 

OS1488 
OS75150 

Quad RS422 Line Driver 
Dual CM05 
Dual TTL 
Dual TRI-5TATE@TTL 
Dual TRI-5TATE TTL 
Quad RS423/0ual RS422 TTL 
Quad RS423/0ual TRI-STATE 
RS422 TTL 
Quad TRI-STATE RS422 

Quad RS232 
Dual RS232 

RESPONSE CONTROL AND HYSTERESIS 

In unbalanced (RS232/R5423) applications it is 
recommended that the rise time and fall time of the line 
driver be controlled to reduce cross-talk. Elimination 
of switching noise is accomplished in the OS78LS120/ 
OS88LS120 by the 50 mV of hysteresis incorporated 
in the output gate. This eliminates the oscillations which 
may appear in a line receiver due to the input signal 
slowly varying about the threshold level for extended 
periods of time. 

High frequency noise which is superimposed on the 
input signal which may exceed 50 ITlV can be reduced 
in amplitude by filtering the device input. On the 
OS78LS120/0S88LS120, a high impedance response 
control pin in the input amplifier is available to filter 
the input signal without affecting the termination 
impedance of the transmission line. Noise pulse width 
rejection vs the value of the response control capacitor 
is shown in Figures 1 and 2. This combination of filters 
followed by hysteresis will optimize performance in a 
worse case noise environment. 
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Application Hints (Continued) 

TRANSMISSION LINE TERMINATION 

On a ·transmission line which is electrically long, it is 
advisable to terminate the I ine in its characteristic 
impedance to prevent signal reflection and its associated 
noise/cross-talk. A 180n termination resistor is provided 
in the DS78LS120/DS88LS120 line receiver. To use the 
termination resistor, connect pins 2 and 3 together and 
pins 13 and 14 together. The 180n resistor provides a 
good compromise between line reflections, power dissi
pation in the driver, and I R drop in the transmission 
line. If power dissipation and I R drop are still a concern, 
a capacitor may be connected in series with the resistor 
to minimize power loss. 

The value of the capacitor is recommended to be the line 
length (time) divided by 3 times the resistor value. 
Example: if the transmission line is 1,000 feet long, 
(approximately 1000 nsl. and the termination resistor 
value is 180n, the capacitor value should be 1852 pF. 
For additional application details, refer to application 
notes AN-22 and AN-l08 in the National Semiconductor 
I nterface Data Book. 

FAIL-SAFE OPERATION 

Communication systems require elements of a system to 
detect the presence of signals in the transmission lines, 
and it is desirable to have the system shut-down in a 
fail-safe mode if the transmission line is open or short. To 
facilitate the detection of input opens or shorts, the 
DS78LS120!DS88LS120 incorporates an input threshold 
voltage offset. This feature will force the line receiver 
to a specific logic state if presence of either fault is a 
condition. 

Given that the receiver input threshold is ±200 mV, 
an input signal greater than ±200 mV insures the receiver 
will be in a specific logic state. When the offset control 
input (pins 1 and 15) is connected to V CC = 5V, the 

input thresholds are offset from 200 mV to 700 mV, 
referred to the non-inverting input, or -200 mV to 
-700 mV, referred to the inverting input. Therefore, 
if the input is open or short, the input will be greater 
than the input threshold and the receiver will remain in 
a specified logic state. 

The input circuit of the receiver consists of a 5k resistor 
terminated to ground through 120n on both inputs. 
This network acts as an attenuator, and permits opera
tion with common-mode input voltages greater than 
±15V. The offset control input is actually another input 
to the attenuator, but its resistor value is 56k. The off
set control input is connected to the inverting input 
side of the attenuator, and the input voltage to the 
amplifier is the sum of the inverting input plus 0.09 
times the voltage on the offset control input. When the 
offset control input is connected to 5V the input ampli
fier will see VIN(lNVERTING) + 0.45V or VIN(lN
VERTlNG) + 0 .. 9V when the control input is connected 
to 10V. The offset control input will not significantly 
affect the differential performance of the receiver over 
its common-mode operating range, and will not change 
the input impedance balance of the receiver. 

It is recommended that the receiver be terminated 
(500n or less) to insure it will detect an open circuit in 
the presence of noise. 

The offset control can be used to insure fail-safe opera
tion for unbalanced interface (RS423) or for balanced 
interface (RS422) operation. 

For unbalanced operation, the receiver would be in an 
indeterminate logic state if the offset control input was 
open. Connecting the offset to 5V offsets the receiver 
threshold 0.45V. The output is forced to a logic zero 
state if the input is open or short. 

Unbalanced RS423 and RS232 Fail-Safe 

(OFFSET CONTROL 
INPUT OPEN) 

INPUT VOLTAGE 

SV 
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Application Hints (Continued) 

Balanced RS422 Fail-Safe 
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For balanced operation with inputs short or open, 
receiver C will be in an indeterminate logic state. 
Receivers A and B will be in a logic zero state allowing 
the NOR gate to detect the short or open condition. 
The strobe will disable receivers A and B and may 
therefore be used to sample the fail-safe detector. 
Another method of fail-safe detection consists of filter
ing the output of the NOR gate D so it would not 
indicate a fault condition when receiver inputs pass 
through the threshold' region, generating an output 
transient. 

Truth Table (For Balanced Fail-Safe) 

INPUT STROBE A-OUT 

a 1 a 
1 1 1 

x 1 a 
0 a 1 

1 a 1 

x a 1 

In a communications system, only the control signals 
are required to detect input fault conditions. Advantages 
of a balanced data transmission system over an unbal
anced transmission system are: 

1. High noise immunity 

2. High data ratio 

3 Long line lengths 

B~OUT C-OUT D-OUT 

1 a a 
a 1 a 
a x l' 

1 a a 
1 a a 
1 a a 
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Integrated Circuits for 
Digital Data Transmission 

INTRODUCTION 

It is frequently necessary to transmit digital data 
in a high-noise environment where ordinary inte
grated logic circuits cannot be used because they 
do not have sufficient noise immunity. One ~olu
tion to this problem, of course, is to use high
noise-immunity logic. In many cases, this approach 
would require worst case logic swings of 30V, 
requiring high power-supply voltages. Further, 
considerable power would be needed to transmit 
these voltage levels at high speed. This is especially 
true if the lines must be terminated to eliminate 
reflections, since practical transmission lines have a 
low characteristic impedance. 

A much better solution is to convert the ground 
referred digital data at the transmission end into a 
differential signal and transmit this down a bal
anced, twisted-pair line. At the receiving end, any 
induced noise, or voltage due to ground-loop cur
rents, appears equally on both ends of the 
twisted-pair line. Hence, a receiver which responds 
only to the differential signal from the line will 
reject the undesired signals even with moderate 
voltage swings from the transmitter. 

Figur~ 1 illustrates' this situation more clearly. 
When ground is used as a signal return as in Fig
ure 1 a, the voltage seen at the receiving end will be 
the output voltage of the transmitter plus any 
noise voltage induced in the signal line. Hence, the 
noise immunity of the transmitter-receiver com
bination must be equal to the maximum expected 
noise from both sources. 

The differential transmission scheme diagrammed 
in Figure 1 b solves this problem. Any ground noise 
or voltage induced on the transmission lines will 
appear equally on both inputs of the receiver. The 
receiver responds only to the differential signal 
coming out of the twisted-pair line and delivers a 
single-ended output signal referred to the ground 

DATA 
INPUT 

DATA 
INPUT 

GROUND A 

a,Single,EndedSystem 

GROUND A 

b.DifferentialSystem 

INOUCEO 
NOISE 

GROUND B 

DATA 
DUTPUT 

GROUND B 

DATA 
OUTPUT 

FIGURE 1. Comparing Differential and Single-Ended 
Data Transmission 
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at the receiving end. Therefore, extremely high 
noise immunities are not needed; and the trans
mitter and receiver can be operated from the same 
supplies as standard fntegrated logic circuits. 

This article describes the operation and use of a 
line driver and line receiver for transmission sys
tems using twisted-pair lines. The transmitter pro
vides a buffered differential output from a DTL or 
TTL input signal. A four-input gate is included on 
the input so that the circuit can also perform logic. 
The receiver detects a zero crossing in the differ
ential input voltage and can directly drive DTL or 
TTL integrated circuits at the receiving end. It also 
has strobe capability to blank out unwanted input 
signals. Both the transmitter and the receiver in
corporate two independent units on a single silicon 
chip. 
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LINE DRIVER 

Figure 2 shows a schematic diagram of the line 
transmitter. The circuit has a marked resemblance 
to a standard TTL buffer. In fact, it is possible to 
use a standard dual buffer as a transmitter. How
ever, the DS7830 incorporates additional features. 
For one, the output is current limited to protect 
the driver from accidental shorts in the transmis
sion lines. Secondly, diodes on the output clamp 
severe voltage transients that may be induced into 
the transmission lines. Finally, the circuit has 
internal inversion to produce a differential output 
signal, reducing the skew between the outputs and 
making the output state independent of loading. 

...... ---......... - .......... -v· 

NAND 
OUTPUT 

...... -_ .............. _ ........... _v· 

.N. 
OUTPUT 

FIGURE 2. Schematic Diagram of the DS7830 Line 

Driver 

As can be seen from the upper half of Figure 2, a 
qLJadruple-emitter input transistor, 09, provides 
four logic inputs to the transmitter. This transistor 
drives the inverter stage formed by 010 and 011 
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to give a NAN 0 output. A low state logic input on 
any of the emitters of 09 will cause the base drive 
to be removed from 010, since 09 will be 
saturated by current from R8, holding the base of 
010 near ground. Hence, 010 and 011 will be 
turned off; and the output will be in a high state. 
When all the emitters of 09 are at a one logic level, 
010 receives base drive from R8 through the for
ward biased collector-base junction of 09. This 
saturates 010 and also 011, giving a low output 
state. The input voltage at wh'ich the transition 
occurs is equal to the sum of the emitter-base turn 
on voltages of 010 and 011 minus the saturation 
voltage of 09. This is about 1.4V at 25°C. 

A standard "totem-pole" arrangement is used on 
the output stage. When the output is switched to 
the high state, with 010 and 011 cut off, current 
is supplied to the load by 013 and 014 which are 
connected in a modified Darlington configuration. 
Because of the high compound current gain of 
these transistors, the output resistance is quite low 
and a large load current can be supplied. R10 is 
included across the emitter-base junction of 013 
both to drain off any collector-base leakage cur
rent in 013 and to discharge the collector-base 
capacitance of 013 when the output is switched to 
the low state. In the high state, the output level is 
approximately two diode drops below the positive 
supply, or roughly 3.6V at 25°C with a 5.0V 
supply . 

With the output switched into the low state, 010 
saturates, holding the base of 014 about one diode 
drop above ground. This cuts off 013. Further, 
both the base current and the collector current of 
010 are driven into the base of 011 saturating it 
and giving a low-state output of about 0.1V. The 
circuit is designed so that the base of 011 is 
supplied 6 mA, so the collector can drive consider
able load current before it is pulled out of 
saturation. 

The primary purpose of R 12 is to provide current 
to remove the stored charge in 011 and charge its 
collector-base capacitance when the circuit is 
switched to the high state. Its value is also made 
enough less than R9 to prevent supply current 
transients which might otherwise occur* when the 
power supply is coming up to voltage. 

*J. Kalb, "Design Considerations for a TTL Gate, 
"National Semiconductor TP-6, May, 1968. 



The lower half of the transmitter in Figure 2 is 
identical to the upper, except that an inverter 
stage has been added. This is needed so that an 
input signal which drives the output of the upper 
half positive will drive the lower half negative, and 
vice versa, producing a differential output signal. 
Transistors 02 and 03 produce the inversion. Even 
though the current gain is not necessarily needed, 
the modified Darlington connection is used to pro
duce the proper logic transition voltage on the 
input of the transmitter. Because of the low load 
capacitance that the inverter sees when it is com
pletely within the integrated circuit, it is extreme
ly fast, with a typical delay of 3 ns. This minimizes 
the skew between the outputs. 

One of the schemes used when dual buffers are 
employed as a differential line driver is to obtain 
the NAND output in the normal fashion and pro
vide the AND output by connecting the input of 
the second buffer to the NAND output. Using an 
internal inverter has some distinct advantages over 
this: for one, capacitive loads which slow down 
the response of the NAND output will not intro
duce a time skew between the two, outputs; 
secondly, line transients on the NAND output will 
not cause an unwanted change of state on the 
AND output. 

Clamp diodes, 01 through 04, are added on all 
inputs to clamp undershoot. This undershoot and 
ringing can occur in TTL systems because the rise 
and fall times are extremely short. 

Output-current limiting is provided by adding a 
resistor and transistor to each of the complemen
tary outputs. Referring again to Figure 2, when 
the current on the NAND output increases to a 
value where the voltage drop across R 11 is suffi
cient to turn on 012, the short circuit protection 
comes into effect. This happens because further 
increases in output current flow into the base of 
012 causing it to remove base drive from 014 and, 
therefore, 013. Any substantial increase in output 
current will then cause the output voltage to col
lapse to zero. Since the magnitude of the short 
circuit depends on the emitter base turn-on voltage 
of 012, this current has a negative temperature 
coefficient. As the chip temperature increases 
from power dissipation, the available short circuit 
current is reduced. The current limiting also serves 
to control the current transient that occurs when 
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the output is going through a transition with both 
011 and 013 turned on. 

The AND output is similarly protected by R6 and 
05, which limit the maximum output current to 
about 100 mA, preventing damage to the circuit 
from shorts between the outputs and ground. 

The current limiting transistors also serve to in
crease the low state output current capability 
under severe transient conditions. For example, 
when the current into the NAND output becomes 
so high as to pull 011 out of saturation, the out
put voltage will rise to two diode drops above 
ground. At this voltage, the collector-base junction 
of 012 becomes forward biased and supplies addi
tional base drive to 011 through 010 which is 
saturated. This minimizes any further increase in 
output voltage. 

When either of the outputs are in the high state, 
they can drive a large current towards ground 
without a significant change in output voltage. 
However, noise induced on the transmission line 
which tries to drive the output positive will cut it 
off since it cannot sink current in this state. For 
this reason, 06 and 08 are included to clamp the 
output and keep it from being driven much above 
the supply voltage, as this could damage the 
circuit. 

When the output is in a low state, it can sink a lot 
of current to clamp positive-going induced voltages 
on the transmission line. However, it cannot 
source enough current to eliminate negative-going 
transients so 05 and 07 are included to clamp 
those voltages to ground. 

It is interesting to note that the voltage swing 
produced on one of the outputs when the clamp 
diodes go into conduction actually increases the 
diffferential noise immunity. For example with 
no induced common mode current, the low-state 
output will be a saturation voltage above ground 
while the high output will be two diode drops 
below the positive supply voltage. With positive
going common mode noise on the line, the low 
output remains in saturation; and the high output 
is clamped at a diode drop above the positive 
supply. Hence, in this case, the common mode 
noise increases the differential swing by three 
diode drops. 
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FIGURE 3. High State Output Voltage as a Function of 
Output Current 

Having explained the operation of the line driver, 
it is appropriate to look at the performance in 
more detail. Figure 3 shows the high-state output 
characteristics under load. Over the normal range 
of output currents, the output resistance is about 
10n. With higher output currents, the short circuit 
protection is activated, causing the output voltage 
to drop to zero. As can be seen from the figure, 
the short-circuit current decreases at higher 
temperatures to minimize the possibility of over
heating the integrated circuit. 
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FIGURE 4. Low-State Output Current as a Function of 
Output Current 

Figure 4 is a similar graph of the low-state output 
characteristics. Here, the output resistance is about 
5n with normal values of output current. With 
larger currents, the output transistor is pulled out 
of saturation; and the output voltage increases. 
This is most pronounced at -55°C where the tran
sistor current gain is the lowest. However, when 
the output voltage rises about two diode drops 
above ground, the collector-base junction of the 
current-limit transistor becomes forward biased, 
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providing additional base drive for the output tran
sistor_ This roughly doubles the current available 
for clamping positive common-mode transients on 
the twisted-pair line. It is interesting to note that 
even though the output level increases to about 
2V under this condition, the differential noise 
immunity does not suffer because the high-state 
output also increases by about 3V with positive 
going common-mode transients. 

It is 'clear from the figure that the low state output 
current is not effectively limited. Therefore, the 
device can be damaged by shorts between the out
put and the 5V supply. However, protection 
against shorts between outputs or from the out
puts to ground is provided by limiting the high
state current. 

The curves in Figures 3 and 4 demonstrate the 
performance of the line driver with large, capaci
tively-coupled common-mode transients, or under 
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FIGURE 5. Differential Output Voltage as a Function of 
Differential Output Current 

gross overload conditions. Figure 5 shows the 
ability of the circuit to drive a differential load: 
that is, the transmission line. It can be seen that 

,for output currents less than 35 mA, the output 
resistance is approximately 15n. At both tempera
ture extremes, the output falls off at high currents. 
At high temperatures, this is caused by current 
limiting of the high output state. At low tem
peratures, the falloff of current gain in the low
state output transistor produces this result. 

Load lines have been included on the figure to 
show the differential output with various load 
resistances. The output swing can be read off from 
the, intersection of the output characteristic with 
the load line_ The figure shows that the driver can 
easily handle Ictad resistances greater than lOOn. 
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This is more than adequate for practical, twisted
pair lines_ 

Figure 6 shows the no load power dissipation, for 
one-half of the dual line driver, as a function of 
frequency. This information is important for two 
reasons. First, the increase in power dissipation at 
high frequencies must be added to the eXCbSS 
power dissipation caused by the load to determine 
the total package dissipation. Second, and more 
important, it is a measure of the "glitch" current 
which flows from the positive supply to ground 
through. the output transistors when the circuit is 
going through a transition. If the output stage is 
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FIGURE 6. Power Dissipation as a Function of Switching 
Frequency 

not properly designed, the current spikes in the 
power supplies can become quite large; and the 
power dissipation can increase by as much as a 
factor of five between 100 KHz and 10 MHz. The 
figure shows that, with no capacitive loading, the 
power increase with frequencies as high as 10 MHz 
is almost negligible. However, with large capacitive 
loads, more power is required. . 

The I ine receiver is designed to detect a zero cross
ing in the differential output of the line driver. 
Therefore, the propagation time of the driver is 
measured as the time difference between the appli
cation of a step input and the point where the 
differential output voltage crosses zero. A plot of 
the propagation time over temperature is shown in 
Figure 7. This delay is added directly to the propa-

, gat ion time of the transmission line and the delay 
of the Ii ne receiver to determi ne the total data
propagation time. However, in most cases, the 
delay of the driver is small, even by comparison to 
the uncertainties in the other dela'ys. 
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FIGURE 7. Propagation Time as a Function of Tempera
ture 

To summarize the characteristics of the OS7830 
line driver, the input interfaces directly with stand
ard TTL circuits. It presents a load which is 
equivalent to a fan out of 3 to the circuit driving 
it, and it operates from the 5.0V, ±10% logic 
supplies. The output can drive low impedance lines 
down to 50n and capacitive loads up to 5000 pF. 
The time skew between the outputs is minimized 
to reduce radiation from the twisted-pair lines, and 
the circuit is designed to clamp common mode 
transients coupled into the line. Short circuit pro
tection is also provided. The integrated circuit con
sists of two independent drivers fabricated on a 
41 x 53 mi I-square die using the standard TTL 
process. A photomicrograph of the chip is shown 
in Figure 8. 

FIGURE 8. Photomicrograph of the OS7830 Dual Line 
Driver 



LINE RECEIVER 

As mentioned previously, the function of the line 
receiver is to convert the differential output signal 
of the line driver into a single ended, ground
referred signal to drive 'standard digital circuits on 
the receiving end. At the same time it must reject 
the common mode and induced noise on the trans
mission line. 

Normally this would not be too difficult a task 
because of the large signal swings involved. How
ever, it was considered important that the receiver 
operate from the +5V logic supply without requir
ing additional supply voltages, as do most other 
line receiver designs. This complicates the situation 
because the receiver must operate with ±15V input 
signals which are considerably greater than the 
operating supply voltage. 

The large common mode range over which the cir
cuit must work can be reduced with an attenuator 
on the input of the receiver. In this design, the 
input signal is attenuated by a factor of 30. Hence, 
the ±15V common mode voltage is reduced to 
±0.5V, which can be handled easily by circuitry 
operating from a 5V supply. However, the differ
ential input signal, which can go down as low as 
±2.4V in the worst case, is also reduced to 
±SO mV. Hence, it is necessary to employ a fairly 
accurate zero crossing detector in the receiver. 

System requirements dictated that the threshold 
inaccuracy introduced by the zero crossing 
detector be less than 17 mV. In principle, this 
accuracy requirement should not pose insurmount
able problems because it is a simple matter to 
make well matched parts in an integrated circuit. 

Figure 9 shows a simplified schematic diagram of 
the circuit configuration used for the line receiver. 
The input signal is attenuated by the resistive 
dividers R l-R2 and RS-R3. This attenuated 
signal is fed into a balanced dc amplifier, operating 
in the common base configuration. This input 
amplifier, consisting of Ql and Q2, removes the 
common mode component of the input signal. 
Further, it delivers an output signal at the 
collector of Q2, which is nearly equal in amplitude 
to the original differential input signal. This 
output signal is buffered by Q6 and drives an 
output amplifier, QS. The output stage drives the 
logic load directly. 
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FIGURE 9. Simplified Schematic of the Line Receiver 

An understanding of the circuit can be obtained 
by first considering the input stage. Assuming high 
current gains and neglecting the voltage drop 
across R3, the collector current of Ql will be: 

V+ - VSE1 - VSE3 - VSE4 
.lc1 = Rll 

(1) 

With equal emitter-base voltages for all transistors, 
this becomes: 

V+ - 3VSE 
IC1 = . Rll (2) 

The output voltage at the collector of Q2 will be: 

(3) 

When the differential input voltage to the receiver 
is zero, the voltages presented to the emitters of 
Ql and Q2 will be equal. If Ql and Q2 are 
matched devices, which is easy to arrange when 
they are fabricated close together on a single 
silicon chip, their collector currents will be equal 
with zero input voltage. Hence~ the output voltage 
from Q2 can be determined by substituting (2) 
into (3): 



For R 11 = R 12, this becomes: 

VC2 = 3VSE • 

The voltage on the base of 06 will likewise be 
3V BE when the output is on the verge of switching 
from a zero to a one state. A differential input 
signal which causes 02 to conduct more heavily 
will then make the output go high, while an input 
signal in the opposite direction will cause the out· 
put to saturate. 

It should be noted that the balance of the circuit is 
not affected by absolute values of components
only by how well they match. Nor is it affected by 
variations in the positive supply voltage, so it will 
perform well with standard logic supply voltages 
between 4.5V and 5.5V. I n addition, component 
values are chosen so that the collector currents of 
04 and 06 are equal. As a result, the base currents 
of 04 and 06 do not upset the balance of the 
input stage. This means that circuit performance is 
not greatly affected by production or temperature 
variations in transistor current gain. 

A complete schematic of the line receiver, shown 
in Figure 10, shows several refinements of the 
basic circuit which are needed to secure proper 

operation under all conditions. For one, the 
explanation of the simplified circuit ignores the 
fact that the collector current of 01 will be 
affected by common mode voltage developed 
across R3. This can give a O.5V threshold error at 
the extremes of the ±15V common mode range. 
To compensate for this, a separate divider, R9 and 
R 1 0, is used to maintain a constant collector cur
rent in 01 with varying common mode signals. 
With an increasing common mode voltage on the 
non-inverting input, the voltage on the emitter of 
01 will increase. Normally, this would cause the 
voltage across R 11 to decrease, reducing the col
lector current of 01. However, the increasing com
mon mode signal also drives the top end of R 11 
through R9 and R 10 so as to hold the voltage drop 
across R 11 constant. 

In addition to improving the common mode rej~~:
tion, R9 also forces the output of the receiver into 
the. high state when nothing is connected to the 
input lines. This means that the output will be in a 
pre-determined state when the transmission cables 
are disconnected. 

A diode connected transistor, 05, is also added in 
the complete circuit to provide strobe capability. 
With a logic zero on the strobe terminal, the out-
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put will be high no matter what the input signal is. 
With the strobe, the receiver can be made immune 
to any noise signals during intervals where no 
digital information is expected. The output state 
with the strobe on is also the same as the output 
state with the input terminals open. 

The collector of 02 is brought out so that an 
external capacitor can be used to slow down the 
receiver to where it will not respond to fast noise 
spikes. This capacitor, which is connected between 
the response-time-control terminal and ground, 
does not give exactly-symmetrical delays. The 
delay for input signals which produce a positive
going output will be less than for input signals of 
opposite polarity. This happens because the 
impedance on the collector of 02 drops as 06 goes 
into saturation, reducing the effectiveness of the 
capacitor. 

Another difference in the complete circuit is that 
the output stage is improved both to provide more 
gain and to reduce the output resistance in the 
high .output state. This was accomplished by add
ing 09 and 010. When the output stage is operat
ing in the linear- region, that is, on the verge of 
switching to either the high or the low state, 09 
and 010 form sort of an active collector load for 
08. The current through R 15 is constant at 
approximately 2 mA as the output voltage changes 
through the active region. Hence, the percentage 
change in the collector current of 08 due to the 
voltage change across R 17 is made smaller by this 
pre-bias current; and the effective stage gain is 
increased. 

With the output in the high state (08 cut off), the 
output resistance is equal to R 15, as long as the 
load current is less than 2 mAo "'fhen the load cur
rent goes above this value, 09 turns on; and the 
output resistance increases to 1.5K, the value 
of R17. 

This particular output configuration gives a higher 
gain than either a standard DTL or TTL output 
stage. It can also drive enough current in the high 
state to make it compatible with TTL, yet outputs 
can be wire OR'ed as with DTL. 

Remaining details of the circuit are that 07 is con
nected as an emitter follower to make the circuit 
even less sensitive to transistor current gai ns. R 16 
limits the base drive to 07 with the output 
saturated, while R 17 limits the base drive to the 
output transistor, 08. A resistor, R7, which can be 
used to terminate the twisted-pair line is also in
cluded on the chip. It is not connected directly 
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across the inputs. Instead, one end is left open so 
that a capacitor can be inserted in series with the 
resistor. The capacitor significantly reduces the 
power dissipation in both the line transmitter and 
receiver, especially in low-duty-cycle applications, 
by terminating the line at high frequencies but 
blocking steady-state current flow in the terminat
ing resistor. 

Since line receivers are generally used repetitively 
in a system, the DS7820 has been designed with 
two independent receivers on a single silicon chip. 
The device is fabricated on a 41 x 49 mil-square 
die using the standard six mask planar-epitaxial 
process. The processing employed is identical to 
that used on TTL circuits, and the design does not 
impose any unusual demands on the processing. It 
is only required that various parts within the 
circuit match well, but this is easily accomplished 
in a monolithic integrated circuit without any 
special effort in manufacturing. A photomicro
graph of the integrated circuit chip is shown in 
Figure 11. 

FIGURE 11. Pbotomicrograph of the DS7820 Dual Line 
Receiver 

The only components in the circuit which see 
voltages higher than standard logic circuits are the 
resistors used to attenuate the input signal. These 
resistors, R 1, R7, R8 and R9, are diffused into a 
separate, floating, N-type isolation tub, so that the 
higher voltage is not seen by any of the transistors. 
For a ±15V input voltage range, the breakdown 
voltages required for the collector-isolation and 
collector-base diodes are only 15V and 19V, 
respectively. These breakdown voltages can be 
achieved readily with standard digital processing. 

The purpose of the foregoing was to provide some 
insight into circuit operation. A more exact 
mathematical analysis of the device is developed- in 
Appendix A. 



RECEIVER PERFORMANCE 

The characteristics of the line receiver are 
described graphically in Figures 12 through 18. 
Figure 12 illustrates the effect of supply voltage 
variations on the threshold accuracy. The upper 
curve gives the differential input voltage required 
to hold the output at 2.5V while it is supplying 
200 J1A to the digital load. The lower curve shows 
the differential input needed to hold the output at 
O.4V while it sinks 3.5 rnA from the digital load. 
This load corresponds to a worst case fanout of 2 
with either DTL or TTL integrated circuits. The 
data shows that the threshold accuracy is only 
affected by ±60 mV for a ±10% change in supply 
voltage. Proper operation can be secured over a 
wider range of supply voltages, although the error 
becomes excessive at voltages below 4V. 
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FIGURE 12. Differential Input Voltage Required for 
High or Low OutPUt as a Function of Supply Voltage 

Figure 13 is a similar plot for varying common 
mode input voltage. Again the differential input 
voltages are given for high and low states on the 
output with a worst case fanout of 2. With 
precisely matched components within the 
integrated circuit, the threshold voltage will not 
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FIGURE 13. Differential Input Voltage Required for 
High or Low Output as a Function of Common Mode Voltage 
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change with common mode voltage. The 
mismatches typically encountered give a threshold 
voltage change of ±100 mV over a ±20V common 
mode range. This change can have either a 
positive slope or a negative slope. 
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FIGURE 14. Voltage Transfer Function 

The transfer function of the circuit is given in 
Figure 14. The loading is for a worst case fanout 
of 2. The digital load is not linear, and this is 
reflected as a non·linearity in the transfer function 
which occurs with the output around 1.5V. These 
transfer characteristics show that the only 
significant effect of temperature is a reduction in 
the positive swing at -55°C. However, the voltage 
available remains well above the 2.5V required by 
digital logic. 
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FIGURE 15. Response Time With and Without an Exter
nal Delay Capacitor 

Figure 15 gives the response time, or propagation 
delay, of the receiver. Normally, the delay through 
the circuit is about 40 ns. As shown, the delay can 
be increased, by the addition of a capacitor 
between the response-time terminal and ground, to 
make the device immune to fast noise spikes on 
the input. The delay will generally be longer for 
negative going outputs than for positive going 
outputs. 
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Under normal conditions, the power dissipated in 
the receiver is relatively low. However, with large 
common mode input voltages, dissipation increases 
markedly, as shown in Figure 16. This is of little 
consequence with common mode transients, but 
the increased dissipation must be taken into 
account when there is a dc difference between the 
grounds of the transmitter and the receiver. It is 
important to note that Figure 16 gives ,the 
dissipation for one half the dual receiver. The total 
package dissipation will be twice the values given 
when both sides, are operated under identical 
conditions. 
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FIGURE 16. Internal Power Dissipation as a Function of 
Common Mode Input Voltage 

Figure 17 shows that the power supply current 
also changes with common mode input voltage due 
to the current drawn out of or fed into the supply 
through R9. The supply current reaches a 
maximum with negative input voltages and can 
actually reverse with large positive input voltages. 
The figure also shows that the supply current with 
the output switched into the low state is about 
3 mA higher than with a high output. 
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The variation of the internal termination resistance 
with temperature is illustrated in Figure 18.Taking 
into account the initial tolerance as well as the 
change with temperature, the termination resis· 
tance is by no means precise. Fortunately, in most 
cases, the termination resistance can vary 
appreciably without greatly affecting the charac· 
teristics of the transmission line. If the resistor 
tolerance is a problem, however, an external resis· 
tor can be used in place of the one provided within 
the integrated circuit. 
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OATA TRANSMISSION 

The interconnection of the 057830 line driver 
with the OS7820 line receiver is shown in Fig
ure 19. With the exception of the transmission 
line, the design is rather straightforward. Connec
tions on the input of the driver and the output or 
strobe of the receiver follow standard design rules 
for OTL or TTL integrated logic circuits. The load 
presented by the driver inputs is equal to 3 stan
dard digital loads, while the receiver can drive a 
worst-case fanout of 2. The load presented by the 
receiver strobe is equal to one standard load. 

The purpose of C1 on the receiver is to provide dc 
isolation of the termination resistor for the trans
mission line. This capacitor can both increase the 
differential noise immunity, by reducing attenua· 
tion on the line,'. and reduce power dissipation in 
both the transmitter and receiver. In some applica
tions, Cl can be replaced with a short between 
Pins 1 and 2, which connects the internal termina· 
tion resistor of the OS7820 directly across the 
line. C2 may be included, if necessary, to control 
the response time of the receiver, making it 
immune to noise spikes that may be coupled dif
ferentially into the transmission lines. 
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FIGURE 20. Transmission Line Response With Various 
Termination Resistances 

The effect of termination mismatches on the trans
mission line is shown in Figure 20. The line was 
constructed of a twisted pair of No. 22 copper 
conductors with a characteristic impedance of 
approximately 170f2. The line length was about 
150 ns and it was driven directly from a 057830 
line driver. The data shows that termination resis
tances which are a factor of two off the nominal 
value do not cause significant reflections on the 
line. The lower termination resistors do, however, 
increase the attenuation. 
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Figure 21 gives the line-transmission characteristics 
with various termination resistances when a dc 
isolation capacitor is used_ The line is identical to 

. that used in the previous example. It can be seen 
that the transient response is nearly the same as a 
dc terminated line_ The attenuation, on the other 
hand, is considerably lower, being the same as an 
unterminated line. An added advantage of using 
the isolation capacitor is that the dc signal current 
is blocked from the termination resistor which 
reduces the average power drain of the driver and 
the power dissipation in both the driver and 
receiver. 
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The effect of different values of dc isolation 
capacitors is illustrated in Figure 22. This shows 
that the RC time constant of the termination resis
tor/isolation capacitor combination should be 2 to 
3 times the line delay. As before, this data was 
taken for a 150 ns long line. 
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FIGURE 22. Response of Terminated Line With Dif
ferent DC Isolation Capacitors 

I n Figure 23, the influence of a varying ground 
voltage between the transmitter and the receiver is 
shown. The difference in the characteristics arises 
because the source resistance of the driver is not 
constant under all conditions. The high output of 
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the transmitter looks like an open circuit to volt
ages reflected from the receiving end of the trans
mission line which try to drive it higher than its 
normal dc state. This condition exists until the 
voltage at the transmitting end becomes high 
enough to forward bias the clamp diode on the 5V 
supply. Much of the phenomena which does not 
follow simple transmission-line theory is caused by 
this. For example, with an unterminated line, the 
overshoot comes from the reflected signal charging 
the line capacitance to where the clamp diodes are 
forward biased. The overshoot then decays at a 
rate determined by the total line capacitance and 
the input resistance of the receiver. 

When the ground on the receiver is 15V more 
negative than the ground at the transmitting end, 
'the decay with an unterminated line is faster, as 
shown in Figure 23b. This occurs because there is 
more current from the input resistor of the 
receiver to discharge the line capacitance. With a 
terminated line, however, the transmission char
acteristics are the same as for equal ground volt
ages because the terminating resistor keeps the line 
from getting charged. 

Figure 23c gives the transmission characteristics 
when the receiver ground is 15V more positive 
than the transmitter ground. When the line is not 
terminated, the differential voltage swing is in
creased because the high output of the driver will 
be pulled against the clamp diodes by the common 
mode input current of the receiver. With a dcisola
tion capacitor, the differential swing will reach this 
same value with a time constant determined by the 
isolation capacitor and the input resistance of the 
receiver. With a dc coupled termination, the char
acteristics are unchanged because the differential 
load current is large by comparison to the com
mon mode current so that the output transistors 
of the driver are always conducting. 

The low output of the driver can also be pulled 
below ground to where the lower clamp diode con-
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ducts, giVing effects which are similar to those 
described for the high output. However, a current 
of about 9 mA is required to do this, so it does not 
happen under normal operating conditions. 

To summarize, the best termination is an RC com
bination with a time constant approximately equal 
to 3 times the transmission-line delay. Even 
though its value is not precisely determined, the 
internal termination resistor of the integrated cir
cuit can be used because the line characteristics are 
not greatly affected by the termination resistor. 

The only place that an RC termination can cause 
problems is when the data transmission rate 
approaches the line delay and the attenuation 
down the line (terminated) is greater than 3 dB. 
This would correspond to more than 1000 ft. of 
twisted-pair cable with No. 22 copper conductors_ 
Under these conditions, the noise margin can dis
appear with low-duty-cycle signals. If this is the 
case, it is best to operate the twisted-pair line with
out a termination to minimize transmission losses. 
Reflections should not be a problem as they will 
be absorbed by the line losses. 

CONCLUSION 

A method of transmitting digital information in 
high-noise environments has been described. The 
technique is a much more attractive solution than 
high-noise-immunity logic as it has lower power 
consumption, provides more noise rejection, oper
ates from standard 5V supplies, and is fully com
patible with almost all integrated logic circuits. An 
additional advantage is that the circuits can be 
fabricated with integrated circuit processes used 
for standard logic circuits. 
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APPENDIX A 

LINE RECEIVER 
Design Analysis 

The purpose of this appendix is to derive mathe
matical expressions describing the operation of the 
line receiver. It will be shown that the perfor
mance of the circuit is not greatly affected by the 
absolute value of the components within the inte
grated circuit or by the supply voltage. Instead, it 
depends mostly on how well the various parts 
match. 

The analysis will assume that all the resistors are 
well matched in ratio and that the transistors are 
likewise matched, since this is easily accomplished 
over a broad temperature range with monolithic 
construction. However, the effects of component 
mismatching will be discussed where important. 
Further, large transistor current gains will be 
assumed, but it will be pointed out later that this 
is valid for current gains greater than about 10. 

A schematic diagram of the OS7S20 line receiver 
is shown in Figure A-l. Referring to this circuit, 
the collector current of the input transistor is 
given by 

V+ - VBE1 - VBE3 - VBE4 
IC1 = R9// R10+ Rll + R3/1 RS 

R3 R31/Rll 
R4 + 2R6 + R3 VBE1 - RS + R3 II Rl V1N 

R9// R10+ Rll + R3/1 RS 
+ R10//Rll 

(V1N-V) R9+R10/lRll 
+ R9/1 R10+ Rll + R3/1 RS 

(A. 1) 

where V1N is the common mode input voltage and 
Ra/lRb denotes the parallel connection of the two 
resistors. In Equation (A. 1), RS = R9, R3 = R10, 
R10« Rll, R9» R10, R3« Rll, RS»R3 

and R3 «3 so it can be reduced to 
R4 +2R6 + R3 

V+ 3V R10 + 
- BE - R9 V 

IC1= R10+Rll+R3 (A. 2) 

which shows that the collector current of 01 is 
not affected by the common mode voltage. 

The output voltage on the collector of 02 is 

VC2 = V+ - IC2R12 (A. 3) 

For zero differential input voltage, the collector 
currents of 01 and 02 will be equal so Equation 
(A. 3) becomes . 

R12 (v+ - 3VSE - R10 v+) 
V - V+ R9 

C2- - R10+Rll+R3 .(A.4) 

It is desired that this voltage be 3V BE so that the 
output stage is just on the verge of switching with 
zero input. Forcing this condition and solving for 
R12 yields 

V+ - 3V 
R12=(R10+Rll+R3) + :lEO + 

V -3VSE -Rg V 

RESPONSE-TIME 
CONTROL 

(A. 5) 

r-------~.---~----~~_.--------_.----e_--------- v' 

TERMINATION 

R7 
170 

RJ 
167 

R15 
320 

... - ... ------ OUTPUT 

R4 R5 R14 
lk lk 750 

"~------..f------+--------4I~-"'----------- GROUND 
RZ 
167 

STROBE 

FIGURE A-l. Schematic Diagram of One Half 
of the DS7820 Line Receiver 
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This shows that the optimum value of R 12 is 
dependent on supply voltage. For a 5V supply it 
has a value of 4.7 kn. Substituting this and the 
other component values into (A. 4), 

V C2 = 2.83V BE + 0.081V+, (A. 6) 

which shows that the voltage on the collector of 
02 will vary by about 80 mV for a lV change in 
supply voltage. 

The next step in the analysis is to obtain an 
expression for the voltage gain of the input stage. 

-
RI 

. f 5k Ik 

AV'N ~ ~:7 Ru rh !Alu ,o~" 'R12 AVoUT 

t
U

5k I 
I 

R7 R8 
Ik Ik 

FIGURE A-2. Equivalent Circuit Used to Calculate Input 
Stage Gain 

An equivalent circuit of the input stage is given in 
Figure A-2. Noting that R6 = R7 = R8 and 
R2 ==: 0.1 (R6 + R7//R8), the change in the emitter 
current of 01 for a change in input voltage is 

0.9 R2 
LlIE2 = Rl (0.9 R2 + RE2) Ll VIN . (A. 7) 

Hence, the change in output voltage will be 

LlVOUT = alE2R12 
0.9 a R2 R12 

= Rl (0.9 R2 + R
E2

) Ll VIN . (A.8) 

Since a ==: 1, the voltage gain is 
0.9 R2 R12 

AV1 = Rl (0.9 R2 + RE2) 

The emitter resistance of 02 is given by 

kT 
R E2 =qlc2 ' 

where 
V+ - 3VSE 

IC2 = R 12 

so 
R - kTR12. 

E2 - q (V+ - 3V BE ) 

(A. 9) 

(A. 10) 

(A.ll) 

(A. 12) 

Therefore, at 25°C where VBE =. 670 mV and 
kT/q = 26 mV, the computed value for gain is 
0.745. The gain is not greatly affected by tempera
ture as the gain at -55°C where VBE = 810 mV 
and kT/q = 18 mV is 0.774, and the gain at 125°C 
where V BE =480 mV and kT/q = 34 mV is 0.730. 

With a voltage gain of 0.75, the results of Equa
tion (A. 6) show that the input referred threshold 
voltage will change by 0.11 V for a 1 V change in 
supply voltage. With the standard ±10-percent 
supplies used for logic circuits, this means that the 
threshold voltage will change by less than ±60 mV. 
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Finally, the threshold error due to finite gain in 
the output stage can be considered. The collector 
current of 07 from the bleeder resistor R 14, is 
large by comparison to the base current of 08, if 
08 has a reasonable current gain. Hence, the col
lector current of 07 does not change appreciably 
when the output switches from a logic one to a 
logic zero. This is even more true for 06, an 
emitter follower which drives Q7. Therefore, it is 
safe to presume that 06 does not load the output 
of the fi rst-stage ampl ifier, because of the com
pounded current gain of the three transistors, and 
that 08 is driven from a low resistance source. 

It follows that the gain of the output stage can be 
determined from the change in the emitter-base 
voltage of 08 required to swing the output from a 
logic one state to a logic zero state. The expression 

kT IC1 
LlV BE = - loge-I 

q C2 
(A. 13) 

describes the change in emitter-base voltage re
quired to vary the collector current from one 
value, Ic1 , to a second, Ic2 . With the output of 
the receiver in the low state, the. collector current 
of 08 is 

V+ - VOL - VBE9 - VBE10 
IOL = R17 

VBE9 VBE8 V BE7 
+ R15 - R14 + R13 + ISINK , (A. 14) 

where VOL is the low state output voltage and 
ISINK is the current load from the logic that the 
receiver is driving. Noting that R 13 = 2R 14 and 
figuring that all the emitter-base voltages are the 
same, this becomes 

V+-VoL -2V BE VBE 
IOL R17 + RT5 

V BE 
-2R14 + ISINK ' (A. 15) 

Similarly, with the output in the high state, the 
collector current of 08 is 

V+ - VOH - VBE9 - VBE10 
IOH = R17 

VBE9 VBE8 
+ Ffi5 - R14 

VSE7 
+ R13 - ISOURCE, (A. 16) 

where V OH is the high-level output voltage and 
ISOURCE is the current needed to supply the input 
leakage of the digital circuits loading the 
comparator. 
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With the same conditions used in arriving at 
(A. 15), this becomes 

V+ - VOH - 2V BE VBE 
IOH= R17 +RT5 

VBE 
- 2R14 -ISOURCE' (A. 17) 

From (A. 13) the change in the emitter·base volt· 
age of 08 in going from the high output level to 
the low output level is 

kT IOL 
AV BE = - loge - (A. 18) 

q . IOH 

providing that 08 is not quite in saturation, al· 
though it may be on the verge of saturation. 

The change of input threshold voltage is then 

kT IOL 
AVTH=-A loge-I-

q V1 OH 
(A. 19) 

where AV1 is the input stage gain. With a worst 
case fanout of 2, where VOH = 2.5V, VOL = 0.4V, 
ISOURCE = 40 J.lA and ISINK = 3.2 mA, the calcu· 
lated change in threshold is 37 mV at 25°C, 
24 mV at _55°C and 52 mV at 125°C. 

The measured values of overall gain differ. by 
about a factor of two from the calculated gain. 
This is not too surprising because a number of 
assumptions were made which introduce small 
errors, and all these errors lower the gain. It is also 
not too important because the gain is high enough 
where another factor of two reduction would not 
cause the circuit to stop working. 

The main contributors to this discrepancy are the 
non·ideal behavior of the emitter·base voltage of 
08 due to current crowding under the emitter and 
the variation in the emitter base voltage of 07 and 
08 with changes in collector·emitter voltage (hREl. 
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Although these parameters can vary considerably 
with different manufacturing methods, they are 
relatively fixed for a given process. The A V BE 
errors introduced by these quantities, if known, 
can be added directly into Equation (A. 18) to 
give a more accurate gain expression. 

The most stringent matching requirement in the 
receiver is the matching of the input stage divider 
resistors: R 1 with R8 and R2 with R3. As little as 
1% mismatch in one of these pairs can cause a 
threshold shift of 150 mV at the extremes of the 
±15V common mode range. Because of this, it is 
necessary to make the resistors absolutely identical 
and locale them close together. In addition, since 
Rl and R8 do dissipate a reasonable amount of 
power, they have to be located to minimize the 
thermal gradient between them. To do this, R9 
was located between R 1 and R8 so that it would 
heat both of these resistors equally. There are not 
serious heating problems with R2 and R3; how· 
ever, because of their low resistance value, it was 
necessary even to match the lengths of the 
aluminum interconnects, as the resistance of the 
aluminum is high enough to cause intolerable mis· 
matches. Of secondary importance is the matching 
of 01 and 02 and the matching of ratios between 
R 11 and R 12. A 1 mV difference in the emitter· 
base voltages of Oland 02 causes a 30 mV input 
offset voltage as does a 1 % mismatch in the ratio 
of Rll to R12. 

The circuit is indeed insensitive to transistor 
current gains as long as they are above 10. The 
collector currents of 04 and 06 are made equal so 
that their base currents load the collectors of 01 
and 02 equally. Hence, the input threshold voltage 
is affected only by how well the current gains 
match. Low current gain in the output transistor, 
08, can cause a reduction in gain. But even with a 
current gain of 10, the error prodClced in the input 
threshold voltage is less than 50 mV. 



Transmission 
Line Characteristics 

INTRODUCTION 

Digital systems generally require the transmission of 
digital signals to and from other elements of the system. 
The component wavelengths of the digital signals will 
usually be shorter than the electrical length of the cable 
used to connect the subsystems together and, therefore, 
the cables should be treated as a transmissions line. In 
addition, the digital signal is usually exposed to hostile 
electrical noise source which will require more noise 
immunity then required in the individual subsystems 
environment. 

The requirements for transmission line techniques and 
noise immunity are recognized by the designers of sub
systems and systems, but the solution used vary con
siderably. Two widely used example methods of the 
solution are shown in Figure 1. The two methods 

UNBALANCED METHOD 

5V 

BALANCED METHOD 

FIGURE 1. 

illustrated use unbalanced and balanced circuit tech
niques. This application note will delineate the char
acteristics of digital signals in transmission lines and 
characteristics of the line that effect the quality, and will 
compare the unbalanced and balanced circuits perfor-
mance in digital systems. . 

NOISE 

The cables used to transmit digital signals external to a 
subsystem and in route between the subsystem, are 
exposed to external electromagnetic noise caused by 
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switching transients from actuating devices of neighbor
ing control systems. Also external to a specific sub
system, another subsystem may have a ground problem 
which will induce noise on the system, as indicated in 
Figure 2. 

INDUCED NOISE ALONG CABLE ROUTE 
GROUND PROBLEMS IN ASSOCIATED EOUIPMENT 

FIGURE 2. External Noise Sources 

The signals in adjacent wires inside a cable may induce 
electromagnetic noise on other wires in the cable. The 
induced electromagnetic noise is worse when a line ter
minated at one end of the cable is near to a driver at the 
same end, as shown in Figure 3. Some noise may be 

CABLE 

FIGURE 3. Internal Noise Sources 

induced from relay circuits which have very large tran
sient voltage swings compared to the digital signals in the 
same cable. Another source of induced noise is current 
in the common ground wire or wires in the cable. 
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DISTORTION 

The objective is the transmission and recovery of digital 
intelligence between subsystems, and to this end, the 
characteristics of the data recovered must resemble the 
data transmitted. In Figure 4 there is a difference in the 
pulse width of the data and timing signal transmitted, 
and the corresponding signal received. In addition there 
is a further difference in the signal when the data is 
"AND"ed with the timing signal. The distortion of the 
signal occurred in the transmission line and in the line 
driver and receiver. 

TRANSMITTED n 
NRZ DATA ~ '----

TRANSMITTED n n n n n 
TlMING..J U U U U L 

RECEIVED-I1 
DATA 

~------

RECEIVEDJUUUUL 
TIMING 

RECOVERED~ 
DATA 

...... ------
FIGURE 4. Effect of Distortion 

A primary cause of distortion is the effect the transmis
sion line has on the rise time of the transmitted data. 
Figure 5 shows what happens to a voltage step from the 
driver as it travels down the line. The rise time of the 
signal increases as the signal travels down the line. This 
effect will tend to affect the timing of the recovered 
signal. 

OFT Z50 FT 

__ LINE IR DROP 

TIME 

FIGURE 5. Signal Response at Receiver 

I-.rf~ 

THE STEP RESPONSE OF A TRANSMISSION 
LINE RESEMBLES A COMPLIMENTARY 
ERROR FUNCTION RATHER THAN AN 
EXPONENTIAL FUNCTION 

TIME 

FIGURE 6. Signal Rise Time 
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.The rise time in a transmission line is not an exponential 
function but a complementary error function. The high 
frequency components 'of the step input are attenuated 
and delayed more than the low frequency components. 
This attenuation is inversely proportional ·to the fre
quency. Notice in Figure 6 particularly that the signal 
takes much longer to reach its final dc value. This effect 
is more significant for fast risetimes. 

The Duty Cycle of the transmitted signal also causes 
distortion. The effect is related to the signal rise time as 
shown in Figure 7. The signal doesn't reach one logic 
level before the signal changes to another level. If the 
signal has a 1/2 (50%) Duty Cycle and the threshold of 
the receiver is halfway between the logic levels, the dis
tortion is small. But if the Duty Cycle is 1/8 as shown in 
the second case the signal is considerably distorted. In 
some cases, the signal may not reach the receiver thresh
old at all. 

. liZ DUTY h h h h h 
CYCLE oATA.J U U LJ U L 

liZ DUTY CYCLE A A-;:""--;:'" .A. /' 
LINE RESPoNSE/V X V ~VTH -----

liB DUTY n .. n 
CYCLE oATA.J L----J L 

lIBoUTYCYCLE' ~ /V 
LINE RESPONSE '< .... _____ -V- TH 

FIGURE 7. Signal Distortion Due to Duty Cycle 

In the previous example, it was assumed that the 
threshold of the receiver was halfway between the ONE 
and ZERO logic levels. If the receiver threshold isn't 
halfway the receiver will contribute to the distortion of 
the recovered signal. As shown in Figure 8, the pulse 
time is lengthened or shortened, depending on the 
polarity of the signal at the receiver. This is due to the 
offset of the receiver threshold. 

DRIVER . . r----l ~. 
INPUT ~ L----..:.. 

OUTPUT 
POSITIVE PULSE RECEIVER n 

-----I "'---

---, r----
RECEIVER L NEGATIVE PULSE 

OUTPUT __ ..J 

FIGURE 8. Slicing Level Distortion 

UNBALANCED METHOD 

Another source of distortion is caused by the I R losses 
in the wire. Figure 9 shows the I R losses that occur in a 
thousand feet of no. 22 AWG wire. Notice in this 



example that the losses reduce the signal below the 
threshold of the receiver in the unbalanced method. Also 
that part of the I R drop in the ground wire is common 
to other circuits-this ground signal will appear as a 
source of noise to the other unbalanced line receivers in 
the system. 

120 

LM15452 r----' I __ ~,~~~4-~~~ 

I I 
I I 
I I 
I I 

30 I I L ____ .. .J~~~"" ,f'v--++---:---''--.......,~-.... - .... ---I 
':' \0.83VI ':' 

t 
lR DROP GENERATES 
GROUND LOOP NOISE 

IR DROP SUBTRACTS 
FROM NOISE MARGIN 

FIGURE 9. Unbalanced Meth'od 

Transmission lines don't necessarily have to be perfectly 
terminated at both ends, (as will be shown later) but the 
termination used in the unbalanced method will cause 
additional distortion. Figure 10 shows the signal on the 
transmission line at the driver and at the receiver. In this 
case the receiver was terminated in 120n, but the char
acteristic impedance of the line is much less. Notice that 
the wave forms have significant steps due to the 
incorrect termination of the line. The signal is subject to 
misinterpretation by the line receiver during the period 
of this signal transient because of the distortion caused 
by Duty Cycle and attenuation. In addition, the noise 
margin of the signal is reduced. 

AT DRIVER -
AT RECEIVER -

100 FT TWISTED 
PAIR SHIELDED 

r.:!~ 
!I 

::..I 

!:J = 

= = II"..:ii ,-
!:":ii- II 

II =--- Ilti = =:= 
200 nstDIV 

FIGURE 10. LM75451, DM7400 Line Voltage Waveforms 

The signal waveforms on the transmission line can be 
estimated before hand by a reflection diagram. Figure 11 
shows the reflection diagram of the rise time wave 
forms. The voltage versus current plot on left is used to 
predict the transient rise time of the signal shown on the 
right. The initial condition on the transmission line is an 
I R drop across the line termination. The first transient 
on the line traverses from this initial point to zero cur
rent. The path it follows corresponds to the character
istic impedance of the line. The second transient on the 
diagram is at the line termination. As shown, the signal 
reflects back and forth until it reaches its final dc value. 

Figure 12 shows the reflection diagram of the fall time. 
Again the signal reflects back and forth between the line 
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termination until it reaches its final dc value. In both the 
rise and fall time diagrams, there are transient voltage 
and current signals that subtract from the particular 
signal and add to the system noise. 

40 rnA 

FIGURE 11.' Line Reflection Diagram of Rise Time 

SIGNAL AT DRIVER 

_SIGNAL AT RECEIVER 

-TIME 

FIGURE 12. Line Reflection Diagram of Fall Time 

BALANCED METHOD 

In the balanced method shown in Figure 13, the tran
sient voltages and currents on the line are equal and 

DM1830 

30 

I~ 110 

30 

1~ 30 

INPUT BALANCEO LINE SIGNAL OUTPUT 

THE GROUND LOOP CURRENT IS MUCH LESS THAN SIGNAL CURRENT 

FIGURE 13. Cross Talk of Signals 

opposite and cancel each others noise. Also unlike the 
unbalanced method, they generate very little ground 
noise. As a result, the balanced circuit doesn't contribute 
to the noise pollution of its environment. 



The circuit used for a line receiver in the balanced 
method is a differential amplifier. Figure 14 shows a noise 
transient induced equally on line A and line B from line 
C. Because the signals on line A and B are equal, the 
signals are ignored by the differential line receiver. 

Likewise for the s/lme reason, the differential signals on 
line A and B from the driver will not induce transients on 
line C. Thus, the balanced method doesn't generate noise 
and also isn't susceptible to noise. On the other hand 
the unbalanced method is more sensitive to noise and 
also generates more noise. 

t 

SIGNAL ON LINE A ~ 
SIGNAL ON LINE 8 ~ 

DIFFERENCE SIGNAL (A-B) __ ....J __ oJ 

FIGURE 14. Cross Talk of Signals 

The characteristic impedance of the unbalanced trans
mission line is less than the impedance of the balanced 
transmission line. In the unbalanced method there is 
more capacitance and less inductance than in the bal
anced method. In the balance method the Reactance to 
adjacent wires is almost cancelled (see Figure 15). As a 
result a transmission line may have a 60n unbalanced 
impedance and a gOn balanced impedance. This means 
that the unbalanced method, which is more susceptible 
to I R drop, must use a smaller value termination, which 
will further increase the I R drop in the line. 

,arb> 
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0000 
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0000 
000 

UN8ALANCED 

138 a 
ZOCOAX = v'k log b 

276 a 
Zo = -Iog-

v'k b 

000 
000.0 
OO~O 
0000 
000 

FIGURE 15. Zo Unbalanced < Zo Balanced 

The impedance measurement of an unbalance and balance 
line must be made differently. The balanced impedance 
must be measured with a balanced signal. If there is any 
unbalance in the signal on the balanced line, there will be 
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an unbalance reflection at the terminator. Therefore, the 
lines should also be terminated for unbalanced signals. 
Figure 16 shows the perfect termination configuration 
of a balanced transmission line. This termination method 
is primarily required for accurate impedance measure· 
ments. 

UNBALANCED 

BALANCED 

ROB = RxII2 Rou = 90 

FIGURE 16. Impedance Measurement 

MEASURED PERFORMANCE 

The unbalanced method circuit used in this application 
note up to this point is the unbalanced circuit shown in 
Figure 1. The termination of its transmission line was 
greater than the characteristic impedance of the unbal
anced line. and the circuit had considerable threshold 
offset. The measured performance of the unbalanced cir
cuit wasn't comparable to the balanced method. There
fore, for the following comparison of unbalanced and 
balanced circuits, an improved termination shown in 
Figure 17 will be used. This circuit terminates the line in 
60n and minimized the receiver threshold offset. 

FIGURE 17. Improved Unbalanced Method 

A plot of the Absolute Maximum Data Rate versus cable 
type is shown in Figure 18. The graph shows the dif
ferent performances of the DM7820A line receiver and 
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FIGURE 18. Data Rate vs Cable Type 
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FIGURE 20. Data Rate vs Line Termination 

LINE LENGTH (FT) 

FIGURE 21. Data Rate vs Distorion of 
LM75452, DM7400 

the DM7830 line driver circuits with a worse case 1/8 
Duty Cycle in no. 22 AWG stranded wire cables. I n a 
single twisted pair cable there is less reactance than 
in a cable having nine twisted pairs and in turn this 
cable has less reactance than shielded pairs. The line 
length is reduced in proportion to the increased line 
attenuation which is proportional to the line reactance. 
The plot shows that the reactance and attenuation has a 
significant effect on the cable length. Absolute Maxi
mum Data Rate is defined as the Data Rate at which the 
output of the line receiver is starting to be degraded. The 
roll off of the performance above 20 mega baud is due 
to the circuit switching response limitation. 

Figure 19 shows the reduction in Data Rate caused by 
Duty Cycle. It can be observed that the Absolute Maxi
mum Duty Rate of 1/8 Duty Cycle is less than 1/2 Duty 
Cycle. The following performance curves will use 1/8 
Duty Cycle since it is the worst case. 

Absolute Maximum Duty Rate versus the Line 
Termination Resistance for two different lengths of 
cable is shown in Figure 20. It can be seen from the 
figure that the termination doesn't have to be perfect in 
the case of balanced circuits. It is better to have a termi
nation resistor to minimize the extra transient signal 
reflecting between the ends of the line. The reason the 
Data Rate increases with increased Termination Resist
ance is that there is less I R drop in the cable. 

The graphs in Figure 21 shows the Data Rate versus the 
Line Length for various percentage of timing distortion 
using the unbalanced LM75452 and DM7400 circuits 
shown in Figure 17. The definition of Timing Distortion 
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FIGURE 22. Data Rate vs Distorion of DM7820A, DM7830 
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is the percentage difference in the pulse width of the 
data sent versus the data received. 

Data Rate versus the Line Length for various percentage 
of timing distorition using the balanced DM7820A and 
DM7830 circuit is shown in Figure 22. The distortion of 
this method is improved over the unbalanced method, as 
was previously theorized. 

The Absolute Maximum Data Rate versus Line Lengths 
shown in the previous two figures didn't include any 
induced signal noise. Figure 23 shows the test configura
tion of the unbalanced circuits which was used to 
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FIGURE 23. Signal Cross Talk Experiment Using 
DM75452, DM7400 

measure near end cross talk noise. In this configuration 
there are eight line drivers and one receiver at one end of 
the cable. The performance of the receiver measured in 
the presence of the driver noise is shown in Figure 24. 
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Figure 24 shows the Absolute Maximum Duty Rate of 
the unbalanced method versus line length and versus the 
number of line drivers corresponding to the test con
figuration delineated in Figure 23. In the noise measure
ment set-up there was a ground return for each signal 
wire. If there is only one ground return in the cable the 
performance is worse. The graph shows that the effective 
line length is drastically reduced as additional Near End 
Drivers are added. When this performance is compounded 
by timing distortion the performance is further reduced. 

LM75452/DM7400 
TERMINATED 10011150n 
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LINE LENGTH (FT) . 

FIGURE 24. Data Rate vs Signal Cross Talk of 
LM75452, DM7400 

Figure 25 shows the test configuration of the balanced 
circuit used to generate worst case Near End cross talk 
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FIGURE 25. Signal Cross Talk Experiment Using 
DM7830, DM7820A 

noise similar to the unbalance performance shown in the 
previous figure. Unlike the unbalanced case, there was 
no measurable degradation of the circuits Data Rate or 
distortion. 

CONCLUSION 

National has a full Hne of both Balanced and Unbalanced 
Line Drivers and Receivers. Both circuit types work well 
when used within their limitations. This appli~ation note 
shows that the balanced method is preferable for long 
lines in noisy electrical evironments. On the other hand 
the unbalanced circuit works perfectly well with shorter 
lines and reduced data rates. It should be kept in mind 
that when you are spending $500,000 for a CPU and 
$75,000 for peripherals, it pays to investigate the be~t 
way to transmit data between them. 

DEFINITION OF BAUD RATE 

_\ T, \ __ 

-----T2-\ 

BIT RATE' = ~ 
INTERVAL PER BIT T2 

BAUD RATE = 1 = ~ 
MINIMUM UNIT INTERVAL T, 

The data in this note was plotted versus Baud Rate. 
The minimum unit interval reflected the worse case 

. conditions and also normalized the diagrams so that 
the diagrams were independent of duty cycle. If the 
duty cycle is 50% then the Baud Rate is twice the 
Bit Rate. 
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Transmission Line Drivers 
and Receivers for EIA 
Standards RS·422 and RS·423 

With the advent of the microprocessor, logic designs 
have become both sophisticated and modular in concept. 
Frequently the modules making up the system are 
very closely coupled on a single printed circuit board 
or cardfile. In a 'majority of these cases a standard bus 
transceiver will be adequate. However because of the 
distributed intelligence ability of the microprocessor, 
it is becoming common practice for the peripheral 
circuits to be physically separated from the host pro
cessor with data communications being handled over 
cables (e.g. plant environmental control or security 
system). And often these cables are measured in hun
dreds or thousands of feet as opposed to inches on a 
backplane. At this point the component wavelengths 
of the digital signals may become shorter than the 
electrical length of the cable and consequently must 
be treated as transmission lines. Further, these signals 
are exposed to electrical noise sources which may 
require greater noise immunity than the single chassis 
system. 

It is the object of this application note to underscore 
the more important design requirements for balanced 
and unbalanced transmission lines, and to show that 
National's OS1691 driver and OS7BLS120 receiver 
meet or exceed all of those requirements. 

THE REQUIREMENTS 

The requirements for transmission lines and noise 
immunity have been adequately recognized by National 

National Semiconductor 
Application Note 214 
John Abbott 
October 1978 

Semiconductor's application note AN-10B and E;I.A. 
standards RS:422 (balanced) and RS-423 (unbalanced). 
A summary review of these notes will show that the 
controll ing factors in a voltage digital interface are: 

1) The cable length 

2) The modulation rate 

3) The characteristic of the interconnection cable 

4) The rise time of the signal 

RS-422 and RS-423 contain several useful guidelines 
relative to the choice of balanced circuits versus un
balanced circuits. Figures Ta and 1b are the digital 
interface for balanced (Ta) and unbalanced (Tb) circuits. 

Even though the unbalanced interface circuit is intended 
for use at lower modulation rates than the balanced 
circuit, its use is not recommended where the following 
conditions exist: 

1) The interconnecting cable is exposed to noise 
sources which may cause a voltage sufficient 
to indicate a change of binary state at the load. 

2) It is necessary to minimize interference with 
other signals, such as data versus clock. 

3) The interconnecting cable is too long electrically 
for unbalanced operation (Figure 2) 

BALANCED LDADt;1 

iDRIVER-j----INTERCONNECTING TER~~~~~IONTRECEIVER I r . I CABLE 

~ " .. " .. -~"' r 
Legend: 

Rt : Optional cable termination resistance/receiver input impedance. 
VGROUND : Ground potential difference 
A, B : Driver interface 

A', B' : Load interface 
C: Driver circuit ground 
C' : Load circuit ground 

FIGU RE 1a. RS-422 Balanced Digital Interface Circuit 

UNBALANCED 

I
_ORIVER-j--INTERCONNECTING 

I . CABLE 
o A SIGNAL CONDUCTOR 

SIGNAL COMMON RETURN 

VGRDUI/O __ o-C· ______ • 

Legend: 

Rt : Transmission line termination and/o'r receiver input impedance 
VGROUND = Ground potential difference 
A, C : Driver interface 

A', B' : Load interface 
C: Driver circuit ground 
C': Load circuit ground 

FIGURE 1b. RS-423 Unbalanced Digital Interface Circuit 
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CABLE LENGTH 

While there is no maximum cable length specified, 
guidelines are given with respect to conservative oper
ating distances as a function of modulation rate. Figure 
2 is a composite of the guidelines provided by RS-422 
and RS-423 for data modulation versus cable length. 
The data is for 24 AWG twisted pair cable terminated 
for worst case (due to IR drop) in a 100 Ohm load, 
with rise and fall times equal to or less than one half 
unit interval at the applied modulation rate. 

The maximum cable length between driver and load 
is a function of the baud rate. But it is influenced by: 

llA maximum common noise range of ±7 volts 
A) The amount of common-mode noise 

Difference of driver and receiver ground po
tential plus driver offset voltage and coupled 
peak random noise. 

B) Ground potential differences between driver 
and load. 

C) Cable balance 
Differential noise caused by imbalance bet
ween the signal conductor and the common 
return (ground) 

2) Cable termination 
At rates above 200 kilobaud or where the rise 
time is 4 times the one way propagation delay 
time of the cable (RS-422 Sec 7.1.2) 

3) Tolerable signal distortion 

MODULATION RATE 

Section 3 of RS-422 and RS-423 states that the un
balanced voltage interface will normally be utilized 
on data, timing or control circuits where the modulation 
rate on these circuits is below 100 kilobauds, and bal
anced voltage digital interface on circuits up to 10 
megabauds. The voltage digital interface devices meeting 
the electrical characteristics of this standard need 
not meet the entire modulation range specified_ They 
may be designed to operate over narrower ranges to 
more economically satisfy specific applications, par
ticularly at the lower modulation rates. 

As pointed out in AN-108, the duty cycle of the trans
mitted signal contributes to the distortion. The effect 
is the result of rise time. Due to delay and attenuation 
caused by the cable, it is possible due to AC averaging 
of the signal, to be unable to reach one binary level 
before it is changed to another. If the duty cycle is 
1/2 (50%) and the receiver threshold is midway between 
logic levels, the distortion is small. However if the duty 
cycle were 1/8 (12.5%) the signal would be consider
ably distorted. 

CHARACTERISTICS 

Driver Unbalanced (RS-423) 

The unbalanced driver characteristics as specified by 
RS-423 Sec 4.1 are as follows: 

1) A driver circuit should be a low impedance (50 
Ohms or less) unbalanced voltage source that 
will produce a voltage applied to the intercon
necting cable in the range of 4 volts to 6 volts. 

2) With a test load of 450 Ohms connected between 
the driver output terminal and the driver circuit 
ground, the magnitude of the voltage (VT) mea
sured between the driver output and the driver 
circuit ground shall not be less than 90% of the 
magnitude for either binary state. 

3) During transitions of the driver output between 
alternating binary states, the signal measured 
across a 450 Ohm test load connected between 
the driver output and circuit ground should be 
such that the voltage monotonically changes 
between 0.1 and 0.9 of VSS. Thereafter, the 
signal shall not vary more than 10% of VSS 
from the steady state value, until the next binary 
transition occurs, and at no time shall the in
stantaneous magnitude of VT and VT exceed 
6 volts, nor be less than 4 volts. VSS is defined 
as the voltage difference between the 2 steady 
state values of the driver output. 

10k~ •• m •• ml 4k S 
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c:t 
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40 

1k 10k 100k 1M 10M 

DATA MODULATION RATE (BAUDS) 

FIGURE 2. Data Modulation Rate vs Cable Length 
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CYCLE DATA 
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Bit Rate 

Interval Per Bit T2 

Baud Rate 
Minimum Unit Interval Tl 

FIGURE 3a. Definition of Baud Rate 

FIGURE 3b. Signal Distortion Due to Duty Cycle 

Vss ~ IVt - Vtl 

1.lVSS-
-- O.9VSS 

O.lVSS 

vss ~ Difference in steady state voltages. 

FIGURE 4. Unbalanced Driver Output Signal Waveform 
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Driver Balanced (RS-422) 

The balanced driver characteristics as specified by 
RS-422 Sec 4.1 are as follows: 

1) A driver circuit should result in a low impedance 
(100 Ohms or less) balanced voltage source that 
will produce a differential voltage applied to the 
interconnecting cable in the range of 2 volts to 
6 volts. 

2) With a test load of 2 resistors, 50 Ohms each, 
connected in series between the driver· output 
terminals, the magnitude of the differential 
voltage (VT) measured between the 2 output 
terminals shall not· be less than either 2.0 volts 
or 50% of the magnitude of VO, whichever is 
greater. For the opposite binary state the polar
ity of VT shall be reversed (VT). The magnitude 
of the difference in the magnitude of VT and VT 
shall be less than 0.4 volts. The magnitude ·of the 
driver offset voltage (V OS) measured between 
the center point of the test load and driver circuit 
ground shall not be greater than 3.0 volts. The 
magnitude of the difference in the magnitude 
of VOS for one binary state and VOS for the 
opposing binary state shall be less than 0.4 volts. 

3) During transitions of the driver output between 
alternating binary states, the differential signal 
measured across a 100 Ohm test load connected 
between the driver output terminals shall be 

A 

100 
±10% 

such that the voltage monotonically changes 
between 0.1 and 0.9 of VSS within 0.1 of the 
unit interval or 20 nanoseconds, whichever is 
greater. Thereafter the signal voltage shall not 
vary more than 10% of VSS from the steady 
state value, until the next binary transition occurs, 
and at no time shall the instantaneous magnitude 
of VT or VT exceed 6 volts, nor less than 2 volts. 

Interconnecting Cable 

The characteristics of the interconnecting cable should 
result in a transmission line with a characteristic imped· 
ance in the general range of 100 Ohms to frequencies 
greater than 100 kilohertz, and a DC series loop resis
tance not exceeding 240 Ohms. The cable may be 
composed of twisted or untwisted· pair (flat cable) 
possessing the characteristics specified in RS-422 Sec 

·4.3 as follows: 

1) Conductor size of the 2 wires shall be 24 AWG or 
larger with wire resistance not to exceed 30 
Ohms per 1000 feet per conductor 

2) Mutual pair capacitance between 1 wire in the 
pair to the other shall not exceed 20 pF per foot. 

3) Stray capacitance between 1 wire in the pair 
with all other wires connected to ground, shall 
not exceed 40 pF per foot. 

1.1 VSS -, -. __ r--_ ... 

-- 0.9VSS +t--- 0.1VSS 

~--=:-- 0.9VSS 
---1.1VSS 

tb = Time duration of the unit interval at the applicable modulation rate. 

tr::: 0.1 tb when tb.2: 200 ns 
tr ::: 20 ns when tb < 200 ns 
VSS = Difference in steady state voltages 

VSS = IVt - Vtl 

FIGURE 5. Balanced Driver Output Signal Waveform 
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Receiver 

The load characteristics are identical for both balanced 
(RS-422) and unbalanced (RS-423) circuits_ Each 
consists of a receiver and optional termination resistance 
as shown in Figure 1. The electrical characteristics 
single receiver without termination or optional fail
safe provisions are specified in RS-422/423 Sec 4.2 
as follows: 

f 

1) Over an entire common-mode voltage range of 
-7 to +7 volts, the receiver shall not require 
a differential input voltage or more than 200 
millivolts to correctly assume the intended binary 
state. The common-mode voltage (VCM) is defined 
as the algebraic mean of the 2 voltages appearing 
at the receiver input terminals with respect to 
the receiver circuit ground. Reversing the polarity 
of VT shall cause the receiver to assume the 
opposite binary state. This allows for operations 
where there are ground differences caused by 
I R drop and noise of up to ±7 volts. 

2) To maintain correct operation for differential 
input signal voltages ranging between 200 milli
volts and 6 volts in magnitude. 

3) The maximum voltage present between either 
receiver input terminal and receiver circuit ground 
shall not exceed 10 volts (3 volt signal plu~ 7 volts 
common-mode) in magnitude nor cause the 
receiver to operationally fail. Additionally, the 
receiver shall tolerate a maximum differential 
signal of 12 volts appl ied across its input terminals 
without being damaged. 

4) The total load including up to 10 receivers shall 
not have a resistance greater than 90 Ohms for 
balanced, and 400 Ohms unbalanced at its input 
points and shall not require a differential input 
voltage of greater than 200 millivolts for all 
receivers to assume the correct binary state. 

+1/2 Vi 

+Vj r"v 
MAXIMUM 

OPERATING 
RANGE 

-----1-Lv 
FIGURE 6. Receiver Input Sensitivity Measurement 

Note: Designers of terminating hardware should be 
aware that slow signal transitions with superim
posed noise present may give rise to instabil ity 
or oscillations in the receiving device, and there
fore appropriate techniques should be imple
mented t9 prevent such behavior. For example, 
adequate hysteresis and response control may 
be incorporated into the receiver to prev'ent 
such conditions. 
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5) Fail-safe operation per RS-423 Sec 4.2.5 states 
that other standards and specifications using 
the electrical characteristics of the unbalanced 
interface circuit may require that specific inter
change leads be made fail-safe to certain fault 
conditions. Where fail-safe operation is required 
by such referencing standards and specifications, 
a provision shall be' incorporated in the load 
to provide a steady binary condition (either 
"1" or "0") to protect against certain fault con
ditions (open or shorted cable!. 

The designer should be aware that in circuits 
employing pull-up resistors, the resistors used 
become part of the termination. 

SIGNAL RISE TIME 

The signal rise time is a high frequency component 
which causes interference (near end cross-talk) to be 
coupled' to adjacent channels in the interconnecting 
cable. The near-end 'crosstalk is a function of both 
rise time and cable length, and in considering wave 
shaping, both should be considered. Since in the bal
anced voltage digital interface the output is comple
mentary, there is practically no cross-talk coupled 
and therefore wave shaping is limited to unbalanced 
circuits. 

Per RS-423 Sec 4.1.6, the rise time of the signal should 
be controlled so that the signal has reached 90% of 
VSS between 10% and 30% of the unit interval at the 
maximum modulation rate. Below 1 kilobaud the 
time to reach 90% VSS shall be between 100 and 300 
microseconds. If a driver is to operate over a range 
of modulation rates and employ a fixed amount of 
wave shaping which meets the specification for the 
maximum modulation rate of the operating range, 
the wave shaping is considered adequate for all lesser 
modulation rates. 

However a major cause of distortion is the effect the 
transmission line has on the rise time of the transmitted 
signal. Figure 7 shows the effect of line attenuation 
and delay to a voltage step as it progresses down the 
cable. The increase of the rise time with distance will 
have a considerable effect on the distortion at the 
receiver. Therefore in fixing the amount of wave sha
ping employed, caution should be taken not to use 
more than the minimum required. 

TIME 

FIGURE 7. Signal Rise Time on Transmission Line vs 
Line Length . 



DS1691,DS78LS120 
The Driver 

The DS1691/DS3691 are low power Schottky TTL 
line drivers designed to meet the above listed require
ments of EIA standard RS-422 and RS423_ They 
feature 4 buffered outputs with high source and sink 
current capability with internal short circuit protection. 
The DS1691/DS3691 employ a mode selection pin 
which allows the circuit to become either a pair of 
balanced drivers (Figure 8) or 4 independent unbalanced 
drivers (Figure 9). When configured for unbalanced 
operation (Figure 10) a rise time control pin allows 
the use of an external capacitor to control rise time 
for suppression of near end cross-talk to adjacent chan
nels in the interconnect cable. Figure 11 is the typical 
rise time vs external capacitor used for wave shaping. 

The DS3691 configured for RS-422 is connected Vee = 
5V VEE = OV, and configured for RS423 connected 
Vee = 5V VEE = -5V. For applications outside RS-422 
conditions and for greater cable lengths the DS1691/ 
DS3691 may be connected with a Vee of 5 volts and 
VEE of -5 volts. This will create an output which 
is symmetrical about ground, similar to Mil Standard 
188-114. 

When configured as balanced drivers (Figure 8), each 
of the drivers is equipped, with an independent TRI
ST ATE® control pin. By use of th is pin it is possible 
to force the driver into its high impedance mode for 
applications uS,ing partyline techniques. 

If the common-mode voltage, between driver 1 and 
all other drivers in the circuit, is small then several 
line drivers (and receivers) may be incorporated into 
the system. However, if the common-mode voltage 
exceeds the TRI-STATE common-mode range of any 
driver, then the signal will become attenuated by that 
driver to the extent the common-mode voltage exceeds 
its common-mode range (See Figure 12, top waveform). 

It is important then to select a driver with a common
mode range equal to or larger than the common-mode 
voltage requirement of the system. In the case of RS-422 
and RS-423 the minimum common-mode range would 
be ±7 volts. The DS1692/DS3692 driver is tested to a 
common-mode range of ±10 volts and will operate 
within the requirements of such a system (See Figure 12, 
bottom waveform). 
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FIGURE 8. DS3691 Connected for Balanced Mode Operation 
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FIGURE 9. DS3691 Connected for Unbalanced Mode Operation 
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FIGURE 10. Using an External Capacitor to 
Control Rise Time of OS3691 

FIGURE 11. OS3691 Rise Time vs External 
Capacitor 
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FIGURE 12. Comparison of Orivers without TRI-STATE Common-mode Output Range (Top Waveforms) to OS3691 
(Bottom Waveforms) 
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DS78LS120/DS88LS120 
The Receiver 

The DS78LS120/DS88LS120 are high performance, 
dual differential, TTL compatible line receivers which 
meet or exceed the above listed requirements for both 
balanced and unbalanced voltage digital interface. 

The line receiver will discriminate a ±200 millivolt 
input signal over a full common-mode range of ±10 volts 
and a ±300 millivolt signal over a full common-mode 
range of ±15 volts. 

The DS78LS120!DS88LS120 include response control 
for applications where controlled rise and fall times 
and/or high frequency noise rejection are desirable. 
Switching noise which may occur on. the input signal 

can be eliminated by the 50 mV (referred to input) 
of hysterisis built into the output gate (Figure 14). 
The DS78LS120/DS88LS120 makes use of a response 
control pin for the addition of an external capacitor, 
which will not effect the line termination impedance 
of the interconnect cable. Noise pulse width rejection 
versus the value of the response control capacitor is 
shown in Figure 15. The combination of the filter 
followed by hysteresis will optimize performance in 
a worse case noise environment. The DS78C120/ 
DS88C120 is identical in performance to the 
DS78LS120/DS88LS120, except it's compatible with 
CMOS logic gates. 
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FIGURE 13. DS78LS120/DS88LS120 Dual Differential Line Receiver 
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FIGURE 14. Application of DS88LS120 Receiver Response Control and Hysteresis 
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FAIL-SAFE OPERATION 

Communication systems require elements of a system 
to detect the loss of signals in the transmission lines. 
And it is desirable to have the system shut-down in a 
fail-safe mode if the transmission line is open or short. 
To facilitate the detection of input opens or shorts, 
the DS78LS120/DS88LS120 incorporates an input 
threshold voltage offset. This feature will force the 
line receiver to a specific logic state if presence of 
either fault condition exists. 

The receiver input threshold is ±200 millivolts and an 
input signal greater than ±200 mill ivolts insures the 
receiver will be in a specific logic state. When the offset 
control input is connected to a VCC = 5 volts, the 
input thresholds are offset from 200 to 700 millivolts, 
referred to the non-inverting input, or -200 to -700 
millivolts, referred to the inverting input. Therefore, 
if the input· is open or short, the input will remain 
in a specific state (See Figure 16). 
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DRIVER DS3691 
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(OFFSET CONTROL 
INPUT OPEN) 

INPUT VOLTAGE 

5V 

It is recommended that the receiver be terminated 
in 500 Ohms or less to insure it will detect an open 
circuit in the presence of noise. 

For unbalanced operation, the receiver would be in an 
indeterminate logic state if the offset control input 
was open. Connecting the offset to +5 volts, offsets 
the receiver threshold 0.45 volts. The output is forced 
to a logic zero state if the input is open or short. 

For balanced operation with inputs short or open, 
receiver C will be in an indeterminate logic state. Re
ceivers A and B will be in a logic zero state allowing 
the NOR gate to detect the short or open fault con
dition. The "strobe" input will disable the A and B 
receivers and therefore may be used to "sample" the 
fail-safe detector (See Figure 17). 
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FIGURE 16. Fail-Safe Using the. DS88LS120 Threshold Offset for Unbalanced Lines 
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Summary of Electrical 
Characteristics of Some 
Well Known Digital Interface 
Standards 

FORWARD 

Not the least of the problems associated with the design 
or use of data processing equipment is the problem of 
providing for or, actually, interconnecting the differing 
types and models of equipment to form specific proces
sing systems. 

The magnitude of the problem becomes apparent when 
one realizes that every aspect of the electrical, mechani
cal and architectural format must be specified. The most 
common of the basic decisions confronting the engineer 
include: 

• Type of logic (negative or positive) 

• Threshold levels 

• Noise immunity 

• Form of transmission 
• Balanced/unbalanced, terminated/unterminated 
• Unidirectional/bidirectional, simplex/multiplexed 

• Type of transmission line 

• Connector type and pin out 

• Bit or byte oriented 

• Baud rate 

If each make and/or model of equipment presented a 
unique interface at its I/O ports, "interface" engineering 
would become a major expenditure associated with the 
use of data processing equipment. 

Fortunately, this is not the case as various interested 
or cognizant groups have analyzed specific recurring 
interface areas and recommended "official" standards 
around which common I/O ports could be structured. 
Also, the I/O specifications of some equipment with 
widespread popularity such as the IBM 360/370 com
puter and DEC minicomputer have become "defacto" 
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standards because of the desire to provide/use equip
ment which interconnect to them. 

Compliance with either the "official" or "defacto" 
standards on the part of equipment manufacturers is 
voluntary. However, it is obvious that much can be 
gained and little lost by providing equipment that offers 
either the "official" or "defacto" standard I/O ports. 

As can be imagined, the entire subject of interface in 
data processing systems is complicated and confusing, 
particularly to those not intimately involved in the day
to-day aspects of interface engineering or management. 
However, at the component level the questions simplify 
to knowing what standards apply and what circuits or 
components are available to meet the standards. 

This application note summarizes the important electri
cal characteristics of the most commonly accepted 
interface standards and offers recommendations on how 
to use National Semiconductor integrated circuits to 
meet those standards. 

1.0 INTRODUCTION 

The interface standards covered in this application 
note are listed in Table I. The body of the text 
expands upon the scope and application of each 
listed standard and summarizes important electrical 
parameters. 

Table II summarizes the National Semiconductor 
IC's applicable to each standard. 



TABLE I. COMMON LINE DRIVER/RECEIVER INTERFACE STANDARDS SUMMARY 

INTERFACE AREA APPLICATION STANDARD ORIGIN COMMENTS 

Data Communications Equip- U.S.A. Industrial RS232C EIA Unbalanced, Short Lines 

ment (DCE*) to Data Terminal RS422 EIA . Balanced, Long Lines 

Equipment (DTE) RS423 EIA Unbalanced, RS232 Up-

Grade 

RS449 EIA System Standard Covering 

Use of RS422, RS423 

International CCITT Vol. VIII International Similar to RS232 

V.24 Telephon~ 

CCITT No. 97 and Telegraph Similar to RS423 

X.26 Consultative 

CCITT No. 97 Committee Similar to RS422 

X.27 

U.S.A. Military MIL·STD-188C D.O.D. Unbalanced, Short Lines 

MI L-STD-188-114 D.O.D. Similar to RS422, RS423 

MIL·STD-1397 Navy 42k bits/sec 

(NTDS-Slow) 

M I L-STD-1397 Navy 250k bits/sec 

(NTDS-Fast) 

U.S. Government, FED-STD-1020 GSA Identical to RS423 

Non-Military FED-STD-1030 GSA Identical to RS422 

Computer to IBM 360/370 System 360/370 IBM Unbalanced Bus 

Peripheral Channel I/O 

DEC DEC DEC Unbalanced Bus 

Mini·Computer Unibus® 

I nstrument to Nuclear Instru- CAMAC [\JIM DTL/TTL 

Computer mentation (IEEE std. 583-1975) (AEC) Logic Levels 

Laboratory Instru- 488 IEEE Unbalanced Bus 

mentation 

Microprocessor to Microprocessor Microbus™ National Short Line; 8-Bit Parallel, 

Interface Devices Circuits Semiconductor Digital Transmission 

Facsimile Equipment Facsimile RS357 EIA Incorporates RS232 

to DTE Transmission 

Automatic Calling Equip- Impulse Dialing RS366 EIA Incorporates RS232 

ment to DTE and Multi-Tone 

Keying 

Numerically Controlled Numerically Controlled RS408 EIA Short Lines «4 Ft.) 

Equipment to DTE Equipment 

" 

*Changed t'o "Data Circuit-Terminating Equipment" 
®Regisiered trademark of Digital Equipment Corp. 
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TABLE II. LINE DRIVER/RECEIVER INTEGRATED CIRCUIT 
SELECTION GUIDE FOR DIGITAL INTERFACE STANDARDS 

STANDARD 
PART NUMBER 

DESIGNATION 
LINE DRIVER LINE RECEIVER 

O°C TO +70°C -55°C TO +125°C O°C TO +70°C -5SoC TO +125°C 

U.S. Industrial Standards 

RS232C OS1488 Not Applicable OS1489 (A) Not Applicable 

OS75150 Not Applicable OS75154 Not Applicable 

RS357 See RS232C 

RS366 See RS232C 

RS408 OS75453 OS55454 OS7820A OS7820A 

0575454 0555454 0575115 OS55115 

RS422 OS3691 051691A 0588LS120 OS78LS120 

OS26LS31C 0526LS31M OS26LS32C 0526LS32M 

053487 OS3587 OS3486 

0526L533C OS26LS33M 

OS88C20 OS78C20 

D588C120 OS78C120 

RS423 OS3691 OS1691A· 0588LS120 OS78LS120 

OS3692 OS1692 OS88C20 OS78C20 

OS88C120 OS78C120 

RS449 ' See RS422, R5423 

IEEE 488 OS3666 OS3666 

OS75160A OS75160A 

OS75161A OS75161A 

0575162A OS75162A 

I CAMAC See RS232C, RS422, RS423 or IEEE 488 

IBM 360/370 OS75123 Not Applicable OS75124 Not Applicable 

I/O Port 

DEC Unibus® OS36147 OS16147 OS8640 OS7640 

OS8641 OS7641 OS8641 OS7641 

Transceiver Transceiver Transceiver Transceiver 

Microbus™ OS3628 OS1628 

OP8228 OP8228M 

OP8216 OP8216M 

OP8212 OP8212M 

OP8304B OP8304B 

Transceiver Transceiver 

Government Standards 

M I L-STO-188C OS3692 OS1692 OS88LS120 OS78LS120 

MIL-STO-188-114 OS3692 OS1692 OS88LS120 OS78LS120 

FEO-STO-1020 See RS423 

FEO-STO-1030 See RS422 

MIL-STO-1397 Use Discrete Components and/or Comparators 

(NTOS-Slow) I 
MIL-STO-1397 ' Use Discrete Comp~nents and/or Comparators 

(NTOS-Fast) I 
®Registered trademark of Digital Equipment Corp. 
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TABLE II. LINE DRIVER/RECEIVER INTEGRATED CIRCUIT 
SELECTION GUIDE FOR DIGITAL INTERFACE STANDARDS (Continued) 

STANDARD 
DESIGNATION 

LINE DRIVER 

International Standards (CCITT) 

1969 White Book 

Vol. VIII, V. 24 

Circular No. 97, 

X.26 

Circular No. 97, ' 

X.27 

See RS232C 

See RS422 

See RS423 

2.0 DATA TERMINAL EQUIPMENT (DTE) TO DATA 
COMMUNICATIONS EQUIPMENT (DCE) INTER· 
FACE STANDARDS 

2.1 Application 

The DTE/DCE standards cover the electrical, 
mechanical and functional interface between/ 
among terminals (i.e., teletypewriters, CRTs, 
et~.) and communications equipment (i.e., 
modems, cryptographic sets, etc.). 

2.2 U.S. Industrial DTE/DCE Standards 

2.2.1 EIA RS232C 

The oldest and most widely known DTE/ 
DCE standard. It provides for one·way/ 
non·reversible, single·ended (unbalanced), 
non·terminated line, serial digital data 
transmission. 

~ ~» ~ tc
-IN~~~;;CE-j ~ 

~)-------i)~>>-----' 
-! 

FIGURE 1. EIA RS232C Application 

Important features are: 

a) Positive logic (±5V min to ±15V max) 
b) Fault protection I 

c) Slew· rate control 
d) 50 feet recommended cable length 

and 20k bits per second data signal· 
ing rate. 

2.2.2 EIA RS422, RS423 

In a move to upgrade system capabilities 
by utilizing state·of·the·art devices and 
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PART NUMBER 
LINE RECEIVER 

technology the EIA, in 1975, introduced 
2 new specifications covering: 

1) Single·ended data transmission at 
modulation rates up to kilobaud* 
(RS423) 

2) Balanced data transmission at modu· 
lation rates up to 10 megabaud 
(RS422). 

2.2.2.1 RS423 

RS423 

RS423 closely resembles RS232C 
in that it, too, specifies one·way / 
non·reversible, single·ended, data 
transmission lines. Key differ· 
ences between RS423 and 
RS232C are: 

RS232 

4V to 6V Logical "1" 5V to 15V Logical "1" 

-4V to -6V Logical "0" -5V to -25V Logical "0" 

lOOk Baud at 40 Feet 20k Baud at 50 Feet 

Balanced Receiver, Referred Unbalanced Receiver 

to Driver Ground, Permitting 

Ground Potential Difference 

Between Driver and Receiver 

FIGURE 2. EIA RS423 Application 

* Modulation rate =' reciprocal of minimum pulsewidth (Le., 
20 ms pulse = 50 baud) 



TABLE III. EIA RS232C SPECIFICATION SUMMARY 

PARAMETER CONDITIONS 
EIA RS232C 

MIN TYP MAX 

VOH Driver Output Voltage Open 25 

VOL Circuit -25 

VOH Driver Output Voltage Loaded 3 kn -::; RL -::; 7 kn 5 15 

VOL Output -15 -5 

RO Driver Output Resistance Power -2V -::; Vo -::; 2V 300 

OFF 

lOS Driver Output Short-Circuit -500 500 

Current 

Driver Output Slew Rate 

All Interchange Circuits 30 

Control Circuits 6 

Rate and Timing Circuits 6 

% of Unit Interval ·4 

RIN Receiver I nput Resistance 3V-::;VIN-::;25V 3000 7000 

Receiver Open Circuit Input -2 2 

Bias Voltage 

Receiver Input Threshold 

Output = MARK 
/ 

-3 

Output = SPACE 3 

TABLE IV. EIA RS423 SPECIFICATION SUMMARY 

PARAMETER CONDITIONS 
EIA RS423 

MIN TYP MAX 

Vo Driver Unloaded Output Voltage 4 6 
-
Vo -4 -6 

VT Driver Loaded Output Voltage RL = 450n 3.6 

VT -3.6 

RS Driver Output Resistance 50 

lOS Driver Output Short-Circuit Vo = OV ±150 

Current 

Driver Output Rise and Fall Baud Rate -::; 1 k Baud 300 

Time Baud Rate ~ 1 k Baud 30 

lOX Driver Power OFF Current Vo = ±6V ±100 

VTH Receiver Sensitivity VCM -::;±7V ±200 

VCM Receiver Common-Mode Range ±10 

RIN Receiver I nput Resistance 4000 

Receiver Common-Mode Input ±3 

Offset 
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2.2.2.2 RS422 

RS422 provides for balanced 
data transmission with unidirec· 
tional/non·reversible, terminated 
or non·terminated transmission 
lines. Important features are: 

a) ±2V to ±6V driver output 
b) O.4V differential output 

matching 
c) ±200 mV receiver input sensi· 

tivity 
d) 10M baud modulation rate 

2.3 International Standards 

2.3.1 CCITT 1969WhiteBook Vol. VIII, V. 24. 

DATA 
IN 

This standard is identical to RS232C .. 

2.3.2 CCITT circular No. 97 Com SPA/13, 
X. 26. This standard is similar to RS422 
with the exception that the receiver 
sensitivity at the specified maximum 
common·mode voltage (±7V) shall be 
±300 mV vs ±200 mV for RS422. 

2.3.3 CCITT circular No. 97 Com SPA/13, 
X. 27. This standard is similar to RS423 
with 2 exceptions: 

a) The receiver sensitivity is as specified 
in paragraph X. 26, and 

b) The driver output voltage is specified 
at a load resistance of 3.9 kn. . 

DATA 
OUT 

FIGURE 3. EIA RS422 Application 

TABLE V. EIA RS422 SPECIFICATION SUMMARY 

PARAMETER CONDITIONS 
EIA RS422 

UNITS 
MIN TYP MAX 

Driver Unloaded Output Voltage 6 V 

-6 V 

Driver Loaded Output Voltage RT = 100n 2 V 

-2 V 

Driver Output Resistance Per Output 50 n 

Driver Output Short·Circuit Vo = OV 150 mA 

Current 

Driver Output Rise Time 10 % Unit 

Interval 

Driver Power OFF Current -0.25V.s; Vo .s; 6V ±100 pA 

Receiver Sensitivity VCM = ±7V 200 mV 

Receiver Common·Mode Voltage -12 12 V 

Receiver I nput Offset ±3 V 
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VOH 

VOL 

RO 

2.4 U.S. Military Standards 

2.4.1 M I L-STD-188C (Low Level) 

The military equivalent to RS232C is 
M I L·STD-188C. Devices intended for 

DATA 
IN 

7V 

RS232C can be applied to M I L-STD-188C 
by use of external wave shaping com
ponents on the driver end and input 
resistance and threshold tailoring on the 
receiver end. 

DATA 
OUT 

FIGURE 4. MIL-STD-188C Application 

TABLE VI. MIL-STD-188C SPECIFICATION SUMMARY 

MIL-STD-188C 
PARAMETER CONDITIONS LOW LEVEL LIMITS UNITS 

MIN TYP MAX 

Driver Output Voltage Open Circuit (Note 1) 5 7 V 

-7 -5 V 

Driver Output Resistance Power ON IOUT~ 10 mA 100 n 
lOS Driver Output Short·Circuit Current -100 100 mA 

Driver Output Slew Rate 

All Interchange Circuits 

Control Circuits 

Rate and Timing Circuits 

Receiver I nput Resistance 

Receiver Input Threshold 

Output = MARK 

Output = SPACE 

(Note 2) 

Mod Rate ~ 200k Baud 

(Note 3) 

Note 1: Ripple <0.5%, VOH, VOL matched to within 10% of each other. 

5 

6 

-100 

15 

100 

%IU 

J1A 

J1A 

Note 2: Waveshaping required on driver output such that the signal rise or fall time is 5% to 15% of the unit interval at the applicable modula· 
tion rate. 

Note 3: Balance between marking and spacing (threshold) currents actually required shall be within 10% of each other. 

Mll-STo·nI1f4 

~~--1~--'I"",~_'Al:2'NTERfACE 

TRISTATEi!! 

FIGURE 5. MIL-STD-188-114 (Balanced Applications) 
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VOH 

VOL 

IOH 

IOL 

RS 

VIH 

VIL 

2.4.2 MIL-STD-188-114 Balanced 

This standard is similar to RS422 with 
the exception that the driver offset 
voltage level is limited to ±O.4V vs ±3V 
allowed in RS422. 

2.4.3 MIL-STD·188-114 Unbalanced. 

This standard is similar to RS423 with 
the exception that loaded circuit driver 
output voltage at RL = 450Q must be 
90% of the open circuit output voltage vs 
±2V at RS = 100Q for RS422. 

2.4.4 MIL·STD-1397 (Slow and Fast) 

2.5 U.S. Government (non·military) standards 
FED-STD-1020 and 1030 are identical with
out exception to EIA RS423 and RS422, 
respectively. 

3.0 COMPUTER TO PERIPHERAL INTERFACE 
STANDARDS 

To date, the only standards dealing with the inter
face between processors and other equipment are 
the "defacto" standards in the form of specifica
tions issued by IBM and DEC covering the models 
360/370 I/O ports and the Unibus® ,respectively. 

3.1 I BM specification GA-22·6974·0 covers the 
electrical characteristics, the format of informa
tion and the control sequences of the data 
transmitted between 360/370's and up to 10 
I/O ports. 

The interface is an unbalanced bus using 95Q, 
terminated, coax cables. Devices connected to 
the bus should feature short·circuit protection, 
hysteresis in the receivers, and open·emitter 
drivers. Careful attention should be paid to 
line lengths and quality in order to limit cable 
noise to less than 400 mY. 

TABLE VII. MIL-STD-1397 SPECIFICATION SUMMARY 

PARAMETER 

Data Transmission Rate 

Driver Output Voltage 

Driver Output Current 

Driver Power OFF Impedance 

Receiver Input Voltage 

r------, 
I 
I 

95 

COMPARISON LIMITS 

CONDITIONS 
(MIL-STD) 

1397 1397 
(SLOW) (FAST) 

42 250 

±1.5 0 

-10 to -15.5 -3 

~-4 

~100 

Fail-Safe Open Circuit :::;4.5 :::;-1.1 

95 

;:::-7.5 ;:::-1.9 

r----------, 
I I 

I 
I 
I 

I 
I L ____ ~S!!!!4 ____ J 

FIGURE 6. IBM 360/370 I/O Application 

UNITS 

k Bits/Sec 

V 

V 

mA 

mA 

kQ 

V 

V 

®Registered trademark of Digital Equipment Corp. 
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VOH 

VOH 

VOH 

VOL 

V,H 

V,L 

IIH 

IlL 

VOL 

Vo 

V,H 

V,L 

IIH 

IlL 

TABLE VIII. IBM 360/370 SPECIFICATION SUMMARY 

PARAMETER 

Driver Output Voltage 

Receiver Input Threshold 

Voltage 

Receiver Input Current 

Receiver Input Voltage 

Range 

Power ON 

Power OFF 

Receiver Input Impedance 

Receiver Input Current 

CABLE Impedance 

CAB LE Termination 

Line Length (Specified as 

Noise on Signal and Ground Lines) 

5V 

CONDITIONS 

IOH = 123 mA 

IOH = 30pA 

IOH = 59.3 mA 

IOL = -240 pA 

V,N = 3.11V 

V,N = 0.15V 

O. 15V -s; V I N -s; 3.9V 

V,N = 0.15V 

Po ~ 390 mW 

IBM 360/370 
MIN TYP 

3.11 

0.7 

0.24 

-0.15 

-0.15 

7400 

83 

90 

MAX 

7 

5.85 

0.15 

1.7 

-0.42 

7 

6 

240 

101 

100 

400 

UNITS 

v 
V 

V 

V 

V 

V 

mA 

mA 

V 

V 

n 

pA 

n 
n 

mV 

l~: '~<-D~~\~~~-R --IRE-~~·T~~-ER--I>~>>--I-D~·I TI~E-ER--I~-R-E-4~~N~I~E~.ri::: 
FIGURE 7. DEC Unibus® :4pplication 

TABLE IX. DEC UNIBUS ® SPECIFICATION SUMMARY 

PARAMETER 

Driver Output Voltage 

Receiver Input Voltage 

Receiver Input Current 

3.2 DEC Unibus® 

CONDITIONS 

'OL=50mA 

Absolute Maximum 

V,N = 4V 

V,N = 4V Power OFF 

Another example of an unofficial industry 
standard is the interface to a number of DEC 
minicomputers. This interface, configured as a 
120n double-terminated data bus is, given the 

DEC UNIBUS® 

MIN TYF 

1.7 

MAX 

0.7 

7 

1.3 

100 

100 

UNITS 

V 

V 

V 

V 

pA 

pA 

name Unibus®. Devices connected to the bus 
should feature hysteresis in the receivers and 
open-collector driver outputs. Cable noise 
should be held to less than 600 mV. 

®Registered trademark of Digital Equipment Corp. 
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4.0 INSTRUMENTATION TO COMPUTER INTER· 
FACE STANDARDS 

YOH 

VOL 

10Z 

10H 

VIH 

VIL 

IIH 

IlL 

RL1 

RL2 

4.1 Introduction 

The problem of linking instrumentation to pro
cessors to handle real-time test and measure
ment problems was largely a custom interface 
problem. Each combination of instruments 
demanded unique interfaces, thus inhibiting the 
wide spread usage of small processors to day-to
day test, measurement and control applications. 

Two groups addressed the problem for specific 
environments. The results are: 

a) IEEE 488 bus standard based upon 
proposals made by HP, and 

b) The CAMAC system pioneered by the 
nuclear physics community. 

4.2 IEEE 488 

IEE~ 488 covers the functional, mechanical 
and electrical interface between laboratory 
instrumentation (Le., signal generators, DPM's, 
counters, etc.) and processors such as program· 
mabie calculators and minicomputers. Equip
ment with IEEE 488 I/O ports can be readily 
daisy chained in any combination of up to 15 
equipments (including processor) spanning dis
tances of up to 60 feet. 16 lines (3 handshake, 
5 control and 8 data lines) are required. 

~~~~ IOUNES 

16 LINES J--
PORT A 

PARAMETER 

Driver Output Voltage 

Driver Output Current 

TRI-STATE® 

Open Collector 

Receiver Input Voltage 

Receiver Input Current 

Receiver Clamp Current 

Termination Resistor 

~ 
DEFINED: 

5V 

3k 

IN .... --...... - .. DUT 

:$15 PORTS PORT "N" 

FIGURE 8. IEEE 488 Application 

TABLE X. IEEE 488 SPECIFICATION SUMMARY 

CONDITIONS 
. IEEE 488 

UNITS 
MIN 

10H = -5.2 mA 2.4 

IOL=48mA 

Vo = 2.4V 

Vo = 5.25V 

O.4V Hysteresis Recommended 2.0 

VIN = 2.4V 

VIN = O.4V 

VIN =' -1.5V 

VCC = 5V (±5%) 2850 

V = Gnd 5890 
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TYP MAX 

0.4 

±40 

250 

0.8 

40 

-1.6 

12 

3150 

6510 

V 

V 

Ilt;. 
IlA 

V 

V 

IlA 
mA 

mA 



4.3 CAMAC 

The CAMAC system is the result of efforts by 
those in the nuclear physics community to 
standardize the interface between laboratory 
instruments and computers before the introduc· 
tion of IEEE 488. 

It allows either serial or parallel interconnection 
of instruments via a "crate" controller. 

The electrical requirements of the interfaces 
are compatible with DTL and TTL logic levels. 

a) 

b) 

Minimal system: for data transfer over 
short distances (usually on 1 PC board), 
and, 

Expanded system: for data transfer to 
extend the memory or computational 
capdbilities of the system. 

5.2 Minimal Systems and Microbus 1M 

5.0 MICROPROCESSOR SYSTEMS INTERFACE 

Microbus ™ considers the interface between 
MOS/LSI microprocessors and interfacing 
devices in close physical proximity which com
municate over 8-bit parallel unified bus systems. 
It specifies both the functional and electrical 
characteristics of the interface and is modeled 
after the 8060, 8080 and 8900 families of 
microprocessors as shown in Figures 8, 9 and 
10. 

VOL 

VOH 

VIL 

VIH 

tr 

tf 

STANDARDS 

5.1 Microprocessor systems are bus organized 
systems with two types of bus requirements: 

The electrical characteristics of Microbus are 
shown in Table XI. 

TABLE XI. MICROBUS ELECTRICAL SPECIFICATION SUMMARY 

RECEIVER 
PARAMETER DRIVER 

STANDARD 
HYSTERESIS UNITS 

Output Voltage (At 1.6 mAl ~O.4V 

(At -100 tlA) :;::2.4 V 

Input Voltage 0.8 

2.0 

. Internal Capacitive Load at 25°C 15 10 

Rise Time (Maximum) 

Fall Time (Maximum) 

100 

100 

MICROBUS 

~rc d CHIPSELECT ~ 

r-------~L~ ~L_~===LO=G=IC==~I-~c:~i~~~1 
All-AD AI5-AO 

~--.,--:::Ir~--"rl 

NADS ..... -~.II LATCH I 
A ~. ~ 
I/L----~ ~-----J\I 

DB7-DBO 

""~------------~r/I 

8060 5V o-... -~ 

NRDS t-___ -e-_-+ __ RD~-+I 
NWllS t-_____ -e-_...;W.;.;.R~_+I 

FIGURE 9. 8060 SC/MP II System Model 
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0.6 V 

2.0 V 

10 pF 

ns 

ns 



co ..-
C\I 
Z 
<C 

MICROBUS 

INS8224 
RESET 

FIGURE 10.8080 System Model for the Basic Microbus Interface 

MICROBUS 

CSO 

CS1 
CHIP SELECT ~----.... 

CLOCK 
GENERATOR 

(MM74C04) 

LOGIC 

ADDRESS 
NADS ...... --.... LATCH 

(2,DP8212's) 

8900 

015-00 
I~--------------------~I/ 

BIDS .--....... 

BODS~------------~ 

FIGURE 11.8900 System Model 
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5.3 Expanded Microprocessor System Interfaces 

Since the outputs of most microprocessor 
devices are limited to a loading of one relative 
to a TTL load, expanded systems will require 
buffers on both their address and data lines. 

To date, no formal standards exist which govern 
this interface. However, "defacto" standards are 
emerging in the form of the specifications for 
"recommended devices" which are mentioned 
in the data sheets and application notes for the 
widely sourced microprocessor devices. Here, 
the answer to the question of how to provide a 
"standard" interface is simplified to that of 
proper usage of recommended devices. 

Table XII summarizes the important electrical 
characteristics of recommended bus drivers for 
expanded microprocessor systems. 

6.0 OTHER INTERFACE STANDARDS 

Some other commonly occurring interfaces which 
have become standardized are: 

a) Interface between facsimile terminals and voice 
frequency communications terminals, 

b) Interface between terminals and automatic 
calling equipment used for data communica· 
tions, and 

c) Interface between numerically controlled equip· 
ment and data terminals. 

6.1 EIA RS357 

RS357 defines the electrical, functional and 
mechanical characteristics of the interface 
between analog facsimile equipment to be used 
for telephone data transmission and the data 
sets used for controlling/transmitting the data. 

Figure 11 summarizes the functional and elec
trical characteristics of RS357. 

6.2 EIA RS366 

RS366 defines the electrical, functional and 
mechanical characteristics of the interface 
between automatic calling equipment for data 
communications and data terminal equipment. 

The electrical characteristics are encompassed 
by RS232C. 

TABLE XII. RECOMMENDED SPECIFICATION OF BUS DRIVERS FOR EXPANDED MICROPROCESSOR SYSTEMS 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIH Driver Input Voltage 2 V 

VIL 0.8 V 

VOH Driver Output Voltage 10H = -10 mA 2.4 V 

VOL IOL=48mA 0.5 V 

lOS Short-Circuit Current VCC = 5.25V -150 mA 

CL Bus Drive Capability 300 pF 
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EQUIPMENT 
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t"k := >40k-
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FIGURE 12. Functional and Electrical Characteristics of RS357 

6.3 EIA RS408 

RS408 recommends the standardization of the 
2 interfaces shown in Figure 13. 

The electrical characteristics of NCE to DTE 
interface are, in summary, those of conven
tional TTL drivers (series 7400) with: 

1·168 

VOL ~ O.4V at IOL = 48 rnA 

VOH:;::: 2.4V at IOH ~ -1.2 rnA, and 

CL ~ 2000 pF. 

Short circuit protection should be provided. 
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COMMUNICATIONS 

EQUIPMENT 

- - -INTERFACE DEFINED BY RS232C 
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<40 FEET 

NUMERICAL CONTROL 
EQUIPMENT (NCE) 

CONTROLLED 
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FIGURE 13. EIA RS408 Interface Applications 
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SWITCHED OR DEDICATED, 
COMMON CARRIER, OR 
PRIVATE LINE TO DATA 
SOURCE/SINK 

(TYPICALLY A MODEM 
IF INCLUDED IN 
SYSTEM) 

(TYPICALLY INCLUDES 
SERIAL TO PARALLEL 
CONVERTER, ETC.) 

(TYPICALLY COULD 
INCLUDE A SWITCH TO 
SElECT EITHER LOCAL 
TAPE READER OR DATA 
TERMINAL EOUIPMENT) 

(TYPICALLY A MACHINE 
TOOL, DRAFTING TABLE, 
ETC.) 





Section 2 
Bus Transceivers 

TEMPERATURE RANGE DESCRIPTION PAGE 
- 55°C to + 125°C aoc to + 70°C NUMBER 

• DP7303 DP8303 8·Bit TRI·STATE Bidirectional Transceivers 2·5,2·6 
·DP7304B DP8304B 8·Bit TRI-STATE Bidirectional Transceivers 2·5,2·11 
·DP7307 DP8307 8·Bit TRI·STATE Bidirectional Transceivers 2·5,2·16 
• DP7308 DP8308 8·Bit TRI·STATE Bidirectional Transceivers 2·5,2·20 
• DS26S10M DS26S10 Quad Bus Transceiver 2·24 
·DS26S11M DS26S11 Quad Bus Transceiver 2:24 

DS3662 Quad High Speed Trapezoidal Bus 2·29 
Transceiver 

AN·259 DS3662-The Bus Optimizer 2·33 
AN-337 Reducing Noise on Microcomputer Buses 2·40 
DS3666 IEEE·488 GPIB Transceiver 2-48 
OS3667 TRI-STATE Bidirectional Transceiver 2·56 
DS75160A IEEE·488 GPIB Transceiver 2-61 
DS75161A IEEE·488 GPIB Transceiver 2·61 
DS75162A IEEE·488 GPIB Transceiver 2·61 

·D57640 DS8640 Quad NOR Unified Bus Receiver 2·68 
·OS7641 DS8641 Quad Unified Bus Transceiver 2·70 

DS8642 Quaq Transceiver 2·72 
• DS7833 D58833 Quad TRI·STATE Bus Transceiver 2·75 
• DS7834 DS8834 Quad TRI·STATE Bus Transceiver 2·79 
·D57835 D58835 Quad TRI-STATE Bus Transceiver 2·75 
·OS7836 OS8836 Quad NOR Unified Bus Transceiver 2·83 

• DS7837 DS8837 Hex Unified Bus Receiver 2·85 
·OS7838 OS8838 Quad Unified Bus Transceiver 2·87 

• DS7839 DS8839 Quad TRI·STATE Bus Transceiver 2·79 
DS8T26AM DS8T26A 4-Bit Bidirectional Bus Transceiver 2·89 

·D58T28M DS8T28 4·Bit Bidirectional Bus Transceiver 2·89 
DM54S240 OM74S240 Octal TRI·STATE Line Driver/Receiver LOGIC 
DM54S241 DM74S241 Octal TRI·STATE Line Driver/Receiver LOGIC 

• Also available screened In accordance with MIL-STD-883 Class B. Refer to National Semiconductor's "The Reliability Handbook". 





BUS CIRCUITS 

Data bus circuits are not transmission line circuits in the normal interpretation where the transmission line is electrically long (1/4 wave length) with respect 
I to the baud rate. Like unbalanced transmission lines, the data transmission is susceptible to common-mode noise, such as ground I R noise and induced reactive 

noise from crosstalk. A bus is a communications method where many elements of a system time share the same signal (address or data) bus. A bus shouldn't 
I 

extend out of its subsystem's ·electronic enclosure without special care. Line length in excess of 10 feet is not recommended without slew rate control. Cables 
should be in the form of twisted pair or flat cable where a signal wire is alternated with a ground wire. 

I 

OPEN-COLLECTOR BUS CIRCUITS I 

i Bus Driver Bus Receiver 
Driver/ Device Number 

Circuits/ Page Propagation VIL (V)/ Propagation VIL (V)/ VIH (V)/ Hysteresis Receiver/ Commercial Military Comments 
Delay (ns) 'OL(mA) Delay (ns) I,L (pA) IIH (pA) (V) Package 

O°C to +70°C -55°C to +125°C 
No. 

Transceiver 

23 1.2/-50 1.8/50 Receiver 4 058640 057640 Quad NOR receiver 2-68 

20 1.05/-50 2.65/50 1 ' Receiver 4 058836 057836 Quad NOR receiver 2-83 

20 1.05/-50 2.65/50 1 Receiver 6 058837 057837 2-85 

r:-> 
30 0.9/100 40 1.50/400 1.9/100 Transceiver 4 053662 Trapezoidal transceiver 2-29 

w 30 0.7/50 30 1.2/-100 1.8/100 Transceiver - 4 058641 057641 2-70 

20 0.7/50 17 1.05/-100 2.65/100 1 Transceiver 4 058642 2-72 

20 0.8/100 20 1.3/-40 3.1/450 Transceiver 4 058838 057838 50n coax. driver 2-87 

10 0.8/100 10 1.75/-100 2.25/100 Transceiver 4 0526510 0526510M 2-24 

10 0.8/100 10 1.75/-100 2.25/100 Transceiver 4 0526511 0526511M Input to bus is non-inverting 2-24 

8 0.5/50 7 0.8/-500 2/100 Transceiver 4 0536147 0516147 Quad bidirectional I/O register 6-35 

8 0.5/50 7 0.8/-500 2/100 Transceiver 4 0536177 0516177 Quad bidirectional I/O register 6-35 

20 0.7/300 Oriver 2 0575450 0555450 ANO separate output transistors 3-51 

18 0.7/300 Driver 2 0575451 0555451 ANO 3-51 

26 0.7/300 Oriver 2 0575452 0555452 NANO 3·51 

18 0.7/300 Driver 2 0575453 0555453 OR 3-51 

27 0.7/300 Oriver 2 0575454 0555454 NOR 3-51 

30 0.95/50 2/50 0.65 Receiver 1 OM8131 OM7131 6 bit bus comparator LOGIC 

30 0.95/50 2/50 0.65 Receiver 1 OM8136 OM7136 6 bit bus comparator LOGIC 

9p!n~ U0!l:l919S 



Selection Guide 

TRI-STATE® BUS CIRCUITS 

Bus Driver Bus Receiver 
Propagation 

VOL (V)/ VOH (V)/ 
Propagation 

VIL IV)/ VIH (V)/ Hysteresis 
Driver/ 

Circuits/ 
Device Number 

Page 
Delay Delay Receiver/ Commercial Military Comments 

Typ (ns) 
10L (mA) 10H (mA) Typ (ns) IlL (IlA) IIH (IlA) (mV) 

Transceiver 
Package 

O°C to +70°C -SSoC to +12SoC No. 

14 0.S/50 2.4/-10 20 0.8/-40 2/80 400 Transceiver 4 DS8833 DS7833 Non·inverting TR I·ST ATE receiver 2-75. 

14 0.5/50 2.4/-10 20 O.8j.: .... 40 2/80 400 Transceiver 4 DS8835 DS7835 Inverting TRI-STATE receiver 2-75 

14 0.5/50 2.4/-10 20 0.8/-40 2/80 400 Transceiver 4 DS8834 DS7834 Inverting 2-79 
-. 

14 0.5/50 2.4/-10 20 0.8/-40 2/80 400 T ransce iver 4 DS8S39 DS7839 Non-inverting 2-79 

14 0.5/48 2.4/-10 14 0.S5/-200 2/20 Transceiver 4 DS8T26A DS8T26AM Inverting 2-89 

17 0.5/48 2.4/-10 17 0.S5/-200 2/20 Transceiver 4 DSST2S DSST2SM Non-inverting 2-89 

20 0.6/55 3.6/-1 15 0.95/-250 2/10 Transceiver 4 DP8216 DPS216M SOSO MPU non-inverting 8-11 

16 0.6/50 3.6/-1 15 0.95/-250 2/10 - Transceiver 4 DPS226 DP8226M 80S0 MPU inverting· 8-11 

4.5 0.55/64 2.4/-3 4.5 0.8/-400 2/50 400 Transceiver 4 or S DM74S240 DM54s240 Non-Inverting LOGIC 

6 0.55/64 2.4/-3 6 0.8/-400 2/50 400 Transceiver 4 or 8 DM74S241 DM54S241 Inverting LOGIC 

4.S 0.55/64 2.4/-3 4.5 0.S/-400 2/50 400 Transceiyer S DM74S940 DM54S940 Non-Inverting LOGIC 

6 0.55/64 2.4/-3 6 0.S/-400 2/50 400 Transceiver S DM74S941 DM54S941 Inverting LOGIC 

8 0.5/50 2.4/-5 7 0.8/-500 2/100 Transceiver 4 DS3647 DS1647 Quad bidirectional I/O register 6-35 

8 O.S/SO 2.4/-5 7 0.S/-500 2/100 Transceiver 4 DS3677 DS1677 Quad bidirectional I/O register 6-35 
I\) 

~ 10 0.5/50 3.6/-5 15 0.S/-250 2/S0 Transceiver S DP8304B DP7304B Bidirectional non-inverting 2-5,2-11 I 

IEEE 4SS 

10 0.S/50 3.6/-5 10 0.S/-250 2/80 Transceiver 8 DPS303 DP7303 Bidirectional inverting 2-5,2-6 I 

10 0.5/50 3.6/-5 10 0.8/-250 2/80 Transceiver 8 DPS307 DP7307 Bidirectional inverting 2-5,2-16 
I 

11 0.5/50 3.6/-5 15 0.S/-250 2/S0 Transceiver S DP830S DP730S Bidirectional non-inverting 2-5,2-20 

20 0.45/15 3.6/-1 Driver S DPS212 DPS212M SO SO MPU data latch and service 8-4 
I - request t/t 

30 0.45/10 2.4/-1 20 0.8/-250 2/20 Transceiver S DP8228 DP8228M S080 MPU system bus controller 8-22 
I 

and bus driver 

I 30 0.4S/10 2.4/-1 20 0.8/-250 2/20 Tran'sceiver 8 DP8238 DP823SM S080 MPU system bus controller 8-22 
and bus driver 

20 0.5/48 2.5/-5.2 20 0.8/-100 2/20 400 Transceiver S DS3666 IEEE 488 GPIB 2-48 

20 0.5/48 2.5/-5.2 20 0.8/-100 2/20 400 Transceiver 8 DS3667 2-56 

20 0.5/48 2.S/-5;2 20 0.8/-100 2/20 400 Transceiver 8 DS75160A IEEE 488 GPIB 2-61 

20 0.5/48 2.S/-S.2 20 0.8/-100 2/20 400 Transceiver 8 DS75161A IEEE 488 GPIB 2-61 

20 0.S/48 2.S/-S.2 20 0.8/-100 2/20 400 Transceiver 8 DS75162A IEEE 4S8 GPIB 2-61 

Note. Unless otherwise specified, bus circuits listed above are TTL compatible and use 5V supplies . 

.... - -- - - - .... 



~National 
~ Semiconductor 

Bus Transceivers 

a-Bit TRI-ST ATE® Bidirectional Transceivers 

DP7303/DP8303 (Inverting) with Transmit/Receive and Chip Disable Control Inputs 
DP73048/DP83048 (Non-Inverting) with Transmit/Receive and Chip Disable Control Inputs 
DP7307/DP8307 (Inverting) with Transmit and Receive Control Inputs 

. DP7308/DP8308 (Non-Inverting) with Transmit and Receive Control Inputs 

General Description 
This family of 8 high speed Schottky 8-bit TRI-STATE 
bidirectional transceivers are designed to provide bi
directional drive for bus oriented microprocessor and 
digital communications systems. They are all capable 
of sinking 16 mA on the A ports and 48 mA on the 
B ports (bus ports). PNP inputs for low input current 
and an increased output high (VOH) level allow com
patibility with MOS, CMOS, and other technologies 
that have a higher threshold and less drive capabilities. 
In addition, they all feature glitch-free power up/down 

. Logic Diagrams 
DP7303/DP8303 
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DP7307/DP8307 

r-------, 
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TRANSMIT RECEIVE 
If) IRI 
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on the B port preventing erroneous glitches on the 
system bus in power up or down_ 

DP7303/DP8303 and DP7304B/DP8304B are featured 
with Transmit/Receive (Tiff) and Chip Disable (CD) 
inputs to simplify control logic_ For greater design 
flexibility, DP7307/DP8307 and DP7308/DP8308 are 
featured with Transmit (r) and Receive (R) control 
inputs . 

DP7304B/DP8304B 

AD 0-+-"",,,, 

I 

l
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CHIPOISAI~~~o-",, _______ "'" 

DP7308/DP8308 

r-------, 
AD BO 

I I 
I I 
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AJo-(- -::J-o BJ 
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ASo-C= =::J-o
BS 

Al~_ _ ...J-OBI 

TRANSMIT RECEIVE 
If) IRI 
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~National 
~ Semiconductor 

Bus Transceivers 

~ DP7303/DP8303 8-Bit TRI-STATE® 
Ii: Bidirectional Transceiver (Inverting) 
C 

Features 
• 8-bit bidirectional data flow reduces system package 

count 

• Bidirectional TRI-STATE inputs/outputs interface 
with bus oriented systems 

• PNP inputs reduce input loading 
• Output high voltage interfaces with TTL, MOS, 

and CMOS 

• 48 mA/300 pF bus drive capability 

Logic and Connection Diagrams 

AOo-l--4I--t 

I 

[ 

L-
A100-L. _ 

A2~ 
AJo-t-

APORT ::~_ 

AGo-t = 
A7~_ 

BO 

I 

-~ 1 _~B1 
B2 

-j--oBJ 

_~:: BPORT 

=J-oB6 _ --.r--o B7 

TRANSMIT/RECEIVE 
(TIRI 

CHIP OISA(~~~o-,-_______ -' 

Logic Table 

INPUTS 

Chip Disable Transmit/Receive 

0 0 

0 1 

1 X 

• Pinouts simplify system interconnections 

• Transmit/Receive and chip disable simplify control 
logic 

• Compact 20-pin dual-in-line package 

• Bus port glitch free power up/down 

Dual-In-Line Package 

20 
AO VCC 

19 
A1 BO 

18 
A2 B1 

17 
AJ B2 

A PORT 

M 16 B3 

6 PORT 

A5 

A6 65 

A7 

12 
CHIP OISABLE B7 

GND 11 TRAN/REC 

TopillEW 

Order Number DP7303J, DP8303J, 
or DP8303N 

See NS Package J20A or N20A 

RESUL TING CONDITIONS 

A Port B Port 

OUT IN 

IN OUT 

TRI-STATE TRI-STATE 

X = Don't care 

2-6 



Absolute Maximum Ratings (Note 1) Recommended Operating Conditions 

Supply Voltage 7V Min Max Units 
Input Voltage 5.5V 

Supply Voltage (VCC) 
Output Voltage 5.5V 
Storage Temperature -65°C to +150°C 

DP7303 4.5 5.5 V 

Maximum Power Dissipation* at 25°C DP8303 4.75 5.25 V 

Cavity Package 1667 mW Temperature (T A) 
Molded Package 1832 mW DP7303 -55 125 °c 

Lead Temperature (soldering, 10 seconds) 300°C DP8303 0 70 °c 
'Derate cavity package 11.1 mwtC above 2SoC; derate molded 
package 14.7 mwtC. . 

DC Electrical Characteristics (Notes 2 and 3) 

Parameter Conditions Min Typ Max Units 

A Port (AO-A7) 

VIH Logical "1" Input Voltage CD = VIL, T/R = 2.0V 2.0 V 

VIL Logical "0" Input Voltage CD = VIL. T/R = 2.0V DP8303 0.8 V 

DP7303 0.7 V 

VOH Logical "1" Output Voltage CD=T/R=VIL 10H = -O.4mA VCC-1.15 VCC-O.7 V 

IOH=-3mA 2.7 3.95 V 

VOL Logical "0" Output Voltage CD = T/R = VIL IIOL = 16mA (8303) 0.35 0.5 V 

\IOL = 8 mA (both) 0.3 0.4 V 

lOS Output Short Circuit CD = VIL, T/R = VIL. Vo = OV, -10 -38 -75 mA 
Current VCC = max, Note 4 

IIH Logical "1" Input Current CD = VIL, T/R = 2.0V, VIH = 2.7V 0.1 80 J1.A 

II Input Current at Maximum CD = 2.0V, VCC = max, VIH = 5.25V 1 mA 
Input Voltage 

IlL Logical "0" Input Current CD = VIL. T/R = 2.0V, VIN = O.4V -70 -200 J1.A 

VCLAMP Input Clamp Voltage CD = 2.0V, liN = -12mA -0.7 -1.5 V 

10D Output/Input CD = 2.0V VIN = O.4V -200 J1.A 
TRI·STATE Current VIN = 4.0V SO J1.A 

8 Port (80-87) 

VIH Logical "1" Input Voltage CD = VIL, T/R = VIL 2.0 V 

VIL Logical "0" Input Voltage CD = VIL, T/R = VIL DP8303 0.8 V 

DP7303 0.7 V 

VOH Logical "1" Output Voltage CD = VIL, TIR = 2.0V 10H = -O.4mA VCC-1.15 VCC-O.S V 

10H = -5mA 2.7 3.9 V 

IOH=-10mA 2.4 3.6 V 

VOL Logical "0" Output Voltage CD = VIL. TIR = 2.0V 10L = 20mA 0.3 0.4 V 

10L = 48mA 0.4 0.5 V 

lOS Output Short Circuit CD = VIL, T/R = 2.0V, Va = OV, -25 -50 -150 mA 
Current VCC = max, Note 4 

IIH Logical "1" Input Current CD = VIL, T/R = VIL, VIH = 2.7V 0.1 80 J1.A 

II Input Current at Maximum CD = 2.0V, VCC = max, VIH = 5.25V 1 mA 
Input Voltage 

IlL Logical "0" Input Current CD = VIL, T/R = VIL. VIN = O.4V -70 -200 J1.A 

VCLAMP Input Clamp Voltage CD = 2.0V, liN = -12mA -0.7 -1.5 V 

10D Output/Input CD = 2.0V VIN = O.4V -200 J1.A 
TRI·STATE Current VIN = 4.0V +200 J1.A 

2·7 
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DC Electrical Characteristics (cont'd.) (Notes 2 and 3) 

Parameter Conditions Min Typ Max Units 

Control Inputs CD, T/R 

VIH Logical "1" Input Voltage 2.0 V 

VIL Logical "a" Input Voltage -, DP8303 0.8 V 

I DP7303 0.7 V 

IIH Logical "1" Input Current VIH = 2.7V 0.5 20 J.lA 

II Maximum Input Current VCC = max, VIH = 5.25V 1.0 mA 

IlL Logical "a" Input Current VIL=O.4V I T/R -0.1 -0.25 mA 

[ CD -0.25 -0.5 mA 

VCLAMP Input Clamp Voltage liN = -12 mA -0.8 -1.5 V 

Power Supply Current 

ICC Power Supply Current CD=2.0V=VIN, Vcc=max 70 100 mA 

CD = O.4V, VINA = T/R = 2V, VCC= max 100 150 mA 

AC Electrical Characteristics· VCC=5V,TA=25°C 

Parameter Conditions Min Typ Max Units 

A Port Data/Mode Specifications 

tPDHLA Propagation Delay to a Logical "a" from CD = 0.4 V, T /R = 0.4 V (figure A) 8 12 ns 
8 Port to. A Port Rl = lk, R2 = 5k, Cl = 30pF 

tPDLHA Propagation Delay to a Logical "1" from CD = 0.4 V, T /R = 0.4 V (figure A) 11 16 ns 
8 Port to A Port Rl = lk, R2 = 5k, Cl = 30pF 

tpLZA Propagation Delay from a Logical "0" to 80 to 87 = 2.4V, T/R = O.4V (figure C) 10 15 ns 

TRI·STATE from CD to A Port S3.= 1, R5 = lk, C4 = 15pF 

tpHZA Propagation Delay from a Logical "1" to 80 to 87 = 0.4 V, T /R = 0.4 V (figure C) 8 15 ns 

TRI-STATE from CD to A Port S3 = 0, R5 = 1k, C4 = 15 pF 

. tpZLA Propagation Delay from TRI-STATE to 80 to 87 = 2.4 V, T fR = 0.4 V (figure C) 20 30 ns 

a Logical "0" from CD to A Port S3 = 1, R5 = 1 k, C4 = 30 pF 

tpZHA Propagation Delay from TRI-STATE to 80 to 87= O.4V, T/R = O.4V (figure C) 19 30 ns 
a Logical "1" from CD to A Port S3 = 0, R5 = 5k, C4 = 30 pF 

8 Port Data/Mode Specifications 

tPDHL8 Propagation Delay to a Logical "0" from CD = 0.4 V, T /R = 2.4 V (figure A) 
A Port to 8 Port R1 = 100n, R2 = lk, Cl = 300pF 12 18 ns 

Rl = 667 n, R2 = 5k, Cl = 45pF 7 12 ns 

tPDLH8 Propagation Delay to a Logical "1" from CD = 0.4 V, T /R = 2.4 V (figure A) 
A Port to 8 Port Rl = 100n, R2 = lk, C1 = 300pF 15 20 ns 

Rl = 667 n, R2 =5k, Cl = 45pF 9 14 ns 

tPLZ8 Propagation Delay from a Logical "0" to AO to A7 = 2.4V, T/R = 2.4V (figure C) 13 18 ns 

TRI-STATE from CD to 8 Port S3 = 1, R5 = 1 k, C4 = 15 pF 

tPHZ8 Propagation Delay from a Logical "1" to AO to A7 = 0.4 V, T /R = 2.4 V (figure C) 8 15 ns 

TRI-STATE from CD to 8 Port S3 = 0, R5 = 1 k, C4 = 15 pF 

tpZL8 Propagation Delay from TR I-ST ATE to AO to A7 = 2.4V, T/R = 2.4V (figure C) 
a Logical "0" from CD to 8 Port S3 = 1, R5 = 100n, C4 = 300pF 25 35 ns 

S3 = 1, R5 = 667 n, C4 = 45 pF 16 25 ns 

tpZH8 Propagation Delay from TRI-STATE to AO to A7 = O.4V, T/R = 2.4V (figure C) 
a Logical "1" from CD to B Port S3 = 0, R5 = 1k, C4 = 300pF 22 35 ns 

83 = 0, R5 = 5k, C4 = 45 pF 14 25 ns 
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AC Electrical Characteristics (cont'd.) Vcc = 5V, TA = 25°C 

Parameter Conditions Min Typ Max Units 

Transmit/Receive Mode Specifications 

tTRL Propagation Delay from Transmit Mode to CD = 0.4 V (figure B) 23 35 ns 
Receive a Logical "0," T/R to A Port S1 = 1, R4 = 100n, C3 = 5pF 

S2 = 1, R3 = 1 k, C2 = 30 pF 
-

tTRH Propagation Delay from Transmit Mode to CD = 0.4 V (figure B) 22 35 ns 
Receive a Logical "1," T/R to A Port S1 = 0, R4 = 100n, C3 = 5pF 

S2 = 0, R3 = 5k, C2 = 30 pF 

tRTL Propagation Delay from Receive Mode to CD = 0.4 V (figure B) 26 35 ns 
Transmit a Logical "0," T/R to B Port S1 = 1, R4 = 100n, C3 = 300pF 

S2 = 1, R3 = 300 n, C2 = 5 pF 

tRTH Propagation Delay from Receive Mode to CD = 0.4 V (figure B) 27 35 ns 
Transmit a Logical "1," T/R to B Port S1 = 0, R4 = 1k, C3 = 300pF 

S2 = 0, R3 = 300n, C2 = 5pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the devices should be operated ilt these limits. The tables of "Electrical Characteristics" provide conditions for 
actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the supply and temperature range listed in the table of Recommended 
Operating Conditions. All typical values given are for V CC = 5 V and T A = 25° C. 

Note 3: All currents into device pins are positive; all currents out of dpvice pins are negative. All voltages are referenced to ground unless 
otherwise specified. 

Note 4: Only one output at a time should be shorted. 

Switching Time Waveforms and·AC Test Circuits 
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FIGURE A. Propagation Delay from A Port to B Port or from B Port to A Port 
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Switching Time Waveforms and AC Test Circuits (cont'd.) 

Ir • If .;; IOns If 
10% TO 90% 

OV 

1.5 V 

{

OUTPUT 

IRlL 

BPORT ~RTH 
1.5V 

OUTPUT 

VCC 

APORT~------~--~ 

S2 = 1 

\--... ----0 B PORT 

VCC..o R3 DEVICE 
UNDER 
TEST 

NOTE: C2 AND C31NCLUDE TEST FIXTURE 
CAPACITANCE. 

FIGURE B. Propagation Delay from T/R to A Port or B Port 

3V--------,~------------------~ 
tf 

INPUT 
CD 

OV 

PORT OUTPUT ----........ 

IPHZ 

Ir = If .. IOns 
10'IoTO 90'-' 

~
PLZ 

0.5V 
PDRT OUTPUT --1. 

VCC 

2.4VO 

IPZL-

I~~n~ ~----------I 
S4 

1--... ----0 ~~~~UT 
0.4V INPUT 

.......... -----1 CD 

DEVICE 
UNDER 
TEST 

NOTE: C4 INCLUDES TEST FIXTURE CAPACITANCE. 
PORT INPUT IS IN A FIXED LOGICAL 
CONDITIDN. llEE AC TABLE. 

R5 

FIGURE C. Propagation Delay to/from TRI·STATE® from CD to A Port or B Port 
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Bus Transceivers 

DP7304B/OP8304B 8-Bit TRI-STATE® 
Bidirectional Transceiver (Non-Inverting) 

Features 
• 8-bit bidirectional data flow reduces system package 

count 

• Bidirectional TR I-STATE inputs/outputs interface 
with bus oriented systems 

• PNP inputs reduce input loading 
• Output high voltage interfaces with TTL, MaS, 

and CMOS 

• 48 mA/300 pF bus drive capability 

Logic and Connection Diagrams 

>---...... -4-<J BO 

I 

[

A1 o---t -
A2o--r- -:A30-t-

APORT ::~_ 

A6o-C = 
A7o---t... _ 

I 

--J 1 _~Bl 
~B2 

-j-oB3 

_~:: BPORT 

=:J-o B
6 

_ .,.j-<)B7 

TRANSMIT/RECEIVE 
mAl 

CHIP OISA(~~~o-"", ______ ..-....I 

Logic Table 

INPUTS 

Chip Disable Transmit/Receive 

0 0 

0 1 

1 X 

• Pinouts simplify system interconnections 

• Transmit/Receive and chip disable simplify control 
logic 

• Compact 20-pin dual-in-line package 

• Bus port glitch free power up/down 

Dual-In-Line Package 

20 
AO VCC 

19 
AI BO 

A2 18 Bl 

17 
A3 B2 

A PORT 

A4 

B PORT 

A5 

A6 B5 

A7 13 B6 

12 
CHIP DISABLE 87 

GNO 
10 11 TRAN/REC 

TOPVIEW 

Order Number DP7304BJ, DP8304BJ, 
or DP8304BN 

See NS Package J20A or N20A 

RESUL TlNG CONDITIONS 

A Port B Port 

OUT IN 

IN OUT 

TRI-STATE TRI-STATE 

X = Don't care 
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Absolute Maximum Ratings (Note 1) Recommended Operating Conditions 

Supply Voltage 7V Min Max Units 
Input Voltage 5.5V 

Supply Voltage (VCC) 
Output Voltage 5.5V 
Storage Temperature -65°C to +150°C 

DP73048 4.5 5.5 V 

Maximum Power Dissipation* at 25°C 
DP83048 4.75 5.25 V 

Cavity Package 1667 mW Temperature (T A) 
Molded Package 1832 mW DP73048 -55 ·125 °c 

Lead Temperature (soldering, 10 seconds) 300°C DP83048 a 70 °c 

-Derate cavity package 11.1 mwtC above 2SoC; derate molded 
package 14.7 mwtC above 2SoC. 

DC Electrical Characteristics (Notes 2 and 3) 

Parameter Conditions Min Typ Max Units 

A Port (AO-A7l 

VIH Logical "1" Input Voltage CD = VIL TIR = 2.0V 2.0 V 

VIL Logical "0" Input Voltage CD = VIL T/R = 2.0V DP8304B 0.8 V 

DP7304B 0.7 V 

VOH Logical "1" Output Voltage CD = VIL, TIR = VIL 10H = -0.4 mA VCC-1.15 VCC-0.7 V 

10H = -3mA 2.7 3.95 V 

VOL Logical "0" Output Voltage CD=T/R=VIL IIOL= 16mA(8304B) 0.35 0.5 V 

IIOL = 8 mA (both) 0.3 004 V 

lOS Output Short Circuit CD = VIL T/R = VIL Vo = OV, -10 -38 -75 mA 
Current VCC = max, Note 4 . 

IIH Logical "1" Input Current CD = VIL T/R = 2.0V, VIH = 2.7V 0.1 80 pA 

II Input Current at Maximum CD = 2.0V, VCC = max, VIH = 5.25V 1 mA 
Input Voltage 

IlL Logical "0" Input Current CD = VIL, T/R = 2.0V, VIN = OAV :"70 -200 pA 

VCLAMP Input Clamp Voltage CD = 2.0V, liN = -12 mA -0.7 -1.5 V 

100 Output/l nput CD = 2.0V VIN = OAV -200 pA 
TRI·STATE Current VIN = 4.0V 80 pA 

8 Port (BO-B7) 

VIH Logical "1" Input Voltage CD ='VIL T/R = VIL 2.0 V 

VIL Logical "0" Input Voltage CD = VIL T/R = VIL DP8304B 0.8 V 

DP73048 0.7 V 

VOH Logical "1" Output Voltage CD = VIL TIR = 2.0V 10H = -O.4mA VCC-1.15 VCC-0.8 V 

10H = -5mA 2.7 3.9 V 

10H = -lamA 204 3.6 V 

VOL Logical "0" Output Voltage CD = VIL T/R = 2.0V 10L = 20mA 0.3 004 V 

10L = 48mA 0.4 0.5 V 

lOS Output Short Circuit CD = VIL T/R = 2.0V, Va = OV, -25 -50 -150 mA 
Current VCC = max, Note 4 

IIH Logical "1" I nput Current CD = VIL, TIR = VIL, VIH = 2.7V 0.1 80 pA 

II Input Current at Maximum CD = 2.0V, VCC = max, VIH = 5.25V 1 mA 
Input Voltage 

IlL Logical "0" Input Current CD = VIL TIR = VIL VIN = OAV -70 -200 pA 

VCLAMP Input Clamp Voltage CD = 2.0V, liN = -12mA -0.7 -1.5 V 

100 Output/Input CD = 2.0V VIN=O.4V -200 pA 
TRI·STATE Current VIN = 4.0V +200 pA 
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DC Electrical Characteristics (cont'd.) (Notes 2 and 3) 

Parameter Conditions Min 

Control Inputs CD, T/R 

VIH Logical "1" Input Voltage 2.0 

VIL Logical "0" Input Voltage I DP8304B 

I DP7304B 

IIH Logical "1" Input Current V,H = 2.7V 

" 

Maximum Input Current Vce= max, VIH = 5.25V 

IlL Logical "0" Input Current VIL=O.4V I T/R 

I CD 

VCLAMP Input Clamp Voltage liN = -12mA 

Power Supply Current 

ICC Power Supply Current CD = 2.0V, Y,N = 0.4 V,VCC = max 

CD = VINA = O.4V, T/R = 2V, VCC= max 

AC Electrical Characteristics VCc=5V,TA=25°C 

Parameter Conditions 

A Port Data/Mode Specifications 

tPDHLA Propagation Delay to a Logical "0" from CD = O.4V, T/R = O.4V (figure A), 
B Port to A Port Rl = lk, R2 = 5k, Cl = 30pF 

tPDLHA Propagation Delay to a Logical "1" from CD = 0.4 V, T /R = 0.4 V (figure A) 
B Port to A Port Rl = lk, R2 = 5k, Cl = 30pF 

tPLZA Propagation Delay from a Logical "0" to BO to B7 = O.4V, TIR = O.4V (figure C) 
TRI-STATE from CD to A Port S3= 1, R5= lk,C4= 15pF 

tPHZA Propagation Delay from a Logical "1" to BOto B7 = 2.4V, T/R = O.4V (figure C) 
TRI-STATE from CD to A Port S3 = 0, R5 = 1 k, C4 = 15 pF 

tpZLA Propagation Delay from TRI-STATE to BO to B7 = 0.4 V, T /R = 0.4 V (figure C) 
a Logical "0" from CD to A Port S3 = 1, R5 = 1 k, C4 = 30 pF 

tpZHA Propagation Delay from TRI-STATE to BO to B7 = 2.4V, TIR = O.4V (figure C) 
a Logical "1" from CD to A Port S3 = 0, R5 = 5k, C4 = 30 pF 

B Port Data/Mode Specifications 

tPDHLB Propagation Delay to a Logical "0" from CD = 0.4V, T/R = 2.4V (figure A) 

A Port to B Port Rl = 100n,R2= lk,Cl =300pF 
Rl = 667 n, R2 = 5k, Cl = 45pF 

tPDLHB Propagation Delay to a Logical "1" from CD = O.4V, T/R = 2.4V (figure A) 
A Port to B Port Rl = 100n, R2 = lk, Cl = 300pF 

R 1 = 667 n, R2 = 5k, Cl = 45 pF 

tPLZB Propagation Delay from a Logical "0" to AO to A7 = O.4V, T/R = 2.4V (figure C) 

TRI·STATE from CD to B Port S3 = 1, R5 = 1 k, C4 = 15 pF 

tpHZB Propagation Delay from a Logical "1" to AO to A7 = 2.4V, TIR = 2.4V (figure C) 

TRI·STATE from CD to B Port S3 = 0, R5 = 1 k, C4 = 15 pF 

tpZLB Propagation Delay from TRI-STATE to AO to A7 = O.4V, T/R = 2.4V (figure C) 

a Logical "0" from CD to B Port S3 = 1, R5 = 100n, C4 = 300pF 
S3 = 1, R5 = 667 n, C4 = 45 pF 

tPZHB Propagation Delay from TRI-STATE to AO to A7 = 2.4V, T/R = 2.4V (figure C) 

a Logical "1" from CD to B Port S3 = 0, R5 = lk, C4 = 300pF 
S3 ""' 0, R5 = 5k, C4 = 45pF 
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Typ Max 
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AC Electrical Characteristics . (cont'd.) Vcc = 5V, TA = 25°C 

Parameter Conditions Min Typ Max Units 

Transmit/Receive Mode Specifications 

tTRL Propagation Delay from Transmit Mode to CD = 0.4 V (figure B) 30 40 ns 
Receive a Logical"O," T/R to A Port Sl = 0, R4 = 100 n, C3 = 5 pF 

S2 = 1, R3 = 1 k, C2 = 30 pF 

tTRH Propagation Delay from Transmit Mode to CD = 0.4 V (figure B) 28 40 ns 
Receive a Logical"l," T!R to A Port Sl = 1, R4 = 100 n, C3 = 5 pF 

S2 = 0, R3 = 5k, C2 = 30 pF 

tRTL Propagation Delay from Receive Mode to CD = 0.4 V (figure B) 31 40 ns 
Transmit a Logical "0," TIR to B Port Sl = 1, R4 = lOOn, C3 = 300 pF 

S2 = 0, R3 = 300 n, C2 = 5 pF 

tRTH Propagation ,Delay from Receive Mode to CD = 0.4 V (figure B) 28 40 ns 
Transmit a Logical"l," T/R to B Port Sl = 0, R4 = 1k, C3 = 300pF 

S2 = 1, R3 = 300 n, C2 = 5 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for 
actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the supply and temperature range listed in the table of Recommended 
Operating Conditions. All typical values given are' for VCC = 5 V and T A = 25° C. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless 
otherwise specified. 

Note 4: Only one output at a time should be shorted. 

Switching Time Waveforms and AC Test Circuits 

3V-------J--------------------~ 
1.5 V 10% TO 90% 15V INPUT I, I, =11';; IOns I:) 

':"~:~: "' ______ I_.5

J

' j;=_IP_D_LH ___________ IP_D_HL __ ~\r:_., 
BnORAn 't ~ 

INPUT 

I PULSE 1 ............. ------1 
GENERATOR I 

VCC 

DEVICE 
UNDER 
TEST 

NOTE: CIINCLUDES TEST FIXTURE CAPACITANCE. 

OUTPUT 

VCC 

: RI 
<II 

~ 

.~~ ~t 
~t 

~ R2 .. , ; .. t ... 
-=:': -=:': 

FIGURE A. Propagation Delay from A Port to B Port or from B Port to A Port 
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Switching Time Waveforms and AC Test Circuits (cont'd.) 

INPUT 
Till 

OV 

I, • If" IOns 
10''' TO 90% 

If 

1.5V 

{

OUTPUT 

IRlL --
BPORT ~RTH 

1.5V 

OUTPUT 

ITRL 

. { 1.5V 

A PORT ITRH-+l~ 

~1.5V 

APORT~""----~""~ 

S2" I 
VCc..o R3 

VCC 

NOTE: C2 AND C31NCLUDE TEST FIXTURE 
CAPACITANCE. 

1--_---....rI B PORT 

Sl' I 
R4 VCC 

r 
FIGURE B. Propagation Delay from T/R to A Port or B Pprt 

INPUT 
CO 

I, = If .; IOns 
10''' TO 90''' 

OV 

PORT OUTPUT ---....., 

IPHZ 

-=-s-PLZ 

O.SV 

PORT OUTPUT ---1. 

2.4VO 

INPUT 
I~~n~ o-------~ 

S4 O.4V 

................ --jCD 

VCC 

DEVICE 
UNDER 
TEST 

IPZL-

J... ............... -.(] ~~~~UT 

R5 

NOTE: C41NCLUDES TEST FIXTURE CAPACITANCE. 
PORT INPUT IS IN A FIXED LOGICAL 
CONOITION. SEE AC TABLE. 

FIGURE C. Propagation Delay to/from TRI·STATE<!I) from CD to A Port or B Port 
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~ DP7307/0P8307 8-Bit TRI-STATE® 
Ii: Bidirectional Transceiver (Inverting) 
c 

Features 
• Pinouts simplify system interconnections • 8-bit bidirectional data flow reduces system package 

count • Independent T and R controls for versatility 
• Bidirectional TRI-STATE inputs/outputs interface 

with bus oriented systems 

• PNP inputs reduce input loading 
• Output high voltage interfaces with TTL, MOS, 

and CMOS 

• 48 mA/300 pF bus drive capability 

Logic and Connection Diagrams 

AOo-~~ 

I 
I 

\

A1o-t= 
A2o--r-

A3o-t-

APORT ::~_ 

ASo-C= 
A70--L. _ 

Logic Table 

:>c~----+-+-<> BO 

I 
I 

---1 l _~81 
-.......oB2 

-j--oB3 = ---e:: BPORT 

=:]--oB6 
_ ...J'-<>87 

CONTROL INPUTS 

Transmit Receive 

1 0 

0 1 

1 1 

0 0 

• Compact 20-pin dual-in-line package 

• Bus port glitch free power up/down 

Dual-lil-Line Package 

Al 

A2 

A3 

A PORT 

A4 16 83 

A5 15 84 

A6 
14 

85 

A7 13 86 

12 
87 

GNO 
10 11 R 

TOPVIEW 

Order Number DP7307J, DP8307J 
or DP8307N 

See NS Package J20A or N20A 

RESULTING CONDITIONS 

A Port B Port 

OUT IN 

IN OUT 

TRI-STATE TRI-STATE 

Both Active * 

*This is not an intended logic condition and may cause oscillati?ns. 
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Absolute Maximum Ratings (Note 1) Recommended Operating Conditions 

Supply Voltage 7V Min Max Units 
Input Voltage 5.5V 

Supply Voltage (VCC) 
Output Voltage 5.5V 
Storage Temperature -65°C to +150°C 

OP7307 4.5 5.5 V 

Maximum Power Oissipation* at 25°C OP8307 4.75 5.25 V 

Cavity Package 1667 mW Temperature (T A) 
Molded Package 1832 mW OP7307 -55 125 °c 

Lead Temperature (soldering, 10 seconds) 300°C OP8307 a 70 °c 
-Derate cavity pac'1age 11.1 m'fjtc above 25°C; derate molded. 
package 14.7 mW/ C above 25 c. 

DC Electrical Characteristics (Notes 2 and 3) 

Parameter Conditions Min Typ Max Units 

A Port (AO-A7) 

VIH Logical "1" Input Voltage T= VIL, R = 2.0V 2.0 V 

VIL Logical "0" Input Voltage T= VIL, R = 2.0V OP8307 0.8 V 

OP7307 0.7 V 

VOH Logical "1" Output Voltage T= 2.0V, R = VIL 10H = -O.4mA VCC-L15 VCC-0.7 V 

10H = -3mA 2.7 3.95 V 

VOL Logical "0" Output Voltage T = 2.0V, IIOL = 16 mA (8307) 0.35 0.5 V 
R= VIL \IOL = 8 mA (both) 0.3 0.4 V 

lOS Output Short Circuit T= 2.0V, R = VIL, Vo = OV, -10 -38 -75 mA 
Current VCC = max, Note 4 

IIH Logical "1" Input Current T = VIL, R = 2.0V, VIH = 2.7V 0.1 80 /lA 

II Input Current at Maximum R = T = 2.0V, VCC = max, VIH = 5.25V 1 mA 
Input Voltage 

IlL Logical "0" Input Current T = VIL, R = 2.0V, VIN = O.4V -70 -200 /lA 

VCLAMP Input Clamp Voltage T = R = 2.0\1, liN = -12 mA -0.7 -1.5 V 

100 OLitput/lnput T = R = 2.0V VIN = O.4V -200 /lA 
TRI·STATE Current VIN = 4.0V 80 /lA 

B Port (BO-B7) 

VIH Logical "1" Input Voltage T= 2.0V, R = VIL 2.0 V 

VIL Logical "0" Input Voltage T= 2.0V, R = VIL OP8307 0.8 V 

OP7307 0.7 V 

VOH Logical "1" Output Voltage T=VIL, R=2.0V 10H = -O.4mA VCC-1.15 VCC-0.8 V 

IOH=-5mA 2.7 3.9 V 

10H = -lamA 2.4 3.6 V 

VOL Logical "0" Output Voltage T= VIL. R = 2.0V 10L = 20mA 0.3 0.4 V 

10L = 48mA 0.4 0.5 V 

lOS Output Short Circuit T = VIL. R = 2.0V, Vo = OV, -25 -50 -150 mA 
Current V CC = max, Note 4 

IIH Logical "1" Input Current T = 2.0V, R = VI L, VIH = 2.7V 0.1 80 pA 

II Input Current at Maximum T = R = 2.0V, VCC = max, VIH = 5.25V 1 mA 
Input Voltage 

IlL Logical "0" Input Current f = 2.0V, R = VIL. VIL = O.4V -70 -200 pA 

VCLAMP Input Clamp Voltage T= R = 2.0V, liN = -12mA -0.7 -1.5 V 

100 Output/Input T = R = 2.0V VIN = O.4V -200 /lA 
TRI-STATE Current VIN = 4.0V +200 /lA 
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DC Electrical Characteristics (cont'd.) (Notes 2 and 3) 

Parameter Conditions Min Typ Max Units 

Control Inputs T, R 

VIH Logical "1" Input Voltage 2.0 V 

VIL logical "0" Input Voltage I DP8307 0.8 V 

I DP7307 0.7 V 

IIH Logical "1" Input Current VIH = 2.7V 0.5 20 f.J.A 

II Maximum Input Current VCC = max, VIH = 5.25V 1.0 rnA 

IlL Logical "0" Input Current VIL=O.4V IR -0.1 -0.25 rnA 

IT -0.25 -0.5 . rnA 

VCLAMP Input Clamp Voltage liN = -12mA -0.8 -1.5 V 

Power Supply Current 

ICC Power Supply Current T = R = 2.0V, VIN = 2.0V, VCC = max 70 100 mAo 

T = O.4V, VINA = R = 2V, VCC = max 100 150 mA 

AC Electrical Characteristics VCC = 5V, TA = 25°C 

Parameter Conditions Min Typ Max Units 

A Port Data/Mode Specifications 

tPDHLA Propagation Delay to a Logical "0" from T = 2.4 V, R = 0.4 V (figure A) 8 12 ns 
B Port to A Port R1 = 1k, R2 = 5k, C1 = 30pF 

tPDLHA Propagation Delay to a Logical "1" from T = 2.4 V, R = 0.4 V (figure A) 11 16 ns 
B Port to A Port R1 = 1k, R2 = 5k, C1 = 30pF 

tPLZA Propagation Deiay from a Logical "0" to BO to B7 = 2.4 V, T = 2.4 V (figure B) 10 15 ns 

TRI·STATE from R to A Port S3 = 1; R5 = 1k, C4 = 15pF 

tpHZA Propagation Delay from a Logical "1" to BO to B7 = O.4V, T = 2.4V (figure B) 8 15 ns 

TRI-STATE from R to A Port S3 = 0, R5 = 1 k, C4 = 15 pF 

tPZLA Propagation Delay from TRI-STATE to BO to B7 = 2.4V, T = 2.4V (figure B) 25 35 ns 

a Logical "0" from R to A Port S3 = 1, R5 = 1 k, C4 = 30 pF 

tPZHA Propagation Delay from TRI-STATEto BO to B7 = 0.4V, T = 2.4V (figure B) 24 35 ns 
a Logical "1" from R to A Port S3 = 0, R5 = 5k, C4 = 30 pF 

B Port Data/Mode Specifications 

tPDHLB Propagation Delay to a Logical "0" from T = O.4V, R = 2.4V (figure A) 
A Port to B Port R1 = 100n, R2 = 1k, C1 = jOOpF 12 18 ns 

R 1 = 667 n, R2 = 5k, C1 = 45 pF 8 12 ns 

tPDLHB Propagation Delay to a Logical "1" from f = 0.4 V, R = 2.4 V (figure A) 
A Port to B Port R1 = 100n, R2 = 1k, C1 = 300pF 15 23 ns 

R1 = 667 n, R2 = 5k, C1 = 45pF 9 14 ns 

tpLZB Propagation Delay from a Logical "0" to AO to A7 = 2.4 V, R = 2.4 V (figure B) 13 18 ns 

TRI-STATE from T to B Port S3 = 1, R5 = 1k, C4 = 15pF 

tpHZB Propagation Delay from a Logical "1" to AO to A7 = O.4V,R = 2.4V (figure B) 8 15 ns 

TRI-STATE from f to B Port S3 = 0, R5 = 1 k, C4 = 15 pF 

tPZLB Propagation Delay from TRI-STATE to . AO to A7 '" 2.4 V, R = 2.4 V (figure B) 
a Logical "0" from T to B Port S3 = 1, R5 = 100n, C4 = 300pF 32 40 ns 

S3= 1,R5=667n,C4=45pF 18 25 ns 

tPZHB Propagation Delay from TRI-STATE to AO to A7 = 0.4 V, R = 2.4 V (figure ~) 
a Logical "1" from T to B Port S3 = 0, R5 = 1k, C4 = 300pF 25 35 ns 

S3 = 0, R5 = 5k, C4 = 45 pF 16 25 ns 
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Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for 
actual device operation. 

Note 2: Unless otherwise specified. minImax limits apply across the supply and temperature range listed in the table of Recommended 
Operating Conditions. All typical values given are for V CC = 5 V and T A = 25° C. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless 
otherwise specified. 

Note 4: Only one output at a time should be shorted. 

Switching Time Waveforms and AC Test Circuits 

OUTPUT 
On OR An 

3V 
I, =1, .; IOns 
10% TO 90% 

. Ir IPOLH 

1.5V! 

---~ 

INPUT 

VCC 

OEVICE 
UNOER 
TEST 

NOTE: CI INCLUOES TEST FIXTURE CAPACITANCE. 

VCC 

FIGURE A. Propagation Delay from A port to B port or from B port to A port 

CONTROL INPUT 

OV 

PORT OUTPUT ---..j......, 

IPHZ 

I, = I,.; IOns 
10% TO 90% 

-=:s-PLZ 

O.5V 
PORT OUTPUT ~ 

2.4VO 

I~~n~ 'O-
S
4-------1 

O.4V 

VCC 

DEVICE 
UNDER 
TEST 

........ ----4RORT 

J--..... ----Q ~~~~UT 

R5 

NOTE: C4 INCLUDES TEST FIXTURE CAPACITANCE. 
PORT INPUT IS IN A FIXED LOGICAL 
CONDITION. SEE AC TABLE. 

Figure B. Propagation Delay to/from TRI-STATE from R to A Port and T to B Port 
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~ DP7308/DP8308 8-Bit TRI-STATE® 
Jl: Bidirectional Tra~sceiver (Non-Inverting) 
c 

Features 
• Pinouts simplify system interconnections • 8-bit bidirectional data flow reduces system package 

count • Independent f and R controls for versatility· 
• Bidirectional TR I-STATE inputs/outputs interface 

with bus oriented systems 

• PNP inputs reduce input loading 

• Output high voltage interfaces with TTL, MaS, 
and CMOS 

• 48 mA/300 pF bus drive capability 

Logic and Connection Diagrams 

r------, 

I 
I 

\

A1 o-C= 
A2o---r-

A3o-t-

APORT ::~_ 

A6o--{: = 
A7D-t-_ 

Logic Table 

>---..-4-{)BD 

I 
I 

---l 1 _ ---.t-O B1 

~B2 
-j--oB3 

=~:: BPORT = ::J-oB6 _...r-o B7 

CONTROL INPUTS 

Transmit Receive 

1 0 

0 1 

1 1 

0 0 

• Compact 20-pin dual-in-line package 
• Bus port glitch free power up/down 

Dual-I n-Lin,e Package 

AD 

Al 

A2 

A3 B2 

A PORT 

A4 

A5 

14 
A6 B5 

A7 13 B6 

12 
B7 

GND 11 R 

TOP VIEW 

Order Number DP7308J, DP8308J 
or DP8308N 

See NS Package J20A or N20A 

RESUL TING CONDITIONS 

A Port B Port 

OUT IN 

IN OUT 

TRI-STATE TRI-STATE 

Both Active * 

*This is not an intended logic condition and may cause oscillations. 
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Absolute Maximum Ratings (Note 1) Recommended Operating Conditions 

Supply Voltage 7V Min Max Units 
Input Voltage 5.5V 

Supply Voltage (VCC) 
Output Voltage 5.5V 
Storage Temperature -65°C to +150°C 

DP730B 4.5 5.5 V 

Maximum Power Dissipation * at 25°C 
DP8308 4.75 5.25 V 

Cavity Package 1667 mW Temperature (T A) 

Molded Package 1832 mW DP7308 -55 125 °c 
Lead Temperature (soldering, 10 seconds) 300°C DP8308 0 70 °c 

* Derate cavity package 11.1 mW / C above 25°C; derate molded 
package 14.7 mW/C above 25°C. 

DC Electrical Characteristics (Notes 2 and 3) 

Parameter Conditions Min Typ Max Units 

A Port (AO-A7) 

VIH Logical "1" Input Voltage T= VIL, R = 2.0V 2.0 V 

VIL Logical "0" Input Voltage T = V I L, R = 2.0V DP830B O.B V 

DP730B 0.7 V 

VOH Logical "1" Output Voltage T=2.0V,R=VIL 10H = -0.4 rnA VCC-1.15 VCC-O.7 V 

10H = -3mA 2.7 3.95 V 

VOL Logical "0" Output Voltage T = 2.0V, llOL = 16mA (830B) 0.35 0.5 V 
R= VIL IIOL = B mA (both) 0.3 0.4 V 

lOS Output Short Circuit T = 2.0V, R =VIL, Vo = OV, -10 -3B -75 mA 
Current VCC = max, Note 4 

IIH Logical "1" Input Current T= VIL, R = 2.0V, VIH = 2.7V 0.1 80 pA 

II Input Current at Maximum R = T = 2.0V, VCC = max, VIH = 5.25V 1 mA 
Input Voltage 

IlL Logical "0" Input Current T= VIL, R = 2.0V, VIN =O.4V -70 -200 pA 

VCLAMP Input Clamp Voltage T = R = 2.0V, liN = -12mA -0.7 -1.5 V 

100 Output/Input T = R = 2.0V VIN=O.4V -200 pA 
TRI-STATE Current VIN = 4.0V 80 pA 

8 Port (80-87) 

VIH Logical "1" Input Voltage T= 2.0V, R = VIL 2.0 V 

VIL Logical "0" Input Voltage T=2.0V,R=VIL DP830B O.B V 

DP730B 0.7 V 

VOH Logical "1" Output Voltage T = V I L, R = 2.0V 10H = -0.4 mA VCC-l.15 VCC-0.8 V 

10H = -5mA 2.7 3.9 V 

10H = -10mA 2.4 3.6 V 

VOL Logical "0" Output Voltage T = V I L, R = 2.0V 10L = 20mA 0.3 0.4 V 

IOL=4BmA 0.4 0.5 V 

lOS Output Short Circuit T = VIL R = 2.0V, Va= OV, -25 -50 -150 mA 
Current VCC = max, Note 4 

IIH Logical "1" Input Current T = 2.0V, R = VIL VIH = 2.7V 0.1 BO pA 

II Input Current at Maximum T = R = 2.0V, VCC = max, VIH = 5.25V 1 mA 
Input Voltage 

IlL Logical "0" Input Current T = 2.0V, R = VIL VIN = O.4V -70 -200 pA 

VCLAMP Input Clamp Voltage T= R = 2.0V, liN = -12mA -0.7 -1.5 V 

100 Output/I nput T = R = 2.0V VIN=O.4V -200 pA 
TRI-STATE Current VIN = 4.0V +200 pA 
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DC Electrical Characteristics (cont' d.) (Notes 2 and 3) 

Parameter Conditions Min 

Control Inputs T, R 

VIH Logical "1" Input Voltage 2.0 

VIL Logical "0" Input Voltage I DP8308 

I DP7308 

IIH Logical "1" Input Current VIH = 2.7V 

II Maximum Input Current VCC = max, VIH = 5.25V 

IlL . Logical "0" Input Current VIL = O.4V IR 

IT 

VCLAMP .Input Clamp Voltage liN = -12mA 

Power Supply Current 

ICC Power Supply Current T = R = 2.0V, VIN = 0.4 V, VCC = max 

f = VINA = 0.4 V, R = 2V, VCC = max 

AC Electrical Characteristics VCC = 5V, TA = 25°C 

Parameter Conditions 

A Port Data/Mode Specifications 

tpDHLA Propagation Delay to a Logical "0" from T = 2.4 V, R = 0.4 V (figure A) 
B Port to A Port R 1 = 1 k, R2 = 5k, Cl == 30 pF 

tpDLHA Propagation Delay to a Logical "1" from f = 2.4 V, R = 0.4 V (figure A) 
B Port to A Port R 1 = 1 k, R2 = 5k, Cl = 30 pF 

tpLZA Propagation Delay from a Logical "0" to BO to B7 = 0.4 V, f = 2.4 V (figure B) 
TRI-STATE from R to A Port S3 = 1, R5 = 1 k, C4 = 15 pF 

tPHZA Propagation Delay from a Logical "1" to BO to B7 = 2.4 V, T = 2.4 V (figure B) 
TRI-STATE from R to A Port S3=O, R5= lk,C4= 15pF 

tpZLA Propagation Delay from TRI-STATE to BO to B7 = 0.4 V, T = 2.4 V (figure B) 
a Logical "0" from R to A Port S3 = 1, R5 = 1 k, C4 = 30 pF 

tpZHA Propagation Delay from TRI-STATE to BO to B7 = 2.4V, f = 2.4V (figure B) 
a Logical "1" from R to A Port S3 = 0, R5 = 5k, C4 = 30 pF 

B Port Data/Mode Specifications 

tPDHLB Propagation Delay to a Logical "0" from T = 0.4 V, R = 2.4 V (figure A) 
A Port to B Port R1 = 100n, R2 = lk, C1 = 300pF 

Rl = 667 n, R2 = 5k, C1 = 45pF 

tPDLHB Propagation Delay to a Logical "1" from f = 0.4 V, R = 2.4 V (figure A) 
A Port to B Port R1 = 100n, R2 = 1k, C1 = 300pF 

R 1 = 667 n, R2 = 5k, C1 = 45 pF 

tPLZB Propagation Delay from a Logical "0" to AD to A7 = O.4V, R = 2.4V (figure B) 
TRI-STATE from T to B Port S3= 1, R5= 1k,C4= 15pF 

tpHZB Propagation Delay from a Logical "1" to AO to A7 = 2.4 V, R = 2.4 V (figure B) 
TRI-STATE from f to B Port S3=O, R5= 1k,C4= 15pF 

tPZLB Propagation Delay from TRI-STATE to AO to A7 = 0.4 V, R = 2.4 V (figure B) 
a Logical "0" from T to B Port I S3 = 1, R5 = 100n, C4 = 300pF 

S3 = 1, R5 = 667 n, C4 = 45 pF 

tpZHB Propagation Delay from TRI-STATE to AO to A7 = 2.4 V, R = 2.4 V (figure B) 
a Logical "1" from T to B Port S3 = 0, R5 = 1 k, C4 = 300 pF 

S3 = 0, R5 = 5k, C4 = 45 pF 
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Typ Max Units 

V 

0.8 V 

0.7 V 

0.5 20 pA 

1.0 mA 

-0.1 -0.25 mA 

-0.25 -0.5 mA 

-0.8 -1.5 V 

70 100 mA 

90 140 mA 

Min Typ Max Units 

14 18 ns 

13 18 ns 

11 15 ns 

8 15 ns 

24 35 ns 

21 30 ns 

18 23 ns 
11 18 ns 

16 23 ns 
11 18 ns 

13 18 ns 

8 15 ns 

25 35 ns 
17 25 ns 

24 35 ns 
17 25 ns 



Notl 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for 
actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the supply and temperature range listed in the table of Recommended 
Operating Conditions. All typical values given are for Vce" SV and T A" 2Soe. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless 
otherwise specified. 

Note 4: Only one output at a time should be shorted. 

Switching Time Waveforms and AC Test Circuits 

OUTPUT 
8n OR An 

lV 
I, cl, .; IOn. 
10% TO 90% 

irlPDLH' 

l.svf 
---..I 

INPUT 

Vec 

DEVICE 
UNDER 
TEST 

NOTE: CIINCLUDES TEST FIXTURE CAPACITANCE, 

VCC 

FIGURE A. Propagation Delay from A port to'B port or from B port to A port 

CONTROL INPUT 

OV 

PORT OUTPUT ---+-t 

IPHZ 

1,=1,.; IOns 
10% TO 90% 

-=:fl.
PLZ 

O.SV 

PORT OUTPUT ---1. 

2.4VO 
PORT 

INPUT 
0.4V CONTROL 

INPUT 

. VCC 

DEVICE 
UNDER 
TEST 

........ -----4ii OR T 

..... - .... ---0 ~~~~UT 

RS 

NOTE: C4 INCLUDES TEST FIXTURE CAPACITANCE. 
PORT INPUT IS IN A FIXED LOGICAL 
CONDITION. SEE AC TABLE. 

Figure B. Propagation Delay to/from TRI-STATE from R to A P~rt and T to B Port 
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~National 
~ Semiconductor 

Bus Transceivers 

0526510, 0526511 Quad Bus Transceivers 
General Description 

The 0526510 and 0526511 are quad Bus Transceivers 
consisting of 4 high speed bus drivers with open-collector 
outputs capable of sinking 100 mA at O.BV and 4 high 
speed bus receivers. Each driver output is connected 
internally to the high speed bus receiver in addition to 
being connected to the package pin. The receiver has a 
5chottky TTL output capable of driving 10 5chottky 
TTL unit loads. 

An active low enable gate controls the 4 drivers so that 
outputs of different device drivers can be connected 
together for party-line operation. 

The bus output high-drive capability in the low state 
allows party-line operation with a line impedance as low 
as lOOn. The line can be terminated at both ends, 
and still give considerable noise margin at the receiver. 
The receiver typical switching point is 2V_ 

Logic and Connection Diagrams 
0826810 

10 

20 Zl Z2 Z3 

Oual-I n-Line Package 

OS26S11N 

GNO 1 iiO ZO 10 11 Zl iii GND 2 

TOP VIEW 

Order Number DS26S10J, DS26S10MJ 
or DS26S10N . 

See NS Package J16A or N16A 
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The 0526510 and 0526511 feature advanced 5chottky 
processing to minimize propagation delay. The device 
package also has 2 ground pins to improve ground cur
rent handling and allow close decoupling between Vee 
and ground at the package. Both GNO 1 and GNO 2 
should be tied to the ground bus external to the device 
package. 

Features 
• Input to bus is inverting on 0526510 

• Input to bus is non-inverting on 0526511 

• Quad high speed open-collector bus transceivers 

• Driver outputs can sink 100 mA at O.BV maximur:n 

• Advanced 5chottky processing 

• PNP inputs to reduce input loading 

OS26S11 

ZO Zl Z2 Z3 

Oual-In-Line Package 

OS26S10N 

TOP VIEW 

Order Number DS26S11J, DS26S11MJ 
or DS26S11N 

See NS Package J16A or N16A 



Absolute Maximum Ratings Operating Conditions 
Storage Temperature -65°C to +150°C MIN MAX UNITS 
Temperature (Ambient) Under Bias -55°C to +125°C Supply Voltage (VCC) 
Supply Voltage to Ground Potential -0.5V to +7V DS26S10XC, DS26S11XC 4.75 5.25 V 
DC Voltage Applied to Outputs for -o.5V to +VCC Max DS26S10XM, DS26S11XM 4.5 5.5 V 

High Output State Temperature (TA) 
DC Input Voltage -o.5V to +5.5V DS26S10XC, DS26S11 XC 0 +70 °c 
Output Current, Into Bus 200mA DS26S10XM, DS26S11XM -55 +125 °c 
Output Current, Into Outputs (Except Bus) 30mA 
DC Input Current -30 mA to +5 mA 
Maximum Power Dissipation* at 25°C 

Cavity Packnge 1433 mW 
Molded Package 1362 mW 

*Derate cavity package 9.6 mWrC above 25°C; derate molded 
package 10.9 mWrC above 25°C. 

Electrical Characteristics (Unless otherwise noted) 

PARAMETER 
CONDITIONS 

MIN 
TYP 

MAX UNITS 
(Note 1) (Note 2) 

VOH Output High Voltage VCC = Min, 10H = -1 mA, Military 2.5 3.4 V 

i 
(Receiver Outputs) VIN = VIL or VIH Commercial 2.7 3.4 V 

VOL Output Low Voltage VCC = Min, IOL = 20 mA, 
0.5 V 

(Receiver Outputs) VIN = VIL or VI'H 

V,H Input High Level Guaranteed Input Logical High for 
2.0 V 

(Except Bus) A" Inputs 

V,L Input Low Level Guaranteed Input Logical Low for 
0.8 V 

(Except Bus) A" Inputs 

V, Input Clamp Voltage 
VCC = Min, liN = -18 mA -1.2 V 

(Except Bus) 

IlL Input Low Current Enable -0.36 mA 

, (Except Bus) 
VCC = MilX, V,N = O.4V 

Data -0.54 mA 

IIH Input High Current Enable 20 pA 

(Except Bus) 
VCC = Max, V,N = 2.7V 

Data 30 pA 

" 
Input High Current 

VCC = Max, V,N = 5.5V 100 pA 
(Except Bus) 

ISC Output Short-Circuit Current Military -20 -55 mA 

(Except Bus) 
VCC = Max, (Note 3) 

Commercial -18 -60 mA 

ICCL Power Supply Current DS26S10 45 70 mA 

(A" Bus Outputs Low) 
VCC = Max, Enable = Gnd 

DS26S11 80 mA 

Bus Input IOutput Characteristics 
I CONDITIONS TYP 

PARAMETER 
(Note 1) 

MIN 
(Note 2) 

MAX UNITS 

VOL Output Low Voltage 10L = 40 mA 0.33 0.5 

Military 10L = 70 mA 0.42 0.7 

VCC = Min 
10L = 100 mA 0.51 0.8 

V 
10L = 40 mA 0.33 0.5 

Commercial 10L = 70 mA 0.42 0.7 

10L = 100 mA 0.51 0.8 

10 Bus Leakage Current Vo = 0.8V -50 

VCC = Max Military Vo = 4.5V 200 pA 

Commercial Vo = 4.5V 100 

10FF Bus Leakage Current (Power OFF) Vo = 4.5V 100 pA 

VTH Receiver Input High Threshold Bus Enable = 2.4V, Military 2.4 2.0 V 

VCC = Max ' Commercial 2.25 2.0 V 

VTL Receiver Input Low Threshold Bus Enable = 2.4V, Military 2.0 1.6 V 

VCC = Min Commercial 2.0 1.75 V 

Note 1; For conditions shown as min or max, use the appropriate value specified under Electrical Characteristics for the applicable device type. 

Note 2: Typical limits are at V CC = 5V, 25°C ambient and maximum loading. 
Note 3: Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Switching Characteristics (T A = 25°C, VCC = 5V) 

PARAMETER CONOITIONS MIN TYP MAX UNITS 

tpLH Data Input to Bus \ 

DS26S10 
tPHL Data Input to Bus 

tPLH Oata Input to Bus 
0526S11 

tPHL Data Input to Bus 

tPLH Enable Input to Bus 
RB = 50n, Cs = 50 pF (Note 1) 

OS26S10 
tpHL Enable Input to Bus 

tPLH Enable Input to Bus 
OS26S11 

tpHL Enable Input to Bus 

tpLH Sus to Receiver Out RS = 50n, RL = 280n, CB = 50 pF (Note 1), 

tPHL Bus to Receiver Out CL = 15 pF 

tr Bus 
RS = 50n, CB = 50 pF (Note 1) 

tf Sus 

Note 1: Includes probe and jig capacitance 

Truth Tables 

INPUTS 

E I 

L L 

L H 

H X 

OS26S10 

OUTPUTS 

S Z 
H L 

L H 

Y Y 

H = High voltage level 
L = Low voltage level 
X = Don't care 

4.0 

2.0 

INPUTS 

E I 

L L 

L H 

H X 

10 

10 

12 

12 

14 

13 

1'5 

14 

10 

10 

10 

4.0 

OS26S11 

Y = Voltage level of bus (assumes control by another bus transceiverl 

Typical Application 

15 

15 

19 

19 

18 

18 

20 

20 

15 

15 

OUTPUTS 

B Z 

L H 

H L 
y Y 

STROBE INPUTS STROBE INPUTS STROBE fNii1i'fS STROBE 1NPiffS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

L:' L'r" L'E,1,b6' L'6666' 
" ,:::,'~~} RECEIVER ," ,:,::."::~} RECEIVER E " ':~:, "::~} RECEIVER ," ,~:,:: 1 " ~~} RECEIVER 

Z21-- OUTPUTS Z21-- OUTPUTS Z21-- OUTPUTS Z21-- OUTPUTS 

nl-- nl-- nl-- n~ 

5V BO Bl B2 BJ BO Bl B2 BJ BO B1 B2 BJ BO Bl B2 BJ 5V 

1~0... Y 0 ~:> ~:> y 0 ~:> ~:> . Y I :> I Y ~) 4) I;> .... 1!~ 

100 ............ 

" "" 
100 PARTY·LINE OPERATION 
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AC Test Circuit and Switching Time Waveforms 

Vee 

I INPUT 

ZTEST 
POINT Vee 

PULSE 
GENERATOR 

NO.1 
~"'>O--'~ 
~~ ~-------~~ ~--~--~----. 

OS26S11 
TlNPUT 

OS26S10 
TINPUT 

EINPUT 

B TEST POINT 

PULSE 
GENERATOR 

NO.2 

EINPUT 

OS26S11 
ONLY 

Note 1: Includes probe and jig capacitance. 
" 

3V----------.~--------_ 

OV----J 

3V----""\ 

OV--------+-~----------

3V--------+-------------+------------~-------~ 

OV------+-----------+--------' 

VOH-----------r-,-------~ 

1.5V 

VOL -------I 

VOH _t

PHL

-_J-,------' I: 'PL" 

I TESTP"NT 15V,\ ! 
VOL \'--------J1 
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Typical Performance Characteristics 
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Typical Bus Output Low Volt
age vs Ambient Temperature 

) '. VCC =,5V 

- _IIBUS = 100 rnA 

IBUS = 70 rnA 

I I I 
IB1US =140 ~A 

-55-35-15 5 25 45 65 85 105125 

TA - AMBIENT TEMPERATURE rC) 

Schematic Diagram 

4, (5), 
(II), (13) 

2k Rl 

B 
2, (7), (9), (15) 
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~a: 2.1 
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I
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Receiver Threshold Variation 
vs Ambient Temperature 

1 
r---v~e=15.5J 

I Vcc = 5.25V -
I-MIL~ - ve~ =.t75V ..::::: COM'L 

\ -+- /' 
I 

Vee = 4.5V -
I 
I 

-55 -35 -15 5 25 45 65,85 105 125 

TA - AMBIENT TEMPERATURE (OC) 

Vcc = Pin 16 
GNO 1 = Pin 1 
GNO 2 = Pin 8 
Connect for OS26S10 

* Remove Rl, Q1, 01 for OS26S10 

110 

3, (6), 
(IO), (14) 
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053662 Quad High Speed Trapezoidal™ Bus Transceiver 
General Description 
The OS3662 is a quad high speed Schottky bus transceiver 
intended for use with terminated 1200 impedance lines. It 
is specifically designed to reduce noise in unbalanced 
transmission systems. The open collector drivers gener
ate precise trapezoidal waveforms with rise and fall times 
of 15 ns (typical), which are relatively independent of ca
pacitive loading conditions on the outputs. This reduces 
noise coupling to the adjacent lines without any appreci· 
able impact on the maximum data rate obtainable with 
high speed bus transceivers. In addition, the receivers use 
a low pass filter in conjunction with a high speed com
parator, to further enhance the noise immunity. Tightly 
controlled threshold levels on the receiver provide equal 
rejection to both negative and positive going noise pulses 
on the bus. 

The external termination is intended to be a 1800 resistor 
from the bus to 5V logic supply, together with a 3900 
resistor from the bus to ground. The bus can be terminated 
at one or both ends. A two input NOR gate is provided to 
disable all drivers in a package simultaneously. 

Block and Connection Diagram 

Features 
• Pin to pin functional replacement for OS8641 
• Guaranteed AC specifications on noise immunity and 

propagation delay over the specified temperature and 
supply voltage range 

• Temperature insensitive receiver thresholds track bus 
logic level 

• Trapezoidal bus waveforms reduce noise coupling to 
adjacent lines 

• Precision receiver thresholds provide maximum noise 
immunity and symmetrical respons.e to positive and 
negative going pulses 

• Open collector driver outp~t allows wire-OR connection 

• High speed Schottky technology 
• 15 p.A typical bus termination current with normal Vee or 

with Vee=OV 
• Glitch free power up/down protection on the driver 

output 
• TTL compatible driver and disable inputs, and receiver 

outputs 

Dual-In-Line Package 

Vee 

BUS 3 

BUS 1 IN 1 OUTI BUS2 IN 2 OUT 2 OISABLE A 

15 14 13 11 10 

IN 3 OUT 3 BUS4 IN 4 OUT 4 DISABLE B GND 

TOP VIEW 

Order Number DS3662J or DS3662N 
See NS Package J16A or N16A 

Trapezoldal™ Is a trademark of National Semiconductor 
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Absolute Maximum Ratings (Note 1) Recommended Operating Conditions 
Supply Voltage 7V Min Max Units 

Input and Output Voltage 5.5V Supply Voltage (Vce) 4.75 5.25 V 
Storage Temperature Range - 65°C to 150°C Temperature Range (TA) 0 70 °C 
Maximum Power Dissipation* at 25°C 

Cavity Package 1509mW 
Molded Package 1476mW * Derate cavity package 10.1 mW'oC above 25°C; derate molded package 

Lead Temperature (Soldering, 10 seconds) 300°C 11.8 mW'oC above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

Parameter Conditions Min Typ Max Units 

DRIVER AND DISABLE INPUTS 

VIH Logical "1" Input Voltage 2.0 V 

VIL Logical "0" Input Voltage 0.8 V 

II Logical "1" Input Current VIN = 5.5V 1 mA 

IIH Logical "1" Input Current VIN = 2.4V 40 p.A 

IlL Logical "0" Input Current VIN = 0.4V -1 -1.6 mA 

VCL Input Diode Clamp Voltage ICLAMP = -12 mA -0.8 -1.5 V 

DRIVER OUTPUT/RECEIVER INPUT 

VOLS Low Level Bus Voltage VDlS = 0.8V, VIN = 2V, Isus= 100 mA 0.6 0.9 V 

IIHS Maximum Bus Current VIN =0.8V, Vsus=4V, Vcc=5.25V 10 100 p.A 

IlLS Maximum Bus Current VIN =0.8V, Vsus=4V, Vcc=OV 100 p.A 

V1H High Level Receiver Threshold V1N = 0.8V, IOL = 16 mA 1.90 1.70 V 

V1L Low Level Receiver Threshold V1N =0.8V, IOH= -400p.A 1.70 1.50 V 

RECEIVER OUTPUT 

VOH Logical "1" Output Voltage V1N =0.8V, Vsus=0.5V, IOH= -400p.A 2.4 3.2 V 

VOL Logical "0" Output Voltage V1N =0.8V, Vsus=4V, IOL=16mA 0.35 0.5 V 

los Output Short Circuit Current VDls =0.8V, V1N =0.8V, Vsus =0.5V, -40 -70 -100 mA 
Vas = OV, Vcc = 5.25V, (Note 4) 

Icc Supply Current' VD1S = OV, V1N = 2V 50 90 mA 

Switching Characteristics (Notes 2 and 3). 

Parameter Conditions Min Typ Max Units 

PROPAGATION DELAYS 

tpLHD Disable to Bus "1" 25 35 ns 

tpHLD Disable to Bus "0" 
Figure 1 

25 35 ns 

tpLHS Driver Input to Bus "1" 20 30 ns 

t pHLS Driver Input to Bus "0" 
Figure 2 

20 30 ns 

tpLHR Bus to Logical "1" Receiver Output 25 40 ns 

t pHLR . Bus to Logical "0" Receiver Output 
Figure 3 

I 40 25 ns 

NOISE IMMUNITY 

t rs , tlB Rise and Fall Times (10%-90%) of the Figure 2 10 15 20 ns 
Driver Output 

tnR Receiver Noise Rejection No Response at Receiver 20 10 ns 
Pulse Width Output as per Figure 4 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to Imply that the 
devices should be operated at these limits. The tables of "Electrical Characteristics" and "Recommended O~eratlng Conditions" provide conditions for 
actual device operation. 
Note 2: Unless othe'rwlse specified minImax limits apply across the supply and temperature range listed In the table of "Recommended Operating Condi· 
tlons". All typical values are for TA = 25°C and VCC = 5V. 
Note 3: All currents Into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 
Note 4: Only one output at a time should be shorted. 
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AC Test Circuits and Switching Waveforms 
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Note. tr= tf =2.5 ns. Pulse width =500 ns measured between 1.5V levels. f= 1 MHz. 

FIGURE 1. Disable Delays 
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Note. tr = tf = 2.5 ns. Pulse width = 500 ns measured between 1.5V levels. f = 1 MHz. 

FIGURE 2. Driver Propagation Delays 
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FIGURE 3. Receiver Propagation Delays 
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FIGURE 4. Receiver Noise Immunity: "No Response at Output" Input Waveforms 
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083662 - The Bus Optimizer 

I. Introduction 
A single ended Bus is an unbalanced Data Transmis
sion medium, which is timeshared by several system 
elements. Like any unbalanced system, it is highly sus
ceptible to common-mode noise, such as ground noise 
and crosstalk. In general, the latter determines the 
maximum physical length of the Bus that can be incorpo
rated with acceptable reliability. Crosstalk is a major 
problem in high speed computer Buses which employ 
Schottky Transceivers for increased data rate capability. 
It is therefore highly desirable to minimize crosstalk 
noise in Bus circuits to allow for longer Buses and to 
provide higher system reliability. 

This article describes the operation of the DS3662 Quad 
High Speed Trapezoidal Bus Tranceiver, which has been 
specially designed to minimize crosstalk problems. The 
Driver generates precise Trapezoidal waveforms that 
reduce noise coupling to adjacent Bus channels. The 
Receiver uses a low pass filter, whose time constant is 
matched to the Driver slew rate to provide maximum 
noise rejection with acceptable signal delay character
istics. Precision high speed circuitry optimizes noise 
immunity without sacrificing the high data rate capability 
of Schottky Tranceivers. 

II. The Problem 
Conventional Bus Drivers are designed to provide high 
output currents for charging and discharging relatively 
large Bus capacitances quickly. These high speed tran
sitions are characterized by peak slew rates of up to 5 
volts/ns around the mid-region of the transition. This 
can cause considerable noise coupling to adjacent 
lines, commonly referred to as crosstalk. Crosstalk also 

~ DRIVER INPUT 

Vo 

~- VrH DRIVER DUTPUT 
Vol2- - AND I I RECEIVER INPUT 

I I 
I I JL RECEIVER OUTPUT 

Vo 
....L-

1-~ DRIVER OUTPUT 

Vol2~===~ ~~gEIVER INPUT 
- I I 

I I IL RECEIVER OUTPUT 

DISTORTION DUE TO OFF CENTERED 
RECEIVER THRESHOLDS (VrH) 

National Semiconductor 
Application Note 259 
R.V. Balakrishnan 
April 1981 

includes noise induced by sources external to the Bus. 
Additional noise may be generated due to reflections at 
imperfect terminations. 

Bus Receivers are designed to respond to high speed 
transitions and to provide low propagation delays. 
Unfortunately, their fast response results in high noise 
sensitivity. The combined effect of the noise on the Bus 
and the sensitivity of the Receiver to the noise severely 
limits the Bus performance. 

III. The Solution 
The above situation can be considerably improved by 
employing noise reduction techniques in both the Driver 
and the Receiver circuits. Slew rate control can be used 
in the Driver to reduce crosstalk, and Receiver noise sen
sitivity can be reduced by using a low pass filter at its 
input. These techniques are commonly used in line 
transmission circuits where the associated data rates 
in general are considerably lower. However, these 
techniques do present some difficulties in high speed 
Bus circuits. Increased rise and fall times, resulting 
from slew rate control, can affect data rates unless care 
is taken to limit the maximum rise and fall times to mini
mum pulse width requirements. With any appreciable 
slew rate control, the rise and fall times of the resulting 
Driver output waveform will be comparable to the pulse 
widths at maximum data rates. This condition dictates 
high fidelity of the transmitted waveform and precise. 
Receiver thresholds at the middle of the Bus voltage 
swing in order to minimize pulse width distortion. 
Figure 1 illustrates the different sources of pulse width 
distortion due to the trapezoidal nature of the Signal. 
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~ 
DRIVER OUTPUT 
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I I 
I I 
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Vo 
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~
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Vo/2- - -- VrH AND 
I I RECEIVER INPUT 

I I 
I I 

~ RECEIVER OUTPUT 

DISTORTION DUE TO NON SYMMETRICAL 
TRAPEZOIDAL DRIVER OUTPUT WAVEFORM 

, Figure 1. Pulse Width Distortion 
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The low pass filter In the Receiver should provide opti
mum' noise rejection without introducing excessive 
delay In passing the signal waveform. In addition, the 
Receiver should have a symmetrical response to positive 
and negative going transitions In order to maintain a 
low level of pulse width distortion, as well as equal 
noise rejection to positive and negative going noise 
pulses. The response of an Ideal low pass filter to signal 
and noise pulses Is shown In Figure 2. 

The DS3662 overcomes these and other problems by 
using high speed linear circuitry with on-chip capaci
tors for controlling slew rate and low pass filtering. The 
Driver Is of open collector type intended for use with 
terminated 120 ohm Buses. The external termination 
consists of a 180 ohm resistor from the Bus to +5 volts 
logic supply with a 390 ohm resistor from the Bus to 
ground. Such a termination results In a Bus logic high 
level of 3.4 volts with Vee at 5 volts (see Figure 2). The 
Bus can be terminated at one or both ends as shown in 
Figure 3. 

~ 
i3~ 
ZCl 

~~ 

LOW PASS FILTER 

INPUT .. R OUTPUT 
(BUS) ~ (TO RECEIVER) 

FILTER 
DELAY 

C* 

IV. The Driver 
Using a Miller Integrator circuit, the Driver generates a 
linearly rising and failing waveform with a constant 
slew rate of 0.2 volts/ns (typical) during the entire period 
of transition. This corresponds to typical rise and fall 
times of 15 ns. Figure 4 compares the output waveform 
of a typical Schottky Driver and the 053662 under dif
ferent capacitive loads. It should be noted that even 
under heavy loading, the regular Drivers have peak slew 
rates that are considerably higher than the average. In 
contrast, the trapezoidal waveform provides con
siderably lower stew rate with slightly higher rise and 
fall times. Such an increase in rise and fall time has very 
little effect on data rates. In fact, the high fidelity of the 
transmitted waveform allows pulse widths as low as 
20ns to be transmitted on the Bus, as shown in Figure 5. 

The block diagram of the Driver Is shown in Figures 6 
and 7. When a high to low transition is applied to the 
Input, switch '5' opens and node 'A' Is pulled low by the 
current source 'I'. This switches the amplifier output to 
a high state. The slew rate of the output transition is 
limited by the charging current through the capacitor, a 
constant value equal to lie volts/sec. 
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... ::::1 

I--~f---l--#'----~=--n-~--+--+---r---~~- ~~~Et~~~4~IGH 
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z::::l 
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2V !:;~ 
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:t:t 
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Figure 2. Ideal Receiver Low Pass Filter Response 
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Figure 3. Bus Termination 
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Likewise, when a low to high transition Is applied to the 
Input, switch'S' closes and node 'A' is pulled up by the 
'21' current source, switching the amplifier output to a 
low state. The capacitor now has an equal but opposite 
charging current which once again limits the slew rate 
to -I/C volts/sec. The Inherent tracking ability of I.C. cur
rent sources provide equal rise and fall times resulting 
in a symmetrical output waveform. 

The on-chip capacitors are fabricated using back to back 
junction diodes. The use of junction capacitors reduces 
die area and the back to back connection allows operation 
with either polarity. The capacitor terminal, connected to 
the amplifier Input, remains at Vlh::: 1.6 volts during the 
output transition. This voltage, being close to the middle 
of the output swing, reduces the effect of the capacitor 
voltage sensitivity on the output waveshape. 

v. The Receiver 
The Receiver consists of a low pass filter followed by a 
high speed comparator with a typical threshold of 1.7 
volts (see Figure 8). This threshold value corresponds to 
the mid-point voltage of the 0 to 3.4 volt Bus swing. It Is 
derived from a potential divider allowing the Bus logic 
levels to track with Vee variations. If the low pass filter 
capacitor Is voltage insensitive, this circuit will provido 
equal propagation delay for positive and negative going 
signal transitions on the Bus. In addition, it will also 
provide equal noise rejection to a positive and negative 

INPUT --J'I.>IV\._--I 

OUTPUT 

Figure 8. Receiver 

going pulse (see Figure 2). However, the junction capa
citors, being voltage sensitive, will exhibit non
symmetrical response in the above circuit. This problem 
is overcome in the OS3662 Receiver by using a back to 
back junction capacitor with the ground end biased at 
1.7 volts (see Figure 9) .. Although the capacitor still 
varies with the voltage at node 'A', the variation is sym
metrical about 1.7 volts (the middle of the Bus swing) 
and therefore will provide an identical response to tran
sitions of either polarity. 

, 
VI. Transceiver Performance 

The characteristics of the trapezoidal Transceiver are 
fully detailed in the device data sheet. Some of the more 
Important specifications are discussed below. Both AC 
and DC specifications are guaranteed over a 0-70°C 
temperature range and a supply range of 4.75-5.25 
volts. 

The Driver typically has a propagation delay of 15ns with 
a maximum of 30ns. The Receiver propagation delays 
are specified at 25ns typical and 40ns maximum. The 
Driver output rise and fall times are guaranteed to be 
within 10 to 20ns with a typical of 15ns. The noise Im
munity of the Receiver Is specified in terms of the width 
of a 2.5 volt pulse that is guaranteed to be rejected by the 
Receiver (see Figure 10). The Receiver typically rejects a 
20ns pulse going positive from ground level or going 
negative from a 3.4 volt logic 1 level. Worst case rejection 
is specified at 10 ns. 

INPUT -1\IIi1\-..... --i 

OUTPUT 

AC 
BYPASS I 

Figure 9_ Receiver 

2.5V - rJ 3.4V ---, r-
ov --.-J L 0.9V ___ L-l 

--120 n's 1-- -1 20 ns \--

REJECTS POSITIVE OR NEGATIVE GOING NOISE PULSES OF PULSE WIDTHS UP TO 20 ns TYPICAl. 
DETECTS AND PROPAGATES TRAPEZOIDAL SIGNAL PULSES IN 20 ns TYPICAl. 

Figure 10. Receiver Noise Immunity 

2-36 



The AC response of the DS3662 Driver and Receiver are 
depicted in Figures 11 and 12 respectively. Figure 11 
shows the typical Driver output waveform as compared 
to a standard high speed Transceiver output. Oscillo
grams in Figure 12 demonstrate the ability of the 
Receiver to distinguish the trapezoidal signal from the 
noise. Here the Receiver rejects a noise pulse of 19ns 
width, while accepting a narrower signal pulse (= 16 ns) 
of the same amplitude (The signal is triangular since the 
pulse width is smaller than the rise and fall time of the 
Trapezoidal Driver output). 

The performance of the Transceiver under actual ope
rating condition is demonstrated in Figures 13 through 
15. Oscillograms In Figure 13 clearly show the capa
bility of the DS3662 in real life situations. Here it is com
pared with the DS8834 under identical conditions. The 
Transceivers drive a minicomputer Bus (flat ribbon 
cable) 100 feet long, terminated at the far end with taps 
at various lengths for connecting to the Receiver input. 
The cable Is randomly folded to generate crosstalk 
between the various parts. In addition a noise pulse is 
induced on the signal line by driving an adjacent line 
with a pulse generator. This corresponds to the second 
dominant pulse in the Bus waveforms at approximately 
600ns from the main signal pulse. As can be seen, the 
DS8834 with fast rise and fall times on the Driver output 
generates more crosstalk and its Receiver easily 
responds to this crosstalk and to the externally induced 
noise (even though it has hysteresis!), limiting the use-

-TIME 10NS/01V 

TYPICAL HIGH SPEEO BUS ORIVER 
OUTPUT WAVEFORM 

ful Bus length to less than 10 feet. In contrast, the 
DS3662's Driver generates much less crosstalk and its 
Receiver is immune to the induced noise even when the 
noise amplitude exceeds the signal amplitude as seen 
in the oscillogram at 50 feet. When the same experi
ment was repeated with the DS8641, it responded to the 

, noise even at 10 feet as shown In Figure 14. 

Figure 15 shows the plots of maximum data rate versus 
line length for the three Transceivers discussed above 
under two different conditions. The graph in Figure 15a 
is obtained with no consideration to the pulse width dis
tortion whereas the one in Figure 15b is obtained for a 
maximum allowable pulse width distortion of ±10%. A 
square waveform is used so that the pulse width dis
tortion criteria will apply to both positive and negative 
going pulses. These graphs clearly show that the 
DS3662 can be used at considerably higher data rates 
with lower distortion for longer distances than the other 
two Transceivers (Figure 15b) although the others have 
a slightly higher data rate capability at short distances 
with high timing distortion (Figure 15a). 

VII. Conclusion 
The DS3662, with its combination of a trapezoidal Driver 
and a noise rejecting Receiver utilizing on chip capaci
tors, represents a significant Improvement in,high speed 
Bus circuits and a solution to Bus noise problems com
monly encountered In Mini and Microcomputer systems. 
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Figure 11. 
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t-.. 
~ Reducing Noise on 
~ Microcomputer Buses 

Abstract: This paper focuses on the noise components 
that have a significant impact on the performance of a 
high speed microcomputer bus. An overview of their 
nature is followed by ways to minimize their contribution 
by suitable design of the PC board backplane, the termina
tion network and the bus transceiver. The OS3662 trape
zoidal bus transceiver, which is specifically designed to 
minimize such noise on high speed buses, is presented 
along with its performance data. And to conclude, some 
possible new transceiver designs for further improvement 
of the bus performance are explored. 

INTRODUCTION 

As the microcomputer bus bandwidth is extended to 
handle ever increasing clock rates, the noise susceptibil
ity of a single-ended bus poses a serious threat to the 
overall system integrity. Thus, it is mandatory that the 
various noise contributions be taken into account in the 
design of the bus transceiver, the PC board backplane and 
the bus terminations to avoid intermittent or total failure 
of the system. 

Although noise such as crosstalk and reflections are inev
itable in any practical bus configuration, their impact on 
the system can be determined and minimized by careful 
design of all three components mentioned above. The 
combined contribution of the noise under worst-case con
ditions should be within the noise margin for reliable bus 
operation. 

The design of the transceiver plays a significant role in 
minimizing crosstalk and reflection. The bus can be opti
mized for minimum noise at a given bandwidth by using a 
trapezoidal driver having suitable rise and fall times along 
with a matched low pass fi Itered receiver which provides a 
symmetrical noise margin. The OS3662 is one such trans
ceiver, the first member in the family of trapezoidal bus 
transceivers available from National Semiconductor 
Corporation. This device represents a significant improve
ment in high speed bus circuit design and provides a solu
tion to commonly encountered bus noise problems. 

THE MICROCOMPUTER BUS 

A typical microcomputer bus usually consists of a printed 
circuit board backplane with signal and ground traces on 
one side and a ground plane on the other. The length 
ranges from a few inches to several feet with as many as 
32 closely spaced (0.6" typical) card edge connectors. 
Each signal line interacts with the ground plane to form a 
transmission line with characteristic impedance 'Z' in the 
range of 900-1200 typical. It is desirable to have as large a 
'Z' as possible in order to reduce the drive requirement of 
the bus driver and to reduce the power dissipated at the 
terminations. But much larger values of 'Z' translate to 
significantly larger physical dimensions and therefore are 
not very practical. 

National Semiconductor 
Application Note 337 
R. V. Balakrishnan 
May 1983 

The bus appears like a transmission line to any signal hav
ing a transition time "tr' less than the round trip delay '2ft' 
of the bus. The bus delay 'TL' is given by: 

T~=L~ (1) 

where L = length of the bus 
L 1 = distributed inductance per unit length 
C1 = distributed capacitance per unit length 

For a typical unloaded 1000 microstrip line, C1 ~.20 pF/ft 
and L 1 ~ 0.2 /tH/ft. Therefore, T L = 2.0 nslft. This cor· 
responds to approximately half the speed of light. 
However, the capacitive loading at each connector on the 
backplane increases the delay time significantly. The 
loaded delay time "T LL' is given by: 

TLL=TL ../1 +(CL/C1) (2) 

where CL = distributed load capacitancelunit length 

Given a 10 pF loading at each connector (connector + 
transceiver capacitance) and a 0.6" spacing between con
nectors, CL = 200 pF/ft and T LL = 6.6 ns/ft. So even a 6" 
long bus has a 2T LL = 6.6 ns, which is higher than the tran
sition time (t r) of many high speed bus drivers. When in 
doubt, it is always better to use the transmission line ap
proach than the lumped circuit approach as the latter Is an 
approximation of the former. Also, the transmission line 
analysis gives more pessimistic (worst-case) values of 
crosstalk and reflection and is, hence, safer. 

CROSSTALK REDUCTION 

The crosstalk is due to the distributed capacitive coupling 
Ce and the distributed inductive coupling Le between two 
lines. When crosstalk is measured on an undriven sense 
line next to a driven line (both terminated at their 
characteristic impedances), the near end crosstalk and 
the far end crosstalk have quite distinct features, as 
shown in Figure 1. Their respective peak amplitudes are: 

VNE = KNE (2T d(Vl/t r) fortr>2TL (3) 

VNE=KNE(VI) fortr<2TL (4) 

VFE = KFE(L)(Vl/t r) (5) 

where VI = signal swing on the drive line. 

The coupling constants are given by the expressions: 

K _ L (CeZ + Le/Z) 
. NE- 4TL 

(6) 

K CeZ - Lc/Z 1ft 
FE= 2 ns (7) 

The near end component reduces to zero at the far end and 
vice versa. At any point in between, the crosstalk is a frac
tional sum of near and far end crosstalk waveforms shown. 

It should be noted from expressions 6 and 7 that the far 
end crosstalk can have either polarity whereas the near 
end crosstalk always has the same polarity as the signal 
causing it. In microstrip backplanes the far end crosstalk 
pulse is usually the opposite polarity of the original signal. 
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Although the real world bus is far from the ideal situation 
depicted in Figure 1, several useful observations that 
apply to a general case can be made: 

1. The crosstalk always scales with the signal amplitude. 
2. Absolute crosstalk amplitude is proportional to slew 
rate V,tt r, not just 1/tr. 
3. Far end crosstalk width is always t r• 

4. For t r<2h, the near end crosstalk amplitude VNE ex
pressed as a fraction of signal amplitude V, is a function 
of physical layout only. 
5. The higher the value ot't/ the lower the percentage of 
crosstalk (relative to signal amplitude). 

The corresponding design implications are: 

1. The noise margin expressed as a percentage of the sig
nal swing is what's Important, not the absolute noise 
margin. Therefore, to Improve noise immunity, the percent
age noise margin has to be maximized. This is achieved by 
reducing the receiver threshold uncertainty region and by 
centering the threshold between the high and low levels. 

2. Smaller signal amplitude with the same transition time 
reduces bus drive requirements without reducing noise 
immunity. 

3. Far end crosstalk is eliminated if the receiver is de
signed to reject pulses having pulse widths less than or 
equal to t r• 

4. When t r<2h, the near end crosstalk immunity for a 
given percentage noise margin has to be built into the 
backplane PC layout. Since (V NEiV,) = KNE for this case, 
KNE should be kept lower than the available worst-case 
noise margin. KNE may be reduced by either increasing the 
spacing between lines or by introducing a ground line in 
between. The ground line, in addition to increasing the 
spacing between the signal lines, forces the electric field 
lines to converge on it, significantly reducing crosstalk. 

5. For minimum crosstalk the rise and fall times of the 
signal waveform should be as large as possible consis
tent with the minimum pulse width requirements of the 
bus. A driver that automatically limits the slew rate of the 
transition can go a long way in reducing crosstalk. 

I------------~--------~I,~L------------------'I 

-iF -~ '''VEN LINE --m 
PNRJ~~D----1"l~1 ----IlIi'------:-1 ~Il"' 

SENSE LINE 

''i I /I v,lll" I 
I ~- VNE=KNE2TL- forlr>2TL 1Jl-

--Y '--- Ir II VFE =t KFEL VIr I 

I I 
-r =KNE VI for Ir<2TL 

-tr+2TL-
--Ir -

NEAR END CROSSTALK FAR END CROSSTALK 

TLlF/5281-1 

FIGURE 1. Crosstalk Under Ideal Conditions 
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CROSSTALK MEASUREMENT 

When multiple lines on either sideofthe sense lines switch 
simultaneously the crosstalk is considerably larger, 
typically 3.5 times the single line switching case for 
microstrip backplanes. Also, the location of the drivers on 
the driven lines and the receiver on the sense line for 
worst-case crosstalk differs for the near end and far end 
cases as shown in Figures 2 and 3 for a uniformly loaded 
bus. But if the far end crosstalk is not of the opposite 
polarity, then the combined effect of far end and near end 
crosstalk could have a larger amplitude and pulse width at 
a point near the middle of the sense line in Figure 2. So in a 
general case, or in the case of a non-uniformly loaded bus, 
it is advisable to check the sense line at several locations 
along the length of the bus to determine the worst-case 
crosstalk. The measurement should be made for both the 
positive and the negative transition of the drive signal. 

THE TERMINATION 

A properly terminated transmission line has no reflec
tions. But a practical microcomputer bus is neither a 
perfect transmission line nor is it properly terminated 
under all conditions. The capacitive loading at discrete 
locations, such as a used card' slot, act as sources of 
reflection. However, in the limiting case when the bus is 
uniformly populated with a large number of modules, the 
bus behaves like a lower impedance transmission line. 
The loaded impedance 'Zl' of the bus is given by the 
expression: 

Zl= 
Z 

(8) 

where Z= unloaded line impedance 
Unfortunately, uniform loading of the bus is not guaran
teed at all times and even if it were (by dummy loading of 

BUS r--------------------

PULSE 
INPUT 

/ t ~-----------------------4 
.-__________ SE_N_S_EL_IN_E _________ --e~ ~ 

,....----------------------_4 SENSE ~\ 
\ 
\ 
~--------------------

TLlF/5281·2 

Note: All lines terminated at both ends (not shown) 

FIGURE 2. Worst·Case Far End Crosstalk Measurement 

SENSE LINE 

\ 
----------+---------~ 

TLlF/5281·3 

Note: All lines terminated at both ends (not shown) , 

FIGURE 3. Worst·Case Near End Crosstalk Measurement 
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the unused slots) ZL Is usually too low for proper termIna
tion of the bus. Forexample, a 10 pF per module loading of 
the 1000 mlcrostrlp bus atO.6" spacing results In aZL = 30ft 
One such termination at each end will require a 200 mA 
drive capacity on the bus driver for a nominal 3V swing. 
Such large drive currents and low value terminations in
crease the power dissipation of the system significantly in 
addition to causing other problems such as Increased 
ground drop, Inductive drops in traces due to large current 
being switched, etc. As a compromise the bus is usually 
terminated at an Impedance higher than ZL but less than 
or equal to Z. Consequently, there is always some amount 
of reflection present. For a perfect transmission line the 
reflection coefficient 'r' is given by the well known 
expression: 

r= Z- RI 
Z+RI 

where Z = impedance of the bus 
Rt = termination resistance 

(9) 

The net effect, in the general case of a nonuniformly loaded 
bus, is that it may take several round trip bus delays after a 
bus driver output transition, before the quiescent voltage 
level is established. However, this delay is avoided by 
using a bus driver that has sufficient drive to generate a 
large enough voltage step during the first transition to 
cross well beyond the receiver threshold region under the 
worst-case load conditions. 

Figure 4 illustrates the driver output waveform under such 
a condition. Here the fully loaded bus (with ZL = 300), of 
the previous example, is driven by the OS3662 bus trans· 
ceiver at the mid point. The driver is actually driving two 
transmission lines of ZL = 300 in either direction from the 
middle and hence the initial step is given by: 

V1 = (~) 21s (10) 

where Is = Standing current on the bus due to each 
termination 

For the DS3662, the termination can be designed for 
21s = 100 mA and therefore: 

V1 = (30/2)100 = 1.5V 

1-2TL MAX-J 

This value of the initial swing is large enough to cross the 
,narrow threshold region of the receiver as shown and 
therefore no waiting period is required for the reflections 
to build up the output high level. On the negative transition 
the problem is less critical due to the much higher sink 
capability of the OS3662 during pull down. 

Reflections can also be caused by resistive loading of the 
bus by the OC input current of the receiver. The resulting 
reflection coefficient (r) is given by the expression: 

r= -1/2 (~) (11) 

where IR = receiver input current 

Having a receiver with a high input impedance not only 
makes this component of reflection insignificant but also 
reduces the OC load on the driver, allowing the use of 
lower value termination resistors. This is particularly true 
when a large numberof modules are connected to the bus. 

The design implications of the above discussion may be 
summarized as follows: 

1. If the driver has adequate drive to produce the 
necessary voltage swing under the worst-case loading 
(ZL/2), reflections do not restrict the bus performance. 
This translates to a 100 mA minimum drive requirement for 
a typical mlcrostrip bus. 

2. If the drive is insufficient, time should be allowed for 
the reflections to build up the voltage level before the data 
is sampled. 

3. For signals such as clock, strobe, etc., wherein the 
edge is used for triggering events, it is mandatory that the 
driver meet the above drive requirements if delayed or 
multiple triggering is to be avoided. 

4. An ideal TTL bus transceiver should have at least a 
100 mA drive, a high input impedance receiver with a nar
row threshold uncertainty region. 

I 

2.2V----- + 
1.9 V Z2'Z22'Z22'Z22'Z22'Z24?z2'Z27122'Z22'Z22'Z22'Z22'Z22'Z22'Z22'Z2Z;: _ ~~~~~ H 0 LO 
1.5V I 

VI 

VOL=O.7V _____ --1 , __ l.!.... 

VI = 100 rnA x 15!l= 1.5V 

TLiF/52Bl-4 

FIGURE 4. Worst·Case OS3662 Output Transition for ZL = 150 and RT = 500 
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THE OS3662 TRANSCEIVER 

The OS3662 quad trapezoidal bus transceiver has been 
designed specifically to minimize the noise problems 

, discussed previously. The driver generates precise trape
zoidal waveforms that reduce crosstalk and the receiver 
uses a low pass filter to reject noise pulses having pulse 
widths up to the maximum driver output transition times. 
Precision output circuitry optimizes noise immunity with-, 
out sacrificing the high data rate capability of Schottky 
transceivers. 

Figure 5 shows the recommended configuration for 
microcomputer buses. The use of a 3.4V source with a 
single termination resistor at each end reduces the 
average power dissipation of the bus. However, a two 
resistor termination connected between the line and the 
power ralls, having the same Thevenin's equivalent, can 
be substituted for lower cost. 

RT 

Using a Miller integrator circuit, the driver generates a 
linearly rising and failing waveform with a constant slew 
rate of 0.2 V/ns (Figure 7). This corresponds to a nominal 
transition time of 15 ns. Figure 6 compares the output 
waveform of a typical high speed driver to that of OS3662 
under different load conditions. It should be noted that 
even under heavy loading, the regular drivers have peak 
slew rates that are much higher than the average. On the 
other hand, the trapezoidal waveform has a much lower 
slew rate with only a slight increase in the transition time. 
Such an increase in the transition time has little or no ef
fect on the data rates. In fact, the high fidelity of the 
OS3662 driver output waveform allows pulse widths as 
low as 20 ns to be transmitted on the bus. 

3.4V o-l\I'I,rv--~---""'-----+-----"""-\NI\I'""'O 3.4V 
'I. DS36·F62,,---,-_-,-; F=-+--';'" F;;':;':"::.....L..--'-; F='-'---, 

RT = 500 to 900 

FIGURE 5. Recommended Bus Termination for Heavily 
Loaded Mlcrostrip Backplanes 

TLlFJ5281·5 

TLlFJ5281·6 

Note 1: Typical high speed driver output unloaded; tr = tf'" 3 ns 

Note 2: Typical high speed driver output loaded; tr = tf'" 10 ns 

Note 3: Typical output of controlled slew rate driver which is load independent; tr = tf'" 15 ns 

FIGURE 6. Waveform Comparison 

JOUTPUT 

SLEW RATE = lIe 

TLlFJ528H 

FIGURE 7. OS3662 Driver 
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The receiver consists of a low pass filter followed by a 
high speed comparator, with a typical threshold of 1.7V 
(Figure 8). The noise immunity of the receiver is specified 
in terms of the width of a 2.5V pulse that is guaranteed to 
be rejected by the receiver (Figure 9). The receiver typically 
rejects a 20 ns pulse going positive from the ground level 
or going negative from the 3.4V logic 1 level. The receiver 
threshold lies within a specified 400 mV region over the 
supply and temperature range and is centered between 
the low and high levels of the bus for a symmetrical noise 
margin. 

INPUT --'VV\r-4...---I 

OUTPUT 

TLlF15281·8 

FIG,URE 8. 053662 Receiver 

Other fe~tures of the device include a 100 /LA maximum DC 
bus loading specification under power ON or OFF condi· 
tion and a glitch·free power up/down protection on the bus 
output. 

Figure 10 shows the typical driver output waveform as 
compared to a standard high speed transceiver output. 
Oscillograms in Figure 11 demonstrate the ability of the 
receiver to distinguish the trapezoidal Signal from noise. 
Here the receiver rejects a noise pulse of 19 ns width, 
while accepting a narrower signal pulse (16 ns) of the 
same peak amplitude (the signal is triangular because of 
the pulse width which is smaller than the transition time). 

2.5V -Il 3.4V ---, r
ov --.J L 0.9V -__ LJ .. 

-/ 20ns l- -120ns 1-
TLlF15281·9 

Rejects positive or negative going noise pulses of pulse widths up 
to 20 ns typical. Detects and propagates trapezoidal signal pulses 
in 20 ns typical. 

FIGURE 9. Receiver Noise Immunity 

Typical High 5peed Bus Driver 053662-Trapezoidal Driver 

- TIME 10 ns/DIV -TIME 10 ns/DIV 

FIGURE 10. Output Waveforms 

4V~l=Z=~~~~""" 

3V 

2V 

1V 

OV 

3V 

2V 

IV 

OV 

_RECEIVER_ 
OUTPUT 

_RECEIVER_ 
INPUT 

NOISE INPUT - TIME 10 ns/DIV SIGNAL INPUT 

TLlF15281·11 

FIGURE 11. 053662 Receiver Response 
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The performance of the transceiver under actual operat
ing conditions is demonstrated in Figure 12. The 
oscillograms cleariy show the capability of the 083662 in 
real life situations. Here it is compared with the 088834 
under identical conditions. The transceivers drive a mini
computer bus (flat ribbon cable) 100 feet long, terminated 
at the far end with taps at various lengths for connecting 
to the receiver input. The cable is randomly folded to 
generate crosstalk between the various parts. In addition, 
a noise pulse induced on the signal line by driving an adja-

058834 (400 mV Hysteresis) 

4V 

3V 

2V 

lV 

DV 

4V 

2V 

DV 

4V 

3V 

2V 

lV 

DV 

4V 

2V 

DV 

4V 

3V 

2V 

1V 

DV 

4V 

2V 

DV 

4V 

3V 

2V 

1V 

DV 

4V 

2V 

DV 

cent line with a pulse generator. As can be seen, the 
088834 device with fast rise and fall times on the driver 
output generates more crosstalk and its receiver easily 
responds to this crosstalk and to the externally induced 
noise (even though it has hysteresis!), limiting the useful 
length of the bus to less than 10 feet. In contrast, the 
083662's driver generates much less crosstalk and its 
receiver is immune to the induced noise even when the 
noise amplitude exceeds the signal amplitude as seen on 
the oscillogram at 50 feet. 

053662 (No Hysteresis) 

DRIVER 
INPUT 

D FEET 

DRIVER 
OUTPUT 

RECEIVER 
INPUT 

lD FEET 

RECEIVER 
OUTPUT 

RECEIVER 
INPUT 

5D FEET 

RECEIVER 
OUTPUT 

RECEIVER 
INPUT 

lDD FEET 

RECEIVER 
OUTPUT 

- TIME lDDNS/DIV TL/F/5281·12 

FIGURE 12. 083662 vs Typical Schottky Transceiver-Real World Performance 
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WHAT NEXT? 

Since crosstalk scales with the signal amplitude, reduc
ing the signal swing has no effect on the noise immunity 
as long as the percentage noise margin remains the same. 
On ttie other hand, there are several advantages in having 
a lower signal swing. It reduces the drive current require
ment of the driver thus reducing its output capacitance. 
Lower capacitive loading on the bus decreases its impe
dance reducing the drive requirement even further. Having 
a lower current drive not only reduces the power dissi
pated at the terminations but also allows better matching 
of the termination due to the increased line impedance. In 
the ideal limiting case the driver has negligible loading ef
fect on the bus and thus allows perfect termination under 
all load conditions. 

In practice however, there are some obvious limitations. 
The receiver thresholds have to be maintained within 
tighter limits at lower signal swings to maintain the same 
percentage noise margin. Also, the capacitive loading is 
difficult to reduce beyond a certain point, due to the 
diminishing return in the way of lower current rating, as 
the loaded bus impedance approaches the unloaded im
pedance. However, the capacitance of an open collector 
driver output can be reduced significantly by using a 
Schottky diode as shown in Figure 13. The diode isolates 
the driver capacitance when the output is disabled. Using 
reduced signal swings and precise receiver thresholds, 
such a transceiver can provide significant improvements 
in microcomputer bus performance. 

TRAPEZOIDAL 
DRIVER 

TRAPEZOIDAL 
RECEIVER 

CONCLUSION 

A well designed bus transceiver goes a long way in improv
ing the noise immunity of a single·ended TTL bus. Further 
improvements in bus performance may come from the use 
of reduced voltage swings and better transceiver designs 
for lower bus loading and tighter receiver threshold limits. 
Although such approaches may not be TTL compatible,' 
the Improvement in performance gained may indeed jus
tify anew standard for bus transceivers. 
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Bus Transceivers 

DS3666 IEEE·488 GPIB Transceiver 

General Description 
The OS3666 is a high·speed·Schottky 8·channel bi· 
directional transceiver designed to interface TTL/MaS 
logic to the IEEE Standard 488·1978 General Purpose Inter· 
face Bus. PNP inputs are used at all driver inputs for 
minimum loading, and hysteresis is provided at all 
receiver inputs for added noise margin. The IEEE·488 
required bus termination is provided internally with an ac· 
tive turn·off feature which disconnects the termination 
from the bus when Vee is removed. A power up/down pro· 
tection circuit is included at all bus outputs to provide 
glitch·free operation during Vee power up or down. 
Implementing the IEEE·488 bus interface is accomplished 
by connecting two OS3666 devices together using the ex· 
pansion control inputs provided. Each device is assigned 
to 4 data channels and 4 management signal channels to 
achieve the '16·line format. 

Features 
• 8·channel bi·directional non·lnverting transceivers 
• Bi·directional control implemented with TRI·STATE~ 

output design 

• Meets IEEE Standard 488·1978 
• High speed Schottky design 
• Low power consumption 
• High impedance PNP inputs (drivers) 
• 500 mV (typ) input hysteresis (receivers) 
• On·chip bus terminators 
• No bus loading when Vee is removed 
• Power up/down protection (glitch·free) 
• Mode control implements 2·device expansion for com· 

plete IEEE·488 interface configuration 
• Accommodates multi·controller systems 

Connection Diagram 
Dual·ln·Llne Package 

SC 

TE 

REN/IFC 

NRFD/NDAC 

DATA A 

DATA B 

BUS DATAC 

DATA D 

MDDE 

EDI/ATN 

SRO/DAV 

GND 

TDP VIEW 

Order Number DS3666N 
See NS Package N24C 

TRI,STATE~ is a registered trademark of National Semiconduclor Corp, 
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VCC 

(NDT USED) 

REN/IFC 

NRFD/NDAC 

DATA A 

DATAB 

DATAC TERMINAL 

DATA D 

ATN/EDI 

EDI/ATN 

SRO/DAV 

DC 

TLlFI5244,' 



Logic Diagram 

TERMINAL 

SC~O---------~ 

TE-:{> 

REN/IFC _2_2 ____ 1-_+_--1 

NRFD/NDAC _2_1 ____ +_ .... _---t 

DATA A _2_0 --------f------4t----I 

DATAB-
1
-
9
------+--.... -----t 

18 
DATAC--------i------4.---~ 

17 
DATAD---------+--.... -----t 

14 
SRIl/DAV ----------f------4t----I 

EDilATN _1_5 ____ 1-+--+---1 

ATN/EDI 

MODE 
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>-_--4 .... _____ 3_ REN/IFC 

>--... ------ NRFDINDAC 

~-__4 .... -------DATAA 

~--__4""+--------- DATA B 

BUS 

>--~ ..... +------- DATA C 

>---__4 .... +--------DATAD 

11 
>--~ ..... +---+- SRD/DAV 

>-__ __4 .... +---+-+-
10
- EDI/ATN 

TliFJ5244·2 

Note 1: ~ Denotes driver 

Note 2: ~ Denotes receiver 

Note 3: Symbol "OC"speclfies open col
lector o'utput 

Note 4: Driver and' receiver outputs that 
are not specified "OC" are totem'pole 
configurations 

Note 5: The data and SRQ/DAV driver out
puts can have their active pull-ups disabled 
by switching the appropriate inputs EOI/ATN, 
Mode, and ATN/EOI. This mode configures 
the outputs as open collector, 

c 
en 
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0') 
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Device Truth Tables 
TRANSCEIVER DIRECTION 

Control Input Level Transceiver Signal Direction 

Mode SC TE DC ATN/EOI REN/IFC NRFD/NDAC SRQ/DAV EOI/ATN Data 

X H X X X T 
X L X X X R 

X X H X X R T 

X X L X X T R 

H X H X X T 

H X L X X R 

H X X H X R 

H X X L X T 

L X X H X T 

L X X L X R 

L X H X H T 

L X L X H R 

L X X H L R 

L X X L L T 

OUTPUT CONFIGURATION . 

Control Input Level 

Mode ATN/EOI 

X H 
X H 
X L 
X L 
H X 
L X 

H = High level input 

L= Low level Input 

X = Don't care 

EOI/ATN* 

H 
L 
H 
L 

X 
X 

T = Transmit, I.e., signal outputted to bus 

Transceiver Bus Output Configuration 

Data SRQ/DAV 

Totem·Pole 

Totem·Pole 

Totem·Pole 
Open Collector 

Totem·Pole 

Open Collector 

R = Receive, I.e., signal outputted to terminal 

*The EOI/ATN transceiver signal level Is sensed for Internal logic control of bus port data 
output configuration 

Functional Description 
The DS3666 is an 8·channel bi·directional transceiver with 
internal logic specifically configured to implement the 
IEEE·488 bus interface. Expansion logic is included so 
that two DS3666 devices may be interconnected to form 
the complete 16·line interface. This approach is equivalent 
to pairing the DS75160A and the DS75162A devices to im
plement the 16-line bus. The port connections to the bus 
lines have internal terminators, in accordance with the 
IEEE-488 Standard, that are deactivated when the device 
is powered down. This feature guarantees no bus loading 
when Vee = OV. The bus port data outputs have a control 
mode that either enables or disables the active upper 
stage of the totem·pole configuration. When the upper 
stage is disabled, the data outputs operate as open collec
tor outputs, which are necessary for parallel polling. In 
compliance with the system organization of the manage
ment signal lines, the NRFD/NDAC bus port output is a 
fixed open collector configuration. Also, the SROIDAV bus 
port output is configured so that the SRO output is open 
collector in the expanded implementation of the device. 
Transceiver direction control is divided into three groups. 
The NRFD/NDAC and data lines are controlled by the TE 
input. The RENIIFC line is controlled by the SC input. And 
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the EOliA TN and SRO/DAV lines are controlled by the TE or 
DC input, depending on the expansion mode. A special 
case is the direction of the designated EOlline, which is a 
function of both the TE and DC inputs, as well as the logic 
level present on the ATN line. 

TABLE OF SIGNAL LINE ABBREVIATIONS 

Signal Line 
Mnemonic Definition 

Classification 

DC Direction Control 
Control 

TE Talk Enable 
Signals 

SC System Controller 

Data Data A, Data B, Bi·directional Data 
I/O Ports Data C, Data 0 Transceivers 

ATN Attention 
DAV Data Valid 

EOI End or Identify 

Management IFC Interface Clear 
Signals NDAC Not Data Accepted 

NRFD Not Ready for Data 
REN Remote Enable 

SRO Service Request 



IEEE-488 Interface Configuration Truth Tables (see Configuration Diagram) 

MANAGEMENT SIGNALS DATA SIGNALS 

Control Input Level I Transceiver SI[nal Direction IControllnput Level Data Transceivers 
SC TE DC ATN" EOI REN IFC SRC NRFD NDAC DAV 

H H H R 
H H L T 
H 

H 

L 
L 
L 
L 

x 
X 
X 
X 

L 

L 
H 
H 

L 

L 
H 
L 

X 
X 

H 

L 

H 

L 
H 
L 

X 
X 
H 
L 

H = High level Input 
L= Low level Input 

X = Don't care 

H 

H 

L 

L 

R 

T 

R 
T 
R 
T 

T = Transmit, I.e., signal outputted to bus 

T 
R 
R 
T 

R = Receive, I.e., signal outputted to terminal 

T T T R R T 

T T R R R T 
T 

T 

R 
R 
R 
R 

T 

T 
R 
R 
R 
R 

T 

R 
T 

R 
T 

R 

T 

T 

R 
R 
T 

T 

T 

T 
R 
R 
T 

T 

R 
R 
T 

T 

R 
R 

ATN 

X 
H 
H 
L 

L 

*The ATN signal level Is sensed for Internal multiplex control of EOI transmission direction logic 

IFC 

NDAC 

DATA (81) 

DATA (82) 

DATA (83) 

DATA (84) 

ATN 

DAV 

en 
:> ... 
CD ; 

REN 

NRFD 

DATA (85) 

DATA (86) 

DATA (87) 

DATA (B8) 

EOI 

SRQ 

IEEE·488 Interface Configuration 
Implementation Using the DS3666 
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I 
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I 
I 
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I 
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I 
I 

REN 

NRFD 
I 
I 
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EOJ 
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I 
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DC TLlF/5244·3 
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EOI TE 

X L 

H H 
L H 

H H 
L H 

Direction Bus Port Configuration 

R Input 
T Totem-Pole Output 
T Totem-Pole Output 

T Totem-Pole Output 

T Open Collector Output 

Terminal Interface 
Block Diagram 

IEEE··U8 
BUS INTERFACE 

(DS3666x 2) 

TALKER/LISTENER/CONTROLLER 

TERMINAL 
DEVICE 

TLlF/5244·4 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Min Max Units 

Supply Voltage, Vcc 7.0V Vcc, Supply Voltage 4.75 5.25 V -
Input Voltage 5.5V TA, Ambient Temperature 0 70 °C 

Storage Temperature Range - 65°Cto 150°C IOL' Output Low Current: Bus 48 mA 

Maximum Power Dissipation· at 25°C Terminal 16 mA 

Molded Package 2005mW 

Lead Temperature(Soldering, 10 seconds) 300°C 

• Derate molded package 16.0 mW/·C above 25 ·C. 

Electrical Characteristics (Notes 2 and 3) 

Parameter Conditions Min Typ Max Units 

VIH High-Level Input Voltage 2 V 

VIL Low-Level Input Voltage 0.8 V 

VIK Input Clamp Voltage 11= -18 mA -0.8 -1.5 V 

VHYS Input Hysteresis 'Bus 400 500 mV 

VOH High-Level Terminal 10H= -800 p.A 2.7 3.5 
V 

Output Voltage Bus (Note 5) 10H= -5.2 mA 2.5 3.4 

VOL Low-Level Terminal 10L= 16 mA 0.3 0.5 
V 

Output Voltage Bus IOL=48 mA 0.4 0.5 

IIH High-Level Terminal VI=5.5V 0.2 100 
p.A 

Input Current and VI =2.7V 0.1 20 

IlL Low-Level Control 

Input Current Inputs VI =0.5V -10 -100 p.A 

VSIAS Terminator Bias Driver 
II(bUS) = 0 (No Load) 2.5 3.0 3.7 V 

Voltage at Bus Port Disabled 

I LOAD Terminator VI(bus) = -1.5V to O.4V -1.3 
Bus Loading VI(bus) = O.4V to 2.5V 0 -3.2 
Current Bus Driver 

VI(bus) = 2.5V to 3.7V 
2.5 

mA 
Disabled -3.2 

VI(bUS) = 3.7V to 5V . 0 2.5 
VI(bUS) = 5V to 5.5V 0.7 2.5 

Vcc = 0, VI (bus) = OV to 2.5V 40 p.A 

los Short-Circuit Terminal 
VI = 2V, Vo = OV (Note 4) 

-15 -35 -75 
mA 

Output Current Bus (Note 5) -35 -75 -150 

Icc Supply Current VI = 0.8V, SC =2.0V, TE ::; 2.0V, 90 135 mA 
DC = 2.0V, Mode = 2.0V, 
ATN/EOI =2.0V 

CIN Bus-Port Bus Vcc = 5V or OV, VI::; OV to 2V, 20 30 pF 
Capacitance f= 1 MHz 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to Imply that the 
device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: Unless otherwise specified, minimax limits apply across the O·C to + 70·C temperature range and the 4.75V to 5.25V power supply range. All typical 
values are for TA = 25·C and VCC = 5.0V. 
Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 
Note 4: Only one output at a time should be shorted. 
Note 5: This characteristic does not apply to the NRFD/NDAC bus output since It Is open collector. 
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Switching Characteristics Vcc = 5.0V ± 5%, TA = O°C to 70°C (Note 1) 

Parameter From To Conditions 

tpLH Propagation Delay Time, VL=2.3V 
Low to High Level Output 

Terminal Bus 
RL=38.3n 

tpHL Propagation Delay Time, CL=30pF 

High to Low Level Output Figure 1 

tpLH Propagation Delay Time, VL=5.0V 
Low to High Level Output 

Bus Terminal 
RL=240n 

tpHL Propagation Delay Time, CL=30pF 

High to Low Level Output Figure 2 

tpZH Output Enable Time VI=3.0V 

to High Level VL=OV 

tpHZ Output Disable Time 
RL=480n 

from High Level Control CL= 15 pF 

Inputs Bus 
Figure 1 

tPZL Output Enable Time (Note 2) VI=OV 

to Low Level (Note 3) VL =2.3V 

tpLZ Output Disable Time 
RL = 38.3n 
CL = 15 pF 

from Low Level Figure 1 

t pZH Output Enable Time VI=3.0V 

to High Level VL=OV 

tpHZ Output Disable Time 
RL=3 kn 

Control CL=15pF 
from High Level 

Inputs Figure 1 
Terminal 

tpzL Output Enable Time 
(Note 2) VI=OV 

to Low Level 
(Note 3) VL=5V 

tpLZ Output Disable Time 
RL=280n 
CL=15pF 

from Low Level Figure 1 

t pZH Output Pull·Up Enable VI=3V 

Time ATN/EOI Bus VL=OV 
Input Data RL=480n 

tpHZ Output Pull·Up Disable (Note 2) Outputs CL= 15 pF 
Time Figure 1 

Note 1: Typical values are for VCC = S.OV and TA = 2SoC and are meant for reference only. 

Note 2: Refer to functional truth table for control input definition. 

Min Typ Max Units 

10 20 

ns 
14 20 

14 20 

ns 
10 20 

23 40 

ns 
15 27 

28 48 

ns 
17 35 

18 45 

ns 
22 33 

28 56 

ns 
20 35 

10 20 

ns 
10 20 

Note 3: Test configuration should be connected to only one transceiver at a time due to the high current stress caused by the VI voltage source when the 
output connected to that input becomes active. 

Switching Load Configurations 

TEST 
DEVICE 

OUT _~ 

Vc 0- CONTROL 
fCL* 

Vc logic high = 3.0V 

Vc logic 10w=OV 

TlIFJ5244·5 

* CL includes jig and probe capacitance 

FIGURE 1 
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D~~~~E : RL 

VI 0- IN lN914 • 

OUT 1--........ 1 ..... 1-. 
Vc 0- CONTROL ..L I~ .. , "'i' CL ~ lN914 

.J.. --
':" ~, lN914 --

~, lN914 
-r-

Vc logic high = 3.0V 

Vc logic low = OV 

~ 
TlIFJ5244·6 

*CL includes jig and probe capacitance 

FIGURE 2 
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Switching Waveforms 
Transmit Propagation Delays 

3.0V ,..------------,.1 
TERMINAL * --=11 5V 1 5V 

(INPUT) OV· . _____ _ 

-- --tPLH - tpHL -

BUS 
(OUTPUT) 

2.OV 

Receive Propagation Delays 
TLlF/5244·7 

3.0V ,..------------,. 

(lNP~~r /1.5V 1.5V\ 

OV --=: __ 1 __ tPLH 1~'--tP-H-L------

TERMINAL 
(OUTPUT) 

CONTROL* 
INPUT 

TERMINAL 
OUTPUT 

TERMINAL 
OUTPUT 

CONTROL* 
INPUT 

BUS 
OUTPUT 

BUS 
OUTPUT 

3V 

OV 

3V 

OV 

1.5V 1.5V 

TLlF/5244·8 

Terminal Enable/Disable Times 

1.5V 

tpZH I:=-
1.5V! '-___________ -1 

TLlF/5244·9 

Bus Enable/Disable Times 

1.5V 

tPZ~.~ 
2.07 

~ __________________ -J 

* Input signal: f = 1.0 MHz,50% duty cycle, tr = tfs5 ns 
TLlF/5244·10 

Performance Characteristics 

Bus Port Load Characteristic 

ct 
.§ 
I-

~ -2 e<: 

B -4 
'" ::I 

'" -6 
I 
c -8 c:( 

~ -10 

-1 4' 5 

VI- BUS VOLTAGE (VI TL/F/5244.11 

Refer to Electrical Characteristics Table 

2-54 



IEEE·488 Specification Summary 
Logic Nomenclature. When referring to the IEEE·488 
specification publication, the following logic conventions 
are used: 
1) A "true" condition corresponds to a logic low signal 

level. 
2) A "false" condition corresponds to a logic high signal 

level. 

Bus Specification. The IEEE·488 bus Is comprised of 16 
signal lines Intended for digital data exchange at a maxi· 
mum rate of 1 Mbaud and for a maximum transmission 
path length of 20 meters. 

Terminal Devices. The IEEE·488 bus will support a maxi· 
mum of 15 interconnected devices. These devices may be 
configured In four different modes of operation: 
1) Talk only (e.g., counter) 
2) Listen only (e.g., printer) 
3) Listen and talk (e.g., multi meter) 
4) Listen, talk, and control (e.g., calculator) 

Data Bus. The data bus has 8 signal lines, denoted 0101 
through OIOa. These lines carry data and interface 
messages in a bi·directional asynchronous, bit parallel, 
byte serial form. 

Data Byte Transfer Control Bus. These 3 signal lines are 
used to control the transfer of data bytes across the data 
bus lines. 
1) NRFO (Not Ready for Data). This signal originates from 

a listen device and indicates to a talker that a listen 
device is not ready to accept data. 

2) DAV (Data Valid). This signal originates from a talker 
device and indicates to a listen device that data present 
on the data bus is valid. 

3) NDAC (Not Data Accepted). This signal originates from 
a listen device and indicates to a talker device that data 
on the data bus has not been accepted. 

General Interface Management Bus. These 5 signal lines 
provide gen"eral management of all bus operations. 
1) ATN (Attention). This signal originates from a controller 

device and Indicates to other devices on the bus how 
the data bus Information is to be interpreted. 

2) IFC (Interface Clear). This signal originates from a con· 
troller device and causes all interface logic to be set to 
a known state. 

3) REN (Remote Enable). This signal originates from a 
controller device and is used In conjunction with other 
messages to tell a remote device which of two sources 
of Information is to be used; The source is deSignated 
as being remote or local. 

4) SRQ (Service Request). This signal is generated by a 
remote device to indicate to the controller device a 
need for attention. 

5) EOI (End or Identify). This signal is generated by a talker 
device to indicate the end of a multibyte transfer. This 
signal may also originate from a controller, in conjunc· 
tion with ATN to execute a polling sequence. 
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~National 
D Semiconductor 

Bus Transceivers 

D53667 TRI-5TATE® Bidirectional Transceiver 

General Description 

The DS3667 is a high speed Schottky 8-channel bIdirec
tional transceiver designed for digital information and 
communication systems. Piri selectable totem·pole/open 
collector outputs are provided at all driver outputs. This 
feature, together with the Dumb Mode which puts both 
driver and receiver outputs in TRI-STATE at the same time, 
means higher flexibility of system design. PNP inputs are 
used at all driver inputs for minimum loading, and 
hysteresis is provided at all receiver inputs for added 
noise margin. A power up/down protection circuit is in
cluded at all outputs to provide glitch-free operation 
during Vee power up or down. 

Connection Diagram 

Features 

• 8-channel bidirectional non-Inverting transceivers 
• Bidirectional control implemented with TRI-STATE 

output design 

• High speed Schottky design 
• Low power consumption 
• High impedance PNP inputs (drivers) 
• Pin selectable totem-pole/open collector outputs 

(drivers) 

• 500 mV (typ) input hysteresis (receivers) 
• Power up/down protection (glitch-free) 

• Dumb Mode capability 

Dual-In-Line Package 

BUS 

TUF/5245·' 

TOP VIEW 

Order Number DS3667N 
See NS Package N20A 

TRI·STATE·' is a registered trademark of National Semiconductor Corp. 
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Logic Diagram 

TERMINAL 

/ 

01
19 

02 18 

03 17 

16 04------+-..... -1 

05 15 

Note1:+Denotes driver 

Note 2:4Denotes receiver 

1>-... -+--+-.....;.3 82 

8US 

>-.... -+-+-~6 85 

1"">-.... -+-~.....;.7 86 
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Functional Truth Table 

Control 
Input 
Level 

TE PE 

H H 

H L 

L H 
L L 

H: High Level Input 

L: Low Level Input 

T: Transmitting Mode 

R: Receiving Mode 

D: Dumb Mode 

Mode 

T 

T 

R 
D 

Data Transceivers 

Bus Port Terminal Port 

Totem·Pole Input 
Output 
Open Input 

Collector 
Output 

Input Output 

TRI·STATE TRI·STATE 



Absolute Maximum Ratings (Note 1) Qperating Conditions 
Min Max Units 

Supply Voltage, Vcc 7.0V Vcc, Supply Voltage 4.75 5.25 V 

Input Voltage 5.5V TA, Ambient Temperature 0 70 °C 

Storage Temperature Range -65°Cto150°C 10L' Output Low Current 

Maximum Power Dissipation * at 25°C Bus 48 mA 

Molded Package 1832mW Terminal 16 mA 

. Lead Temperature (Soldering, 10 seconds) 300°C 

·Derate molded package 14.7 mW/·C above 25·C. 

Electrical Characteristics (Notes 2 and 3) 

Parameter Conditions Min Typ Max Units 

VIH High Level Input Voltage 2 V 

VIL Low Level Input Voltage 0.8 V 

VIK Input Clamp Voltage 11= -18 mA -0.8 -1.5 V 

VHYS Input Hysteresis. Bus 400 500 mV 

VOH High Level Terminal IOH= -800 itA 2.7 3.5 
V 

Output Voltage Bus 10H= - 5.2 mA 2.5 3.4 

VOL Low Level Terminal 10L= 16 mA 0.3 0.5 
V 

Output Voltage Bus IOL=48 mA 0.4 0.5 

IIH High Level 
TE,PE 

VI=5.5V 0.2 100 
Input Current VI=2.7V 0.1 20 

itA 
Terminal 

VI=4V 200 
and Bus 

IlL Low Level Terminal 
-10 -100 itA 

Input Current and TE, PE VI = 0.5V 
Bus -0.4 -1.0 mA 

los Short Circuit Terminal 
VI =2V, Vo = OV (Note 4) 

-15 -35 -75 
mA 

Output Current Bus -50 -120 -200 

Icc Supply Current Transmit; TE = 2V, PE=2V, VI=0.8V 75 100 
mA 

Receive, IE = 0.8V, PE = 2V, V 1= 0.8V 65 90 

CIN Bus·Port Bus Vcc=OV, VI=OV, 20 30 pF 
Capacitance f = 10 kHz (Note 5) 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to Imply that the 
device, should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: Unless otherwise specified, minimax limits apply across the O°C to + 70·C temperature range and the 4.75V to 5.25V power supply range. All typical 
values are for TA = 25·C and VCC = 5.0V. 
Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced toground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 
Note 4: Only one output at a time should be shorted. 
Note 5: This parameter Is guaranteed by design. It Is not a tested parameter. 
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Switching Characteristics Vcc == 5.0V ± 5%, TA == ooe to 70 0 e (Note 1) 

Parameter From To Conditions Min Typ Max Units 

tpLH Propagation Delay Time, VL == 2.3V 10 20 ns 

Low to High Level Output 
Terminal Bus 

RL == 38.30 

tpHL Propagation Delay Time, CL==30pF 14 20 ns 

High to Low Level Output Figure 1 

tpLH Propagation Delay Time, VL =5.0V 15 20 ns 

Low to High Level Output 
Bus Terminal 

RL = 2400 

t pHL Propagation Delay Time, CL =30 pF 10 20 ns 

High to Low Level Output Figure 2 

tpzH Output Enable Time VI =3.0V 19 30 ns 

to High Level VL=OV 

t pHZ Output Disable Time 
RL = 4800 

15 CL= 15 pF 20 ns 
from High Level TE Figure 1 

(Note 2) Bus 

t pzL Output Enable Time (Note 3) VI=OV 24 40 ns 

to Low Level VL = 2.3V 

tpLZ Output Disable Time 
RL= 38.30 

17 CL= 15 pF 30 ns 

from Low Level Figure 1 

t PZH Output Enable Time VI=3.0V 19 35 ns 

to High Level VL=OV 

tpHZ Output Disable Time 
RL =3 kO 

17 CL= 15 pF 25 ns 

from High Level TE,PE Figure 1 
(Note 2) Terminal 

t PZL Output Enable Time (Note 3) VI=OV 27 40 ns 

to Low Level VL=5V 

tpLZ Output Disable Time 
RL =2800 

17 CL= 15 pF 30 ns 

from Low Level Figure 1 

t pZH Output Pull·Up Enable VI =3V 10 20 ns 

Time PE 
VL=OV 

(Note 2) 
Bus RL == 4800 

tpHZ Output Pull·Up Disable CL= 15 pF 10 20 ns 
Time Figure 1 

Nole 1: All typical values are forTA '" 25°C, VCC '" 5V. 
Nole 2: Refer to Functional Truth Table for control input definition. 
Nole 3: Test configuration should be connected to only one transceiver at a time due to the high current stress caused by the VI voltage source when 
the output connected to that input becomes active. 

Switching Load Configurations 
Vl 
q 

Vl 
C) TEST ~> 

DEVICE .> Rl 

TEST .> VI 0- IN lN914 • 
DEVICE • > Rl OUT L ... 

VI 0- IN 
4> 

VcO-
....L.I~ 

CONTROL 
~Cl* ~ ~ lN914 OUT ~~ 

Vco- CONTROL - ..... Cl* 

~ 
.,,. lN914 
-'-

TlIF/5245-3 ~, lN914 
-f-

Vc logic high", 3.0V Vc logic high = 3.0V 
~ Vc logic low = OV Vc logic low = OV 

TL/F/5245-4 

* CL includes jig and probe capacitance * CL includes jig and probe capacitance 

FIGURE 1 FIGURE 2 
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" ~ Switching Waveforms 
('I) 

en c 

Transmit Propagation Delays 

3.0V 

TERMINAL * --3' 5V (INPUT) • 
OV 

t:~PLH 
BUS 

(OUTPUT) 
/2.0V 

---
TUF/5245-5 

Receive Propagation Delays 

3.0V 
BUS* 

(INPUT) --3.5V 
OV 

- F'PL" 1.5Vt'P"L~ 
TERMINAL 

(OUTPUT) 

CONTROL* 
INPUT 

. TERMINAL 
OUTPUT 

TERMINAL 
OUTPUT 

CONTROL* 
INPUT 

BUS 
OUTPUT 

BUS 
OUTPUT 

3V 

OV 

3V 

OV 

1.5V 1.5V . 

TLlF/5245-6 

Terminal Enable/Disable Times 

'.5V 1.5V 

10% 

tPHZ~ tPZHP-
90% 

1.5V 
'-_____________________ J 

TLlF/5245-7 

Bus EnablclDi:;::ablc Times 

* Input signal: f = 1.0 MHz, 50% duty cycle, tr = tl",5 ns TLlF/5245-6 
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~National 
~ Semiconductor 

Bus Transceivers 

DS75160A/DS75161A/DS75162A IEEE·488 GPIB Transceivers 
General Description 
This family ofhigh-speed-Schottky8-channel bl-directional 
transceivers is designed to interface TTL/MaS logic to the 
IEEE Standard 488-1978 General Purpose Interface Bus 
(GPIB). PNP inputs are used at all driver inputs for 
minimum loading, and hysteresis is provided at all receiver 
inputs for added noise margin. The IEEE-488 required bus 
termination is provided internally with an active turn·off 
feature which disconnects the termination from the bus 
when Vee is removed. A power up/down protection circuit 
is included at all bus outputs to provide glitch-free opera· 
tion during Vee power up or down. 

The General Purpose Interface Bus is comprised of 16 
signallines-8 for data and 8 for interface management. 
The data lines are always implemented with DS75160A, 
and the management lines are either implemented with 
DS75161A in a single-controller system, or with DS75162A 
in a mUlti-controller system. 

Connection Diagrams (Top Views) 

Dual·ln·Line Package 

TE 

81 

82 

83 

84 16 04 

8US OS75160A TERMINAL 

85 15 05 

14 
B6 06 

B7 13 07 

12 
B8 08 

GNO 10 11 PE 

TU F/5243· 1 

F~atures 

• 8-channel bi-directional non-inverting transceivers 
• Bi·directional control implemented with TRI-STATE® 

output design 

• Meets IEEE Standard 488·1978 

• High-speed Schottky design 

• Low power consumption 
• High impedance PNP inputs (drivers) 
• 500 mV (typ) input hysteresis (receivers) 

• On-chip bus terminators 
• No bus loading when Vee is removed 
• Power up/down protection (glitch-free) 
• Pin selectable open collector mode on DS75160A driver 

outputs 

• Accommodates multi·controller systems 

Dual·ln·Line Package 

20 
TE VCC 

19 
REN REN 

IFC 

NOAC NOAC 

NRFO 16 NRFO 
8US TERMINAL 

15 
OAV oAV 

14 
~OI EOI 

ATN 
13 

ATN 

SRO 12 SRO 

GNO 10 11 
DC 

TLlF/5243·2 

Dual·ln·Line Package 

TRI-STATE'" Is a regislered trademark of 

National Semiconductor Corp_ 

8US 
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Order Number DS75160AN, 
DS75161AN or DS75162AN 

See NS Package N20A or N22A 
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Functional Description 

DS75160A 

This device is an 8-channel bi-directional transceiver with 
one common direction control input, denoted TE. When 
used to implement the IEEE-488 bus, this device is con
nected to the eight data bus lines, designated 0101-010a
The port connections to the bus lines have internal termin
ators, in accordance with the IEEE-488 Standard, that are 
deactivated when the device is powered down_ This 
feature guarantees no bus loading when Vee = OV_ The bus 
port outputs also have a control mode that either enables 
or disables the active upper stage of the totem-pole con
figuration_ When this control input, denoted PE, is in the 
high state, the bus outputs operate in the high-speed 
totem-pole mode_ When PE is in the low state, the bus out
puts operate as open collector outputs which are neces
sary for parallel polling. 

DS75161A 

This device is also an 8-channel bi-directional transceiver 
which is specifically configured to implement the eight 
management signal lines of the IEEE-488 bus. This device, 
paired with the OS75160A, forms the complete 16-line 
interface between the IEEE-488 bus and a single controller 
instrumentation system. In compliance with the system 
organization of the management signal lines, the SRO, 
NOAC, and NRFO bus port outputs are open collector. In 
'contrast to the OS75160A, these open collector outputs 
are a fixed configuration. The direction control is divided 
into three groups. The OAV, NOAC, and NRFO transceiver 
directions are controlled by the TE input. The ATN, SRO, 
REN, and !FC transceiver directions are controlled by the 
DC input. The EOI transceiver direction is a function of 
both the TE and DC inputs, as well as the logic level pres
ent on the ATN channel. The port connections to the bus 
lines have internal terminators identical to the OS75160A. 

DS75162A 

This device is identical to the OS75161A, except that an ad
ditional direction control input is provided, denoted SC. 
The SC input controls the direction of the REN and IFC 
transceivers that are normally controlled by the DC input 
on the DS75161A. This additional control function is In
strumental in Implementing multiple controller systems. 

TABLE OF SIGNAL LINE ABBREVIATIONS 

Signal LIne 
Mnemonic Definition Device 

Classilication 

DC Direction Control OS75161 AIOS75162A 
Control PE Pull-Up Enable OS75160A 
Signals 

TE Talk Enable All 

SC System Controller DS75162A 

Data 81-B8 Bus Side of Device 
DS75160A I/O Ports 01-D8 Terminal Side 01 Device 

ATN Attention 
DAV Data Valid 

EOI End or Identify 

Management IFC Interface Clear 
OS75161A10S75162A 

Signals NDAC Not Data Accepted 

NRFD Not Ready for Data 

REN Remote Enable 

SRQ Service Request 
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Logic Diagrams 
DS75160A 

01-19------~~J~~~Z~B' 

18 
OZ -----11--41 ..... >~1-_3 BZ 

17 
03 ----11--41 ..... >-e-t-_4 

B3 

16 
04 ----11--41 ..... >-+-t-_

5 
B4 

TERMINAL 

15 
05 ----IH...-.t >-e-1-

6
_B5 

14 06 ';';"'---1HH >++-B6 

----"H...-.t >-+-+-.;..8 B7 

TE 

Note 1: -B>- Denotes driver 

Note 2: -<€I- Denotes receiver 

>-e-t-_9 
B8 

TUF/5243-<4 

BUS 

Note 3: Driver and receiver outputs are totem-pole configurations 

Note 4: The driver outputs of DS75160A can have their active pull·ups 
disabled by switching the PE Input (pin 11) to the logic low state. This 
mode configures the outputs as open collector. 



Logic Diagrams" (Continued) 

TE 

15 
DAY 

17 
NDAC 

16 
NRFD 

14 
EOI 

TERMINAL 

13 
ATN 

12 
SRO 

19 
REN 

18 
IFC 

DC !!...{> 

D575161A 

DAY 

NDAC 

NRFD 

EOI 

ATN 

SRO 

REN 

IFC 

TLlF15243·5 

Note 1: ~ Denotes driver 

Note 2: -<a- Denotes receiver 

BUS TERMINAL 

Note 3: Symbol "~C" specifies open collector output 

D575162A 

TE 

DAY 
7 DAy 

NDAC NDAC 

NRFD NRFD 

EOI EOI 

ATN ---.... ~ 1>-.... --+------ ATN 

SRO ....;.;;--... ~ J>..,;;.;.. .... --+-----...;.;. SRO 

REN ---... ~~-... _4-~-------REN 

IFC ----... ~ I~--~_+~~------IFC 

SC 

DC 

TLlF15243·6 

Note 4: Driver and receiver outputs that are not specified "~C" are totem·pole 
configurations 

2·63 

CC CJ)en 
"""-.I '""'-01 
(J1 U1 
..... ....L 
0) 0) 
1\)0 »» --C en 

'""'-01 
U1 
....L 

en 
....L 

» --

BUS 



....... 
<C ,... 
co ,... 
Lt) 

" Cf) 
c ....... 
<C<C 
ON 
COCO ,... ,... 
LnLt) 

"" Cf)Cf) 
CC 

Absolute Maximum Ratings (Note 1) Operating Conditions 
Min Max Units 

Supply Voltage, Vcc 7.0V Vcc, Supply Voltage 4.75 5.25 V 

Input Voltage 5.5V TA, Ambient Temperature 0 70 °C 

Storage Temperature Range - 65°Cto 150°C lou Output Low Current 
Maximum Power Dissipation· at 25°C Bus 48 mA 

Molded Package 1897mW Terminal 16 mA 

Lead Temperature (Soldering, 10 seconds) 300°C "Derate molded package 15.2 mW/oC above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

Parameter Conditions Min Typ Max Units 

VIH High-Level Input Voltage 2 V 

VIL Low-Level Input Voltage 0.8 V 

VIK Input Clamp Voltage 11= -1B mA -0.8 -1.5 V 

VHYS Input Hysteresis Bus 400 500 mV 

VOH High-Level Terminal 10H= -800 p.A 2.7 3.5 
V 

Output Voltage. Bus (Note 5) 10H = -5.2 mA 2.5 3.4 

VOL Low-Level Terminal IOL=16 mA 0.3 0.5 
V 

Output Voltage Bus IOL=4B mA 0.4 0.5 

IIH High-Level VI =5.5V 0.2 100 
p.A 

Input Current Terminal and VI=2.7V 0.1 20 
TE, PE, DC, 

IlL Low-Level SC Inputs VI =0.5V -10 -100 p.A 
Input Current 

VSIAS Terminator Bias Driver 
II(bus) = 0 (No Load) 2.5 3.0 3.7 V 

Voltage at Bus Port Disabled 

I LOAD Terminator VI(bus) = -1.5V to O.4V -1.3 
Bus Loading VI(bus) = 0.4V to 2.5V 0 -3.2 
Current Bus Driver 

VI(bUS) = 2.5V to 3.7V 
2.5 

mA 
Disabled -3.2 

VI(bUS) = 3.7V to 5V 0 2.5 
VI(bus) - 5V to 5.5V 0.7 2.5 

Vcc = 0, VI(bus) = OV to 2.5V 40 p.A 

los Short-Circuit Terminal 
VI = 2V, Va = OV (Note 4) 

-15 -35 . -75 
mA 

Output Current Bus (Note 5) -35 -75 -150 

Icc Supply Current DS75160A 
Transmit, TE = 2V, PE = 2V, VI = O.BV 85 125 
Receive, TE = 0.8V, PE = 2V, VI = 0.8V 70 100 

DS75161A TE = 0.8V, DC = a.8V, VI = O.BV 84 125 
mA 

DS75162A TE = O.BV, DC = 0.8V, SC = 2V, VI = O.BV 85 125 

CIN Bus-Port Bus Vcc = 5V or OV, VI = OV to 2V, 20 30 pF 
Capacitance f=1 MHz . 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to Imply that the 
device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: Unless otherwise specified, minImax limits apply acr'oss the O·C to + 70·C temperature range and the 4.7SV to 5.25V power supply range. All typical 
values are for TA = 25·C and VCC = 5.0V. 
Note 3: All currents into device pins are shown as positive; all c'urrents out of device pins are shown as negative; all voltages are referenced toground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 
Note 4: Only one output at a time should be shorted. 
Note 5: This characteristic does not apply to outputs on DS75161A and DS75162A that are open collector. 

2-64 



Switching Characteristics Vee= 5.0V ± 5%, TA= O°C to 70°C (Note 1) 

Parameter From To Conditions DS75160A DS75161A DS75162A Units 
Min Typ Max Min Typ Max Min Typ Max 

t pLH Propagation Delay Time, 
Low to High Level Output 

--------------.., Terminal Bus 

VL = 2.3V 

RL=38.3n 
CL=30pF 
Figure 1 

t pHL Propagation Delay Time, 
High to Low Level Output 

tpLH Propagation Delay Time, 
Low.to High Level Output 

------------~--~Bus 
t pHL Propagation Delay Time, 

High to Low Level Output 

tpZH Output Enable Time 
to High Level 

tpHZ Output Disable Time 
from High Level 

TE, DC, 
orSC 

------------/ (Note 2) 
tpZL Output Enable Time 

to Low Level (Note 3) 

tpLz Output Disable Time 
from Low Level 

tpZH Output Enable Time 
to High Level 

tpHZ Output Disable Time 
from High Level 

VL=5.0V 

Terminal RL = 240n 
CL =30 pF 

Bus 

Figure 2 

VI=3.0V 

VL=OV 
RL=480n 
CL = 15 pF 
Figure 1 

VI=OV 
VL=2.3V 

RL = 38.3n 
CL = 15 pF 
Figure 1 

10 20 

14 20 

14 20 

10 20 

19 32 

15 22 

24 35 

17 25 

17 33 

15 25 

10 20 10 20 ns 

14 20 14 20 ns 

14 20 14 20 ns 

10 20 10 20 ns 

23 40 23 40 ns 

15 25 15 25 ns 

28 48 28 48 ns 

17 27 17 27 ns 

18 40 18 40 ns 

22 33 22 33 ns 
TE, DC, 
orSC 

--tp-Z-L-O-U-t-p-u-t -E-na-b-I-e-T-im-e---I (Note 2) 

VI=3.0V 

VL=OV 
RL=3 kn 

CL=15pF 
Figure 1 

Terminalr-------r--+-~~--r-~~~~~~_4-_4-~~---1 

to Low Level (Note 3) 

tpLZ Output Disable Time 
from Low Level 

t PZH Output Pull·Up Enable 
Time (DS75160A Only) PE 

1--t-P-HZ--O-u-tp-u-t-P-U-II.-U-P-D-i-s-ab-l-e---1 (Note 2) 

Time (DS75160A Only) 

Bus 

VI=OV 
VL=5V 
RL=280n 
CL = 15 pF 
Figure 1 

VI=3V 

VL=OV 
RL=480n 
CL= 15 pF 
Figure 1 

Note 1: Typical values are for Vee c: 5.0V and TA = 25°e and are meant for reference only. 
Note 2: Refer to Functional Truth Tables for control input definition. 

25 39 

15 27 

10 17 

10 15 

28 52 28 52 ns 

20 35 20 35 ns 

NA NA ns 

NA NA ns 

Note 3: Test configuration should be connected to only one transceiver at a time due to the high current stress caused by the VI voltage source when the out· 
put connected to that input becomes active. 

Switching Load Configurations 

TEST 
OEVICE RL 

Vlo- IN 

OUT t---
Vc 0- CONTROL 

Ve logic high = 3.0V 
Ve logic lo~=OV 

·eL Includes jig and probe capacitance 

FIGURE 1 TLJF/5243-7 

2·65 

Vlo- IN 

TEST 
DEVICE 

Vc 0- CONTROL 

1~~4 
OUT 1-~t-1~"" 

..l..1~ 
--T" CL* ~, lN914 
..L -f-

-= ~, lN914 
-~ 

Ve logic high = 3.0V ~, lN914 
-~ Ve logic low = OV 

• eL includes jig and probe capacitance 

FIGURE 2 TLJF/5243·8 



Switching Waveforms Transmit Propagation Delays 

'."-=1 TERMINAL *.. I.SV 
(INPUT) 

ov 
'.SV\_ 

(:tPHL 

BUS 
(OUTPUT) 

TLlF15243-9 

Receive Propagation Delays 

'''-=1 BUS* I.SV 
(INPUT) '.SV\_ 

TERMINAL 
(OUTPUT) 

CONTROL* 
INPUT 

TERMINAL 
OUTPUT 

TERMINAL 
OUTPUT 

CONTROL* 
INPUT 

BUS 
OUTPUT 

BUS 
OUTPUT 

OV 

l~tPHL 

TLlFI5243-'Q 

Terminal Enable/Disable Times 

JV 

OV 

TLlFI5243-11 

Bus Enable/Disable Times 

3V 

OV 

TLlF/5243-,2 

* Input signal: f= 1.0 MHz, 50% ~uty cycle, tr= tfs5 ns 

Performance Characteristics 
Bus Port Load Characteristic 

< 
oS 
I-:s -2 a: 

~ -4 
en 
::::l 

-6 '" I 
Q 

-8 C[ 

~ -10 

-1 0 

V,- _BUS VOl. TAGE (V) 

TLlF15243-13 

Refer to Electrical Characteristics table 
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Functional Truth Tables 

DS75160A 

Control Input Data Transceivers 
Level 

TE PE Direction Bus Port Configuration 

H H T Totem·Pole Output 

H L T Open Collector Output 

L X R Input 

DS75161A 

Control Input Level Transceiver Signal Direction 

TE DC ATN* EOI REN IFC SRQ NRFD NDAC DAV 

H H R R R T R 
H L T T T R R 
L H R R R T T 
L L T T T R T 
H X H T 
L X H R 
X H L R 
X L L T 

DS75162A 

Control Input Level Transceiver Signal Direction 

SC 

H 

H 

H 

H 

L 
L 
L 
L 
X 
X 
X 
X 

TE DC 

H H 

H L 
L H 

L L 
H H 

H L 
L H 

L L 
H X 
L X 
X H 

X L 

H = High level input 

L = Low level input 

X = Don't care 

ATN* EOI 

R 
T 

R 
T 
R 
T 

R 
T 

H T 
H R 
L R 
L T 

T = Transmit, i.e., signal outpulled to bus 

REN 

T 

T 

T 

T 

R 
R 
R 
R 

* R = Receive, i.e., signal outpulled to terminal 

IFC SRQ NRFD 

T T R 
T R R 
T T T 

T R T 
R T R 
R R R 
R T T 

R R T 

R T 

R T 

T R 
T R 

NDAC DAV 

R T 

R T 
T R 
T R 
R T 

R T 

T R 
T R 

The ATN signal level is sensed for internal multiplex control of EOltransmission direction logic 

2·67 

cc 
CJ)CJ) 

"'"""'"" (J1 (J1 ............ 
0') en 
1\)0 
:t>:t> ...... 

C 
CJ) 

"'"" (J1 ...... 
en ...... 
:t> ...... 



~National 
D Semiconductor 

Bus Transceivers 

D57640/D5864O Quad NOR Unified Bus Receiver 

General Description Features 

The DS7640 and DS8640 are quad 2-input receivers 
designed for use in bus organized data transmission 
systems interconnected by terminated 120n impedance 
lines. The external termination is intended to be 180n 
resistor from the bus to the +5V logic supply together 
with a 390n resistor from the bus to ground. The design 
employs a built-in input threshold providing substantial 
noise immunity. Low input current allows up to 27 
driver/receiver pairs to utilize a common bus. 

• Low input current with normal Vee or Vee = OV 
(30J.lA typ) 

Connection Diagram 

Typical Application 

+5V 

180 

390 

• High noise immunity (l.lV typ) 

• Temperature·insensitive input thresholds track bus 
logic levels 

• TTL compatible output 

• Matched, optimized noise immunity for "1" and"O" 
levels 

• High speed (19 ns typ) 

Dual-ln·Line Package 

OUT 3 OUT 4 IN 4A IN 48 IN 3A IN 38 Vee 

14 

GNO OUT 2 OUT 1 IN lA IN 18 IN 2A IN 28 

TOP VIEW 

Order Number DS7640J, DS8640J 
or DS8640N 

See NS Package J14A or N14A 

120n Unified Data Bus 

2-68 

-I r
I I 
I 1 
I 1 
I 1114 

_...1 ~8~ 

+5V 

180 

390 



Absolute Maximum Ratings (Note 1) 

Supply Voltage 
Input Voltage 
Storage Temperature Range 
Maximum Power Oissipation* at 25°C 

Cavity Package 
Molded Package 

Lead Temperature (Soldering, 10 seconds) 

7.0V 
5.5V 

-65°C to +150°C 

'130BmW 
1207mW 

30(tC 

*Oerate cavity package 8.7 mWrC above 25°C; derate molded 
package 9.7 mW/oC above 25°C. 

Electrical Characteristics 

Operating Conditions 
MIN MAX 

Supply Voltage (Vcc) 
OS7640 4.5 5.5 
OS8640 4.75 5.25 

Temperature (T A) 
OS7640 -55 +125 
OS8640 0 +70 

The following apply for VMIN ~ Vee ~ VMAX , T MIN ~ T A ~ T MAX, unless otherwise specified (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX 

V IH High Level Input Threshold 
VOUT = VOL 

OS7640 1.80 1.50 

OS8640 1.70 1.50 

V IL Low Level Input Threshold 
VOUT =VOH 

OS7640 1.50 1.20 

OS8640 1.50 1.30 

IIHMaximum Input Current Vee = VMAX 30 80 
V IN = 4V 

Vee = OV 1.0 50 

IlL Maximum Input Current V IN = O.4V, Vee = VMAX 1.0 50 

VOH Output Voltage 10H = -400J1.A, V IN = V IL 2.4 

VOL Output Voltage IOL = 16mA, V IN =V IH 0.25 0.4 

los Output Short Circuit Current V IN =0.5V, Vos=OV, Vee =VMAX, (Note 4) -18 -55 

lee Power Supply Current V IN = 4V, (Per Package) 25 40 

Switching Characteristics T A = 25°C, nominal power supplies unless otherwise noted 

PARAMETER CONDITIONS MIN TYP MAX 

tpd Propagation Delays Input to Logic "1" Output 10 23 35 
(Notes 5 and 6) 

Input to Logic "0" Output 10 15 30 

UNITS 

V 
V 

°c 
°c 

UNITS 

V 

V 

V 

V 

J1.A 

J1.A 

J1.A 

V 

V 

mA 

mA 

UNITS 

ns 

ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the OS7640 and across the O°Cto 
+70°C range for the OS8640. All typical values are for TA = 25°C and VCC = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Fan-out of 10 load, CLOAO = 15 pF total, measured from VIN = 1.5V to VOUT = 1.5V, VIN = OV to 3V pulse. 
Note 6: Apply for VCC = 5V, T A = 25°C. 
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.~National 
~ Semiconductor 

Bus Transceivers 

057641/058641 Quad Unified Bus Transceiver 

General Description 

The DS7641 and DS8641 are quad high speed drivers/ 
receivers designed for use in bus organized data trans
mission systems interconnected by terminated 120n 
impedance lines. The external termination is intended to 
be a 180n resistor from the bus to the +5V logic supply 
together with a 390n resistor from the bus to ground. 
The bus can be terminated at one or both ends. Low bus 
pin current allows up to 27 driver/receiver pairs to 
utilize a common bus. The bus loading is unchanged 
when Vee = OV. The receivers incorporate tight thresh
olds for better bus noise immunity. One two·input NOR 
gate is included to disable all drivers in a package 
simultaneously. 

Connection Diagram 

Features 

• 4 separate driver/receiver pairs per package 

• Guaranteed minimum bus noise immunity of O.6V, 
1.1V typ 

• Temperature insensitive receiver thresholds track bus 
logic levels 

• 30llA typical bus terminal current with normal Vee 
or with Vee = OV 

• Open collector driver output allows wire-OR 
connection 

• High speed 

• Series 74 TTL compatible driver and disable inputs 
and receiver outputs 

Dual·ln-Line Package 

Typical Application 

+5V 

Vee BUS 1 IN lOUT 1 BUS 2 IN 2 OUT 2 DISABLE A 

BUS 3 IN 3 OUT 3 BUS 4 IN 4 OUT 4 DISABLE B GND 

TOPVIEW 

Order Number DS7641J, DS8641J or DS8641N 
See NS Package J16A or N16A 

120n Unified Data Bus +5V 

~80 

390 



Absolute Maximum Ratings' (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage 7V Supply Voltage, (VCe! 
Input and Output Voltage 5.5V 057641 4.5 5.5 V 
Storage Temperature Range -65°C to +150°C 058641 4.75 5.25 V 
Maximum Power Dissipation* at 25°C Temperature Range, (T A) 

Cavity Package 1433 mW 057641 -55 +125 °c 
Molded Package 1362 mW 058641 0 +70 °c 

Lead Temperature (Soldering, 10 seconds) 300°C 
*Derate cavity package 9.6 mW/oC above 25°C; derate molded 

Electrical Characteristics 
package 10.9 mW/oC above 25°C. 

The following apply for VMIN :::; Vcc:::; VMAX , T MIN:::; T A:::; T MAX unless otherwise specified (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

DRIVER AND DISABLE INPUTS 

V IH Logical "1" Input Voltage 2.0 V 

V il Logical "0" Input Voltage 0.8 V 

II Logical "1" Input Current V IN = 5.5V 1 mA 

IIH Logical "1" Input Current V IN = 2.4V 40 J.l.A 

III Logical "0" Input Current V IN = O.4V -1.6 mA 

VCl Input Diode Clamp Voltage 1015 = -12 mA, liN =-12mA, IBus =-12mA, -1 -1.5 V 

TA = 25°C 

I 

DRIVER OUTPUT/RECEIVER INPUT 

VOLB Low Level Bus Voltage VOIS = 0.8V. V IN = 2V, Isus = 50 mA 0.4 0.7 V 

IIHB Maximum Bus Current V IN = 0.8V, VBUS = 4V, Vcc = VMAX 30 100 J.l.A 

IllB Maximum Bus Current V IN = 0.8V, VBUS = 4V, Vee = OV 2 100 J.l.A 

V IH High Level Receiver Threshold DS7641 1.80 1.50 V 
VINO = 0.8V, VOL = 16 mA 

DS8641 1.70 1.50 V 

V il Low Level Receiver Threshold DS7641 1.50 1.20 V 
VINO = 0.8V, VOH = -400J.l.A 

DS8641 1.50 1.30 V 

RECEIVER OUTPUT 

VOH Logical "1" Output Voltage V IN = 0.8V, Vsus = 0.5V, 10H = -400J.l.A 2.4 V 

VOL Logi'cal "0" Output Voltage V IN = 0.8V, VBUS = 4V, 10l = 16 mA 0.25 0.4 V 

los Output Short Circuit Current V OIS = 0.8V, V IN = 0.8V, VBUS = 0.5V, Vas = OV, -18 -55 mA 

Vee = VMAX ' (Note 4) 

Icc Supply Current VOIS = OV, V IN = 2V, (Per Package) 50 70 mA 

Switching Characteristics T A = 25°C, Vcc = 5V, unless otherwise noted 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpd Propagation Delays (Note 7) 

Disable to Bus "1" 19 30 ns 

Disable to Bus "0" (Note 5) 15 30 ns 

Driver Input to Bus "1" 17 25 ns 

Driver Input to Bus "0" 17 25 ns 

Bus to Logical "1" Receiver 20 30 ns 
Output 

INote 6) 
Bus to Logical "0" Receiver 1B 30 ns 
Output 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified minImax limits apply across the -55°C to +125°C temperature range for the DS7641 and across the O°C to 
+70°C range for the 058641. All typical values are for TA = 25°C and VCC = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min On absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: 91 n from bus pin to VCC and 200n from bus pin to ground. CLOAD = 15pF total. Measured from VIN = 1.5V to VSUS= 1.5V, 
VIN = OV to 3V pulse. 

Note 6: Fan-out of 10 load, CLOAD = 15 pF total. Measure'd from VIN = 1.5V to VOUT = 1.5V, VIN = OV to 3V pulse. 

Note 7: The following apply for VCC = 5V, T A = 25°C unless otherwise specified. 
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~National 
D Semiconductor 

D58642 Quad Transceiver 

General Description 

The DS8642 is a quad transceiver designed for bus 
organized data transmission systems terminated by 50n 
impedance. The bus can be terminated at one or both 
ends. It has four bus drivers with a common strobe 
gate and four bus receivers. Bus driver outputs can be 
"OR·tied" with up to 19 other drivers and with up to 
20 bus receiver loads. The bus loading is 2k when 
Vee = OV. 

Logic and Connection Diagram 

Bus Transceivers 

Features 

• 100 mA Drive Capability 

• Four separate driver/receiver pairs 

• Open collector driver output allows wire·OR con· ' 
nection 

• 50n line termination 
• Completely TTL compatible on driver and disable 

inputs, and receiver outputs 

Dual-I n-Line Package 

Vcc STROBE OUTo OUTc INc BUSc BUSo 

INa BUSs BUSA GND 

TOP VIEW 

Order Number DS8642J 
or DS8642N 

See NS Package J16A or N16A 
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Absolute Maximum Ratings (Note') Operating Conditions 

Supply Voltage 
Input Voltage 
Output Voltage 
Storage Temperature Range. ° 
Maximum Power Dissipation" at 25 C 

Cavity Package 
Molded Package 

Lead Temperature (Soldering, 10 seconds) 

7V 
5.5V 
5.5V 

-65°C to +150°C 

1433 mW 
1362 mW 

300°C 

Supply Voltage, VCC 

Temperature, T A 

"Derate cavity package 9.6 mW/oC abo~e 25°C; derate molded 
package 10.9 mW/oC above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS 

DISABLE/DRIVER INPUT 

V IH Logical "'" Input Voltage Vee = Min 

V IL Logical "0" I nput Voltage Vee = Min 

IlL Logical "0" Input Current Vee = Max, V IN = O.4V 

11'-1 Logical "'" I nput Current I V 1N = 2.4V 
Vee = Max I V 1N =' 5.5V 

VeD Input Clamp Voltage liN =-'2 mA 

RECEIVER INPUT/BUS OUTPUT 

V 1HB Logical "'" I nput Voltage Vee = Max 

V ILB Logical "0" Input Voltage Vee = Min 

VeDB Input Clamp Diode liN = -50 mA 

IIHB Logical "'" I nput Current Vee = Max, V INB = Vee 

IILB Logical "0" Input Current Vee = Max, V IN = O.4V 

VOLB Logical "0" Output Voltage Vee = Min, lOUT = 100 mA 

10L Logical "0" Output Current Vee = Min, VOL = 0.8V 

10HB Power "OFF" Bus Current Vee =OV, V 1NB =5.25V 

RECEIVER OUTPUT 

VOH Logical "'" Output Voltage Vee = Min, lOUT = -, mA 

10H Logical "'" Output Current Vee = Min, V OUT = 5.5V 

2 

3.1 

'00 

2.4 

los Output Short Circuit Current Vee = Min, VOUT = OV, (Note 4 -'0 

VOL Logical "0" Output Voltage Vee = Min, lOUT = 16 mA 

lee Supply Current Vee = Max 

MIN 

4.75 

o 

-0.9 

-0.8 

-1.0 

'80 

0.4 

1.7 

3.2 

-28 

0.3 

49 

MAX 

5.25 

+70 

0.8 

-1.6 

40 

1 

-1.5 

1.4 

-1.5 

450 

:-40 

0.8 

2.65 

100 

-55 

0.45 

64 

UNITS 

V 

V 

V 

mA 

J1A 

mA 

V 

V 

V 

V 

J1A 

J1A 

V 

mA 

mA 

V 

J.IA 

mA 

V 

mA 

Note 1: "Absolute Maximum Ratings" are those values beyond 'which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the O°C to +70°C range for the DS8642. All typicals are given for VCC = 5V and 
TA=25°C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 
Note 4: Only one output at a time should be shorted. 
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~ Switching Characteristics T A = 25°C, nominal power supplies unless otherwise noted 

~ 
C PARAMETER CONDITIONS 

tpdO Propagation Delay to a Logical "0" (Figure 7J 
From Data Input to Receiver Output 

tpdl Propagation Delay to a Logical" 1" (Figure 7J 
From Data I nput to Receiver Output 

tpdO Propagation Delay to a Logical "0" (Figure 1) 

From Strobe Input to Receiver 

Output 

, tpdl Propagation Delay to a Logical "1" (Figure 7J 
From Strobe Input to Receiver 

Output 

Typical Performance Characteristics 

< 
.3 

400 

300 

2 200 

100 

Receiver ON Impedance 

r-I- v~e ~ 5V' 
TA = 25'C 

I 
II 
~ 

I -..... ~ --I-" ..... 

VBUS (V) 

AC Test Circuit and Switching Time Waveforms 

+5V 

STROBE 

FIGURE 1. 

2·74 

MIN TYP 

34 

25 

38 

25 

Receiver OFF Impedance 

2.0 - vee = OV 
TA = 25'C 

1.5 , 
< 
oS 

2 1.0 1/ 
~ 

0.5 
V 

1/ 
.....V' 

VBUS (VI 

~ 

MAX UNITS 

50 ns 

50 ns 

55 ns 

55 ns 

-'~ 
1.5V 

f = 5 MHz 
Pulse Width = 100 ns 
t,. =tt '" 5 n's 



WNatiOnal 
Semiconductor 

Bus Transceivers 

057833/058833, 057835/058835 
Quad TRI·5TATE® Bus Transceivers 

General Description 

This family of TRI-STATE bus transceivers 
offer extreme versatility in bus organized data 
transmission systems. The data bus may be unter
minated, or terminated de or ac, at one or both 
ends. Orivers in the third (high impedance) state 
load the data bus with a negligible leakage current. 
The receiver input current is low allowing at least 
100 driver/receiver pairs to utilize a single bus. 
The bus loading is unchanged when Vee = OV. 
The receiver incorporates hysteresis to provide 
meater noise immunity. All devices utilize a high 
current TRI-STATE output driver. The OS7833/ 
OS8833 and OS78351OS8835 employ TR I-STATE 
outputs on the receiver also. 

The OS7833/0S8833 are non-inverting quad 
transceivers with a common inverter driver disable 
control and a common inverter receiver disable 
control. 

The OS7835/0S8835 are inverting quad trans
ceivers with a common inverter driver disable 
control and a common inverter receiver disable 
control. 

Connection Diagrams 

Dual-In-Line Package 

DRIVER 
Vee BUSo INo OUTo BUSe INc DUTe OISABlE 

RUSA INA OUTA BUSs INs OUTs RECEIVER GND 
DISABLE 

Order Number DS7833J, DS8833J 
or DS8833N 

See NS Package J16A or N16A 
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Features 

• Receiver hysteresis 

• Receiver noise immunity 

400 mV typ 

l.4V typ 

• Bus terminal current for 
normal Vee or Vee = OV 

80llA max 

• Receivers 
Sink 
Source 

16 mA at O.4V max 
2.0 mA (Mil) at 2.4V min 

5.2 mA (Com) at 2.4V min 

• Orivers 
Sink 

Source 

50 rnA at 0.5V max 
32 rnA at O.4V max 

10.4 mA (Com) at 2.4V min 
5.2 mA (Mil) at 2.4V min 

• Orivers have TRI-STATE outputs 

• OS7833/0S8833, OS7835/058835 receivers 
have TRI-STATE outputs 

• Capable of driving lOOn dc-terminated buses 

• Compatible with Series 54/74 

Dual-In-Line Package 

Vee BUSo INo OUTo BUSe INc OUTe 

RUSA INA OUI A BUSs INa OUTsRECEIV[R 
DISABLE 

Order Number DS7835J, DS8835J 
or DS8835N 

See NS Package J16A or N16A 

cc 
(J)(J) 
--...1"'"'-1 
COCO 
CN (,.) 
01 (,.) 
"""- """-
CC 
(J)(J) 
CO CO 
CO CO 
CN (,.) 
01",(") 



Absolute Maximum Ratings (Note 1) .Operating Conditions 

MIN MAX UNITS 

Supply Voltage 7.0V Supply Voltage (VCC) 

Input Voltage 5.5V OS7833,OS7835 4.5 5.5 V 

Output Voltage 5:5V OS8833,OS8835 4.75 5.25 V 

Storage Temperature -65°C to +150°C Temperature (T A) 
Maximum Power Oissipation* at 25°C 

OS7833,OS7835 -55 +125 °c 
Cavity Package 1509mW OS8833,OS8835 0 +70 °c 
Molded Package 1476mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

*Oerate cavity package 10.1 mW/o C above 25°C; derate molded 
package 11.8 mW/oC above 25"C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 

DI5ABLE/ORIVER INPUT 

V IH High Level Input Voltage Vcc = Min 2.0 V 

Vil Low Level Input Voltage Vee = Min 057833, 058833, 058835 0.8 
V 

057835 0.7 

IIH High Level Input Current VIN = 2.4V 40 p.A 
Vcc = Max 

VIN = 5.5V 1.0 mA 

IlL Low Level Input Current Vcc = Max, VIN = O.4V -1.0 -1.6 mA 

Vel Input Clamp Diode Vcc=5.0V, IIN=-12mA, TA =25°C -0.8 -1.5 V 

liT Driver Low Level Disabled Driver Disable Input = 2.0V, V IN = 0.4V -40 p.A 
Input Current 

RECEIVER INPUT/BU5 OUTPUT 

VTH High Level Threshold Voltage 057833, 057835 1.4 1.75 2.1 V 

058833, 058835 1.5 1.75 2.0 V 

VTl Low Level Threshold Voltage 057833, 057835 0.8 1.35 1.6 V 

058833, 058835 0.8 1.35 1.5 V 

18 Bus Current, Output Disabled 
Veus = 4.0V 

Vee = Max 25 80 p.A 
or High Vee = OV 5.0 80 p.A 

Vee = Max, VB us = O.4V -2.0 -40 p.A 

VOH Logic "1" Output Voltage lOUT = -5.2 mA 057833, 057835 2.4 2.75 V 
Vee = Min 

lOUT = -10.4 mA 058833, 058835 2.4 2.75 V 

VOL Logic "0" Output Voltage lOUT = 50mA 0.28 0.5 V 
Vcc = Min 

lOUT. 32 mA 0.4 V 

los Output Short Circuit Current Vcc = Max, (Note 4) -40 -62 -120 mA 

RECEIVER OUTPUT 

VOH Logic "1" Output Voltage lOUT = -2.0 rnA 057833, 057835 2.4 3.0 V 
Vee = Min 

lOUT = -5.2 rnA 058833, 058835 2.4 2.9 V 

VOL Logic "0" Output Voltage Vee = Min, lOUT = 16mA 0.22 0.4 V 

lOT Output Disabled Current Vee = Max, Disable VOUT = 2.4V 40 p.A 

Inputs a 2.0V VOUT = O.4V -40 p.A 

los Output Short Circuit Current 057833, 057835 -28 -40 -70 mA 
Vee = Max, (Note 4) 

058833, 058835 -30 -70 rnA 

Icc 5upply Current 057833/058833 84 116 rnA 
Vee = Max 

057835/058835 75 95 rnA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except 
for "Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The 
table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the OS7833, 
OS7835 and across the O°C to +70°C range for the 058833, OS8835. All typicals are given for VCC = 5.0V and T A = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless 
otherwise noted. All values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 
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Switching Characteristics Vee = 5.0V. T A = 25°C 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tPdO Propagation Delay to a 057833/058833 14 30 ns 

Logic "0" From Input 
(Figure 1) 

057835/058835 10 20 ns 

to Bus 

tPdl Propagation Delay to a 057833/058833 14 30 ns 

Logic "'" From Input 
(Figure 1) 

057835/058835 
" 

30 ns 

to Bus 

tPdO Propagation Delay to a 057833/058833 24 45 ns 

Logic "0" From Bus 
(Figure 2) 

057835/058835 '6 35 ns 

to Output 

tPdl Propagation Delay to a 057833/058833 '2 30 ns 

Logic "'" From Bus 
(Figure 2) 

057.835/058835 18 30 ns 

to Output 

tpHZ Delay From Disable Driver 8.0 20 ns 

Input to High Impedance 
CL = 5.0 pF. (Figures 1 and 2) 

Receiver 6.0 '5 ns 
~ 

5tate (From Logic "1" Level) 

tPLZ Delay From Disable Input to Driver 20 35 ns 

High Impedance 5tate (From 
CL = 5.0 pF. (Figures 1 and 2) 

Receiver 13 25 ns 

Logic "0" Level) 

tpZH Delay From Disable Input to Driver 24 40 ns 

Logic "'" Level (From High 
CL = 50 pF, (Figures 1 and 2) 

Receiver '6 35 ns 

Impedance 5tate) 

tPZI.,. Delay From Disable Input to Driver '9 35 ns 

Logic "0" Level (From High 
CL = 50 pF. (Figures 1 and 2) 

Receiver 057833/058833 15 30 ns 

Impedance 5tate) Receiver 057835/058835 33 50 ns 

AC Test Circuits 
Vee Vee 
~ 

> 
100 400 

.... ... , ... 'lii0....i !. ..... .... 1 ..... , ...... 1 

""""' ,.-1.. 1"~ ~, ~'~'l """"' " -1.. 1" ~ 11"', ..... II'" 

1 50 PFJ -=-,.0k 50
P
FJ -=-1.Dk 

FIGURE 1. Driver Output Load FIGURE 2. Receiver Output Load 

Switching Time Waveforms 

tpel1 & tpdQ tpLZ 

3.0V .. ~ 

.NPUT J1.SV ~.5V 

,,:::~ .. OV: I I 

~ 1,. •• f--- ---1'."""'-
OUTPUT~ (lNVERTEOI I 1.5V I 1.5V OV I 

I I ~IoHt-.-I I 

---\ '.":-- --+l '.'. t-- I I 
"'.5V 

~ 
OUTPUT 0-OUTPUT I 

INONINVERTEO) 1.5V 1.5V ACTUAL LOGICAL "0" 
VOLTAGE -. 

"1 MHz 0.5V 

1,·,,:;:10 •• 110%,.90%1 
DUTY CYCLE' SO% 
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rill) 
C") C") 
co co co co cncn cc 
MLn 
C") C") 
co co 
.............. cncn cc 

Switching Time Waveforms (Continued) 

tpZL 

3V----------~---------------

INPUT _____ ..Jl .. 
OV I 0.5V 

ACTUAL LOGICAL"," -----II-_---L 
VOLTAGE ~--r 

OUTPUT : iQ' 
I I ... -------"".5V 
I--tlH---l 

INP:: -------,\" 

OV-----------4I-~------------

I t ~ 1.5V 

: \ !.5V_ 

l--- tHO __ ~ ACTUAL LOGICAL "0" 
I I VOLTAGE 

OUTPUT 

INP~: ---""'X" 
OV--------+I~·~-----------

I 

~ 
I I ACTUAL LOGICAL ", .. 
: vi '" __ -j-_-_---- VOLTAGE 

r- 0.5V 
~ 1.5V---------J r 

OUTPUT 
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~National 
~ Semiconductor 

Bus Transceivers 

057834J0S8834, 057839/0S8839 
Quad TRI·5TATE® Bus Transceivers 

General Description 

This family of TRI~STATE bus transceivers offers 
extreme versatility in bus organized data transmission 
systems. The data bus may be unterminated, or ter
minated de or ac, at one or both ends. Drivers in the 
third (high impedance) state load the data bus with 
a negligible leakage current. The receiver input current 

, is low, allowing at least 100 driver/receiver pairs to 
utilize a single bus. The bus loading is unchanged when 
V CC = OV. The receiver incorporates hysteresis to 
provide greater noise immunity. Both devices utilize 
a high current TRI-STATE output driver. The DS7834/ 
DS8834 and DS7839/DS8839 employ TTL outputs 
on the receiver. 

The DS7839/DS8839 are non-inverting quad transceivers 
with two common inverter driver disable controls. 

The DS7834/oS8834 are inverting quad transceivers 
with two common inverter driver disable controls. 

Connection Diagrams 

Dual·ln-Line Package 

ORIVER 
Vcc BUSD INo aUTo BUSe INc OUT e DISABLE 

OUTA BUS. IN. 

TDPVIEW 

DUT. DRIVER GND 
DISABLE 

Order Number DS7834J, DS8834J 
or DS8834N 

See NS Package J16A or N16A 

2-79 

Features 

• Receiver hysteresis 

• Receiver noise immunity 

• Bus terminal current for 
normal Vee or Vee = OV 

• Receivers 
Sink 
Source 

• Drivers 
Sink 

400 mV typ 

1.4V typ 

80llA max 

16 mA at O.4V max 
2.0 mA (Mil) at 2.4V min 

5.2 mA (Com) at 2.4V min 

, 50 mA at 0.5V max 
32 mA at O.4V max 

Source 10.4 mA (Com) at 2.4V min 
5.2 mA (Mil) at 2.4V min 

• Drivers have TRI-STATE outputs 

• Receivers have TRI-STATE outputs 

• Capable of driving 1 DOn dc-terminated buses 

• Compatible with Series 54/74 

Dual-ln·Line Package 

DRIVER 
Vce BUSo INo aUTo BUSt INc DUTc DISABLE 

DUlA BUS. IN. 

TOPVIEW 

OUT. DRIVER GND 
DISABLE 

Order Number DS7839J, DS8839J 
or DS8839N 

See NS Package J16A or N16A 
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A.bsolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage 7.0V Supply Voltage (Vee) 
Input Voltage 5.5V OS7834, OS7839 4.5 5.5 V 
Output Voltage 5.5V OS8834,OS8839 4.75 5.25 V 
Storage Temperature -65°e to +150o e 
Maximum Power Oissipation* at 25°C 

Temperature (T A) 
OS7834,OS7839 -55 +125 °e 

Cavity Package 1509 mW OS8834,OS8839 0 +70 °e 
Molded Package 1476 mW 

Lead Temperature (Soldering, 10 Seconds) 300°C 

*Oerate cavity packgge 10.1 mV:f/oe above 25°C; derate molded 
package 11.8 mW/ e above 25 e. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

DISABLE/DRIVER INPUT 

V IH High Level Input Voltage Vee = Min 2.0 V 

V IL Low Level Input Voltage Vee=Min 0.8 V 

IIH High Level Input Current I V IN = 2.4V 40 pA 
Vce = Max I V IN = 5.5V 1.0 mA 

IlL Low Level Input Current Vcc = Max, V IN = O.4V -1.0 -1.6 mA 

liND Driver Disabled Input Low Driver Disable Input = 2.0V, V IN = O.4V -40 pA 

Current 

VeL Input Clamp Diode Vee = 5.0V, liN = -12 mA, T A = 25°C -0.8 -1.5 V 

RECEIVER INPUT/BUS OUTPUT 

VTH High Level Threshold Voltage OS7834, OS7839 1.4 1.75 2.1 V 
Vee = Max 

058834, OS8839 1.5 1.75 2.0 V 

VTL Low Level Threshold Voltage 057834, OS7839 0.8 1.35 1.6 V 
Vee = Min OS8834, OS8839 0.8 1.35 1.5 V 

IBH Bus Current. Output Disabled or Vce = Max, 
25 80 pA· 

Hig~ VBUS = 4.0V Disable Input = 2.0V 

Vee = OV 5.0 80 pA 

Vee = Max, V BUS = O.4V, Disable Input = 2.0V -40 pA 

VOH Logic "1" Output Voltage lOUT = -5.2 mA OS7834, OS7839 2.4 2.75 V 
Vec=Min 

lOUT = -10.4 mA OS7834, OS8839 2.4 2.75 V 

VOL Logic "0" Output Voltage lOUT = 50 mA 0.28 0.5 V 
Vee = Min 

lOUT = 32 mA 0.4 V 

los Output Short Circuit Current Vee = Max, (Note 4) -40 -62 -120 mA 

RECEIVER OUTPUT 

V OH Logic "1" Output Voltage I lOUT = -2.0 mA I OS7834, OS7839 2.4 3.0 V 
Vee = Min I lOUT = -5.2 mA I OS8834, DS8839 2.4 2.9 V 

VOL Logic "0" Output Voltage Vee = Min, lOUT = 16 mA 0.22 0.4 V 

los Output Short Circuit Current I OS7834, OS7839 -28 -40 -70 mA 
Vee = Max, (Note 4) I OS8834, DS8839 -30 -70 mA 

lee Supply Current Vee = Max 75 95 mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°e to +125°e temperature range for the 057834, OS7839 and across 
. the oOe to +70o e range for the 058834, OS8839. All typicals are given for Vee = 5.0V and TA = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless ·otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 
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Switching Characteristics Vee = 5.0V, T A = 25°C 

PARAMETER CONDITIONS 

tpdO Propagation Delay to a Logic "0" 

from Input to 8us 
(Figure 1) 

tpdl Propagation Delay to a Logic "1" 
(Figure 1) 

from Input to Bus 

tpdO Propagation Delay to a Logic "0" 

from Bus to Output 
(Figure 2) 

tpdl Propagation Delay to a Logic "1" 

from Bus to Output 
(Figure 2) 

tPHZ Delay from Disable Input to High CL ; 5.0 pF. (Figures 1 and 2) 

Impedance State (from Logic "1" 

Level) 

tPLZ Delay from Disable Input to High CL ; 5.0 pF. (Figures 1 and 2) 

Impedance State (from Logic "0" 

Level) 

tpZH Delay from Disable Input to Logic CL ; 50 pF. (Figures 1 and 2) 

"1" Level (from High Impedance 

State) 

tpZL Delay from Disable Input to Logic CL ; 50 pF. (Figures 1 and 2) 

"0" Level (from High Impedance 

State) 

AC Test Circuit 

Vee 
( 

: 100 

I.... ~ 110...1 110...1 .... 1 

OUTPUT ~.l 1"'II1II ..... 1...... .....11_ 
SOPFT 1.0k 

-= -== 

FIGURE 1. Driver Output Load 

Switching Time Waveforms 

tpd 1 and tpdO 

lV---·~ ___ ...... 

INPUT (.5V ~'5V 
ov----I: i \... ~I ----

---llpdOf-- ----tlpd.r--

OUTPUT ---r-\L . .., I v.:---
(lNVERTEDl ! -~1.5V 

I I ---l Ipd. ~ --l IpdO k-

DS7839/DS8839 

DS7834/D'S8834 

DS7839/OS8839 

DS7834/DS8834 

DS7839/DS8839 

DS7834/DS8834 

DS7839/DS8839 

DS7834/DS8834 

Driver Only 

Driver Only 

Driver Only 

Driver Only 

OUTPUT ~ T 
CL .....L. 

SOPFJ 

MIN 

Vee 

I ....... 
1"'II1II 

TYP 

14 

10 

14 

11 

24 

16 

12 

18 

8 

20 

24 

19 

400 

JI .... I ..... 1 ..... 1 

FIGURE 2. Receiver Output Load 

MAX 

30 

20 

30 

30 

45 

35 

30 

30 

20 

35 

40 

35 

l.OV ------,r----------

INP~: ---....Jl" 
~IOH~ 

l I 

I I I . 

OUTPUT : ~ • .., 
OUTPUT : ~,.------- "1.5V 

ACTUAL LOGICAL "0" if-VOL TAGE _____ -J---. 
(NONINVERTEDl------f'I.5V L-
1= I MHz 
t,.~"$IOns(10%lo90%l 
Duty Cycle ~ 50% 

O.SV 
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Switching Time Waveforms (Continued) 

tpZL 

3V---------r--------------

INPUT _____ ~f" 
3V-------..... 

INPUT XSV 

OV ----'-------+1-'------------
OV I O.SV 

ACTUAL lOGICAL "I" I ~ 
VOLTAGE I""k.-, 

OUTPUT I: 'J" ..... _______ "'l.SV 

J---tlH"-~ 

OUTPUT 

tpZH 

INP::---~\" 
ov------~I-~-------------

I 

~ 

I "l.SV 

: ~~~-
:-.-"'O--j~ ACTUAL lOGICAL "0" 
I 1· VOLTAGE 

I I ACTUAL lOGICAL "1" I V'" __ """:j-_-_------- VOLTAGE 

Truth Table 

OUTPUT r- 0.5V 
"1.5V---------...I r 

DISABLE 
DRIVER RECEIVER INPUT/ 
INPUT BUS OUTPUT 

INPUT 
(lNx) (BUSx) 

DS7834/DS8834 

1 X 

0 1 0 

0 0 1 

DS7839/DS8839 

1 X 

0 1 1 

0 0 0 

x = Don't care 
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RECEIVER 
MODE OF 

OUTPUT 
OPERATION 

(OUTx) 

BUS Receive bus 
signal 

1 Drive bus 

0 Drive bus 

BUS Receive bus 
signal 

1 Drive bus 

0 Drive.bus 



~National 
~ Semiconductor 

Bus Transceivers 

057836/088836 Quad NOR Unified Bus Receiver 
General Description· 
The DS7836/DS8836 are quad 2-input receivers 
designed for use in bus organized data transmission 
systems interconnected by terminated 120n im
pedance lines. The external termination is intend
ed to be 180n resistor from the bus to the +5V 
logic supply together with a 390n resistor from 
the bus to ground. The design employs a built-in 
input hysteresis providing substantial noise im
munity. Low input current allows up to 27 driver/ 
receiver pairs to utilize a common bus. Perform
ance is optimized for systems with bus rise and 
fall times::;; 1.0 pslV. 

Typical Application 
.IV 

Features 

• Low input current with normal Vee or 
Vee = OV (15pA typ) 

• Built-in input hysteresis (lV typ) 

• High noise immunity (2V typ) 

• Temperature-insensitive input thresholds track 
bus logic levels 

• TTL compatible output 

• Matched, optimized noise immunity for "1" 
and "0" levels 

• High speed (18 ns typ) 

.IV 

180 
120n Unified Data Bus 

180 

390 -, r-
I 1 
I 1 
I I 
1 11/4 

_...1 ~~ 

Connection Diagram 
Dual-In-Line Package 

OUTl OUT4 IN4A IN 48 IN lA IN ]8 vee 

14 

GNO OUT2 OUTI INIA IN 18 IN 2A IN 28 

TOPVIEW 

Order Number DS7836J Order Number DS8836N 
or DS8836J See NS Package N14A 

See NS Package J14A 
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Absolute Maximum Ratings 

Supply Voltage 
Current Voltage 
Storage Temperature Range 
Maximum Power Dissipation- at 25°C 

7.0V 
5.5V 

eavity Package' 1308 mW 
Molded Package 1207 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

-Derate cavity paC{,kage 8.7 mypOc above 25"e; derate molded 
package 9.7 mWI C above 25 C. 

Electrical Characteristics 

Operating Conditions 

MIN MAX 

Supply Voltage (Vee) 
057836 4.5 5.5 
058836 4.75 5.25 

Temperature (T A) 
057836 --55 +125 
058836 0 +70 

The following apply for VMIN :::; Vee:::; VMAX , T MIN:::; T A :::; T MAX, unless otherwise specified (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX 

VTH High Level Input Threshold 
Vee = Max 

057836 1.65 2.25 2.65 

058836 1.80 2.25 2.50 

VIL Low Level Input Threshold 057836 0.97 1.30 1.63 
Vee = Min 

058836 1.05 1.30 1.55 

liN Maximum Input Current l Vee = Max 15 50 
VIN = 4V I Vee = OV 1 50 

VOH Logical "1" Output Voltage VIN = 0.5V, lOUT = -400J.1A 2.4 

VOL Logical "0" Output Voltage VIN = 4V, lOUT = 16 mA 0.25 0.4 

Ise Output 5hort Circuit Current VIN = 0.5V, VOUT = OV, Vee = Max, (Note 4) ,-18 -55 

Icc Power Supply Current VIN = 4V. (Per Pac~age) 25 40 

VeL Input Clamp Diode Voltage liN = -12 rnA, T A = 25°C -1 -1.5 

Switching Characteristics 

Vee = 5V, T A = 2Soc unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX 

tpd Propagation Delays I Input to Logical "1" Output 20 30 
(Notes 4 and 5) , 

18 30 I Input to Logical "0' Output 

UNITS 

V 
V 

°e 
°c 

UNITS 

V 

V 

V 

V 

J.1A 

J.1A 

V 

V 

rnA 

rnA 

V 

UNITS 

ns 

ns , 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range'! they are not meant to imply that the devices should be operated at these limits. The table of "Biu:trical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified minImax limits apply across the -55°e to +125°e temperature range for the 057836 and across the oOe to 
+700 e range for the 058836. All typical values are for TA = 25°e and Vee = 5V. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values showl1 as max or min on absolute value basis. 
Note 4: Fan-out of 10 load. eLOAO = 15 pF total, measured from VIN = 1.3V to VOUT = 1.5V. VIN = OV to 3V pulse. 
Note 5: Fan-out of 10 load. CLOAO = 15 pF total, measured from VIN = 2.3V to VOUT = 1.5V, VIN = OV to 3V pulse. 
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~National 
~ Semiconductor 

Bus Transceivers 

0578371058837 Hex Unified Bus Receiver 
General Description 
The OS7837 /OS8837 are high speed receivers de
signed for use in bus organized data transmission 
systems interconnected by terminated 12m2 im
pedance lines. The external termination is intend
ed to be 180n resistor from the bus to the +5V 
logic supply together with a 390U resistor from 
the bus to ground. The receiver design employs a 
built-in input hysteresis providing substantial noise 
immunity. Low input current allows up to 27 driv
er/receiver pairs to utilize a common bus. Disable 
inputs provide time discrimination. Disable inputs 
and receiver outputs are TTL compatible. Per
formance is optimized for systems with bus rise 
and fall times ~ 1.0 Ils/V. I 

Typical Application 

.5V 

180 

390 

Connection Diagram 

Features 
• Low receiver input current for normal Vee or 

Vee = OV(15pA typ) 

• Six separate receivers per package 

• Built·in receiver input hysteresis (1 V typ) 

• High receiver noise immunity (2V typ) 

• Temperature insensitive receiver input thres-
holds track bus logic levels 

• TTL compatible disable and output 

• Molded or cavity dual·in-line or flat package 

• High speed 

-5V 

180 

---, r- ---, 390 

I I I 
I I I -= I I I 
I I 

_-1 --' 

Dual-In-Line Package 

Vee IN lOUT 1 IN 2 OUT 2 IN J OUT J OISABLE A 

IN 4 OUT 4 IN 5 OUT 5 IN 6 OUT 6 OISABLE B 

TOPVIEW 

Order Number DS7837J 
or DS8837J 

See NS Package J16A 
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Order Number DS8837N 
See NS Package N16A 
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Absolute Maximum Ratings Operating Conditions 

MIN MAX UNITS 

Supply Voltage 7V Supply Voltage (VCC) 
Input Voltage 5.5V OS7837 4.5 5.5 V 

Operating Temperature Range OS8837 4.75 5.25 V 

OS7837 --55°C to +125°C Temperature (T A) 
OS8837 o°c to +70°C OS7837 -55 +125 °c 

Storage Temperature Range -u5°C to +150°C OS8837 0 +70 °c 
° Maximum Power Oissipation* at 25 C 

Cavity Package 1433 mW 
Molded Package 1362 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

*Oerate cavity package 9.6 mW/oC above 25°C; derate molded 
package 10.9 mW/oC above 25°C. 

Electrical Characteristics 
The following apply for VMIN ~ Vee ~ VMAX , T MIN ~ T A ~ T MAX, unless otherwise specified (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

V TH High Level Receiver Threshold OS7837 1.65 2.25 2.65 V 

Vce = Max OS8837 1.80 2.25 2.50 V 

VTL Low Level Receiver Threshold OS7837 0.97 1.30 1.63 V 

Vee = Min DS8837 1.05 1.30 1.55 V 

IIH Maximum Receiver Input Current Vee = V MAX 15.0 50.0 JlA 
V IN = 4V 

Vee = OV 1.0 50.0 JlA 
.. 

III Logical "0" Receiver Input Current V IN = O.4V, Vec = V MAX 1.0 50.0 JlA 

V IH Logical "1" Input Voltage Disable 2.0 V 

V il Logical "0" Input Voltage Disable 0.8 V 

IIH Logical "1" Input Current V IND = 2.4V 80.0 JlA 
Disable Input 

V IND = 5.5V 2.0 mA 

III Logical "0" I nput Current V IN = 4V, V IND = O.4V, Disable Input -3.2 mA 

VOH Logical "1" Output Voltage V IN ,,; 0.5V, V IND = 0.8V,l oH = -400JlA 2.4 . V 

VOL Logical "0" Output Voltage V IN = 4V, V IND = 0.8V, IOl = 16 mA 0.25 0.4 V 

los Output Short Circuit Current V IN = 0.5V, V 1ND = OV, Vos = OV, Vce = VMAX , -18.0 -55.0 mA 

(Note 4) 

Icc Power Supply Current V 1N = 4V, V 1ND = OV, (Per Package) 45.0 60.0 mA 

VCl Input Clamp Diode V IN = -12 mA, V 1ND = -12 mA, T A = 25°C -1.0 -1.5 V 

Switching Characteristics T A = 25°C, nominal power supplies unless otherwise noted 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpd Propagation Delays V 1ND = OV, Input to Logical "1" Output, (Note 5) 20 30 ns 

Receiver Input to Logical "0" Output, (Note 6) 18 30 ns 

Input = OV, Input to Logical "1" Output 9 15 ns 

Disable, Input to Logical "0" Output 4' 10 ns 

(Note 7) 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7837 and across the O°C to 
+70°C range for the OS8837. All typicals values are for T A = 25°C and VCC = 5V. 

Note 3: All currents into device pins shown as positve, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Fan·out of 10 load, CLOAO = 15 pF total. Measured from VIN = 1.3V to VOUT = 1.5V, VIN = OV to 3V pulse. 

Note 6: Fan·out of 10 load, CLOAO =15 pF total. Measured from VIN = 2.3V to VOUT = 1.5V, VIN = OV to 3V pulse. 

Note 7: Fan-out of 10 load, CLOAO = 15 pF total. Measured from VIN = 1.5V to VOUT = 1.5V, VIN = OV to 3V pulse. 
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~National 
~ Semiconductor 

Bus· Transceivers 

057838/058838 Quad Unified Bus Transceiver 

General Description 

The DS7838/OS8838 are quad high speed drivers/ 
receivers designed for use in bus organized data 
transmission systems interconnected by termi
nated l20n impedance lines. The external termi
nation is intended to be a l80n resistor from the 
bus to the +5V logic supply together with a 390n 
resistor from the bus to ground. The bus can be 
terminated at one or both ends_ Low bus pin cur
rent allows up to 27 driver/receiver pairs to utilize 
a common bus. The bus loading is unchanged 
when Vee = OV_ The receivers incorporate hystere
sis to greatly enhance bus noise immunity_ One 
two-input NOR gate is included to disable all 
drivers in a package simultaneously. Receiver per
formance is optimized for systems with bus rise 
and fall times:::; 1_0/-lslV. 

Typical Application 
+5V 

Features 

• 4 totally separate driver/receiver pairs per 
package 

• 1 V typical receiver input hysteresis 

• Receiver hysteresis independent of receiver 
output load 

• Guaranteed minimum bus noise immunity of 
1.3V, 2V typo 

• Temperatu.re-insensitive receiver thresholds 
track bus logic levels 

• 20/-lA typical bus terminal current with normal 
V cc or with Vee = OV 

• Open 'collector driver output allows wire-OR 
connection 

• High speed 
• Series 74 TTL compatible driver and disable 

inputs and receiver outputs 

+5V 

180 
120H Unified Data Bus 180 

390 rQ:jll r:i~, 
I I I 
I I I 
I Q II 
11/6 I I 
l!M~L __ J L_ 

Connection Diagram 
Dual-In-Line Packag~ 

BUS 1 IN lOUT 1 BUS 2 IN 2 OUT 2 OISABLE A" 

BUS] IN] OUT] BUS 4 IN 4 OUT 4 OISABLE H GNO 

TOPVIEW 

Order Number DS7838J Order Number DS8838N 
or DS8838J See NS Package N16A 

See NS Package J16A 
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Absolute Maximum Ratings 
Supply Voltage 
Input and Output Voltage ° 
Maximum Power Dissipation* at 25 C 

Cavity Package 
Molded Package 

(Note 1) 

7V 
5.5V 

1433 mW 
1362 mW 

Operating Temperature Range 
DS7838 
DS8838 

Storage Temperature Range 
Lead Temperature, (Soldering, 10 sec) 

-55°C to +125°C 
O°C to +70°C 

-65°C to +150°C 
300°C 

Electrical Characteristics 
*Derate cavity pac~age 9.6 mWjOc above 25°C; derate molded 
package 10.9 mW/ C above 25 C. 

OS7838/0S8838: The following apply for VMIN ::;; Vee::;; VMAX , T MIN::;; T A::;; T MAX unless otherwise specified 
(Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX 

DRIVER AND DISABLE INPUTS 

V IH Logical "1" I nput Voltage 2.0 

V IL Logical "0" Input Voltage 0.8 

II Logical "1" Input Current V IN = 5.5V 

IIH Logical "1" I nput Current V IN = 2.4V 40 

IlL Logical "0" Input Current V IN = O.4V -1.6 

V CL Input Diode Clamp Voltage 1015 = -12 mA, liN = -12 mA,l Bus = -12 mA, -1 -1.5 

T A = 25°C 

DRIVER OUTPUT/RECEIVER INPUT 

VOLB Low Level Bus Voltage V OIS = 0.8V, V IN = 2V, IBUS = 50 mA 0.4 0.7 

IIHB Maximum Bus Current V IN = 0.8V, V BUS = 4V, Vee = V MAX 20 100 

IILB Maximum Bus Current V IN = 0.8V, V BUS = 4V, Vee = OV 2 100 

V IH High Level Receiver Threshold V INO 0.8V, VOL = 16 mA DS7838 1.65 2.25 2.65 

Vee = Max DS8838 1.80 2.25 2.50 

V IL Low Level Receiver Threshold V INO = 0.8V, V OH = -4001lA DS7838 0.97 1.30 1.63 

Vee = Min DS8838 1.05 1.30' 1.55 

RECEIVER OUTPUT 

VOH Logical "1" Output Voltage V IN = 0.8V, VBUS = 0.5V, IOH = -4001lA 2.4 

VOL Logical "0" Output Voltage V IN = 0.8V, V BUS = 4V, 10L = 16 mA 0.25 0.4 

los Output Short Circuit Current V OIS = 0.8V, V IN = 0.8V, V BUS = 0.5V, -18 -55 

Vas = OV, Vee = VMAX , (Note 4) 

lee Supply Current V OIS = OV, V IN = 2V, (Per Package) 50 70 

tpd Propagat!on Delays (Note 8) 

Disable to Bus "1" (Note 5) 19 30 

Disable to Bus "0" (Note 5) 15 23 

Driver Input to Bus "1" (Note 5) 17 25 

Driver Input to Bus "0" (Note 5) 9 15 

Bus to Logical "1" Reciever Output (Note 6) 20 30 

Bus to Logical "0" Receiver Output (Note 7) 18 30 

UNITS 

V 

V 

mA 

IlA 

mA 

V 

V 

IlA 

IlA 

V 

V 

V 

V 

V 

V 

mA 

mA 

ns 

ns 

ns 

ns 

ns 

ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they.are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7838 and across the O°C to 
+70°C range for the DS8838. All typical values are for T A = 25°C and VCC = 5V. . 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

,Note 5: 91 n from bus pin to VCC and 200n from bus pin to ground, CLOAD = 15 pF total. Measured from VIN = 1.5V to VBUS = 1.5V, VIN = 
OV to 3.0V pulse. 

Note 6: Fan-out of 10 load, CLOAD = 15 pF total. Measured from VIN = 1.3V to VOUT = 1.5V, VIN = OV to 3.0V pulse. 

Note 7: Fan-out of 10 load, CLOAD = 15 pF total. Measured from VIN = 2.3V to VOUT = 1.5V "IN = OV to 3.0V pulse. 

Note 8: These apply for VCC = 5V, TA = 25u C unless otherwise specified. 
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~National 
~ Semiconductor 

Bus Transceivers 

058T26A, 058T26AM, 058T28, 058T28M 
4·Bit Bidirectional Bus Transceivers 

General Description 
The DS8T26A, DS8T28 consist of 4 pairs of TRI
STATE® logic elements configured as quad bus drivers/ 
receivers along with separate buffered receiver enable 
and driver enable lines. This single IC quad transceiver 
design distinguishes the DS8T26A, DS8T28 from 
conventional multi-IC implementations. In addition, 
the DS8T26A, DS8T28's ultra high speed while driving 
heavy bus capacitance (300 pF) makes these devices 
particularly suitable for memory systems and bidirec
tional data buses. 

Both the driver and receiver gates have TRI-STATE 
outputs and low current PNP inputs. PNP inputs reduce 
input loading to 200 /lA maximum. . 

Logic and Connection Diagrams 

DOUT 

DIN 0----+---1 

DIN 

Dual-I n-Line Package 

R/E 

ROUT 

DOUT ROUT 

IN 

ROUT 

°OUT ROUT 

IN 

GNO IN 

TOP VIEW 

Features 
• Inverting outputs in the DS8T26A 

• Non-inverting outputs in the DS8T28 

• TRI-STATE outputs 

• Low current PNP inputs 

• Fast switching times (20 ns) 

• Advanced Schottky processing 

• Driver glitch free power up/down 

• Non-overlapping TR I-STATE 

DOUT 

L-____ -<> DIN 

Order Number DS8T26AJ, DS8T26AMJ, DS8T28J, 
DS8T28MJ, DS8T26AN or DS8T28N 

See NS Package J16A or N16A 
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Absolute Maximum Ratings (Note 1) Recommended Operating Conditions 
MIN MAX UNITS 

All Output and Supply Voltages -{) .5V to + 7V Supply Voltage (Vcc) 
All Input Voltages -1V to +5.5V DS8T26A,DS8T28 4.75 5.25 V 
Output Currents ±150 mA DS8T26AM, DS8T28M 4.5 5.5 V 
Storage Temperature ...£5°C to +150°C Temperature (T A) 
Maximum Power Dissipation* at 25°C DS8T26A,DS8T28 0 70 °c 

Cavity Package 1509 mW DS8T26AM, DS8T28M -55 +125 °c 
Molded Package 1476mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

*Derate cavity packJlge 10.1 mVjloC above 25°C; derate molded 
l package 11.8 mWI C above 25 C. . 

Electrical Characteristics (Notes 2, 3 and 4) 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 

DRIVER 

IlL Low Level Input Current VIN = O.4V -200 pA 

IlL Low Level Input Current (Disabled) VIN = Oo4V -25 pA 

IIH High Level Input Current (DIN, DE) VIN = VCC Max 25 pA 

VOL Low Level Output Voltage, lOUT = 48 mA 0.5 V 

(Pins 3, 6, 10, 13) 

VOH High Level Output Voltage, lOUT = -10 mA 204 V 

(Pins 3,6,10,13) 

lOS Short·Circuit Output Current, VOUT = OV, VCC = -50 -150 mA 

(Pins 3, 6, 10, 13) VCC Max 

RECEIVER 

IlL Low Level Input Current VIN = Oo4V -200 pA 

IIH High Level Input Current (RE) VIN = VCC Max 25 pA 

VOL Low Level Output Voltage lOUT = 20 mA 0.5 V 

VOH High Level Output Voltage, IOUT= -100pA 3.5 V 

(Pins 2,5,11,14) IOUT= -2 mA 204 V 

lOS Short-Circuit Output Current, VOUT = OV, VCC = -30 -75 mA 

(Pins 2, 5,11,14) VCC Max 

BOTH DRIVER AND RECEIVER 

VTL Low Level Input Threshold Voltage VCC = Min, VIN = 0.8V, 0.85 V 

IOL = Max 

VTH High Level Input Threshold Voltage VCC = Max, VIN = 0.8V, 2 V 

IOH = Max 

10Z Low Level Output OFF Leakage VOUT= 0.5V -100 pA 

Current 

10Z High Level Output OFF Leakage VOUT = 204V 100 pA 

Current 

VI I nput Clamp Voltage liN = -12mA -1.0 V 

ICC Power Supply Current 

DS8T26A VCC=VCC Max 87 mA 

DST28 VCC= VCC Max 110 mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot'be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation .. 
Note 2: Unless otherwise specified, minImax limits apply across the -55°C to +125°C temperature range for the DS8T26AM, DS8T28M and 
across the O°C to +70°C range for the DS8T26A, DS8T28. All typicals are given for VCC = 5V and T A = 25°C. 
Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise 
specified. 
Note 4: Only one output at a time should be shorted. 
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Switching Characteristics 

PARAMETER CONDITIONS 
DS8T26A DS8T28 

UNITS 
MAX MAX 

Propagation Delay 

tON DOUT to ROUT, (Figure 1) CL = 30 pF 14 17 ns 

tOFF DOUT to ROUT, (Figure 1) 14 17 ns 

tON DIN to DOUT, (Figure 2) CL=300pF 14 17 ns 

tOFF DIN to DOUT, (Figure 2) 14 17 ns 

Data Enable to Data Output 

tPZL High Z to 0, (Figure 3) CL = 300 pF 25 28 ns 

tPLZ 0, to High Z, (Figure 3) 20 23 ns 

Receiver Enable to Receiver Output 

tPZL High Z to 0, (Figure 4) CL = 30 pF 20 23 ns 

tPLZ o to High Z, (Figure 4) 15 18 ns 

AC Test Circuits and Switching Time Waveforms 

VCC' sv 

I 92 

°OUll 

~} o 'Ol~'" -J""~ J.'H~ - DIE 

°OUT2 ~ PULSE 
I-- RiE 

DO un =:~ 
30pF 1.3k 

0- - °INl °OUT4 

~ r 0- - 0lN2 ROUll 

§} 
1.SV 1.SV 

0- ROUT2 \ I - 0lN3 

0-
Roun 

t-- °IN4 
ROUT4 

Input pulse: 

1 tr = tf = 5 ns (10% to 90%) 

~ 
Freq = 10 MHz (50% duty cycle) 
Amplitude = 2.6V 

FIGURE 1. Propagation Delay (DOUT to ROUT) 

2.SV VCCt5.oV 

... 30 
,.., 2.6V 

°OUll 

§} ,"0,+ ...... 

-J .. - )'H~ I-- DIE > 260 
°OUT2 

- ii7E 
DO un 

~ [~ 
OINl °OUT4 

~ r 
PULSE 0--

0lN2 ROUll f-o l.SV 1.5V 

I "".,,"" I : 0lN3 
ROUT2 f-o I 
Roun -0 

0lN4 

f-o ROUT4 
Input pulse: 

* 
tr = tf = 5 ns (10% to 90%) 
Freq = 10 MHz (50% duty cycle) 
Amplitude = 2.6V 

FIGURE 2. Propagation Delay (DIN to DOUT) 
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AC Test Circuits and Switching Time Waveforms (Continued) 

2.BV 

DIE 

D'NI 

D'N2 

D'N4 

Vcc- sv sv 

DOUT1 

l DOUT2 

DOUll 

DOUT4 

IN 

ROUTI OUT 

ROUT2 

ROUll 

ROUT4 

':' 

FIGURE 3. Propagation Delay (Data Enable to Data Output) 

vcc- sv 2.6V sv 

2.4k 

l 
Sk 30pF 

(PROBE) 

':' 

I.SV 
10% 

Input pulse: 
tr = tf = 5 ns (10% to 90%) 
Freq = 5 MHz (50% duty cycle) 
Amplitude,:, 2.6V 

Input pulse: 
tr = tf = 5 ns (10% to 90%) 
Freq = 5 MHz (50% duty cycle) 
Amplitude = 2.6V 

FIGURE 4. Propagation Delay (Receive/Enable to Receiver Output) 
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TEMPERATURE RANGE 
- 55°C to + 125°C O°C to + 70°C 

*DP7310 DP8310 
*DP7311 DP8311 
*D81611 D83611 
*D81612 D83612 
*D81613 D83613 
*D81614 D83614 

D83616 
*D81631 D83631 
*D81632 D83632 
*D81633 D83633 
*D81634 D83634 

D83654 
D83656 
D83658 
D83668 
D83669 
D83680 
D83686 

*D81687 D83687 
D875450 

*D855451 ' D875451 
*D855452 D875452 
*D855453 D875453 
*D855454 D875454 
*D855461 D875461 
*D855462 D875462 
*D855463 D875463 
*D855464 D875464 

MM74C908 
MM74C918 
AN·213 

Section 3 
Peripheral/Power 
Drivers 

DESCRIPTION 

Octal Latched Peripheral Drivers 
Octal Latched Peripheral Drivers 
Dual AND Peripheral Driver 
Dual NAND Peripheral Driver 
Dual OR Peripheral Driver 
Dual NOR Peripheral Driver 
Bubble Memory Coil Driver 
Dual AND CM08 Peripheral Driver 
Dual NAND CM08 Peripheral Driver 
Dual OR CMOS Peripheral Driver 
Dual NOR CM08 Peripheral Driver 
Printer 8olenoid Driver 
Quad Peripheral Driver 
Quad High Current Peripheral Driver 
Quad High Current Peripheral Driver 
Quad High Current Peripheral Driver 
Quad Negative Voltage Relay Driver 
Dual Positive Voltage Relay Driver 
Dual Negative Voltage Relay Driver 
Dual AND Peripheral Driver 
Dual AN D Peri pheral Driver 
Dual NAND Peripheral Driver 
Dual OR Peripheral Driver 
Dual NOR Peripheral Driver 
Dual AND Peripheral Driver 
Dual NAND Peripheral Driver 
Dual OR Peripheral Driver 
Dual NOR Peripheral Driver 
Dual CM08 30V Driver 
Dual CM08 30V Driver 
8afe Operating Areas for Peripheral Drivers 

• Also available screened In accordance with MIL·STD·883 Class B. Refer to National Semiconductor's "The Reliability Handbook". 

PAGE 
NUMBER 

3·4 
3·4 
3·11 
3·11 
3·11 
3·11 
3·17 
3·24 
3·24 
3·24 
3·24 
3·29 
3·33 
3·35 
3·38 
3·41 
3·44 
3·47 
3·49 
3·51 
3·51 
3·51 
3·51 
3·51 
3·62 
3·62 
3·62 
3·62 

CM08 
CM08 
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PERIPHERAL/POWER DRIVERS 

Output High Latch-Up Voltage Output Low _ Output Low 
Propagation 

ON Power Supply Drivers/ 
Input 

Logic Function 
Device Number 

Page 
Voltage (V) (Note 3) (V) Voltage (V) Current (rnA) 

Delay 
Current (rnA) Package 

Compatibility 
(Driver ON) 

and Temperature Range 
No. 

Typ (ns) (Logic) O°C to +70°C -55°C to +125°C 

30 0.5 100 40 152 8 TTL Note 5 OP8310 OP7310 3-4 I 

30 0.5 100 40 125 8 TTL Note 6 OP8311 OP7311 3-4 

20 13.5 0.6 100 70 90 2 TTL Note 7 OS3616 3-17 

65 30 1.5 600 65 4 TTLILS NANO OS3656 3-33 

70 35 0.7 600 2430 65 4 TTLILS NANO OS3658 3-35 

70 Note 8 1.5 600 2000 80 4 TTL/LS NANO OS3668 3-38 
I 

! 

70 35 0.7 600 65 4 TTLILS ANO OS3669 3-41 

30 20 0.7 300 31 55 2 TTL ANO OS75450 3-51 

30 20 0.7 300 31 55 2 TTL ANO OS75451 OS55451 3-51 

30 20 0.7 300 31 55 2 TTL NANO OS75452 OS55452 3-51 

30 20 0.7 300 31 55 2 TTL OR OS75453 OS55453 3-51 

30 20 0.7 300 31 55 2 TTL NOR OS75454 OS55454 3-51 

35 30 0.7 300 33 55 2 TTL ANO OS75461 OS55461 3-62 

35 30 0.7 300 33 55 2 TTL NANO OS75462 OS55462 3-62 

35 30 0.7 300 33 55 2 TTL OR OS75463 OS55463 3-62 

35 30 0.7 300 33 55 2 TTL NOR OS75464 OS55464 3-62 

(..) 

w 56 40 1.4 300 150 8 2 CMOS ANO OS3631 OS1631 3-24 

56 40 1.4 300 150 8 2 CMOS NANO OS3632 051632 3-24 

56 40 1.4 300 150 8 2 CMOS OR OS3633 OS1633 3-24 

56 40 1.4 300 150 8 2 CMOS NOR OS3634 OS1634 3-24 

80 50 0.7 300 125 75 2 TTL/CMOS ANO OS3611 051611 3-11 

80 50 0.7 300 125 75 2 TTL/CMOS NANO OS1612 051612 3-11 

80 50 0.7 300 125 75 .2 - TTL/CMOS OR OS3613 051613 3-11 

80 50 0.7 300 125 75 2 TTL/CMOS NOR OS3614 051614 3-11 

-2.1 -60 -60 -50 10,000 4.4 4 TTL/CMOS (Note 4) OS3680 3-44 

(Note 1) 56 1.3 300 1000 28 2 TTL/CMOS NANO OS3686 3-47 

(Note 1) -E6 -1.3 300 1000 28 2 TTL/CMOS NANO OS3687 OS1687 3-49 

13.5 15 VCe-1.8 300 150 0.015 2 CMOS ANO MM74C908, CMOS 
MM74C918 CMOS 

(Note 1) 45 1.6 250 1000 70 10 (Note 2) (Note 2) 053654 3-29 

Note 1: The OS3686, OS3687 and OS3654 contain an internal inductive fly-back clamp circuit connected from the output to ground. As an example, OS3686 driving a relay solenoid connected to 28V would 
clamp the output voltage fly-back transient at 56V caused by the solenoid's stored inductive current. This clamp protects the circuit output and quenches the fly-back. 
Note 2: The OS3654 is a 10-bit shift register followed by 10 enabled drivers. The. input circuit is equivalent to a 4k resistor to ground, and the logic input thresholds are 2.8V and 0.8V. The recommended power 
supply voltage is 7.5V to 9.5V. The circuit can be cascaded to be a 20 or 3D-bit shift register. 
Note 3: Latch-up voltage is the maximum voltage the output can sustain when switching an inductive load. 

Note 4: OS3680 has a differential input circuit. 
Note 5: OP8310 inverting, positive edge latching. 
Note 6: OP8311 inverting, fall through latch. 
Note 7: Bubble memory coil driver. 

Note 8: OS3668 35V, latch-up with output fault protection. 
---- --
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~National Peripheral/power Drivers 
~ Semiconductor 
DP731 0/ DP831 0/ DP7311/ DP8311 
Octal Latched Peripheral Drivers 
General Description 

• Parallel latching or buffering The DP7310/8310, DP7311/8311 Octal Latched Peripheral 
Drivers provide the function of latching eight bits of data 
with open collector outputs, each driving up to 100mA 
DC with an operating voltage range of 30 volts. Both 
devices are designed for low input currents, high 
input/output voltages, and feature a power up clear (out
puts off) function. 

• Separate active low enables for easy data bussing 

The DP7310/8310 are positive edge latching. Two active 
low write/enable inputs are available for convenient data 
bussing with?ut external gating. 

The DP7311/8311 are fall through latches. The active low 
strobe input latches data or allows fall through operation 
when held at logic "0". The latches are cleared (outputs 
off) with a logic "0" on the clear pin. 

Features 
• High current, high voltage open collector outputs 

• Low current, high voltage inputs 

• All outputs simultaneously sink rated current "DC" 
with no thermal derating at maximum rated 
temperature. 

Connection Diagrams 

Dual·ln·Line Package , 

WE1 20 Vee 

014 19 WE2 

013 18 015 

012 17 016 

011 DP7310! 16 017 

001 DP8310 15 018 

002 14 008 

003 13 007 

004 12 006 

GND 10 11 005 

• Internal "glitch free" power up clear 

• 10% Vee tolerance 

Applications 
• High current high voltage drivers 

• Relay drivers 

• Lamp drivers 

• LED drivers 

• TRIAC drivers 

• Solenoid drivers 

• Stepper motor drivers 

• Level translators 

• Fiber-optic LED drivers 

Dual·ln·Line Package 

eLR 20 Vee 

014 19 STR 

013 18 015 

012 17 016 

011 DP7311! 16 017 

001 6 OP8311 15 018 

002 7 14 008 

003 13 007 

004 12 006 

GND 10 11 DDs 

TUF5246 TUF5246 

Order Number DP731 OJ, DP7311J, 
DP8310J, DP8311J, DP8310N 

or DP8311N 
See NS Package J20A or N20A 
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Logic Table 

DP731 O/DP831 0 DP7311/DP8311 

Write Write Data 
Enable 1 Enable 2 Input 

WE1 WE2 01 1- 8 

a 0 X 

0 ~ 0 

a -.f 1 

-f 0 0 

-f 0 1 

a 1 X 

1 a X 

1 1 X 

Data 
Output 
001_8 

Q 

1 

0 

1 

0 

Q 

Q 

Q 

Clear Strobe 

CLR STR 

1 

1 

1 

0 

X = Don't Care 
1 = Outputs Off 
a = Outputs On 

1 

0 

a 
X 

Q = Pre-existing Output 
....f= Positive Edge Transition 

Block Diagram OP7310/DP8310 

DATA IN 1 o-------r---, 
(011) 

DATA IN 2 o---+---l---r-........ --, 
(012) 

DATA IN a o---+---l---r-........ --, 
(Dla) 

WRITE ENABLE 1 
(WE1) 

WRITE ENABLE 2 
(WE2) 

Block Diagram OP7311/0P8311 

DATA IN 1 o------..r----, 
(011) 

DATA IN 2 o---I---I--.r-&....-. 
(012) 

• · · · · · • · · 
DATA IN 8 o---I---I--.r-&....-. 

(Dla) 

CLEAR 
(CLR) 

STROBE 
(STR) 

3-5 

DATA OUT 1 
(001) 

OATA OUT 2 
(002) 

DATA OUT a 
(OOa) 

TUF5246 

DATA OUT 1 
(001) 

DATA OUT 2 
(002) 

DATA OUT a 
(008) 

TUF5246 

Data 
Input 
01 1- 8 

X 

a 
1 

X 

Data 
Output 
001- 8 

Q 

1 

0 

1 

c 
-C 
""'-J 
CN ..... 
o ........ 
CO 
CN ..... 
o ........ 
""'-J 
CN ..... ..... 
........ 
CO 
CN ..... ..... 



Absolute Maximum Ratings (Note 1) Operating Conditions 
Min. Max. Units 

Supply Voltage 7.0V Supply Voltage (Ved 4.5 5.5 V 

Input Voltage 35V Temperature 

Output Voltage 35V DP7310/DP7311 -55 +125 °C 

Maximum Power Dissipation* at 25°C. 
DP8310/DP8311 0 +70 °C 

Cavity Package 1821 mW Input Voltage 30 V 

Molded Package 2005mW Output Voltage 30 V 

Storage Temperature Range -65°Cto + 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

* Derate cavity package 12.1 mw/·e above 25·e; derate molded package 
16.0 mw/·e above 25·e. 

DC Electrical Characteristics DP7310/DP8310, DP7311/DP8311 (Notes 2 and 3) 

Symbol Parameter Conditions Min. Typ. Max. Units 

VIH Logical "1" Input Voltage. 2.0 V 

VIL Logical "0" Input Voltage 0.8 V 

VOL Logical "0" Output Voltage Data outputs latched to 
logical "0", Vee = min. 

DP7310/DP7311 10L =75ma 0.4 V 
DP8310/DP8311 10L= 100mA 0.35 0.5 V 

IOH Logical "1" Output Current Data outputs latched to 
logical "1", Vee = min. 

DP7310/DP7311 VOH =25V 500 /lA 
DP8310/DP8311 VOH =30V 2.5 250 /lA 

'IIH Logical "1" Input Current VIH = 2.7V, Vec = max. 0.1 25 /lA 

II Input Current at Maximum Input 
Voltage VIN = 30V, Vee = max. 1 250 /lA 

IlL Logical "0" Input Current VIN =0.4V, Vee = max. -215 -300 /lA 

VClamp Input Clamp Voltage IIN=-12mA -0.8 -1.5 V 

Iceo Supply Current, Outputs On Data outputs latched to a 
logical "0". All inputs are 
at logical "1", Vee = max. 

DP7310 100 125 mA 
DP8310 100 152 mA 
DP7311 88 117 mA 
DP8311 88 125 mA 

Icc1 Supply Current, Outputs Off Data outputs latched to a 
logic "1". Other 
conditions same as leeo. 

DP7310 40 47 mA 
DP8310 40 57 mA 
DP7311 25 34 mA 
DP8311 25 36 mA 
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AC Electrical Characteristics DP7310/DP8310: VCC = 4.5V, TA = - 55°C to 125°C 

Symbol Parameter Conditions Min. Typ. Max. Units 

tpdO High to Low Propagation Delay 
Write Enable Input to Output Figure 1 40 120 ns 

tpd1 Low to High Propagation Delay 
Write Enable Input to Output Figure 1 70 150 ns 

tSETUP Minimum Set:Up Time tHolO=Ons 
Data In to Write Enable Input Figure 1 45 20 ns 

tpWH' Minimum Write Enable Pulse 
tpwl Width Figure 1 60 25 ns 

tTHl High to Low Output Transition Time Figure 1 16 35 ns 

trlH Low to High Output Transition Time Figure 1 38 70 ns 
i 

CIN "N" Package Note 4 5 15 pF 

AC Electrical Characteristics DP7311/DP8311: Vcc=5V, TA=25°C 

Symbol Parameter Conditions Min. Typ. Max. Units 

tpdO High to Low Propagation Delay 
Data In to Output Figure 2 30 60 ns 

tpd1 Low to High Propagation Delay 
Data In to Output Figure 2 70 100 ns 

tSETUP Minimum Set·Up Time tHoLO=Ons 
Data In to St~obe Input Figure 2 0 -25 ns 

tpwl Minimum Strobe Enable Pulse Width Figure 2 60 35 ns 

tpdC Propagation Delay Clear to Data Output Figure 2 70 135 ns 

tpwc Minimum Clear Inp~t Pulse Width Figure 2 60 25 ns 

tTHL High to Low Output Transition Time Figure 2 20 35 ns 

trlH Low to High Output Transition Time Figure 2 38 60 ns 

CIN Input Capacitance - Any Input Note 4 5 15 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for 
actual device operation. 
Note 2: Unless otherwise specified mln./max. limits apply across the -55'C to +125'C temperature range for the DP7310/DP7311 and across the O'C to 
+70'C for the OP8310/0P8311. All typical values are for TA = 25'C, Vee = 5V. 
Note 3: All currents Into device pins shown as positive, but of device pins as negative, all voltages referenced to ground unless otherwise noted. 
Note 4: Input capacitance Is guaranteed by periodic testing. fTEST = 10kHz at 300mV, TA = 25'C 
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Switching Time Waveform DP7310/DP8310 

3V 
DATA INPUT" 

OV 

3V 

WE1 OR WE2 

OV -------~I 

V+---"':"-~L 

OUTPUT 

VOL 

Switching Time Waveform DP7311/DP8311 

3V 

DATA INPUT 

OV 

3V 

STR 
OV 

3V 

COi 
OV 

v+ 

OUTPUT 

VOL 

TUF5246 

TUF5246 

Switching Time Test Circuits DP7310/DP8310 DP7311/DP8311 

5V 

VCC 
WE1" 
OR 
WE2 

INPUT 

V+ = 10V 

RL=100Q 

OUT 

~CL=50PF 

"WE1 = OV WHEN THE INPUT = WE2 

TLlF5246 

FIGURE 1 

5V 

V+ = 10V 
VCC 

RL=100Q 

OUT 

~ CL=50pF 

PULSE GENERATOR CHARACTERISTICS: 
ZO=50Q, tr=tf=5ns 

TUF5246 

FIGURE 2 
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Typical Applications DP8310/11 Buffering High Current Device (Notes 1 and 2) 

1 OF B 
OUTPUTS 

1 OF B 
OUTPUTS 

FALLTHROUGH 
MODE 

PNP High Current Driver 
30V MAX. 

V-
TLlF52~ 

1 OF B 
OUTPUTS 

1 OF B 
OUTPUTS 

VMOS High Current Driver 

VG 

RG 

TLlF5246 

NPN High Current Driver 

30V MAX 

-100mA MAX. 

V+ 

TLlF524& 

Eight Output/Four Output Fiber Optic LED Driver 

DP8311 100mA Drivers 

V+ 

100mA I RO 
MAX. t 

-z.- LED TO 
FIBER OPTIC· 

TLlF5246 

3·9 

DP8311 Parallel Outputs (200 rnA) Drivers * 

1 OF 4 
OUTPUTS 

FALLTHROUGH 
MODE 

200mA I 
MAX. t 

V+ 

-z.- LED TO 
FIBER OPTIC 

·PARALLEl ONLY 
ADJACENT OUTPUTS 

TLlF5246 

C 
"'tJ 
~ 
(,J ..... 
o ....... 
CO 
(,J ..... 
o ....... 
~ 
(,J ..... ..... ....... 
CO 
W ..... ..... 



,.. ,.. 
C"') 
co -... ,.. ,.. 
C"') 
~ -... 
o ,.. 
C"') 
CO -... o ,.. 
C"') 
~ a. 
c 

Typical Applications (cont'd) 

8·Blt Level Translator·Drlver 

INPUT 

,-30V 

1.4Vlh~OV 

+5 V+ 

LOAD OR 
OUTPUT PULL·UP 

r~DJ 
--1---ov 

TUF5246 

200 rnA ,Drive for a 4 Phase Bifilar Stepper Motor 

o 
A 

S DATA BUS T 
Y ...... __ ....... ".A 
S 
T 
E 
M 

ADDRESS ICE 

*001 
002 

003 

004 
OPB31D 005 

006 

007 

DOB 

+YSTEPPER 

'PARAllEL ONLY 
ADJACENT OUTPUTS 

30Y MAX. 

TLiF5246 

Digital Controlled 256 Level 
Power Supply from 1.2 Volts to 30 Volts 

'SETS VOUT 

TUF5246 

Reading the State of the Latched Peripherals 

DATA BUS 

S 
y ADDRESS 
S 
T IIOW 
E 

IIOR M 

DPB310 

IN OUT 

DMB1LS9S' 
TRI·STATE 

OCTAL 
BUFFER 

Y+ 

iii' ii2 • HIGH LEYEL INPUT 
VOLTAGE MUST NOT 
EXCEEO YCC OF THE 
DM81LS96 

TUF5246 

Note 1: Always use good Vee bypass and ground techniques to suppress transients caused by peripheral loads. 

Note 2: Printed circuit board mounting is required if these devices are operated at maximum rated temperature and current (all outputs on DC). 
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~National Peripheral/Power Orivers 
~ Semiconductor 

051611/053611, 051612/053612, 051613/053613, 
051614/053614 Oual Peripheral Orivers 

General Description Features 
The OS1611 series of dual peripheral drivers was de
signed for those applications where a higher breakdown 
voltage is required than that provided by the OS75451 
series_ The pin outs for the circuits are identical to those 
of the OS75451 through OS75454. The OS1611 series 
parts feature high voltage outputs .(80V breakdown in 
the "OFF". state) as well as high current (300 mA in 
the "ON" state). Typical applications include power 
drivers, relay drivers, lamp drivers, MOS'drivers, and 
memory drivers. 

• 300 mA output current capability per driver 

• High voltage outputs (80V) 

• TTL compatible 

• Input clamping diodes 

• Choice of logic. function 

Connection Diagrams (Oual-In-Line and Metal Can Packages) 

Vee 82 y2 

81 Yl GND 

TDPV1EW 

Order Number DS1611J-8, 
DS3611J-8 or DS3611N 

Vee 

GND 

TDPVIEW 

Pin4isinelectncalcontlC1withthec:ase. 

Order Number 
DS1611H or DS3611H 

Vee A2 

TDPVIEW 

Order Number DS1612J·8, 
DS3612J·8 or DS3612N 

Vee A2 Y2 

TDPVIEW 

Order Number DS1613J·8, 
DS3613J·8 or DS3613N 

See NS Package J08A or N08A 

Vee 

GND 
TDPVIEW 

Pin4 is in ehlctrical contact with the use. 

Order Number 
DS1612H or DS3612H 

TDPVIEW 

Pm4isin electrical contactWlththt cue. 

Order Number 
DS1613H or DS3613H 

See NS Package H08C 
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Vee 82 A2 

GND 

TDPVIEW 

Order Number DS1614J-8, 
DS3614J-8 or DS3614N 

GND 
TDPVIEW 

Pin 4 is in electrical contact with the case. 

Order Number 
DS1614H or DS3614H 



Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage, Vee 7.0V Supply Voltage (Vee) 
Input Voltage 5.5V DS161X 4.5 5.5 V 
Output Voltage (Note 5) 80V DS361X 4.75 5.25 V 

! 

Continuous Output Current 300mA Temperature (T A) 
Storage Temperature Range -65°e to +150o e DS161X -55 +125 °c 
Maximum Power Dissipation* at 25°C 

DS361X 0 +70 °c 
Cavity Package 1133mW 
Molded Package 1022 mW *Derate cavity package 7.6 mWt"e above 25"'C; derate molded 
TO-5 Package 787mW f?ackage 8.2 f!'W/

o 
C above 25°C; derate TO-5 package 5.25 mW/ 

Lead Temperature (Soldering, 10 seconds) 300°C C above 25 e. 

Electrical Characteristics OS1611/0S3611, OS1612/0S3612, OS1613/0S3613, OS1614/0S3614 (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIH High Level Input Voltage (Figure 1) 2 V 

VIL Low Level Input Voltage (Figure 2) 0.8 V 

VI Input Clamp Voltage Vcc = Min. II = -12 mA, (Figure 3) -1.2 -1.5 V 

VOL Low Level Output Voltage IOL = 100 mA 0.2 0.5 V 
051611, VIL =0.8V 

IOL = 300mA 0.45 0,8 V 

IOL = 100mA 0.2 0.5 V 
051612, VIH =2V 

IOL = 300 mA 0.45 0.8 V 

IOL = 100 mA 0.2 0.5 V 
051613, VIL =0.8V 

IOL = 300mA 0.45 0.8 V 

IOL = 100 mA 0.2 0.5 V 

Vcc = Min,(Figure 1) 
051614, VIH =2V 

IOL = 300 mA 0.45 0.8 V 

IOL = 100 mA 0.2 0.4 V 
053611, VIL =0.8V 

IOL = 300 mA 0.45 0.7 V 

IOL = 100 mA 0.2 0.4 V 
053612, VIH =2V 

IOL = 300 mA 0.45 0.7 V 
r 

IOL = 100mA 0.2 0.4 V 
053613, VIL =0.8V 

IOL = 300mA 0.45 0.7 V 

IOL = 100 mA 0.2 0.4 V 
053614, VIH =2V 

IOL = 300 mA 0.45 0.7 V 

VOH Output Breakdown Voltage VIH = 2V, 051611, 
80 V 

IOH = 300 J.(A 051613 

V IH = 2V, 053611, 
80 V 

Vcc = Min.(Figure 1) IOH = 100J.(A 053613 

V IL = o.av, 051612, ao V 
IOH = 300J.(A 051614 

VIL = o.av, 053612, 
80 V 

IOH = 100J.(A 053614 

II Input Current at Maximum Vcc = Max, VI = 5.5V, (Figure 2) 1 mA 

Input Voltage 

IIH High Level Input Current Vcc = Max, VI = 2.4V, (Figure 2) 40 J.(A 

IlL Low Level Input Current Vcc = Max, VI = O.4V, (Figure 3) -1 -1.6 mA 

IccH Supply Current 051611/ 
11 mA 

053611 
VI = 5V 

051613/ 
14 mA 

V cc = Max, Outputs 053613 

High, (Figures 4 and 5) 051612/ 
14 mA 

053612 
VI =OV 

051614/ 
17 mA 

053614 

ICCL Supply Current 051611/ 

053611 69 mA 

VI = ov 051613/ 

V cc = Max, Outputs 053613 73 mA 

Low, (Figures 4 and 5) 051612/ 

053612 71 mA 

VI = 5V 051614/ 

053614 79 mA 
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Switching Characteristics Vee = 5.0V, TA = 25°C 

OS1611/0S3611, OS1612/0S3612, OS1613/0S3613, OS1614/0S3614 

PARAMETER CONDITIONS 

tpo, Propagation Delay Time, 

Low·To·High Level Output 

10 "" 200 mA, CL = 15 pF, RL = 50n, 
(Figure 6) 

tpDO - Propagation Delay Time, 

High·To·Low Level Output 

10 ""200mA, CL =15pF, RL = 50n, 

(Figure 6) 

MIN TYP MAX UNITS 

051611/ 

053611 130 ns 

051612/ 

053612 110 ns 

051613/ 

053613 125 ns 

051614/ 

053614 220 ns 

051611/ 

053611 
125 ns 

051612/ 

053612 
110 ns 

051613/ 

053613 
125 ns 

051614/ 

053614 
150 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for. "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified minImax limits apply across the O°C to +70°C temperature range for the 053611,053612,053613,053614, 
and -55°C to +125°C temperature range for the 051611,051612,051613 and 051614. All typical values are for TA = 25°C and VCC = 5V. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 
Nota 4: Maximum junction temperature is 150°C. 
Note 5: Maximum voltage to be applied to either output in the "OFF" state. 
Note 6: Delay is measured with a 50n. load to 1 OV, 15 pF load capacitance, measured from 1.5V input to 50% point on output. 
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Schematic Diagrams (each driver) 

DS3611 Dual AND Peripheral Driver 

r----.. --.. --------o vee 

No .. : I/Z of unit shown. 

DS3612 Dual NAND Peripheral Driver 

r----.. -~__1.---~t_-------_o Vee 

No .. : lIZ of unit shown. 

DS3613 Dual OR Peripheral Driver 

r------.. --.. - .... -------oQ Vee 

L--~--------e-_4~ __ -_4~~-_oGND 
Note: lIZ of unit shown. 
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Schematic Diagrams (Continued) 

DS3614 Dual NOR Peripheral Driver 

~----__ ------~----------~--~~-----------------oVee 

L---~~---.------------~----~---e~--~---e __ ~~--~GNO 
Note: 1/2 01 unit shown. 

Test Circuits 

Vee 

S
'OH 

SEE - VOH 

TEST 
TABLE ~IOL 

VOL 

I .::. 

ff 

Vee 

OPEN 

Each input is tested separately. 

FIGURE 2.11. IIH 

Vee OPEN 

V, 

Both gateura tested simultaneously. 

FIGURE 4. ICCH. ICCl for AND. NAND Circuits 

INPUT 
OTHER 

CIRCUIT UNDER 
INPUT 

TEST APPLY 

053611 V ,H V ,H 10H 

V'L Vee 10L 

OS3612 V ,H V ,H 10L 

V'L Vee 10H 

053613 V ,H GND 10H 

V'L V'L 10L 

053614 V ,H GND 10L 

V'L V'L 10H 

NOTE: Each input is tested separately. 

Vee 

4.SV SEE A. B r--........ _.., 
NOTES 

Note 1: Each input is tested separately. 

CIRCUIT 
UNDER 
TEST 

OUTPUT 

MEASURE 

V OH 

VOL 

VOL 
V OH 

V OH 

VOL 

VOL 
V OH 

OPEN 

Note 2: When testing 053613 and 053614 input not under test i. grounded. For all 
othercircuiUit i.II 4.5V. 

FIGURE 3. VI.IIL 

Vee OPEN 

V, 

Both gate. I .. tested simultaneouslv. 

FIGURE 5. ICCH. ICCl for OR. NOR Circuits 
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Test Circuit and SWitching Time Waveforms 

IIII'UT 
DUll1 
DSlIn 

INPUT 
DSlIIZ 
DUI •• 

OUTPUT 

INPUT lAV .OV 

.L, 
D5llil1 
D53612 Vee -SV 

~~----3.DV 

DV 

G.s. •• ---~~--

3.GV 

~"------GV 

..... :T1oo .... _ .................. _rillia:PRR·1.OMH .. Zou-r-11In 

..... z:e, '-""'''''1.''''';''''', 

FIGURE 6. Switching Times of Complete Drivers 
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~National 
~ Semiconductor 

Peripheral/Power Drivers 

053616 'Bubble Memory Coil Driver 

General Description 
The OS3616 bubble memory coil driver provides the func
tion of driving the high current coils of a bubble memory 
device_ The control inputs A, B, es and HLO-EN are TTL 
compatible to insure easy interfacing to MOS control cir
cuits_ Internal logic controls the output sinking and sourc
ing transistors to drive the X and Y bubble memory coils in 
a bridged push-pull configuration. 

Sourcing transistors are driven into saturation by the on
chip voltage booster for maximum current drive to the coil. 

The internal power up/down control circuit prevents 
glitches and noise on the outputs during system 
initialization. 

es enables the output drive transistors. A pause capabili· 
ty is available from the HLO-EN input to allow asynchro· 
nous operation (refer to Typical Applications data). 

The OS3616 is characterized to operate from ooe to 70oe. 

Connection Diagram 

Features 
• Two high current push-pull outputs 
• TTL compatible low current inputs 
• Two power supplies + 5V and + 12V 
• Internal clamp diodes 
• Power up/down control circuit 
• Optional internal voltage booster 
• Run output for function driver control 

Dual-ln·Line Package 

VCOIL ..!.. U 
~ VOO 

RUN 2. 15 r-- B INPUT 

cs2. 14 r-- A INPUT 

4 ~ BOUTE AOUTE -
OS3616 

5 
AOUTC - r!i SOUTC 

HLO-EN ..!.. ~ VBIAS 

VCC .2... ~ BIASORIVE 

8 ..!!... BIAS CLK GNO -

TOP VIEW 

Order Number DS3616N 
See NS Package N16A 
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Functional Block Diagram 

Functional Tables (Note 2) 

HLD·EN =0 

A B CS AOUT 

X X 1 Z 

0 0 0 Z 

0 1 0 0 
1 0 0 1 
1 1 0 0 

BIAS eLK 
(NOTE 3) 

BOUT 

Z 

Z 

1 
0 
0 

Vee 

5k (TVP) 

~--------~~--------RUN 

VOLTAGE BOOSTER r-------------, 
I I 
I I 

VCOIL 
I 
I 
1 
1 '---.... - .. +--e-+---. VBIAS 
1 
I":" L. ______ _ 

BIAS DRIVE 

I 
I ______ J 

1mh 

VDD 

HLD·EN = 1 

Run A B 

0 X X 
1 0 0 
1 0 1 

1 1 0 
0 1 1 

T21'F 

CS 
1 

0 
0 
0 

0 

~veOIL 

- UAOUTE 

AOUTC 

JTVCOIL 
~BOUTE 

BOUTe 

AOUT BOUT 

Z Z 

Z Z 

0 1 

1 0 
Z 0 

Note 1: When used as Y driver, HlD-EN is in logic "0" state. 

Note 2: Run output is independent of the power·up clear circuit and functions down to Vee = 3V. (See Typical Applications.) 

Note 3: If BIAS elK stops, it must remain in a logic "1" state to prevent excessive De current in the Inductor. 
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Absolute Maximum Ratings (Note 1) Recommended Operating Conditions 
Supply Voltage (Vee) 7V 

Min Typ Max Units 

Supply Voltage(Voo) 15V TA Operating Temperature 0 70 °C 

Coil Source Voltage (Vcold 14V Supply Voltage (Vee) 4.75 (4.5)** 5 5.25 V 

VSIAS-VCOIL 6.5V Supply Voltage (Voo) 11.4 (10.8)*· 12 12.6 V 

Peak Output Current (Coil Outputs) 1A Coli Source Voltage (Vcold 7 10 13.5 V 

V SIAS Drive Current 300mA VSIAs-VeoIL 4.0 4.8 6 V 

Maximum Power Dissipation * at25°C Peak Coil Output Current 950 mA 

Molded Package 1950mW Peak VSIAS Drive Current 200 mA 
·Oerate molded package 15.6 mW/·C above 25·e. * * M In supply voltage for functionality during power up/down sequences. 

Electrical Characteristics (Notes 2 and 3) 

Parameter Conditions Min Typ Max Units 

VIH High Level Input Voltage Vee=4.75V 2.0 V 

VIL Low Level Input Voltage Vee = 4.75V 0.8 V 

Voo Differential Output Voltage 110 = 850 mA, VeolL = 13.5V, 11.7 12.2 12.7 'V 

VBIAS = 18.5V, Vee = 4.75V, Voo = 11.4V 

VoeLAMP Output Clamp Diode Voltage 10= - 850 mA, Lower Clamp -0.9 -1.5 V 

10 = 850 mA, Upper Clamp 0.9 1.5 V 

VleLAMP Input Clamp Diode Voltage 11= -12 mA -0.9 -1.5 V 

VOHR Run High Level Output Voltage 10H =' - 400 ItA, Vee = 4.75V 2.4 3.3 V 

10H= -100 ItA, Vee =4.75V 3.5 4.1 4.45 V 

VOLR Run Low Level Output Voltage 10L = 5 mA, Vee = 4.75V 0.2 0.5 V 

II Maximum Input Current at Vee = 5.25V, V IN = 5.5V 1 100 p.A 

Maximum Input Voltage 

IIH High Level Input Current Vee = 5.25V, VIN = 2.4V 1 40 p.A 

IlL Low Level Input Current Vee = 5.25V, VIL = O.4V -160 -250 p.A 

VeeEN Vee Power Up Enable Voltage 3.2 3.8 4.4 V 

VOOEN Voo Powe~ Up Enable Voltage 8.0 9.5 10.5 V 

VBIAS Regulator Threshold Voltage VeolL = 10V, Voo= 12V, Vee=5V 14.0 14.8 16 V 

VF . Bias Diode Voltage IF=100mA 0.9 1.5 V 

IR Bias Diode Leakage Current VREVERSE = 20V 5 500 p.A 

VOL VeE(SAT) of VBIAS Output Vee = 4.75V, Bias Drive = 100 mA 0.3 0.6 V 

Transistor 

10FF Leakage Current of V BIAS VoH=20V 5 500 p.A 

Output Transistor 

ILeu Leakage Current of the VeOIL = 13.5V, Your = OV 10 1000 p.A 
Upper Drive 

ILeL Leakage Current of the Vour = 15V 10 1000 p.A 

Lower Drive 

lee1(E) Vee Supply Current Chip A = 3.0V, B = O.4V, CS = O.4V, 55 90 mA 

Enabled HLD-EN = O.4V, Vee = 5.25V 

leeo(o) Vee Supply Current Chip A = B = HLD-EN = 0.4V, CS = 3.0V, 17 33 mA 

Disabled Vee=5.25V 

100 Vob Supply Current Voo= 12.6V 4.5 7 mA 

IBIAS1(E) VBIAS Current Chip Enabled VBIAS= 18.5V, VeolL = 13.5V 40 60 mA 

Same Input Conditions as lee1 

IBIASO(O) VBIAS Current Chip Disabled VBIAS = 18.5V, VCOIL = 13.5V 5 8 mA 

Same Input Conditions as leeo 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified min/max limits apply across theO·C to 70·C temperature range forthe OS3616. VCC = 5V ± 5%, VOO = 12V ± 5%. Ouring 
power up/down, for functional operation, VCC = + 5%, -10%; VOO = + 5%, -10%. \ 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 
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Switching Characteristics TA = O°C to 70°C, Vcc = 4.75V, VDD = 11.4V 

Parameter Conditions 

tR(E) Rise Time for AOUT or 

BOUT Emitters 
Figure 1 

tF(E) Fall Time for AOUT or 
BOUT Emitters 

tR(C) Rise Time for AOUT or 

BOUT Collectors 
Figure 2 

tF(C) Fall Time for AOUT or 

BOUT Collectors 

tON(E) Turn ON Time for AOUT 

or BOUT Emitters 
Figure 1 

tOFF(E) Turn OFF Time for AOUT 

or BOUT Emitters 

tONIC) Turn ON Time for AOUT 
or BOUT Collectors 

Figure 2 
tOFF(C) Turn OFF Time for AOUT 

or BOUT Collectors 

tCSON(E) Time for CS to Enable 
Output Emitters 

Figure 3 
tCSOFF(E) Time for CS to TRI·STATE® 

Output Emitters 

tCSON(C) Time for CS to Enable 
Output Collectors 

Figure 4 
tCSOFF(C) Time for CS to TRI-STATE 

Output Collectors 

tR(RUN) Rise Time for Run Output 

tF(RUN) Fall Time for Run Output 

tON(RUN) Turn ON Time for Run Output 
Figure 5 

tOFF(RUN) Turn OFF Time for Run Output 

tplZ Propagation Delay for HLD-EN 

to TRI-STATE AOUT Collector 
Figure 6 

tpZl Propagation Delay for HLD-EN 

Turn ON AOUT Collector 

tCHARGE Charge Up Time for VS1AS 1 mh, 2 JLF, f ClK = 800 kHz 

tdoN Turn ON Time of Clamp Diodes Figure 7 

1MB DC Imbalance under AC Figure 8 
Conditions 

BIASCLK 
Duty Cycle 
Frequency 

TRI-STATE@ is a registered trademark of National Semiconductor Corp_ 
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Min Typ Max Units 

40 100 ns 

15 50 ns 

15 50 ns 

25 50 ns 

85 150 ns 

45 120 ns 

70 150 ns 

55 120 ns 

70 150 ns 

50 120 ns 

50 120 ns 

60 120 ns 

50 70 ns 

10 20 ns 

70 110 ns 

40 70 ns 

65 120 ns 

45 120 ns 

2 5 ms 

30 50 ns 

±0.1 V 

40 50 60 % 
600 800 1000 kHz 



lV ~---'""""\ 

A OR B* 1.:~ ~I \'-__ _ 
tON(E) - t- -l -tOFF(E) 

AOUTE 
OR 

BOUTE 

VOUTH 90% 
90% 

OV 

FIGURE 1. Test Set·Up and Timing Waveforms for AOUT and BOUT Emitters 

BOUTC 

R 
15.l 

--c~ .... o OUTPUT 

AOUTC 

.. Ground A input if B is the driven input or 
Ground B if A is the driven input. 

lV ~---""I 

A OR B* 1.:~ -=::1, _\, '-___ _ 
tON(C)- - ,-tOFF(C) 

VCOIL 90% 

FIGURE 2. Test Set·Up and Timing Waveforms for AOUT and BOUT Collectors 

.. For AOUTE and BOUTG, A = 3V, B = av; 
for BOUTE and AOUTe. A = av, B = 3V. 

FIGURE 3. Test Set·Up and Timing Waveforms for AOUT and BOUT Emitters 

BOUTC 

R 
15.l 

--<>--4 .... 0 OUTPUT 

AOUTC 

.. For AOUTE and BOUTG, A = 3V, B = av; 
for BOUTE and AOUTG, A = av, B = 3V. 

AOUTC 
OR 

BOUTC 

lV~. .r--
1.5V ~--'--------!i . 

%s~ r J C:-"""" 
'"'' .. % I '" 

VOUTL---------~----

FIGURE 4. Test Set.Up and Timing Waveforms for AOUT and BOUT Collectors 
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INPUT 

} INPUTS 
Vce 

(SEE NOTE 1) 

RUN 
OUTPUT 

3V===\ 

1~::(RUN) I ""-----'1 
VOUTH ----r----... 

(SEE NOTE 2) 90% 90% 

FIGURE 5. Test Set·Up and Timing Waveforms for Run Output 

-IOFF(RUN) 

10% 

CIF(RUN) 

HLD·EN 1.:~~ 
OV~ I j IPLZ 

BOUTC 

R 
15.3 

--{>--<e--o OUTPUT 

AOUTC 

* Input Conditions: A = B = 3V 

VCOIL 
00% 00% 

AOUTC 

VOUTL ----\---.....1 

FIGURE 6. Test Set·Up and Timing Waveforms for AouTe TRI·STATE 

_____ 1 __ 
0I-ls----------1 

1------5I-1s 

AI L-

B ' ------I 

t VODA 

-f~~:------------
lr--.r-------'-----!.:.. 

FIGURE 7. AC Switching Characteristics 

A 
AOUT lOOk 

OS3616 VOD 
COIL 

0.D1 pF OVM 

BOUT lOOk 

FIGURE 8. DC Imbalance Test Circuit 

Note 1: Output waveforms may be generated with CS = input, A = B = OV or B = input, A = 3V, CS.= OV 

Note 2: Reference YOUTH Is set at 4V, which Includes the active pull·up voltage plus charge·up voltage due to the internal 5 kO resistor to VCC (typical rise 
time = 12 ns). 
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Typical Characteristics 
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900 

BOO 

:i 700 
S_ 
e..> c:c 600 

~t 500 

~ ~ 40D 
otc 
~ i:l lOO 

~ 200 

I 100 

o 

IF vs VF of Output 
Clamp Diode Over Ambient 
Temperature 

III 

'll 
fl 

I 
III 

700C f I 
IIJ 10°C 

25°C ~I 
1 III 

o 0.2 0.4 0.6 O.B 1.0 1.2 1.4 1.6 

VF - FORWARD OUTPUT CLAMP 
DIODE VOLTAGE (V) 

Typical Applications (Figures 9 and 10) 

The coil driver circuit is used to generate triangular cur· 
rent waveforms for the bubble memory coils. The currents 
are generated by switching the coil driver in such a way 
that a voltage pulse is applied to the coil. The coil 
inductance integrates the voltage into a current ramp. 
When the pulse is switched OFF the current is commu· 
tated by two on-chip clamp diodes and ·current ramps 
down to zero. At that time the opposite polarity pulse is 
applied to the coil, which causes the current to ramp in the 
opposite direction. 

X OR Y 1 
NBM2256 OR 
NBM2011 
BUBBLE VOjD 
MEMORY 
COIL 

---10----

FIGURE 9. Typical Application 
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...... 500 "'z c:c ... 
a: a: 400 :>a: 
... :> 
;:;lie..> lOO 
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j 100 

IC(SAT) vs VCE(SAT) of 
Output Transistors 
Over Ambient Temperature 

111/ 

oo~W ~ 
If7 

2SOC-

fA 
~ 70°C 

I~'/ 
~V 

~v 

o 0.1 O.l 0.5 0.7 0.9 

VCE(SAT) - OUTPUT TRANSISTOR VCE 
SATURATED VOLTAGE (V) 

The Run output drives the chip enable input of the function 
driver (OS3615). It goes low when A = B = 1, indicating the 
controller has stopped the coils, or when CS = 1 indio 
cating the bubble is not selected. In the event of a system 
power loss, A and B are to be set to logic 1 by the control· 
ler. This stops the coil driver and causes the Run output to 
go to zero which disables the function driver. The Run out· 
put is guaranteed to staiat Logic "0" and coil drive out· 
puts in Logic "0" state or high impedance condition (if 
A= B= 1 or CS= 1) down to Vcc =3V, at which time the 
function driver and coil driver power supply sensors will 
have disabled all outputs driving the bubble. 

A 

I I 
1 I 

-~----~-4r---l~--~---I 1 
I I I I 

+VOD ____ + ____ + ___ ~---- I 

I 
I 
I 

-vOD ____ l- ___ _ 

I I 

I 
I 
I ---T-----
I 

1 
I 
I 

---1-------

FIGURE 10. Coil Current and Voltage Waveforms 



~ National PeripherallPower Orivers 
D Semiconductor 
051631/053631, 051632/053632, 051633/053633, 
0516341053634 CM05 Oual Peripheral Orivers 
General Description 
The DS1631 series of dual peripheral drivers was 
designed to be a universal set of interface components 
for CMOS circuits. 

Each circuit has CMOS compatible inputs with thresholds 
that track as a function of Vee (approximately 1/2 Vee). 
The inputs are PNPs providing the high impedance 
necessary for interfacing with CMOS. 

Outputs have high voltage capability, minimum break
down voltage is 56V at 250pA. 

The outputs are Darlington connected transistors. This 
allows high current operation (300 mA max) at low 
internal Vee current levels since base drive for the 
output transistor is obtained from the load in propor
tion to the required loading conditions. This is essential 
in order to minimize loading on the CMOS logic supply. 

Typical Vee = 5V power is 28 mW with both outputs 
ON. Vee operating range is 4.5V to 15V. 

The circuit also features output transistor protection if 
the Vee supply is lost by forcing the output into the 

high impedance OFF state with the same breakdown 
levels as when Vee was applied. 

Pin-outs are the same as the respective logic functions 
found in the following popular series of circuits: 
DS75451, DS75461, DS3611. This feature allows direct 
conversion of present systems to the MM74C CMOS 
family and DS1631 series circuits with great power 
savings. 

The DS1631 series is also TTL compatible at Vee = 5V. 

Features 
• CMOS compatible inputs 

• TTL compatible inputs 

• High impedance inputs 

• High output voltage breakdown 

PNP's 

56V min 

• High output current capability 300 mA max 

'. Same pin-outs and logic functions as DS75451, 
DS75461 and DS3611 series circuits' 

• Low Vee power dissipation (28 mW both outputs 
"ON" at 5V) 

Connection Diagrams (Dual-In-Line and Metal Can Packages) 

A2 X2 

TOPVIEW 

Order Number OS1631J-8, 
DS3631J·8 or OS3631 N 

Vee 

GNO 

TOP VIEW 
(Pin4iselectrically connected to the case.) 

Order Number 
OS1631 H or OS3631 H 

A2 X2 

AI BI XI GNO 

TOP VIEW 

Order Number OS1632J·8, 
OS3632J·8 or OS3632N 

A2 X2 

AI BI XI GNO 

TOP VIEW 

Order Number OS1633J·8, 
. OS3633J·8 or OS3633N 

See NS Package J08A or N08A 
Vee 

GNO 

TOP VIEW 
(Pin 4 iselectricaUy connected to the case.) 

Vee 

GNO 

TOP VIEW 
(Pin 4iselectricallyconnected to the case.) 

Order Number Order Number 
OS1632H or DS3632HOS1633H or OS3633H 

See NS Package HOBC 
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A2 X2 

AI BI 

TOPVIEW 

Order Number OS1634J·8, 
OS3634J·8 or OS3634N 

Vee 

GNO 

TOPVIEW 
(Pin 4 is electrically connected to the case.) 

Order Number 
OS1634H or DS3634H 



Absolute Maximum Ratings (Note 1) Operating Conditions 
Supply Voltage 16V MIN MAX UNITS 
Voltage at Inputs -o.3V to Vee +0.3V Supply Voltage, Vee 
Output Voltage 56V OS1631/0S1632/ 4.5 15 V 
Storage Temperature Range -65°e to +150o e OS1633/0S1634 
Maximum Power Oissipation· at 25°e 

eavity Package 1133mW OS3631/0S3632/ 4.75 15 V 

Molded Package 1022mW OS3633/0S3634 

TO-5 Package 787mW Temperature, T A 
Lead Temperature (Soldering, 10 seconds) 3000 e OS1631/0S1632/ -55 +125 °e 

-Oerate cavity package 7.6 mw/oe above 25°e; derate molded OS 1633/0S 1634 
I package 8.2 mW/oC above 25°e; derate TO-5 package 5.2 mW/ 

°e above 25°C. OS3631/0S3632/ 0 +70 °e 

Electrical Characteristics (Notes 2 and 3) 
OS3633/0S3634 

PARAMETER I CONDITIONS I MIN I TVP I MAX I UNITS 

ALL CIRCUITS 

V,H Logical "l"lnput Voltage Vee = 5V 3.5 2.5 V 

(Figure 1) Vee = 10V 8.0 5 V 

Vee= 15V 12.5 7.5 V 

V,L Logical "0" Input Voltage' Vee = 5V 2.5 1.5 V 

(Figure 1) Vee = 10V 5.5 2.0 V 

VCC= 15V 7.5 2.5 V 

"H Logical "l"lnput Current Vec = 15V, V,N = 15V, (Figure 2) 0.1 10 iJ.A 

"L Logical "0" Input Current VCC = 5V -50 -120 iJ.A 
V,N = O.4V, (Figure 3) 

Vce = 15V -200 -360 iJ.A 

VOH Output Breakdown Voltage VCC = 15V, IOH = 250iJ.A, (Figure 1) 56 65 V 

VOL Output Low Voltage Vee = Min, (Figure 1), 

OS1631,OS1632, IOL = 100 mA 0.85 1.1 V 

OS1633,OS1634 IOL = 300 mA 1.1 1.4 V 

VCC = Min, (Figure 1), 
IOL = 100 mA 0.85 1.0 V 

OS3631,OS3632, 
IOL = 300 mA 1.1 1.3 V 

OS3633, OS3634 

OS 1631/0S3631 

ICC(O) Supply Currents VCC = 5V Output Low 7 11 mA 
V,N = OV, (Figure 4) 

Vec = 15V Both Orivers 14 20 mA 

ICC(l) 
(Figure 4) 

VCC = 5V, V,N = 5V Output High 2 3 mA 

Vee = 15V, V,N = 15V Both Orivers 7.5 10 mA 

tPOl Propagation to "1" Vee = 5V, TA = 25°C, eL = 15 pF, RL = 50n, VL = 10V, 
200 

(Figure 5) 
ns 

tpoo Propagation to "0" Vee = 5V, TA = 25°C, eL = 15 pF, RL = 50n, VL = 10V, 
150 

(Figure 5) 
ns 

OS 1632/0S3632 

ICC(O) Supply Currents Vec = 5V, V,N = 5V 8 12 mA 
(Figure 4) 

VCC= 15V, V,N = 15V 
Output Low 

18 23 mA 

ICC(1) Vec = 5V 2.5 3.5 mA 
V,N = OV, (Figure 4) 

Vce = 15V 
Output High 

9 14 mA 

tpOl Propagation to "1" VCC = 5V, T A = 25°C, CL = 15 pF, RL = 50n, VL = 10V, 
150 

(Figure 5) 
ns 

tpoo Propagation to "0" VCC = 5V, TA = 25°e, CL = 15 pF, RL = 50n, VL = 10V, 

(Figure 5) 
150 ns 

OS 1633/0S3633 

lec(O) Supply Currents Vee = 5V 7.5 12 mA 
V,N = OV, (Figure 4) 

Vce = 15V 
Output Low 

1.6 23 mA 

ICC(1) VCC = 5V, V,N = 5V 2 4 mA 
(Figure 4) 

Vee = 15V, V,N = 15V 
Output High 

7.2 15 mA 

tPOl Propagation to "1" VCC = 5V TA = 25°C, eL = 15 pF, RL = 50n, VL = 10V, 
200 ns 

(Figure 5) 

tpoo Propagation to "0' Vee = 5V, TA = 25°e, eL = 15 pF, RL = 50n, VL = 10V, 
150 ns 

(Figure 5) 
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Electrical Characteristics (Continued) 

PARAMETER 

OS1634/0S3634 

lee(o) Supply Currents 

leC(l) 

tPDl Propagation to "1" 

tPDO Propagation to "0" 

CONDITIONS 

Vcc = 5V, VIN = 5V 
(Figure 4) Output Low 

Vcc = 15V, VIN = 15V 

Vec = 5V 
VIN = OV, (Figure 4) Output High 

Vcc = 15V 

(Figure 5) 

Vcc = 5V, TA = 25°C, CL = 15 pF, RL = 50n, VL = 10V, 

(Figure 5) 

I MIN I TYP I MAX I UNITS 

7.5 12 mA 

18 23 mA 

3 5 mA 

11 18 mA 

150 ns 

150 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified minImax limits apply across the -55°C to +125°C temperature range for the OS1631, OS1632, OS1633 and 
OS1634 and across the O°C to +70°C range for the OS3631, OS3632, OS3633 and OS3634. All typicall(alues are for T A = 25°C. 

Note 3: All currents' into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Test Circuits 

L,... - ,.....!....--JTI----, - J;iIOH 
"'------ SEE CIRCUIT Y SEE - VOH 

V
,H

....,.- TEST UNDER I-- TEST 
V,lo- TABLE B TEST LTABLE ~ IOl 

r-I- _1--1.-...... _...1 _ ..... , 

1 Val 

~ ~f 
INPUT 

OTHER OUTPUT 
CIRCUIT UNOER 

INPUT 
TEST APPLY MEASURE 

OS3631 VIH VIH IOH VOH 

VIL VCC IOL VOL 

OS3632 VIH VIH IOL VOL 

VIL VCC IOH VOH 

OS3633 VIH GNO IOH VOH 

VIL VIL IOL VOL 

OS3634 VIH GNO IOL VOL 

VIL VIL IOH VOH 

Note: Each input is tested separately. 

FIGURE 1. VIH, VIL. VOH, VOL 

C~~~~~ ~ OPEN 
B. A TEST 

Each input iSI.sled separately. 

FIGURE 2. IIH 
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Test Circuits (Continued) 

Vee 

Vee 

y. 
OPEN 

~B.A 
V'L o-';;;"'---L-,r--..J 

Note A: Elchinputistested.eparately. 
NoteB: When telting OS16llind OSI634 input not under IMt il grounded. For ,II 
other"circuitsitislt Vee> 

FIGURE 3. IlL 

INPUT 5.0V 

PULSE 
GENERATOR 

(NOTE 1) 

.L, 
OS3631, 
OS3632 

OS3633, 
OS3634 

~ 
OV 

Switching Time Waveforms 

5.0V 

INPUT 
OS1631 
OS1633 

OV 

0.5p1 

55.0n. 

5.0V 

INPUT 
OS1632 
OS1634 

OV 

VOH 

OUTPUT 

VOL 

Vee OPEN 

~JI~_Jl 
........riA I 
V'~B I 

I I 
L-----1J 

-=- GNO 

Both gatesaretested.imultaneously. 

FIGURE 4. ICC 

10V 

Vee = 5V 

"'-""-0 OUTPUT 

GNO 

NOli 1: Tho pulso ..,Intor hIS tholoRowing ch .. octlli.tics: PRR • 500 kHz. ZOUT '" son. 
Note 2: CL includls probe ond iii ClPlcitencl. 

FIGURE 5. Switching Times. 
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Schematic Diagram (Equivalent Circuit) 

-~"'------""-""-OVcc 

INPUT 

LOGIC 
AND LEVEL 

TRANSLATION 
I ELEMENTS I 
L __ ...J 

1/2 of circuit shown 
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~National 
D Semiconductor 

053654 Printer Solenoid Driver 

General Description 
The DS3654 is a serial-to-parallel 10-bit shift register 
with a clock and data input, a data output from the 
tenth bit, and 10 open-collector clamped relay driver 
outputs suitable for driving printer solenoids. 

Timing for the circuit is shown in Figure 1. Data input is 
sampled on the positive clock edge. Data output changes 
on the negative clock edge, and is always active. Enable 

Connection Di~gram 

OUTPUT ENABLE 

OUTPUT 6 

OUTPUT 7 

OUTPUTS 

OUTPUT9 

OUTPUT lD 

DATA OUTPUT 

GNO 

Dual-In-Line Package 

TOP VIEW 

Order Number DS3654J or DS3654N 
See NS Package J16A or N16A 

Logic Diagram 

OUTPUT 1 
ENABLE 

DATA 
INPUT 

CLOCK 
INPUT 

16 
VCc<>s 

GND* 
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Peripheral/Power Drivers 

transfers data from the shift register to the open-collector 
outputs. I nternal circuitry inhibits output enable for 
power supply voltage less than 6V. 

Each output sinks 250 mA and is internally clamped to 
ground at 50V to dissipate energy stored in inductive 
loads. 

Pin Descriptions 

Pin No. Function 

1 Output Enable 
2 Output 6 
3 Output 7 
4 Output 8 
5 Output 9 
6 Output 10 
7 Data Output 
8 Ground 
9 Clock Input 
10 Data Input 
11 Output 1 
12 Output 2 
13 Output 3 
14 Output 4 
15 Output 5 
16 Vce 

OUTPUTS 

c en 
CN 
en 
~ 



Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage,VCc 
Input Voltage 
Output Supply, Vp-p 
Storage Temperature Range 
Output Current (Single Output) 
Ground Current 
Peak Power Dissipation. t < 10 ms, 

Duty Cycle <5% 
Maximum Power Dissipation" at 25°C 

Cavity Package 
Molded Package 

Lead Temperature (Soldering, 10 seconds) 

9.5V max 
-o.5V min. 9.5V max 

-45V max 
-65°C to +150°C 

0.4A 
4.0A 

4.5W Max 

1635 mW 
1687 mW 

300°C 

Supply Voltage (VCC) 

Temperature (T A) 

Output Supply (Vp-p) 

"Derate cavity package 10.9 mW/oC above 25°C; derate molded 
package 13.5 mWtC above 25°C. '. 

Electrical Characteristics (Notes 2, 3 and 4) Vp-p = 30V unless otherwise noted 

PARAMETER 

logical "1" Input Voltage 

logical "0" Input Voltage 

logical "1" Output Voltage Clamp 

logical "1" Output Current 

logical "0" Output Voltage 

logical "1" Input Current 

Clock 

Enable 

Data 

Clock 

Enable 

Data 

logical "0" I nput Current 

Clock 

Enable 

Data 

Input Pull-Down Resistance 

Clock 

Enable 

Data 

Supply Current (ICC) 

Outputs Disabled 

Outputs Enabled 

Data Output low (VDOl) 

Data Output High (VDOH) 

Data Output Pull-Down Resistance 

CONDITIONS 

IClAMP = O.lA, VEN = OV 

VOH = 40V, VEN = 0 

IOl = 250 mA, VEN = 2.6V 

T A = 70°C, VCl = 2.6V 

T A = 70°C, VEN = 2.6V 

T A = 70°C, VD = 2.6V 

TA = O°C, VCl = 2.6V 

T A = O°C, VEN = 2.6V 

TA = O°C, Vo = 2.6V 

TA = 70°C, VCl = 1V 

TA = 70°C, VEN = lV 

TA =' 70°C, VD = lV 

TA = 25°C, VCl < VCC 

T A = 25°C, VEN < VCC 

TA= 25°C, Vo<VCC 

T A ~ 25°C, VEN = 0, VOO = O. 

VCC = 9.5V 

T A ~ 25°C, VEN = 2.6, IOl = 250 mA 

Each Bit 

Vo = 0, IOl = 0 

Vo = 2.6, IOH = -0.75 mA 

Vo = 0, VOO = lV 

MIN 

2.6 

45 

0.2 

0.2 

0.3 

2.6 

TYP 

50 

0.33 

0.33 

0.57 

0.33 

0.33 

0.57 

125 

125 

220 

8 

8 
4.5 

27 

55 

0.01 

3.4 

14 

·MIN 

7.5 

o 

MAX 

9.5 

+70 

40 

MAX 

0.8 

65 

1.0 

1.6 

0.5 

0.5 

0.75 

40 

70 

0.5 

UNITS 

V 

°c 

V 

UNITS 

V 

V 

V 

mA 

V 

mA 

mA 

mA 

mA 

mA 

mA 

J1.A 

J1.A 

J1.A 

kn 
kn 
kn 

mA 

mA 

V 

V 

kil 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation. 
Note 2: Unless otherwise specified, min/max limits apply across the O°C to +70°C temperature range and the 7.5V to 9.5V power supply range. 
All typical values given are for V CC = 8.5V and T A = 25° C. 
Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise 
specified. 
Note 4: Only one output at a time should be shorted. 
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Switching Characteristics o°c to +70°C, T A = 25°C, nominal power supplies unless otherwise noted 

PARAMETER CONDITIONS MIN TYP 

Clk, Data and Enable Inputs (Figure 1) 

tFC 

tRC tBIT ~ 10 J1S 

tCLK 2 

tCLK 3.5 

tHOLD 

tSET-UP 

tRE, tRDIN 

tFE, tFD IN 

Output 1-10 Vp-p = 20V 

tRO RL = lOOn, CL < 100 pF 1.2 

tFO RL = lOon, CL < 100 pF 1.2 

tPDEH 3.5 

tpDEL 3.0 

Data Output 

tPDH, tPDL RL = 5 kn, CL -::; 10 pF 0.8 

tRD 0.4 

tFD 0.4 

Clock to Enable Delay 

tCE 2 tBIT 

Enable to Clock Delay tBIT 

Switching Time Waveforms 

OUTPUT 
ENABLE 

CLOCK 

V CLOCK 

1--- IE CLK---

.-------'fL---D--
IBIT----

IRel, C 
=" ,,,-I- "" OATAIN><: _~ 

I 1_ r-IHOLO I I 
- j.:.ISET-UP I-IRO IFO--j 

~
IRE lFEN-lt 

OUTPUT 

ENABLE l--------
IPO.H "I IPOEHC--

OUTPUT . N,.... _________ . 

--I I- IFO --l IRa 

CLOCK 

DATA OUT J \'--I--IPO-L ----I-J 0--: --jS 
FIGURE ,_ Shift Timing 
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MAX 

2.0 

2.0 

1.0 

1.0 

1.0 

5.0 

2.5 

C en 
~ 

UNITS ~ 
J1S 

J1S 

J1S 

J1S 

J1s 

J1S 

J1S 

J1S 

J1S 

J1S 

J1S 

J1S 

J1S 

J1S 

J1s 

J1S 

J1S 
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Definition of Terms 

Vp-p: Output power supply voltage. The return for 
open-collector relay driver outputs. 

tBIT: Period of the incoming clock. 

VCLK: The voltage at the clock input. 

tCLK: The portion of tBIT when VCLK:::::: 2.6V. 
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tCLK: The portion oftBIT when VCLK S O.BV 

tSET-UP: The time prior to the end of tCLK required 
to insure valid data at the shift register input for sub
sequent clock transitions. 

tHOLO: The time following the start of tCLK required 
to transfer data within the shift register. 



~National 
~ Semiconductor 
053656 Quad Peripheral Driver 

General Description 
The OS3656 is a quad peripheral driver designed for use in 
automotive applications. Logically it is an open collector 
NAND function with all inputs compatible with 74LS and 
CMOS series products. An enable input is provided that is 
common to each driver. When taken to a logic zero level all 
outputs will turn off. Also, overvoltage is detected. 

The OS3656 has features associated with the output struc
ture that make it highly versatile to many applications. 
Each output is capable of 600 mA sink currents and offers 
65V standoff voltage in non-inductive applications. A 
clamp network capable of handling 800 mA is incorporat
ed in each output which eliminates the need of an external 
network to quench the high voltage backswing caused 
when switching inductive loads up to 30V (reference 
AN-213). 

The OS3656 is intended to operate from a 12V automotive 
battery. Internal to the device is its own voltage regulator 
which permits the device to operate during the wide 
voltage variation seen in many automotive applications. 
An overvoltage-protection circuit is incorporated that will 
cause the outputs to turn off when the supply exceeds 
30V. The circuit is designed to withstand worst case fault 
conditions that occur in automotiveapplications, such as 

Connection Diagram 

Peripheral/Power Drivers 

high voltage transients and reverse battery connection. In 
this type of environment an external100n resistor must be 
connected in series with the Vee line. 

The molded package is specifically constructed to allow 
increased power dissipation oyer conventional packages. 
The four ground pins are directly connected to the device 
chip with a special copper lead frame. When the quad 
driver is soldered into a copper PC board the power rating 
of the device will significantly improve. 

Features 
• Quad automotive peripheral driver 

• 600 mA output current capability 

• High voltage outputs - 65V 
• Clamp diode provided for inductive loads 

• Built in regulator 

• Overvoltage failsafe 
• TILILS/CMOS compatible diode clamped inputs 

• High power dissipation package 

• Guaranteed to withstand worst case fault conditions 

Dual·ln-Line Package 

Truth Table 

IN A IN B EN GND GND Vee IN C IN D 

DUT A CLAMP 1 DUT B GND GND DUT C CLAMP 2 DUT D 

TDPVIEW 

Order Number DS3656N 
See NS Package N16A 

Enable InX OutX 

H H L 

H L H 

L X H 

H = high level L = low level X = Irrelevant 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Supply Voltage, Vee (Note2) 65V Min Max Units 
Input Voltage 7V Supply Voltage, Vee 10.5 17.0 V 
Output Voltage 65V Temperature -40 105 °C 
Continuous Output Current 1.2A 

Junction Temperature 150°C 

Thermal Resistance (Junction to Ambient) 
DS3656N Plugged in a Socket 60°CIW 
DS3656N Soldered in a PC Board 35°CIW 
DS3656N Soldered in a PC Board 20°CIW 

with 6 In2 Cn Foil 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Notes 2 and 3) 

Symbol Parameter Conditions Min Max Units 

Vee Power Supply Voltage 10.5 17 V 

Ice Power Supply Current 65 mA 

VIH High Level Input Voltage 2.0 V 

VIL Low Level Input Voltage 0.8 V 

IIH High Level Input Current VIN=2.7V 20 p.A 

IlL Low Level Input Current VIN =0.4V -360 p.A 

VICL Input Clamp Voltage IIN= -10 rnA -1.5 V 

VOL Low Level Output Voltage IL = 600 rnA, Vcc = 10.5V 1.5 V 

IOH High Level Leakage Current VoH =65V 1.0 mA 

VF Output Diode Forward Voltage IF =800 rnA 2.5 V 

IR Output Diode Reverse Leakage VR=65V 1.0 rnA 

BVCER VOH1 Switching Capacitive or Resistive Load 65 V 

LveEo VOH2 Switching Inductive Clamped Load 30 V 

Switching Characteristics Vcc = 13.2V, TA = 25°C 

Symbol Parameter Conditions Min Max Units 

tpLH Propagation Delay Time Vcc = 13.2V, RL = 300, CL = 15 pF 10 p's 

Low to High Level Output 

tpHL Propagation Delay Time Vcc = 13.2V, RL = 300, CL = 15 pF 10 p's 

High to Low Level Output 

tTLH Transition Time Vcc = 13.2V, RL = 300, CL = 15 pF 500 ns 
Low to High Level Output 

tTHL Transition Time Vcc = 13.2V, RL = 300, CL = 15 pF 500 ns 
High to Low Level Output 

tpLH Enable to Output Vcc= 13.2V, RL=300, CL= 15 pF 10 p's 

tpHL Enable to Output Vcc= 13.2V, RL = 300, CL = 15 pF 10 p's 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to Imply ttiat the devices should be operated at these limits. The table of "Electrical Characteristics" pro· 
vldes conditions for actual device operation. 

Note 2: Voltage values are with respect to network ground terminal unless otherwise specified. 

Note 3: Unless otherwise specified minImax limits apply across the - 40·C to + 10S·C temperature ~ange. 
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~ Semiconductor 

Peripheral/Power Drivers 

053658 Quad High Current Peripheral Driver 

General Description 
The OS3658 quad peripheral driver is designed for those 
applications where low operating power, high breakdown 
voltage, high output current and low output ON voltage are 
required. A unique input circuit combines TTL compatibil
Ity with high impedance. In fact, its extreme low input 
current allows it to be driven directly by a CMOS device. 

The outputs are capable of sinking 600 mA each and offer 
a 70V breakdown. However, for inductive loads the output 
should be clamped to 35V or less to avoid latch·up during 
turn off (inductive fly back protection-refer AN·213). An 
on·chip clamp diode capable of handling 800 mA is pro
vided at each output for this purpose. In addition, the 
OS3658 incorporates circuitry that guarantees glitch-free 
power up or down operation and a fall·safe feature which 
puts the output in a high impedance state when input is 
open. 

The molded package is specifically constructed to allow 
increased power dissipation over conventional packages. 
The four ground pins are directly connected to the device 
chip with a special copper lead frame. When the quad 
driver is soldered into a PC board, the power rating of the 
device improves significantly. 

Applications 
• Relay drivers 
• Lamp drivers 
• Solenoid drivers 
• Hammer drivers 
• Stepping motor drivers 

.' Triac drivers 

Connection Diagram 
Dual-In-Line Package 

IN A IN B EN GNO GNO Vee IN C IN 0 

OUT A CLAMP lOUT B GNO GNO OUT C CLAMP 2' OUT 0 

TOP VIEW 

Order Number DS3658N 
See NS Package N16A 

• LED drivers 
• High current, high voltage drivers 

• Level translators 
• Fiber optic LED drivers 

Features 
• Single saturated transistor outputs 
• Low standby power, 10 mW typical 
• High impedance TTL compatible inputs 
• Outputs may be tied together for increased current 

capacity 

• High output current 
600 mA per output 
2.4A per package 

• No output latch-up at 35V 
• Low output ON voltage (350 mV typ @ 600 mA) 

• High breakd~wn voltage (70V) 
• Open collector outputs 
• Output clamp diodes for inductive fly back protection 
• NPN inputs for minimal input currents (1 p.A typical) 

• Low operating power 
• Standard 5V power supply 
• Power up/down protection 

• Fail safe operation 
• 2W power package 
• Pin-for-pin compatible with SN75437 

Truth Table 

IN EN 

H H 
L H 
H L 
L L 

H = High state 

L= Low state 

OUT 

L 
Z 
Z 
Z 

Z = High'impedance state 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Min Max Units 

Supply Voltage 7.0V Supply Voltage 4.75 5.25 V 

Input Voltage 15V Ambient Temperature 0 70 °C 

Output Voltage 70V 

Output Current 1.5A 

Continuous Power Dissipation 
@ 25°C Free·Air(Note 5) 2075mW 

Storage Temperature Range - 65°C to + 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Notes 2 and 3) 

Symbol Parameter Conditions Min Typ Max Units 

VIH Input High Voltage 2.0 V 

VIL Input Low Voltage O.S V 

IIH Input High Current VIN =5.25V, Vcc=5.25V 1.0 10 p.A 

IlL Input Low Current YIN = 0.4V ±10 p.A 

VIK Input Clamp Voltage 11= -12 mA -O.S -1.5 V 

VOL Output Low Voltage IL=300 mA 0.2 0.4 V 

I L = 600 mA (Note 4) 0.35 0.7 V 

ICEX Output Leakage Current V CE = 70V, VIN = O.SV 100 p.A 

VF Diode Forward Voltage IF=SOO mA 1.0 1.6 V 

IR Diode Leakage Current VR=70V 100 p.A 

Icc Supply Current All Inputs High 50 65 mA 
All Inputs Low 2 4 mA 

Switching Characteristics (Note 2) 

Symbol Parameter Conditions Min Typ Max Units 

tHL Turn On Delay RL=60fl, Vi..=30V 226. 500 ns 

tui Turn Off Delay RL = 60fl, VL = 30V 2430 SOOO ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
device should be ope'rated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: Unless otherwise specified, minimax limits apply across theO'C to + 70'C temperature range and the 4.75V to 5.25V power supply range. All typical 
values are for TA = 25'C and VCC =5.0V. 
Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced toground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 
Note 4: All sections of this quad circuit may conduct rated current Simultaneously; however, power dissipation averaged over a short interval of time must fall 
within specified contiriuous dissipation ratings. 
Note 5: For operation over 25'C free·air temperature, derate linearly to 1328 mW @70.'C @ the rate of 16.6 mW/'C. 
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AC Test Circuit 

Yee 30Y 

IN OUT 

EN 30 pF* 

.".',5, 12, ,,1 ' 
* Includes probe and jig capacitance 

Typical Applications 

Stepping Motor Driver 

en 
~ 9, 10, 15, 16 

i5 DATA BUS 
Ien 
>en 

14 
1----+1 EN 

5Y 

11 

OS3658 

7 

4, 5, 12, 13 

L1* 

L4* 

* L1, L2, L3, L4 are the windings of a bifilar steppi-ng motor. 

* * VMOTOR is the supply voltage of the motor. 
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Switching Waveforms 

INPUT 

OUTPUT 

9,10,15,16 

CONTROL A. 
LEYELS Lf 

14 
---. EN 

Lamp Driver 

5Y 

OS3658 

4,5,12,13 

Y+ 

c 
(J) 
eN 
0) 
(J1 
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! ~National 
~ ~ Semiconductor 

Peripheral/Power Drivers 
PRELIMINARY 

OS3668 Quad Fault Protected Peripheral Driver 

General Description 
The OS3668 quad peripheral driver is designed for those 
applications where low operating power, high breakdown 
voltage, high output current and low output ON voltage are 
required. Unlike most peripheral drivers available, a unique 
fault protection circuit is incorporated on each output. When 
the load current exceeds 1.0 A (approximately) on any out
put for more than a built-in delay time, nominally 25 I-Ls, that 
output will be shut off by its protection circuitry with no effect 
on other outputs. This condition will prevail until that protec
tion circuitry is reset by toggling the corresponding input or 
the enable pin low for at least 0.5 I-Ls. The 25 I-Ls built-in 
delay is provided to ensure that the protection circuitry is not 
triggered by turn-on surge currents associated with certain 
kinds of loads. 

The OS3668's inputs combine TTL compatibility with high 
input impedance. In fact, its extreme low input current al
lows it to be driven directly by a MOS device. The outputs 
are capable of sinking 600 rnA each and offer a 70V break
down. However, for inductive loads the output should be 
clamped to 35V or less to avoid latch up during turn off 
(inductive fly-back protection - refer AN-213). An on-chip 
clamp diode capable of handling 800 rnA is provided at 
each output for this purpose. In addition, the OS3668 incor
porates circuitry that guarantees glitch-free power up 'or 
down operation and a fail-safe feature which puts the output 
in a high impedance state when the input is open. 

The molded package is specifically constructed to allow in
creased power dissipation over conventional packages. The 
four ground pins are directly connected to the device chip 
with a special copper lead frame. When the quad driver is 
soldered into a PC board, the power rating of the device 
improves Significantly. 

Connection Diagram * 

Dual-In-Llne Package 

INA INB EN GND GND Vee IN C IN D 

DUT A CLAMP.1 DUT B GND GND OUT C CLAMP 2 OUT D 
TOP VIEW 

TLlF/5225-1 

• See Page 3 for the detail of output protection. 

Applications 
• Relay drivers 
• Solenoid drivers ' 
• Hammer drivers 
• Stepping motor drivers 

• Triac drivers 
• LED drivers' 
• High current, high voltage drivers 
• Level translators 
• Fiber optic LED drivers 

Features 
• Output fault protection 
• High impedance TTL compatible inputs 
• High output current - 600 mA per output 
• No output latch-up at 35V 
• Low output ON voltage (550 mV typ @ 600 mAl 
• High breakdown voltage (70V) 
• Open collector outputs 
• Output clamp diodes for inductive fly-back protection 
• NPN inputs for minimal input currents (1 I-LA typical) 

• Low operating power 
• Standard 5V power supply 
• Power up/down protection 
• Fail-safe operation 
• 2W power package 
• Pin-for-pin compatible with SN75437 

Truth Table 

IN 

H 
L 
H 
L 

H=High state 

L=Low state 

EN 

H 
H 
L 
L 

Z = High impedance state 

OUT 

L 
Z 
Z 
Z 

Order Number DS3668N 
See NS Package N16A 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Supply Voltage 7.0V Min Max Units 

Input Voltage 15V Supply Voltage 4.75 5.25 V 

Output Voltage 70V Ambient Temperature 0 70 ·C 

Continuous Power Dissipation 
@25·C Free-Air (Note 5) 2075 mW 

Storage Temperature Range - 65·C to + 150·C 

Lead Temperature (Soldering, 10 seconds) 300·C 

Electrical Characteristics (Notes 2 and 3) 

Symbol Parameter Conditions Min Typ Max Units 

VIH Input High Voltage 2.0 V 

VIL Input Low Voltage 0.8 V 

IIH Input High Current VIN=5.25V, Vcc=5.25V 1.0 20 ,..,A 

IlL Input Low Current VIN=O.4V ±10 ,..,A 

VIK Input Clamp Voltage 11= -12 rnA -0.8 -1.5 V 

VOL Output Low Voltage IL =300 mA 0.2 0.7 V 

IL = 600 mA (Note 4) 0.55 1.5 V 

ICEX Output Leakage Current VCE=70V, VIN=0.8V 100 ,..,A 

VF Diode Forward Voltage IF=800 mA 1.2 V 

IA Diode Leakage Current VA=70V 100 ,..,A 

Icc Supply Current All Inputs High 62 80 rnA 

All Inputs Low 20 rnA 

ITH Protection Circuit 1 A 
Threshold Current 

Switching Characteristics (Note 2) 

Symbol Parameter Conditions Min Typ Max Units 

tHL Turn On Delay RL =600, VL =30V 300 ns 

tLH Turn Off Delay RL =600, VL =30V 2000 j ns 

tFZ Protection Enable Delay 25 ,..,s 
(after Detection Of fault) 

tAL Input Low Time For 1.0 ,..,s 
Protection Circuit Reset 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety 01 the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table 01 "Electrical Characteristics" provides conditions lor actual device operation. 

Note 2: Unless otherwise specified, minImax limits apply across the O°C to + 70°C temperature range and the 4.75V to 5.25V power supply range. All typical 
values are lor TA=25°C and Vcc=5.0V. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless 
otherwise specified. All values shown as max or min are so classilied on absolute value basis. 

Note 4: All sections of this quad circuit may conduct rated current simultaneously; however, power dissipation averaged over a short interval 01 time must lall 
within specified continuous dissipation ratings. 

Note 5: For operation over 25°C free-air temperature, derate linearly to 1328 mW @ 70c C @ the rate of 16.6 mW;oC. 
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AC Test Circuit Switching Waveforms 

Vee 30V 

3OpF* 

.".Htt,,,T . 
TL/F/5225-2 

"Includes probe and jig capacitance 

Typical Application 
Stepping Motor Driver 

~ 9, 10, 15, 16 

~ t-0_A_:rA_B ... US~,fI 
~ 

14 
t---.....-o!HEM 

5V 

11 

OS3668 

4,5,12,13 

L1* 

L2* 

L3* 

L4* 

3V~ INPUT . 1.5V 1.5V. 

OV 

~~ 30V.. 90% 
OUTPUT· . . 

VOL 10% 

TL/F/5225-3 

TLlF/5225-4 

"L 1 , L2, L3, L4 are the windings of a bifilar stepping motor. 

""VMOTOR is the supply voltage of the motor. 

Protection Circuit Block Diagram 

INPUT 

ENABLE 
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CURRENT 
SENSING 

CIRCUITRY 

OUTPUT 

TL/F/5225-5 
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~ Semiconductor 

Peripheral/Power Drivers 
PRELIMINARY 

053669 Quad High Current Peripheral Driver 

General Description 
The OS3669 is a non-Inverting quad peripheral driver 
similar to the OS3658. These drivers are designed for 
those applications where low operating power, high 
breakdown voltage, high output current and low output 
ON voltage are required. A unique input circuit combines 
TTL compatibility with high impedance. In fact, its ex
treme low input current allows it to be driven directly by a 
CMOS device. 

The outputs are capable of sinking 600 mA each and offer 
a 70V breakdown. However, for inductive loads the output 
should be clamped to 35V or less to avoid latch-up during 
turn off (inductive fly back protection-refer AN-213). An 
on·chip clamp diode capable of handling 800 mA is pro
vided at each output for this purpose. In addition, the 
OS3669 incorporates circuitry that guarantees glitch-free 
power up or down operation. 

The molded package is specifically constructed to allow 
increased power dissipation over conventional packages. 
The four ground pins are directly connected to the device 
chip with a special copper lead frame. When the quad 
driver is soldered into a PC board, the power rating of the 
device improves significantly. 

Applications 

• Relay drivers 
• Lamp drivers 
• Solenoid drivers 
• Hammer drivers 

Connection Diagram 
Dual-In-Line Package 

IN A IN B EN GND GND Vee IN C IN 0 

OUT A CLAMP lOUT B GND GND OUT C CLAMP 2 OUT D 
TOP VIEW 

Order Number DS3669N 
See NS Package N16A 

• Stepping motor drivers 
• Triac drivers 

• LED drivers 
• High current, high voltage drivers 

• Level translators 
• Fiber optic LED drivers 

Features 
• Single saturated transistor outputs 
• Low standby power, 10 mW typical 
• High Impedance TTL compatible Inputs 
• Outputs may be tied together for Increased current 

capacity . 

• High output current 
600 mA per output 
2.4A per package 

• No output latch-up at 35V 
• Low output ON voltage (350 mV typ @ 600 mA) 
• High breakdown voltage (70V) 
• Open collector outputs 
• Output clamp diodes for inductive fly back protection 
• NPN Inputs for minimal input currents (1 p.A typical) 

• Low operating power 
• Standard 5V power supply 
• Power up/down protection 
• 2W power package 

Truth Table 

IN EN 

L H 
H H 
L L 
H L 

H = High state 

L= Low state 

OUT 

L 
Z 
Z 
Z 

Z= High impedance state 
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Absolute Maximum Ratings (Note 1) 

Supply Voltage 7.0V 

Input Voltage 

Output Voltage 

Output Current 

Continuous Power Dissipation 
@ 25°C Free-Air (Note 5) 

15V 

70V 

1.5A 

2075mW 

Storage Temperature Range - 65°C to + 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Notes 2 and 3) 

Symbol Parameter Conditions 

VIH Input High Voltage 

VIL Input Low Voltage 

Operating Conditions 

Supply Voltage 

Ambient Temperature 

Min 

2.0 

Typ 

Min 

4.75 

o 

Max 

5.25 

70 

Max 

O.B 

IIH Input High Current VIN = 5.25V, VCC = 5.25V 1.0 10 

IlL Input Low Current 

VIK Input Clamp Voltage 

VOL Output Low Voltage 

ICEX Output Leakage Current 

VF Diode Forward Voltage 

IR Diode Leakage Current 

Icc Supply Current 

VIN =O.4V 

IL = 600 mA (Note 4) 

VCE = 70V, VIN = 2V, 
VEN =O.BV 

IF=BOO mA 

VR=70V 

All Inputs Low 
EN =2.0V 
All Inputs High 

Switching Characteristics (Note 2) 

Symbol Parameter Conditions 

tHL Turn On Delay RL = 60fl, VL = 30V 

tLH Turn Off Delay RL = 60fl, VL = 30V 

±10 

-O.B -1.5 

0.2 0.4 
0.35 0.7 

100 

1.0 1.6 

100 

50 65 

2 4 

Min Typ Max 

226 500 

2430 BOOO 

Units 

V 
°C 

Units 

V 

V 

p,A 

p,A 

V 

V 
V 

p,A 

V 

ItA 

mA 

mA 

Units 

ns 

ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified, minImax limits apply across the O°C to + 70°C temperature range and the 4.75V to 5.25V power supply range. All typical 
values are for TA = 25°C and VCC = 5.0V. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 

Note 4: All sections of this quad Circuit may conduct rated current simultaneously; however, power dissipation averaged over a short interval of time must fall 
within specified continuous dissipation ratings. 

Note 5: For operation over 25°C free·alr temperature, derate linearly to 1328 mW @70°C @ the rate of 16.6 mW/oC. 
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AC Test Circuit 

Yee 30Y 

30 pF* 

-= •. 5.12·,,1 

* Includes probe and jig capacitance 

Typical Applications 

Stepping Motor Driver 

9,10,15,16 

DATA BUS 

14 
1-------t .. EN 

5Y 

11 

OS3669 

4,5,12,13 

L1* 

L2* 

L3* 

L4* 

* L1, L2, L3, L4 are the windings of a blfilar stepping motor. 

* * VMOTOR Is the supply voltage of the motor. 
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Switching Waveforms 
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OUTPUT 

9,10,15,16 

CONTROL A 
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Lamp Driver 
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Peripheral/Power Drivers 

053680 Quad Negative Voltage Relay Driver 

General Description 
The DS3680 is a quad high voltage negative relay driver 
designed to operate over wide ranges of supply voltage, 
common-mode voltage, and ambient temperature, with 
50 mA sink capability. These drivers are intended for 
switching the ground end of loads which are directly con
nected to the negative supply, such as in telephone relay 
systems. 

Since there may be considerable noise and IR drop be
tween logic ground and negative supply ground in many 
applications, these drivers are designed to operate with a 
high common-mode range (± 20V referenced to negative 
supply ground). Each driver has a common-mode range 
separate from the other drivers in the package, which per
mits input signals from more than one element of the 
system. 

With low differential input current requirements (typically 
100 p.A), these drivers are compatible with TTL, LS and 
CMOS logic. Differential inputs permit either inverting or 
non-inverting operation. 

Connection Diagram 

Dual-In-Line Package 

AON ...!. U 14 
'- GND 

AOFF 2. ~A 

BOFF..l ~B 
4 ~C BON-

CON...! ~D 

COFF-! ~VEC 

DOFF...l ~DON 

TOP VIEW 

Order Number DS3680J or DS3680N 
See NS Package J14A or N14A 

The driver outputs incorporate transient suppression 
clamp networks, which eliminate the need for external 

. networks when used in applications of switching Induc
tive loads. A fail-safe feature is Incorporated to insure 
that, if the VON input or both Inputs are open, the driver will 
be OFF. 

Features 
• -10V to - 60V operation 
• Quad 50 mA sink capability 
• TTL/LS/CMOS or voltage comparator input 
• High input common-mode voltage range 

• Very low input current 
• Fail-safe disconnect feature 
• Built-in output clamp diode 

Logic Diagram 

BON~ 
BOFF~B 

DON~ 
DOFF~ D 
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Absolute Maximum Ratings (Note 1) Recommended Operating Conditions 

Supply Voltage: GN D to VEE -, and Any Pin 
Positive Input Voltage: Input to GND 
Negative Input Voltage: Input to VEE -

Differential Input Voltage: VON to VOFF 
Inductive Load 

-70V 

20V 
-5V 

±20V 

LL:5 5h 
IL:550mA 

Supply Voltage: GND to VEE -

Input Voltage: Input to GND 

-100mA Output Current 
Storage Temperature - 65°Cto + 150°C 
Maximum Power Dissipation· at 25°C 

Cavity Package 
Molded Package 

Lead Temperature (Soldering, 10 seconds) 

1433mW 
1398mW 

300°C 
"Derate cavity package 9.6 mW/oC above 25"C; derate molded package 
11.2 mW/"C above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

Parameter Conditions 

VIH Logic "1" Input Voltage 

VIL Logic "a" Input Voltage 

IINH Logic "1" Input Current VIN =2V 
VIN =7V 

IINL Logic "0" Input Current VIN =O.4V 
VIN = -7V 

VOL Output ON Voltage IOL=50mA 

10FF Output Leakage VOUT= VEE-

IFS Fail-Safe Output Leakage VOUT=VEE-
(Inputs Open) 

ILC Output Clamp Leakage Current VouT=GND 

Logic ON Voltage: VON 
Referenced to VOFF 

Logic OFF Voltage: VON 
Referenced to VOFF 

Temperature Range 

Min 

2.0 

Vc Output Clamp Voltage ICLAMP = - 50 mA 
Referenced to VEE -

Vp Positive Output Clamp Voltage ICLAMP = 50 mA 
Referenced to G N D 

IEE(ON) ON Supply Current All Drivers ON 

JEE(OFF) OFF Supply Current All Drivers OFF 

tpD(ON) Propagation Delay to Driver ON L=lh, RL=lk, 
VIN = 3V Pulse 

tpD(OFF) Propagation Delay to Driver OFF L=lh, RL=lk, 
VIN = 3V Pulse 

Typ 

1.3 

1.3 

40 
375 

-0.01 
-1 

-1.6 

-2 

-2 

2 

-2 

0.9 

-2 

-1 

1 

1 

Min Max Units 

-10 -60 V 
-20 20 V 

2 20 V 

-20 0.8 V 
-25 85 °C 

Max Units 

V 

0.8 V 

100 JlA 
1000 JlA 

-5 JlA 
-100 JlA 

-2.1 V 

-100 JlA 

-100 JlA 

100 JlA 

-1.2 V 

1.2 V 

-4.4 mA 

-100 JlA 

10 Jls 

10 Jls 

Nole1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range", 
they are not meant to Imply that the device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Unless otherwise speclfled,..!he minimax limits of the table of "Electrical Characteristics" apply within the range of the table of "Operating Conditions". 
All typical values are given for VEE = 52V, and TA = 25 ·C. 
Nole 3: All current Into device pins shown as positive, out of the device as negative. All voltages are referenced to ground unless otherwise noted. 
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D53686 Dual Positive Voltage Relay Driver 

General Description 
The DS3686 is a high voltage/current positive voltage 
relay driver having many features not available in present 
relay drivers. 

PNP inputs provide both TTLILS compatibility and 
high input impedilnce for low input loading. 

Output leakage is specified over temperature at an out· 
put voltage of 54V. Minimum output breakdown (ac! 
latch breakdown) is specified over temperature at 5 mAo 
This clearly defines the ilctual breakdown of the device 
since the circuit has incorporated in it an internal 
reference which does not allow output breakdown 
latching found in existing relay drivers. Additionally, 
this internal reference circuit feature will eliminate the 
need in most cases of an external clamping (inductive 
transient voltage protection) diode. When the output is 
turned "OFF" by input logic conditions the resulting 
inductive voltage transient seen at the output is detected 
by an internal zener reference. The reference then 
momentarily activates the output transistor long enough 
so that the relay energy is discharged. This feature 
eliminates the need of external circuit protection com
ponents and insures output transistor protection. 

The outputs are Darlington connected transistors, which 
allow high current operation at low internal Vee 

Connection Diagrams 
Metal Can Package 

Vee 

GNO 

TOP VIEW 

Pin 4 is in electrical contact with the case 

Order Number DS3686H 
See NS Package H08e 

Schematic Diagram 

,---,,-"""'-0 OUTPUT 

INPUT A 

INPUT B 0---+--1 
", ZENER 

EOUIVA[[NT 

'---.... - ... - ....... ---....... -0 GNO 
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current levels-base drive for the output transistor is 
obtained from the load in proportion to the required 
loading conditions. Typical Vee power with both 
outputs "ON" is 90 mW. 

The circuit also features output transistor protection if 
the Vee supply is lost by forcing the output into the 
high impedance "OFF" state with the same breakdown 
levels as when Vee was applied. 

Features 
• TTLILS/eMOS compatible inputs 

• High impedance inputs (PNP's) 

• High output voltage breakdown (65V typ) 

• High output current capability (300 mA max) 

• Internal protection circuit eliminates need for output 
protection diode 

• Output breakdown protection if Vee supply is lost 

• Low Vee power dissipation (90 mW (typ) both 
outputs "ON") 

• Voltage and current levels compatible for use in 
telephone relay applications 

Dual-In-line Package 

Vee B2 X2 

AI BI' GNO 

TOP VIEW 

Order Number DS3686J·8 or DS3686N 
See NS Package J08A or N08A 

Truth Table 
Positive logic: AS = X 

A B 

0 0 

1 0 

0 1 

1 1 

logic "0" output "ON" 
LOjJic "1" output "OFF" 

OUTPUT X 

1 

1 

1 

0 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage 7V Supply Voltage, VCC 4.75 5.25 V 
Input Voltage 15V Temperature, T A 0 +70 °c 
Output Voltage '56V 
Storage Temperature Range -65°C to +150°C 
Maximum Power Dissipation- at 25"C 

Cavity Package 1133 mW 
Molded Package 1022mW 
TO·5 Package 787mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

-Derate cavity pac"kage 7.6 m'ljI"C above 25°C; derate molded 
package 8.2J"WI C above 25 C; derate TO-5 package 5.2 mWI 
"c above 25 c. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIH Logical "1" Input Voltage RL = 180n, VL = 54V, Vo ~ 2.5V 2.0 V 

IIH Logical "1" Input Current VCC = Max, VIN = 5.5V 0.01 40 pA 

VIL Logical "0" Input Voltage RL = 180n, VL = 54V, Vo ~ 53.8V 0.8 V 

III Logical "0" Input Current VCC =Max, VIN = O.4V -150 -250 /lA 

VCD Input Clamp Voltage VCC = 5V, ICLAMP = -12 mA, TA = 25°C -1.0 -1.5 V 

VOH Output Breakdown VCC = Max, VIN = OV, lOUT = 5 mA 56 65 V 

IOH Output Leakage VCC = Max, VIN = O.4V, VOUT = 54V 0.5 250 /lA 

VOL Output ON Voltage VCC= Min, I DS3686 IIOL = 100 mA 0.85 1.0 V 

VIN = 2.4V IIOl = 300 mA 1.0 1.2 V 

ICC(l) Supply Current (Both Drivers) VCC = Max, VIN = OV, Outputs Open 2 4 mA 

ICC(O) Supply Current (Both Drivers) VCC = Max, VIN = 3V, Outputs Open 18 28 mA 

tPDO Propagation Delay to a logical "0" CL = 15 pF, VL = 10V, RL = 50n, 
50 

(Output Turn ON) T A = 2SoC, VCC = SV 
ns 

tpDl Propagation Delay to a logical "1 ". CL = 15 pF, VL = 10V, RL = 50n, 
1 

(Output Turn OFF) TA=25°C,VCC=5V 
ps 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical. Characteristics" 
provides conditions for actual device operation. 
Nota 2: 0 Unless otherwise specified minImax limits apply across the OoC to +70

o
C range for the 053686. All typicals are given for VCC = 5V and 

TA = 25 C. . 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

AC Test Circuit and Switching Time Wavefor~s 

VCCf5V 
VL 'IOV 

PULSE I RL' 50 
GENERATOR 

~~"., .. , INOTE II CIRCUIT 
UNDER 
TEST 

JV 

~ 
• TINOTEZI 

Nota 1: Tile pulse generator has the following characteristics: 
PRR = 100 kHz, 50% duty cycle, ZOUT :.; son, tr = tf ~ 10 ns. 
Nota 2: CL includes probe and jig capacitance. 
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051687/053687 Negative Voltage Relay Driver 
General Description 
The OS1687/0S3687 is a high voltage/current negative 
voltage relay driver having many features not available 
in present relay drivers. 

PNP inputs provide both TTL!LS compatibility and 
high input impedance for low input loading. 

Output leakage is specified over temperature at an out
put voltage of -54V. Minimum output breakdown (ac/ 
latch breakdown) is specified over temperature at -5 mAo 
This clearly defines the actual breakdown of the device 
since the circuit has incorporated in it an internal 
reference which does not allow output breakdown 
latching found in existing relay drivers. Additionally, 
this internal reference circuit feature will eliminate the 
need in most cases of an external clamping (inductive 
transient voltage protection) diode. When the output is 
turned "OFF" by input logic conditions the resulting 
inductive voltage transient seen at the output is detected 
by an internal. zener reference. The reference then 
momentarily activates the output transistor long enough 
so that the relay energy is discharged. This feature 
eliminates the need of externa'l circuit protection com· 
ponents and insures output transistor protection. 

The outputs are Darlington connected transistors, which 

Connection Diagrams 
Metal Can Package 

Vee 

GNO 

TOPVIEW 

Pin 4 is in electrical contact with the case 

Order Number DS1687H 
or DS3687H 

See NS Package H08C 

Schematic Diagram 
r--_------<> Vee 

INPUT A 

I~PUT 8 

'----+---+-_~_..---..---o GNO 

L-_ ....... ___ ~<> OUTPUT 
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allow high current operation at low internal Vee 
current levels-base drive for the output transistor is 
obtained from the load in proportion to the required 
loading conditions. Typical Vee power with both 
outputs "ON" is 90 mW. 

The circuit also features output transistor protection if 
the Vee supply is lost by forcing the output into the 
high impedance "OFF" state with the same breakdown 
levels as when Vee was applied. 

Features 
• TTL!LS/eMOS compatible inputs 

• High impedance inputs (PNP's) 

• High output voltage breakdown (-65V typ) 

• High output current capability (300 mA max) 

• Internal protection circuit eliminates need for output 
protection diode 

• Output breakdown protection if Vee supply is lost 

• Low Vee power dissipation (90 mW (typ) both 
outputs "ON") 

• Voltage and current levels compatible for use in 
telephone relay applications 

Dual·1 n·L ine Package 
Vee 82 A2 X2 

Al 81 Xl GND 

TOP VIEW 

Order Number DS1687J·8, 
DS3687 J·8 or DS3687N 

See NS Package J08A or N08A 

Truth Table 

Positive logic: AB = X 

A B 

0 0 

1 0 

0 1 

1 1 

Logic "0" output "ON" 
Logic "1" output "OFF" 

OUTPUT X 

1 

1 

1 

0 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage 7V Supply Voltage, Vee 
Input Voltage 15V DS1687 4.5 5.5 V 
Output Voltage 56V DS3687 4.75 5.25 V 
Storage Temperature Range -ii5°e to +150oe Temperature, T A 
Maximum Power Dissipation* at 25°C DS1687 -55 +125 °e 

Cavity Package 1133mW 053687 0 +70 °e 
Molded Package 1022mW 

*Derate cavity pa<1,kage 7.6 mVJ/oe above 2Soe; derate molded TO-S Package 787mW package 8.2 mW/ e above 2S e; derate TO-5 package 5.2 mW/ 
Lead Temperature (Soldering, 10 seconds) 300°C °e above 2Soe. . 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIH logical '1" Input Voltage 2.0 V 

IIH logical "1" Input Current VCC = Max, VIN = 5.5V 1.0 J1A 

Vil logical "a" Input Voltage 0.8 V 

III logical "a" I nput Current VCC = Max, VIN = O.4V -150 -250 J1A 

VCD Input Clamp Voltage VCC = 5V, IClAMP = -12 mA, TA = 25°C -1.0 -1.5 V 

VOH Output Breakdown VCC = Max, VIN = OV, lOUT = -5 mA -56 -65 V 

IOH Output leakage VCC = Max, VIN = OV, VOUT = -54V -0.5 -250 J1A 

VOL Output ON Voltage IOl = -100 mA -0.9 -1.1 V 
051687 

VCC= Min, IOl = -300mA -1.0 -1.3 V 

VIN = 2V 
053687 

IOl = -100 mA -0.9 -1.0 V 

IOl = -300 mA -1.0 -1.2 V 

ICC(l) Supply Current (Both Drivers) VCC = Max, VIN = OV, Outputs Open 2 4 mA 

ICC(O) Supply Current (Both Drivers) VCC = Max, VIN = 3V, Outputs Open 18 28 mA 

tPD(ON) Propagation Delay to a logical "a" Cl = 15 pF, Vl = -10V, Rl = 50n, 
50 

(Output Turn ON) T A = 25°C, VCC = 5V 
ns 

tPD(OFF) Propagation Delay to a logical "1" Cl = 15 pF, Vl = -10V,Rl = 50n, 
1.0 

(Output Turn OFF) TA= 25°C, VCC= 5V 
J1S 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the -ssoe to +12Soe temperature range for the D51687 and across the O°C to 
+70oe range for the DS3687. All typicals are given for Vee = 5V and T A = 2Soe. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

AC Test Circuit and Switching Time Waveforms 

VCCf5V 
VL' -lOY 

\ 

~ 
RL =50 

GENERATOR 
INOTE 11 CIRCUIT 

UNOER I--
TEST 

3Vo-- -'--CL"15pF 

~ 
JINDTE21 

Note 1: The pulse generator has the following characteristics: 
PRR = 1 MHz, 50% duty cycle, ZOUT 2! son, tr = tf ~ 10 ns. 
Note 2: eL includes probe and jig capacitance. 

3-50 

3V ,.------

INPUT ~'5V ,.5Vt'-___ _ 

w~ ~''''''"r ",,":" !, j 
VOFf----..J. ~L 



~National 
~ Semiconductor 

Peripheral/Power Driyers 

0555450/0575450 5eries Dual Peripheral Drivers 
General Description 
The OS55450/0S75450 series of dual peripheral drivers 
are a family of versatile devices designed for use in 
systems that use TTL logic. Typical applications include 
high speed logic buffers, power drivers, relay drivers, 
lamp drivers, MOS drivers, bus drivers and memory 
drivers. 

AND, NAND, OR and NOR drivers, respectively, (posi
tive logic) with the output of the logic gates internally 
connected to the bases of the NPN output transistors. 

Features 
• 300 mA output current capability 

• High voltage outputs The OS75450 is a general purpose device featuring two 
standard Series 54/74 TTL gates and two uncommitted, 
high current, high voltage NPN transistors. The device 
offers the system designer the flexibility of tailoring the 
circuit to the application. 

• No output latch-up at 20V 

• High speed switching 

• Choice of logic function 

• TTL compatible diode-clamped inputs 

• Standard supply voltages The OS55451/0S75451 , OS55452/0575452, 0555453/ 
OS75453 and OS55454/OS75454 are dual peripheral • Replaces TI "A" and "B" series 

Connection Diagrams (Oual-In-Line and Metal Can Packages) 

Vee 82 A2 

TOPVIEW 

Order Number DS55451J·8, 
DS75451J·8 or DS75451 N 

Vee 

GND 
TOP VIEW 

Pin4isin,lec:tric"contidwithth,clS'. 

Order Number 
DS55451 H or DS75451 H 

Vee 

Vee V2 B2 C2 E2 SUB 

Order Number DS75450J or DS75450N 
See NS Package J14A or N14A 

A2 Vee A2 

AI 
TOPVIEW TOPVIEW 

GND 

Order Number DS55452J·8, Order Number DS55453J·8, 
DS75452J-8 or DS75452N DS75453J·8 or DS75453N 

See NS Package J08A or N08A 
Vee Vee 

GND 
TOPVIEW 

Pin4 iI in tllCtritil contlct with th.ClSI. 

GND 
TOPVIEW 

Pin4isinllectricllcontJctwithth.caSi. 

. Order Number Order Number 
DS55452H or DS75452H DS55453H or DS75453H 

See NS Package H08C 
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Vee A2 V2 

TOPVIEW 

Order Number DS55454J·8, 
DS75454J·8 or DS75454N 

Vee 

GND 
TOPVIEW 

Pin4isinllectriulconllctwithth,ClSI. 

Order Number 
DS55454H or DS75454H 
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Absolute Maximum Ratings (Note 1) Operating Conditions (Note 7) 

MIN MAX UNITS 

5upply Voltage, (VCC) (Note .2) 7.0V Supply Voltage,(VCC) 

Input Voltage 5.5V 055545X 4.5 5.5 V 
Inter-emitter Voltage (Note 3) 5.5V 057545X 4.75 5.25 V 

Vcc-to-5ubstrate Voltage Temperature, (T A) 
0575450 35V 055545X -55 +125 °c 

Collector-to-5ubstrate Voltage OS7545X 0 +70 °c 
0575450 35V 

Collector-Base Voltage 

OS75450 35V 
*Oerate cavity package 8.7 mW/oC above 25°C; derate molded Collector-Emitter Voltage (Note 4) 
package 9.7 mW/C above 25°(,;. 

0575450 30V 
Emitter-Base Voltage t Oerate cavity pa<1,kage 7.3 mlfj/oC above 25°C; derate molded 

0575450 5.0V package 7.7 omW/ C above 25 C; derate. TO-5 package 5.1 mW/ 

Output Voltage (Note 5) 
°c above 25 C. 

0555451/0S75451,0555452/0575452, 30V 
OS55453/0S75453,OS55454/0S75454 

Collector Current (Note 6) 

OS75450 300mA 
Output Current (Note 6) 

0555451/0S75451,0555452/0575452, 300mA 
OS55453/0575453,0555454/0575454 

0575450 Maximum Power Oissipation* at 25°C 
Cavity Package 1308mW 
Molded Package 1207 mW 

0575451/2/3/4 Maximum Power Oissipation t at 25°C 
Cavity Package 1090mW 
Molded Package 957mW 
TO-5 Package 760mW 

5torage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 260°C 

Electrical Characteristics DS75450 (Notes 8 and 9) 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 

TTL GATE5 

VIH High Level Input Voltage (Figure 1) 2 V 

VIL Low Level Input Voltage (Figure 2) 0.8 V 

VI Input Clamp Voltage Vcc = Min, 11=-12mA, (Figure:,I) -1.5 V 

VOH High Level Output Voltage Vcc = Min, V IL = 0.8V, IOH =-400/-lA, (Figure2) 2.4 3.3 V 

VOL low Level Output Voltage Vcc = Min, V IH = 2V, IOL = 16 mA (Figure 1) 0.22 0.4 V 

II Input Current at Maximum Input V cc = Max, VI = 5.5V, (Figure 4) Input A 1 mA 

Voltage Input G 2 mA 

IIH High Level Input Current Vcc = Max, VI = 2.4V, (Figure 4) Input A 40 /-I A 
Input G 80 /-IA 

IlL Low Level Input Current V cc = Max, V I = 0.4 V, (Figure 3) Input A -1.6 mA 

Input G -3.2 mA 

los Short Circuit Output Current Vcc = Max, (Figure 5), (Note 10) -18 -55 mA 

IccH Supply Current Vcc = Max, VI = OV, Outputs High, (Figure 6) 2 4 mA 

ICCL Supply Current Vcc = Max, VI = 5V, Outputs Low, (Figure 6) 6 11 mA 

OUTPUT TRANSISTORS 

V(BRICBO Collector· Base Breakdown Voltage Ic = 100/-lA, IE = 0 35 V 

V(BRICER Collector· Emitter Breakdown Ic = 100/-lA, RBE = 500~ 30 V 

Voltage 

V(BRIEBO Emitter·Base Breakdown Voltage IE = 100/-lA, Ic = 0 5 V 

hFE Static Forward Current Transfer 
TA = +25°C 

Ic = 100mA 25 

Ratio Ic = 300 mA 30 
VCE = 3V, (Note 11) 

Ic=100mA 20 
TA = O°C 

Ic = 300 mA 25 

VBE Base·Emitter Voltage 
(Note 11) 

IB = 10 mA, Ic = 100 mA 0.85 1 V 

IB = 30 mA, Ic = 300mA 1.05 1.2 V 

VCE(SATI Collector· Emitter Saturation 
(Note 11) 

IB = 10mA,Ic = 100mA 0.25 0.4 V 

Voltage I B - 30 mA, Ic = 300 mA 0.5 0.7 V 
/ 
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Electrical Characteristics (Continued) 

DS55451/DS75451, DS55452/DS75452, DS55453/DS75453, DS55454/DS75454 (Notes 8 and 9) 

PARAMETER CONDITIONS 

V IH High-Level Input Voltage 

V IL Low-Level Input Voltage 
(Figure 7) 

VI Input Clamp Voltage Vee = Min, II =-12mA 

VOL Low-Level Output Voltage 0555451, 0555453 
IOL = 100 mA 0575451, 0575453 

V IL = 0_8V 
0555451, 0555453 

Vee = Min, 
IOL = 300 mA 

0575451, 0575453 

(Figure 7) 0555452, 0555454 
IOL = 100 mA 

0575452, 0575454 
V IH = 2V 

0555452, 0555454 
IOL = 300 mA 

0575452, 0575454 

IOH High-Level Output Current 0555451, 0555453 

Vee = Min, 
V IH = 2V 

0575451, 0575453 

(Figure 7) 
VOH = 30V 

0555452, 0555454 
V IL = 0_8V 

0575452, 0575454 

II Input Current at Maximum Input Voltage Vee = Max, VI = 5_5V, (Figure 9) 

IIH High-Level Input Current Vee = Max, VI = 204V, (Figure 9) 

IlL Low-Level Input Current Vee,= Max, VI = Oo4V, (Figure 8) 

leeH 5upply Current, Outputs High VI = 5V 0555451/0575451 

Vee = Max, VI = OV 0555452/0575452 

(Figure 10) VI = 5V 0555453/05754~3 

VI = OV 0555454/0575454 

leeL 5upply Current, Outputs Low VI = OV 0555451/0575451 

Vee = Max, VI = 5V 0555452/0575452 

(Figure 10) VI = OV 0555453/0575453 

VI = 5V 0555454/0575454 

Switching Characteristics 
DS75450 (Vee = 5V, T A = 25°C) 

PARAMETER CONDITIONS 

tpLH Propagation Delay Time, RL = 400n, TIL Gates, (Figure 12) 

Low-To-High Level Output CL = 15 pF RL = 50n, Ie"" 200 mA, Gates and Transistors 

Combined, (Figure 14) 

tpHL Propagation Delay Time, RL = 400n, TTL Gates, (Figure 12) 

High-To-Low Level Output CL = 15pF R L = 50n, Ie "" 200 mA, Gates and Transistors 

Combined, (Figure 14) 

tTLH Transition Time, Low-To-High CL = 15 pF, RL = 50n, Ie"" 200 mA, Gates and Transistors Combined, 

Level Output (Figure 14) 

tTHL Transition Time, High-To-Low CL =15pF, RL = 50n, Ie "" 200 mA, Gates and Transistors Combi'ned, 

Level Output (Figure 14) 

VOH High-Level Output Voltage After Vs = 20V, Ie "" 300 mA, RBE = 500n, (Figure 15) 

5witching 

to Delay Time le=200mA, I BI1 )=20mA, I B =-40mA, VBEIOFF)=-lV, 

CL = 15 pF, RL = 50n, (Figure 13), (Note 12) 

tA Rise Time Ie = 200 mA, IBI1 ) = 20 mA, IB = -40 mA, VBEIOFF) = -lV, 

CL = 15 pF, RL = 50n, (Figure 13), (Note 12) 

ts Storage Time Ie = 200 mA, IB(1)=20mA, IB =-40mA, VSEIOFF)=-lV, 

CL = 15 pF, RL = 50n, (Figure 13), (Note 12) 

tF Fall Time Ie = 200 mA, IBll) = 20 mA, Is = -40 mA, VSEIOFF) = -lV, 

CL = 15 pF, RL = 50n; (Figure 13), (Note 12) 
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MIN TYP 

2 

0_25 

0_25 

0_5 

0_5 

0_25 

0_25 

0_5 

0_5 

-1 

7 

11 

8 

13 

52 

56 

54 

61 

MIN TYP 

12 

20 

8 

20 

7 

9 

Vs-6.5 

8 

12 

7 

6 

MAX 

0_8 

-1.5 

0_5 

004 

0_8 

0_7 

0_5 

004 

0_8 

0_7 

300 

100 

300 

100 

1 

40 

-1.6 

11 

14 

11 

17 

65 

71 

68 

79 

MAX 

22 

30 

15 

30 

12 

15 

15 

20 

15 

15 

UNITS 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

/lA 

/lA 

/lA 

/lA 

mA 

/lA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

mV 

ns 

ns 

ns 

ns 

c en en en 
~ en 
S2 
c en ---.. en 
~ en 
o 
en 
CD 
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CD 
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U) 

CI) Switching Characteristics (Continued) -.: 
CI) OS55451/0S75451, OS55452/0S75452, OS55453/0S75453, OS55454/0S75454 (Vee = 5V, TA = 25°C) 

en 
o 
Il) 
~ 
Il) 
r--. en 
c o 
Il) 
~ 
Il) 
Il) 

en 
c 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpLH Propagation Oelay Time, Low-To-High 0555451/0575451 18 25 ns 

Level Output CL =15pF, RL =50n, 0555452/0575452 26 35 ns 

10 '" 200 rnA, (Figure 14) 0555453/0575453 18 25 ns 

0555454/0575454 27 35 ns 

tpHL Propagation Oelay Time, High-To·Low 0555451/0575451 18 25 ns 

Level Output CL =15pF, RL =50n, 0555452/0575452 24 35 ns 

10 '" 200 rnA, (Figure 14) , 0555453/0575453 16 25 ns 

0555454/0575454 24 35 ns 

tTLH Transition Time, Low-To·High Level CL =15pF, RL = 50n, 10 '" 200 rnA, (Figure 14) 5 8 ns 

Output 

tTHL Transition Time, High-To-Low Level CL =15pF, RL = 50n, 10 '" 200 rnA, (Figure 14) 7 12 ns 
Output 

VOH High·Level Output Voltage After Vs = 20V, 10 '" 300 rnA, (Figure 15) Vs-6.5 mV 

5witching 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Voltage values are with respect to network ground terminal unless otherwise specified. 

Note 3: The voltage between two emitters of a multiple~emitter transistor. 

Note 4: Value applies when the base-emitter resistance (ABE) is equal to or less than 500n. 

Note 5: The maximum voltage which should be applied to any output when it is in the "OFF" state. 

Note 6: Both halves of these dual circuits may conduct rated current simultaneously; however, power dissipation averaged over a short time. 
interval must fall within the continuous dissipation rating. 

Note 7: For the OS75450 only, the substrate (pin 8) must always be at the most-negative device voltage for proper operat'ion. 

Note 8: Unless otherwise specified min/max limits apply across the -55°e to +125°e temperature range for the OS55450 series and across the 
O°C to +70°C range for the OS75450 series. All typicals are given for Vee = +SV and T A = 25°e. 

Note 9: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 10: Only one output at a time should be shorted. \ 

Note 11: These parameters must be measured using pulse techniques. tw = 300J.ls, duty cycle < 2%. 

Note 12: Applies to output transistors only. 

Schematic Diagrams 
OS55451/0S75451 

OS75450 

r--.... - ..... --..... ----o() Vee 

Alo--4_......I~r 

El ' 

Cl ...... ---4I_-----4I ..... - ...... --4 ..... -oGND 
Raistorvlluesshown.renomiRlI 

OS55452/0S75452 
r--.... - ..... --tI-... - .... H~-oSU8 r---..... ------<II~-.-----o()vee 

C2 

E2 

A2o--t--t-t 

...... ~-4_--~-... -.-------oGND 
RlSistor vllues shown Ire nomin.1. 

Resistor vllues shown.re nominal. 
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Schematic Diagrams (Continued) 

0S55453/0575453 0855454/0575454 

r-----~-----.----.--------oV~ r-----~-----4----.-~~-.-------oV~ 

~~----__ ~----__ --~~~~--OGNO ~~----~~--------~~~--*-~ __ ~-oGNO 
Resistor VlluH shown .11 nominal. R.listorvalu,s Ihown,,' nominal. 

Truth Tables (H = high level, L = low level) 

0555451/0576451 0855452/0875452 

A 8. y A 8 Y 

L L L (ON State) L L H (OFF State) 
L H L (ON State) L H H (OFF State) 
H L L (ON State) H L H (OFF State) 
H H H (OFF State) H H L (ON State) 

0555453/0875453 0555454/0875454 

A 8 Y A 8 Y 

L L L (ON State) L L H (OFF State) 

L H H (OFF State) L H L (ON State) 

H L . H (OFF State) H L L (ON State) 

H H H (OFF State) H H L (ON State) 

DC Test Circuits 
Vee 

Vee 

Bothinputs.r.ttst.dsimultln,ousJy. Elch input is tlstid sep.lfllily. 

FIGURE 1. VIH. Val FIGURE 2. Vil. VOH FIGURE 3. VI. III 

Vee 
Vee 

OPEN V, OPEN 

hch input il test,d stpalat.ly. Each ptt is tenld separltelv. Bothg.teslntntldsimulllntously 

FIGURE 4. II.IIH FIGURE 5. 105 FIGURE 6. leCH, leel 
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DC Test Circuits (Continued) 

V,H 

V,L 

Vee 

4'5V~SEE A,'B NOTES 

I'L 

V,o' }8'A 

II~FT 

= i 1 

CIRCUIT 

SEE VOH 
0554451 

TEST ~
IOH 

TABLE ~IOL' 
055445? 

Vee 

VOL 

~~ 
0554453 

0554454 

OPEN 

NuttA: Each input is tested separately. 
Note B: When 1 .. ling OS5545](OS7545], OS554541 -
DS75454,lnput notund., test IS grounded. 
For all other circuits it is at 4.5V. 

FIGURE 8. VI. IlL 

Vee OPEN 

V, 

80th gatesa,e tested simultaneously. 

INPUT 
OTHER 

OUTPUT 

UNDER 
INPUT 

TEST APPLY MEASURE 

V IH V IH VOH IOH 
V IL Vee IOL VOL 

V IH V IH IOL VOL 
V IL Vee VOH IOH 

V IH Gnd VOH IOH 
V IL V IL IOL VOL 

V IH Gnd IOL VOL 
V IL V IL VOH IOH 

Vee 

OPEN 

E.ch input is testedseparltely. 

FIGURE 9. II.IIH 

Vee OPEN, 

V, 

Both gatesl,e tested simultaneousJy. 

FIGURE 10. ICCH. ICCL for AND. NAND Circuits FIGURE 11. ICCH.ICCL for OR. NOR Circuits 

AC Test Circuits and Switching Time Waveforms 

INPUT 2,4V Vee OUTPUT 5V 

INPUT -IV 

lk 

Note 1: The pulse generator has the following characteristics: PRR" 1 MHz, ZOUT ~ 50!l. 

Notl2: CL include probe and jig capacitance. 

FIGURE 12. Propagation Delay Times. Each Gate (0575450 Only) 

10V 

.----1~ .... - OUTPUT ..., 
CL "ISpF 

J""'" 

~_O'_~' __ ~~+-_______________ ]V 

INPUT 

to ts 
'~:r.. "lr-,,-5.-.----- oV 

IR-j li-l 
OUTPUT---~10~%"lIi~"" __________ Jl1(~10::;"%-------

Notel: lh' pulse generator has the following characteristics: duty cycle:S; 1%, ZOUT ~ SOn. 

Note2: CL includes probe andjig capacitlnce. 

FIGURE 13. Switching Times. Each Transistor (0575450 Only) 
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AC Test Circuits and Switching Time Waveforms (Continued) 

INPUT 10V 

RL - 50 

OUTPUT 

CL-15pF 

':' ':' 
J""" 

Note 1: Th,pulsegeneratorh.sthefollowingcharlcteristics: 
PRR' 1.0 MHz, ZOUT ~ 5011. 
NOle2: CL includes probe and jig capacitance. 
Note 3: WhentestmQ DS754S0,connectoutputYto 
transistor base and ground the substrate terminal. 

INPUT 
OSI5450 
OS55451 
OS5545J 

INPUT 
OS55452 
OS55454 

OUTPUT 

f--------o.5"'--------i 

~5.0n' 

FIGURE 14. Switching Times ~f Complete Drivers 

Vs =JOV 

L..--...... - ..... -oOUTPUT 

CL=15pF 

r""" 

--j r~5ns ll-::;10
0

' 

~~:~:~~ 1.5V 1.5V 

JV 
INPUT ~O% 1(90% 

OS55451 !;._':.::,O'::...YO _______ ~1.::.:0%:J.:.+_------OV 

r------40"'--------j 

INPUT ~-j r-r,g;;;:O%::-' _;;_5n_s ______ -::~:;;:0%;"'l'~L++-$-'-0-n'-_JV 
~~~~:~ I 1.5V 1.5V 

10% . 10% I-.----OV 

OUTPUT 

Notel: The pulse generator has the followingcha,actaristics: 
PRR' 12.5 kHz. ZOUT = 50H. 
Note 2; When testing DS154S0,connectoutput Vtotransistof 
basewith. 500u resistor from there to ground and ground the 
substrate terminal. 

Note 3: Cl includes probe and jig capacitance. 

FIGURE 15. Latch·Up Test of Complete Drivers 

Typical Performance Characteristics 

4.0 

~ 
<::> 

~ l.O 

> 

Vee = 5V 

"'-
V'L = 0.8V 
TA = 25C 

" 
(FIGURE 2) 

I-
:::> 
"- 2.0 I-
:::> 

'" 

\. , 
1\ 

~ 1.0 
:t: 
<::> 

\ 
1\ 

;: 
1\ 

-10 -20 -lO -40 

HIGH·LEVEl OUTPUT CURRENT (rnA) 

FIGURE 16. DS75450 TTL Gate High·Level 
Output Voltage vs High·Level Output Current 
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- 100 
'" ;:: 
~ 
a: 80 

VeE = lV 
(NOTE 8) ~-

z 

g 60 

I-
Z 

a: 40 a: 

~-

----
~ 

_f-" ....J.-.l 
~ -I-~ TA-O°C- . 

:::> 
(.) 

c 
a: 20 
<t 

~ 
(.) 

;:: 10 20 40 70 1 DO 200 400 

~ COLLECTOR CURRENT (rnA) 

FIGURE 17. DS75450 Transistor Static Forward 
Current Transfer Ratio vs Collector Current 

c 
en 
C1I 
C1I 
~ 
C1I 

J.ov S2 
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en 

ov ---.. 
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U) 

Q) Typical Performance Characteristics (Continued) -t: 
Q) 

(J) 

o 
IJ') 
~ 
IJ') 
r--. 
(J) 
C o 
IJ') 
~ 
IJ') 
IJ') 
(J) 
C 

1.2 
Ie IIII 

~ 1.0 
UJ 

i;; = 10 - 'i~~~ 
(NOTE 8) 

t:> 
« 0.8 
~ 
> 

0.6 a: 
UJ ..... 

...,. 
...... r:=~70"IC 

~ -~ ~ 
~ I 

~TA =+25"C 
..... 

~ 
0.4 

~ 0.2 

10 20 40 70 100 200 400 

COLLECTOR CURRENT (rnA) 

FIGURE 18. DS75450 Transistor Base
Emitter Voltage vs Collector Current 

Typical Applications 

A20-----, 

+5V 

12 11 10 

SUB 

OS75450 

GND 

+5V 

+V 

INPUT G 

~ 
t:> 0.6 

~ Ie 
- = 10 

> 0.5 I" 
." (NOTE 8) 0 

~ 
0.4 

0.3 
a: 

t: 0.2 

~ 

I 
0.1 

10 20 40 70 100 200 400 

COLLECTOR CURRENT (rnA) 

FIGURE 19. Transistor Collector-Emitter 
Saturation Voltage vs Collector Current 

11 10 

SUB 

DS75450 

GNO 

Al 0-----' INPUT A 0-+----' 

Y = G + Al . A2 + Ai . Ai 

FIGURE 20. Gated Comparator FIGURE 21. 500 mA Sink 

+VlO------........ --.-"""'..,...-------o OUT·OF·PHASE OUTPUT 
5V 

2k 8.2k 820 O~i( 820 

.---_--0 IN·PHASE OUTPUT 1/0.l_F /I 

INPUT 0-----, 1\ 

14 13 12 11 10 9 18 
+5V -V2 

SUB 

~ 
LL 

0575450 

----c-
GND 

1 2 3 4 5 6 -p 
'--STROBE 

This side can perform the same Or another function. 

FIGURE 22. Floating Switch FIGURE 23. Square-Wave Generator 
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Typical Applications (Continued) 

.VIo-...... ----__ - ....... --, 

OIOOE ARRAY r----------, 

STROBE 
TO MEMORY ORIVE LINES 

1..--+-----0 -V2 

Source and sink controls are Bctivated by hJgh-level input voltages (V1H ~2V). 

FIGURE 24. Core Memory Driver 

'5V 0--.-------------..-_-, 
4.7k 

r--+--...... --+--oOUTPUT A 
INPUT A 0---11----. 

11 

OS75450 

STROBE 

INPUT 8 0------' 

IN759 

10 

GND 

-IOV OR NEGATIVE 
SUPPLY OR MOS CIRCUIT 

1..--+---+-_""'-0 OUTPUT B 

4.7k 

FIGURE 25. Dual TTL·to-MOS Driver 

.5Vo----...... -.------...... - ...... -------, 

22k 2.7k 

r--+---t-------+--oOUTPUT A 

I 
I 
I 
I 
I 

J 
I SOURCE 
t CURRENT 

INPUT A 0-....... 'V311'3k.,.....-t-~t~-=--=--=.'2:~-=--=-t~-=--=-1.~-I.:..:....-F---::;;,-lHI-OS~~~l~RO~E~~;~~~CUIT 

2.7k 

INPUT B 0-...... '1111' .......... -1-'---t-=---r---' 

STROBE 0--,------' L..---------+----oOUTPUT B 

FIGURE 26. Dual MOS·to·TTL Driver 
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Typical Applications (Continued) 
+5Vo-...----.-----...---...., 

lk 
...------0 LINE 1 

TWISTED 
PAIR 
LINE 

INPUT 
FROM 

TTl 
1..-.---+--0 LINE 2 

STROBE 

INPUT B 

Termination is made It the receiving end as follows: 
line 1 is terminated to ground through Zo/2; 
line 2 is terminated to +SVthrough Zo12; 

when Za is the line impedance. 

FIGURE 27. Balanced Line Driver 

0515451 

*Optional keep-aliveresistorl maintain off-state lamp 
current at::::: 10%to red ute surlle current. 

R' 

FIGURE 28. Dual Lamp or Relay Driver 

5Vo--_---. 
lk 

INPUT 0-...---1--1----, 

OM1404 0515451 

FIGURE 29. Complementary Driver 

} 

COMPLEMENTARY OUTPUTS fOR: 
GOINO·GO INDICATORS 
MOS CLOCK DRIVERS 
BIPOLAR RELAYS 

5Vo--~---~------------,-~-~~ 5Vo-",--~---,---------------~~----~ 

lk 

TEST 
..,.' 

INPUT o--a.--o-' OS15452 

FIGURE 30. TTL or DTL Positive Logic-Level Detector 

390 

hik* 

DS75452 
390 

INPUT 

·The two input resiston must be adjusted for thllt'lll at MOS input. 

FIGURE 31. MOS Negative Logic-Level Detector 
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Typical Applications (Continued) 
5Vo-------1---------------------~ 

INPUT A 

STROlE OS75453 

INPUT B 

FIGURE 32. Logic Signal Comparator 

5Vo-----__ ~--------------------~ 

SIGNALS FROM} 
PEAK DETECTORS 0-"1 __ -+ ___ -, 

OUTPUT 

DS75453 

OUTPUT~: 

I' 

·lfinputslrlunused,thty should be connlcted to t5Vthrough. lk resistor. 

FIGURE 33.ln·Phase Detector 

5Vo---------.----------------------1~__, 

lk lk 

INPUT A 

INPUT. OS75454 

INPUT C 

low output occurs only when inputs 
arelowsimultaneouslV· 

Y2= hc =(A+ B) C 
Y2 = Yl + C = A 8 + C 

FIGURE 34. Multifunction Logic-Signal Comparator 

5Vo---------~~--------------------~--~ 

FROM ALARM { 
TRANSD UCERS o--t---...... ---t-------, 

390 390 r-'"------+-------t-------t--, 

OS75454 

fROM ALARM { 
TRANSDUCERS o--t---...... -----------' 

FIGURE 35. Alarm Detector 
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~National . 
D Semiconductor 

PeripherallPower Drivers 

0555461/213/4, D575461/2/3/4 Series Dual Peripheral Drivers 

General Description 
The OS55461/2/3/4 series of dual peripheral drivers 
are functionally interchangeable with OS55451/2/3/4 
series peripheral drivers, but are designed for use in 
system's that require higher breakdown voltages at the 
expense of slightly slower switching speeds. Typical 
applications include power drivers, logic buffers, lamp 
drivers, relay drivers, MOS drivers, line drivers and 
memory drivers. 

The OS55461/0S75461, OS55462/0S75462, OS55463/ 
0575463 and OS55464/0S75464 are dual peripheral 
ANO, NANO, OR and NOR drivers, respectively, (posi
tive logic) with the output of the logic gates internally 
connected to the bases of the NPN output transistors. 

Features 
• 300 mA output current capability 

• High voltage outputs 

• 'No output latch-up at 30V 

• Medium speed switching 

• Circuit flexibility for varied applications and choice 
of logic function 

• TTL compatible diode-clamped inputs 

• Standard supply voltages 

Connection Diagrams, (Oual-In-Line and Metal Can Packages) 

Vee 82 V2 

TUPV'EW 

Vee 82 A2 Y2 

AI 81 VI GND 
TDPV,EW 

AI 

Vee B2 A2 Y2 

GND AI VI GNU 

TOPV'EW TOPV'EW 

Order Number DS55461J·8, Order Number DS55462J·8, Order Number DS55463J·8, Order Number DS55464J·8, 
DS75461J·8 or DS75461N DS75462J·8 or DS75462N DS75463J·8 or DS75463N DS75464J·8 or DS75464N 

GNU 
TUPV,EW 

Pin4isin,lectJicllcontlctwiththlcu,. 

Order Number 
DS55461 H or DS75461 H 

See NS Package J08A or N08A 

Vee 

GNU 
TUPV'EW 

Pin4 is in electrical contlctwiththlClII. 

Order Number 
DS55462H or DS75462H 

GNU 
TOPV'EW 

Pin4isinelectricllcontlctwithth.CISI. 

Order Number 
DS55463H or DS75463H 

See NS Package H08C 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage (Note 2) 7V Supply Voltage (VCC) 

Input Voltage 5.5V OS5546X 4.5 5.5 V 

Inter·emitter Voltage (Note 3) 5.5V OS7546X 4.75 5.25 V 

Output Voltage (Note 4) 
Temperature (T A) 

OS55461 /OS7 5461, OS55462/0S75462, 35V OS5546X -55 +125 °c 
OS55463/0S75463,OS55464/0S75464 OS7546X 0 +70 °c 

Output Current (Note 5) 
OS55461 /OS75461, OS55462/0S75462, 300mA 
OS55463/0S75463,OS55464/0S75464 

° Maximum Power Dissipation" at 25 C 
Cavity Package 1090 mW 
Molded Package 957 mW 

TO·5 Package 760mW 

Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 260°C 

"Derate cavity package 7.3 mW/C above 25°C; derate molded 
package 7.7 mWtC above 25°C; derate TO·5 package 5.1 mW/ 
°C above 25°C. 

Electrical Characteristics 
DS55461/DS75461, DS55462/DS75462, DS55463/DS75463,DS55464/DS75464 (Notes 6 and 7) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

V'H High Level Input Voltage (Figure 1) 2 V 

V'l Low Level Input Voltage (Figure 1) 0.8 V 

V, Input Clamp Voltage Vcc = Min, I, =-12mA -1.2 -1.5 V 

VOL Low Level Output Voltage IOl = 100 mA 0.15 0.5 V 
0555461, V, l = 0.8V 

10l = 300 mA 0.36 0.8 V 

IOL = 100 mA 0.16 0.5 V 
0555462, V'H=2V 

IOl = 300 mA 0.35 0.8 V 

IOL = 100 mA 0.18 0.5 V 
0555463, V'l ~0.8V 

IOL ~ 300 mA 0.39 0.8 V 

10L = 100 mA 0.17 0.5 V 

Vce = Min,(Figure 1) 
0555464, V'H=2V 

IOL = 300 mA 0.38 0.8 V 

IOl = 100 mA 0.15 0.4 V 
0575461, V'l =0.8V 

10L ~ 300 mA 0.36 0.7 V 

IOL = 100 mA 0.16 0.4 V 
0575462, V'H=2V 

IOL ~ 300 mA 0.35 0.7 V 

IOL ~ 100 mA 0.18 0.4 V 
0575463, V'L =0.8V 

IOL = 300 mA 0.39 0.7 V 

10L = 100 mA 0.17 0.4 V 
0575464, V'H=2V 

IOl = 300 mA 0.38 0.7 V 

IOH High Level Output Current 0555461, 
300 J.i.A 

0555463 
V'H ~ 2V 

0575461, 
100 J.i.A 

Vcc = Min, VOH ~ 0575463 

35V, (Figure 1) 0555462, 
300 J.i.A 

0555464 
V'L~0.8V 

0575462, 
100 J.i.A 

0575464 

I, Input Current at Maximum Vce = Max, V, = 5.5V, (Figure 3) 1 mA 

Input Voltage 

I'H High Level Input Current Vee = Max, V, ~ 2.4V, (Figure3) 40 J.i.A 

I'l Low Level Input Current Vee ~ Max, V, = O.4V, (Figure 2) -1 -1.6 mA 

leeH 5upply Current 0555461/ 

V, ~ 5V 
0575461, 

0555463/ 
8 11 mA 

0575463 
Vee = Max, Outputs 

0555462/ 
High, (Figures 4 and 5) 13 17 mA 

0575462 
V, = OV 

0555464/ 
14 19 mA 

D575464 
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Electrical Characteristics (Continued) 
OS55461/0S75461, OS55462/0S75462, OS55463/0S75463, OS55464/0S75464 (Notes 6 and 7) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

ICCL Supply Current OS55461/ 

OS75461 
61 76 rnA 

VI = OV 
OS55463/ 

63 76 rnA 
OS75463 

V cc = Max, OUtputs 
OS55462/ 

Low, (Figures 4 and 5) 65 76 rnA 
OS75462 

VI = 5V 
OS55464/ 

72 85 rnA 
OS75464 

Switching Characteristics 
OS55461/0S75461, OS55462/0S75462, OS55463/0S75463, OS55464/0S75464 Vee = 5V, T A =25°C 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpLH Propagation Oelay Time, OS55461/ 

Low·To·High Level Output OS75461, 
45 55 ns 

OS55463/ 

10 '" 200 rnA, CL = 15 pF, RL = 50n, OS75463 

(Figure 6) OS55462/ 

OS75462, 
50 65 ns 

OS55464/ 

OS75464 

tpHL Propagation Oelay Time, OS55461/ 

High·To·Low Level Output D575461, 
30 40 ns 

OS55463/ 

10 "'200 rnA, CL = 15pF, RL = 50n, 0575463 

(Figure 6) OS55462/ 

0575462, 
40 50 ns 

OS55464/ 

0575464 

tTLH Transition Time, low· To· 0555461/ 
8 20 ns 

High Level Output 0575461 

0555462/ 
12 25 ns 

10 '" 200 rnA, CL = 15 pF, RL = 50n, 0575462 

(Figure 6) 0555463/ 
8 25 ns 

0575463 

0555464/ 
12 20 ns 

0575464 

tTHL Transition Time, High·To· 0555461/ 
10 20 ns 

Low Level Output 0575461 

0555462/ 

10 '" 200 rnA, CL = 15 pF, RL = 50n, 0575462, 
15 20 ns 

(Figure 6) 0555464/ 

0575464 

0555463/ 
10 25 I ns 

0575463 

VOH High·Level Output Voltage Vs = 30V, 10 '" 300 rnA, (Figure 7) Vs-10 mV 

After 5witching 

Note 1.: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Voltage values are with respect to network ground terminal unless otherwise specified. 

Note 3: This is the voltage between two emitters of a multiple·emitter transistor. 

Note 4: This is the maximum voltage which should be applied to any output when it is in the "OFF" state. 

Note 5: Both halves of these dual circuits may conduct rated current simultaneously; however, power dissipation averaged over a short time 
interval must fall within the continuous dissipation rating. 

Noote 6: Ug'less otherwise specified min/~ax limits .apply acr.oss the _55°C to +125°C tempe~ature range for the DS55XXX series and across the 
OCto +70 C range for the DS75XXX series. All tYPlcals are given for VCC = +5V and T A = 25 C. 
Note 7: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 
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Schematic Diagrams 
OS55461/0S75461 OS55462/0S75462 

.-----..... -----..... -~t---------Ovcc 

Resistofvilluesshown.renominal. 
~~~----~~--~~--__ --OGND 

ResistOfVllulSshownar. nominal. 

~~------~"""'-__ --~--__ ~t---~-oGND 

OS55463/0S75463 OS55464/0S75464 

r-----.... ------.... --~~-------Ovcc r-----...... ------.... --1~ .... - .... --------Ovcc 

~~"""'----~----------~ __ ~~""",-oGND L--4~----~-----~---4_~--~~--~--oGND 

Resistor values shown are nominal. Resistofvllues shown.re nominal. .... 

Truth Tables (H = high level. L = low level) 

OS55461/0S75461 OS55462/0S75462 OS55463/0S75463 OS55464/0S75464 

A B Y A B y A B Y A B Y 

L L L (ON State) L L H (OFF State) L L L (ON State) L L H (OFF State) 

L H L (ON State) L H H (OFF State) L H H (OFF State) L H L (ON State) 

H L L (ON State) H L H (OFF State) H L H (OFF State) H L L (ON State) 

H H H (OFF State) H H L (ON State) H H H (OFF State) H H L (ON State) 
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DC Test Circuits 

Vee 

~ 
V,H SEE VOH 

TEST 

V" TABLE ~IOL 

VOL 

':' ':' ~f 
INPUT 

OTHER 
OUTPUT 

CIRCUIT UNDER 
INPUT 

TEST APPLY MEASURE 

0555461 V 1H V 1H VOH IOH 
V1L Vee IOL VOL 

0555462 V1H V1H IOL VOL 
V 1L Vee VOH IOH 

0555463 V1H Gnd VOH IOH 
V 1L V 1L IOL VOL 

0555464 V 1H Gnd tOL VOL 
V1L V1L VOH tOH 

Elch input is tested sepaT1tely. 

FIGURE 1. VIH. Vll.IOH. VOL 

Vee 

V.Ho----~ 

OPEN 

hchinputtst"t.dsePI~ltely. 

FIGURE 3.11.IIH 

V, 

Bothgates.rettstedsimultan,ously. 

FIGURE 4. ICCH.ICCl for 
AND. NAND Circuits 
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Vee 

Note 1: Elch tnput is tHted Itptlrlt!ly. 

NOll 2: When ""in, OS55463/0S75463 ,nd 0575464, 
input not Undtf'lst isgroundtd. 
For eH other circuits it is.t 4.5V. 

FIGURE 2. VI. III 

Vee 

V, 

OPEN 

OPEN 

Bothp.eslr8ttstedtimultlntoudy. 

FIGURE 5. ICCH. ICCl for 
OR. NOR Circuits 



Switching Characteristics 

INPUT 2.4V 

1, 
OS55461 
OS55462 

10V 

RL • 50 

Not. 1: Th.pulsegener.torh.sthefolJowingchlrlcteristics: 
PRR· I MHz, ZOUT ~ san. 
Nal.2: CLincludesprob •• ndjigClPlcit.nce. 

INPUT 
OS55461 
OSS5463 

INPUT 
05S5462 
05S5464 

OUTPUT 

1--------0.5..---------1 
S;S.On. 

90% 

tTLH 

FIGURE 6. Switching Times of Complete Drivers 

=1 rs: sn
, l r:;10n. 

~
O% Jf90~ 

051~~~r 1.SV 1.SV 

OSS5463 .. _.:.;10._.% _________ 1"'0% .... '-+------OV 

3V 

L..--+--+-o OUTPUT 

1-----40",-----1 

I f---S;Sn. --l s10ns 

INPUT Jfr::::90:::-%-------~9::::0%::-~l:c++-----3V 

~~~~:! l.SV 1.5V 

10% 10% '------OV 

OUTPUT 

Note 1: The pulse gener.tor has the following ch.racteristics: 
PRR = 12.S kHz,ZOUT" SOl!. 
Note 2: CL includes probe and jig capacitance. 

FIGURE 7. Latch·Up Test of Complete Drivers 
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Safe ·Operating Areas 
for Peripheral Drivers 

Peripheral Drivers is a broad definition given to Interface 
Power devices. The devices generally have open-col
lector output transistors that can switch hundreds of 
milliamps at high voltage, and are driven by standard 
Digital Logic gates. They serve many applications such 
as: Relay Drivers, Printer Hammer Drivers, Lamp 
Drivers, Bus Drivers, Core Memory Drivers, Voltage 
Level Transistors, and etc. Most IC devices have a 
specified maximum load such as one TTL gate can 
drive ten other TTL gates. Peripheral drivers have many 
varied load situations depending on the application, 
and requires the design engineer to interpret the limi
tations of the device vs its application. The major 
considerations are Peak Current, Breakdown Voltage, 
and Power Dissipation. 

OUTPUT CURRENT AND VOLTAGE 
CHARACTERISTICS 

Figure 1 shows the circuit of a typical peripheral driver, 
the DS75451. The circuit is equivalent to a TTL Gate 
driving a 300 mA output transistor. Figure 2 shows the 
characteristics of the output transistor when it is ON 
and when it is OFF. The output transistor is capable 
of sinking more than one amp of current when it is ON, 
and is specified at a VOL = 0.7V at 300 mAo The output 
transistor is also specified to operate with voltages up 
to 30V without breaking down, but there is more to 
that as shown by the breakdown voltages labeled BVCES, 
BVCER, and LVCEO. 

vee vee vee 

INPUT A 

INPUT B 0--+--. 

FIGURE 1. Typical Peripheral Driver DS75451 

BVCES corresponds to the breakdown voltage when 
the output transistor is held off by the lower output 
transistor of the TTL gate, as would happen if the 
power supply (VCC) was 5V. BVCER corresponds 
to the breakdown voltage when the output transistor 
is held off by the 500 resistor, as would happen if the 
power supply (VCC) was off (OV). LVCEO corres· 
ponds to the breakdown voltage of the output tran
sistor if it could be measured with the base open. LV CEO 
can be measured by exceeding the breakdown voltage 
BVCES and measuring the voltage at output currents 
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of 1 to 10 mA on a transistor curve tracer (LVCEO 
is sometimes measured in an Inductive Latch-Up Test). 
Observe that all breakdown voltages converge on LVCEO 
at high currents, and that destructive secondary break
down voltage occurred (shown as dotted line) at high 
currents and high voltage corresponding to exceeding 
the power dissipation of the device. The characteristics 
of secondary breakdown voltage vary with the length 
of time the condition exists, device temperature, Voltage, 
and current. 

OUTPUT ON 

300 rnA 

~----------------~--~~~--~veE 

FIGURE 2. Output Characteristics ON and OFF 

OUTPUT TRANSFER CHARACTERISTICS VS 
INDUCTIVE AND CAPACITIVE LOADS 

Figure 3 shows the switching transfer characteristics 
superimposed on the DC characteristics of the output 
transistor for an inductive load. Figure 4 shows the 
switching transfer characteristics for a capacitor load. 
In both cases in these examples, the load voltage (VB) 
exceeds LVCEO. When the output transistor turns 
on with an inductive load the initial current through 
the load is 0 mA, and the transfer curve switches across 
to the left (VOL) and slowly charges the inductor. 
When the output transistor turns off with an inductive 
load, the initial current is IOL, which is sustained by 
the inductor and the transistor curve switches across 
to the right (VB) through a high current and high 
voltage area which exceeds LVCEO and instead of 
turning off (shown as dotted line) the device goes into 
secondary breakdown. It is generally not a good practice 
to let the output transistor's voltage exceed LVCEO 
with an inductive load. 

In a similarcasewith a capacitive load shown in Figure 4, 
the switching transfer characteristics rotate counter 
clockwise through the DC characteristics, unl ike the 
inductive load which rotated clockwise. Even though 
the switching transfer curve exceeds LVCEO, it didn't 



go into secondary breakdown. Therefore, it is an accep· 
table practice to let the output transistor voltage exceed 
LVCEO, but not exceed BVCER with a capacitive load. 

Ie 

Figure 6 shows the switching transfer characteristics 
of a capacitive load which leads to secondary break
down. This condition occurs due to high sustained cur
rents, not breakdown voltage. In this example, the 
large capacitor prevented the output transistor from 
switching fast enough through the high current and 
high voltage region; in turn the power dissipation of 
the device was exceeded and the output transistor 

RL went into secondary breakdown. 

IOL 

VB 

FIGURE 3. Inductive Load Transfer Characteristics 

Ie 

VB 

FIGURE 4. Capacitive Load Transfer Characteristics 

Figure 5 shows an acceptable application with an indue· 
tive load. The load voltage (VB) is less than LVCEO, 
and the inductive voltage spike caused by the initial 
inductive current is quenched by a diode connected 
to VB. 

Ie 

VB 

FIGURE 5. Inductive Load Transfer Characteristics 
Clamped by Diode 
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Ie 

VB 

FIGURE 6. Capacitive Load Transfer Characteristics 

Figure 7 shows another method of quenching the 
inductive voltage spike caused by the initial inductive 
current. This method dampens the switching response 
by the addition of RD and CD. The values of RD and 
CD are chosen to critically dampen the values of R L 
and LL; this will limit the output voltage to 2 x VB. 

LL ~ ----x --<0.5 
(RL + RD) LLCD-

FIGURE 7. Inductive Load Dampened by Capacitor 

Figure 8 shows a method of reducing high sustaining 
currents in a capacitive load. RD in series with the 
capacitor (CL) will limit the switching transistor without 
effecting final amplitude of the output voltage, since 
the I R drop across R D will be zero' after the capacitor 
is charged. 

As an additional warning, beware of parasitic reactance. 
If the driver's load is located some distance from the 
driver (as an example: on the inclosure panel or through 
a connecting cable) there will be additional inductive 
and capacitance which may cause'ringing on the driver 
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output which will exceed L VCEO or transient current 
that exceeds the sustaining current of the driver. A 
300 mA current through a small inductor can cause 
a good size transient voltage, as compared with a 20 mA 
transient current observed with TTL gates. For no 
other reason than to reduce the noise associated with 
these transients, it is good pracitce to dampen the 
driver's output. 

I n conclusion, transient voltage associated with induc· 
tive loads can damage the peripheral driver, and tran· 
sient currents associated with capacitive loads can 
also damage the driver. In some instances the device 
may not exhibit failure with the first switching cycle, 
but its conditions- from ON to OFF will worsen after 
many cycles. In some cases the device will recover 
after the power has been turned off, but its long term 
reliability may have been degraded. 

POWER DISSIPATION 

Power Dissipation is, limited by the IC Package Thermal 
Reactance and the external thermal reactance of the 
environment (PC board, heat sink, circulating air, 
etc.). Also, the power dissipation is limited by the 
maximum allowable junction temperature of the device. 
There are two contributions to the power: the internal 

bias currents and voltage of the device, and the power 
on the output of the device due to the Driver Load . 

POWER LIMITATIONS OF PACKAGE 

Figure 9 shows the equivalent circuit of a typical power 
device in its application. Power is shown equivalent to 
electrical current, thermal resistance is shown equivalent 
to electrjcal resistance, the electric:al reactance C and L 
are equivalent to the capacity to store heat, and the 
propagation delay through the medium. There are 
two mediums of heat transfer: conduction through mass 
and radiant convection. Convection is insignificant 
compared with conduction and isn't shown in the 
thermal resistance circuits. From the -point power 
is generated (device junction) there are three possible 
paths to the ultimate heat sink: 1. through the device 
leads; 2. through the device surface by mechanical 
connection; and 3. through the device surface to am· 
bient air. In all cases, the thermal paths are like delay 
lines and have a corresponding propagation delay. 
The thermal resistance is proportional to the length 
divided by the cross sectional area of the material. The 
Thermal I nductance is proportional to the length of the 
material (copper, molding compound, etc.) and in· 
versely proportional to the, cross sectional area. The 
thermal capacity is proportional to tl")e volume of the 
material. 

FIGURE 8. Capacitive Load with Current Limiting Resistor 

ENERGY 
SOURCE 

Tpc BOARD 

FIGURE 9. Thermal Reactance from Junction to Ambient 
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DEVICE PACKAGE 

DIE [=~~::~~~:::J PAD 

DEVICE 
PIN 

FIGURE 10. Components of Thermal Reactance for a 
TypicallC Package 

National Semiconductor specifies the thermal resistance 
from device junction through the device leads soldered 
in a small PC board, measure in one cubic foot of still 
air. Figure 11 shows the maximum package power 
rating for an 8 pin Molded, an 8 pin Ceramic, 14 pin 
Molded and a 14 pin Ceramic package. The slope of the 
line corresponds to thermal resistance (¢JA = LlP/LlT). 

2.0 

1.8 

~ 1.6 

z 
0 

1.4 
i= 1.2 
~ 
~ 1 
C 0.8 a: 
~ 0.6 
~ 0.4 

0.2 

0 
25 50 75 100 125 150 175 

AMBIENT TEMPERATURE (OC) 

FIGURE 11. Maximum Package Power Rating 

The maximum allowable junction temperature for 
ceramic packages is 175°C; operation above this tem
perature will reduce the reliability and life of the device 
below an acceptable level. At a temperature of 500°C 
the aluminum metallization paths on the die start to 
melt. The maximum allowable junction temperature 
for a molded device is 150°C, operations above this 
may cause the difference in thermal expansion between 
the molding compound and package lead frame to 
sheer off the wire bonds from the die to the package 
lead. The industry standard for a molded device is 
150° C, but National further recommends operation 
below 135°C if the device in its application will en
counter a lot of thermal cycling (such as powered 
on and off over its life). 

The way to determine the maximum allowable power 
dissipation from Figure ", is to project a line from 
the maximum ambient temperature (T A) of the appli
cation vertically (shown dotted in Figure 12), until 
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the line intercepts the diagonal line of the package 
type, and then project a line (shown dotted) hori
zontally until the line intercepts the Power Dissipation 
Axis (PMAX). 

1.4 
DIE SIZE = 6000 MIl. 2 

1.2 

~ 
z 
0 

i= 
0.8 ~ 

~ 
0.6 C 

a: 
~ 0.4 
~ 

0.2 

0 
25 50 75 100 125 150 

AMBIENT TEMPERATURE (OC) 

FIGURE 12. Maximum Package Rating Copper vs Kovar 
Lead Frame Packages 

Figure 11 shows that 14 pin packages have less thermal 
resistance than 8 pin packages; which should be ex
pected since it has more pins to conduct heat and has 
more surface area. Something that may not be expected 
is that the Thermal Resistance of the molded devices 
is comparable to the ceramic devices. The reason for the 
lower thermal resistance of the molded devices is the 
Copper lead frame, which is a better thermal conductor 
than the Kovar lead frame of the ceramic package. 
Almost all the peripheral drivers made by National 
Semiconductor are constructed with Copper lead frames 
(refer to ¢JA on the specific devices data sheet). The 
difference between the thermal resistance of Copper 
and Kovar in a molded package is shown in Figure 12. 

Another variance in thermal resistance is the size of the 
IC die. If the contact area to the lead frame is greater, 
then the thermal resistance from the Die to the Lead 
Frame is reduced. This is shown in Figure 13. The 
thermal resistance shown in Figure 11 corresponds 
to die that are 6000 mil2 in area. 

140 
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z 
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:;; 40 
~ 
~ 20 

o 
1k 

---I--- ----
2k 5k 10k 

DIE SIZE (Mll2) 

FIGURE 13. Thermal Resistance vs Die Size 



In most applications the prime medium for heat con
duction is through the device leads to the PC board, 
but the thermal resistance can be significantly improved 
by cooling air driven across the surface of the package. 
The conduction to air is limited by a stagnant film of 
air at the surface of the package. The film acts as an 
additional . thermal resistance. The thickness of the 
film is proportional to its resistance. The' thickness 
of the film is reduced by the velocity of the air across 
the package as shown in Figure 14. In most cases, the 
thermal resistance is reduced 25% at 250 linear feet/ 
min, and 30% at 500 linear feet/min, above 500 linear 
feet/min the improvement flattens out. . 
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Z O.S 
~ 
l;; 
~ a: 0.6 
.... 
~ 
:;; 
ffi 0.4 
:I: 
~ 
w 
> 
i= 

~ 
a: 
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, 

o 
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500 1k 
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FIGURE 14. Thermal Resistance vs Air Velocity 

The thermal resistance can also be improved by con
necting the package to the PC board copper or by 
attaching metal wings to the package. The improvement 
by these means is outside the control of the IC manu· 
facturer, but is available from the manufacture of the 
heat sink device. If the IC is mounted in a socket rather 
than soldered to a PC board, the thermal resistance 
through the device leads will worsen. In most cases, 
the thermal resistance is increased by 20%; again this is 
a variable subject to the specific socket type. 

The maximum package. rating shown in this note cor
responds to a 90% confidence level that the package 
will have thermal resistance equal to or less than' the 
value shown. The thermal resistance varies ±5% about 
the mean due to variables in assembly and package 
material. 

CALCULATIONS OF POWER DISSIPATION 

Most IC devices (such as T2L) operate at power levels 
well below the device package rating, but peripheral 
drivers can easily be used at power levels that exceed 
the package rating unknowingly, if the power dis
sipation isn't calculated. As an example, the OS3654 
Ten Bit Printer Driver could dissipate 3 watts (DC and, 
even more ACI. and it is only in a 0.8 watt package. 
In this example, the device would be destroyed in 
moments, and may even burn a hole in the PC board 
it is mounted on. The 053654 data sheet indicated that 
the 10 outputs could sink 300 mA with a Vol of 1 volt, 

, but it wasn't intended that all the outputs would be 
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at the same time, and if so, not for a long period. The 
use of the 053654 requires that the power be calculated 
vs the duty cycle of the outputs. 

The DC power dissipation is pretty obvious, but in 
another example, a customer used the 053686 relay 
driver to drive a 6.5 H inductive load. The 053687 has 
an internal clamp network to quench the inductive 
back swi~g at 60V. At 5 Hz the device dissipates 2 watts, 
with transient peaks up to 11 watts. After 15 minutes 
of operation, the driver succumbs to thermal overload 
and becomes non-functional. The 053687 was intended 
for telephone relay, which in most applications switches 
20 times a day. 

Peripheral driver will dissipate peak power levels that 
greatly exceed the ·average DC power. This is due to the 
capacity of the die and package to consume the transient 
energy while still maintaining the junction temperature 
at a safe le'/ei. This capacity is shown as a capacitor in 
Figure 9. In the lab (under a microscope) a device may 
be observed to glow orange around the parameter of 
the junction under excessive peak power without 
damage to the device. Figure 15 shows a plot of max
imum peak power vs applied time for the 053654, 
and the same information plotted as energy vs applied 
time. To obtain these curves, the device leakage current 
when it switches off was used to monitor device limi· 
tation. Note in Figure 15 there is a transition in the 
curve about 10 ps. At this point, the thermal capacity 
of the die has, been exceeded. The thermal delay to the 
next thermal capacity (the package) was too long, and 
limited the peak power.· These levels are not suggested 
operating levels, but an example of a Peripheral Driver 
to handle peak transient power. 

100 
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FIGURE 15. Peak Power and Energy vs 
the Period of Time the Power was Applied 

To calculate power dissipation, the only information 
available to the design engineer is the parametric limits 
in the device data sheet, and the same information 
about the load reactance. If the calculations indicate 
the device is within its limits of power dissipation, then 
using those parametric limits is satisfactory. If the 
calculation of power dissipation is marginal, the para
metric limits used in the calculations might be worst 
case at low temperature instead of high temperature 



due to a positive temperature coefficient (T C) of resis
tance. I C resistors and resistors associated with the 
load generally have a positive TC. On the other hand, 
diodes and transistor emitter base voltages have a neg
ative TC; which may in some circuits negate the effect 
of the resistors TC. Peripheral output transistors have 
a positive TC associated with VOL; while output Dar
lington transistors have a negative TC at low currents 
and may be flat at high currents. Figure 16 shows 
an example of power dissipation vs temperature; note 
that the power dissipation at the applications maximum 
temperature (T A) was less than the power dissipation 
at lower temperatures. Since maximum junction tem
perature is the concern of the calculation, then max
imum ambient temperature power should be used. 
The junction temperature may be determined by pro
jecting a line (shown dotted in Figure 16), with a slope 
proportional to rf>JA back to the horizontal axis (shown 
as TJl. If the point is below the curve then TJ will be 
less than 150°C. TJ must not exceed the maximum 
junction temperature for that package type. In this 
example, TJ is less than 150°C as required by a molded 
package. To calculate the power vs temperature, it is 
necessary to characterize the device parameters vs 
temperature. Unfortunately, this information is not 
always provided by IC manufacturers in the device 
data sheets. A method to calculate ICC vs temperature 
is to measure a device, then normalize the measurements 
vs the typical value for ICC in the data sheet, then 
worst case the measurements by adding 30%. Thirty 
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FIGURE 16. IC Power Dissipation vs Temperature 
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percent is normally the worst-case resistor tolerance 
that IC devices are manufactured to. 

CALCULATION OF OUTPUT POWER WITH AN 
INDUCTIVE LOAD 

For this example, the device output circuit is similar 
to the DS3654 (la-Bit Printer Solenoid Driver) and 
the DS3686 and DS3687 (Telephone Relay· Driver) 
as shown in Figure 17. Special features of the circuit 
type are the Darlington output transistors 01 and 02 
and the zener diode from the collector of 02 to the 
base of 02. The Darlington output requires very little 
drive from the logic gate driving it and in turn dissi
pates less power when the output is turned ON and 
OFF, than a single saturating transistor output would. 
The zener diode (DZ) quenches the inductive back
swing when the output is turned OFF. 

Device and Load Characteristics Used for Power 
Calculation 

VOL Output Voltage ON 1.5V 
Vc Output Clamp Voltage 65V 
VB Load Voltage 30V 
RL Load Resistance 120[2 
LL Load Inductance 5h 
TON Period ON 100 ms 
TOFF Period OFF 100 ms 
T Total Period 200 ms 

VB 

RL 

FIGURE 17. Peripheral Driver with Inductive Load 



Refer to Figure 18 voltage and current waveforms 
corresponding to the power dissipation calculated for 
this example of an inductive load. 

PON = Average power dissipation in device output 
when device is ON during total period (T) 

LL 5h . 
T = - = -- = 41.7 ms 

RL 120 n 
VB-VOL 30-1.5 

IL = = --- = 237.5 mA 
RL 120 

Ip = 237.5 mA (1- e-100 ms/41.7 ms) 

Ip = 215.9 mA 

TON [l_iT
ON e-tfT dt] 

PON = VOL x I LX --
T 0 TON 

PON = 1.5 x 237.5 mA x - 1--(1-e-l00/41.7) 100[ 41.7 ' ] 

200 100 

PON = 110.6 mW 

POF F = Average power dissipation in device output 
when device is OFF during total period (T) 

Vc - VB 65 - 30 
IR = ---= --= 291.7 mA 

RL 120 n 

(
IL + IR) 

tx = T Qn -I R--

(
219.8 + 291.7) 

tx ='41.7 ms Qn = 23.1 ms 
291.7 

POFF = Vc x~ (lp + IR) tx ---IR t [ f e -tIT dt ] 

T 0 tx 
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POF F = V c x ~ [( I P + I R) x !... ( 1 - e -tx/T) - I R] 
T tx 

23.1 [ 41.7 
POFF = 65 x - (215.9 mA + 291.7 mAl -

200 23.1 

(1_e-23.1/41.7) -291.7 mAl 

POFF = 736 mW 

Po = Average power dissipation in device output 

Po = PON + POFF = 110.6 + 736 = 846.6 mW 

In the above example, driving a 120 n inductive load 
at 5 Hz, the power dissipation exceeded a more simple 
calculation of power dissipation, which would have 
been: 

Po = 

Po = 

VOL (VB - VOL) TON 
x--

RL T 

1.5 (30 - 1.5) 100 ms 
----- x --= 182.5 mW 

120 200ms 

An error 460% would have occurred by not including 
the reactive load. The total power dissipation must 
also include other outputs (if the device has more 
than one output), and the power dissipation due to the 
device power supply currents. This is an example where 
the load will most likely exceed the device package 
rating. If the load is fixed, the power can be reduced 
by changing the period (T) and duty rate (TON/TOFF). 

~5V-------------~~ 

-JOV -

1.5V ~====="",-__________ ~'--_ 
100 m, 200 m, 

:~~ / 
o I I .... \--~I 

o 100m, \ 

\ 
\ , , 

200ms 

" " IR-----------------------------
FIGURE 18. Voltage and Current Waveforms 
Corresponding to Inductive Load. 



CALCULATION OF OUTPUT POWER WITH AN 
INCANDESCENT LAMP 

An incandescent lamp is equivalent to a reactive load. 
The reactance is related to the period of time required 
to heat the lamp and the filaments positive temperature 
coefficient of resistance. Figure 19 shows the transient 
response for a typical lamp used on instrument panels, 
and the equivalent electrical model for the lamp. Much 
like IC packages the lamp has a thermal circuit and 
its associated propagation delay. This lamp filament 
has an 8 ms time constant, and a longer 250 ms time 
constant from the lamp body to ambient. The DC 
characteristics are shown in Figure 20. Note the knee 
in the characteristics at 2 volts; this is where power 
starts to be dissipated in the form of light. This subject 
is important, since more peripheral drivers are damaged 
by lamps ,than any other load. 
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TIME (ms) 

FIGURE 19. Transient Response of an Incandescent 
Lamp 
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FIGURE 20. DC Characteristics of an Incandescent 
Lamp 

Figure 21 shows the transient response of a driver 
similar to a DS75451 driving the lamp characterized 
in Figures 19 and 20. The equivalent load doesn't 
include the reactance of the lamp base to ambient, 
which has a 250 ms time constant, since 10 ms to an 
Ie is equivalent to DC. The peak transient current was 

3·75 

1 amp, settling to 200 ms, with an 8 ms time constant. 
Observe the peak current is clamped at 1 amp, by the 
sinking ability of the driver; otherwise the peak current 
may have been 1.2 amps. The D575451 is only rated 
at 300 mA, but it is reasonable to assume it could 
sink 1 amp because of the designed forced f3 required 
for switching response and worst case operating tem· 
perature. 
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FIGURE 21. Transient Incandescent Lamp Current 

Calculation of the energy dissipated by a peripheral 
driver for the transient lamp current shown in Figure 21 
is shown below, and the plot of energy vs time is shown 
in Figure 22. Figure 22 .also includes as a reference 
the maximum peak energy from Figure 15. It can be 
seen from Figure 22 that in this example there is a 
good safety margin between the lamp load and the 
reference max peak energy. If there were more drivers 
than one per package under the same load, the margin 
would have been reduced. Also, if the peripheral driver 
couldn't saturate because it couldn't sink the peak 
transient lamp current,. then the energy would also 
reduce the margin of safe operation. 
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FIGURE 22. Energy vs Time for a Peripheral 
Driver with an Incandescent Lamp Load 



CALCULATION OF ENERGY IN AN INCANDESCENT 
LAMP 

Energy = i\OL (lR1 + IR2) dt 

VB- VOL 
iR1 = IR1 

R1 

T = R2C2 

Given: VOL = 0.6V 
IR1 = 0.2 Amps 
IR1 + IR2= 1 Amp 

A common technique used to reduce the 10 to 1 peak to 
DC transient lamp current is to bias the lamp partially 
ON, so the lamp filament is warm. This can be accom· 
plished as shown in Figure 23. From Figure 20 it can 
be seen that the lamp resistance at OV is 5.7 n, but 
at 1 V the resistance is 18 n. At 1 V the lamp doesn't 
start to emit light. Using a lamp resistance of 100 n 
and lamp voltage of 1V, RB was calculated to be ap· 
proximately 100 n. This circuit will reduce the peak 
lamp current from 1 amp to 316 mAo 

3-76 

VB = 6.3V 

(6.3 -1) 
RB Rs = -1- 18 n = 95.4 '" 100 n 
100 

FIGURE 23. Circuit Used to Reduce Peak 
Transient Lamp Current 

PERIPHERAL DRIVER SECTION 

National Semiconductor has a wide selection of periph· 
eral drivers as shown in the selection guide, Figure 24. 
The OS75451, OS75461, OS3631 and the 053611 
series have the same selection of logic function in an 
8·pin package. The OS75461 is a high voltage selection 
of the OS75451 and may switch slower. The OS3611 
and OS3631 are very high voltage circuits and were 
intended for slow relay applications. The OS3680, 
OS3686, and OS3687 were intended for 56V telephone 
relay applications. The OS3654 contains a 1 a·bit shift 
register followed by ten 250 rnA clamped drivers. The 
OS3654 was intended for printer solenoid applications. 

High current and high voltage peripheral drivers find 
many applications associated with digital systems, 
and it is the intention of the application note to insure 
that reliability and service life of peripheral drivers 
equal or exceed the performance of the other logic 
gates made by National. 

For additional information, please contact Oigital 
I nterface Marketing Manager at National or one of the 
many field application engineers world wide. 
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Output High Latch-Up Voltage Output Low O",p"' Low I Propagation 
ON Power Supply Orivers! 

Input 
Logic Function 

Oevice Number 
Oelay Compatibility and Temperature Range 

Voltage (V) (Note 3) (V) Voltage (V) Current (mA) 
Typ (ns) 

Current (mA) Package 
(Logic) 

(Oriver ON) 
O°C to +70°C -55°C to +125°C 

30 0.5 100 40 152 8 TTL Note 5 OP8310 OP7310 

30 0.5 100 40 125 8 TTL Note 6 OP8311 OP7311 

20 13.5 0.6 100 70 90 2 TTL Note 7 OS3616 

65 30 1.5 600 65 4 TTL/LS NANO OS3656 

70 35 0.7 600 2430 65 4 TTL/LS NANO OS3658 

70 Note 8 1.5 600 2000 80 4 TTL/LS NANO OS3668 

70 35 0.7 600 65 4 TTL/LS ANO OS3669 

30 20 0.7 300 31 55 2 TTL ANO OS75450 . 

30 20 0.7 300 31 55 2 TTL ANO OS75451 OS55451 

30 20 0.7 300 31 55 2 TTL NANO OS75452 OS55452 

30 20 0.7 300 31 55 2 TTL OR OS75453 OS55453 

30 20 0.7 300 31 55 2 TTL NOR OS75454 OS55454 

35 30 0.7 300 33 55 2 TTL ANO OS75461 OS55461 

35 30 0.7 300 33 55 2 TTL NANO OS75462 OS55462 

35 30 0.7 300 33 55 2 TTL OR OS75463 OS55463 

35 30 0.7 300 33 55 2 TTL NOR OS75464 OS55464 

56 40 1.4 300 150 8 2 CMOS ANO OS3631 OS1631 

56 40 1.4 300 150 8 2 CMOS NANO OS3632 OS1632 

56 40 1.4 300 150 8 2 CMOS OR OS3633 OS1633 

56 40 1.4 300 150 8 2 CMOS NOR OS3634 OS1634 

80 50 0.7 300 125 75 2 TTL/CMOS ANO OS3611 OS1611 

80 50 0.7 300 125 75 2 TTL/CMOS NANO OS1612 OS1612 

80 50 0.7 300 125 75 2 TTL/CMOS OR OS.3613 OS1613 

80 50 0.7 300 125 75 2 TTL/CMOS NOR OS3614 OS1614 

-2.1 -60 -60 -50 10,000 4.4 4 TTL/CMOS (Note 4) OS3680 

(Note 1) 56 1.3 300 1000 28 2 TTL/CMOS NANO OS3686 

(Note 1) -56 -1.3 300 1000 28 2 TTL/CMOS NANO OS3687 OS1687 

13.5 15 VCe-1.8 300 150 0.D15 2 CMOS ANO MM74C908, 
MM74C918 

(Note 1) 45 1.6 250 1000 70 10 (Note 2) (Note 2) OS3654 
------

Note 1: The 053686, 053687 and 053654 contain an internal inductive fly-back clamp circuit connected from the output to ground. As an example, 053686 driving a relay solenoid connected to 28V would 
clamp the output voltage fly-back transient at 56V caused by the solenoid's stored inductive current. This clamp protects the circuit output and quenches the fly-back. 
Note 2: The OS3654 is a 10-bit shift register followed by 10 enabled drivers. The input circuit is equivalent to a 4k resistor to ground, ahd the logic input thresholds are 2.8V and 0.8V. The recommended power 
supply voltage is 7.5V to 9.5V. The circuit can be cascaded to be a 20 or 30-bit shift register. 
Note 3: Latch-up voltage is the maximum voltage the output can sustain when switching an inductive load. 

Note 4: 053680 has a differential input circuit. 
Note 5: OP8310 inverting, positive edge latching. 

Note 6: OP8311 inverting, fall. through latch. 
Note 7: Bubble memory coil driver. 

Note 8: 053668 35V,latch-up with output fault protection. 

FIGURE 24_ Peripheral/Power Driver Selection Guide 
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TEMPERATURE RANGE 

- 55°C to + 125°C O°C to + 70°C 

OP8480 

OP8481 
OP8482 

OP8483 
051630 OS3630 

*OS7800 OS8800 
*OS7810 OS8810 
*OS7811 OS8811 
*OS7812 OS8812 
*OS78l12 OS88l12 
*OS7819 OS8819 
MM54C901 MM74C901 
MM54C902 MM74C902 
MM54C903 MM74C903 

MM54C904 MM74C904 

MM54C906 MM74C906 

MM54C907 MM74C907 

Section 4 
Level Translators/ 
Buffers 

DESCRIPTION 

10k ECL to TTL Level Translator with Latch 
TTL to 10k ECL Level Translator with Latch 
100k ECL to TTL Level Translator with Latch 

TTL to 100k Level Translator with Latch 
Hex CMOS Compatible Buffer 
Dual Voltage Level Translator 

Quad 2·lnput TTL·to·MOS Interface Gate 

Quad 2·lnput TTL·to·MOS Interface Gate 

Hex TTL·to·MOS Inverter 

Hex TTL·to·MOS Inverterllnterface Gate 
Quad 2·lnput TTL·to·MOS Gate 
Hex Inverting TTL Buffer 
Hex Non·lnverting TTL Buffer 

Hex, Inverting PMOS Buffer 

Hex Non·lnverting PMOS Buffer 
Hex Open Drain N·Channel Buffer 

Hex Open Drain P·Channel Buffer 

• Also availabl~ screened in accordance with MIL-STO.aa3 Class B. Refer to National Semiconductor's "The Reliability Handbook". 

PAGE 
NUMBER 

4·4 
4·7 

4-10 

4·13 
4-16 

4·19 
4·22 

4·22 
4·22, 

4·25 

4·27 
CMOS 
CMOS 

CMOS 
CMOS 

CMOS 
CMOS 





LEVEL TRANSLATORS/BUFFERS 

INPUT OUTPUT OUTPUT CHARACTERISTICS lOGIC FUNCTION 
DEVICE NUMBER Page 

O°C to +70°C -5S
o
C to +12So C No. 

10k ECl TTL TRI·STATE® Fall Through Latch Inverting OP8480 4-4 

TTL 10k ECl Gated Fall Through Latch Inverting OP8481 4·7 

lOOk ECl TTL TRI·STATE Fall Through Latch Inverting OP8482 4-10 

TTL lOOk ECl Gated Fall Through Latch Inverting OP8483 4-13 

CMOS CMOS 50 ns Prop. Oelay at 500 pF Hex Buffer OS3630 OS1630 4-16 

TTL PMOS Open-Collector -30V to 30V Oual 2-lnput Gate OS8800 OS7800 4-19 

TTL MOS Open-Collector OAV to 14V Quad 2-lnput Gate OS881O OS7810 4-22 

TTL MOS Open-Collector OAV to 14V Quad 2-lnput Gate OS8811 OS7811 4-22 

TTL MOS Open-Collector OAV to 14V Hex Inverter OS8812 OS7812 4-22 

TTL MOS Active Pull-Up OAV to 14V Hex Inverter OS88L12 DS78L 12 4-25 

TTL MOS Open-Collector OAV to 14V Quad 2-lnput Gate OS8819 OS7819 4-27 

CMOS TTL Active Pull-Up OAV @ 2.6 rnA Hex Inverter MM74C901 MMS4C901 CMOS 

CMOS TTL Active Pull-Up OAV @ 3.2 rnA Hex Buffer MM74C902 MM54C902 CMOS 

CMOS PMOS Active Pull-Up OV to 15V Hex Inverter MM74C903 MM54C903 CMOS 

.j:>. 

w 
CMOS PMOS Active Pull-Up OV to 15V Hex Buffer MM74C904 MM54C904 CMOS 

CMOS NMOS Open Orain OV to 15V Hex Buffer MM74C906 MM54C906 CMOS 

CMOS PMOS Open Orain VCC to VCC - 15V Hex Buffer MM74C907 MM54C907 CMOS 

ap!n~ u0!l:>alas 
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~ ~National 
~ ~ Semiconductor 
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level Translators/ Buffers 
PRELIMINARY 

DP8480 10k Eel to TTL Level Translator with la~ch 

General Description 
This circuit translates Eel input levels to TTL output 
levels and provides a fall-through latch. The TRI-STATE@ 
outputs are designed to drive large capacitive loads. The 
clock and chip select inputs are EeL. 

Logic and Connectio~ Diagram 

Dual-In-Line Package 

01O--I--......f 

Dl1 -11----11-4 

012 -11----11-4 

Dl4 --tr--~1-1 004 

CK 

GNO 

TOP VIEW 

TRI·STATE~ Is a registered trademark of National Semiconductor Corp. 

4-4 

Features 
• 16-pin flat-pack or DIP 
• TRI-STATE outputs 
• Eel control inputs 
• 5.5 ns typical propagation delay with 50 pF load 
• Outputs are TRI-STATE during power up/down for 

glitch free operation 

• 10k Eel input compatible 

Truth Table 

01 DO CK 

H l l 
l H l 
X DO H 
X Hi-Z X 

H = high level (most positive) 

L = low level (most negative) 

X = don't care 

CS 

l 
l 
l 
H 

. Order Number DP8480N or DP8480F 
See NS Package N16A or F16B 



Absolute Maximum Ratings (Note 1) Recommended Operating Conditions 
VEE Supply Voltage -8V VEESupplyVoltage -5.2V±10% 
V cc Supply Voltage 7V VccSupplyVoltage 5.0V±10% 
Input Voltage GNDtoVEE TA, Ambient Temperature O°C to 75°C 
Output Voltage 5.5V 

Maximum Power Dissipation· at 25°C 
Molded Package 1476mW 

Storage Temperature -65°Ct0150°C 

• Derate molded package 11.B mW/·C above 25·C. 

Electrical Characteristics (TTL Logic) Notes 2, 3 and 4 

Parameter Conditions Min Typ Max Units 

VOL Output Low Voltage IOL=8 mA 0.5 V 

VOH Output High Voltage 10H= -1 mA 2.5 V 

100 Output Low Drive Current Force 5V with Output Low 150 mA 

110 Output High Drive Current Force OV with Output High -150 mA 

loz TRI-STATE Output Current 1 p.A 

Icc Supply Current 62.5 mA 

Electrical Characteristics (ECl Logic) Notes 2 and 3 

Parameter Conditions TA Min Typ Max Units 

VIL Input Low Voltage VEE = -5.2V O°C -1870 -1490 
25°C -1850 -1475 mV 
75°C -1830 -1450 

VIH Input High Voltage VEE = - 5.2V O°C -1145 -840 
25°C -1105 -810 mV 
75°C -1045 -720 

IlL Input Low Current 0.5 p.A 

IIH Input High Current 350 p.A 

lEE Supply Current -50 mA 

Switching Characteristics Notes 2 and 5 

Parameter Conditions Min Typ Max Units 

tcoOL Clock to Data Out Low Delay CL=50pF 6.75 11.5 ns 

tCOOH Clock to Data Out High Delay CL=50pF 6.75 11.5 ns 

tOIDOH Data In to Data Out High Delay CL=50pF 15.5 9.5 ns 

tOIOOL Data In to Data Out Low Delay CL= 50 pF 5.5 9.5 ns 

ts Data Set-Up Time CL=50pF 3.0 1.0 ns 

tH Data Hold Time CL=50 pF 3.0 1.0 ns 

tcpw Clock Pulse Width CL=50 pF 5.0 3.0 ns 

tZE Delay from Chip Select to CL=50pF 8 ns 
Active State from Hi-Z State 

tEl Delay from Chip Select to Hi-Z CL=50 pF 8 ns 
State from Active State 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to Imply that the 
device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: Unless otherwise ~peclfled, minimax limits apply across the O·C to 75·C ambient temperature range In still air and across the specified supply varia· 
tions. All typical values are for TA = 25·C and nominal supply. 
Note 3: All currents Into device pins are shown as positive; all currents out of device pins are shown as negative. All voltages are referenced to ground, unless 
otherwise specified. 
Note 4: When DC testing 110 or 100 a 150 resistor should be In series with the output. Only one output should be tested at a time. 
Note 5: Unless otherwise specified, all AC measurements are referenced from the 50% level of the ECL Input to the O.BV level on negative transitions or the 
2.4V level on positive transitions of the output. ECL Input rise and fall times are 2.0 ns ± 0.2 ns from 20% to BO%. 
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AND JIG CAPACITANCE 

4·6 

- tCOOL 

- tOIDOH 

·S1 closed 

• ·S1 open 



~National 
~ Semiconductor 

level Translators/Buffers 
PRELIMINARY 

DP8481 TTL to 10k Eel level Translator with latch 

General Description 
This circuit translates TTL Input levels to ECl output 
levels and provides a fail-through latch. The outputs are 
gated with CS providing for wire ORing of outputs. The 
clock and chip select inputs are ECL. 

Logic and Connection Diagram 

Dual-In-Line Package 

000 

001 

002 

003 ---y-..."", 

004 

cs 

GNO 

TOP VIEW 

Features 
• 16-pln flat-pack or DIP 

• ECl control Inputs 
• CS provided for wire ORing of output bus 

• 10k ECl I/O compatible 
• 4.0 ns typical propagation delay 

Truth Table 

01 DO CK 

H l l 
l H l 
X DO H 

X l X 

H = high level (most positive) 

\ L= low level (most negative) 

X == don't care 

CS 

H 

H 
H 

l 

Order Number OP8481 N or DP8481 F 
See NS Package N16A or F16B 
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Absolute Maximum Ratings (Note 1) 

VEE Supply Voltage -8V 

V cc Supply Voltage 7V 
Input Voltage (ECL) GNDtoVEE 
Input Voltage (RL) -1Vto5.5V 

Output Current 50mA 

Maximum Power Dissipation· at 25°C 
Molded Package 1476mW 

Storage Temperature - 65°Cto + 150°C 

* Derate molded package 11.8 mW/'C above 25 'C. 

Electrical Characteristics (TTL Logic) Notes 2 and 3 

Parameter Conditions 

VIL Input Low Voltage 

VIH Input High Voltage 

IlL Input Low Current VIN =0.5V 

IIH Input High Current VIN = 2.5V 

VCLAMP Input Clamp Voltage IIN= -12 mA 

Icc Supply Current 

Electrical Characteristics (ECL Logic) Notes 2 and 3 

Parameter Conditions TA 

VIL Input Low Voltage VEE = -5.2V O°C 
25°C 
75°C 

VIH Input High Voltage VEE = -5.2V O°C 
25°C 
75°C 

IlL Input Low Current 

IIH Input High Current 

VOL Output Low Voltage VEE = -5.2V O°C 
25°C 
75°C 

VOH Output High Voltage VEE = -5.2V O°C 
25°C 
75°C 

VOLC Output Low Voltage VEE = -5.2V O°C 
25°C 
75°C 

VOHC Output High Voltage VEE = -5.2V O°C 
25°C 
75°C 

lEE Supply Current 

4-8 

Recommended Operating Conditions 
VEESupplyVoltage -5.2V±10% 
VccSupplyVoltage 5.0V±10% 
TAl Ambient Temperature 0°Cto75°C 

Min Typ Max Units 

0.8 V 

2.0 V 

-50 /LA 

1.0 /LA 

-0.8 V 

30 mA 

Min Typ Max Units 

-1870 -.1490 
-1850 -1475 mV 
-1830 -1450 

-1145 -840 
-1105 -810 mV 
-1045 -720 

0.5 /LA 

350 /LA 

-1870 -1665 
-1850 -1650 mV 
-1830 -1625 

-1000 -840 
-960 -810 mV 
-900 -720 

-1645 
-1630 mV 
-1605 

-1020 
-980 mV 
-920 

-90 mA 



Switching Characteristics Notes 2 and 4 

Parameter Conditions Min Typ Max Units 

tcoOl Clock to Data Out Low Delay 4.0 6.5 ns 

tCOOH Clock to Data Out High Delay 4.0 6.5 ns 

tOIOOH Data In to Data Out High Delay 4.0 ,6.5 ns 

tDiOOl Data In to Data Out Low Delay 4.0 6.5 ns 

ts Data Set-Up Time to Clock 3.0 1.0 ns 

tH Data Hold Time 3.0 1.0 ns 

tcpw Clock Pulse Width 5.0 3.0 ns 

tCSOOH Chip Select to Data Out High Delay 
I 

3.0 4.5 ns 

tcsoOl Chip Select to Data Out Low Delay 3.0 4.5 ns 

tscs Data Set-Up Time to Chip Select 5.5 3.0 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to Imply that the 
device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the O°C to 75°C ambient temperature range in stili air and across the specified supply varia-
tions. Ali typical values are for 25°C and nominal supply. 

Note 3: Ali currents Into device pins are shown as positive; all currents out of device pins are shown as negative. All voltages are referenced to ground, unless 
otherwise specified. 

Note 4: Unless otherwise specified, all AC measurements are referenced from the 1.5V level of the TTL input and to/from the 50% point of the ECl signal and a 
son resistor to - 2V Is the load. ECl Input rise and fall times are 2.0 ns ± 0.2 ns from 20% to 80%. TTL input characteristic is OV to 3V with tr = If :s 3 ns 
measured from 10% to 90%. 

Switching Time Waveforms 
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Level Translators/ Buffers 
PRELIMINARY 

DP8482100k Eel to TTL Level Translator with Latch 

General Description 
This circuit translates Eel input levels to TTL output 
levels and provides a fall-through latch_ The TRI-STATE® 
outputs are designed to drive large capacitive loads. The 
clock and chip select inputs are EeL. 

Logic and Connection Diagram 

Dual-In-Line Package 

012 -1---+-4 

0I4~--+-I D04 

CK 

TOP VIEW 

TRI·STATE" Is a registered trademark of National Semiconductor Corp. 

Features 
• 16-pin flat-pack or DIP 
• TRI-STATE outputs 
• Eel control inputs 
• 5.5 ns typical propagation delay with 50 pF load 
• Outputs are TRI-STATE during power up/down for 

glitch free operation 

• 100k Eel input compatible 

Truth Table 

DI DO CK 

H l l 
l H l 
X DO H 
X Hi-Z X 

H = high level (most positive) 

L = low level (most negative) 

X = don't care 

CS 

l 
l 
l 
H 

Order Number DP8482N or DP8482F 
See NS Package N16A or F16B 
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Absolute Maximum Ratings (Note 1) Recommended Operating Conditions 
VEE Supply Voltage -8V VEE Supply Voltage -4.5V±7% 

VccSupplyVoltage 7V VccSupplyVoltage 5.0V±10% 

Input Voltage GNDtoVEE TA, Ambient Temperature 0·Ct085·C 

Output Voltage 5.5V 
Maximum Power Dissipation· at 25·C 

Molded Package 1476mW 
Storage Temperature - 65·C to + 150·C 

* Derate molded package 11.8 mW/oC above 25°C. 

Electrical Characteristics (TTL Logic) Notes 2, 3 and 4 

Parameter Conditions Min Typ Max Units 

VOL Output Low Voltage IOL=8 mA 0.5 V 

VOH Output High Voltage 10H= -1 mA 2.5 V 

10D Output Low Drive Current Force 5V with Output Low 150 mA 

110 Output High Drive Current Force OV with Output High -150 mA 

loz TRI-STATE Output Current 1 p.A 

Icc Supply Current 62.5 mA 

Electrical Characteristics (ECL Logic) Notes 2 and 3 

Parameter Conditions TA Min Typ Max Units 

VIL Input Low Voltage VEE = -4.5V -1810 -1475 mV 

VIH Input High Voltage VEE = -4.5V -1165 -880 mV 

IlL Input Low Current 0.5 p.A 

IIH Input High Current 350 p.A 

lEE Supply Current -50 mA 

Switching Characteristics Notes 2 and 5 

Parameter Conditions Min Typ Max Units 

t CDOL Clock to Data Out Low Delay CL=50 pF 6.75 11.5 ns 

tCDOH Clock to Data Out High Delay CL=50 pF 6.75 11.5 ns 

tDIDOH Data In to Data Out High Delay CL=50 pF 5.5 9.5 ns 

tDIDOL Data In to Data Out Low Delay CL=50 pF 5.5 9.5 ns 

ts Data Set-Up Time CL=50pF 3.0 1.0 ns 

tH Data Hold Time CL=50pF 3.0 1.0 ns 

tcpw Clock Pulse Width CL=50 pF 5.0 3.0 ns 

tZE Delay from Chip Select to CL=50 pF 8 ns 
Active State from Hi-Z State 

tEZ Delay from Chip Select to Hi-Z CL=50 pF 8 ns 
State from Active State 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: Unless otherwise specified, minimax limits apply across the O°C to 85°C ambient temperature range in still air and across the specified supply varia· 
tions. All typical values are for TA = 25°C and nominal supply. 
Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative. All voltages are referenced to ground, unless 
otherwise specified. 
Note 4: When DC testing 11 D or 10D a 150 resistor should be in series with the output. Only one output should be tested at a time. 
Note 5: Unless otherwise specified, all AC measurements are referenced from the 50% level of the ECL input to the 0.8V level on negative transitions or the 
2.4V level on positive transitions of the output. ECL input rise and fall times are 0.7 ns ± 0.1 ns from 20% to 80%. 
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DO 
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~National 
D Semiconductor 

level Translators/Buffers 
PRELIMINARY 

DP8483 TTL to 100k Eel level Translator with latch 

General Description 
This circuit translates TTL input levels to ECl output 
levels and provides a fall-through latch. The outputs are 
gated with CS providing for wire ORing of outputs. The 
clock and chip select inputs are ECL. 

Logic and Connection Diagram 

Dual·ln·Line Package 

Features 
• 16-pin flat-pack or DIP 
• ECl control inputs 
• CS provided for wire ORing of output bus 

• 100k ECl 1/0 compatible 
- • 4.0 ns typical propagation delay 

, Truth Table 

DI DO CK 

H l l 

l H l 
X DO H 
X l X 

H = high level (most positive) 

L = low level (most negative) 

X =' don't care 

CS 

H 
H 
H 
l 

Order Number DP8483N or DP8483F 
See NS Package N16A or F16B 
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Absolute Maximum Ratings (Note 1) Recommended Operating Conditions 
VEE Supply Voltage -8V VEE Supply Voltage -4.5V±7% 

Vcc Supply Voltage 7V VccSupplyVoltage 5.0V±10% 

Input Voltage (ECl) GNDtoVEE TA, Ambient Temperature O°C t085°C 

Input Voltage (TTL) -1Vt05.5V 

Output Current 50mA 

Maximum Power Dissipation" at 25°C 
Molded Package 1476mW 

Storage Temperature - 65°C to + 150°C 

* Derate molded package 11.8 mW/oC above 25°C. 

Electrical Characteristics (TTL logic) Notes 2 and 3 

Parameter Conditions Min Typ Max Units 

VIL Input low Voltage . 0.8 V 

VIH Input High Voltage 2.0 V 

IlL Input low Current VIN =0.5V -50 p.A 

IIH Input High Current v1N =i5V 1.0 p.A 

VCLAMP Input Clamp Voltage IIN= -12 mA -0.8 V 

Icc Supply Current 30 mA 

Electrical Characteristics (ECl logic) Notes 2 and 3 

Parameter Conditions TA Min Typ Max Units 

VIL Input low Voltage VEE= -4.5V -1810 -1475 mV 

VIH Input High Voltage VEE= -4.5V -1165 -880 mV 

IlL Input low/Current 0.5 p.A 

IIH Input High Current 350 p.A 

VOL Output low Voltage VEE = -4.5V -1810 -1705 -1620 mV 

VOH Output High Voltage VEE= -4.5V -1025 -955 -880 mV 

VOLC Output low Voltage VEE= -4.5V -1610 mV 

VOHC OutPl,lt High Voltage VEE = -4.5V . -1035 mV 

lEE Supply Current -90 mA 

4-14 



I 

I 

Switching Characteristics Notes 2 and 4 

Parameter Conditions Min Typ Max Units 

t CDOl Clock to Data Out Low Delay 4.0 6.5 ns 

t CDOH Clock to Data Out High Delay 4.0 6.5 ns 

tDIDOH Data In to Data Out High Delay 4.0 6.5 ns 

t DIDOl Data In to Data Out Low Delay 4.0 6.5 ns 

ts Data Set·Up Time to Clock 3.0 1.0 ns 

tH Data Hold Time 3.0 1.0 ns 

tcpw Clock Pulse Width 5.0 3.0 ns 

ICSDOH Chip Select to Data Out High Delay 3.0 4.5 ns 

tCSDOl Chip Select to Data Out Low Delay 3.0 4.5 ns 

tscs Data Set·Up Time to Chip Select 5.5 3.0 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
device should be ope~ated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified, minImax limits apply across theO'C t085'C ambient temperature range in still air and across the specified supply varia· 
tions. All typical values are for 25'C and nominal supply. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative. All voltages are referenced to ground, unless 
otherwise specified. 

Note 4: Unless otherwise specified, all AC measurements are referenced from the 1.5V level of the TTL input and tolfrom the 50% pOint of the ECl signal and a 
son resistor to - 2V is the load. ECl input rise and fall times are 0.7 ns ± 0.1 ns from 20% to 80%. TTL input characteristic is OV to 3V with tr = tf :$ 3 ns 
measured from 10% to 90%. 

Switching Time Waveforms 

cs ,( 
J 

-leSDOH- -lesDoL-

DO 

01 

-{ISCS-

--Iepw--

CK ~r ,I(. 
~ \U\ 

- tH -
DI~~ 

'-Is-

7~ ~~l 

- t- ICDOL --IDIOOL--

DO ",l 
J 

~l-
~ }~L-

leoOH - I- tomoH 

4-15 

C 
""C 
co 
..s::a.. 
co w 



o 
C") 
CD 
C") 

en 
c 
o 
C") 
CD 

Cii 
c 

~National Level. Translators/Buffers 
~ Semiconductor 
OS1630/0S3630 Hex CMOS Compatible Buffer 

General Description Features 
• High-speed capacitive driver 

• Wide supply v?ltage range 

• Input/output may interface to TTL 

• Input/output CMOS compatibility 

TheOS1630/0S3630 is a high current buffer intended 
for use with CMOS circuits interfacing with peripherals 
requiring high drive currents. The OS1630/0S3630 
features low quiescent power consumption (typically 
50J,LW) as well as high-speed driving of capacitive loads 
such as large MOS memories. The design of the OS1630/ 
OS3630 is such that V cc current spikes commonly 
found in standard CMOS circuits cannot occur, thereby, 
reducing the total transient and average power when 
operating at high frequencies. 

• No internal transient Vee current spikes 

• 50J,LW typical standby power 

Equivalent Schematic and Connection Diagrams 
Dual~1 n-Line Package 

vee Vee OUT 6 IN 6 OUT 5 IN 5 OUT 4 IN 4 

84 

100 
INPUT 0-.... ""',.",...+--'11"" ....... 1-0 OUTPUT 

84 

Typical Applications 

14 13 12 11 

OUT 1 IN 1 OUT 2 IN 2 OUT 3 IN 3 

TOP VIEW 

Order Number DS163OJ, DS3630.1 
or DS3630N 

See NS Package J14A or N14A 

74C 74C 
~~ ~~ 

FAMILY OS3630 FAMILY 

~isSrOD-
LINE 

CMOS To Transmission Line Interface 

CMOS To CMOS Interface 

74C 
CMOS 

. FAMILY 

V+ 

LED Driver 
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Absolute Maximum Ratings (Note 1) Operating Conditions 

MIN MAX UNITS 

Supply Voltage 16V Supply Voltage (Vee) 3 15 V 
Input Voltage 16V Temperature (T A) 
Output Voltage 16V 051630 -55 +125· °e 
Lead Temperature (Soldering. 10 seconds) 300°C 053630 0 +70 °c 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

IINH Logical "1" Input Current OS1630 90 200 pA 
V 1N = Vee. lOUT = -400pA 

OS3630 90 200 pA 

OS1630 0.5 3.2 rnA 
V 1N = Vee - 2.0V. lOUT = 16 rnA 

OS3630 0.5 1.5 mA 

IINL Logical "0" Input Current DS1630 -0.15 -1 mA 
V 1N = O.4V. lOUT = 16 mA 

DS3630 Vee-150 -800 pA 

V OH Logical "1" Output Voltage DS1630 Vee-l Vce-o·75 V 
V 1N = Vee. lOUT =-400pA 

DS3630 Vee-0.9 Vee-o·75 V 

DS1630 Vec-2.5 Vee-2.0 V 
V 1N = Vee - O.4V. lOUT = 16 mA 

DS3630 V ee-2.5 Vee-2.0 V 

VOL Logical "0" Output Voltage DS1630 0.75 1 V 
V 1N = OV. lOUT = 400pA 

DS3630 0.75 0.9 V 

DS1630 0.95 1.3 V 
V 1N = OV. lOUT = 16 mA 

DS3630 0.95 1.3 V 

DS1630 1.2 1.6 V 
V 1N = O.4V. lOUT = 16 mA 

DS3630 1.2 1.5 V 

Switching Characteristics Vee = 5.0V. T A = 25°C unless otherwise specified 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpdO Propagation Delay to a Logical "0" CL = 50 pF 30 45 ns 

CL = 250 pF 40 60 ns 

CL = 500 pF 50 75 ns 

tpd1 Propagation Delay to a Logical "1" CL = 50 pF 15 25 ns 

CL = 250 pF 35 50 ns 

CL = 500 pF 50 75 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the -55°e to +125°C temperature range for the OS1630 and across the O°C to 
+70o e range for the 053630. All typicals are given for Vce = 5.0V and T A = 25°C. 

Note 3: All currents into device pins shown as positive. out of device pins as negative. all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 
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Typical Performance Characteristics 
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~National 
~ Semiconductor 

Level TranslatorslBuffers 

057800/058800 .Oual Voltage Level Translator 
General Description 

The OS7800lOS8800 are dual voltage translators 
designed for interfacing between conventional TTL 
or LS voltage levels and those levels associated 
with high impedance junction or MOS FET-type 
devices. The design allows the user a wide latitude 
in his selection of power supply voltages, thus pro
viding custom control of the output swing. The 
translator is especially useful in analog switching; 
and since low power dissipation occurs in the "off" 
state, minimum system power is required. 

Schematic and Connection Diagrams 

v, 

RI R2 R3 
20K 4.SK 

01 

...... __ .......... _OUTPUT X 

L...---_-V, 

Typical Applications 

4-Channel Analog Switch 

on 
OR 
TTL 

INPUT 
LEVELS 

SWITCH I 

SWITCH 2 

SWITCH 3 

SWITCH.-.L...L.....-~ 

-22V 

*Analog signals within the range of +8V to -avo 

ANALOG INPUT 2 

ANALOG INPUT 4 

ANALOG OUTPUT I 
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Features 

• 31 volt (max) output swing 

• 1 mW power dissipation in normal state 

• Standard 5V power supply 

• Temperature range: 
OS7800 
OS8800 

-55°C to +125°C 
O°C to +70°C 

• Compatible with all MOS devices 

Metal Can Package 

Vee 

OUTPUlX 

Order Number DS7800H 
or DS8800H 

See NS Package H10C 

Bipolar to MaS Interfacing 

IJ'S • r--1:. 
r ---~.,-
~MOSSHlfT 

OR REGISTER 

TTL OS1800 I 
INPUT 
LEVELS~ 

L1---TJ 
":" -lOY 

c en 
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CO o 
S2 
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CO 
CO o 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

V CC Supply Voltage 7.0V Supply Voltage (VCC) 
V2 Supply Voltage -30V OS7800 4.5 5.5 V 
V3 Supply Voltage 30V OS8800 4.75 5.25 V 
V3-V2 Voltage Differential 40V Temperature (T A) 
Input Voltage 5.5V OS7800 --55 +125 °c 
Storage Temperature Range -65° C to +150° C OS8800 0 +70 °c 
Lead Temperature (Soldering, 10 seconds) 300°C 
Maximum Power Oissipation* at 25°C 690mW 

Metal Can (TO-5) Package 

*Oerate metal can package 4.6 mWfC above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN 
TYP 

MAX UNITS 
(NOTE 6) 

VIH Logical "1" Input Voltage Vee = Min 2.0 V 

V IL Logical '!O" I nput Voltage Vee = Min 0.8 V 

IIH Logical "1" Input Current I VIN = 2AV 5 J1A 
Vee = Max I VIN = 5.5V 1 rnA 

IlL Logical "0" I nput Current Vee = Max, VIN = OAV ,-0.2 -004 rnA 

IOL ' Output Sink Current Vee = Min, VIN = 2V, I OS7800 1.6 mA 

V3 Open I DS8800 2.3 mA 

IOH Output Leakage Current Vee = Max, VIN = 0.8V (Notes 4 and 7) 10 J1A 

Ro Output Collector Resistor TA = 25°C 11.5 16.0 20.0 kn 

VOL Logical "0" Output Voltage Vee = Min, V IN ='2,OV (Note 7) V 2 + 2.0 V 

lee(MAx) Power Supply Current 
Vee = Max, VIN = 4.5V (Note 5) 0.85 1.6 mA 

Output "ON" 

lee(MIN) Power Supply Current 
Vee = Max, VIN = OV (Note 5) 0.22 0.41 rnA 

Output "OFF" 

/ 

Switching Characteristics T A '" 25°C, nominal power supplies unless otherwise noted 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpdO Transition Time to Logical 
T A = 25°C, C = 15 pF (Note 8) 25 70 125 

"0" Output 
ns 

tpdl Transition Time to Logical 
T A = 25°C, C = 15 pF (Note 9) 25 62 125 

"1" Output 
ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the 057800 and across the O°C to 
+70°C range for the 058800. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Current measured is drawn from V3 supply. 

Note 5: Current measured is drawn from V CC supply. 

Note 6: All typical values are measured at TA = 25°C with VCC = 5.0V, V2 = -22V, V3 = +8V. 

Note 7: Specification applies for all allowable values of V2 and V3. 

Note 8: Measured from 1.5V on input t() 50% level on output. 

Note 9: Measured from 1.5V on input to logic "0" voltage, plus lV. 
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Theory of Operation 

The two input diodes perform the ANO function 
on TTL input voltage levels. When at least one 
input voltage is a logical "0", current from Vee 
(nominally 5.0V) passes through R 1 and out the 
input(s) which is at the low voltage. Other than 
small leakage currents, this current drawn from Vee 
through the 20 kn resistor is the only source of 
power dissipation in the logical "1" output state. 

When both inputs are at logical "1" levels, current 
passes through R1 and diverts to transistor 01' 
turning it on and thus pulling current through R2 • 

Current is then supplied to the PNP transistor, 02' 
The voltage losses caused by current through 01' 
0 3 , and 02 necessitate that node P reach a voltage 
sufficient to overcome these losses before current 
begins to flow. To achieve this voltage at node P, 
the inputs must be raised to a voltage level which 
is one diode potential lower than node P. Since 
these levels are exactly the same as those exper
ienced with conventional TTL, the interfacing 
with these types of circuits is achieved. 

Transistor O2 provides "constant current switch
ing" to the output due to the common base con
nection of 02' When. at least one input is at the 
logical "0" level, no current is delivered to °2: so' 
that its collector supplies essentially zero current 
to the output stage. But whe'n both inputs are raised 
to a' logical "1 ': level current is supplied to 02' 

Selecting Power Supply Voltage 

The graph shows the boundary conditions which 
must be used for proper operation of the unit. The 
range of operation for power supply V2 is shown 
on the X axis. It must be between -25V and -8V. 
The allowable range for power supply V 3 is gov
erned by supply V 2. With a value chosen for V 2, V 3 

may be selected as any value along a vertical line 
passing through the V2 value and terminated by 
the boundaries of the operating region. A voltage 
difference between power supplies of at least 5V 
should be maintained for adequate signal swing. 

Switching Time Waveforms 

INPUT 

OUTPUT---+-..... 
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Since this current is relatively constant, the collec· 
tor of O2 acts as a constant current source for the 
output stage. Logic inversion is performed since 
logical" 1" input voltages cause current to be sup- -
plied to 02 and to °3 - ,And when 0 3 turns on the 
output voltage drops to the logical "0" level. 

The reason for the PNP current source, °2, is so 
that the output stage can be driven from a high 
impedance. This allows voltage V2 to be adjusted 
in accordance with the application. Negative volt
ages to -25V can be applied to V 2' Since the out· 
put wili neither source nor sink large amounts of 
current, the output voltage range is almost exclu
sively dependent upon the values selected for V 2 

and V3 . 

Maximum leakage current through the output tran
sistor 0 3 is specified at 10 /1A under worst-case 
voltage between V2 and V 3• This will result in a 
logical "1" output voltage which is 0.2V below V 3' 

Likewise the clamping action of diodes 0 4 , Os, and 
0 6, prevents the logical "0" output voltage from 
falling lower than 2V above V 2. thus establishing 
the output voltage swing at typically .2 volts less 
than the voltage separation between V2 and V3. 

V, 25 

20 

15 

10 

-5 
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~National 
~ Semiconductor 

Level Translators/Buffers 

OS7810/0S8810 Quad 2-lnput TTL-MOS Interface Gate' 
OS7811/0S8811 Quad 2-lnput TTL-MOS Interface Gate 
OS7812/0S8812 Hex TTL-MOS Inverter ' 
General Description 
These Series 54/74 compatible gates are high out
put voltage versions of the DM5401/DM7401 
( S N 5 40 liS N 7 4 0 1 ), D M 54 0 3 1 D M 7403 
(SN5403/SN7403), and DM5405/DM7405 
(SN5405/SN7405). Their open-collector outputs 
may be "pulled-up" to +14 volts in the logical "1" 
state thus providing guaranteed interface between 
TTL and MOS logic levels. 

Schematic and Connection Diagrams 
~----__ ------oY~ 

4k Uk 

INPUTS o-:~--....., 
OUTPUT 

Vee 

Vee 

,. 

'---___ -0 GND 

OS7810/0S8810,OS7811/0S8811 

Dual-I n-Line Package 

TOP VIEW GND 

Order Number OS781 OJ, OS8810J, 
or OS8810N 

See NS Package J14A or N14A 
Oual-In-Line Package 

IJ IZ 11 10 

TOPVIEW 

Order Number OS7812J, OS8812J, 
OS7812W or OS8812N 

GND 

See NS Package J14A, N14A orW14A 
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In addition the devices may be used in applications 
,where it is desirable to drive low current relays or 
lamps that require up to 14 volts. 

Vee 

~----___ ----------o Vee 

1.6k 

OUTPUT 

lk 

L..----.... --oCND 

OS7812/0S8812 

Oual-In-Line Package 

TOPVIEW 

Order Number OS7811J, OS8811J, 
OS7811W or OS8811 N 

See NS Package J14A, N14A or W14A 



Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

VCC 7V Supply Voltage (VCC) 
Input Voltage 5.5V DS78XX 4.5 5.5 V 
Output Voltage 14V DS88XX 4.75 5.25 V 
Storage Temperature Range -65°C to +150°C 
Maximum Power Dissipation" at 25°C Temperature IT A) 

Cavity Package 1254 mW DS78XX -55 +125 °c 

Molded Package 1106mW DS88XX 0 +70 °c 

Lead Temperature (Soldering, 10 seconds) 300°C 

"Derate cavity package 8.36 mWfC above 25°C; derate 
molded package 8.85 mWfC above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VeLAMP Input Diode Clamp Voltage Vee = 5.0V, T A = 25°C, liN = -12 rnA -1.5 V 

V IH Logical "1" Input Voltage Vee = Min 2.0 V 

V IL Logical "0" Input Voltage Vee = Min 0.8 V 

IOH Logical "1" Output Current Vee = Min, I V IN = 0.8V 250 /lA 

V OUT = 10V I V IN = O.OV 40 /lA 

IOL Logical "0" Output Current Vee = Min, V IN = 2.0V, V OUT = O.4V 16 rnA 

V OH Logical "1" Output Breakdown Voltage Vee = Min, V IN = OV, lOUT = 1 rnA 14 V 

VOL Logical "0" Output Voltage Vee = Min, V IN = 2.0V, lOUT = 16 rnA 0.4 V 

IIH Logical" 1" I nput Current I V IN = 2.4V 40 /lA 
Vee = Max I V IN = 5.5V 1 rnA 

IlL Logical "0" Input Current Vee = Max, V IN = O.4V -1.6 rnA 

leeiMAX) Logical "0" Supply Current 
Vee = Max, V IN = 5.0V 

(Each Gate) 
3.0 5.1 rnA 

leelMIN) Logical "1" Supply Current 
Vee = Max, V IN = OV 

(Each Gate) 
1.0 1.8 rnA 

Switching Characteristics TA = 25°C, Vee = 5V 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpdO Propagation Delay Time to a 
4 12 18 ns 

Logical "0" 
COUT = 15 pF, RL = 1k 

tpdl Propagation Delay Time to a 
18 29 45 ns 

Logical "1" 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified minimax limits apply across the -55° C to +125° C temperature range for the DS781 C, DS7811, and DS7812 
and across the O°C to +70°C range for the DS8810, DS8811, and DS8812. 

Note 3: All currents into device pins shown as positive, out of device pins as negative,all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Typical Applications 

+IOV +IZV 

3k ~ 7.Sk ~ 
GROUNO +V, 

INPUT INPUT 

= CLOCK Voo = -v, 
058810,058811,058812 

1 0:1-
OS8810,OS8811,OS881Z 

-t 
MOSshihregirter MOS ROM 
(Ex.mpleMMS06) (Exampl,MMSZ21) 

No1e: Normal voltages applied to MOS shift 
registers have been shifted by +10V for this +IOVL-
applicatitln. 

-6V 
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AC Test Circuit and Switching Time Waveforms 

+5V 
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~ Semiconductor 

Level Translators/Buffers 

DS78L 12/DS88L 12 Hex TTL-MOS Inverter/Interface Gate 
General Description 

The DS78L 12/DS88L12 is a low power TTL to 
MOS hex inverter element. The outputs may be 
"pulled up" to +14V in the logical "1" state, thus 
providing guaranteed interface between TTL and 
MOS logic levels. The gate may also be operated 

Schematic and Connection Diagrams 

4DK 2DK 500 

V,. 

Nott: ShownisKhemltlcfo,,,chmverttf 

Typical Applications 

TTL Interface to MOS ROM 
Without Resistive Pull-Up 

AC Test Circuits 

Y ... c· uov 

V'.-~- -Vou • LfT· .. ·· 
ForVcc -ltV 

Figure 1 

NatioMIMOSROM 
(ExampItMM522H 

"cc· SY 

>o--+---o Vou. Ie .. "., 
fo,Vcc·s.ov 

Figure 2 
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with Vee levels up to +14V without reSIStive 
pull-ups at the outputs and still providing a guar
anteed logical "1" level of Vee - 2.2V with an 
output current of -20011A. 

Vee 

Dual-In-Line Package 

TOPVI(W 

Order Number DS78L 12J, DS88L 12J 
Order Number DS88L 12N 
Order Number DS78L 12W 

See NS Package J14A, N14A or W14A 

TTL Interface to MOS ROM 
With Resistive Pull-Up 

GND 

Switching Time Waveforms 

~
--30V 

--1.]\1--, , 
, : 

INPUT I I 

: : 
OUTPUT~:I , . 

I ---50%---

I I I I 
I I I I 

IpdO~ r----I ~tp<:ll 
I I I I 

I, • I, • 1 0 ,,~ 
PW-IOOns 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage 15V Supply Voltage (V CC) 
Input Voltage 5.5V DS78L12 4.5 5.5 V 
Output Voltage 15V DS88L12 4.75 5.25 V 
Storage Temperature Range -65°C to +150°C Temperature (T A) 
Maximum Power Dissipation" at 25°C DS78L12 -55 125 °c 

Cavity Package 130S mW DSSSL12 0 70 °c 
Molded Package 1207 mW 

Lead Temperature (Soldering, 10 sec) 300°C 

"Derate cavity package S.72 mWfC above 25°C; derate 
molded package 9.66 mWfC above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIH Logical "1" Input Voltage Vee = 14.0V 2.0 1.3 V 

Vee = Min 2.0 1.3 V 

VIL Logical "0" Input Voltage Vee = 14.0V 1.3 0.7 V 

Vee = Min 1.3 0.7 V 

VOH Logical "1" Output Voltage Vee = 14.0V. lOUT = -2001lA 11.8 12.0 V 
VIN = 0.7V 

Vee = Min, lOUT = 200llA 14.5 15.0 V 

VIN = OV, Vee = Min,IoUT = -5.0IlA (Note 6) V 

VOL Logical "0" Ou'tput Voltage Vee = 14.0V, lOUT = 12 mA 0.5 1.0 V 
VIN = 2.0V 

Vee = Min, lOUT = 3.6 mA 0.2 0.4 V 

IIH Logical "1" Input Current Vee = 14.0V <1 20 IlA 
VIN = 2.4V 

Vee = Max <1 10 J1A 

Vee = 14.0V <1 100 IlA 
VIN = 5.5V 

Vee = Max <1 100 IlA 

IlL Logical "0" Input Current Vee = 14.0V -320 -500 IlA 
VIN = O.4V 

Vee = Max -100 -180 J1A 

Ise Output Short Circuit Current VOUT = OV Vee = 14.0V -10 -25 -50 mA 

(Note 4) Vee = Max -3 -8 -15 mA 

leeH Supply Current - Logical "1" Vee = 14.0V 0.32 0.50 mA 

(Each Inverter) 
VIN = OV 

Vee = Max 0.11 0.16 mA 

leeL • Supply Current - Logical "0" Vee = 14.0V 1.0 1.5 mA 

(Each Inverter) 
VIN = 5.25V 

Vee = Max 0.3 0.5 mA 

Switching Characteristics T A = 25°C, nominal power supplies unless otherwise noted 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpdO Propagation Delay to a Logical "0" 
T A = 25°C 

Vee = 5.0V (Figure 2) 27 45 ns 

from Input to Output Vee = 14.0V (Figure 1) 11 20 ns 

tpd1 Propagation Delay to a Logical "1" 
T A = 25°C 

Vee = 5.0V (Figure 2),(Note 5) 79 100 ns 

from Input to Output Vee = 14.0V (Figure 1) 34 55 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond whieh the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7SL12 and across the aOc to 

+70°C range for the DS8SL12. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 
Note 4: Only one output at a time should be shorted. 
Note 5: tpd1 for VCC = 5.0V is dependent upon the resistance and capacitance used. 

Note 6: VOH = VCC - 1.1 V for the DSSSL 12 and VCC - lAV for the DS7SL 12. 
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~National 
~ Semiconductor 

Level TranslatorslBuffers 

057819/058819 Quad 2-lnput TTL-MOS AND Gate 

The 057819/058819 is the high output voltage 
version of the SN5409. Its open-collector outputs 
may be "pulled·up" to 14V in the logical "1" 

Schematic and Connection Diagrams 

Vee 

4K 2K 

state thus providing guaranteed interface between 
TTL and MOS logic levels. 

1.6K 

Dual-ln·Line Package 

Vee 

TOPVIEW 

Order Number DS7819J or DS8819J 
Order Number DS8819N 
Order Number DS7819W 

See NS Package J14A. N14A or W14A 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage 7.0V Supply Voltage (VCC) 
Input Voltage 5.5V DS7819 4.5 5.5 V 
Output Voltage 15V DS8819 4.75 5.25 V 
Storage Temperature Range -65°C to +150°C 

Temperature (T A) Maximum Power Dissipation * at 25°C 
Cavity Package 1254 mW DS7819 -55 +125 °c 

Molded Package 1106mW DS8819 0 70 °c 

Lead Temperature (Soldering, 10 sec) 300°C 

'Derate cavity package 8.36 mWrC above 25°C; derate 
molded package 8.85 mW/oC above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

V IH Logical "1" Input Voltage Vee = Min 2.0 V 

V IL Logical "0" I nput Voltage Vee = Min 0.8 V 

IOH Logical "1" Output Current I V IN = 2.0V, V OUT = 10V 40.0 pA 
Vee = Min I V IN = 4.5V, V OUT = 14V 1.0 mA 

VOL Logical "0" Output Voltage Vee = Min, V IN = 0.8V, lOUT = 16 mA 0.4 V 

IIH Logical "1" Input Current I V IN = 2.4V 40.0 pA 
Vee = Max I 

1.0 mA V IN = 5.5V 

IlL Logical "0" I nput Current Vee = Max, V IN = OAV -1.6 mA 
I 

IceH Logical" 1" Supply Current Vee = Max, V IN = 5V 11.0 21.0 mA 

IceL Logical "0" Supply Current Vee = Max, V IN = OV 20.0 33.0 mA 

VeL Input Clamp Voltage Vee = 5.0V, T A = 25°C, liN = -12 mA -1.5 V 

Switching Characteristics TA = 25°C, Vee = 5V 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpdO Propagation Delay to a Logical "0" 16.0 24.0 ns 
COUT = 15pF, RL =400[2 

16.0 32.0 tpdl Propagation Delay to a Logical "1" ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7819 and across the O°C to 
+70°C range for the DS8819. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
.values shown as max or min on absolute value basis. 

AC Test Circuit and Switching Time Waveforms 

I 
1.5V 1.5V 

'5V / INPUT 

A, -- t"'I~ ~l ~ ~o---..:/ 

o-~ __ 
..-cr . f" ..-c{- .~::;:. _ '--" v< <>;. COUT 

'2.'V// T 
OUTPUT 

50% 

1"'1 MHz 
l.--t,-10ns 
PW:stOOns 
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Section 5 
Display Controllers/ 
Drivers 

TEMPERATURE RANGE DESCRIPTION 
PAGE 

- 55°C to + 125°C O°C to + 70°C NUMBER 

DP8350 Series CRT Controllers 5-6 

AN-199 A Low Component Count Video Data Terminal 5-30 

Using the DP8350 CRT Controller and the 

I NS8080 CPU 
AN-212 Graphics Using the DP8350 Series of CRT 5-44 

Controllers 
AN-243 Graphics/Alphanumerics Systems Using 5-48 

the DP8350 
AN-270 Software Design for a High Speed (38.4 kbaud) 5-76 

Data Terminal 
DP-XXX Advanced Graphic CRT Controller, AGCRTC 5-104 

DS75491 Quad Segment Driver 5-106 

DS75492 Hex Digit Driver 5-106 

* DS55493 DS75493 Programmable Quad Segment Driver 5-109 

* DS55494 DS75494 Saturating Hex Digit Driver 5-111 

DS8654 8-0utput Display Driver 5-113 

DS8656 Print Head Diode Array 5-113 

DS8664 14-Digit Decoder/Driver 5-117 

DS8666 14-Digit Decoder/Driver (PaS Systems) 5-120 

DS8669 Dual Digit, BCD-to-7-Segment LED Decoder/Driver 5-123 

DS8692 8-0utput, 350 mA, Transistor Array 5-126 

DS8693 Printing Calculator Solenoid Driver 5-126 

DS8694 Printing Calculator Solenoid Driver with Clock 5-126 

DS8859A Serial Input Hex Latch LED Driver (High Level) 5-133 

DS8861 MaS, LED 5-Segment Driver 5-136 

DS8863 MaS, LED 8-Digit Driver 5-136 

DS8867 8-Segment LED Constant Current Driver 5-139 

DS8869A Serial Input, Hex Latch LED Driver (Low Level) 5-133 

DS8870 Hex LED Digit Driver 5-141 

DS8871 8-Digit LED Driver 5-143 

DS8872 9-Digit LED Driver 5-143 

DS8873 9-Digit LED Driver, Low Battery Indicator 5-143 

DS8874 9-Digit Shift Input LED Driver 5-145 

DS8877 6-Digit LED Driver 5-147 

DS7880 DS8880 7-Segment Decoder/Driver 5-149 , 
DS8881 16-Digit Vacuum Fluorescent Grid Driver 5-152 

DS8884A 7-Segment Decoder/Driver 5-156 

DS8885 MOS-to-High Voltage Cathode Buffer 5-158 

DS8887 8-Digit High Voltage Anode Driver 5-160 

DS7889 DS8889 8-Segment High Voltage Cathode Driver 5-160 

DS8891A 6-Digit High Voltage Anode Driver 5-164 

DS7897A DS8897A 8-Digit High Voltage Anode Driver (Low Level) 5-160 

DS8963 18V DS8863 5-136 

DS8973 9-Dlgit LED Driver, 5.5V, Vcc 5-166 

DS8975 9-Digit LED Driver with Low Battery Indicator 5-166 

AN-84 Driving 7-Segment Gas Discharge Display Tubes 5-169 

with National Semiconductor Circuits 

AN-99 Driving 7-Segment LED Displays with 5-173 

National Semiconductor Circuits 

• Also available screened In accordance with MIL-STO·883 Class B. Refer to National Semiconductor's "The Reliability Handbook". 





DP8350 CRT CONTROLLER SERIES SELECTION GUIDE 

Item 
Parameter 

DP8350 
No. Value 

1 Character Font Size Dots per Character (Width) (5) 

2 (Heference Only) Scan Lines per Character (Height) (7) 

3 Character Field Cell Dots per Character (Width) 7 

4 Size Scan Lines per Character (Height) 10 

5 Number of Video Characters per Row 80 

6 Number of Video Character Rows per Frame 24 

7 Number of Video Scan Lines (Item 4 x Item 6) 240 

8 Frame Refresh Rate (Hz) f1 =60 fO=50 

9 Delay after Vertical Blank Start to Start of Vertical Sync 4 30 
(Number of Scan Lines) 

10 Vertical Sync Width (Number of Scan Lines) 10 10 

11 Interval between Vertical Blank Start and Start of Video 20 72 
(Number of Scan Lines of Video Blanking) 

12 Total Scan Lines per Frame (Item 7 + Item i 1) 260 312 

13 Horizontal Scan Frequency (Line Rate) (Item 8 x Item 12) 15.6 kHz 

14 Number of Character Times per Scan Line 100 

15 Character Clock Rate (Item 13 x Item 14) 1.56 MHz 

16 Character Time (1 -;.-Item 15) 641 ns 

17 Delay after Horizontal Blank Start to Horizontal Sync Start a 
(Character Times) 

18 Horizontal Sync Width (Character Times) 43 

19 Dot Frequency (Item 3 x Item 15) ·10.92 MHz 

20 Dot Time (1 -;.-Item 19) 91.6 ns 

21 Vertical Blanking Output Stop before Start of Video i 
(Number of Scan Lines) 

22 Cursor Enable on All Scan Lines of a Row? (Yes or No) Yes 

23 Does the Horizontal Sync Pulse Have Serrations during No 
Vertical Sync? (Yes or No) 

24 Width of Line Buffer Clock Logic "0" State within a 4 
Character Time (Number of Dot Time Increments) 

25 Serration Pulse Width, if Used (Character Times) -

26 Horizontal Sync Pulse Active State Logic Level (1 or 0) 1 

27 Vertical Sync Pulse Active State Logic Level (1 or 0) a 
28 Vertical Blanking Pulse Active State Logic Level (1 or 0) 1 

Video Monitor Format: Ball Brothers TV·12, TV·120 or Equivalent. (DP8350) 

Video Monitor Format: RS·170·Compatible (Standard American TV). (DP8352) 

Video Monitor Format: Motorola M3003 or Equivalent. (DP8353) 
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DP8352 
Value 

(7) 

(9) 

9 

12 

32 

16 

192 

f1 =60 fO=50 

27 53 

3 3 

68 120 

260 312 

15.6 kHz 

50 

0.78 MHz 

1282 ns 

6 

4 

7.02 MHz 

142.4 ns 

0 

Yes 

Yes 

5 

4 

a 
a 
1 

DP8353 
Value 

(7) 

(9) 

9 

12 

80 

25 

300 

f1 =60 fO=50 

0 32 

3 3 

20 84 

320 384 

19.20 kHz 

102 

1.9584 MHz 

510.6 ns 

5 

9 

17.6256 MHz 

56.7 ns 

1 

Yes 

No 

5 

-

1 

1 

1 
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Drivers! 
Package 

4 

4 

5 

6 

6 

8 

8 
14 

Sink* 

la!Segment 
(mA) 

Source 
(Common (Common 
Anode) Cathode) 

30 

50 50 

50 50 

32 

32 

18 

50 

25 

LED DISPLAY SEGMENT DRIVERS 

VMAX 
(V) 

Input Supply 

10 

15 

15 

5.5 

5.7 

10 

36 

6.6 

10 

10 

10 

7 

7 

7 

36 

7 

Comments 

Programmable constant current 

Programmable output, act~ve high latch 

Programmable output, active low latch 

Constant current output 

BCO input, dual-display driver 

*Oigit drivers with output sink capability may be used to drive segments of "common anode" displays 

Drivers! '"I P"'.go ~ 

---4 

6 

6 

6 

6 

8 

8 

8 

9 

10 

14 

la !Oigit 
(mA) 

Sink Source 
(Common (Common 
Cathode) Anode) 

50 

50 

150 

250 

350 

40 

350 

500 

500 

50 

40 

40 

50 

100 

100 

400 

80 

80 13 

LED DISPLAY DIGIT DRIVERS 

VMAX 
(V) I Comments 

Input Supply I 
10 10 

10 10 OS75492 pinout, 4.5V to 9V systems 

10 10 Enable control 

10 10 

10 10 OS75492 pinout, Oarlington output 

11 11 

25 25 Open-collector saturating outputs 

15 10 

23 18 

36 36 

11 11 

11 11 Low battery indicator 

10 10 Serial shift register input 

10 10 3-cell operation-low battery indicator 

10 10 No low battery indicator 

9.5 45 Serial input 

10 10 On-board osc., 4 line code input, low battery 

indicator 

10 10 6 sink, 8 source outputs 

Selection Guide 

Device Number 

o°C to +70°C -5S0 C to +12So C 

0575493 

0575491 

058861 

OS8859A 

058869A 

OS8867 

058654 

058669 

Device Number 

0555493 

O°C to +70°C -55°C to +12So C 

0575491 

05881.7 

0575494 OS55494 

OS75492 

OS8870 

OS8871 

OS8692 

OS8863 

OS8963 

058654 

OS8872 

OS8873 

058874 

OS8973 

OS8975 

OS3654 

OS8664 

OS8666 

Page 
No. 

5·109 

5·106 

5·136 

5·133 

5·133 

5·139 

5-113 

5-123 

Page 
No. 

5-106 

5-147 

5-111 

5-106 

5-141 

5-143 

5-126 

5-136 

5-136 

5-113 

5-143 

5-143 

5-145 

5-166 

5-166 

3-29 

5-117 

5-120 



GAS DISCHARGE DISPLAY DRIVERS 

Device Drivers! 
Comments 

Device Number 
Type Package O°C to +70°C -55°C to +125°C 

Cathode drivers 7 BCO to 7·segment OS8880 OS7880 

7 BCO to 7·segment with comma OS8884A 
and OP 

7 MOS to high voltage cathode buffer OS8885 

8 Active high inputs OS8889 OS7889 

Anode drivers 6 Active low inputs OS8891A 

8 Active'high inputs OS8887 

8 Active low inputs OS8897A ·OS7897A 

VACUUM FLUORESCENT DISPLAY DRIVERS 

Device Drivers! 
Comments 

Device Number 
Type Package O°C to +70°C -55°C to +125°C 

Ground driver 8 7·segment plus OP OS8654 
(segments) 

Anode driver 8 OS8654 
(digit) 16 4 line BCO input OS8881 

PRINTER DRIVERS 

Device Drivers! 
Description 

Device Number 
Type Package O°C to +70°C -55°C to +125°C 

Mechanical Relay driver OS3680 
printer 10 hammer serial input driver OS3654 

Seiko model 310 print head, OS8692, 
interface set OS8693, 

OS8694 

Thermal 8·digit driver OS8654 
printer Oiode matrix OS8656 

5·5 

Page 
No. 

5·149 

5·156 

5·158 

5·160 

5·164 

5·160 

5·160 

Page 
No. 

5·113 

5·113 

5·152 

Page 
No. 

3-44 

3·29 
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·5·126 

5·126 

5·113 

5·113 
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DP8350 Series CRT Controllers 

General Description 
The DP8350 Series of CRT Controllers are single-chip 
bipolar (12L technology) circuits In a 4o-pln package. They 
are designed to be dedicated CRT display refresh cir
cuits. Three standard products are available, designated 
DP8350, DP8352, DP8353. Custom devices, however, are 
available In a broad range of mask programmable options. 

The CRT Controller (CRTC) provides an Internal dot rate 
crystal controlled oscillator for ease of system design. 
For systems where a dot rate clock Is already provided, 
an external clock may be Inputted to the CRTC. In either 
case system synchronization Is made possible with the 
use of the buffered Dot Rate Clock Output. 

The DP8350 Series has 11 character generation related 
timing outputs. These outputs are compatible for sys
tems with or without line buffers, using character ROMs, 
or DM86S64-type latch/ROM/shift register circuits. 

12 bits (4k) of bidirectional TRI-STATE~ character mem
ory addresses are provided by the CRTC for direct Inter
face to character memory. 

Three on-chlp registers provide for external loading of the 
row starting address, cursor address, and top-of-page 
address. 

A complete set of video outputs Is available Including 
cursor enable, vertical blanking, horizontal sync, and 
vertical sync. 

The DP8350 Series CRTC provides for a wide range of 
programmablillty using internal mask programmable 
ROMs: 

TAl-STATE Is a registered trademark of National Semiconductor Corp_ 

Connection Diagram 
REGISTER SELECT B 

VERTICAL BLANKING 

REFRESH CONTROL 

VERTICAL SYNC 

FULUHALF 

r COu~m LC2 
OUTPUTS LCl 

LCD 

• Character Field (both number of dots/character and 
number of scan lines/character) 

• Characters per Row 
• Character Rows per Video Frame 
• Format of Video Outputs 

The CRTC also provides system sync and program inputs 
Including Refresh Control, Reset, and Address Mode. 

Features 
Internal crystal controlled dot rate oscillator 
External dot rate clock input 
Buffered dot rate clock output 
Timing pulses for character generation 
Character memory address outputs (12 bits) 
Internal cursor address register 
Internal row starting address register 
Internal top-of-page address register (for scrolling) 
Programmable horizontal and vertical sync outputs 
Programmable cursor enable output 
Programmable vertical blanking output 
2 programmable refresh rates, pin selectable 
Programmable characters/row (128 max.) 
Progammable character field size (up to 16 dots x 16 
scan line field size) 

• Programmable scan lines/frame (512 max.) 
• Programmable character rows/frame 
• Single +5V power supply 
• Inputs and outputs TIL compatible 
• Direct interface with DM86S64 character generator 
• Ease of system design/application 

VCC (+5 V) 

REGISTER SELECT A 

38 REGISTER LOAD 

37 RAM ADDRESS ENABLE 

36 AD 

35 Al 

34 A2 

33 A3 

32 A4 RAM ADDRESS 
CLEAR LINE COUNTER 10 DP 8350 31 A5 COUNTER 

DP 8352 DUTPUTSI 
ADDRESS MODE 11 DP 8353 30 A6 REGISTER 

LINE BUFFER 
12 29 A7 

INPUTS 
RECIRCULATE ENABLE 

LINE RATE CLOCK 13 28 A8 

HORIZONTAL SYNC 14 27 A9 

Ifrn'f 15 26 A1D 

LINE BUFFER CLOCK 16 25 A11 
EXTERNAL CHARI 17 24 LATCH CHARACTER 

LINE CLOCK GENERATOR ADDRESS 
LOAD VIDEO SHIFT REGISTER 18 23 DOT RATE CLOCK 

CURSOR ENABLE 19 22 Xl} CRYSTAL 

GND 20, 21 OSCILLATOR 
X2 INPUTS· 

Order Number DP8350N, DP8352N or DP8353N 
See NS Package N40A 
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Block Diagram 

LINE BUFFER 
RECIRCULATE 
ENABLE 

CLEAR LINE 
COUNTER 

LINE RATE 
CLOCK 

LINE BUFFER 
CLOCK 

LOAO VIDEO 
SHIFT REGISTER 

DOT RATE 
CLOCK 

CRYSTAL 

OUTPUT 
ENABLE 

EXTERNAL 
CHAR/LINE 

CLOCK 

TIMING AND CONTROL LOGIC 

~ 
LINE COUNTER OUTPUTS 
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REGISTER 
LOAD 

REGISTER 
SELECT,A 
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SELECT B 
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SYNC 
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SYNC 
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CONTROL 
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The Video Display 

Discussion of the CRT Controller necessitates an under
standing of the video display as presented by a raster 
scan monitor. The resolution of the data displayed on the 
monitor screen is a function of the dot size. As shown in 
Figure 1, the dot size is determined by the frequency of 
the system dot clock. The visible size of the dot can be 
modified to less than 100% by external gating of the 
serial video data. The CRT Controller organizes the dots 

SYSTEM 
DDT CLOCK 

SERIAL VIDEO DATA 
INPUTED TO MONITOR 

-I 1-DDT INTERVAL 

into cell groupings that define video rows. These cells 
are accessed by a specific horizontal address output 
(4096 maximum) and are resolved by a row scan-line
counter output (16 maximum) as shown in Figure 2. The 
relation of the video portion of Ci frame to the horizontal 
blanking and vertical blanking intervals is shown in 
Figure 3 in a two-dimensional format. 

VIDEO ! II 
_ .----..... 1-- VISIBLE INTENSIFIED DOT 

______ L-_I . • 100% DOTS 

I III I 50% DOTS 

\ 

SCAN LINE (ELECTRON BEAM TRACE) 

\ ADDRESS HHH 

( 
A-

I I I I I I I . 
I I I I I I I I . 
I I I I I I I I . 
I I I I I I I I . 

ROW I I I I I I I I . 
I I I I I I I I . 
I I I I I I I I . 
I I I I I I I I . 
I I I I I I I I . 
I I I I I I I I . 

\ 
DDT INTERVAL 

Figure 2. Character Cell Definition 

GATED DOT PROVIDES SPACE 
BETWEEN CONSECUTIVE DOTS 

Figure 1. Dot Definition 

TYPICAL POSITION 
OF HORIZONTAL 

RETRACE 

END OF 
ROWS 

END OF 
FRAME 

(Example Shown is a 7 x 10 Character Cell) 
Figure 3. Frame Format Definition 
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Character Generation/Timing Outputs 

The CRT controller provides 11 Interface timing outputs 
for line buffers, character generator ROMs, OM86S64-
type latch/ROM/shift register combination character 
generators, and system status timing. All outputs are 
buffered to provide TTL compatible direct Interface to 
popular system circuits such as: 

• OM86S64 Series Character Generators 

• MM52116 Series Character ROMs 

• OM74166 Dot Shift Register 

• MM5034, MM5035 Octal 80-Blt Shift Registers (Line 
Buffers) 

Dot Rate Clock: This output is provided for use in 
system synchronization and interface to the dot shift 
register used in character generation. This output is 
non-inverting with respect to an external clock applied 
to the X1 oscillator input (see Figure 6). The dot rate 
clock output exhibits a 50% duty cycle. All CRTC output 
logic transitions are synchronous with the rising edge of 
the Dot Rate Clock output. 

Latch Character Generator Address (Character Rate 
Clock): This output provides an active clock pulse at 
character rate frequency which is active at all times. 
The rising edge of this pulse is synchronous with the 
beginning of each character cell. This output is in-. 
tended for direct interface to character/video genera-, 
tion data latch registers. 

Line Rate Clock: This output provides an active clock 
pulse at scan-line rate frequency (horizontal frequency), 
which is active at all times. The falling edge of this pulse 
is synchronous with the beginning of horizontal blanking. 
This output is intended for direct interface to character 
generation ~can line counters. 

Load Video Shift Register: This output provides a char
acter rate signal intended for direct interface to the video 
dot shift register used in character generation. Active low 
pulses are outputted only during video time. As a result 
of the inactive time, horizontal and vertical video blank
ing can be derived from this output signal. 

Clear Line Counter: This output signal is active only 
during the first scan line of all rows. It exhibits an active 
low pulse identical and synchronous to the Line Rate 
Clock and is provided for direct interface to character 
generation scan line counters. 

Line Counter Outputs (LCo to LC3): These outputs clock 
at line rate frequency, synchronous with the falling edge 
of the line rate clock, and provide a consecutive binary 
count for each scan line within a row. These outputs are 
provided for system designs that require decoded infor
mation indicating the present scan line position within a 
row. These outputs are always active, however, the next 
to the last row during vertical blanking will exhibit an in
valid line count as a function of internal frame synchro
niiation. 

Line Buffer Clock: This output directly interfaces to data 
shift registers when they are incorporated as line buffers 
in a system design (see Figure 16). This signal is active at 
character rate frequency and is intended for shift regis
ters that shift on a falling edge clock. This output is inac
tive during all horizontal blanking intervals yielding the 
number of active clocks per scan line equal to the number 
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of video characters per row. For custom requirements, 
the duty cycle of this output is mask programmable. 

Line Buffer Recirculate Enable: This output is provided 
to control the input loading mode of the data shift regis
ter (line buffer) when used in a system design. The format 
of this output is intended for shift registers that load ex
ternal data Into the input with the mode control in the 
low state, and load output data into the input (recircu
late) with the mode control in the high state. This output 
will transition to the low state, synchronous with the line 
rate clock falling edge, for one complete scan line of each 
row. The pOSition of this scan line will either be the first 
scan line of the addressed row, or the last scan line of 
the previous row depending upon the logiC level of the 
address mode input (pin 11), tabulated in Table 3. 

Memory Address Outputs/Inputs and Registers 

Address Outputs (Ao-A11): These 12 address bits (4k) 
are bi-directional TRI-STATE@ outputs that directly inter
face to the system RAM memory address bus. 

In the output mode (enabled), these outputs will exhibit 
a specific 12-bit address for each video character cell to 
be displayed on the CRT screen. This 12-bit address 
increments sequentially at character rate frequency 
and is valid at the address bus 2 character times prior to 
the addressed character appearing as video on the CRT 
screen. This plpelining by 2 characters is provided to 
allow sufficient time for first, accessing the RAM mem
ory, and second, accessing the character generation 
memory with the RAM memory data. Since a character 
cell is comprised of several scan lines of the CRT beam, 
the sequential address output string for a given video 
row is identically repeated for each scan line within the 
row. The starting address for each video scan line is 
stored within an internal 12-bit register called the Row 
Start Register. At the beginning of each video scan line, 
the internal address counter logic is· preset with the 
contents of the Row Start Register (see Figure 4). To 
accomplish row by row sequential addressing, internal 
logic updates the Row Start Register at the beginning of 
the first scan line of a video row with the last address + 1 
of the last scan line of the previous video row. Since the 
number of address locations on the video screen display 
is typically much less than the 4k dimension of the 12-bit 
address bus, an internal 12-bit register called the Top Of 
Page Register, contains the starting address of the, first 
video row. Internal logic loads the contents of this top 
of page register into the Row Start Register at the begin
ning of the first scan line of the first video row. The Top 
Of Page Register is loaded with address zero whenever 
the Reset input is pulsed to the logic "0" state. 

In the input mode (disabled), external addresses can be 
loaded into the internal 12-bit registers by external con
trol of the register select A, register select B, and register 
load inputs (see Table 1). As a result of specific external 
loading of the contents of the Row Start Register, Top 
Of Page Register, and the Cursor Register, row by row 
page scrolling, non-sequential row control, and cursor 
location control, can easily be accomplished. 
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During the non-video Intervals, the address output oper
ation is modified. During all horizontal blanking intervals, 
the incrementing of the address counter is inhibited and 
the address count is held constant at the last video ad
dress + 1. For example, if a video row has an 80 character 
cell format and addressing for the video portion of a 
given scan line starts at address 1, the address counter 
will increment up through address 81. Address 81 is 
held constant during the horizontal blanking interval 
until 3 character times before the next video scan line. 
At this point, the address counter is internally loaded 
with the contents of the Row Start Register which may 
contain address 1 or 81 as a functionof internal control, 
or a new address that was loaded .from the external bus. 
During vertical blanking, however, this loading of the 
internal address counter with the contents of the Row 
Start Register is inhibited providing scan line by scan 
line sequential address Incrementing. This allows mini
mum access time to the CRTC when the address counter 
outputs are being used for dynamic RAM refresh. 

RAM Address Enable Input: At all times the status of 
the bi-directional address outputs is controlled exter
nally by the logic level of the enable input. A 'low' logic 
level at this input places the address outputs in the TRI
STATE® (disabled) input mode. A 'high' logic level at 
this input places the address outputs in the active (en
abled) output mode. 

Register [Oad/Select Inputs: When the Register Load 
input is pUlsed to the logic 'low' state, the Top Of Page, 
Row Start, or Cursor Register will be loaded with a 12-bit 
address which originates from either the internal address 
counter or the external address bus (refer to discussion 
on register loading constraints). The destination register 
is selected prior to the load pulse by setting the register 
select inputs to the appropriate state as defined in 
Table 1. 

Table 1. Register Load Truth Table 

Register Register Register Register Loading 
Select A Select B Load Input Destination 
(Pin 39) (Pin 1) , (Pin 38) 

0 0 0 No Select 
0 1 0 Top-of-Page 
1 0 0 ROW-Start· 
1 1 0 Cursor 
X X, 1 No Load 

'During the verticalblanking interval, a load to this regis-
ter is internally routed to the Top·Of·Page register. 

Internal Registers and Loading Constraints: There are 3 
internal 12-bit registers that facilitate video screen 
management with respect to row·by·row page scrolling, 
non-sequential row control and cursor location. These 
registers can be loaded with addresses from the exter· 
nal address bus while the address outputs are disabled 
(RAM address enable inut'in the low state), by control· 
ling the register select and load inputs within the con
straints of each register. 
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The Row·Start Register (RSR) holds the starting address 
for each scan line of the video portion of a frame. The 
video addressing format is completely determined by the 
contents of this register. With no external loading, the 
RSR is automatically loaded by internal control such 
that row-by-row sequential addressing is achieved. Re· 
ferring to Figure 4, the RSR is loaded automatically once 
for each video row during the first addressed scan line. 
The source of the loaded address is internally controlled 
such that the RSR load for the first video row comes from 
the Top-Of-Page Register. The RSR load for all subse
quent video rows comes from the address counter which 
holds the last displayed address + 1. If noh-sequential 
row formatting is desired, the RSR can be loaded exter
nally with a 12·bit address. However, this external load 
must be made prior to the internal automatic load. Gen
erally speaking, the external load to the RSR should be 
made during the video domain of the last addressed scan 
line of the previous row. Figure 4 indicates the internal 
automatic loading intervals which must be avoided, if the 
load must be made during the horizontal blanking inter
val. Once an external address has been loaded to the 
RSR, the next occurring internal automatic RSR load will 
be inhibited by internal detection logic. If an external 
load is made to theRSR during the vertical blanking 
interval, the 12-bit address is loaded into the Top-Of
Page Register instead of the RSR as a result of internal 
control. This internal function is performed due to the 
fact that the address loaded into the RSR for the first 
video row can only come from the Top-Of·Page Register. 

The Top·Of-Page register (TOPR) holds the address of the 
first character of the first video row. As a function of 
internal control the contents of this register are loaded 
into the RSR at the beginning of the first addressed 
scan line of the first video row (see Figure 4). This 
loading operation is strictly a function of internal 
control and cannot be overridden by an external load to 
the RSR. For this reason, any external load to the RSR 
during the vertical blanking interval is interpreted 
internally as a TOPR load. When the Reset input is 
pulsed to the logic "0" state, the TOPR register is 
loaded with address zero by internal control. This yields 
a video page display with the first row of sequential 
addressing beginning at zero. Page scrolling can be 
accomplished by externally loading a new address into 
the TOPR. This loading operation can be performed at 
any time during the frame prior to the interval where the 
TOPR is loaded automatically into the RSR (see Figure 
4). Once the TOPR has been loaded, it does not have to 
be accessed again until the contents are to be modified. 

The Cursor Register (CR) holds the present address of 
the cursor location. A true comparison of the address 
counter outputs and the contents of the CR res.ults in a 
Cursor Enable output signal delayed by two character 
times. When the Reset input is pulsed to the logic "0" 
state, the contents of the CR are set to address zero by 
internal control. Modifying,the contents of the CR is 
accomplished by external loading at any time during 
this frame. Typically, loading is performed only during 
intervals when the address outputs are not actively 
controlling the video display. Once the CR has been 
loaded, it does not have to be accessed again until the 
contents are to be modified. 



First Addressed Scan Line of a Video Row 

EN~~r~g~}~~~ ---, --r\ ---------------------------/ 
r- HORIZONTAL BlANKING _____ / VIDEO ------, 

2nd Through Last Addressed Scan Lines of a Video Row 

LINE BUFFER ---""1,------------------------.,..-----
EN:~~~Rg~i~J~ \ I 

~ ____________________________ J 

;--HORIZONTAl BlANKING _____ /,------VIOEO-----____ , 

Note 1: Dimensions 'are in character time intervals. 

Note 2: "A" denotes the interval that the address counter is 
preset with the contents of the Row Start Register. 

Note 3: "RSR" denotes the interval that the Row Start Register 
is internally loaded with either the contents of the Top·Of·Page 
Register (1st video row) or the last video address + 1 from the 
address counter. 

Figure 4. Automatic Internal Loading Intervals 

Video·Related Outputs 

Horizontal Sync: This output provides the necessary 
scan line rate sync signal for direct interface to either 
three-terminal or composite sync monitors. The pulse 
width, posi.tion, and logic polarity are mask program· 
mable, in character time increments, for custom require· 
ments. This output may also be mask programmed to 
have RS-170 compatible serration pulses during theverti
cal sync interval (refer to DP8352 format and Figure 15). 

Vertical Sync: This output provides the necessary frame 
rate sync signal for direct interface to either three-terminal 
or composite sync monitors. The pulse width, position, 
and logic polarity are mask programmable, in scan line 
increments, for custom requirements. 

Cursor Enable: This output provides a signal that is in· 
tended to be combined with the video signal to display a 
cursor attribute which serves as a visual pOinter for video 
RAM location. Internally, the 12-bit address count is 
continuously being compared with the 12·bit address 
stored in the Cursor Register. When a true compare is 
detected, an active high level signal will be present at 
the Cursor Enable ou~put, delayed by 2 character times 
after the corresponding address bus output. The signal 
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is delayed by 2 character times so that it will be coinci· 
dent with the video information resulting from the cor· 
responding address. Mask programmability allows the 
cursor enable output signal to be formatted such that a 
signal will be outputted for all addressed scan lines of a 
video character cell or any single scan line of that cell. 
The cursor enable output signal is inhibited during the 
horizontal and vertical blanking intervals so that video 
blanking is maintained. When the addressing is ad· 
vanced by setting the address mode input (pin 11) in the 
logiC "0" state, the cursor enable Signal will also be 
shifted with respect to the scan line count. Specifically, 
for a character cell with the cursor output active on all 
addressed scan lines of th~ cell, the first scan line of 
the cursor Signal will occur at the last scan line count of 
the previous video row, and the last scan line count of 
the addressed character cell will have no cursor output 
signal. This mode of operation gives rise to a unique 
situation for the first video row where the first addressed 
scan line of a character cell has no cursor output signal 
since its advanced scan line position is inhibited by the 
vertical blanking interval. 
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CRT System Control Functions 

Refresh Control Input: This input provides a logic level 
selectable CRT system refresh rate. Typically, this input 
will select either a 60 Hz or 50 Hz refresh rate to provide 
geographical marketing flexibility. However, mask pro
grammability provides the capability of a wide range of 
frequencies for custom requirements. For definition of 
the input logic truth table and the refresh rate format, 
refer to Table 2 and the standard device type format 
tables. 

Table 2. Refresh Rate Select Truth Table 

Refresh Control Frame Refresh Rate 
(Pin 3) 

DP8350 Logic Level Symbol DP8352 DP8353 

1 f1 60Hz 60Hz 60Hz 
0 to 50Hz 50Hz 50Hz 

Vertical Blanking Output: This output provides a signal 
that transitions at the end of the last video scan line of 
the last video row and indicates the beginning of the 
vertical blanking interval. This signal transitions back to 
the inactive state during the row of scan lines just prior 
to the first video row. The transition position within this 
last row of vertical blanking, as well as the active logic 
polarity, is a function of the particular device format 
(item 21 of the format tables) or is mask programmable 
for custom requirements. 

Address Mode: When a system utilizes a line buffer shift 
register, the first scan line of addreSSing for a row is used 
to load the shift register. As a result of this loading 
operation, addressing for a particular row will not begin 
accessing the video RAM until the second scan line of 
addreSSing for the row. It also follow,S that the first scan 
line of a row can only exhibit addressed data for the pre· 
vious video row that is in the shift register. This offset in 
addressing becomes a problem for character generation 
designs that output video onthe first scan line of a row 
(with respect to the line counter outputs). The result is 
invalid data being displayed,for the first scan line. One 
solution would be to utilize a character generation de
sign that began outputting video on the second scan line 
of a row. However, since most single chip character 
generators begin video on the first scan line, the DP8350 
series CRT controller provides a pin selectable advanced 
addreSSing mode which will compensate for addressing 
shifts resulting from shift register loading. Referring to 
Table 3, a high logic level at this input will cause address· 
ing to be coincident with the scan line counter positions 
of a row, and a low logic level at this input will cause 
addreSSing to start on the last scan line counter position 
of the previous row. This shifted alignment of the ad
dreSSing, with respect to the designated scan lines of a 
row, is diagrammed in Figure 5. Characteristically, it fol· 
lows that, when addreSSing is advanced by one scan line, 
the Line Buffer Recirculate Enable output and the Cursor 
Enable output are also advanced by one scan line. This 
advanced position of the Cursor Enable output may 
deserve speCial consideration depending upon the sys
tem design. 

Table 3; Address Mode Truth Table 

Address Mode New Row Addressing At Address 
Input (Pin 11) Outputs and Line Buffer Recirculate 

Enable Logic Low Level 
(Logic Level) (Scan Line Position) 

0 Last scan line of previous row 

1 First scan line of row 

Full/Half Row Control: This control input is provided 
for applications that require the option of half-page ad
dressing. As an example, if the normal video page format 
is 80 characters/row by 24 rows, setting this input to the 
logic "0" state will cause the video format to become 
evenly spaced at 80 characters/row by 12 rows. Specifi
cally, when this input is in the logic "0" state, row ad
dressing is repeated for every other row. This yields suc
cessive groups of two rows of identical addreSSing. The 
second row of addressing, however, has the Load Video 
Shift Register output and the Cursor Enable output inter
nally inhibited to provide the necessary video blanking. 
Setting this input to the logic "1" state yields normal 
frame addressing. 

External Character/Line Rate Clock: This input is in
tended to aid testing of the CRTC and is not meant to be 
used as an active input in a CRT system. When this 
input is left open, it is guaranteed not to interfere with 
normal operation. 

Reset Input: This input is provided for power-up syn
chronization. When brought to the logic "0" state, device 
operation is halted. Internal logic is set at the beginning 
of vertical blanking, and the Top-Of-Page Register and 
the Cursor Register are loaded with address zero. When 
this input returns to the logic "1" state, device operation 
resumes at the vertical blanking interval followed by 
video addressing which begins at zero. This input has 
hysteresis and may be connected through a resistor to 
Vee and through a capacitor to ground to accomplish a 
power·up Reset. The logic "0" state should be main
tained for a minimum of 250ns. 

ADDRESS MDDE INPUT = "1" 
LINE CDUNTER 

,DUTPUT COUNT 

El El • El El El El 0 
El • • El El El El 1 

ADDRESSED El El • El El El El 2 
SCAN LINES El El • El El El El 3 VIDEO FOR VIDEO RDW El El • ElOEl 0 4 ROW ARE COINCIDENT 

El El • El El El El X WITH LINE 
COUNTER El •• • El El 0 
POSITION El El El El El El El 

El El El El El El El 
El El El El El El El 

ADDRESS MODE INPUT = "0" 
LINE COUNTER 

,OUTPUT COUNT 

El • • • El El El 0 

ADDRESSED • El El O. El El 1 

SCAN LINES • El El El • El El 2 
FOR VIDEO ROW • El El El • El El 3 VIDEO 
ARE ADVANCED • El El El • El El 4 ROW 

BY 1 SCAN • El El El. El El 5 X 
LINE WITH 

RESPECT TO El • • • El El El 6 
LINE COUNTER El El El ElEl El El 7 

POSITION El El El o 0 0 0 B 
0 0 0 o 0 0 0 9 

Figure 5. Address Mode Functionality 
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Crystal Inputs X1 and X2: The "Pierce"-type oscillator 
is controlled by an external crystal providing parallel 
resonant operation_ Connection of external bias"compo
nents is made to pin 22 (X1) and pin 21 (X2) as shown in 
Figure 6. It is important that the crystal be mounted in 
close proximity to the X1 and X2 pins to ensure that 
printed circuit trace lengths are kept to an absolute mini
mum. Typical specifications for the crystal are shown in 
Table 4 for each of the standard products, DP8350, 
DP8352, and DP8353. When customer mask options re
quire higher frequencies, it may be necessary to change 
the crystal specifications and biasing components. If 
the CRTC is to be clocked by an external system dot 
clock, pin 22 (X1) should be driven directly by Schottky 
family logic while pin 21 (X2) is left open. The typical 
threshold for pin 22 (X1) is Vcc/2. 

Vcc 
·c11 

30 pF 

Table 4. Typical Crystal Specifications 

Parameter 

Type 

Frequency 

Tolerance 

Stability 

Resonance 

Maximum Series 
Resistance 

Load 
Capacitance 

TO INTERNAL 
LOGIC 

Specification 

OP8350 I OP8352 I OP8353 

At-Cut 

10.92MHz ! 7.02MHz !17.6256MHz 

0.005% at 25°C 

0.01 % from 0 °C to +70°C 

Fundamental, Parallel 

50Q 

20pF 

Figure 6. Dot Clock Oscillator Configuration with 
Typical External Bias Circuitry Shown 

Custom Order Mask Programmability: The DP8350 
Series CRT controller is available in three standard op
tions designated DP8350,DP8352, and DP8353. The 
functional format of these devices was selected to meet 
the typical needs of CRT terminal designs. In order to 
accommodate specific customer formats, the DP8350 
series CRT controller is mask programmable with a 
diverse range of options available. The items listed in 
the program table worksheet indicate the available 

. options, while Table 5 tabulates the programming con
straints_ 
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Table 5. Mask Programming Limitations 

Oesig· 
Parameter 

Min. Max. 
nation Value Value 

fOOT Dot Rate Frequency DC 30MHz 

fCHAR Character Rate Frequency DC 2.5MHz 
- Line Buffer Clock Logic "0" 

Width (Item 20 x Item 24) 200ns 
Item 3 Dots per Character Field 

Width 4 16 
Item 4 Scan Lines per Character 

Field 2 16 
Item 12 Scan Lines per Frame 512 
Item 14 Character Times Video 5 122 

perRow Blanking 6 123 
Item 11 Scan Lines per Vertical (Item 4) 

Blanking +2 

If the cursor enable output, Item 22, is active on only one 
line of a character row, then Item 21 value must be either 
"1" or "0" or equivalent to the line selected for the 
cursor enable output. 
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DP8350 Series Custom Order Format Table 
This table is provided as a worksheet to aid in determining the programmed configuration for custom mask options. Refer 
to Table 5 for a list of programming limitations. 

Item 
Parameter Value No. 

1 
Character Font Size 

Dots per Character (Width) 

2 (Reference Only) Scan Lines per Character (Height) 

3 Dots per Character (Width) 
Character Field Block Size 

4 Scan Line per Character (Height) 

5 Number of Video Characters per Row 

6 N umber of Video Character Rows per Frame 

7 Number of Video Scan Lines (Item 4 x Item 6) 

8 Frame Refresh Rate (Hz) (two pin selectable frequencies allowed)(ltem 13 -;- Item 12) f1= fO= 

9 Delay after ,{ertical Blank start to start of Vertical Sync (Number of Scan Lines) 

10 Vertical Sync Width (Number of Scan Lines) 

11 Interval between Vertical Blank start and start of Video 
(Number of Scan Lines of Video Blanking) 

12, Total Scan Lines per Frame (Item 7 + Item 11) 

13 Horizontal Scan Frequency (Line Rate) (kHz) (Item 8 x Item 12) 

14, Number of Character Times per Scan Line 

15 Character Clock Rate (MHz) (Item 13 x Item 14) 

16 Character Time (ns) (1 -;- Item 15) 

17 Delay after Horizontal Blank start to Horizontal Sync start (Character Times) 

18 Horizontal Sync Width (Character Times) 

19 Dot Frequency (MHz) (Item 3 x Item 15) 

20 Dot Time (ns) (1 -;- Item 19) 

21 Vertical Blanking Output Stop before start of Video (Number of Scan Lines) 
(Range = Item 4 -1 line to 0 lines) 

. 

22 Cursor Enable on all Scan Lines of a Row? (Yes or No) If not, which Line? 

23 Does the Horizontal Sync Pulse have Serrations during Vertical Sync? (Yes or No) 

24 Width of Line Buffer Clock logic "0" state within a Character Time 
(Number of Dot Time increments) (Typically % Item 3 rounded up) 

25 Serration Pulse Width, if used (Character Times) (See Figure 13) 

26 Horizontal Sync Pulse Active state logic level (1 or 0) 

27 Vertical Sync Pulse Active state logic level (1 or 0) 

28 Vertical Blanking Pulse Active state logic level (1 or 0) 

Video Monitor: Manufacturer and Model No. (For Engineering Reference) 

5·14 



Absolute Maximum Ratings (Note 1) Operating Conditions (Note 6) 

Supply Voltage, Vee 7.0V Min. Max. Units 
Input Voltage 5.5V Vee, Supply Voltage 4.75 5.25 V 
Output Voltage 5.5V TA, Ambient Temperature 0 +70 °C 
Storage Temperature R~nge -65°C to +150°C 
Lead Temperature (soldering, 10 seconds) 300°C 

Electrical Characteristics Vee = 5V ± 5%, TA = O°C to +70°C (Notes 2, 3, and 5) 

Parameter Conditions Min. Typ. Max. Units 

VIH Logic "1" Input Voltage 2.0 V 
All Inputs Except X1, X2 RESET , 2.6 V 
RESET 

VIL Logic "0" Input Voltage 
All Inputs Except X1, X2 0.8 V 

VHYS RESET Input Hysteresis 0.4 V 

Vclamp Input Clamp Voltage 
All Inputs Except X1, X2 IIN=-12mA -0.8 -1.2 V 

IIH Logic "1" Input Current 
Ao-A11 Enable Input = OV, 

Vee = 5.25V, VIN = 5.25V 10 100 Jl.A 

All Other Inputs Except X1, X2 Vee = 5.25V, VIN = 5.25V 2.0 20 Jl.A 

IlL Logic "0" Input Current 
Ao-All Enable Input = OV, 

Vee = 5.25V, VIN = 0.5V -20 -100 Jl.A 

All Other Inputs Except X1, X2 Vee = 5.25V, VIN = 0.5V -20 -100 Jl.A 

VOH Logic "1" Output Voltage IOH=-100Jl.A 3.2 4.1 V 

10H =-1 mA 2.5 3.3 V 

VOL Logic "0" Output Voltage 10L= 5mA 0.35 0.5 V 

los Output Short Circuit Current Vee = 5V, VOUT = OV (Note 4) 10 40 100 mA 

lee Power Supply Current (Note 10) Vee=5.25V 220 300 mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for 
actual device operation. " 
Note 2: Unless otherwise specified, min./max. limits apply across the DOC to +7DoC temperature range and the 4.75V to 5.25V power 
supply range. All typical values are for TA = 25°C and Vee = 5.DV and are intended for reference only. 
Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are refer-
enced to ground, unless otherwise specified. All values shown as max. or min. are so classified on absolute value basis. 
Note 4: Only one output at a time should be shorted. 
Note 5: Electrical specifications do not apply to pin 17, external char/line cloc'k, as this pin is used for production testing only. 
Note 6: Functional operation of device is not guaranteed when operated beyond specified operating condition limits. 

Switching Characteristics Vee=5.0V±5%, TA=25°C (Note 7) 

Parameter 
Load 

Notes Min. Typ. Max. Units Circuit 

Symmetry Dot Rate Clock Output High 
Symmetry With Crystal Control 1 50%-4 50%-2 50%+1 ns 

tpd1 XI Input to Dot Rate Clock 
Output Positive Edge 1 17 22 ns 

tpdO XI Input to Dot Rate Clock 
Output Negative Edge 1 21 26 ns 

t01 Dot Clock to Load Video Shift 
Register Negative Edge 1 6.0 10 ns 

t02 Dot Clock to Load Video Shift 
Register Positive Edge 1 11 15 ns 

t03 Dot Clock to Latch Character 
Generator Positive Edge 1 8:0 13 ns 

t04 Dot Clock to Latch Character 
Generator Negative Edge 1 6.0 10 ns 
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Switching Characteristics (Cont'd.) Vcc ·=5.0V±5%, TA=25°C (Note 7) 
I 

Parameter 
Load 

Notes Min. Typ. Max. Units Circuit 

t02-t 03 Latch Character Generator Positive 
Edge to Load Video Shift Register 
Positive Edge 1 0 3.0 ns 

t05 Dot Clock to Line Buffer Clock 
Negative Edge 1 23 35 ns 

tpWl Line Buffer Clock Pulse Width 1 8,9 N(DT) N(DT)+8 N(DT)+12 ns 

tos Dot Clock to Cursor Enable Output 
Transition 1 24 36 ns 

t07 Dot Clock to Valid Address Output 1 15 25 ns 

t080 
Latch Character Generator to Line 
Rate Clock Neg. Transition 1 8,10 425+ DT 500+ DT ns 

t081 
Latch Character Generator to 
Line Rate Clock Pos. Transition 1 8,10 300+ DT 400+ DT ns 

t090 
Latch Character Generator to 
Clear Line Counter Neg. Transition 1 8,10 525+ DT 700+ DT ns 

t091 
Latch Character Generator to 
Clear Line Counter Pos. Transition 1 8,10 290+ DT 400+ DT ns 

t081- t091 
Clear Line Counter Pos. Transition 
to Line Rate Clock Pos. Transition 1 10 10 60 ns 

tOlD Line Rate Clock to Line Counter 
Output Transition 1 60 120 ns 

t011 Line Rate Clock to Line Buffer 
Recirculate Enable Transition 1 195 300 ns 

t012 Line Rate Clock to Vertical 
Blanking Transition 1 160 300 ns 

t013 Line Rate Clock to Vertical Sync 
Transition 1 220 300 ns 

t014 Latch Character Generator to 
Horizontal Sync Transition 1 96 150 ns 

tSl Register Select Set·up Before 
Register Load Negative Edge 0 ns 

tHl Register Select Hold After Register 
Load Positive Edge 0 ns 

tS2 Valid Address Input Set·Up Before 
Register Load Positive Edge 250 ns 

tH2 Valid Address Hold Time After 
Register Load Positive Edge 0 ns 

tPW2 Register Load Required Pulse Width 150 65 ns 

tLl, tHZ Delay from Enable Input to Address 
Output High Impedance State from 
Logic "0" and Logic "1" 2 15 30 ns 

tZl, tZH Del.ay from Enable Input to Logic 
"0" and Logic "1" from Address 
Output High Impedance State 2 17 30 ns 

Note 7: Typical values are for Vcc=5.0V and TA=25°C and are meant for reference only. 
Note 8: "DT" denotes dot rate clock period time, item 20 from option format table. 
Note 9: "N" denotes value of item 24 from option format table. 
Note 10: Revised since last issue. 

Switching Load Circuits Vce Vec 
-~ -~ 

TO OUTPUT 
lK 

TO OUTPUT 
tK 

UNDER TEST .... UNDER TEST t ... 

cL o 5O.F.l 
I~ ~, 

'\;~I!"i 
... ~,. 

-:... -I-

5K 
U 

tK ~~ 
~'"""I 

-I-

~~ ~~ 

'* ~ -::- '* 
Load Circuit 1 Load Circuit 2 

Note: CL includes probe and jig capacitance. All diodes are 1N914 or equivalent. 
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Switching Waveforms 
[

lr=11 ~ 10ns ] 
X2 (PIN 21) = OPEN 

SYMMETRY = ~ x 100% 

DOT RATE CLOCK 

Figure 7. Dot Rate Clock Output Waveform Symmetry 
with Crystal Control 

Figure 8. X1 Input to Dot Rate Clock Output 
Propagation Delay 

_ CHARACTER ., 
X-I 

DOT COUNT I MAX 

CHARACTER_ 
X+l 

1 I 2 

Noto 1: All measurement points are 1.5V 

Figure 9. Dot/Character Rate Timing 

------------i·~I---LINEX+l-
HORllONTAL VIDEO I HORIZONTAL 

BLANKING -----~-··If-o·r--CH-A-R-_+_--CH-A-R-I_-:-· -CH-A-R _. -- BLANKING --... 

- 1 ,,., 2 -,_ MAX -

LATCH CHARACTER T\ 1\ f\ {\ 
GENERATOR ADDRESS r--JI ~I '-;-I L-J L -I '081 t= 1 I I --I '080 I 

U",~:I: --{;f I I /I ~ J'-------
"~::~;:: --.1 I I _ /I I ~r'--OI0 ---

a rt-------OUTP~::LC~OU~~~~ ______ l _________________ L ______ ?( _____ l_J_ I ____ _ 

I I I ~.Ollj 
RECIRCULL~~~:~~~~~ ______ l _________________ L ______ ~~~ ____ l_J __ r-----

I I I ~tOl2j 
~~:Jk~~~ ______ 1 _________________ L ______ ~~ _____ 1_ J __ r -----

. I I 22 I f. tOl3 j ____ _ 
VERTICAL SYNC ______ 1 _________________ L ______ ?2- _...;. __ 1 ____ f ___ _ 

--I r- t014 (NOTE 11 I . --I l-t Ol4 (NOTE 11 

--'r\----r-\---\---~---~---\---.\ r I " i 
HORIZONTAL SYNC '- ___ 2 ! ! \ ! ! n' ~_..L ___ .j 

--------------lINE X 

Note 1: Actual polarity and position of the horizontal sync start and stop points is a function of the particular device format. 

Note 2: All measurement paints are 1.5V. 

Figure 10. Character/Line Rate Timing 
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Switching Waveforms (cont'd) 

3V _____ -. ~tPW2 -1_------
REGISTER U- "t F ENABLE 

LOAD 

OV----- ''':: ii:-"'5V '~ho5V 1-ls1-1---..1-IH1-1 
R:;~!i!i ~ I *~----

1--IS2-1-IH2-1 
fO.5V 

VOL -- . I -IZH 
VOH~ JJ t o.5V 

ADDRi!! ~~~~~~~~~~~~~~* *~---- ~'Hz-l - "'.5V f 0.5V 

Note 1: All measurement points are 1.5V. 

Note 2: tr=t/ ~ 10ns. 

Note 3: Address enable (pin 37) = OV. 

Figure 11. Register Select and Load Waveforms' Figure 12. Address Output EnablelDisable 
Waveforms 

Timing Diagrams 

I
. FRAME' .I_FRAME_ 

X ~ X+l 

1 VERTICAL, 1_ VIDEO 1_ VERTICAL_ 
BLANmnrNG' TIME --- BLANKING 

LINE RATE ..., r--i r---1 r---1 r---1 r---1 rl h r---1 r--i ......., ......., r-f h r--i r---1 r---1 r---1 r-
CLOCK U U U U U U - - U U U U U _. U U U U U 

couNgi~ni~~i ---iJ 2~2 L 2~------
I· .. I I 

RECIRCULATE --r--+-~?-r---,..--r---f~--,-----,)t-r----T--~ 
ENABLE OUTPUT i..._..l..-..J (NOTE 2) -- i..._..L-.J" i..._..L-.J " i..._..l-..J 

I 1 I 
LINE COUNTER ..----.----r-.,.---.--t== ~~r_T-I .rI~?-r--1 r---r-,--

OUTPUTS L---L_...L-....L_...l...... '~ L~~-~-....&.........(2L-.J--L-..l..-..J 
I . 1 1 

VERTICAL I 22, 22 I , I Ii-------
BLANKING OUTPUT ---l (NOTE 3) L -i't-L- _.J.. 2~ 

1 (NOTE4) 1 1 
VERTICAL -r-, ,,-(tr-'-T-(tr-,-.,--.,--.,.--r2-r-.-- I I 

. SYNC OUTPUT, , .J.. _....L.. -J...?2 ' , '22 ' , I , '22 " ~ _..l.-

Note 1: One full row before start of video the line counter is set to zero state - this provides line counter synchronization in cases 
where the number of lines in vertical blanking are not even multiples of the number of lines per row. 

Note 2: The position of the line buffer recirculate enable logic low level is a function of the logic level of the address mode input (see 
Table 3). 

Note 3: The stop pOint of the vertical blanking output active signal is a function of device type or custom option, and will always be 
within one row prior to video. 

Note 4: The transition start and stop pOints of the vertical sync output signal are a function of device type or custom option. 

HORIZONTAL 
SYNC 

OUTPUT 

Figure 14. Line/Frame Rate Functional Diagram 

I-P-I -HI- I-P--'---I -Is-

I
-SERRATION PULSE ENVELOPE-I 

1-T1- T21- -I T1 -T2-1 
VER~;~~ ________ (_N_OT_E_1_) ........ 1 (N~T:.2~ ~ . I ... ..;..~_O_TE_-;_)-_ . ..L1 _____ _ 

OUTPUT P = HORIZONTAL SCAN TIME PERIOD (ITEM 14 FROM PROGRAM TABLE) 
H = HORIZONTAL SYNC WIDTH (ITEM 18 FROM PROGRAM TABLE) 
S = SERRATION PULSE WIDTH (ITEM 25 FROM PROGRAM TABLE) 

T1 = P·H (MAX) 
T2 = H-1 CHARACTER TIME (MAX) 

Note 1: The vertical sync transition pOint is always coincident with the beginning of horizontal blanking. 

Note 2: T1 and T2 intervals represent the range of alignment offset between the vertical sync pulse and the serration pulse 'envelope 
and is a function of the horizontal sync position with respect to the beginning of horizontal blanking, 

Figure 15. Serration Pulse Format 
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Timing Diagrams (cont'd) 

ALL SCAN 
LINES 

ALL SCAN 
LINES 

VERTICAL 
VIDEO 
INTERVAL 

ALL SCAN 
LINES 

VERTICAL 
BLANKING 
INTERVAL 

VIDEO 
ROW n 

LINE 
MAX·I 

VIDEO 
ROW n 

LINE 
MAX 

VIDEO 
ROWn" 

LINE I 

-+----------- SCAN LINE X----------.I-<t--__ SCAN LINE X.,----.. 

VIOEO CHARACTER 

I 
POSITION", . 

1-6 

LATCH CHARACTER 
GENERATOR ADDRESS 

HORIZONTAL I HORIZONTAL 

1-
5 

1 :ANKI'~3G 1-2 I-I ~ 12 1
3 

VII~:A'-X-----~~ .. r-x---- BLANKING 

I 
LOAO VIDEO ------------1 .....--. ..--. ~)., ..--. ..--. "r-~~------------

SHIfT REGISTER ~ U U cc U U U 
LINE BUFFER ,rl rl 

CLOCK I t' -- .1---+--------...;,...----
lINEcrm ------.J I' n II I 

HORIZONTAL (NOTE 11 -T?}... '-------------
SYNC --r--r--""T'"-~-"'T'"-"'T'"-,~-"'T'"- A(r ""T'"-"'"T""-,,--,""T'"-~""'""T'"-""T'"-...&..""-_--,-""-_-L""-

"'" """ . . . , , . I' , ,,' 'I ' , 
SHIFT REGISTER (LOGIC HII (C I 

LINE BUFFER ,rl rl 
CLOCK t' - .1-.---:-

1 
-------------

lIN~r~l~ ----.J n I I 
(NOTEIl '-------------

HORIZONTAL --r -r--""T'"-~ "'T'" - -T?t----- -
SYNC , , , " ; ...r.tr; . ; I; -r T 

'''''"",",~l\~ _ --____________ L ____ ~~ ________ ! I -- - - -- - - - - - - --
CLEAR LINE COUNTER I)) I 

(LOGIC HII I {{ I 
. (NOTE 31 

AOORESSOUTPUTS ~~---,----------------

::::~:':::::: i II i i'""!!------------
I ~I I 

lINECOOUUT~1\~ ---------------T-----~~--------, 

CLEAR LINE I (( I I 
COUNTER I I L.. ------------

• POINT A (NOTE 21 
ADDRESS OUTPUTS ----- I ::r-.:....;~----rt{-~---,----------------

- - -~ -...l..-...J.((---L- - ..L- I (NOTE 21 
RECIRCULATE ---------------------it---- 'r~----------ENABLE OUTPUT I -(2 I I _________ _ 

CURSOR OUTPUT -------------;...1--r--L...(2 I 

""' ~""",:l\l ___________ --__ L ____ !I. _______ J I - - ---- --- - ----
I C2 I 

.l.. 

CLg~am~ ~ I 1 
• POINT B (NOTE 21 . 

ADDRESS OUTPUTS I ;y-~-rtt-~---,----------------, """"---t"""" - ...&...--L.(~ _..L- I 
RECIRCULATE 1 N , 

ENABLE OUTPUT ---------------------t(---------J 
(LOGIC LOWI 1 I 

CURSOR OUTPUT I « I 

Note 1: The horizontal sync output start and stop point positions are a function of device type or custom option. 

Note 2: The position of the recirculate enable output logic "0" level is dependent on the state of the address mode input. When address 
mode = "0", recirculate e.nable occurs on the rnax.line of a character row (solid line) and the address counter outputs rollover to the new 
row address at point A. When address mode = "1", recirculate enable occurs on the first line of a character row (dashed line) and the 
address counter outputs roll over to the new row address at point B. . 

Note 3: The address counter outputs clock to the address of the last character of a video row plus 1. This address is then held during 
the horizontal blanking interval until video minus three character times. At this point the outputs are modified to the contents of the 
Row Start Register (RSR). 

Figure 13. Character/Line Rate Functional Diagram 
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Applications 

SYSTEM 
INTERFACE 

I 
I DATA BUS 

~i"--~------~----~~ I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ADDRESS BUS 

CRT CONTROLLER 

VIDEO 
INTERFACE 

HORIZSYNC 

TO ATTRIBUTE 
DECDDE LOGIC 

EQUIVALENT TO 
DM76S64 

VERT SYNC 
TO MONITOR 
INPUTS 

Figure 16. General System Block Diagram 

SYSTEM 
INTERFACE 

I 
DATA BUS 

VIDEO 
I INTERFACE 
I 
I 
I 
I 

NUMBER OF MEMORY 

I 
, 

BLOCKS IS EQUAL TO / 
/ 

I NUMBER OF SCAN LINES / 
I PER CHARACTER CELL 
I 
I I--
I VIDED 
I RAM 
I 
I 
I 
I 
I 

~I CPU CONTROL BUS 

I DISPLAY 

~ 
CONTROL 
BUS 

I ADDRESS BUS 

I 
I 
I CURSOR 
I --. SCAN LINE 

COUNTER OUTPUTS HORIZ SYNC 

CRT CONTROLLER VERT SYNC 

Figure 17. Dot·By·Dot Graphics Block Diagram 
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DP8350 CRT Controller 

Table 6. Characteristic Format 
! 

Item 
Parameter Value No. 

1 
Character Font Size 

Dots per Character (Width) (5) 

2 (Reference Only) Scan Lines per Character (Height) (7) 

3 Dots per Character (Width) 7 
Character Field Cell Size 

4 Scan Line per Character (Height) 10 

5 Number of Video Characters per Row 80 

6 Number of Video Character Rows per Frame 24 

7 Number of Video Scan Lines (Item 4 x Item 6) 240 

8 Frame Refresh Rate (Hz) f1 =60 fO=50 

9 Delay after Vertical Blank start to start of Vertical Sync (Number of Scan Lines) 4 30 

10 Vertical Sync Width (Number of Scan Lines) 10 10 

11 Interval between Vertical Blank start and start of Video 20 72 (Number of Scan Lines of Video Blanking) 

12 Total Scan Li~es per Frame (Item 7 + Item 11) 260 312 

13 Horizontal Scan Frequency (Line Rate) (Item 8 x Item 12) 15.6kHz 

14 Number of Character Times per Scan Line 100 

15 Character Clock Rate (Item 13 x Item 14) 1.56MHz 

16 Character Time (1 -;.ltem 15) 641 ns 

17 Delay after Horizontal Blank start to Horizontal Sync start (Character Times) 0 

18 Horizontal Sync Width (Character Times) 43 

19 Dot Frequency (Item 3 x Item 15) 10.92MHz 

20 Dot Time (1 -;.Item 19) 91.6ns 

21 Vertical Blanking Output Stop before start of Video (Number of Scan Lines) 1 

22 Cursor Enable on all Scan Lines of a Row? (Yes or No) Yes 

23 Does the Horizontal Sync Pulse have Serrations during Vertical Sync? (Yes or No) No 

24 Width of~line Buffer Clock logic "0" state within a Character Time 
4 (Number of Dot Time increments) 

25 Serration Pulse Width, if used (Character Times) -

.26 Horizontal Sync Pulse Active state logic level (1 or 0) 1 

27 Vertical Sync Pulse Active state logic level (1 or 0) 0 

28 Vertical Blanking Pulse Active state logic level (1 or 0) 1 

Video Monitor Format: Ball Brothers TV-12, TV-120 or Equivalent. 
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~------------~------7DOTS--------------------~ 

VIDEO ------------~~----------------------------------------------~-------------
CHARACTER X-I x X+l 

FORMAT ------------~~----------------------------------------------~-------------

DOT 
CLOCK 

LOAD VIDEO ----i 
SHIFT 

REGISTER 

LATCH 
CHARACTER 
GENERATOR 

ADDRESS ----------....... 
1------------ 4 DOTS ------------1 

LINE -------------~----..., 
BUFFER 

CLOCK ---- !!-------------------------....... - - - -
CURSOR 
ENABLE ------------..... - - - - - - - - - - - - - - ..... -----+------

ADDRESS ________ :+_I ______ ~X~ _____________________ :+_2 _______________________ X'I~ ____ _ OUTPUTS • _ X+J 

NOTE: DASHED LINES IN WAVEFORMS DENOTE INACTIVE STATE LOGIC LEVELS. 

Figure 18. DP8350 Video Character Signals 

1-------------------100 CHARACTERS--------------------l 

HORIZONTAL 
FORMAT .. ~~~~~ ____________ ~~~~~~~~ .. ~~~~~~~~~~ .. ~ .. ~!!_-----

HORIZONTAL 
SYNC 

LINE RATE 
CLOCK 

1-------43 CHAR-------· I 

---------11 
-15CHAR-

CLEAR -------i- - - -i-----------------------------------------+------
LINE 

COUNTER 

LINE ---------,~----------------------------------------------------~.lr_-----
COUNTER OUTPUTS ________ I~ ______________________________________________________ ~'I~-----

BUFL~ ~~ ---------., 
RECIRCULATE 

ENABLE 

--------------------1 

NOTE: DASHED LINES IN WAVEFORMS DENOTE INACTIVE STATE LOGIC LEVELS. 

Figure 19. DP8350 Scan Line Signals 
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1-------------260 SCAN LIN ES------------I 

-20 LINES-i----------240 L1NES---------1 

VERTICAL BLANKING 

FORMAT .. ~ .. ~~~--------------~~~~~ .. ~ .. ~~~~~~~~~~~~~------

VERTICAL 
BLANK 

VERTICAL 
SYNC 

-----........ 

1

-4LINES 

. I 
-- 10 LINES I--

Figure 20. DP8350 60 Hz Refresh Rate Frame Signals 

1-------------312 SCAN L1NES-------------I 

-72 LIN ES-t------:----- 240 LIN ES----------.c...-I 

L 

VERTICAL BLANKING 
FORMAT~~~~ .. +-______________ ~~~~~~~~~~~~~~~~~~~~~------

--I -1 LINE 

~------------~ VERTICAL 
BLANK ________ ~ 

VERTICAL 
SYNC 

_JOLINES~ 

-' 1-10 LINES 

Figure 21. DP8350 50 Hz Refresh Rate Frame Signals 
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DP8352 CRT Controller 

Table 7. Characteristic Format 

Item 
Parameter 

No. 

1 
Character Font Size 

Dots per Character- (Width) 

2 (Reference Only) Scan Lines per Character (Height) 

3 Dots per Character (Width) 
Character Field Cell Size 

4 Scan Line per Character (Height) 

5 Number of Video Characters per Row 

6 Number, of Video Character Rows per Frame 

7 Number of Video Scan Lines (Item 4 x Item 6) 

8 Frame Refresh Rate (Hz) 

9 Delay after Vertical Blank start to start of Vertical Sync (Number of Scan Lines) 

10 Vertical Sync Width (Number of Scan Lines) 

11 Interval between Vertical Blank start and start of Video 
(Number of Scan Lines of Video Blanking) 

12 Total Scan Lines per Frame (Item 7 + Item 11) 

13 Horizontal Scan Frequency (Line Rate) ~Item 8 x Item 12) 

14 Number of Character Times per Scan Line 

15 Character Clock Rate (Item 13 x Item 14) 

16 Character Time (1 + Item 15) 

17 Delay after Horizontal Blank start to Horizontal Sync start (Character Times) 

18 Horizontal Sync Width (Character Times) 

19 Dot Frequency (Item 3 x Item 15) 

20 Dot Time (1 + Item 19) 

21 Vertical Blanking Output Stop beforlf start of Video (Number of Scan Lines) 

22 Cursor Enable on all Scan Lines of a Row? (Yes or No) 

23 Does the Horizontal Sync Pulse have Serrations during Vertical Sync? (Yes or No) 

24 Width of Line Buffer Clock logic "0" state within a Character Time 
(Number of Dot Time increments) 

25 Serration Pulse Width, if used (Character Times) 

26 Horizontal Sync Pulse Active state logic level (1 or 0) 

27 Vertical Sync Pulse Active state logic level (1 or 0) 

28 Vertical Blanking Pulse Active state logic level (1 or 0) 

Video Monitor Format: RS-170-Compatible (Standard American TV). 
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Value 

(7) 

(9) 

9 

12 

32 

16 

192 

f1 =60 fO=50 

27 53 

3 3 

68 120 

260 312 

15.6kHz 

50 

0.78MHz 

1282ns 

6 

4 

7.02MHz 

142.4ns 

0 

Yes 

Yes 

5 

4 

0 

0 

1 



~----------------------------9DOTS-----------------------------1 

VIDEO ----------t---------------------------------------------------------------+-------------
CHARACTER X-I X+I 

FORMAT ----------t---------------------------------------------------------------+-------------

DDT 
CLOCK 

LOAD VIDEO 
SHIFT 

REGISTER 

LATCH 
CHARACTER 
GENERATOR 

ADDRESS -----~ 
1~--------------5DOTS------------~-1 

LIN E ----------+-----..... 
BUFFER 

CLOCK ___ _ 1-----------------..... - -- - - - ----

. CURSOR 
ENABLE _______ ....... ______________________ L.-__ +-__ _ 

~~~~~~~ ________ X_+_I ______ ~X,, _______________________________ X_+_2 ______________________________ ~ 

NOTE: DASHED LINES IN WAVEFORMS DENOTE INACTIVE STATE LOGIC LEVelS. 

Figure 22. DP8352 Video ~haracter Signals 

HORIZONTAL 

FORMAT ~~~~~~ ______________ ----~~~~~~~~~~~~~~~~~~~~~~~~~-----

HORIZONTAL 
SYNC 

LINE RATE 
CLOCK 

CLEAR ----------j - - - - - i-----------------------------------------------------+------
LINE 

COUNTER 

lINE--------~\r_----------------------------------------~----------------------~~-----
COUNTER 

OUTPUTS ________ .JI~-----------------------------------------------------------------JII~-----

8UFL~~~ ---------; 
RECIRCULATE 

ENABLE 
NOTE: DASHED LINES IN WAVEFORMS OENOTE INACTIVE STATE LOGIC LEVelS. 

Figure 23. DP8352 Scan Line Signals 

5·25 

C 
"'tJ 
00 w 

. CJ1 
o 
en 
CD ... 
Cir 
U) 



o 
Q) 

-;:: 
Q) 
en 
o an 
('I) 
CO 
c.. 
C 

VERTICAL 
BLANK 

~------------260 LlNES--------------' 

~--------192 LlNES---------;-j 

----.... 
27 LINES I-

VERTICAL 
SYNC 

U~--------------~L 

-I 1-3 LINES 

Fi\llure 24. DP8352 60 Hz Refresh Rate Frame Signals 

f---------------312 LIN ES--------------

-120 LINES-·!----------192 LlNES---------1 

VERTICAL BLANKING 
FORMAT~~~~~~--------------~~~~~~~~~~~~~~~~~~~~~--------

VERTICAL 
. BLANK 

VERTICAL 
SYNC 

VERTICAL 
SYNC 

HORIZONTAL 
SYNC 

------~ 

-I 
4 

i--CHAR 
TYP 

53 LINES I-- ' 

~1-3l1NES L 

Figure 25. DP8352 50 Hz Refresh Rate Frame Signals 

------3 LlNES------

Filure 26. DP8352 Serration Pulse Format 
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DP8353 CRT Controller 

Table 8. Characteristic Format 

I 
Item 

Parameter No. 

1 
Character Font Size 

Dots per Character (Width) 

2 (Reference Only) Scan Lines per Character (Height) 

3 Dots per Character (Width) 

i 
Character Field Cell Size 

4 Scan Line per Character (Height) 

5 Number of Video Characters per Row 

6 Number of Video Character Rows per Frame 

7 Number of Video Scan Lines (Item 4 x Item 6) 

8 Frame Refresh Rate (Hz) 

9 Delay after Vertical Blank start to start of Vertical Sync (Number of Scan Lines) 

10 Vertical Sync Width (Number of Scan Lines) 

11 Interval between Vertical Blank start and start of Video 
(Number of Scan Lines of Video Blanking) 

12 Total Scan Lines per Frame (Item 7 + Item 11) 

13 Horizontal Scan Frequency (Line Rate) (Item 8 x Item 12) 

14 . Number of Character Times per Scan Line 

15 Character Clock Rate (Item 13 x Item 14) 

16 Character Time (1 -;- Item 15) 

17 Delay after Horizontal Blank start to Horizontal Sync start (Character Times) 

18 Horizontal Sync Width (Character Times) 

19 Dot Frequency (Item 3 x Item 15) 

20 Dot Time (1 -;- Item 19) 

21 Vertical Blanking Output Stop before start of Video (Number of Scan Lines) 

22 Cursor Enable on all Scan Lines of a Row? (Yes or No) 

23 Does the Horizontal Sync Puls~ have Serrations during Vertical Sync? (Yes or No) 

24 Width of Line Buffer Clock logic "a" state within a Character Time 
(Number of Dot Time increments) 

25 Serration Pulse Width, if used (Character Times) 

26 Horizontal Sync Pulse Active state logic level (1 or 0) 

27 Vertical Sync Pulse Active state logic level (1 or 0) 

28 Vertical Blanking Pulse Active state logic level (1 or 0) 

Video Monitor Format: Motorola M3003 or Equivalent. 
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(7) 

(9) 

9 

12 

80 

25 

300 

f1 =60 fO=50 

a 32 

3 3 

20 84 

320 384 

19.20kHz 

102 

1.9584MHz 

510.6ns 

5 

9 

17.6256 MHz 

56.7ns 

1 

Yes 

No 

5 

-

1 

1 

1 

C 
.." 
CO w 
en o 
CJ) 
CD ... 
CD-
tJ) 



en 
CD 
-C 
CD en 
0 
Lt) 
~ 
CO 
c.. 
C 

9 DOTS 
VIDEO 

CHARACTER X-I X+l 
FORMAT 

DDT 
CLOCK 

LOAD VIDEO 
SHIFT 

REGISTER 

LATCH 
CHARACTER 
GENERATOR 

ADDRESS 
5 DOTS 

LINE 
BUffER 

CLOCK _ 

CURSOR 
ENABLE _________________ �o_....;_t-__ 

ADDRESS OUTPUTS _______ X_+_1 ______ -1,~ ___________________________ X_+2 ____________________________ J~ __ X_+_3 __ 

NOTE: DASHED LINES IN WAVEFORMS DENOTE INACTIVE STATE LOGIC LEVelS. 

Figure 27. DP8353 Video Character Signals 

1----------·-------102 CHARACTERS---------------I 

---22CHAR--lf-o 0----------

HORIZONTAL BLANKING 
FORMAT~ .. ~ .. ~+-__________________ _L~~~~~~~~~~~~~~~~~~~~~~~~-----

HORIZONTAL 
SYNC __________ +-__ ..... 

LINE RATE 
CLOCK 

CLEAR--------~- - - -- - r---------------------------------------------------~------
LINE 

COUNTER 

lINE----------'lr------------~----------------------------------------------------~I,------
COUNTER 
OUTPUTS----------'I~------------------------------------____ ~------------------------~\------

BUFL~~~ ...... -------i, --
RECIRCULATE • 

ENABLE 

NOTE: DASHEO LINES IN WAVEFORMS DENOTE INACTIVE STATE LOGIC LEVElS. 

Figure 28. DP8353 Scan Line Signals 

1-------------------------32DlINES-------------------------~ 

VERTICAL 

FORMAT .. ~~~~~--------~~~~~~~~~~~~~~~~~~~~~~-----

VERTICAL 
BLANK 

VERTICAL 

------... 

SYNC ______ ..1 

Figure 29. DP8353 60 Hz Refresh Rate Frame Signals 
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VERTICAL 
FDRMAT~~~~~ ______________ ~~~~~~~~~~~~~~~~~~~"-____ ___ 

VERTICAL 
SlANK -----..... 

_
______ """"n32 LINES VERTICAL 

SYNC 

---l f--aiNEs 

Figure 30. DP8353 50 Hz Refresh Rate Frame Signals 
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A Low Component Count 
Video Data Terminal Using 
the .. DP8350 CRT Controller 
and the INSB080 CPU . 
INTRODUCTION 

The DP8350 is an 12L LS technology integrated 
circuit, designed to provide all control signals for a 
cathode ray tube (CRT) display system. This application 
note explains a system using the DP8350 and the 
INS8080 microprocessor. The design philosophy shows 
how the DP8350 interfaces to the I NS8080, completing 
the function of a video data terminal with a minimum 
component count. After reading and understanding this 
application note the reader will realize the ease and 
flexibility of designing video terminals with the DP8350*. 
To thoroughly understand this application note the 
reader must be familiar with the DP8350 and the 
I NS8080 microprocessor. 

The video data terminal described is divided into the 
following sections, (Figure 1). 

The DP8350 CRT controller (CRTC). 

The 8080 pP system which includes ROM, RAM, 
interrupt instruction port, oscillator, and control 
support chips. ' 

The character generator. 

The communication element. 

The keyboard and baud rate select ports. 

THE CRTC 

The DP8350 generates all the required control and 
timing signals for displaying video information on the 
video monitor. Here is a summary of the controller's 
functions: 

Dot clock, control, and counter outputs for the 
character generator. 

Bidirectional RAM address refresh counter for 
refreshing the video RAM and allowing microproces· 
sor loading to the internal DP8350 registers. 

Direct drive horizontal and vertical sync signal 
outputs. 

Direct cursor address location output. The cursor is 
internally delayed or pipelined, allowing for the 
access time of video RAM and the character generator 
ROM, (Figure 1). 

THE CPU 

The microprocessor provides CRTC, operator, and ex· 
ternal machine control for the system. When the CRT 
controller is not actively refreshing the video RAM, 
(Le., during vertical retrace or blank scan lines). the 
microprocessor is enabled for system housekeeping, 
(Figure 2). This method of multiplexing the RAM with 

*The DP8350 is equivalent to the INS8276 
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the CPU and the CRTC eliminates the need 'for line 
buffers. 

THE CHARACTER GENERATOR 

The' char~cter generator consists of 3 elements: an 
address latch to hold the input address to the character, 
ROM allowing for the access time of the ROM; the 
character ROM that stores the ASCII character in a form 
for parallel to serial conversion by the shift register; 
the shift register converts the character ROMs parallel 
output to serial form. The serial output from the shift 
register is the true video output, modulating the video 
monitors electron. beam which writes characters on the 
screen. All of the 3 elements of the character generator 
are combined in the OM8678, (Figure 3). The OP8350 
CRTC provides all the control signals for the OM8678. 

THE COMMUNICATION ELEMENT 

The I NS8250 is the asynchronous communication 
element (ACE) for the data terminal. The ACE allows 
the CPU portion of the data terminal communication 
with peripherals or host computers at the correct baud 
rate, (Figure 1). The ACE is programmed by the CPU to 
send and receive serial data at the standard baud rates 
from 110 to 4800 baud. The ACE, in c~njunction with 
the OS1488 and OS1489 line drivers and receivers, also 
provides full RS232C synchronous communication if 
higher baud rates are desired. System communication 
speed must always be considered to insure the baud rate 
does not exceed the time required for the CPU to 
process a data byte. Asynchronous communication 
at baud rates higher than 4800 are possible by adding 
a line buffer. 

SYSTEM INITIALIZATION 

Application of the terminal's power supply resets the 
microprocessor, the communication element, and the 
CRT controller. Resetting the ACE is necessary to clear 
the interrupt. Resetting the CRTC is not absolutely 
necessary since the microprocessor loads the cursor and 
top of page registers in the initialization routine. 

Following the reset all interrupts are disabled to avoid 
unwanted interrupts from the CRTC, ACE, or I/O ports. 
Refer to the initialization routine in the flowchart. 

The stack pointer is loaded to the bottom of scratch pad 
RAM (3FFFH) for use as the register save pointer, 
(Figure 4). 

The entire RAM is written with ASCII spaces generating 
a cleared screen. After completion of the screen clear 
loop the CPU writes OOOH to the cursor and the top of 
page registers in the OP8350 CRTC. The routine homes 
the cursor to the upper left corner of the screen. The 
top of page register was loaded with OOOH, therefore, 
the video RAM is refreshed by the CRTC from that 
starting address to the last address on the screen of video 
RAM (1920 characters). 
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All' oBO-oB7 MEMW 

AO-AI5 .. 1-----+----1 
AUUHt~~ RII~ 

CPU 
INS80BO iNfA 
OP8224 MEMR I 
oP8228 MrMlY 

:~ ~~~~i~~! gg: r----ll----
3. A--

:; (ACE) 
I-+-i--~~;! ASYNCHRONOUS COMMUNICATION 
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CHARACTER GENERATOR VloEo!-1 -----' 
oMIS7. 

11 
LINE VB RESET 

DECODE 

INTERRUPT PORT HoR AND VERT 
OPl212 INTERRUPT LATCHES 

OM74141 112 oMI474 
112 DMI4lS14 

Abbreviations: 

*The cursor is internally pipelined by the CRTC to allow for access time of the RAM and the character generator, 
lR ClK 
ClC 
lVSR 
lCGA 
Line CNT 
EN 

Line rate clock 
Clear line counter 

FIGURE 1. Video Data Terminal Detailed Block Diagram 

VIC 
KBINT 
VB 

load video shift register 
latch character generator address 
Line counter 
Enable 
Video 
Keyboard interrupt 
Vertical blanking 
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CHAR NO.1 
(ODDH) 

: : 
(

SCAN LINE 

~ ~TJ:=A=C=E============C-H.~~--~HW~-B-O--

CRTC ON 
CPU Hi·Z 

----...;,.,=============== =~===========--rl_} CRTC Hi·Z __ -================ =j===========--rZ~- CPU ON Z 

NEXT 
ROW 

8 

9 

/ 
i.EW ROW ST~RT INTERRUPT 

OCCURS WHEN THE LINE COUNTER 
OUTPUTS INCREMENT TO LINE 8. 
THE DPBJ5D ROW START REGISTER 
IS THEN LOAOED WITH THE NEXT 
STARTING ROW ADDRESS OETER· 
MINEO FROM THE NEW ROW START 
LOOK UP TABLE IN RAM. 

FIGURE 2. Row Start Interrupting and Multiplexing the INS8080 with the DP8350 

ADDRESS 
STROBE 

DB5 

DB4 

DB3 

DB2 

DBt 

DBO 

CLOCK 
cDNTROL------------~--~ 

5V 

LINE ED'3E·TRIGGER 
CLOCK GENERATOR 

·CHARACTER 64 
ADDRESS 
DECODER 

1/64 

CLEAR -------------------.. 

64 X 63 
ROM 

FIGURE 3. DM8678 Character Generator Block Diagram 
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The CPU is ready to perform the communication element 
(ACE) load routine. First, the baud rate divisor for the 
ACE must be determined. The baud rate select switch 
is read providing a code which corresponds to the ap
propriate 16-bit divisor for the ACE. This divisor 
determines the baud rate at which the ACE will com
municate. Any additional programming requirements 
needed for the ACE to communicate with host computer 
systems could also be done at this time. The software in 
this system does not contain any additional programming 
for the ACE. There are many programming modes 
related to the ACE. Details of these modes are beyond 
the scope of this application note. 

The row start look-Up table, (Figure 5), is loaded up by a 
simple' algorithm that loads and adds the data for 
referencing a row number to that row's starting address. 
The reference table, (Figure 6), is initialized next by 
direct loading. This table provides the CPU with top of 
page, bottom of page, next row load, cursor row, and 
scratch row numbers for system housekeeping. 

Finally, the new row start and vertical interrupt latches 
are cleared, (Figure 7). The register pointers are loaded 
and the CPU is forced in a wait loop with interrupts 
enabled. 

NON-SEQUENTIAL ADDRESSING 

The data terminal described here was designed for 
non-sequential starting row addressing. In many sy.stems 
sequential row 'addressing is used. If a character row 
consists of 10 scan lines the RAM is addressed 10 
repetitive times from OOOH' through 04FH, (Figure 2). 
The next row is refreshed in the same manner from 
050H to 09FH. The starting row address is sequential 
OOOH, 050H, OAOH-EBOH for row numbers OH, 1 H, 
2H,-2FH, respectively. Non-sequential row addressing 
would be equivalent to 050H, OOOH, OAOH-EBOH for 
row numbers' 1 H, OH,-2FH, respectively, (Figure 4). 

In conjunction with the CPU, non-sequential row 
addressing is quite easily accomplished with the DP8350 
since this is one of the features designed into the part. 
Accomplishing this task basically rE!quires the following 
sequence of events. Assume the CRTC has finished 
writing a video row in the middle of the monitor's 
screen. This system has a 5 x 7 character font in a 7 x 10 
field, (Figure 2). At the completion of the last video 
scan line 7 the CRTC line counters continue to count 
the last 3 lines. Video is not present since the character 
is only 7 scan lines high. The blank scan lines are 7, 8, 
and 9 permitting the CRTC address outputs to be 
TRI-STATEO®, allowing the CPU to run. When the line 
counter outputs increment to scan line 8 an interrupt 
signals the CPU. The interrupt occurring is the new row 
start interrupt. The interrupt routine .fetches the next 
CRTC row number from the reference table (Figure 6). 
This number. is converted to the new starting row 
address, explained later, and loaded to the CRTC row 
start register. The CPU finishes the routine by clearing 
the interrupt, readying itself for the next new row start 
interrupt. The entire routine takes 1 scan line of time, 
approximately 64 fJS. The CRTC continues to scan 
the video RAM from that new starting address on 
for' the next 7 repetitive scan lines of the next row. 
Many advantages become apparent using the non
sequential addressing scheme. Scrolling up or down 
with the cursor always on the screen may be done 
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faster and easier from a hardware/software standpoint. 
Exchanging one row with another row is fast since 
it is not necessary to rewrite the video RAM. Row 
swapping is useful for higher end terminals requiring 
row editing functions. 

ADDRESS MAP 

11~ ; l $~ 
~ ~ ~~<r 
~ ~ ~ ~ 

,§ ,§ ,§It 
~ ~ ~c.;c;,; 

0 o 0 o 0 0 04F 
1 o 1 o 5 0 
2 o 2 o A 0 
3 o 3 o F 0 
4 o 4 1 4 0 
5 o 5 1 9 0 
6 o 6 1 E 0 
1 o 1 2 3 0 
8 o 8 2 8 0 
9 o 9 2 0 0 

10 o A 3 2 0 
11 o B 3 1 0 
12 o C 3 C 0 
13 o 0 4 1 0 
14 o E 4 6 0 
15 o F 4 B 0 
16 1 0 5 0 0 
11 11 5 5 0 
18 1 2 5 A 0 
19 1 3 ,5 F 0 
20 1 4 6 4 0 
21 1 5 6 9 0 VIDEO RAM 
22 1 6 6 E 0 3840 CHARACTERS 
23 1 1 1 3 0 80 RAM ADDRESSES 
24 1 8 1 8 0 PER ROW BY 24 ROWS 
25 l' 9 1 0 0 
26 1 A 8 2 0 2 PAGES OF VIDEO 

27 1 B 8 1,0 
28 1 C 8 C 0 
29 1 0 9 1 0 
30 1 E 9 6 0 
31 1 F 9 B 0 
32 2 0 A 0 0 
33 2 1 A 5 0 
34 2 2 A A 0 
35 2 3 A F 0 
36 2 4 B 4 0 
31 2 5 B 9 0 
38 2 6 B E 0 
39 2 1 C 3 0 
40 2 8 C 8 0 
41 2 9 COO 
42 2 A o 2 0 
43 2 B o 1 0 
44 2 C o C 0 
45 2 0 E 1 0 LAST CHARACTER 
46 2 E E 6 0 IN VIDEO RAM 
41 2 F E B 0 E FF 

FOO 

NEW ROW START 
\ 

LOOK UP TABLE 

F5F 

F60 
REFERENCE 

TABLE 
BonOM OF 
REF TABLE 

TOP OF 
SCRATCH 

SCRATCH 

F FF 

FIGURE 4. RAM Organization 

409 6 
S BYTE 

RAM 

» z 
• ..... 

CD 
CD 



MEMORV REFERENCE TABLES 

Page 1 Page 2 

ROW NRS HIGH NRSLOW ROW NRS HIGH NRSLOW 
NUMBER 

ADDRESS 
ROW 

ADDRESS 
ROW NUMBER ROW ROW 

DEC HEX DATA DATA DEC HEX 
ADDRESS 

DATA 
ADDRESS 

DATA 

0 o 0 3 F 0 0 3 0 3 F 3 0 o 0 24 1 8 3 F 1 8 3 7 3 F 4 8 8 0 

1 0 1 3 F 0 1 3 0 3 F 3 1 5 0 25 1 9 3 F 1 9 3 7 3 F 4 9 D 0 

2 0 2 3 F 0 2 3 0 3 F 3 2 A 0 26 1 A 3 F 1 A 3 8 3 F 4 A 2 0 

3 0 3 3 F 0 3 3 0 :3 F 3 3 F 0 27 1 B 3 F 1 B 3 8 3 F 4 B 7 0 

4 0 4 3 F 0 4 3 1 3 F 3 4 4·0 28 1 C 3 F 1 C 3 8 3 F 4 C C a 
5 0 5 3 F a 5 3 1 3 F 3 5 9 0 29 1 D 3 F 1 D 3 9 3 F 4 D 1 a 
6 0 6 3 F a 6 3 1 3 F 3 6 E a 30 1 E 3 F 1 E 3 9 3 F 4 E 6 a 
7 a 7 3 F a 7 3 2 3 F 3 7 3 a 31 1 F 3 F 1 F 3 9 :3 F 4 F B a 
8 a 8 3 F a 8 3 2 3 F 3 8 8 a 32 2 a 3 F 2 a 3 A 3 F 5 a a a 
9 a 9 3 F a 9 3 2 3 F 3 9 D a 33 2 1 3 F- 2 1 3 A 3 F 5 1 5 a 

10 0 A 3 F a A 3 3 3 F 3 A 2 a 34 2 2 3 F 2 2 3 A 3 F 5 2 A a 
11 a B 3 F a B 3 3 3 F 3 B 7 a 35 2 3 3 F 2 3 3 A 3 F 5 3 F a 
12 a C 3 F a C 3 3 3 F 3 C C a 36 2 4 3 F 2 4 -3 B 3 F 5 4 4 a 
13 a D 3 F a D 3 4 3 F 3 D 1 a 37 2 5 3 F 2 5 3 B 3 F 5 5 9 a 
14 a E 3 F a E 3 4 3 F 3 E 6 a 38 2 6 3 F 2 6 3 B 3 F 5 6 E a 
15 a F 3 F a F 3 4 3 F 3 F B a 39 2 7 3 F 2 7 3 C 3 F 5 7 3 a 
16 1 a 3 F 1 a 3 5 3 F 4 a a a 40 2 8 3 F 2 8 3 C 3 F 5 8 8 a 
17 1 1 3 F 1 1 3 5 3 F 4 1 5 a 41 2 9 3 F 2 9 3 C 3 F 5 9 D a 
18 1 2 3 F 1 2 3 5 3 F 4 2 A a 42 2 A 3 F 2 A 3 D ,3 F 5 A 2 a 
19 1 3 3 F 1 3 3 5 3 F 4 3 F a 43 2 B 3 F 2 B 3 D 3 F 5 B 7 a 
20 1 4 3 F 1 4 3 6 3 F 4 4 4 a 44 2 C 3 F 2 C 3 D 3 F 5 C C a 
21 1 5 3 F 1 5 3 6 3 F 4 5 9 a 45 2 D 3 F 2 D 3 E 3 F 5 D 1 a 
22 1 6 3 F 1 6 3 6 3 F 4 6 E a 46 2 E 3 F 2 E 3 E 3 F 5 E 6 a 
23 1 7 3'F 1 7 3 7 3 F 4 7 3 a 47 2 F 3 F 2- F 3 E 3 F 5 F B a 

FIGURE 5. New Row Start Look Up Table 

FUNCTION ADDRESS DATA 
INITIALIZED COMMAND FUNCTION 

DATA 
OUT 40 Clear new row start and vertical 

Last Row #- 3F60 XV 17 interrupt latches 
8080 Row # 3F.61 XV 00 IN 80 Read keyboard 
First Row # 3F62 XV 00 IN 40 Read baud rate select switch 
Character # 3F63 XV 00 

FIGURE 7. Input/Output Space 
CRTC Row# 3F64 XV 00 

Row Save # 3F65 XV 00 

Temp. 1 3F66 XY 00 

Temp. 2 3F67 XY 00 

FIGURE 6. Reference Table 

DEVICE ADDRESS* ROW NRS HIGH NRSLOW 

ROM 0000 to OFFF NUMBER 
ADDRESS 

ROW 
ADDRESS 

ROW 

RAM 3000 to 3FFF DEC I HEX DATA DATA 
" -

CRTC 5000 to 5FFF 
32 12 a 3 F 2 a 3 A -3 F 5 a a a 

'ACE 9000 to 9007 .j 
Row Start Address 

*Direct device selecting was used for Row 20H. 
to minimize the system component 

3XXX Selects RAM. count 
5XXX Selects CRTC. 

FIGURE 8. CPU Addressing Space FIGURE 9. Example From the New Row Start Look Up Table 
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ROW LOADING DETAILS 

Obtaining the next starting row address for the CRT 
controller is accomplished by an addressing and adding 
scheme from the new row start look-up table. The same 
scheme is used to determine any needed address, given 
the row number. 

Figure 9 shows a row number and address taken from 
the new row start look-up table. 

The row number is loaded from the reference table in 
RAM to a register. The CPU determines the starting 
address from the row number and stores it in a 16·bit 
pointer register. The higher order 4 bits contain address 
for the RAM or the CRT controller, (Figure 8). 

Here are the details of how this is accomplished. Refer 
to the new row start interrupt in the software listing and 
Figure 9. 

The CPU D·E registers are loaded to point to a row 
number in the reference table. The number is put in the 
accumulator and moved into the E register. The D-E 
register in this example now contains 3F20 which points 
to NRS HIGH ROW DATA (3A). The addressed data is 
moved to the accumulator and then to the H register. 
If it was desired to point to the CRTC then 20H would 
have been added to it first. The D-E register still con
tains 3F20H. To obtain the NRS LOW ROW DATA the 
E register is moved to the accumulator and 30H is added 
to it. Now the D-E register contains 3F50H and points 
to NRS LOW ROW DATA (OOH). The data is loaded to 
the accumulator and then to the L register. The H- L 
registers contain 3AOOH which is the starting row address 
for row number 20H. The method just described is used 
throughout the terminals program to move the cursor, 
load the top of page, and load the new starting row 
address in the CRTC. 

VERTICAL INTERRUPT 

The vertical interrupt occurs when the CRTC has 
completed refreshi ng a video page (1920 characters) 
of information. Vertical blanking identifies that condi
tion and interrupts the CPU forcing it to the vertical 
interrupt routine. Refer to the vertical interrupt in the 
flow chart. The routine moves the first roW number to 
the CRTC row number, updating it so the next new row 
start load occurs with the top of the page address or the 
fi rst row of the video screen. 

KEYBOARD INTERRUPT 

The external keyboard requirements are ASCII outputs 
with a suitable strobe to interrupt the CPU for keyboard' 
servicing. Refer to the keyboard interrupt in the flow 
chart. After the keyboard buffer is read the data byte 
is tested for a (CNTL E), new baud rate command. If the 
test fails the CPU writes the data byte to the ACE. 
Passing the test forces the CPU to read the baud switch 
and load the ACE with the new baud rate. 

ACE INTERRUPT 

As mentioned above, a data byte read from the keyboard 
that is not a baud rate command enters the accumulator. 
The CPU writes the data byte from the accumulator to 
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the transmitter holding register in the ACE. The ACE 
proceeds to shift out the data byte, with the appropriate 
start and stop bits, serially from the (SOUT) output. 
The data is shifted to the serial input (SIN) of the ACE 
and loaded into the receiver holding register. When the 
register is full the ACE interrupts the CPU, initializating 
the ACE service routine. Refer to the ACE interrupt in 
the flow chart. 

The CPU reads the receiver holding register in the ACE. 
Reading the ACE resets the interrupt. The data byte 
now resides in the accumulator. The CPU tests for a 
control or an escape function. The function is executed 
if test conditions are met. Refer to the keyboard interrupt 
routine in the software listing. The data byte is written 
to the video RAM at the cursor address which appears 
on the monitor screen. The cursor' and character numbers 
are incremented as long as it is not at the end·of a row. 
A character at the end of a row requires further testing 
to recognize the following situations. Is it the last row 
on the monitor's screen? Or is it on the maximum row 
of the video RAM?' Essentially, the cursor is forced to 
stay visible on the video monitor's screen and video 
RAM is always kept out of scratch pad RAM, (Figure 10). 

LAST/ 
ROW 

'The video screen is allowed to scroll only through the video 
RAM (OOOH to EFFH). The CPU keeps the video screen within 
these bounds by loading the new row start register with that 
address range only (row OOH to 2FH). 

FIGURE 10. Drum Analogy for the RAM 

FULL/HALF DUPLEX OPERATION 

The data terminal and a host computer in the full 
duplex mode of operation would receive the serial in
formation, process it, and send it back to the SIN 
input of ACE. Using the terminal in a stand-alone 
mode for testing, the serial out SOUT is tied to the 
serial in SIN of the ACE. In the half duplex mode 
a data byte is sent to the host computer at the same 
time it is sent to the terminal. When the data terminal 
is set up to communicate with a host computer the 
full duplex mode of operation is desirable. 

l> 
Z . 
-.a. 
CO 
CO 



DP8350/INS8080 VIDEO DATA TERMINAL BASIC SOFTWARE FLOW CHART 

Initilization 

LOAD STACK 
POINTER 

CLEAR RAM 

HOME CURSOR 
TO TOP OF 

PAGE 

LOAD ACE 
WITH BAUD RATE 

INITIALIZE NEW ROW 
START LOOK UP 

TABLE 

INITIALIZE 
REFERENCE 

TABLE 

CLEAR 
INTERRUPT 

LATCHES 

SET POINTERS 

ENABLE 
INTERRUPTS 
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Keyboard Interrupt 

READ 
KEYBOARD 

PUT CHARACTER 
TO ACE 

YES 

LOAD BAUD 



DP8350/INS8080 VIDEO DATA TERMINAL BASIC SOFTWARE FLOW CHART (Continued) 

New Row Start Interrupt 

SAVE 8080 
REGISTERS 

LOAD CRTC 
ROW :rTO CRTC 

RESET INTERRUPT 
LATCH 

INCREMENT TO 
NEXT ROW # 

SAVE THE ROW # 

RESTORE 8080 
REGISTERS 

ENABLE 
INTERRUPTS 

YES ZERO CRTC ' 
ROW.tt 
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Vertical Interrupt 

SAVE 8080 
REGISTERS 

MOVE FIRST ROW # 
TO CRTC ROW.it 

GET CRTC ROW:; 
ADDRESS 

LOAD TO CRTC 
TOP OF PAGE 

REGISTER 

RESTORE 8080 
REGISTERS 

»' z • .... 
co co 



DP8350/INS8080 VIDEO DATA TERMINAL BASIC SOFTWARE FLOW CHART (Continued) 

READ 
ACE 

PUT BYTE TO 
RAM 

INCREMENT 
.8080 ROW # 

GET 8080 
ROW # ADDRESS 

ZERO CHARACTER 
# 

ACE Interrupt 

DO FUNCTION 

ZERO 8080 
ROW# 
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INCREMENT 
LAST ROW # 

INCREMENT FIRST 
ROW# 

ZERO LAST 
ROW# 

ZERO FIRST 
.ROW# 



TITLE (RTC • :::i):::OA (1,2115/78 135 OOE'? C31("01 

••• NATIONAL ':,EMlCON[lUCTOR ':, 
136 (lOEe 117EOO B 1200 
137 O(IEF C31COI 

':,E:;-IE'; F'RO(,RAMMf1(:LE CRT CONTROLLER BOARD •• 138 OOF2 115400 Bl:::00 
139 OOFS C31COI 

,AL [:RILLIOTT-,JIM TROUTNER 140 OOF8 114COO B~oOO 
141 O(IFB C31(:01 

8 

10 
II 
12 
13 
14 
15 
16 

18 (u)OO 

OOe.,2 
006'3 
(u)64 
(JOC,';; 
(ll)t,6 

OOC,7 
0068 

19 0000 F3 START 
20 0001 31FF3F 
21 0004 C3::8(1l) 
22 0007 
23 0003 C32502 
24 00013 
25 0010 C,34AOl 
Zt, 0013 
27 0018 (3::601 
28 0018 
29 0038 C34F0.2 
30 OO~::B 210030 INIT 
31 003E OE20 
32 0040 ~:E 3F 
33 0042 71 
34 0043 2.3 
35 0044 Be 
36 0045 C24:.!t)(1 
37 0048 OEOO 
38 004A 8E40 
39 004( 71 
40 0040 23 
41 004E E:C 
42 004F C24CI)O 
43 005:::! C 0870(1 
44 0055 C 09300 
45 
46 
47 
48 0058 210(13F 
49 0058 11303F 
50 005E 0100;:0 
51 0061 70 
52 OOC,2 7''iJ 
53 0063 12 
54 0064 C650 
5'5 0066 4F 
56 0067 78 
57 0068 CEOO 
"::",8 006A 47 
59 00613 2C 
60 OObC lC 
61 OOW 7B 
62 006E FE60 
63 0070 C2610(l 
64 
65 
66 
67 0073 3E17 
68 0075 12 
69 
70 
71 
72 0076 0340 
73 0078 D1380 
74 
75 
76 
77 (l07A 11/.:,03F 
78 007[1 210020 
79 0080 0 1 OO'~O 

81 
82 

(LRAMI: 

NRS 

83 0083 FB BACK; 
84 0084 C383(1I) 
85 
86 
87 
88 0087 210050 HMCUR 
89 008A ~:E02 

90 008C 77 
91 0080 3C 
92 008E 77 
93 008F 210030 
94 0092 C9-
95 
96 
97 
98 (1093 05 -
99 0094 D840 

100 0096 E6(lF 
101 0098 FEOO 
102 009A CA[1400 
103 009D FEO I 
104 009F CADADO 
lOS OOA2 FE02 
106 OOA4 CAEOOO 
107 aOA7 FE03 
108 00A9 CAE600 
109 OOAC FE04 
11 0 OOAE CAECOO 
111 OOBl FEOS 
112 0083 CAF200 
113 00B6 FE06 
114 00B8 CAF800 
115 OOBB FED7 
116 OOBD CAFEOO 
117 OOCO FE08 
118 OOC2 CA0401 
119 00C5 FE09 
120 OOC7 CAOAOI 
121 OOCA FEOA 
Inoocc CAIOOI 
123 ooeF FEOB 
124 OODI CAI601 
125 
126 
127 

E:AUD 

1280004 11/.:-30513110 
129 00[17 C31COI 
131) OODA 11F303 Bl~O 
131 OODO C31COl 
132 OOEO 11 F90 1 B300 
133 00E3 C31COI 
134 00E6 11 FCOO 13600 

LA::,TROW = 
ROW::;(IE;U = 
FIR'"TRO = 
(HARNUM = 
CRTCROW = 
ROWSAVE = 
TEMPI 
TEMP:.! 
IMA':,. 

=1)000 
01 
LXI :;',P.O::FFF 
,.IMP INIT 

=1)(11),-:: 
JMP 

=0010 
... IMP INTACE 

=001:3 
,.IMP INn 8 
=OO~:::: 

,.IMP VERTI 
LXI H.03(1I)0 
MVI C. O~I) 
MVI A. I)~:F 
MOV H. C 
INX H 
CMF' H 
... INZ CLRAM 
MVI C. (100 
MVI A,040 
MOV M. C 
INX H 
eMP H 
JNZ CLRAMI 
CALL HMCUR 
(ALL E:AUD 

.DI':,AE:LE INTERRUPT:':: 
• LOAD ':'TAO: POINTER 
• ,JUMP TO INITILIZE ROUTINE 

,NEW ROW START INTERRUPT 

, AC E I NTERUPT 

• • ·EYE:OARD I NTERUPT 

; VERT I CAL I NTERUPT 
• 1 S,T RAM ADDRESS 
i A-:,C I I ~:,F'AC E INTI) C REG 
i MAX RAM ADORES";, 
,A':'CI I ':,F'ACE INTO MEM 
• NEX TRAM A[lDRE::.':. 
; MAX RAM ADDRES'; ~ 
, I F NO THEN NEXT ADD 

; (,0 TO CUR HOME ROUT I NE 
,GO TO 8AlID LOAD ROUT I NE 

; NEW ROW START LOCW UP TAE:LE GENERATION 

LXI 
LXI 
LXI 
MOV 
HOV 
STAX 

MOV 
MOV 
AeI 
MOV 
INR 
INR 
MOV 
CPI 
.JNZ 

H.O':::FOO 
D. 03F~:O 
B.O;:OOO 
M. B I 

A, C 
D 
050 
C, A 
A, B 
000 
B, A 
L 
E 
A, E 
LASTROW 
NRS 

j N, R. S. HIGH ADDRESS 
j N. R. S:. LOW ADDRESS 
j N, R. S. ADDRESS [lATA 
,STORE TO N. R S DATA TABLE" 
; N R. S DATA LOW TO ACC 
• STORE TO N_ R. S_ DATA TABLE L 
; Ace READY FOR NEXT LOAD 
• Ace TO N, R. S. DATA HIGH 
, N. R S. DATA TO ACC 
,ADD CARRY ['IT TO DATA HIGH 
; MOVE RE'3UL T TO N. R. S. DATA H 
; INCREMENT N. R. S. HI C,H ADO 
; INCREMENT N. R. S LOW ADD 
; N R. S. ADD LOW TO ACC 
• MAX TABLE ADDRESS 
• IF FALS,E JUMP 

; REFERENCE TABLE INITILIZE 

MVI 
STAX 

A.017 
D 

• LAST ROW NUMBER TO ACC 
, STORE TO REFERENCE T A8LE 

; CLEAR PER I PHERAL I NTERRUPT FLOPS 

OllT 
IN 

i SET UP F'O INTERS 

; N, R. S. I NTERRUPT CLEAR 
; VEYE:OARD INTERRUPT CLEAR 

142 O(IFE 113F(II) E:2400 
143 (11)1 C31COl 
144 0104 112AOO 1?3t,OO 
14~ 0107 C31COl 
146 010A 112000 B4800 
147 01C>0 (3ICOI 
14::: 0110 111500 C7,2(.0 
14~ 0113 C31COI 
1500116 111000 [::961)0 
1~1 0119 C31('01 
1~2 
1~,3 

1'54 
155 011C 010390 ACELD 
156 OIlF 0:E83 
157 0121 02 
1'58 0122 OEc)! 
1'59 0124 7A 
160 0125 02 
161 0126 (lEO!) 
162 0128 7B 
163 0129 02 
1l:.4 012A OEO·;: 
le·5 01;2C 7'~ 

It,6 01::!(1 02 
167 012E OEOI 
168 0130 79 
169 0131 02 
170 0132 OEoO 
171 013401 
172 0135 C9 
173 
174 
175 
116 0136 0[;:80 
177 0138 FB 
178 0139 FE05 
179 Ol3B CA9300 
180 013E FE12 
181 0140 CA4803 
182 0143 FEI3 
183 0145 CA5403 
184 0148 02 
185 0149 C9 
186 
187 
188 
189 014A OA 
190 014B FB 
191 014C FE7E 
192 014E CA7001 
193 0151 FE7F 
194 0153 CA7001 
1'?5 0156 5F 
196 0157 E(:·60 
197 0159 CA7001 
198 01SC .3A683F 
199 015F B3 
200 0160 77 
201 
202 
203 
204 0161 IE63 
205 0163 IA 
206 0164 23 
207 0165 FE4F 
208 0167 CAE:EO 1 
209 016A C601 
210 016C 12 

LXI 
LXI 
LXI 

D.03F(:,0 
H.03000 
E:,09000 

i POINT [I-E TO REFERENCE TABLE 211 0160 C3B·:::Ol 

; WAIT LOOP FOR INTERUPT~. 

EI 
JMP 

• HOME UP CURSOR 

LXI 
MVI 
MOV 
INR 
MOV 
LXI 
RET 

H, (51)1)0 
A.OO:.! 
M, A 
A 
M, A 
H,O-;:OOO 

; 8AUD RATE SELECT 

PUSH 0 
IN 040 
ANI (lOF 
CPI (100 
JZ BI10 
(PI 001 
,IZ 8150 
(PI 002 
JZ B300 
C.PI 003 
JZ 13600 
CPI 004 
JZ B1200 
C.PI 005 
JZ E:1800 
CPI 006 
JZ B20CH) 
CPI 007 
,IZ B2400 
CPI 008 
JZ 133600 
CPI 009 
JZ 134800 
CPI OOA 
JZ B720li 
CPI OOB 
JZ 89/.:,00 

; POINT H-L TO 1ST RAM LOCATI" 212 
; PO I NT E:-C TO ACE 

; ENABLE INTERRUPTS 
• LOOP LINT I L INTERRUPTED 

• POINT E:-(" TO CRTC 
; T. O. p, REGISTER SELECT 
; T, O. p, LOAD 
• C.URSOR REG I S TER SELECT 
; CURSOR LOADS TO T o. P 
j POINT H-L TO 1ST RAM A[lD
, RETURN 

; SAVE D-E REG I ',TERS 
j READ BAUD SELECT CODE 
; ZERO THE HIGH, ORDER 4 BITS 

; 110 BAUD ROUTI NE 

; 1 50 BAUD ROUT I NE 

,,300 GAUD ROUTI NE 

; 600 BAUD ROUTI NE 

; 1200 E:AUO ROUT I NE 

; 1800 BAUD ROUTINE 

j 2000 BAUD ROUT I NE 

; 2400 E:AUD ROUTINE 

; :::/.:.00 £AUD ROUT I NE 

; 4800 BAUD ROUT I NE 

; 7200 BAUD ROUT I NE 

; 9600 E:AU[I ROUT I NE 

213 
214 
215 0170 7B 
216 Ot71 FEOI 
217 0173 CAOOOO 
218 0176 FEOD 
219 0178 CA~,E02 
220 017B FEll 
221 0170 CA7B02 
222 0180 FEOC 
223 0182 CA6101 
::':24 0185 FE02 
225 0187 CAA402 
226 OIE'A FEIA 
227 018C CA8502 
228 018F FEOA 
229 0191 CA8D02 
230 0194 FE08 
231- 0196 CAEOO::': 
232 0199 FEOB 
233 019B CAFI02 
234 019E FEI8 
235 OIAO CA~003' 
236 0lA3 FE07 
237 01 AS CA4503 
238 OlA8 FEI2 
239 OIM CA4803 
240 OIAO FEI3 
241 OlAF CA'5403 
242 0le2 C9 
243 
244 
245 
246 0lB3 7C 
247 0lB4 C620 
248 0186 67 
249 01B7 3603 
250 01B9 7C 
251 01BA 0620 
252 01BC 67 
253 OIBD C9 
254 
255 
256 
257 

FUNC 

PCUR' 

2~,8 OIBE CDDCOI NXRO 
259 01Cl CDF301 

; BAUD RATE SET UP ROUTINES 260 01C4 E5 CLROW3 

LXI 
JMP 
LXI 
JMP 
LXI 
... IMP 
LXI 

D.00563 
ACELD 
[I.003F3 
ACELD 
O. 00lF'~ 
ACELD 
D,OOOFC 

; 110 E:Aurr DIVISOR 
; GO TO ACE LOAD ROUT I NE 
i 150 BAUD DIVISOR 

; ~OO BAUD DIVISOR 

• /.:,00 BAUD DIVISOR 

261 0lC5 lEbO 
262 0lC7 IA 
263 olce C601 
264 0 I CA FE30 
265 0 I CC CAD70 I 

Continued on page 5·42 

5·39 

...IMP 
LXI 
JMP 
LX I 
JMP 
LXI 
JMP 
LXI 
JMP 
LXI 
JMP 
LXI 
JMP 
LXI 
JMP 
LXI 
JMP 

ACELtl 
D,0007E 
ACELD 
D.00054 
ACELO 
D.0004C 
ACELD 
D.0003F 
ACELO 
0,0002A 
ACELD 
D.O(l020 
A(ELD 
D.00015 
ACELD 
0,00010 
ACELD 

• ACE LOAD ROUT INE 

LXI 
MVI 
STAX 
MVI 
MOV 
STAX 
MVI 
MOV 
STAX 
MVI 
MOV 
STAX 
MVI 
MOV 
STAX 
MVI 
POP 
RET 

B.09(11)3 
A.08.3 
B 
C,OOI 
A. (I 
[: 

C.OOO 
A, E 
Il 
C,003 
A, C 
B 
C.OOI 
A, C 
G 
C, (01) 
D 

; 1200 E:AUD DIVISOR 

i 1:31)(1 BAUD DIVISCIR 

.20(1) BAUD DIViSOR 

j 2400 E:AUD DIVISOR 

; 3~,OO BAUD DIVISOR 

.4800 E:AUD DIVIS-OR 

.72(1) BAUD DIVI:'::OR 

; 9600 E:AUD DIVISOR 

; POINT B C TO ACE 
; INIT GAUD LOAD - 8 BITS 
i DO INIT BAUD LOAD 
; POINT TO BAUD HIGH 
; GET E:AUD HIGH 
; S:TORE BAUD HIGH TO ACE 
; POINT ACE TO BAUD LOW 
; GET BAUD LOW 
; STORE BAUD LOW TO ACE 
; RESET DLAI3 TO ZERO 
; INlT ACE T IR 
,PUT TO ACE 
; INTERRUPT ENA8LE REG 
;SELECT RECEIVED (tATA INTER"''' 
; LOAD IT 
; RESTORE B-C ACE POINTER 
; RESTORE D-E REGISTERS 
; RETURN 

; t':EYBOARD I NTERRUPT ROUT I NE 

IN 
EI 
CPI 
JZ 
CPI 
JZ 
CPI 
,JZ 
S,TAX 
RET 

005 
BAUD 
012 
IVERTN 
013 
IVERTR 
B 

; ACE I NT ERUPT ROUTI NE 

LDAX 
EI 
CPI 
,IZ 
('PI 
JZ 
MOV 
ANI 
JZ 
LDA 
ORA 
MOV 

07E 
FliNC 
07F 
FUNC 
E, A 
060 
FliNC 
03Fe,8 
E 
M, A 

; ADVANCE CUR',OR 

MVI 
LDAX 
INX 
CPI 
JZ 
ADI 
STAX 
JMP 

E, CHARNUM 
D 
H 
04F 
NXRO 
001 
o 
PCUR 

,TEST FOR FUNCT I ON 

MCiV 
CPI 
,IZ 
CPI 
,JZ 
CPI 
JZ ' 
(PI 
JZ 
CPI 
,JZ 
CPI 
JZ 
CPI 
JZ 
CPI 
JZ 
CPI 
JZ 
(PI 
JZ 
CPI 
JZ 
CPI 
JZ 
CPI 
JZ 
RET 

A, E 
001 
START 
000 
CR 
011 
SAVRO 
OOC 
ADCUR 
002 
HOME 
OIA 
;;,WAP 

OOA 
LF 
008 
85 
(lOB 
UPC:UR 
018 
CLROW 
007 
BELL 
012 
IVERTN 
013 ' 
IVERTR 

• READ KEY80ARD 
,ENABLE I NTERRlIPTS 
; NEED BAU~ RATE? (CNTL E) 
; I F YES GO TO BAUD ROUT I NE 
; INVERT NEXT CNTL R 

; I NVERT ROW CNTL S 

; S TORE BYTE TO ACE 
; RETURN 

• LOAD ACE DATA [lYlE TO Ace 
,ENABLE INTERRUPT'; 

; TEST FOR ESC COHAMD 
,TEST FOR DEL COMAND 

; S:AVE CHAR I N REG. E 
; MA',K OUT E: ITS: FOR CNTL TEST 
; I F ZERO dMP TO CNTL FUNC 
; LOAD I NVERT MASK 
; OR MA':¥ AND CHAR 
• 'STORE (lATA BYTE TO RAM 

; F'OINT B-C TO CHAR. 
; LOAD CHAR • TO ACC, 
; NEXT CHAR LOCATION 
; LAST CHAR OF ROW? 
; IF TRUE ,lUMP TO NEXT ROW 
; I NCREMENT CHAR • 
; STORE CHAR • TO RAM REF 
; PUT CURSOR 

; HOME AND CLEAR CNTL A (SOH) 
; 
, (ARRA(,E RETURN 

j ~,AVE ROW" CNTL 0 (DCl) 

; ADVANCE CURSOR CNTL L (FF) 

; HOME UP CNTL B (STX) 

; SWAP CNTL Z (SUB) 

, LINEFEED 

; BACKSPACE CNTL H (BS) 

i UP CURSOR CNTL ~ (VT) 

; CLEAR ROW CNTL X (CAN) 

; RING ['ELL CNTL G (BEll. 

; INVERT NEXT CNTL R (OC2) 

; I NVERT ROW CNTL S (DC3) 

, RETURN 

; STORE CURSOR TO CRTC FROM H-L REG I STERS 

MOV A, H 
AOI 020 
MOV H, A 
MVI H.003 
MOV A, H 
SUI 020 
MOV H, A 
RET 

; LAST ROW ON S;CREEN 

CALL 
CALL 
PUSH 
MVI 
LDAX 
ADI 
CPI 
JZ 

NXROI 
ZCHAR 
H 
E, LAS TROW 
D 
001 
030 
ROZERO 

; H REG TO ACC 
; SET H-L REG TO CRTC ADD 
; H IS CRTC ADD 
; CURSOR REGISTER SELECT 
; H REG SET [:ACt: TO VIDIO RAM 
; AtlDRESS 

; RETURN 

; GO TO NEXT ROW SUBROUTINE 
; ZERO CHARACTER 
j SAVE H, L 
; POINT D, E TO LASTROW 

; POINT AC TO FIRST ROW OFF SC 
; CK IF LAST ROW IN RAM 

l> 
Z 
• ...... 

CO 
CO 



m 
m FEATURES 
"':" • Keyboard input port 

Z • Serial I/O up to 9600 baud 
<t 4k bytes RAM 

lk byte ROM 

• 2 video pages 

• 80 x 24 characters 

• 5x7 character font, 7xl0 
field size 

• Block cursor 

• Single crystal 

• Maximum CPU time/frame 
without line buffers 

• Line or page scroll capa
bility 

• ·Full cursor control 

• Complete software flexi-
bility 

• Modem control capabilitY 

• Low component count 

• Field reverse . I 

• Clear screen, clear row r , " 
home and clear I!\ To 

\\-:-:-

• Row swap (row inter- .:\.!.!. 
change) 

tOJ)MI 
S',StlR 

lCfORO\I"'('t\1 
\Hl('lf tl\L\ 

-..!I' 

* 

.:r EPROM 
\'00 

IV!!. Vee .,~ 
-w# \' .. "~ !!. 07 .,~ 

.!!. 01 .,4-

.!.!,O! "-Y270 • 41L 

.!!.O. H.\I AI..!.. (,f:iOY 
.!.!.OJ . OJ r!-
.!+Ol AI rT-
.!!.O. .. ~ 
..!.O, .. ~ 

0'0 \ss tl 

-¥' -¥I ~! 1\ 

I 

CPU (~" 

,r ,~ 

A 

r---B 

~, 

.... c 
-1-0 

E 

-", 



RAM 8-MM5257 (350 nsl 
A-----+.~--~----~----._--_*~--~--~~--~--~~--_r----~--~----~--~~--~--~ 

1Jk 

la.~~~!t 22 DOT eLKIN (XI) 

:I~ ~E8;~! 1S SVS ClR 

F J8 [1! 

Parts: 
1 - DPS350 
1 - DPS22S 
1 - DPS224 
1 - I NSSOSOA-2 
1 -INSS250 
S - MM5257 
1 - MM270S 
1 - DMS1LS95 

or DMS1LS96 
2 - DM74LS32 
(Vee 14,7GND) 
1 - DM74LS74 
(Vee 14,7 GND) 
1 - DM74LSOS 
(Vee 14,7 GND) 
1 - DM74LS04 
(Vee 14,7 GND) 
1 - DM74LS73 
(Vee 14,11 GND) 
1 - DM74365 
1 - DM7414S 
1 - DM7474 
1 - DPS212 
1 - DM74LSS6 
1 - DMS67seAB 
2 - Res. arrays, 

3.3k 
1 -21.S4 MHz 

Xtal 
Bypass capacitors 
on all parts 

o 
a 

OP8350 

r--------., 
I 
I 
I 
I 
I 
I 
I 
I 
I 

RS.232 I 
BUS EXAMPLE I 

L ________ .J 

Note 1: See DPS350 data sheet for sync details. 

Note 2: SW open reverses video page. 

V[RT B ~'-------""'----1f--.------...,.,.,,~~ 

....---------..., ;~~ 

TO ACE INTERRUPT 
PIN30 

5·41 

ASCII 
,KEYBOARD 

TO 
INTERRUPT 
ENCODER 
PIN10 

» z 
• '-10 

<0 
<0 



0) 
0) ,... 
• z 
~ 

:t6~ ()leF (O'.::r"~O;" I Q(JP~ (All l (JHll ,lOAO H. L WITH ~OfJ OF LA'STRO 4 f.l(.J 
267 (Jl[J~ (rn~()3 (At l (I ROW) 4(.11 
2" .. Bt)JD~El prJP H ,RfSTrjPE H.l 4(J2 (;26E IE63' (R 

4(.J3' (.J27(.J 3'E'.JfJ 26'SI" 0106 1':':1 Rf J 
270 4(..14 (..1272 12 
271 (JID? "~EO() ROl£RO MVI ,UJAD ROW ZERO 4'.J":i '/273' lE61 

4'.J6 (.J27~ (DB2',2 
4(.J7 (.12'78 (.383".Jl 
4()8 

272 ("ID9 C3CFfti .JMF' I.rJ(JP"J 
27'3 
274 
27~ 4f.J9 

276 OIO( 1E60 NIRfJl M'n L L AO:: ... TRUW ,POINT (J-f kE(.) TO Lt. ... :.T ROW 4I'.J 
277 (JIDE IA 
'278 01DF ET~ 
279 (tlff.J 21 
L8') OlE I (";:E 
281 01£2 (A(J~.ifJ2 

282 
283 
284 
2B~ ()H~ "jE;tF 
28~ .. ()lf7 r::F 
287 (JIE8 (AFBr)1 
28e 01££ 34 
28'9' 01£( EB 
29() OlED 1£61 
:1''=11 (liEF (O~;'-(.I:t 

292 ()lF2 r.~ 

20;.'3 
294 
29~ 
296 ....., 1 F"3 3Ef)fj 
297 ()lF~ 32'1:.~.:;:3F 

298 (11 F8 (.383(.11 
299 
30r) 
301 
302 ()IFe 'j1:h(.J 

303 OIFO 2£(.1(.1 

304 (.tiFF ~6 
30~ 0200 2E 30 
306 {)202 '~E 
307 02()'3 EB 
308 02()4 (9 
';:;')')/' 

310 
311 
312 02')-S 2B 
313 0206 '3E2F 
314 0209 BE 
31'5 0209 CA19rJ2 
'316 020(. 34 
317 
318 
319 
"320 020D 2£62 
321 02()F E::E 
322 0210 CAIEf)2 
323 0213 34 
324 (J214 2£61 
'32~ 0216 C 3E'5') 1 
'326 
327 
32& 

lD( .. '( D 
I(H(J 
INt 
(Mf' 
.J1 SCROLL 

INf:.MJ M'n (.." (.J:I~ 

eMf' M 

.Jl 1ROW 
INR M 
tCHrj 
M'II . f, ROj,'k(.J8(.J 
(All l(lHI 
RET 

, IERO (HAf-(~C TFR 

A, (.J('(! 

ST(', (,~:;F" ... ·j 
.JMf' P(1JFt 

1ROW M'JI N, ()(.J(.J 

M'II L, ()'/', 
1'10'1 n, M 
MVI L. (f~'.J 
MO'I 
1(HG 
RET 

• f'oOW SCPOLL 

'SCPOLL DC1 H 
M'JI 
eMF
)Z 
INR 

M'JI 
CMP 
.)Z 
INR 
M'/I 
.)MP 

~, (;2F 
M 
ZLRO 
M 

L. FIP'STFtO 
M 
ZFPO 
M 
L, ROW8'.J8t'.J 
INCPO 

,puT l(1ST ROW .. TO A(( 411 (J27& 1E/,;,1 St-.'/P(J 
• f1(H',N(.,F H-L WITH D-E 412 ()27D It-. 
• H-l IS NOW ~T 8(.J8') flOW. 413 ()27E lE6~ 
• UJMP',PE Lt-.'S.T P(M • WITH 414 (.J280 12 
• 8{)B'.J f.«Jj,j • IF TFtUE SCROLL 41 ~ (.J281 (.9 

416 

• Tf '":;, T F(Jk M'~1 f.'OW ,:.,rl(/ 
• .JIJMP TO IEPO prj\.,! IF TRUE 
,1fFtfJ F-OW 
,Hlt;.R£MfUT THE 8 fJ8(; "'01.1 .. 
• HJJrH H-L Tr) (HAf.' " 

• PFTURU 

.PUT (H',F< • HJ lEprJ 
· 1,,,rJ '-~TOPE 

,GO TfJ prJT r.UPS('P Ft(JI/T I r~E" 

,8'J81'j POj" .. TO IEprJ 
• rl P S ':"DrJFtESS HI r.,H 
," P 0::, (lAT(, HIGH TO D PEG 
• N R S t..DOFtf'S.'S LOW 
• r-l P S De. Tt.. LOW TO E PEG 
• E I(H~r-lr.,E H-L W J TH O-E 

417 
418 
419' (.J282 lA LDHL 
42(.J (.J283 ":iF LDHL 1 
421 (.J284 lA 
422 (.J28"5 1.:.7 
42'3 (.J286. 7& 
424 '.J287 (63(.J 
42~ ')289 ~F 
426 (J28t.. J A 
427 (.J288 6F 
428 '.J28( C9 
429 
43(.J 

4~1 

432 ',28D (DOC'.JI LF 
4')3 (.J29"'.J (Dr:..4()1 
434 '.J293 IE61 
4 3-) '.J29~ (.082t'.J2 
43J. ... (;298 ~~t..1;..3~~F t-.DO(H 
437 029& 8~ 
438 ()29( 6F 
439 (.J290 7( 
44(..1 ()29E (ft'.J(; 
441 '.J2At'.J "_7 
442 t'.J2':"1 ('3[:31')1 
443 
444 
445 

,POINT H-L TO LHST f"OWIl 446 '.J2A4 IE62 HOME 
,BEFOPE SCP("'TCH T(..,BLES 447 (J2t..1,;, IH 
,TEST FOFt THE Lt..S,T POW 448 '.J2H7 lE/.:.l 
,·JUMP TO 1EPO LHST POW IF TP 449 ()2A9 12 
• I NCPEMErH TO NE IT POW 4-;'(.J {.J2Ht.. t;.D83t'.J2 

4-;'1 {.J2HO 3EI'.J'.J 
4'52 ')2AF 32633F 
4'53 (.J2B2 t;. 3B3t'.J 1 

• POUlT H-L TO FIFtST PO"". 
• IS FIPST LOW:::: TO LAST PO"" 
• .JIJMF' TO IEPO FIR'ST P 
,INCREMENT TO NE/T POW 
, PO I NT H-L TO 8(.J8'.J POW 
• GO TO JrKFtEMENT ROW POIJT HIE 

4"54 

4'57 '.J28'!i lE6'S 
4'58 ()2B7 (0821'.J2 
4~'" ()2E:t.. 22663F 
46(, '.J28D lE61 
461 (.J2BF CD8:!t';2 
462 ()'L(2 1 E6'5 

329 0219 '36'JO ZL~O M'JI • PUT LAST FtOW. TO ZEF-O 463 (.J2C4· lA 
'3'30 021 B C. 300rJ2 ,JMP ,GO TO ROUT I tIE FOR F I PS T POI..' 4~4 '.J2( 5 "5F 
331 
'3'32 
'3'33 021E '36()() 
3'34 0220 2E61 
33~ 0222 C3E"=hl 
3'36 
3'37 
3'38 
339 0225 F'5 
340 0226 E'5 
341 ()227 D'S 
342 ()229 11643F 
'343 0228 lA 
'344 ()22C 'SF 
34'5 0220 lA 
346 ()22E t620 
347 02'30 67 
'34e 02'31 78 
349 0232 C.~,;3(J 

'3~0 0234 ~F 
3~1 02'3~ lA 
3'52 0236 6F 
353 0237 36()1 
3~4 0239 0340 
355 onll IE64 
356 ano IA 
357 023E FE2F 
3~8 0240 CA4A(.J2 
3~9 0243 3C 
31,0 0244 12 
361 024~ Dl 
362 0246 El 
363 0247 F 1 
364 0248 F8 
36~ 0249 (9 
3~,6 

367 
368 
'369 

ZFRO Mill 
M'II 
.JMP 

1'1,')'.JI', 
L. POW2()2'.J 
INCRO 

46'5 (.J2f.:.6 7C 
466 '.J2C7 12" 

• PI,IT FIPST ROw' TO ZEPO 467 ')2r:.8 78 
• PO PH H-L TO ::Y.J81'.J FtOW 468 (.J2"C'7" (630 
• GO TO HlCREMEtH POW POUTlrJE 46'" (.J2CB 'SF 

47f") (.J2r:.C 70 
,rIEW POW STt,PT INTEPPIJPT 471 {.J2(O 12 

472 t'.J2(E 2e..663F 
NEWRO PUSH PSW . ;e..'/E ~CC t..HO FLt..G":. 47; 02Dl lE61 

PUSH H • Se..'/E H-L PEG 474 02D3 1~ 

PUSH [} 47'S {J2D4 "5F 
LXI D. (/?F64 . ,f'OrrIT D-E TO (PTCPOW • 476 ()2[J'5 7(. 
LDA1 O· .lO~O e..C( ~ITH·(PTC POw.. 477 (.J2Df; 12 
MOV E. t. . tl P S (j(.,T(., t..C'C' ~IG~ TO E 478 '.J2D7 7B 
LOA1 0 ,POhi D':"Te.. HIGH Irno ~Cr: 479 (.J2D8 (.631'.J 
AD I (J2t'.J 48(.J r.J2D(" O:;F 
MO'I H. A ,f~ F S D~Tt.. ~DD I-tIC·H I'ITO H 481 t')2DB 7D 
MO'I A. E 482 (.J2DC 12 
AOI (/;,1') . t..CC TO rJ F- S Dt..Tl. LOW 483 (.I2"DO (.3'="'81'.J2 
MO'I E. f.. ,U F;' Dt.,T(" (.0 ['C, L(,W TO E PEG 484 
LDt..1 0 ,POW (il-oT&.. LC''''' T0 l.CC 48'S 
MO'I L. t.. • f~ R ;. (It..Tt.. &..DD L0w ItH(; L 486 
M'II • :.. TOPE r~ P: TIj (PTC 487 'J2E(./ 1 E63 E:S 
OIJT ')'1'.J • PESET rl F:' t.nD '/EFtT PITEF-" 488 t'.J2E2 It. 
M'JI E, (RT(RO"" 489 (.J2i:- FE(.J'.; 
LOA1 D 491j ',.J2E'S C(..EE(,2 
CPI (.J2F' ,TEST F0F C~TC M&.,I P::"ioJ 491 t';2E8 :-0 
·JZ 1CPTC • I~ TF-I)E ZE~IJ t..Cr:. 492 ',.J2E9 12 
INP • INCPEHEtH TO NEfT F-('~W 493 {;2EA 26-

LOOP ';Tt..1 • STOPE tJE/T POW tlUMEEP 494 (.J2EE' C3E"?')1 
49'5 

POP H • FES TOF-E H-L FEr:. 496 
POP F'SW • FESTOPE &"CC &.,rm j:"~t.,C·: 497 
E J 498 f".;2EE :E4F' 1-,F-'PC'1o-I 
RET ,FETIJPrJ 49" (;2FI'.J 12 

• ZERO CPTCPOW 

'50{) 
'SI'.;1 
';:02 
~t'.J; ')21='1 EE; _,~::,_If' 

"'370 (J:~~4A 3E(.J{j ICRTC MVI A. {J'/.J , ZEPO ~C': '5f".14 t'.J2F'2 2E61 
0:;'./'5 1)2F4 7£ 
'5')1; (J2~'5 2? 
'S(.J7 (,2F6 E-E 

371 ()24C C344r)2 JMP LOOP 
372 
'373 ,IJEPTICHL INTEPPIJPT 
374 
375 024F F'5 VERT I PUSH V:;.W 
'376 02'YJ E'5 PUSH H 
377 0251 05 PUSH 0 
378 0252 1 E62 MVI E, FIR-:'TPO 
379 0254 lA LuAX 0 
38(1 0255 1 E64 MVI E. r:RT(ROW 
381 02'57 12 STAX u 
382 02'58 E63F ANI (.J;F 
383 '.J25A 5F. MOV E. A 
384 02'58 lA L[)AX [r 
38'S 02'SC (620 ADI 020 
386 02'5E 67 MOV H, A 
387 02~,F 78 MOV A. E 
388 1)260 (6?0 ADJ 03(.J 

389 0262 'SF MOil E, A 
390 ()263 lA L[rAX () 
391 021,4 cF MO'I L. H 
392 026'S :':602 M'JI M. (1(':: 

393 (1267 0340 OUT 04(J 
394 (1269 01 F'OP 0 
395 026A El POP H 
391, 0268 FI POP PSI.! 
397 026C FE EI 
3?8 Cl26D (9- RET 
3'~9 

'5()2 ('2~7 Ct..C,8(,-; 
:H'/E Her: t..t,c.' F:"'':''G: '5{)'~ t',.J2F&" 2~ 

• S(.,'/E H FoE0 0;: 1':" 
'!ill r)2Fc ~E('I'.J B&"C'-1 

• POINT CI-E TO F'1r::.: pow.. 512 (J::FD Ct.1Er ... -; 
,LOAD 1:' T POW • I NTQ Ace 0;:·1;; (/3·:I() 3': 

,f'OINT lj-E TO (PTCPOW • ~14 

• UPDATE CPT(F'OW .. 'S15 (.J;'(.J! EE. LOC~l 
• FEMQIJE MAFt~'EF '516. (/3C,2 C['22(,,2 
• F'GINT H L TO (.F'TC FIPST F-I)w ~17 (;?'/5 (;;-:"-2( ... :": 

51 .... (,-;I'.JO::- 7E JF-~::'" 

520 (.J:/j-;' FEI'.JC, 
'521 (f3' .. B :t.241' ... ! 
'5.22 (.J:=.'.JE :'5 
'52"3 
~24 ,.)?-:,~ 2EI-.. :> ,-::,~: 

'!2~ :,-;'11 7E 
• :. T('PE T('~ (,F P'"'GE '5::~ C'; 12 ~E:'(, 

527 1';"314 (A2&.403 
"::2S 1)"317 ;;'5 
'529 

,F:·E:TOPE 4>:,: ~N~' ~!....AG:" 5"3(1 'J31E' 2E~1 L.:,r::F-3 
'3;1 (J"?!A 7E 

PE;U~'.i '53:: (l"31E C?FE(,':: 
~"33 
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MI/I E. (H(..,RuUM 
H'll A, (.J(.J'J 
STt..1 (r 

M'I IE. POW8(.J8t'.J 
r:t..LL LOHL 
,JMP P(lJf-o 

,!.t..'/E F"O"" 

M'I IE. POW8t')8() 
Lut..1 D 
M'I IE, Rf;wSt..'/E 
ST~l D 
RET 

,FfJIrH D-f TO CH"Ft • 

,(UPSOP TO THE £.EG nm IrJG OF R 

• POUlT [i-E TO 8t')8 f) pow. 
• f'IJT 8')i::'.J P(JW .. TO t..(( 
,P(JHH O-E TO Pow 'SAVE 
,-:'TOFo-E f'oOW S{..'/E • IN PEF TA~' 

,RETURN 

H-L pow ut..Tt:. LO{"O POUTINE" 

LD~I D 
MO') E. {., 
LOAI D 
MO'I H. t.. 
MO'I t... E 
~DI t';3(.J 
MOV Eo A 
L[j~1 D 
MO'/ L. (.., 
RET 

. LWEFEED 

Ct..LL N1ROI 
(t:.LL CLROw; 
M'1l E. POW8{)8(.J 
(ALL LDHl 
LO~ ()3Ff.:..3 
~DO L 
MO'I L. t.. 
MO'/ 
HC1 (/.J') 
MO'I H, t.. 
)MF 

• HOME (I)F<''SOR TO TOP 

M'1l E. F IPS TRO 
LDAI D 
M'II E. POW8')2(.J 
STAI 0 
(t:.LL LOHL 1 
M'II A. f),/.J 

S T&" ();F63 
JMF" P(IJF 

M'/I E. POt,.JSt:.'/E 
C&"LL LDHL 
SHLD (/::'F/.:.6 
,.,'/1 E. P 0t,.J8 1')2', 
(t:.LL LDHL 
M'1l E. POw-:,A'/E 
LO&"1 0 
MO'I E. t.. 
Me"1 t...1-1 
S Tt..1 D 
Mf)'1 

(.;DI t');-f) 
MO'J E, t. 
MO'I (... L 
STt..1 D 
Li-lL[' t'/:~~,:.. 

M'1l E. ~OIoJ:::-t'./8') 

LD~' u 
1'10',1 E. t.., 

MO'I A. H 
STt..1 u 
MOJ'I A, E 

t..DI I'./3'.J 

MO'I A. L 
STAI [, 
jM~ AO:"t;.o-! 

""/1 E. CH,",F-t~IY'" 

Lr.,&"1 [ 
(F-I t' ... r/J 

_,I uFF-Jw 
DCP (.. 
S"":A1 
[,':.1 

""'11 &." r~4~ 

:'-(..1 

!'JI 
CMF 
.Z 
D':I ~ 

cpr '/:>( 
_'Z r:.,-'4-=-
~,:;::, 

ICHr:-
-:(.,L~ ~D"'~ 
.)""~ A~::·C .... 

.'Z 

:.. r:Cw-?-:'.c:-:. 
;",1"'1 

2(..:v: 

• LO{..D "CC WITH D-E Dt..Tt.. 
• POZ,H D-E TO r~ P S DATA HI 
,POIo-l" TO rl R S DATA,HIGH 
• POW .. TO H PEG 
• puT I'ST POW. TO t..cr. 
,t..(C TO UPS HDD LOW 
• POINT D-E TO UFo'S DHTt-. LOW 
.POW, TO" P S D("'T(.; LOW 
• POw • TO L FtEG 
• PETIjPN 

,DO NE/T POW SIJ[:POUTINE 
• OFF 'SCPEEN CLEHP ROW ROUT HIE 
· MO'IE REFE~EfJCE POw .. TO H-L 
• LO':"D H-L 
• (Hf..P .. TO {..(C 
• HOD THE CHHP .. TO THE 
, FIRS T FtOW HDDPE'S'S 
, 1Ft.. Ct.PR ( OC(URED t..DD TO 
• THE D"T" HIGH 
• H-L POrrlTS TO LHJE FED P(JW 
,f'UT CUP "SOP TO L Ir~E FEO POW 

,POUlT O-E TO 1 ST PO"" 
, 'S TO~E F I P-;' TPOW TG ~r;W8()81') 

,MO'/E FtEFEPEHCE POw TO H-L 
,PUT CH"P .. E:;I;Cr-
• TO IE~'J 
· PUT CUP'S0P H':'ME 

: F-0I1Ji [j-E TO po"" 'S~'/E • (.;rlD 
· p'JT HJ H-L ~E(: 

· 'S TGF-E POw Se..'/E .. T(, TEMP 1 • 
,FoC'PH L.'-E TO E/A't' ... POW" t.rID 
· PI_'T AD['F-ES:" p~ ~-L PEt:, 
• PO PH ['-E Te' PO"" St.'/E • &"N(' 
.F--IJT IrJ CoCC 
,:::-(,8;'.; ~C,W • T'j A[,Ct t-/JGH 
· -; ;':'PE ::" ... ;( ... P::"\.oO .. :e' .J P :. 
• r.."T~ t-'£,(,H 

,"P'JT 8(.J:::-I'.J Prj\.,! • TO 
• ''; P -:. [,e.,Tt.. Le,,,,, 
,:::-r.J2 rJ P(:-..I .. IS tJ0W IrJ PO,"" 'S&.' 
,P •• 'T PfJw S':",E • E:&.,O r::.. t.4-L 

· C0~E"7 'St..ME t.s "E:O'/E 

Po:. I,.T -:''"IE :'-E F-Er:.- T:. O:' ... A~ • 
(..1,:, ~ ...... :'j ,:.,':S 
-:'"E:. ... ::-:F T .... E c ... t.~ .. = 

· TO:, ZE~C' .".'t""~: ~ Tr: _'E 
.:',E:F-Et""E'J"" :"'Ar:. .. 

:. T:,r:.E ~EO:~E"'E~~TEr.· O:I-'t.P .. 
::E": ;...-_ ~:.p 'JEI.. ":'_Ir:.:..,:>r:- :..'):(.. 
~,_,- :'..I~:':;::' r'. :E·r:.r:.P'P,-E: L.C' 

,"': IE "'",,1£ r:"'''t:. .• 
... : ~:,- A';: : ... ·::;::.E 

r:. ::.~ ... "'_'_ .... : -='>::' .. ::1.1 ':".: :
": '.E .... : .r:.:.: r:. _ :.':." ... : :.,~ 
T£;'7 !~ '.EIT ._'r:. ::"..Ir:.'S:'~ 10.1: __ 
cE :.,~ T..IE ~ !~:. - r:: ..... 
:~ -;::' .. r=: .. ,_, ... ;::. 7:-

, .,;::, ::c.:l.~ r:.:,..:-P.E 
~r:.!'<";' ... -~ E.':":~' T:· 2" .. ;(.1 ;:;'C'J,j .. 

.:~ 2':':2'",.1 PCw .. !:.. E~'_IC._ -:'": 
ZEe:: .',_~;::" 7: ~r:,""! '::: r:.:·'_'-Z'.E 
:E:;::"E~E';"'i" ;''-:,;:''.J ~O:..t • 

;::':.!'~"" ... -~ "":C· ~.'EIo.i C'~'~:':'F ~::·CGo 

"'.:: :'-E "",:".: 2( ... 2: F:I... _'IJ..-tr: 
· - .. : .:.:: : .. "="S .... E;::.. ;::"S,-)"T':'.;E 

;::. •. - =-1r:.:'- ;::..: ...... : "tI-:-:' Go:,: 
· .... ES ... :=- =-i;::"-;'- r:.: .... I-:. = -;: 

ZEr::, ;F -r:.,_+E J.j~c. Te' clj'" 
· 4; r:.:·_· ... :"'E 

.r:-:: ....... ;..._:... T:. ;:';-: 
"'.: _:''':' -: c..:: 



534 OJIE 3E2F R048: MVI A.02F j CHANGE 8080 ROW • A 0007 ACELO OIIC AOCUR 0161 ADOCH 0299 
53~ 0320 77 MOV M. A j TO 230 AND STORE B 0000 B110 0004 BI200 OOEC B150 OODA 
536 0321 C30103 JMP LOOPI J JUMP TO POINTER EXCHANGE ROU BIBOO OOF2 82000 OOF8 

84800 OIOA 
B2400 OOFE 8300 (IOEO 

537 
:538 0324 3E2F FR048 MVI A.02F 
539 0326 77 MOV M. A 
540 0327 C30F03 JMP LOOP2 
541 
~42 0:.32A 3E2F LR048: MVI A. (J2F 
543 032C 77 MOV M. A 
544 0320 C:31:2.03 JMP LOOP3 
545 
546 i CLEAR ROW ROUTINE 
547 
548 0330 C03603 CLROW CALL CLROWI 
549 0333 C36E02 JMP CR 
550 
551 0336 IE61 CLROWI; MVI E. ROW8080 
552 0338 C08202 CALL LDHL 
553 0339 3E50 CLROW2: MVI A.050 
554 0330 3620 LOOP4. I'1VI M.020 
555 033F 30 OCR A 
556 0340 C8 RZ 
557 0341 23 INX H 
558 0342 C33D03 JMP LOOP4 
559 
560 0345 D301 ~ELL: OUT 001 
561 0347 C9 RET 
562 
563 0343 AF IVERTN: XRA A 
564 0349 IE68 MVI E.IMASK 
565 034B IA LOAX 0 
566 034C 17 RAL 
567 (>340 OA5203 JC RESET 
568 0350 3E80 MVI A.080 
569 0352 12 RESET: STAX 0 
570 0353 C9 RET 
571 
'572 0354 E'3 IVERTR PUSH H 
573 0355 IE61 MVI E. ROW80S') 

J pur THE 1ST ROW TO 
; 17H. 
i JUMP TO 8080 ROW • STORE 

; PUT ROW DATA IN H-L REG 
; INTILIZE LOOP COUNTER. 
; STORE ASCII SPACE IN I'1EI'1 
; DECREMENT LOOP COUNTER. 
; RETURN IF ZERO BIT IS SET. 
; NEXT LOCATION 
; CLEAR NEXT LOCATION 

; RING ~ELL 

; POINT O. E TO MASK 

; CK BIT 8 STATUS 

; INVERT BIT 8 
; STORE OUT NEW MA:=·K 

B3600 0104 
B9600 0116 
BAUD 0093 
CHARNU 0063 
CLROWI 0336 
CRTCRO 0064 
FIRSTR 0062 
HMCUR 0087 
INIT 003B 
IVERTR 0354 
LOHLI 0283 
LOOP2 030F 
LOOP/' 035C 
NRS 0061 
PSW 0006 
ROLO 0200 
SAVRO 027B 
SWAP 02B5 
UPROW 02EE 
ZCRTC 024A 

NO ERROR LINES 

BACK 0083 
BELl 0345 
CLRAI1 0042 
CLROW2 033B 
o 0002 
FR048 0324 
HOME 02A4 
INTACE 014A 
L ooo~ 
LF 0280 
LOOP3 0318 
LR048 03~A 
NXRO 018E 
RESET 0352 
Rowe08 0061. 
SCROLL 0205 
TEMPI 0066' 
UP$CL 0308 
ZFRO 021E 

SOURCE CHECKSUI'1 • 403F 
OeJECT CHECKWI'1 • OF51 

B600 00E6 
BACK I 02FB 
as 02EO 
CLRAMI 004C 
CLROW3 0lC4 
DONE 0376 
FUNC 0170 
II'1ASK 0068 
INTKIl 013~ 
LASTRO 0060 
LOOP 0244 
LOOP4 0330 
1'1 0006 
NXROI OIOC 
RESET! 0370 
ROWSAV 0065 
SP 0000 
TEMP2 0<)67' 
VERT I 024F 
ZLRO 0219 

INPUT FILE I. CRTSOA. SRC ON JIMFI'1 
OBJECT FILE I: CRT BOA. 1;1'1' ON JIMFM 

117200 0110 
BACK2 0364 
C 0001 
CLROW 0330 
CR 026E 
E 0003 
H 0004 
INCRO OIE~ 
IVERTN 0348 
LDHL 0282 
lOOP1 0301 
LOOP5 OICF 
NEWRO 022~ 
PCUR 01133 
R048 031E 
ROZERO 0107 
START 00(10 
UF'CLIR 02FI 
ZCHAR OlF3 
ZROW OIFB 

574 0357 C(r8202 CALL LDHL ; LOAD 1ST ADO OF B060ROW TO 
575 035A 1E'50 MVI E,050 i SET COUNTER 
~76 035C 7E LOOP6' MOV A.1'1 ; GET CHAR. 
577 0350 17 RAL ; CK BIT 8 STATUS AND INVERT 
578 «35E OA 7003 JC RE::;ETI 
579 03t:.l IF RAR 
580 0362 F 680 ORI 080 i MASK BIT S HIGH 
581 0364 77 BACK2: MOV M. A ; STORE MOO. CHAR TO MEM 
582 0365 23 INX H ; POINT TO NEXT MEI'1 
583 0366 7B MOV A. E 
584 0367 FEO! CPI 001 
585 0369 CA7603 JZ DONE ; RETURN IF COUNT - ZERO 
586 036C 10 OCR E i DEC. COUNTER 
587 0360 C35C03 JMP LOOPb 
588 
589 0370 IF RE:::ETI RAR 
590 0371 E67F ANI 07F ; RESET BIT 8 
591 0373 C36403 ... IMP ~ACK2 
592 
593 0376 EI DONE: POP 
594 0377 C" RET 
595 0000 END START 

DEFINITIONS 

ACE - Asynchronous communication element 
CRTC - Cathode ray tube controller 
Video Page - Visible screen data 
Video RAM - Entire portion of RAM used only 
for display 
First Row # - Address for top row of video page 
Last Row # - Address for bottom row of video page 
CRTC Row # - Address for next row load 
8080 Row # - Address for cursor row 
Character # - Character location in a row 
XXXH are hexidecimal numbers 
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Graphics Using the DP8350 
Series of CRT Controllers 

The DP8350 CRT Controller series is a versatile building 
block for both low and high·end CRT terminal applica· 
tions. This application note demonstrates how the 
DP8350 may be used in CRT graphics applications. 
Although this presentation is general, when specific 
examples are given the DP8350 ROM programmed 
version of the DP8350 series will be used (80 characters 
per row, 24 character rows, 5 x 7 character, 7 x 10 
character field size). 

BACKGROUND INFORMATION 

The basic function of the DP8350 CRT controller is to 
control the elements of the "video loop" (Figure 1). A 
memory address generated by the CRT controller is 
presented to the CRT memory, which stores a record of 
what appears on the CRT display. The character gen· 
erator converts this stored information into serial video 
data to the CRT monitor. The intensity of the CRT 
electron beam is modulated by this video data and its 
position is controlled by the horizontal and vertical sync 
pulses generated by the CRT controller. 

The CRT screen video area is divided into character cells 
(Figure 2). Each cell has a unique CRT memory address. 
The DP8350 must present the correct character cell 
address to the CRT memory at the appropriate CRT 
beam location. Use of the line counter outputs of the 
DP8350 make possible the subdivision of· each charc 

acter cell address into the unique scan line of the present 
CRT beam location. 

For the DP8350 and its unique internal ROM program 
format, each character cell is composed of 70 dots (7 
dots wide and 10 dots high) Figure 3. When using the 
DP8350, each of these· dots may be active video data. 
Typically however, in alphanumeric display systems, the 
character generator will provide cell to cell character 
spacing on the CRT screen by blanking some number of 
rows and columns of dots. That is why the DP8350's 
7 x 10 dot field is used with a 5 x 7 character generator 
(2 horizontal and 3 vertical dot spaces). 

In fact, it is the character generator that restricts the use 
of the. full character cell dot field, not the DP8350! 
Using a character generator which allows video on every 
scan line and all dots of the cell width, makes graphic 
capability possible. This type of graphic display genera· 
tion is called "character generator graphics." 

All of the dots on the CRT display may also be inde· 
pendently controlled by a separate CRT memory address 
location; this is called "memory mapped graphics." 

National Semiconductor 
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Both of these graphics display generation techniques will 
be discussed here, with demonstrations of how the 
DP8350 series may be used to reduce total component 
count. 

CHARACTER GENERATOR GRAPHICS 

In this graphics system (Figure 4) the character generator 
block contains a ROM that has been programmed with 
graphic symbols whose size is contained within the 
character cell size. This ROM may at the same time 
contain alphanumeric characters that do not use the 
full character cell size. 

The block representation and operation of this system is 
the same as the alphanumeric's system previously de· 
scribed. The CRT memory presents the same character 
cell data to the character generator on every scan line of 
that character cell address. The character generator ROM 
is organized with addresses defining a particular symbol 
and addresses defining which scan line of a character row 
the CRT electron beam is currently on; thus defining 
the video data for that scan line of the symbol. The 

. scan line address data comes directly f~om the DP8350. 
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The parallel data that results is video data for that screen 
address cell width. This data is then serially shifted to the 
CRT monitor with a parallel to serial shift register. 

This system allows every scan line of a character row to 
have active video information; thus the graphics symbol 
may be programmed to all sides of the character cell 
providing continuity from cell to cell both horizontally 
and vertically. At the same time, the alphanumeric's 
character may be programmed with cell to cell spacing. 

Character generator graphics is the simplest most cost· 
effective approach to CRT graphics. It requires a mini· 
mum of software development and hardware support. 
The DP8350 CRT controller provides all the required 
timing and control pulses for the CRT memory, character 
generator, and CRT monitor. 

Graphics capability with this system, however, is some· 
what limited since individual dot control is not possible; 
only character cell symbol control is available. This 
system does apply well in such applications as bar 
graphs, circuit schematics, or flow charts and when 
these need to be combined with alphanumeric data. 
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240 241 242 243 

.. . . . .. .. : .. .. .. : .. .. . 
1680 1681 1612 1683 

1160 1761 1762 1163 
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"VIDEO lOOP" 

VIDEO DATA 8US to. 
SERIAL VIDEO DATA 

) CHARACTER 
GENERATOR , 

"'" :.. 

CRT VIDEO { CRT ) MEMORY CONTROL MONITOR 

8US 

""' ...... :.. 

VERTICAL SYNC 

CRT 
CONTROllER 

CRT MEMORY (OPI350) HORIZONTAL SYNC 

AOORESS BUS 

FIGURE 1. Elements of the "Video Loop" 

CHARACTER CellS PER ROW 

4 .... 75 76 

84 .... 155 156 

164 .... 235 236 

244 .... 315 316 

.. .. .. .. .. .. .. .. .. .. 
1684 .... 1755 1756 

1764 .... 1835 1836 

1844 .... 1915 1916 

77 78 

157 158 

237 238 

317 318 

.. .. .. .. . . .. 
1757 1758 

1837 1838 

1917 1918 

79 

159 

239 

319 

.. .. . . . 
1759 

1839 

1919 

ROW I 

ROW2 

ROW3 

ROW4 

ROW22 

ROW2J 

ROW24 

NUMBER OF 
SCAN LINES PER 

CHARACTER Cell 

Cell DOT WIDTH 

CEll 
WIDTH 

TH E OP8350 HAS 
7)( 10= 70 DOTS PER 
CHARACTER CelL 

FIGURE 2. CRT Screen Cell Address Map Presented to 
CRT Memory by the OP8350 (Top of Page Register 
Contains Address 0) Character Cells Per Row = 80 
Character Rows Per Frame = 24 

FIGURE 3. The OP8350 Character Cell is 
7 Dots Wide and 10 Dots High 
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CHARACTER GENERATOR GRAPHICS-WITH 
LINE BUFFERS 

Modification of the character generator graphics block 
diagram is possible with the addition of a reCirculating 
line buffer placed between the CRT memory and the 
character generator (Figure 5). In this case the character 
generator addresses for a cha'racter row are loaded 
serially into this shift register on the scan line before the 
first video scan line of a character row. These addresses 
are then recirculated for the number of scan I ines per 
character row minus one,(then the next character row of 
addresses is loaded). This system allows access to the 
CRT memory by the system controller on all but one 
scan line of a video character row. In contrast, the 
system previously described would have allowed access 
only during blanking intervals. In systems that require 
heavy access to the CRT memory to update screen 
information, this approach is very attractive. 

In this case, as before, all the required control pulses for 
the "video loop" are provided by the DP8350 CRT 
controller. 

MEMORY MAPPED GRAPHICS 

If a very high resolution graphics display is required, 
every dot of 'the CRT display may be independently 
controlled. In this case, every dot of the CRT screen 
may be mapped to a specific CRT memory data bit-thUS 
the name Memory Mapped Graphics. This type of 
system is obviously a more costly type of graphics, since 
to control every dot not only is there a need for more 
CRT memory, but the microprocessor overhead in such 
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a system. will be greater-both software and hardware. 
In any case, the DP8350 easily adapts to such a system 
as demonstrated in Figure 6. 

In this approach, if you subdivide each character cell 
such that each scan line of the cell may be independently 
addressed, then from the CRT memory block instead of 
8 bits of data defining a character cell code to the 
character generator, you get 8 bits of di rect video data. 
Then the CRT memory block serves double duty-CRT 
memory storage and symbol or character generator. All 
that is left to do is convert this parallel video data to 
serial video data as before. 

In the case of the DP8350 internal ROM format program, 
each cell is 7 dots wide; thus only 7 bits of video data 
are needed per character cell/scan line address. The 
DP8350 addresses the memory block as before with the 
character cell address, but in this case also with the scan 
line address. In this manner, the DP8350 series has a 
maximum address capability of 16 bits (64k). 

VARIATIONS 

If memory mapped graphics is desirable but standard 
,alphanumerics is -also required, combination of these 
techniques is possible. For example, if only a small 
portion of the CRT screen need be memory mapped and 
the remainder can be character generator alphanumerics 
and/or graphic symbols. In this case a higher order data 
bit from CRT memory defines whether the lower order 
data bits are graphics video data or ASCII and graphics 
symbol code. Figure 7 is a block diagram of such a 
system. 
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FIGURE 5. Character Generator Graphics (With Line Buffer) 
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FIGURE 7. Combined Character Generator and Memory Mapped Graphics. 

SUMMARY 

This application note has demonstrated 2 basic graphics 
techniques that may be implemented using the DP8350 
CRT controller. Variations to these techniques are 
possible such as changing character cell sizes and sub
dividing the character cell into dot blocks. In most cases, 
these variations are done to decrease hardware or soft
ware overhead. Since the DP8350 series of CRT con
trollers offer display format flexibility through internal 
ROM program variations-the device adapts equally well 
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to these graphics variations as it does to the standard 
applications. 

The fact that all the required control functions for the 
"video loop" are contained within the same chip-the 
DP8350-makes it very effective in these types of appli
cations; as a result it will produce the minimum chip 
count and cost. 



! Graphicsl 
:Z Alphanumerics Systems 
« Using the DP8350 

National Semiconductor 
Application Note 243 
Mike Evans 
April 1980 

This application note summarizes some CRT terminal circuits, each with an increasing degree of graphics 
capability, and then goes Into detail to describe a system having full graphics capability, with all dots individually 
programmable. All these applications use the DP8350 CRT Controller. 

Here are some of the features of the full graphics system. 

Hardware Features 

• The hardware is designed for a 24 row by 80 
column display, y.Jith 7 dots per column and 10 
lines per row 

• All ICs are made by National Semiconductor 

• Low I.C. cost, ail parts readily available 

• Fits on one standard BLC80 (SBC80) card 

• System performance only limited by software 

• 8080 Mnemonics- useable with STARPLEX or 
Inteilec Development Systems 

• All graphics programs very fast 
Example: One dot takes 500J.ls maximum to 
plot 

• Durin'g display time, each 7-dot cycle may be 
shared by the microprocessor 

• 8 bit word comprises MSB as attribute and next 
7 bits as 7 dot word of a character line 

• Can Input display data seriaily or parallel 

• Can output display data serially or parailel 

• Baud rate programmable from 110 to 56k baud 

• Can be used as slave to main system 

• Can copy characters from alphanumeric ROM or 
symbol EPROM 

• 13k bytes of RAM available for user software or 
back-up display storage 

• Analog inputs - joystick or waveforms 

• Easily expandable to color graphics 

The DP8350 CRT Controiler provides incrementing video 
addresses starting from the Top of Page, address, or 
from a new Row Start address. These addresses and the 
Cursor address are loaded into their respective regis
ters from the address bus. Ail video control signals are 
provided by the 8350, so that apart from the crystal oscil
lator, no extra video circuitry is required. 

Software Features 

• The software is programmed for any display 
configuration of rows, columns, dots per column 
and lines per row. The hardware Is deSigned for a 
24 ,row by 80 column display, with 7 dots per 
column and 10 lines per row. 

• Can perform most dumb terminal fun~tions, 
including scroiling 

• Simultaneous display of alphanumerics and 
graphics 

• Identical terminals can display same Information 
with inputs from either 

• Can save displays in computer storage 

• Can load displays from computer storage 

• Can erase any part of display or all of It 
• Can draw a rectangle linking any 2 horizontal and 

2 vertical coordinates 

• Can transfer In 1/1Oth second max any area of 
display to any other area or to/from back-up 
display storage 

• Smooth movement of subject In any direction 

• Immediate display of fixed diagrams 

• In-system emulation of programs available 

The DP8350 has so far been considered to be useable' 
only in dumb terminals, whereas in fact is is easy to 
adapt it to more complex terminals with fuil graphics 
capability. Following is a summary of the functions of 
the various combinations of alphanumerics/graphics 
displays beginning with a dumb terminal using a monitor 
with 24 x 80 characters. ' 
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Dumb Termin,al 
The basic dumb terminal design is shown in Figure 1. 
Usually the microprocessor loads the Character Position 
RAM (or Refresh RAM) only during horizontal or vertical 
blanking, or during the last 3 lines of a row. The CRTC 
then sequentially addresses this RAM during display 
time. The ASCII data from this RAM (for the character 
selected) is outputted to the ROM of the Character Gen
erator. The 7-dot word of this character for the line being 
displayed is then loaded into a shift register, and shifted 
out as video to the monitor during the next 7·dot cycle. 
The ROM, line counter and shift register can be one IC, 
such as the DM8678 DAB Character Generator, which 
contains all ASCII upper case characters. 

f 
24 

ROWS 

1 

1..-----80 CHARACTERS -----1-.1 

LINE 9 
LINE 0 

1 
2 
3 
4 
5 
6 
7 
8 
9 

LINE 0 
654321 

I 
7 OOTS PER I 

.... CHARACTER-' 

06543210 

...... DOT WORD-.. 

r 
10 LINES 
PER ROW 

1 

The logical choice of CRT Controller for this simple CRT 
terminal is the DP8350, which mates perfectly with the 
DM8678. The most common application is for a 24 row by 
80 column display with the character field comprising 
of 10 lines each of 7 dots. The character itself occupies 
7 lines each of 5 dots, leaving 31ines for vertical charac
ter spacing, and 2 dots for horizontal character spacing. 

Refer to AN198 and AN199 for further information on 
alphanumeric applications of CRTs. 

rBLoCi<
ICAN BE 
IOM8678 

I 

.......----, CLEAR LINE 

CRTC 
(8350) 

COUNTER 

LINE 
....... --,~-.... CLOCK 

REFRESH 
OR POSITION 

RAM 

ASCII 
CODE 

I I 
I I 
I I 
I I 
I VIDEO I 

L __ L.-_ ...... -----J 

1 .... ----CRTC ON ADDRESS BUS ----.... ·I~-

Figure 1. Simplest CRT Terminal 

Disadvantages for Graphics 

• Only characters in the Character Generator ROM can be selected 

• Characters not continuous to adjacent fields 

• Microprocessor thru·put 30% of maximum - not desirable for graphics 
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Alphanumeric Characters with Extra 
Symbols 
When characters or symbols are required that are 
different from those in the ROM, then an extra EPROM 
such as the MM2716 ~an be added as shown In Figure 2. 
The standard characters can be selected from a sepa
rate ROM such as the MM52116FDW which contains all 
128 standard ASCII characters. The EPROM is pre
programmed with additional characters or symbols. The 
8350 outputs sequential addresses to the Refresh RAM, 
and each address is two dot cycles ahead of the shifting 
dot word. 

PART OF 
ASCII ROM EPROM 

/ , 

LINE 9 -=:t=t=a=S~E=t=a:-LINE 0--= 

EPROM _-I-' 
2 1 0 6 5 

Refresh RAM MSB: 

o selects alphanumeric ROM 

1 selects symbol EPROM 

The data out from the RAM must be valid 150ns after 
each address change. The MSB of the data selects ROM 
or EPROM, and the remaining 7 bits select the character. 

(The line of the character is decoded from the 4-bit line 
counter outputs coming from the 8350. The ROM/EPROM 
now has 640-150ns (>450ns) to output the valid dot word. 
This has to be latched Into an octal latch and held for one 
dot" cycle before it can be loaded into the 7-bit shift 
register. The dots are then shifted out in the dot cycle. 

4-BIT LINE 
CRTC I COUNTER 

(8350) I LCO-3 

ADDRESS BUS 

fAP REFRESH 
RAM 

+ DATA BUS ~,t. ~ 
.A 

" 
~..---

"4 

+ ..... ~ 

MM2716 MM52116FDW 
EXTRA STANDARD 

CHARACTERS ALPHA-
tSYMBOLS NUMERICS 

EPROM ROM 

~ .... 
y 

..... ~ 
OCTAL LATCH 
+7-B1T SHIFT VIDEO 

REGISTER 

Figure 2. Fixed Character ROM + Symbol EPROM 

Disadvantages For Graphics 
• Fixed graphics possible with continuous display, but limited to 128 different characters, and 128 standard alphanumerics, 

for all 1920 positions. 

• Also it is not possible to change characters/symbols once the EP~OM has been programmed. 

• The Microprocessor is still slow thru·put. 
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Limited Graphics Terminal 
To be able to generate any graphics symbol, a character 
RAM must replace the fixed ROM characters. Charac· 
ters or symbols can be loaded into the RAM as required 
from a ROM or apre·programmed EPROM like the 
MM2716 (refer to Figure 3). But no,w, new graphics 
characters can be written into the RAM from the Micro· 
processor. These can either, be derived internally from 
the f..IP or obtained directly from peripherals (such as 
serially to an Asynchronous Communications Element 
like the INS8250, or parallel from an external I/O port). 

MM2716 
CHARACTER I 

SYMBOL 
EP/IOM 

MM52116FDW 
ALPHA· 

NUMERICS 
ROM 

This limited graphics application thus requires two 
RAMs, the Refresh RAM (or Character Position RAM), 
and the Character RAM. The Refresh RAM outputs the 
selected character address, and the 8350 line counter 
outputs select the line in the Character RAM. The 7 dots 
outputted from this RAM are latched into the Octal Latch 
and held for one dot cycle. The 8th bit of data can be 
used as an attribute control bit. ,The 7 LSBs are then 
loaded into the 7-bit shift register. 

"p 

eRTC 
(8350) 

REFRESH 
RAM 

4-811 LINE 
COUNTER 

LCO-3 

FROM PERIPHERALS 

---------------------------4 

Disadvantage for Graphics 

CHARACTER 
RAM 

Figure 3. Character RAM with ROM/EPROM'Look.Up 

• Only 256 possible characters per display, with the 8-bit data bus, but can re·load different characters for a new frame. 

Advantages 

• Can now load standard characters or symbols from EPROM, either at switch·on or during normal running. 

• Can also load characters/symbols/graphics from the I-IP or peripherals, e.g., to create graphics drawings to connect to 
adjacent positions. 

• Can now be a very fast system - by isolating the I-IP address bus from the CRTC address bus, th.e I-IP can share the dot 
cycle with CRTC. I 

• Refresh RAM and character RAM can be made the same IC by using one 8k x 8 quasistatic RAM. 
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With the 'new 8k x 8 quasistatic RAMs such as the 
NMC4864, the first quarter can be used as a Refresh 
RAM for the 1920 character positions. The RAM data 
outputs containing the character address can then be 
latched into an octal tri·state latch. If the 8350 address 
bus is then disabled, the octal tri·state latch can feed 
back to the RAM second half address inputs, along with 
the enabled 8350 line counter outputs. The data out 
from the RAM now contains the next 7·dot word to be 
displayed and this is then loaded into the shift register. 
This takes the last two thirds of the dot cycle, the first 
third is for the ",P. With the fast cycle time of the quasi· 
static RAMs this 3 part cycle can easily be accom· 
plished in one 7·dot cycle. (Refer to Figure 4.) 

STANDARD 
CHARACTER 

ROM 

L-1 

CHARI 
SYMBOL 
EPROM 

lIP 

ONE 7·DOT CYCLE --. ..-

With the method just described it is only possible to 
display 256 different characters for anyone page, 
because each character consists of 10 lines, almost 
filling the second half of the quasistatic RAM. If this is 
acceptable, then a limited graphics terminal can be 
easily implemented using a microprocessor, with one 
MM2716 instruction set EPROM, one MM52116FDW 
character ROM, one MM2716 symbol EPROM, one 
DP8350 CRT Controller, the NMC4864 quasistatic RAM, 
and a DM74166 shift register. The' logic and drive 
circuitry required to control the sequencing comprises a 
further 15 SSI ICs. This application has not yet been 
built, awaiting availability of the quasistatic RAMs. 

16·BIT 
ADDRESS 
BUFFER 

BI·DIR 
BUFFER 

L+1 

4·BIT 
LINE CTR 

t--....... ~ VIDEO 

Figure 4. Limited Graphics Using a Buffered CRTC Address Bus and a Ouaslstatic RAM 

Advantages 

• Only one IC, an 8k x 8 quasistatic RAM, used for both the refresh RAM and character RAM 

• Fast, although ",P may be in the wait state for a maximum of 600ns. This Is no problem because the fastest ",P instruction 
cycle Is 1 "'S, so there will be no effect on maximum thru·put. 

Disadvantages 

• No quasi statics available at the time of writing 

• Full graphics capability not possible 
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Full Graphics Capability 
We need to be able to select any dot on the display, for 
full graphics capability, while still using the CRT 
controller to sequence every line of every row, as it does 
in the simple terminal (See Figure 5). 

With the standard 24 x 80 character display; full 
graphics can be achieved by using a 24. (rows) by 80 
(columns) by 10 (lines) address RAM, and selecting the 7 
dots as the data word for the character pOSition on the 
display and the line of that character pOSition. 

This means that alphanumeric characters can be 
displayed In exactly the same format as with a simple 
terminal, by copying the character from ROM or EPROM 
Into the selected 10 line by 7·dot field, line by line. 

/ 

W-L 
-...e-10LlNES 

++T 
? DOTS --I l-

Full graphics capability Is also easily Implemented 
once the relevant software algorithms have been 
determined. 

So for full graphics, every dot is one bit of memory. 
There Is no refresh RAM, refer to Figure 6. The CRTC 
scans through the Display RAM, a line at a time for each 
row on the CRT, causing the RAM outputs to be read 
every 7 dot cycle. The RAM output is shifted out two dot 
cycles later. The microprocessor may write into the Dis· 
play RAM each 7·dot word, with "1's" representing dots. 
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Figure 5. Full Graphics Capability Requires Individual Dot Selection 
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Figure 6. Full Graphics System 
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CRlC Address Bus Configuration 

The particular RAM address to be written into is 
determin'ed by its 10 x 7 character field position and the 
selected line of that field; refer to Figure 7. 

The 11 least significant addresses Ao to A10 contain 
character position information from position 0 to 1919, 

and the next 4 addresses A11 to A14 are the 8350 line 
counter outputs via a tri-state buffer. The most signifi
cant bit, A15 is used to select the RAM when HI, and the 
EPROMs and peripherals when LO 

LINE 0 -H~""*-i .... .-t1r-
1 -H~-+-+-II-+--!-+<I--
2 -H~-+-+-II-+--t-HI--
3 -H~-+-+-II-+--t-HI--
4 -H~-+-+-II-+--t-HI--
5 -H't-t-+-+-+-+-+++-
6-H~~""*"+++-
7 -H't-t-+-+-+-+-+++-
8 -Hft-t-+-+-+-t-+-H--

LINE ~f=t:$S$a=a=1=-
065432106 
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·1 , 

~, 

\ ./ 

11---,-1_' '\---\--~I 
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RAM ..-COUNTER--.. 

OUTPUTS 
0-9 

ATTRIBUTE 
BIT ~ 

RAM LC3 LC2 LC1 LCO A10 -A9 AB A7 A6 A5 A4 A3 A2 A1 AO 

11\0\0\0\0010\010\0\0\010\010\01 I LINE 0 POSITION 0 
LAST LINE OF 

OISPLAY START I 1 \ 1 1 0 1 0 \ 1 0 1 0 1 0 1 0 \ 0 1 0 1 0 \ 0 -I 0 1 0 1 0 1 
AT CBOO H I LINE 9 POSITION 0 

OISPL~~SNJ~~FO~ '-1 -1 -i-1-1 ... I-o-.I-0-.\-1-i-1 ....... \1-.\-1 '\-0'\-1-'\-1'\-1-\'-1---'-\-1"'\-1'\-'1 \ 
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Figure 7. RAM Addressing 

5,54 

-I 
24 

ROWS 

_1 



Graphics Design Criteria 

In the simple CRT applications, the microprocessor is 
used mainly to re-write the Refresh RAM as new infor
mation is fed in, either from the keyboard, or from the 
main computer (via ACE). The fJP can still be used in this 
application for alphanumericslgraphics, but it is also 
desirable if it can perform graphics computations, such 
as drawing lines from the inputted coordinates. 

This requires the microprocessor to be able to write 7 
dot words quickly to the Display RAM. The best way to 
implement this is to time multiplex the dot cycle with 
the CRTC so that whenever the fJP requires access to 
the Display RAM, it merely waits for its slot in the next 
dot cycle, which could be up to 640ns later. The infor
mation is either written or read after 360ns, that is a 
maximum of 1 fJS after the memory access request, 
which is fast enough. Now the fJP no longer has to wait 
for blanking to be able to operate, it continues its normal 
operation and only enters the WAIT state during RAM 
access. Although this is for up to 1 fJS, in fact it is in 
general invisible because the fJP memory access takes 
at least 700 ns. 

The Microprocessor 

The 8080A-2 was chosen for the following reasons: 

• FAST - takes 21.84 MHz (2 x 8350 frequency) divided 
by 9 (in the 8224), to give a clock cycle of 2.427 MHz, 
i.e., 0.41 fJs per microcycle, or 1.6fJs for a short 
instruction 

• Software can be developed on STARPLEXTM or 
Intellec Development Systems 

• INS8080A-2, DP8224 and DP8238 are low cost and 
available from National 

Associated circuitry previously designed in 
Application Note AN199 

Note the DP8238 has advanced MEMW mode 
desirable so that the microprocessor can go into the 
WAIT state earlier in the write cycle. 

Interrupts 

The INS8259 is ideal as as an Interrupt Controller, 
because most interrupt signals in the system are 
positive going, saving D-type flip-flops. It can also be 
used to mask off interrupts when necessary. 

Interrupt Priority 

1) Horizontal Sync from the 8350, highest priority if row 
start has to be quickly changed, normally masked off 
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2) Paralleled 8-Bit 110 Port, highest priority if CRTC card 
is part of a master system, otherwise masked off 

3) Vertical Sync from the 8350, normally highest 
priority, need to· quickly change the Top of Page 
register for scrolling, to change the display before 
the new frame begins 

4) ACE, INS8250 - during serial block transfers this 
will take highest priority 

5) Keyboard - the time to press the keys is much 
longer than the interrupt wait time so can be low 
priority 

6) AID Converter - time for conversiqn is 100fJs so 
again can be low priority 

Display RAM 

The system requires a RAM with 24 x 80 x 10 addresses, 
each of 8 bits (representing 7 dots + 1 attribute bit), and 
a cycle time of 640ns/2 or 320ns. Using static RAMs 
19.2k bytes would require 40 ICs, whereas using dyna
mic RAMs 16 ICs are necessary, totalling 32k bytes. 
This leaves 13k bytes available as spare RAM. 

Advantages of Dynamic RAMs 

• Only 16, 16-pin packages instead of 40, 18-pin 
packages 

• Less than $10 for 16,000 bits 

Fast access and cycle times using the MM5290-2 
(average cycle time is 320ns). Even faster times with 
the 5V only 16k MM5295 

• Standby current only 5% of operating current 

• Less average power dissipation than for static RAMs 

This means average power diSSipation is 3D mA x 12V x 
112 x 112 x 16 or 1.5W for all 16 packages (only one bank 
is accessed per cycle by the CRTC for half the dot cycle 
time). For 40, 4k x 1 static RAMs, average power is 
80mA x 50V x 40 or 16W: Note that if the MM5295 5V, 
16k x 1 dynamic RAM is selected, power dissipation will 
be even further reduced, with access and cycle times 
about half the 3 rail version. 

Disadvantages 

• Not easy to interface to 

• Need to be refreshed every 2 ms - see "Refreshing 
of Dynamic RAMs" 

• 3 supply rails needed, +12V, +5V, -5V, but these 
are already required for the 8080 



Refreshing of the Dynamic RAMs 

With 16k dynamic RAMs all 128 rows of every RAM have 
to be refreshed every 2ms maximum to maintain valid 
data. It Is possible to manipulate the addressing of the 
CRTC address bus to the dynamic RAM multiplexed ad· 
dress bus, so that there is no need for a separate refresh 
counter. This is because for any display row, the 8350 se· 
quences all 80 characters, starting at line 0 and ending at 
line 9. Thus we can use the 3 least significant bits of the 
line counter outputs (An, A12, A13, from LCO, LC1, LC2) 
for three of the dynamic RAM row address bits, (corres· 
ponding to lines 0 to 7 of each display row), and the four 
least significant bits of the character position address 
(Ao to A3) for the remaining four RAM row address bits. 
See Figure 8. 

Unfortunately, because 19k addresses are required, it is 
necessary to use two banks of RAM (8 RAMs in each 
bank), giving a total of 32kx 8. This leaves 13k bytes 

.. 
LINE 9 

{ 
0 
1 
2 
3 

A13. A12. All 4 

LC2. LC1. LCD 5 
6 
7 
8 
9 

LINE 0 

available for scratch pad, display storage, and In· 
system emulation of programs. Therefore each row of 
this second bank of dynamic RAMs also has to be 
refreshed. By using address bit A4 to select the bank, all 
rows of the dynamic RAMs are therefore refreshed every 
32 characters, which in fact Is eight lines, or In effect 
one row of the display. The worst case Is when the 32 
characters are split over two display rows. There Is no 
problem during the vertical blanking because the 8350 
still outputs Incrementing addresses and LCGA con· 
tinues to activate the control logic. So refreshing stili 
continues during blanking. Thus the longest period any 
RAM row goes without a refresh cycle is 65~s per 
linex10 lines per rowx2 rows=1.3ms, which Is still 
within the 2ms maximum at 70°C. In other words, 
dynamic RAM refreshing is automatically performed by 
the 8350 sequencing the address and no extra circuitry 
is required. 

80 CHARS .-
31 

------------
------
------
------
------ ONE 
------ ROW 
------
------
------
------
------

~----------~y~------------------------~~ 
5 BITS 
~ 
A4. A3. A2. Al. AD 

L 
SELECT BANK 

4 BITS 
3 BITS 

7 ROWS 

LC4(A14). AlD. A9. AB. A7. A6. AS _____ ~ 
7 COLUMNS 

ROW/COl. EN. ---.-.. 

Figure 8. Automatic RAM Refresh 
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CRT Controller 

A graphics/alphanumeric CRT Controller requires the 
following (See Figure 9): 

1) All monitor signals provided - the 8350 provides 
Vert/Horiz sync and vertical banking 

2) Cursor signal - the 8350 has cursor enable 

3) Fast dot clock, a 7-dot cycle clock continuous, and a 
shift register clock only during display - the 8350 
has dot clock, LCGA and LVSR 

4) Line counter output 4-bit, tri-state - the 8350 has 
line counter output (but not tri-state) 

5) Ability to set top of page, row start and cursor reg at 
any time - the 8350 can do this using LD REG, RA 

. and RB inputs during the time the ~P is on the CRTC 
address bus. RA and RB can be data bus bits DBO 
and DB1, and LD REG can be decoded from the 
address bus 

I LOAD 
~ REGISTERS 

RA--' 

ADDRE~~ ••• ~ 
BUS 

50Hz 0, 
60Hz 0 ..... 

RAS 

DYNAMIC RAMS CAS 
WE 

ROW/cnL 

6) 50 Hz or 60 Hz capability - the 8350 has a frequency 
select input 

7) Incrementing position address, tri-state - the 8350 
has this, with a maximum enable/disable time of 30ns 

. This parameter is important in this application 
where it is necessary to switch the memory from the 
CRTC address to the microprocessor address, and 
back to the CRTC aqdress all in one 7 dot cycle of 
640ns. Other CRT controllers are not capable of 
enabling and disabling the CRTC address so quickly. 

Hence the DP8350 requires no extra circuitry apart from 
a Quad Latch to disable the Line Counter outputs. The 
8350 has internal ROMs which determine how many rows 
(24), columns (80), lines per row·(10); and.dots per column 
(7). Versions of the 8350 are available with other combi
nations. 

"p ENABLE 

12·BIT 
COM- ~---t~I--.... CURSOR EN. 

PARATOR 

TIMING 

LINE COUNTER 

4·BIT LINE CTR 

LINE DOT CK LCGA 
COUNT ENABLE 

MEMORY CONTROL LOGIC 

VERT. SYNC. 

HORIZ. SYNC. 

VERT. BLANKING 

LVSR 

Figure 9. 8350 Block Diagram 
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System Timing 

The standard timing for the dumb terminal type of 
application is shown in the timing section of Figure 1, 
with the microprocessor Inactive during display time. 
This is undesirable for graphics applications where full. 
use of the microprocessor is required for computations 
and peripheral control with very fast baud rate. To deter
mine the timing sequence it Is first necessary to calcu
late the CRTC frequency required for the dot clock. 

CRTC Frequency = d x [c + (characters during 
horizontal blanking)] x [(r x I) + (lines during vertical 
blanking)] x (line input frequency) 

where d = dots per character, 
c = columns on display 
r = rows on display 
I = lines per row 

For the standard 8350, 

f = 7 x (80 + 20) x [(24 x 10) + 20] x 60 Hz 

= 7 x 100 x 260 x 60Hz = 10.92MHz 

This is too slow for the DP8224 which divides the crystal 
frequency by 9 to provide the clock to the micropro
cessor. The 8224 frequency can therefore be 21.84 MHz 
as in Figure 10, and this is divided by 2 to provide the 
8350 dot clock of 10.92 MHz, or 91.6 ns per dot. A 7-dot 
cycle is 641 ns or 1.560 MHz; This is divided by 2, i.e., 
780k Hz, to provide a clock frequency for the AID con
verter. 

. The 8080 frequency is 21.84/9 MHz or 2.427 MHz. This 
frequency is also applied to the ACE to provide the 
clock for the Baud Rate divider. The baud rate is 
determined from 2.427 MHz/(16 x Baud Divisor). 

~p . 
AID 

CONVERTER 
AOCDBOB INSBOBOA-Z 

CRTC 
DP8350 

BAUD RATE' Z.4Z7MHz 
DIVISOR 

ACE 

DOT COUNT 

r---_~10.9ZMHz 

21.B4MHz 

EDGES OF MEMW/MEMR NEVER IN CONTENTION WITH 

1..... _____ ----1 

MEMORY 
CONTROL 

LOGIC 

LCGA FROM 8350 ____ .....;,~~---f-_~~5~RLBW~A~~DVM~~m~NIZATIDN OF TIMING, SO 

~P/CRTC ADDR. 

MEMR OR MEMW 

READY IL----:...I ____ ----II 
~P COMPLETING INSTRUCTION AFTER END OF READY 

I 
CLEAR ~p ACCESS I U 

~p ACCESS 1-"p REQUESTED ---I NOT REQUESTED 
--------~i L _______ ~ ___ ~~~~ _____ __ 

, RAM ACTIVATED 

1_---__ 641 os DDT CYCLE-----_ 

Figure 10. System Timing Control Circuit and Diagram 
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7 Dot Cycle Timing 

Figure 11 shows how the 7-dot cycle time of 641 ns can 
be time multiplexed into two separate control sequences; 
Microprocessor and CRTC. It is necessary that the new 
7-dot word to be displayed, is available at the com
mencement of the dot cycle shift. Therefore the 8350 
must access the CRTC address bus for the second half 
of the 7·dot cycle, in fact for the last 3 dots of the cycle. 
This allows the time period taken by the first 4 dots to 
be used by the microprocessor, so that the microproces
sor address output appears on the CRTC address bus for 
the first four dots, but only if a J-lP access is requested. 

The CRTC 15-bit address is time multiplexed into 7 rows 
and 7 columns to be applied to the dynamic RAMs, 
using 2 DS3648 muliplexer·drivers, with bit A4 selecting 
the bank. It is therefore necessary to latch in first the 
rows with_ RAS (Row Address Strobe), and then the 
columns with CAS (Column Address Strobe), for both 
the J-lP half-cycle and the CRTC half-cycle. All the set-up 

and hold times are met by the circuitry of Figure 12. If 
the J-lP is not requesting RAM access during its half
cycle, then RAS does not occur, although CAS still 
does. This is because RAS enables CAS internally in the 
dynamic RAMs, so that if RAS does not occur, the CAS 
has no effect and the RAM remains in standby mode. 
This is also the case in selecting the banks with RASa 
or RAS1. 

In the second half-cycle, the CRTC always reads the 
RAM, so WE remains HI, but in- the first half-cycle the J-lP. 
may request a READ or WRITE. WE remains HI for 
READ, and for WRITE remains LO while RAS is low. Note 
that the 8350 outputs the address word two dot cycles in 
advance, and therefore it is necessary to latch and then 
hold the dot word for one dot cycle. It is then latched 
into the 7-bit parallel-in serial-out shift register. The 8th 
bit from the latch can be used as an attribute bit. 

SIMPLE ALPHANUMERIC DISPLAY 

~P ACTIVE 

SINGLE LINE 
DISPLAY TIME (50~S) 

I'P INACTIVE 

80 DOT CYCLES 
641ns_ ... _ 

DOT CYCLE TIME 

I'P ACTIVE 

=== '========== :=========== 
GRAPHICSI ALPHANUMERIC DISPLAY 

DOT CYCLE 
COUNT 

DOT CLOCK 

LCGA (8350) 

8350 ADDRESS 
COUNTER 

CRTC ADDRESS 
SELECTOR 

CRTC ADDRESS 
BUS 

AAS 

RAM ADDRESS 
BUS 

CAS 

DOT CYCLE r I'P FREE TO USE CRTC ADDRESS BUS 8350 USING CRTC ADDRESS BUS 

I 

____________________________ ~I 
a-1 --------><~--------------------------------------

I L 
~ X CRTC ADDRESS a >C 

------------------~ ~------------
I'P ADDRESS 

~ 
=x 

I ~I ______ ~~ , , 
_____ I'P_R_OW ____ J~~ __ ~ ___ ~_P_CO_LU_M_N _______ ~ ____ C~RT-C-CO-L. __ ~>C 

• • I READ IL.-.. _____ --J I L ___________ _ 
WRITE) 

(CRTC a -1) (CRTC a) 

RAM DATA BUS -< VALID < VALID IF READ )>-__________________ --<r---
~-------~ '---, 

LATCHED 
DATA OUT 

SHIFT REG. 
INPUT 

a-~ 

a-3 

DATA LATCHED INTO OCTAL LATCH (FROM ADDRESS a -1) 

DATA LATCHED INTO SHIFT REG (FROM ADDRESS a - 2) 

Figure 11. Memory Control logic Timing Diagram 
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Figure 12 shows the Memory Control Logic required to 
correctly sequence the control signals and busses to 
the dynamic RAMs and associated components. The 
interfacing from the 8080 microprocessor (via signals 
MEMR and MEMW) is such that whenever the /lP 
requests to read or write to the dynamic RAMs, the /lP 
Access Flip·flops access the RAMs at the start of the 
next /lP cycle. At the end of these four dots, the 
information has either been latched into an 8·bit latch 
(for READ), or written into the RAMs (for WRITE). The 
READY signal goes active at this time which ensures 
that valid information is read at the end of the /lP cycle; 
refer to Figure 10. Also the fact that MEMR and MEMW 
occur at fixed intervals relative to the dot cycle signal, 
LCGA, means that system contention cannot occur. 
Therefore there is no need for arbitration between these 
two signals when a microprocessor cycle is requested. 

This also applies when selecting the 8350 to change 
Top of Page, Row Start and Cursor. To select any of 
these 3 registers, the /lP data bus bits DO and 01 are 
connected to RA and Rs to select the required register. 

I 

The information to be latched into the selected register 
has to be valid on the the CRTC address bus. Because 
this is time shared with the 8350 address counter, which 
outputs the incrementing display addresses during the 
second half of every 7·dot cycle, the CRTC register 
information has to be valid for the first half of the next 
dot cycle. The CRTC is selected with DS6/7 and MEMW, 
so that REGISTER LOAD occurs just after the CRTC 
register information becomes valid on the CRTC 
address bus. The 8350 spec requires that the address be 
valid 250 ns before REGISTER LOAD trailing edge (old 
data sheets do not state this), and that RA and Rs are 
valid at the leading edge. Note that the 8350 internal 
address counter can be enabled or disabled within 30ns 
of the ADDRESS ENABLE changing state. 

All the Logic for Memory Control is Schottky, due to the 
very fast timing required in the system. Note that the 
cycle time of the CRTC half·cycle is 270ns, which is less 
than the 320ns specified for the MM5290·2. This 
parameter is specified at 320ns for power dissipation 
reasons, and because the /lP is not fast enough to use 
its half·cycle every 7·dot cycle or 641 ns, the average 
cycle time is greater than 320ns 

~ ~I" 
~--+--.j:-ri.=LJcSO-r·-lCG.--rr-.L.J: I ~2 I • 

...:::.. ... 
CUAA 

~ ... tcns =Lr 

. r+l . ~ ... ",,'us 
H---~~'~.--~--~~~~ 

'-t---I 

~ 
,O! . , 

r- ------; > l5J74 « , > ":" 

'" LATCHED 1 , 
DATA OUT ATTAI8un 

I...------+----tc 174 0 4-----....J 

Figure 12. 8350 Graphics Memory Control Logic 
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System Configuration 

Figures 13 and 14 together show the system block 
diagram. The peripheral components of Figure 13 are 
used with the microprocessor circuitry of Figure 14. The 
right hand half of Figure 14 is equivalent to the circuitry 
of Figure 12. 

The LS138 address decoder is used for both I/O and 
memory addressing. Referring to Figure 15 address 
map, the peripherals are designated as I/O, and the 
EPROMs, ROM, CRTC and dynamic RAMs as memory. 
With address bit A15 HI, the 32k dynamic RAM block is 
selected. With address bits A14 and A15 LO, the LS138 
outputs are selected. A 11, A 12, and A 13 are decoded to 

ASYNCH 
COMMUNICATIONS 
ElEMENT 

vccml v v, 
JOYSTICK Y 

GNO 

EOC 

select which one of the LS138 outputs goes LO, so that 
when memory is addressed, each section is 2k bytes. 
This includes the CRTC which requires 4k bytes from 
3000H to 3FFFH for 2 pages. The top four address bits 
select the CRTC and the remaining 12 address bits are 
latched into the. selected register. 

When addressing I/O, address bits AO·A7 also appear 
respectively on A8 to 15, so that with A6 and A7 LO, i.e., 
I/O address OOH to 3FH, each LS138 output is now 8 
bytes selected by A3, A4, and A5. Bits AO, A 1, and A2 are 
then connected as required to the peripherals, to select 
the addressed byte. 

® 

MAIN SYSTEM 
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Figura 13. Interfacing to Various Peripherals 
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Figure 14. Complex Alphanumeric/Graphics/Symbol Display Terminal 
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Peripherals 

110' Port 

IN OOH or OUT OOH select the 8-bit parallel 1/0 port, which 
basically is two octal latches with tri-state outputs. The 8 
output bits may be connected to a master 8-bit data bus. 
When an external 8-bit data word is latched into the input 
octal latch, an interrupt causes this to be enabled on the 
J.lP data bus, when acknowledged with the instruction IN 
OOH. To output to the master databus, OUT OOH causes 
the J.lP data to be latched into the output latch and this 
also provides an external interrupt to the master system. 
The master can then read this data by enabling the out
put octal latch. Data can be transferred fast because the 
1/0 port normally has the highest priority interrupt (IR 3 of 
the 8259), when required. 

Interrupt Controller INS8250 

This was also mentioned in an earlier section. At initiali
zation, it is set up to remain in the fully nested mode, so 
that only higher priority interrupts may interrupt an 
existing interrupt. Otherwise a lower priority interrupt 
has to wait for the higher one tofiriish. Normally the 
horizontal sync interrupt to IR2 is masked off if there is 
no need to change ROW START or soft scroll display 
data off the screen line by line. The I/O address to select 
the 8259 can be either 10H or 11 H; refer to the 8259 data 
sheet and the software to determine whether.AO is 'a' or 
'1'. Each interrupt routine has to end with a SET END OF 
INTERRUPT instruction. 

Keyboard 

The instruction IN 18H reads the ASCII data on the key
board after a keyboard interrupt has been acknowledged. 

Serial 110 Using the ACE INS8250 

The INS8250 with its associated EIA RS 232 interface 
allows serial data to be received or transmitted 8 bits at 
a time, with the instructions IN 20H or OUT 20H. The 
baud rate is previously determined as described in the 
software section. Other ACE registers may be 
accessed, by connecting AO, A 1 and A2 of the J.lP 
address bus to the same designations on ACE, so that 
ACE addresses are from 20H to 2~H. During block 
transfers, such as dumping a picture on the screen into 
an external memory, or loading from the memory, the 
higher priority inputs can be masked off for fast 
transfers. 

Baud Rate Switch 

See 'Saud Rate' for application, the instruction OUT 
28H will read the 4 switch positions. 

AID Converter ADC0808 

This 8 analog channel, 8-bit AID converter, has first to 
be initializeded to commence a conversion on one of 
the channels. Address bits AO, A 1 and A2 are used to 
select the channel, so that instruction OUT 3nH starts a 
conversion on INPUT n. The conversion takes about 
lOOI-lS with the 780kHz clock, so the J.lP can continue 
operating during conversion. The END OF CONVERSION 
signal then interrupts the J.lP, which when acknow-
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ledged reads the 8-bit data with the instruction IN 3nH, 
although n is not important in reading the AID. 

The AID converter being only one 28-pin chip, is ideal for 
demonstrating the graphics capabilities of the system. 
For instance, an x-y joystick can be connected to INPUT 
o and INPUT 1, so that the movement of the joystick 
draws on the screen. 
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System Operation and Software 

The software was developed purely for demonstration 
purposes to show the versatility and power of the 
system. All the software has been tested, but the system 
could be much more powerful with additional software. 
The 13k bytes of back·up RAM are also useful in this 
respect. The software was developed on National's 
STARPLEXTM Development System. The instruction set 
so far is just under 4k bytes, so two 2716's are used, but 
these may b'e replaced by 2732's if the chip select pins 
are reconnected, so that extension up to 8k bytes is pos
sible with no extra IC sockets. 

Parameter Definitions 

The software is structured as in Figure 16. The 
philosophy was to make it versatile, easy to understand, 
and easy to modify or add to. 

The registers are stored in the dynamic RAMs starting 
at FEOOH in the non-display section. The Top of Stack is 
also in the RAMs at the highest location, FFFFH. This 
allows for about 240 nested two-byte PUSHes or CALLs, 
which is comfortable. Any register may easily be relo· 
cated merely by changing its address, similarly any new 

. registers may be added to the list. 

The addresses of the various memory and I/O locations 
are also listed and defined in the front section so these 
can be changed as desired. 

For complete versatility, the display parameters are 
also listed in the front section so that any different 
value of parameters from those listed need be changed 
only in this section. The values of the parameters or 
constants are those of the standard DP8350 around 
which the hardware has been designed. 

Thus by defining most parameters in the software once, 
at the beginning, the subsequent routines/subroutines 
will be valid for different applications and should not 
need to be altered, merely added to. Not many macros 
were used in order to save EPROM instruction space. 

Interrupt Entry Locations 

These are in 8-byte increments beginning at 0010H. The 
16 bytes before this are saved for power-up initialization 
to disable interrupts and set Top of Stack. 

5-63 

Each interrupt location calls that interrupt subroutine .. 
At the end of the subroutine, the system returns to 
output an END OF INTERRUPT to the 8259, and then 
returns to the original subroutine in progress when the 
higher priority interrupt occurred. If no i(lterrupt was in 
progress, the program returns to the WAIT LOOP which 
enables all unmasked interrupts to the lAP. 

Look·Up Tables 

This has three sections. First, the BAUD RATE DIVISOR 
look·up table contains all the 16-bit divisors required for 
baud rates from 110 baud to 19k baud. 

The next look-Up table contains PROGRAM LABELS, 
used in the SEARCH FOR PROGRAM subroutine. The 
first row contains all the first characters of the program 
labels, the second row contains the second character, 

. up to the fourth row contains the fourth character. Each 
program consists of four characters. 

The third table is the address list so that once the 
SEARCH subroutine tlas located the desired label, it 
alters the program cou~ter to the equivalent section of 
this table, which then calls up the program requested . 

REGISTERS 
ADDRESS 
CONSTANTS (B350 PARAMETERS) 
MACROS 

INTERRUPT RESTARTS 

LOOK·UP TABLES 

SYSTEM INITIALIZATION 

INTERRUPTS - VERT, KBD. AID, ACE 

SPCE, RET, HTAB, VTAB, BACK SPCE 
LNFD, ATTRIBUTE, CLR ROW RIGHT 
SYMBOL, TAB, BAUD, CLR ROW, START. 

DISPLAY SELECTED CHARACTER 

HOUSEKEEPING - WAITS, ENDS 

ENTER DECIMAL NUMBERS & CONVERT TO BINARY. 
CONVERT Y AND X INPUTS TO DOT ADDRESS, WORD. 
CONVERT AID CONVERTER INPUTS TO X, Y. 

'X == 'ETC. 
'NUMBER TOO BIG', ETC. 

CLSC, LIST, PLOT, BYTE, HCHR, VLlN, HLlN, 
DOTS, MDVD, WAVE, RECT, DMPO, DMPI, SAVE 
LOAD, DRAW, PONG, EXT N 

SYMBOLS, DRAWING SEQUENCES 

Figure 16. Graffiti - Software Structure 
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System Initialization 

After disabling interrupts and setting Top of Stack, the 
32k addresses of RAM are cleared one byte at a time, so 
that the screen is blank within half a second of switch· 
on. The cursor is then homed to the first character 
position. First the Top of Page register is set to Oin the 
CRTC and then the cursor register is set to 0, both in the 
RAM and the CRTC. The column count is also reset. 

The ACE is next set up including the baud rate (see 
Baud Rate section). Next, the Interrupt Controller is set 
up, and after this the system enters the WAIT LOOP 
system, enabling the interrupts to wait for an interrupt. 

Interrupts 

1) Hor;zontallnterrupt is normally masked off but may 
be unmasked for two reasons: either during scrolling, 
so that each row can be soft scrolled off the screen a 
line at a time, or during editing to delete a row, so 
that a jump in ROW START to the next row has to 
occur every frame at this new row. This new row must 
be loaded after horizontal blanking of the last line 
before the jump row is to begin. 

Note that if the ROW START register is not loaded, 
each row start address is the last display address 
incremented. 

2) Port Interrupt is normally masked off, but must be 
unmasked if transfer of data to a master system is 
necessary. 

3) Vertical Interrupt is used for two purposes. One is to 
scroll the display by one row, once the scroll 
semaphore bit has been set in one of the associated 

'subroutines, this is begun at vertical interrupt so that 
screen flicker does not occur. The other is to change 
a graphics display every frame so that smooth transi
tion of a subject across the screen is attained. An 
example of this is the program PONG. The flow chart 
for Vertical Interrupt is shown in Figure 17. 

4) ACE Interrupt is by far the most complex because 
data received by this chip then has to be operated on 
to determine what action to take. The flow chart for 
ACE Interrupt is shown in Figure 18. Assuming the 
interrupt is because ACE has received data available, 
the ASCII data is checked for a function input. If not 
a function, but a program is already in progress 
awaiting inputted data, then this character is saved 
in the Input Character register. If the character was 
entered while the cursor was in the first four 
positions of a row, then the character is saved in a 
register determined by the column position of the 
cursor. This saves the character to recall it in a look· 
up comparison later, while searching for a program. 
Unless the ASCII code was a function, the character 
is displayed in the cursor positon (see Displaying 
Characters). 
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If the ASCII code entered is a function, then first 
CARRIAGE RETURN is checked for. If negative, then 
all the other functions are checked for and if positive, 
that particular function is executed. If the input is in 
fact a carriage return, then a check is made to see if 
the cursor was in the 5th position, signifying a four 
character graphics program has been requested. The 
system then goes to search in a look-up table for a 
program corresponding to the four ASCII characters 
entered in order. If a program is found, the system 
then calls the requested graphics program and exe· 
cutes it. If not, then a carriage return is executed. 

5) Keyboard' Interrupt in most systems is a, simple 
subroutine, merely accepting the ASCII data word 
from the keyboard and outputting it to the ACE (see 
Displaying Characters). 

6) AID Converter Interrupt sets the AID semaphore bit. 

CLEAR CURSOR ROW 

SET NEW TOP 
OF PAGE IN CRTC 

RESET STATUS VERT. 

RETURN 

Figure 17. Vertical Interrupt Flow Chart 
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Figure 18. ACE Interrupt Flow Chart 
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Functions 

A number of dumb terminal functions are available with 
the present software: carriage return, line feed, advance 
cursor, backspace, up cursor, tab 8 post ions, clear row, 
clear row right of cursor, scroll up one row, and 
selecting attributes. Attributes available are half· 
intensity characters and character inversion. Each 7·dot 
location has its own at(rib'ute bit. 

Baud Rate 

The 4-bit BAUD SWITCH is used to, select the BAUD 
RATE at switch on, or during operation if CTL E is 
entered. The lAP then reads the switch setting and loads 
the corresponding 16-bit BAUD RATE DIVISOR into the 
INS8250 Asynchronous Communications Element. Baud 
rates from 110 to 19k are available, and up to 56k is 
feasible if the 8080A-2 lAP is selected for fast data rates. 

Displaying Characters 

When a key is depressed, the keyboard outputs the 
ASCII code of the key selected, which is read by the lAP 
when the keyboard interrupt is acknowledged. The lAP 
then outputs the same ASCii data to the INS8250 ACE 
to be transmitted serially via the RS232 interf~ce. This 
can be connected to a main computer, or an identical 
terminal, or back to the serial input of the ACE. When 
the ACE receives the returning 8 bits, it outputs a RE
CEIVED DATA AVAILABLE INTERRUPT or RCDA. The re
ceived data is then read by the lAP, which selects the ASCII 
character from the 128 character ROM (MM52116FDW) 
using the Ascii code as address. The alphanumeric 
character is copied line by !ine into the dynamic RAM in 
the position of the cursor. 

Initially all RAM locations are '0', and the dots are 
written as '1', in a 7-dot word. See Figure 19. Then every 
frame, as the 8350 scans each line, the 7-dot word for 
each character post ion is latched from the RAM into the 
7-bit shift register, and outputted serially during the 
next 7-dot cycle so that each '1' appears as a dot. The 
standard ASCII characters are displayed in a 7 line by 5 
dot format or font. The 7 lines are copied line by line into 
the first 7 lines of the 10 line character field, leaving 
lines 7 through 9 as vertical spacing between charac
ters. Data bits 1 through 5 are used for characters, 
leaving dots a and 6 as spacing between adjacent char· 
acters. The keyed character then appears on the screen 
and the cursor is incremented to the next position. 

Additional Symbols 

An additional 2716 EPROM with pre-programmed 
electronic symbols can be selected instead of the ROM, 
so that circuit diagrams can be drawn on the screen. 
Each symbol in the EPROM can be 10 lines of up to 7 
dots so that each character may be continuous into the 
next - a necessity for circuit diagramS. The EPROM is 
selected by typing CTL Z on the keyboard and then a 
key, which can be either upper or lower case. This then 
displays the appropriate symbol in a similar manner to 
an alphanumeric character. To return to alphanumerics 
again, another CTL Z is required from the keyboard. 

Two sequences are also stored in this EPROM, at 
addresses 1 DOOH and 1 EOOH. When either of these are 
called up by the program DRAW, a circuit diagram is 
drawn on the screen. This is an efficient way of storing 
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circuit diagrams. Each circuit sequence, requires about 
200 bytes, which is not a lot to cover most of the screen, 
much less than the 19k bytes normally required to save 
every dot. 

Although the symbol EPROM was programmed for elec
tronic symbols, other kinds of symbols may be pro
grammed into this EPROM, such as mechanical symbols. 

Programming this EPROM is not easy. Assuming ASCII 
characters are to be used to select each symbol,' then 
the addresses A6,A5,A4 must be 100, 101, 110, 111 corres· 
ponding to ASCII codes 4XH to 7XH, where X is address 
A3, A2, A1, AQ • The 41inesLC 3, LC 2, LC 1 and LC a go to 
address bits A1O, Ag,' As, A7. The EPROM is selected wit~ 
00011B to A15, A14, A13, A12, An.ln other words, to select 
the first line of character A (41H), the address would be 
1841H, and for the second line 18C1H etc. 

NEW CHARACTER 
LINE WORD. 

MASK OFF BITS 

ADD ATTRIBUTE BIT 7 

WRITE MODIFIED 
DOT WORD IN 

SELECTED LOCATION 

, INCR. ROM LINE 

INCR. RAM LINE 

RETURN 

Figure 19. Displaying a Character 



Locating the Position of a Dot 

The standard DP8350 displays 80 horizontal characters 
for each of 24 rows, each character field comprising 10 
lines of 7 dots. Thus there are 80 x 7 or 560 horizontal 
dots and 24 x 10 or 240 vertical dots in the display. Let 
the value of the horizontal dot position be x, where 0 ~ x 
< 560, and y be the vertical dot position, where 0 ~ y < 
240. Refer to Figure 20. 

If the x and y values are inputted to the microprocessor, 
it can then compute the character position, the line 
number and the dot position number. First, the Row 
Number r is INTEGER (y/10). This then has to be 
multiplied by 80 to produce the ROW START number. 
The Column Number then has to be added to this to 
obtain the Character Position Number, where the 
Column Position c is INTEGER (x/7). The line of the row 
is (y - r), and the dot number is (x - c) for the computed 
character position. 

For the 8080 microprocessor, multiplication and division 
of numbers is laborious and time consuming. It is there
fore easier to use the program subroutine shown in Fig
ure 21 to compute the character position, line number, 
and dot number. A separate subroutine then computes 
the dot word from the dot number. This 7·dot word is 
then ORed with the word already in the computed dyna· 
mic RAM location. All this can be demonstrated using 
the program PLOT. 

This computation takes an average of 300f./s and a 
maximum of 500f./s: Hence up to 3,000 dots can be 
plotted per second for any values of x and y to create a 
graphics display. 

HORIZONTAL OOT NUMBER x ~ 

C_NM ~ 
C)"-NM~LnCD r-ClClC'I..-_ ......... ..-

A good demonstration of the graphics capability is to 
connect an x-y joystick to two analog inputs of the AID 
converter and by selecting the program MOVD (move 
dot), moving the joystick. The joystick can be moved 
quickly from. one extreme to another and all dots on the 
way are displayed. This program can also use a dot as 
the cursor, using the joystick to select its position, and 
then to depress keys whenever a desired character is 
required at the character position of the dot. 

Dot Word Transfers 

With the use of the ACE, it is possible to unload the 
contents of the RAM into either a~ identical terminal to 
copy the display, or to store it in a main computer. It can 
then be recalled from the computer at a later date and 
re-Ioaded into the RAM to be displayed. Or if desired, 
sections of the display can be transferred. Copy(ng 
from or to the display can be fast, because 7 dots are 
read or written at a time. An example of this is to use the 
programs SAVE and LOAD. A section of the display 
(such as a circuit diagram) can be saved in the back-up 
RAM, and then \ loaded back on to the display in a 
different area. The diagram appears almost instantlY'. 

This extra 13k bytes of back-up RAM can also' be used 
as additional memory for in system emulation of 
programs, or for powerful computing capability for 
graphics calculations. 

co C7I 
Lf)Lf) 
Lf)Lf) 

------------
VERT DOT 0 ------------
NUMBER Y 1 

t 
2 
3 
4 0 1 79 ROW 0 
5 
6 
7 
8 
9 - -10 

11 DOT NO. d 

12 Q_NM~Lt)c.o 

13 LINE 0 
14 80 81 NO. L 1 159 ROW 1 
15 2 CHARACTER 
16 3 POSITION, p 
17 .4 ROW r 
18 - 5 -6 O-r-- y 

7 

I II I I 
8 

I II 9 

II I I COL c I I II 
x 

I 1840 1841 1919 ROW 23 
23.11 
239 ----------------

COL 0 COL 1 COL 79 

ROW r=INTEGER (y/l0), LINE L=y-r 
COLUMN c = INTEGER (XI7), DOT NUMBER d = x - c 
OOT AT LOCATION x,y IS IN CHARACTER POSITION p, LINE L, DOT NO. d, WHERE P = 80r +c 

Figure 20. CRT Display/8350 Character Address Positions 
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SAVE ROW START 

ADO 10 TO RESULT TO 
• OBTAIN LINE NUMBER 

SHIFT LEFT 3 POSITIONS 
TO CREATE MODIFIED 

LINE NUMBER 

THEN COL. NUMBER IS 
25617 OR 36 REM 4 

SAVE 36 IN D,E 

SET DOT NUMBER TO 4 

SAVE 73 IN O.E 

SET DOT NUMBER TO 1 

ADD 7 TO RESTORE 
OOT NUMBER 

ADD COL. NUMBER TO 
ROW START IN H.l. 

H,l NOW CONTAINS 
CHARACTER POSITION 

IN ADDRESSES A,O TO Ao 

ADD SAVED LINE 
NUMBER IN A14 TO All 

WITH A15=1 

H,L NOW CONTAINS 
RAM ADDRESS OF 

CHARACTER POSITION 
AND LINE NUMBER 

REG CONTAINS DDT NO. 

Figure 21. Flow Chart to Add Dot x. Y to Display 
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Graphics Programs 
To perform various graphics functions it was decided to 
select the necessary software with four letter program 
labels, followed by a carriage return. As long as the 
label derived starts at the first column of a row, the 
program requested is called up and executed. Some 
programs request information from the operator. PLOT 
is an example of this, where the values Y1 and X1 are reo 
quested by the display. The user types in the desired 
values in normal decimal, signifying the end of the num· 
ber with a carriage return. After both y and x have been 
entered, the program continues, in this case plotting a 
dot at Y1, X1. 

Conversion of Entered Decimal Numbers 

The conversion of the decimal numbers entered and 
saved in the Input Number registers, is performed by the 
subroutine ENTR. First the last decimal number entered 
(obviously units) is tested for ASCII number units and 
then saved. The second number (tens) if entered, is then 
tested and decremented until 0 is reached, and each 
decrement, 10 is added to the total number. Then the 
third number (hundreds) is tested and decremented to 0, 
each time 100 is added to the total. At the end of the 
conversion, H, L register contains the total number in 
binary. This is then saved in the respective register. 

Conversion of 2 Hexadecimal Characters to an 
8·Bit Word 

This subroutine takes 2 ASCII characters each in the 
range 0 to 9, A to F, and converts them to a binary word. 
First, the 3 ASCII code bits are masked off the number 
first entered. This is shifted left 4 times and added to 
the masked off 4 bits of the second number entered. 
This 8·bit word is now 7 dots plus one attribute bit. With 
this method, it is easy to write/read words quickly on to 
the display, in the selected location. This can be 
demonstrated with the program DMPI (dump-in) as in 
the next two sections. 
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Display Loading 

The starting address is first entered (anywhere from 
8000 H to FDFFH) by keying in the first two hex numbers 
when requested by B = (byte), no carriage return, then 
the last two hex numbers. This is repeated for the end 
address. The bytes are then entered 2 ASCII characters 
at a time. If the addresses are between 8000H and 
CFFFH, the words will appear on the display. For 
example, 7F will appear as 7 dots, or 83 will appears as 
the 2 right-hand dots with attribute. In this way a picture 
can be loaded on to the display. 

Use of Back·up RAM 

If the DMPI addresses are between DOOOH and FDFFH, 
the information is stored in the back-up RAM. This is 
useful for in-system emulation, for example. By calling 
up the program EXTO (External 0), if a program has 
previously been loaded in the back-up RAM, starting at 
address DOOOH, this program will then be executed after 
EXTO, carriage return. Another use of this section of 
RAM is the storage of different sequences of circuit 
diagrams other than those in the symbol EPROM. The 
program DRAW can then call up the starting address. 

Additional Software 

The power and versatility of this system is easily 
demonstrated with the existing software. This can be 
added to as required with new software. calling up 
existing subroutines where possible. Up to 4k bytes of 
additional software can be incorporated without any 
hardware modifications (other than moving two links to 
select 2732s instead of 2716s). 

Conclusion 
So using all National Semiconductor ICs, at a cost of a 
few hundred dollars, the hardware for an intelligent 
terminal with full graphics capability can be fitted on 
one BLC80/SBC80 size card. The design is easily 
expandable to systems requiring color. The biggest 
modification is to the memory: instead of one bit per 
dot, 3 bits are required for blue, green, and red, to give 8 
possible combinations per dot. A small number of extra 
logic ICs are required, as are minor additions to the 
software. To select the color, a CTL key can be used 
followed by the code for the color. This color will then 
be written until changed by the CTL key. A differerit CTL 
key followed by a number could previously have set the 
background. 
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Present Capabilities of Alphanumerics/Graphics System 

•• All 128 ASCII Characters Displayable 

•• Space 

•• Carriage Return 

•• Horizontal Tab 

•• Backspace 

•• Linefeed 

•• Vertical Tab 

•• SelectlDeselect Attribute 

• • Tab 8 Spaces 

•• Clear Cursor Row 

•• Clear Row Right of Cursor 

Dumb Terminal Functions 

(--+)or (CTL L) 

(-)or(CTL H) 

(qor(CTL I) 

(t) or (CTL K) 

(CTL R) with SW-1 or S-3 

(Tab) (CTL T) 

(CTL X) 

(CTL S) 

•• Initialize System (CTL A) 

•• Select Baud Rate from 110 to 19,200 Using S-1 and CTL E 

•• Scrolling Upwards 

Non-Standard Character/Symbol Selection 

•• By selecting CTL Z, symbols can be displayed for each key of the keyboard, includil;l9 shifted and control keys. Also 
can deselect back to standard ASCII characters with CTL Z. 
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Graphics Programs 
l> 
Z 

*ClSC: Clears screen only, leaving 13k back-up RAM *MOVD: Uses the 8-channel 8-bit AID converter to • I\) 
unaffected. monitor the voltages on a X-Y joystick, an ~ 

* LIST: Lists all graphics programs. inhibit-draw switch, and an exit-program CN 

*PlOT: Plots a dot at X, Y. X is the number of hori-
switch. In the DRAW mode consecutive dots 

zontal dot positions from the left of screen, 
are plotted to create a picture as described 

from 0 to 7 x 80 for the 8350, i.e.; 0 ~ x ~ 
by the movement of the joystick. All these 

559. Y is the number of vertical dots from 
input signals are connected to the first AID 

the top of the screen, from 0 to 10 x 24, i.e, ~ 
socket. In the inhibit DRAW mode the dot is 

o ~y 239. The operator keys in the decimal 
moved around by the joystick as a cursor, 

values of Y and then X when requested by 
and by keying in from the keyboard the 

the display. 
desired charcter, this character will appear 
in the character field of the dot.This moving 

*VLlN: Draws a vertical line between Y1 and Y2 at dot can be used to erase existing dots, or 
X. These values are entered decimally by erase characters by keying 'SPACE' in the 
keyboard when requested by the display. desired position. To exit the program, set the 

'HLlN: Draws a horizontal line between X1 and X2 EXIT program switch in EXIT-DRAW mode 
at Y1. These values are entered decimally by with the Inhibit-Draw Switch in INHIBIT. 
keyboard when requested by the display. 'WAVE: Uses the AID converter to create waveforms 

*RECT: Draws a rectangle linking lines X1, X2, Y1, on the screen when the signals are 
and Y2. connected to the second AID socket. 

'PONG: Bounces a dot around the screen between *DMPO: Unloads any part of RAM to an external 
the four walls of the display. system starting at an address keyed in by 

'DRAW: Draws a diagram on the screen from a the operator in hexadecimal characters (four) 

sequence'of operations saved in ASCII code and ending at another similarly entered 

in memory. The START address of the address. The RAM is unloaded 7 dots at a 

sequence is determined by' the first four time per line of character and converted to 

hexadecimal characters entered on the two ASCII characters and then transmitted 

~ keyboard. The address 1 DOOH selects a DC serially. 

voltage restoring circuit sequence located in 'DMPI: loads any part of RAM from an external 
the symbol EPROM. Address 1 EOOH selects source (or the keyboard) starting at an 
a logic circuit and waveforms. Test address selected by the first four 
sequences can be loaded into back·up RAM hexadecimal characters entered on the 
using program 'DMPI' at the starting and keyboard and ending at another similarly 
end address entered. This start address is entered address. The RAM is loaded 7 dots 
then called up by 'DRAW.' The end address at a time per line of character, keyed in by 
must contain 0 (zero). two hexadecimal characters, for each word. 

*SAVE: Saves in the back-up RAM a section of The addresses selected can be display 

display contained within rows R1 to R2, and addresses 8000H to CFFFH or back-up RAM 

columns C1 to C2. These values are entered addresses DOOO to FFFFH (warning: FEOOH 

decimally by keyboard when requested by upwards are registers and FFFFH 

display. The start address in the back·up downwards are stack). Thus a complete 

RAM is selected by the first four picture could be loaded on to the display. 

hexadecimal characters entered on the Alternately a program could be loaded into 

keyboard. back-up RAM at EXTO (DOOOH), EXT1 

*lOAD: loads from the back-up RAM to a section of 
(D800H), EXT2 (EOOOH), or EXT3 (FOOOH). the 
characters 'EXTn' can then be typed in on 

display bounded by R1, R2,C1, C2. These the keyboard and this will then select the 
values are entered decimally by keyboard instructions beginning at address EXTn. 
when requested by the display. The back-up Thus in-system emulation is easily 
RAM start address is selected as in SAVE. accomplished. 

* DOTS: Plots N dots on any line Y1 at postions X1, * EXTO: Executes a program beginning at RAM 
Y1; ... XN, Y1; and then any new line address DOOOH. The program must 
entered in decimal by the operator. Ends the previously have been entered using DMPI 
program by entering 0 (zero) when the next selecting DOOOH as the starting address. 
Y1 is requested. 

*EXT1: As EXTO but starts at D800H. 

*EXT2: As EXTO but starts at EOOOH. 

* EXT3: As EXTO but starts at FOOOH. 
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Software Design for a High 
Speed (38.4 kbaud) 
Data Terminal 

INTRODUCTION 

This application note describes a high speed CRT ter· 
minal designed around the DP8350 CRT controller and the 
INS8080 microprocessor. The hardware is a modified ver· 
sion of the circuit described in Application Note AN·199. 
The software was redesigned and optimized for terminal 
speed and function. In its present form it is upwards com· 
patible with the Hazeltine 1500 video terminal and has a 
limited graphics capability. Furthermore, it is able to 
communicate with a host computer via an RS·232 port, at 
38.4 kbaud, without using fill·in characters or handshak~ 
ing. One 2k by 8 EPROM contains all the software required 
to implement the terminal. An optional EPROM can be 
used to add features such as' menu display or to transform 
the terminal into a calculator (in the local mode). The 
absence of the second EPROM does not affect the opera· 
tion of the terminal as the software checks for its 
presence. 

DATA TERMINAL FEATURES 

• Modes: remote/local 
• Limited graphics 
• Window scrolling 
• Line transmitting and local editing 
• Hazeltine 1500 compatible* 
• Video display: two pages, 24 x 80 characters/page 

• Upper/lower case 
• Scrolling plus screen roll up/roll down 
• Cursor: blinking (two rates) 
• Line, character insert/delete 
• Attributes: dual intensitylinverse video 

• Full duplex RS·232 port; 110·38400 baud 
• Keyboard input: 7·bit parallel 
• Full cursor control and addressing 

• Cursor enable/disable 
• Single board (BlC/SBC) compatible design 

*The majority of the software written for the Hazeltine 1500 will run with 
no modification. However, there are differences. 

~ 

National Semiconductor 
Application Note 270 
Wong Hee 
Nick Samaras 
February 1982 

UNIQUE FEATURES 

Graphics Capability: The graphics capability of this 
terminal, although limited by the number of symbols (34), 
proves to be very helpful. Typical uses include digital 
waveform generation (e.g., logic analyzer display), and 
graph oriented displays such as histograms. A graphics 
menu is available in the local mode. Entering tOt from 
the keyboard will result in a two line menu display. Line 
23 displays upper and lower case characters, while line 
24 displays the corresponding graphics symbols (see 
Figure 3). In local, entering I B will switch the terminal to 
the graphics mode; the ESC key can be used to exit. In reo 
mote mode, the format requirements for graphics display 
generation are summarized by the flowchart shown at 
the bottom of this page. 

The same flowchart can be used in local, if the "Iead·in"tt 
block is omitted. 

Typical transmission sequences are: 
7E,02,42, 10, 1B 
7E, 02, 63,10,10,10, ... ,10, 1B 
7E,02, 42, 8, 8, 8, 4A, 7E, OC, 7E, OC, 1B 

All the graphics symbols, along with the upper and lower 
case characters, are coded into one 2716 EPROM. As a 
result, both the character set and the graphics symbols 
may be customized. The total number of available fonts is 
128. The field on each displayed character is 7 rows by 10 
columns. The alphanumeric symbols occupy a 5 by 7 sub· 
field typically, except for those requiring descenders; they 
occupy a 5 by9 section, while the graphics symbols utilize 
the whole 7 by 10 field. 

Transmit: The data terminal can transmit one line of text 
upon rece!pt of the 14H code from the keyboard in local 
mode. Alternately, the host CPU can request transmission 
by sending 14H prefixed by the 7E lead·in code. 

t Note that I indicates a control key entry. 

tt Lead.in code: 7E. 

_ .... ~_-...~ L~D • ..... ---41>1 GRAPHICS 
DN 

GRAPHICS 
SYMBOL 
SELECT"" 

CURSOR MOVE 
UP. DOWN, 

LEFT, RIGHT, 
CHARACTER INPUT 

ESC/ 
t--...... -~-..~ CLEAR 

SCREEN 
""--

* * Includes the ASCII characters A-Q, a-q, space and DEL. 
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The same function can be used in a relatively unconven
tional way when programming in BASIC. The majority of 
BASIC interpreters used in small business systems or 
home computers incorporate a line-oriented editor, almost 
adequate for most of the tasks they have to perform. The 
basic problem with such editors is that they cannot 
change the flow of the program easily. In other words they 
cannot change line numbers. This is a shortcoming, as it is 
both annoying and tedious having to retype segments of 
text in order to change the program flow, just because the 
editor cannot handle altering line numbers only. 

This terminal offers an efficient solution to this problem. 
Simply stated, it allows changing line numbers only. Here 
is a brief description of a typical sequence leading to text 
and/or line number modification. Let us assume that a 
BASIC interpreter is used and that the program that needs 
to be changed is in memory. Using the list command, the 
program lines to be modified can be displayed. Now, while 
in the Command Mode of BASIC, the terminal is switched 
to local. The user has effectively at his disposal a screen
oriented editor. The cursor can be moved about and text 
changed as desired; that, of course, includes line 
numbers. When the editing is completed, the user posi
tions the cursor on the line that was altered and types IT. 
In response, the cursor scans the line, inverting the attri
butes. At the same time the line is transmitted to the host 
CPU in the same order as it was scanned, from left to right. 
Attribute inversion serves as feedback to the user. After 
the last character of each line has been transmitted, the 
cursor returns to the beginning of the following line. As a 
result, consecutive IT keyboard entries transmit succes
sive lines. Thus, altering the flow of a BASIC program in
volves entering the local mode, changing line numbers, 
transmitting the modified program lines, and switching 
back to on·line operation. All this can be accomplished at 
a fraction of the time usually required otherwise. Finally, 
entering similar lines of text such as the ones found in 
"PRINT" statements, can be accomplished easily by 
switching to local, typing the first line and transmitting it; 
then moving the cursor up one line, changing the line 
number along with parts of the text that are different, re
transmitting the line, and so on. In this way the user can 
create a long program segment while operating repetitive
lyon one line. 

Insert/Delete with Range: This is a rather unusual func
tion that can assist in generating psuedo "screen 
window" effects. Specifically, a pre-selected number of 
display lines can scroll while the rest of the display re
mains fixed. Each "window" is defined as N lines by 80 
characters, where: 1 < N < 48, counting from the current 
cursor location to the end of page. The brief BASIC pro
gram that follows demonstrates the use of this function. 
In this example the display lines 1 through 4, and 19 
through 24 remain "frozen': The message (100 lines long) 
is displayed on lines 5 through 18, demonstrating the 
scrolling of a section of the display. 

100 PRINTCHR$(&H7E)+CHR$(&H11)+" d"; 
110 FOR 1=1 TO 100 
120 PRINT CHR$ (&H7E) + CHR$ (&H1 D) + CHR$ (&H49) 

+ CHR$ (12); 
130 PRINT, "WINDOW SCROLLING LINE:", I, 

CHR$ (&HOD); 
140 NEXT I 
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60 Character Software FIFO: This is one of the key items 
that allows terminal communication at 38.4 kbaud without 
handshaking. An 80 character first-in, first-out software 
buffer is used. The incoming characters are stored tempo
rarily in this buffer, while the microprocessor is servicing 
interrupts. As time becomes available, the characters are 
retrieved from the FIFO and processed. That includes per
forming a terminal function or moving an ASCII character 
to the video memory. The software allows for a large 
number of concurrent service requests such as row start, 
keyboard, as well as multiple ACE interrupts. 

Fast Service Routine for Row Start Interrupt: Conven
tional row start address look-up and loading are not done 
during the row start interrupt time; instead, a simple row 
counting routine is used. The terminal count (a software 
counter) generates a triggering Signal for video RAM wrap
around address loading. The use of this technique im
proves the system throughput substantially. Cursor and 
Top of the Page address loading (Le., writing to the appro
priate DP8350's registers) is done during the vertical 
retrace interval. 

Keyboard Controlled Mode Selection: The operating 
mode of the terminal can be selected from the keyboard. 
To aid the user in identifying which mode the terminal is in, 
two cursor blinking rates are used. The low rate indicates 
remote mode; a high rate indicates local. 

Other functions that can be selected from the keyboard 
are: 
1) Upper/lower case. The default mode upon power up is 
determined by reading the SW3 switch setting. 
2) Next page. A software switch that selects for display 
page one or two. 

Read Cursor: In the local mode the present cursor loca
tion can be displayed on line 2'4, columns 79-80. For exam
ple, if the cursor is located on line 8, column 66, entering 
I E from the keyboard will result in a display of "Ag" at the 
bottom right hand corner of the screen, This can save time 
in looking up the ASCII equivalent codes of the X, Y cursor 
coordinates to be used in cursor addreSSing. (Note that, 
IE= ENQ=05H.) 

The following is an example of how this could be used in a 
BASIC program. ' 

PRINT CHR$ (&H7E) + CHR$ (&H11) +"Ag" 

Upon execution of the above statement, the cursor will 
move to line 8, column 66. 

Menu Display: In the local mode the user has access to a 
menu display that summarizes the terminal's functions, 
along with the corresponding control codes (see Figure 1). 
This feature is optional and resides in EPROM #2. The im
portant thing to note is that various kinds of menu/HELP 
displays can be implemented easily in this fashion. This 
function can be accessed from the keyboard. Alternately, 
a dedicated HELP key (that generates the 1 D code) can be 
used. 
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!lOVE INSERT CURSOR SPECIAl FlfHC 
Lf 8ft/8ft If lrihr *1£/1£ tRt CurEn -93/83 tC ROil 110 tEsc 
Cr 80180 Cr Inlnt tlAllR tU ~r~i '86/96 tF Bell 871 
Tab 89189 Tab lnRn9 *1011'1 fWCur -HI'PI Scalf 18? tG 
Up *9C/8C Up RdCur *851 FgF1" .lF/lF t) 
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Right 18/18 Rt SoI.nt .13/13 to. 1 Ollcl 188 Ol/l D.Grp *18/18 Esc 
RolUp .. 1181 tup lnRn9 *lDSP I BdUlc I7E tOIL Grli.n III to 
RolDv '16116 tIN DRstL *8F/SF to NxPg. *8£/8E tM Txlnt *14/14 tT 
Holt *12112 ttr DRstP *11/17 til l.,dn 'lEI 

Hltlr *IC/IC t1 lIcKI> *15115 tU h7E (ieadin) 
CFB t18/18 tx UlkKb *83183 tC fune 01l1el tell 

FIGURE 1. Sample Menu Display 

Character Generator Fonts 

ADDR 
... .. .. 

00-
... 

OF 
....... ..... ....... ... ... ... ..... .. .. ... ... ... . .. ... ... ... . .. 

: : 
10- ....... ... ... ....... . ... . ... : .. 

lF : : ..... ..... 

.... .. : : 
20- .. : 

2F : : : : .. .. 
... ... 

: : : 30- : : : : .. ... .. 
3F : : : : ..... ... . .. ... ... 

... ... 
40- : : : : : .. : : : ... : ... 

4F . . : ' . : ... . ... . . .. . .. 

: : ... 
50- : : 

5F : : : ... . .... 

50- .... .... / .... . .. 
5F : : .... .... . .. .. ... . .. 

.. 
70- .... ... 

: : ~ . 7F .... : .... . .... ... . .. 
FIGURE 2. Sample Character Font 

... . .. . .. ... -: : : 
: .. .... ... . ... .. ... .... . . . .. .. h ••• . .. . . 

-_ . -.. _- ..... . _. _ ..... 
... ... _ . _. - .- '-

FIGURE 3. Graphics Menu Shown at the Bottom of the Screen 

A complete listing of the software for the "High Speed Data Terminal" can be found on pages 5·84 through 5·103. A HEX dump 
of the character generator set is included on pages 5·82 and 5·83 and the schematic diagram on pages 5·79 and 5·80. 
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XL 

C2 
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ENABLE 
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II 

~~ r 
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8 DP8212 : ~::; 
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21 DM74LS73 ~:;~ 
23 DM74LS86: ~:;: 
24,27 DM74LS32 ~ PI·" 
25 DM74LS08 PI-9 ,TDV" 

26 DM74LS04!:hiJ ::L", ~'" -sv 
~OlI'F 

33 MM5034 .1 --
37 DM74LS373 Pl·" -=- TO V" 

39 DM74166::::&!t1 :::Less Its: -,,.. 
42 DM74COO ~D' ,F 

45 DS1488 -=-
46 DS1489 

47 DM74LSOO 

48 LM55~ 

All pull·up resistors = 4.7k 1/4W 

~.'611NEBUFF CLK "DRr,,~fgi~~~~~~~~~;;~i~~~~~ _____ _ VERT~ 

'" .Jp 
SV 

f" 
VDO 

08' 13 80 

07
8 14

70 
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7 17 60 
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OJ 3D 
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0,2 810 
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l> 
CONTROL FUNCTIONS SUMMARY Z 

• 
Functions On·Llne / Local Remarks I\) 

"""-01 
Cursor Move/Control 0 

Line feed OA lOA 
Carriage return 00 100 
Tab 09 / 09 
Cursor up 7E, OC I OC 
Cursor down 7E, OB I OB 
Cursor left 08 I 08 
Cursor right 10 I 10 
Home 7E, 12 I 12 
Home and clear 7E, 1C I 1C 
Enable cursor 7E, 03 I 03 
Disable cursor 7E, 06 I 06 
Address cursor 7E 1 11 1 X, Y I Remote only 
Read cursor 7E, 05 I 05 

Insert 

Character insert 7E, 1E / 1E 
Line insert 7E, 1A I 1A 
Line insert with range 7EI 1O,49,Y Remote only 

Delete 

Character strip 7E, 04 I 04 
Character delete 7F / 7F 
Line delete 7E, 13 / 13 
Line delete with range 7EI 1O,53,Y / Remote only 
Clear to end of line 7E, OF / OF 
Clear to end of page 7E,17 I 17 

Miscellaneous 

Local/remote / 00 Local only . 
Upper/lowercase I 7E Local only 
Next page 7E, OE I OE 
Keyboard lock 7E, 15 I 15 
Keyboard unlock 7E, 03/ 03 
Bell 07 I Remote only 

Special Functions 

Function menu /10 A summary of available functions and their corresponding 
codes (local mode only). 

Graphics on 7E, 02 / 02 Enter graphics mode. 
Graphics off 7E, 1B I 1B Exit graphics mode. 
Graphics menu / 11 Line 23 displays upper and lower case characters and line 

24 the corresponding graphics symbols (local). 
Line transmit 7E, 14 I 14 Transmits the cursor line and inverts its attributes. 
Foreground follows 7E, 1F I 1F 

Background follows 7E, 19 I 19 
Clear foreground 7E, 18 I 18 
Scale I 07 The line above the cursor becomes a scale (1-80). This is 

an aid for graphics and text alignment (local). 
Roll up 7E, 01 I 01 

Roll down 7E, 16 I 16 
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o· 
t-.. CHARACTER GENERATOR HEX DUMP 
N • ADDR 0 2 :3 4 5 6 7 8 9 A B C D E F Z -----------------------------------------------------------------------« 0 14 14 14 14 14 14 14 14 14 14 0 0 0 0 0 0 

io 0 0 0 7C 7C 7C lC lC lC lC 0 0 0 0 0 0 
20 Ie Ie lC lC lC lC lC lC lC Ie 0 0 0 0 0 0 
30 14 8 14 8 14 8 14 8 14 6 0 0 0 0 0 0 
40 0 0 0 55 2A 5~ 0 0 0 0 0 0 0 0 0 0 
50 0 0 0 7F 7F 7F 0 0 0 0 0 0 0 0 0 0 
60 lC lC lC 7C 7C 7C 0 0 0 0 0 0 0 0 0 0 
70 lC Ie lC IF IF IF 0 0 0 0 0 0 0 0 0 0 
eo IC lC lC 7F 7F 7F 0 0 0 0 0 0 0 0 0 0 
90 ic IC lC 7C 7C . 7C lC Ie lC Ie 0 0 0 0 0 0 
AO lC Ie lC IF IF IF lC lC lC lC 0 0 0 0 0 0 
E':' lC lC IC 7F 7F 7F lC IC Ie lC 0 0 0 0 0 0 
co 0 0 0 7F 7F 7F lC lC lC Ie 0 0 0 0 0 0 
DO 0 0 0 IF IF IF Ie lC lC lC 0 0 0 0 0 0 
EO 1 3 7 E C 18 38 70 60 40 0 0 0 0 0 0 
FO 40 60 70 38 18 C E 7 3 1 0 0 0 0 0 0 

ADDR 0 2 3 4 5 6 7 B 9 A B C D E F 

-------------------------------j---------------------------------------
100 0 0 8 lC Ie 3E 3E 3E 0 0 0 0 0 0 0 0 
110 0 0 0 0 78 8 8 8 8 8 0 0 0 0 0 0 
120 8 8 8 8 8 8 8 8 8 8 0 0 0 0 0 0 
13':- 0 0 3E 22 22 22 22 3E 0 0 0 0 0 0 0 0 
140 0 0 8 lC 3E lC 8 0 0 0 0 0 0 0 0 0 
150 0 0 0 0 7F 0 0 0 0 0 0 0 0 0 0 0 
160 8 8 8 8 78 0 0 0 0 0 0 0 0 0 0 0 
170 8 8 8 8 F 0 0 0 0 0 0 0 0 0 0 0 
180 8 8 8 8 7F 0 0 0 0 0 0 0 0 0 0 0 
190 8 8 8 8 78 8 :3 8 8 8 0 0 0 0 0 0 
lAO 8 8 e 8 F 8 8 8 8 8 0 0 0 0 0 0, 
IBO 8 8 8 8 7F 8 8 8 8 8 0 0 0 0 0 0 
lCO 0 0 0 0 7F 8 8 8 8 8 .0 0 0 0 0 0 
100 0 0 0 0 F 8 B 8 8 B 0 0 0 0 0 0 
lEO 1 2 2 4 8 8 10 20 20 40 0 0 0 0 0 0 
IFO 40 20 20 10 8 B 4 2 2 1 0 0 0 0 0 0 

ADDR 0 2 3 4 5 6 7 8 9 A B C D E F 
-----------------------------------------------------------------------
200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
210 0 8 8 8 8 8 0 B 0 0 0 0 0 0 0 0 
22C A A 14 0 0 0 0 0 0 0 0 0 0 0 0 0 
230 0 0 14 3E 14 3E 14 0 0 0 0 0 0 0 0 ,() 

24C'; 0 8 IE 26 Ie A 3C B 0 0 0 0 0 0 0 0 
2eo 0 32 32 4 8 10 26 26 0 0 0 0 0 0 0 0 
260 0 B 14 14 18 2A 24 lA 0 0: 0 0 0 0 0 0 
270 B B 10 0 0 0 0 0 0 0 0 0 0 0 0 0 
281) 0 8 10 20 20 20 10 8 0 0 0 0 0 0 0 0 
290 0 8 4 2 2 2 4 8 0 0 0 0 0 0 0 0 
2AO 0 8 2A lC 2A 8 0 0 0 0 0 0 0 0 0 0 
2EO 0 0 B 8 3E 8 B 0 0 0 0 0 0 0 o. 0 
2CO 0 0 0 0 0 0 8 B 10 0 0 0 0 0 0 0 
2DO 0 0 0 0 3E 0 0 0 0 0 0 0 0 0 0 0 
2EO' 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 
2FO 0 2 2 4 8 10 20 20 0 0 0 0 0 0 0 0 

ADDR 0 2 3 4 5 6 7 8 9 A B C D E F 

-----------------------------------------------------------------------
300 0 lC 22 26 2A 32 22 lC 0 0 0 0 0 0 0 0 
310 0 8 18 8 8 B 8 3E 0 0 0 0 0 0 0 0 
320 0 lC 22 2 C 10 20 3E 0 0 0 0 0 0 0 0 
330 0 3E· 2 4 C 2 22 lC 0 0 0 0 0 0 0 0 
340 0 4 C 14 24 3E 4 4 0 0 0 0 0 0 0 0 
350 0 3E 20 3C 2 2 22 lC 0 0 0 0 0 0 0 0 
360 0 lC 22 20 3C 22 22 lC 0 0 0 0 0 0 0 0 
370 0 3E 22 2 4 8 8 8 0 0 0 0 0 0 0 0 
380 0 lC 22 22 lC 22 22 lC 0 0 0 0 0 0 0 0 
3QO C lC 22 22 IE 2 2 1C 0 0 0 0 0 0 0 0 
3AO 0 0 0 B 0 0 8 0 0 0 0 0 0 0 0 0 
3BO 0 0 0 8 0 0 8 8 10 0 0 0 0 0 0 0 
3CO 0 4 8 10 20 10 8 4 0 0 0 0 0 0 0 0 
3DO 0 0 0 3E 0 31: 0 0 0 0 0 0 0 0 0 0 
3EO 0 10 8 4 2 4 8 10, 0 0 0 0 0 0 0 0 
3FC· 0 Ie 22 2 4 e 0 8 ·0 0 0 0 0 0 0 0 
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ADDR 

400 
410 
420 
430 
440 
4~0 

460 
470 
480 
490 
4AO 
430 
4CO 
4DC 
4EO 
4FO 

ADDR 

~OO 

510 
520 
530 
540 
550 
560 
570 

. 580 
590 
5AO 
5130 
5CO 
5DO 
5EO 
5FO 

ADDR 

600 
610 
620 
630 
640 
6:K-
660 
670 
680 
690 
6AO 
6130. 
6CO 
6DO 
6EO 
6FO 

ADDR 

700 
710 
720 
730' 
740 
750 
760 
770 
780 
790 
7AO 
7130 
7CO 
7DO 
7EO 
7FO 

CHARACTER GENERATOR HEX DUMP (Continued) 

o 3 4 5 6 7 8 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

1C 22 2E 
lC 22 22 
3C 22 22 
lC 22 20 
3C 22 22 
3E 20 20 
3E 20 20 
lC 22 20 
22 22 22 
lC e 8 
IE 4 4 
22 24 28 
;10 20 20 
22 36 2A 
22 22 32 
1e 22 22 

2A 2E 20 
3E 22 22 
3C 22 22 
20 20 22 
22 22 22 
3C 20 20 
3C 2,0 20 
20 2E 22 
3E 22 22 
888 
4 4 24 
30 28 24 
20 20 20 
2A 2~ 22 
2A 26 22 
22 22 22 

IE 
22 
3C 
lC 
3C 
3E 
20 
IE 
22 
Ie 
18 
22 
3E 
22 
22 
1C 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 2 3 4 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

3C 22 22 3C 
1C 22 22 22 
3C 22 22 3C 
lC 22 20 lC 
3E 8 8 8 
22 22 22 22 
22 22 22 14 
22 22 22 2A 
22 22 14 8 
..,.., 22 22 lC 
3E 2 4 8 
E 8 8 8 
20 20 10 8 
38 8 8 8 
8 lC 2A 8 
o 8 10 3E 

o 

10 8 
o 0 
o 20 
o 0 
o 2 
o 0 
o 4 
o 0 
o 20 
o 8 
o 4 
9 10 
o 18 
o 0 
o 0 
o 0 

o 

o 0 
o 0 
o 0 
o 0 
o 8 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
6 8 
o 8 
30 8 
o 0 
o 1C 

2 

4 
o 
20 
o 
2 
o 
8 
o 
20 
o 
o 
10 
8 
o 
o 
o 

2 

o 
o 
o 
o 
8 
o 
o 
o 
o 
o 
o 
8 
8 
8 
o 
3E 

3 4 

o O. 
lC 2 
20 3C 
IE 20 
2 IE 
IC 22 
8 1C 
IE . 22 
20 3C 
18 8 
4 4 
12 14 
8 8 
36 2A 
3C 22 
lC 22 

3 4 

3C 22 
IE 22 
16 18 
IE 20 
lC B 
22 22 
22 22 
22 22 
22 14 
22 22 
3E 4 
10 20 
8 0 
4 2 
7F 0 
36 22 

5 6 7 8 

20 20 20 
2A 24 lA 
28 24 22 
2 22 lC 
888 
22 22 lC 
14 8 8 
2A 2A 14 
14 22 22 
888 
10 20 3E 
8 8 E 
4 2 2 
8 B 38 
888 
10 8 0 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

5 6 

o ,0 
lE 22 
22 22 
20 20 
22 22 
3E 20 
8 . B 
22 IE 
22 22 
8 8 
4 24 
18 14 
8 8 
2A 2A 
22 22 
22 22 

5 6 

2~ 3C 
22 IE 
10 10 
IC 2 
8 B 
22 22 
22 14 
2A 2A 
B 14 
2~ IE 
B 10 
10 8 
8 8 
4 B 
7F 0 
22 36 

7 8 

o 0 
IE 0 
3C 0 
IE 0 
IE 0 
1C' 0 
8 0 
2 lC 
22 0 
Ie 0 
18 0 
12 0 
1C 0 
2A 0 
22 0 
1C 0 

7 8 

20 20 
2 2 
10 0 
3C 0 
4 0 
IC 0 
B 0 
14 0 
22 ,0 
2 IC 
3E 0 
8 6 
8 0 
8 30 
o 0 
3E 1C 
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PAGE 

0000' 

OOOA 
0000 
0020 
007E 
0060 
0003 

0080 
0040 
0040 
0040 
0002 
0001 

9000 
9001 
9003 
9005 

3FFF 
3FFE 
3FFD 
3FFC 
3FFB 
3FFA 
3FF9 
3FF8 
3FF7 
3FF6 
3FF5 
3FF4 
3FF3 
3FF2 
3FFl 
3FFO 
3FEF 
3FEE 
3FEO 
3FEC 
3FEB 
3FEA 

. 3FE9 

3FE8. 
3FE7 
3FE6 
3FE5 
3FE5 
3FA3 
3FA2 
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3FAl 
3FAO 
3F9F 
3F50 
3F20 
3FOO 
3780 

0000 
0001 
0004 
0005 

0008 
0009 
OOOA 
0000 

0010 
0011 
0014 
0015 

TITLE CRTBOI 
i MaV 1980 
ASEG 
ORG OOOOOh 
I constants 
LF equ 
CR eq,u 
SPC equ 
LINe eq,u 
RWRG eq,u 
KULCOE equ 
11/0 ports 
KBOPRT equ 
ROWPRT equ 
VERPRT equ 
SETSW equ 
LCLINO equ 
BELPRT equ 
I ace 
ACEOTA equ 
ACEITR equ 
ACECTL equ 
ACESTU equ 

I ram assignment 
FROWH equ 
FROW equ 
LROWH equ 
LROW equ 
CROWH equ 
CROW eq,u 
CURH equ 
CUR equ 
TOPH equ 
TOr equ 
NRW equ 
VCALEN equ 
GSYMBL equ 
AULF equ 
LOCLM equ 
ULCASE equ 
GECNTL .qu 
KBDLCK equ 
RTECTL equ 
CUREN equ 
CURTMR equ 
FFWCT equ 
LEADIN equ 

ICMD equ 
CPYCTL equ 
FFWRT equ 
FFRO eq,u 
STK equ 
LINP equ 
LINWCT equ 

OAh 
OOh 
020h 
07Eh Ileadin code 
low RR48-low RR1+2 
03h Ikbd unlock code 

080h Ikevboard 
040h Irow interrupt 
040h Ivertical interrupt 
040h Ibaud sel,autolf,u/lcase 
2 I local indicator 
1 I bell 

09000h Idata 
ACEOTA+llinterrupt mask 
ACEOTA+31control 
ACEOTA+5ltransmit status· 

03FFFh Ifirst row reg pair 
FROWh-l I 
FROWh-2 I last row reg pair 
FROWh-3 I 
FROWh-4 I cursor row reg pair 
FROWh-5 I 
CROW-l Icursor reg pair 
CROW-2 
CUR-l ltop of page reg pair 
CUR-2 I 
TOP-l Irow counter 
TOP-2 Ivert calc routine enable 
VCALEN-ligraphics symbol 
QSYMBL-llauto linefeed,O-auto If 
AULF-l I local mode,O-remote 
AULF-2 iupper/lower case,O-lower 
AULF-3 19raphic enable,O-disable 
AULF-4 lkevboard 10ck,O-unlock 
KBOLCK-llcursor blink rate cntl 
KBDLCK-21cursor enable,O-off 
KBDLCK-31cursor blinking timer 
KBOLCK-4Iace fifo word count 
KBOLCK-51leadin mode,Oano leadin 

KBOLCK-61insert char mode,O=insert 
ICMD-l lrow copy direction cntl 
CPYCTL-llfifo write pointer 
CPYCTL-2Ififo read pointer 
FFRO lstack 3FE4h down 
FFEND+4 I leadin parameter storage 
FFENO+3 lleadin word count 
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F3 
21'3FOO 
F9 
C3 00E2 

F5 
OC 
C2 0066 
C3 0061 

E5 
21 3FF5 
4E 
C3 07AE 

LINFH 
LINF 
FFEND 
FFSTRT 
FBO 
DMYROW 
FCHR2 

equ 
equ 
equ 
equ 
equ 
equ 
equ 

FFENO+2 
FFENO+l 
03F9Fh 
03F50h 
03F20h 
03FOOh 
03780h 

lleadin func Jmp addr high 
Ileadin func Jmp addr low 
lace fifo end 
lace fifo start 3F50/3F9Fh 
Ifore/background cntl 
Idummv row 3FOO/3F4Fh 
Ipage 2, 1st char 

I INTERRUPTS 
1*********************************************** 
START: 01 I restart 0 

LXI H,OMYROW Iclr non video ram 
SPHL 
JMP INIT 

I------------------~------------------
Iro", interrupt 
ROW: PUSH 

INR 
JNZ 
JMP 

PSW 
C 
NOWRAP 
VRWRAP 

I restart 

ino wrap arroud 
Ido ",rap arround 

1--------------------------------------
ivertical interrupt 
VERT: PUSH H Irestart 2 

LXI H,NRW 
MOV C,M I load NRW 
JMP VTSUB 

1--------------------------------------
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iaCIl duplicate interrupt 
0018 C3 0038 ACEOUP: JMP ACE i restart 3 1 {FUNCTION} disable cursor 
00113 21 3FEC OICUR: LXI H.CUREN idisable cursor 
OOlE 77 MOV M.A la"'O 
OOlF C9 RET 

1---------------------------------------
i keyboard interrupt 

0020 E5 KBO: PUSH H i restart 4 
0021 F5 PUSH PSW 
0022 :21 3FEE LXI H.KBOLCK 1 keyboard lock cntl 
0025 C3 02C9 JMP KBDINT 

j--------------------------------------
irpw duplicate interrupt 

0028 F5 ROWOP: PUSH PSW i restart 5 
0029 DC INR C 
002A C2 0066 JNZ NOWRAP 
0020 C3 0061 JMP VRWRAP 

;-------------------~------------------
i vertical duplicate interrupt 

0030 C3 0010 VERTDP: JMP VERT i restart 6 
0033 EB TABSTP: XCHG Ihl=crow 
0034 01 POP 0 i remove call 
0035 01 POP D 
0036 73 MOV M.E i return org crow 
0037 C9 RET 

;---------------------------------------
PAGE 
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0038 

0038 E5 
0039 F5 
003A 21 
0030 05 
003E AF 
003F 77 
0040 2B 
0041 34 
0042 C2 

0045 2B 
0046 136 
0047 3A 
004A FB 
00413 C2 

004E E6 
0050 11 
0053 D5 
0054 FE 
0056 CA 
0059 CD 
005C E6 
005E F8 
005F 67 
0060 E9 

0061 3E 
0063 32 
0066. 03 
0068 Fl 
0069 FB 
006A C9 

006B 3E 
0060 57 

006E 3A 
0071 FE 
0073 OA 
0076 CD 

0079 7A· 
007A 32 
0070 C9 

iACE INTERRUPT 
i*********************************************** 
ACE: PUSH H i 

PUSH PSW 
3FEB LXI H.CURTMR 

PUSH 0 
XRA A 
MOV M.A ;reset cursor timer 
OCX H iFFWCT 
INR M iriro empty? 

0244 JNZ STFIFO ina. store to firo 

OCX H ; leadin 
ORA M 

9000 LOA ACEOTA irllad ace 
EI 

0283 JNZ LINMOE ; leadin mode 

7F FIFACE: ANI 07Fh 
0267 

OA 
03Bl 
015C 
87 

01 
5000 
40 

00 

9005 
60 
006E 
075E 

9000 

LXI O.FFCHK 
PUSH 0 ipseudo call 
CPI LF 
JZ LFEEO 
CALL CALJMP 
ANI 087h i leadin+Jmp addr high 
RM ; leadin required. return 

LCLFUN: MOV H.A i Jmp addr high 
PCHL ida function 

irow interrupt continue 
i*********************************************** 
VRWRAP: MVI A. 1 

STA 05000h ;wrap arround addr 
NOWRAP: OUT ROWPRT iclr row flip/flop 

POP PSW 
EI 
RET 

i WRITE TO ACE 
i*********************************************** 
SNOCR: MVI A.CR 
WTACEA: MOV O.A 

WTACEO: LOA ACESTU icheck status 
CPI 060h Ihold/tx register 
JC WTACEO 1 not rllady 
CALL SOLY i delay 

OUTACE: MOV A.D 
STA ACEDTA i write to ace 
RET 

PAGE 
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011A C2 0117 JNZ PTNlP 
0110 03 01 OUT BElPRT iring bell for ready 

iCAlCUlATE SCREEN ADOR AFTER VERTICAL INTERRUPT 
011F 2E EB VCAl: MVI l. 101&1 CURTMR 
0121 7E MOV A.M 
0122 2F CMA 
0123 34 INR M icursor timer 
0124 23 INX H i cursor enable 
0125 A6 ANA M 
0126 23 INX H I rate cntl 
0127 A6 ANA M iblink rate mask 
0128 C4 0174 CNZ CURlOC Icursor on 
012B 3E 20 MVI A.020h i 8350 offset 
0120 84 ADD H loffset addr high 
012E 67 MOV H.A i =5Fh if cursor off 
012F E5 PUSH H i save cursor 
0130 2A 3FFE lHlD FROW 
0133 2B DCX H i fetch rOI&l start 
0134 7E MOV A.M 
0135 C6 20 ADI 020h ioffset addr high 
0137 57 MOV D.A 
0138 2B DCX H 

PAGE 
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0139 
0139 5E MOV E.M lde=top of page 
013A 70 MOV A.l icalc rOI&l I&Irap constant 
013B OF RRC i divide by 2 
013C C6 8F ADI 08Fh i add offset 
013E El POP H icursor location 
013F F3 01 
0140 22 3FF8 SHlD CUR i update cursor 
0143 EB XCHG 
0144 22 3FF6 SHlD TOP i update top of page 
0147 21 3FF5 LXI H.NRW 
014A 77 MOV M.A irOI&l I&Irap constant 
014B 2B DCX H i VCAlEN 
014C 36 00 MVI M.O idisable VCAl routine 
014E FB WAIT: EI 
014F 76 HlT 
0150 7E MOV A.M i VCAlEN 
0151 B7 ORA A icheck from vert intr 
0152 CA 014E JZ WAIT ; no 
0155 C3 011F ..IMP VCAl ido screen calculations 

iCAlCUlATE ..IMP ADDR 
0158 2E E9 CJMP: MVI l. 101&1 lEADIN 
015A E6 7F ANI 07Fh i mask 1st bit 
015C FE 20 CAlJMP: CPI SPC 
015E DA 0168 JC FUNC i 0-lFh. func 
0161 FE 7E CPI 07Eh 
0163 DA 0372 JC CHAR 120-7Dh. char input 
0166 D6 5E SUI 05Eh i 7E17Fh to 20/21h 
0168 2B FUNC: DCX H i insert mode 
0169 74 MOV M.H ih<>O.defeat insert mode 
016A 07 JMPADD: RlC i *2. msb=O 
016B 5F MOV E.A Id=02h (Jmp tbl> 
016C lA lDAX 0 i fetch Jmp addr 101&1 

0160 6F MOV l.A 
016E 13 INX 0 
016F lA lDAX 0 i fetch Jmp addr high 
0170 C9 RET 

i CALCULATE CUR lOC AND CUR TO END DIFF 
0171 3E 50 DFClOC: MVI A.80 
0173 90 SUB B icursor to end difference 

iCAlCUlATE CURSOR lOCATION 
0174 2A 3FFA CURlOC: lHlD CROW 
0177 2B· DCX H 
0178 56 MOV D.M 
0179 2B DCX H 
017A 5E MOV E.M 
017B 68 MOV l.B 
017C 19 DAD 0 ihl=cursor address 
017D C9 RET 

PAGE 
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017E 
iROW WRAP AROUND lOOKUP TABLE (start addr=17Eh) 
i*********************************************** 

017E OOEO RR47D: dl&l OOEOh 
0180 0082 RR48D: dl&l 0082h 
0182 0084 RRI : dl&l 0084h 
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0 
r-.... 01B4 00B6 RR2: dw 00B6h 
C\I 01B6 OOBB RR3: dw OOBBh • OlBB OOBA RR4: dw OOBAh Z OlBA OOBC RR5: dw OOBCh « OlBC OOBE RR6: dw 008Eh 

OlBE 0090 RR7: dw 0090h 
0190 0092 RR8: dw 0092h 
0192 0094 RR9: dw 0094h 
0194 0096 RR10 dw 0096h 
0196 009B RRII dw 0098h 
0198 009A RR12 dw 009Ah 
019A 009C RR13 dw 009Ch 
019C 009E RR14 dw 009Eh 
019E OOAO RR15 dw OOAOh 
OlAO 00A2 RR16 dw 00A2h 
01A2 00A4 RR17 dw 00A4h 
01A4 00A6 RR18 dw 00A6h 
01A6 OOAB RR19 dw 00A8h 
01A8 OOAA RR20 dw OOAAh 
OlAA OOAC RR21 dw OOACh 
OlAC OOAE RR22 dw OOAEh 
OlAE OOBO RR23 dw OOBOh 
OlBO 00B2 RR24 dw 00B2h 
01B2 00B4 RR25 dw 00B4h 
01B4 00B6 RR2b dw OOBbh 
01B6 00B8 RR27 dw 00B8h 
OlBB OOBA RR2B dw OOBAh 
OlBA OOBC RR29 dw OOBCh 
OlBC OOBE RR30 dw OOBEh 
OlBE OOCO RR31 dw OOCOh 
OlCO 00C2 RR32 dw 00C2h 
01C2 00C4 RR33 dw 00C4h 
01C4 00C6 RR34 dw OOCbh 
01C6 OOC8 RR35 dw 00C8h 
01C8 OOCA RR36 dw OOCAh 
OlCA OOCC RR37 dw OOCCh 
OlCC OOCE RR38 dw OOCEh 
OlCE OODO RR39 dw OODOh 
OlDO 00D2 RR40 dw 00D2h 
0102 0004 RR41 dw 0004h 
0104 00D6 RR42 dw 00D6h 
0106 OODB RR43 dw 0008h 
OlOB OOOA RR44 dw OOOAh 
OlDA OODC RR45 dw OODCh 
OlDC OODE RR46 dw OODEh 
OlOE OOEO RR47 dw OOEOh 
OlEO 0082 RR48 dw 0082h 
01E2 0084 RR1D dw 00B4h 
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I JUMP AOORESS CONSTANTS 
;*********************************************** 
; A15 :- O=no leadin required 
IA14/A12:- parameter count 
; All :- O=local function 

1000 WI equ OlOOOh ; one para adder 
2000 W2 equ 02000h ; two para adder 
8000 LIN equ 08000h ; leadin adder 
OBOO NLC equ 00800h ; not local adder 

OA5F Fl equ RTN+NLC 
03B9 F2 equ CARRTN 
03Bl F3 equ LFEEO 
OC34 F4 equ BELL+NLC 
ObOA F5 equ TAB 
0437 F6 equ FS 
041F F7 equ BS 

B44E FB equ UPCUR+LIN 
B460 F9 equ DWNCUR+LIN 
840B FlO equ HOMCUR+LIN 
B5F3 Fll equ NPAGE+LIN 
B472 F12 equ ROLUP+LIN 
B4BC F13 equ ROLOWN+LIN 

84AE Fl4 equ CURULK+LIN 
8001 F15 equ ROCUR+LIN+NLC 
AOA2 Fib equ ADOCUR+LIN+NLC+W2 

84Fl F17 equ FQNDF+LIN 
84F7 F18 equ\ BGNOF+LIN 

B3bB F19 equ INSCHAR+L.IN 
8358 F20 equ STOFCH+LIN . 
8505 F21 equ INSLNE+LIN 
B512 F22 equ STOFL.NE+L.IN 
A026 F23 equ ISLRG+LIN+NL.C+W2 
9E8A F24 equ GRAPH+LIN+NL.C+WI 
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0419 
83013 
84CO 
8413A 
8642 
84CE 

8CB6 
801B 
8710 
87BF 
OAC5 
86BC 

F2:5 
F26 
F27 
F28 
F29 
F30 

F31 
F32 
F33 
F34 
F35 
F36 
PAGE 

equ 
equ 
equ 
equ 
equ 
equ 

equ 
equ 
equ 
equ 
equ 
equ 

DEL. 
OCROW+UN 
ORTLN+UN 
ORTPG+UN 
CFB+L.IN 
CL.RSCN+UN 

KBL.K+L.I N+NL.C 
OICUR+UN 
SNDL.NE+L.IN 
ACESW+UN 
UNSET+NL.C 
DEGRPH+L.IN 
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01E4 

01E4 
01E5 
01E8 
OlEA 
OlEO 

01FO 
01F2 
01F4 
01F6 
01F8 
01FA 
01FC 
01FE 

0200 
0202 
0204 
0206 
0208 
020A 
020C 
020E 
0210 
0212 
0214 
0216 
0218 
021A 
021C 
021E 
0220 
0222 
0224 
0226 
0228 
022A 
022C 
022E 
0230 
0232 
0234 
0236 
0238 
023A 
023C 
023E 
0240 
0242 

57 
3A 9005 
E6 20 
CA 01E5 
C3 0079 

06AB 
0139 
009C 
004E 
0027 
0014 
OOOA 
0005 

OA5F 
8472 
9E8A 
84AE 
8358 
8001 
8010 
OC34 
041F 
060A 
03131 
8460 
844E 
03B9 
85F3 
84CO 
0437 
AOA2 
8408 
8512 
8710 
8CB6 
848C 
84BA 
8642 
84F7 
8505 
86BC 
84CE 
AD26 
83613 
84Fl 
OAC5 
0419 

iPUT A WORD TO 
KBDACE: MOV 

L.DA 
ANI 
JZ 
..IMP 

iACE BAUD RATE 
13110: dill 
13600: dill 
131200: dill 
132400: dill 
134800: dill 
139600: dill 
1319200: dill 
1338400: dill 

ACE 
O.A 
ACESTU 
020h 
KBDACE+1J not 
OUTACE 

CONSTANTS 
1707 
313 
156 
78 
39 
20 
10 
5 

i O. 3Y. 
i O. 3Y. 
i O. 3Y. 
i 2. 3Y. 
i 2. 3Y. 
i 2. 3Y. 

ready 

o 
1 
2 
3 
4 
5 
6 
7 

iFUNCTION JUMP TABL.E (start addr=200h) 
i*********************************************** 
TDL.JMP: dill 

dill 
CD: dill 

dill 
dill 

CE: dill 
dill 

CG: dill 
dill 
dill 
dill 
dill 
dill 
dill 
dill 
dill 
dill 

CG: dill 
dill 
dill 
dill 

CIJ: dill 
dill 
dill 
dill 
dill 
dill 
dill 
dill 

CI0: dill 
dill 
dill 

C7E: dill 
dill 

Fl 
F12 
F24 
Fl4 
F20 
F15 
F32 
F4 
F7 
F5 
F3 
F9 
F8 
F2 
Fll 
F27 
F6 
F16 
FlO 
F22 
F33 
F31 
F13 
F28 
F29 
F18 
F21 
F36 
F30 
F23 
F19 
F17 
F35 
F25 

inull/toggle local 
i A: roll up 
iB:graphics mode 
iC:on cursor/unlock kbd 
iO: strip off character 
iE:read cursor 
iF:disable cursor 
i G: bell/scale 
i H: cursor left 
i I: tab 
iJ:line feed 
iK:cursor dOllln 
i L: cursor up 
iM:carriage return 
iN:next page 
iO: delete rest of line 
iP:cursor right 
iG:address cursor/menu 
iR:home cursor 
is:strip off a line 
iT: transmit a line 
i U: lock ke\jboard 
iV:roll dOllln 
iW:delete rest of pqge 
iX:clear Fore/background 
iY:background Follows 
j Z: insert line 
i 113: esc/defeat graphics 
i lC:home and clear screen 
i 10: insert/strip Ine/rng 
i IE: insert character 
j 1F:foreground follows 
i7E: leadin/ace.u/l-case 
j 7F: delete 
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0244 
0246 
0247 
024A 
024D 
024F 
0250 
0251 
0252 
0253 
0254 
0256 
0259 

3E 50 
BE 
3A 9000 
DA 032C 
2E E6 
54 
5E 
12 
713 
3C 
FE AO 
DA 025A 
IF 

iSTORE A WORD TO ACE FIFO 
STFIFO: MVI A.80 

CMP M iexceeding 80 words? 
L.OA ACEOTA iread ace 
JC OVRNG imore than 80 words 
MVI L. low FFWRT 
MOV O.H 
MOV E.M 
STAX 0 
MOV A.E 

iset up write pointer high 
iset up write pointer low 
i store to H fa 

INR A iadvance pointer 
CPI low FFENO+liexceeding 80 words? 
JC WFFRNG i less than 80 words 
RAR i fifo start again 
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0 r-- 025A 77 WFFRNG: MOV M.A iadvance write pointer 
N 025B FB EI 
• 

Z 025C 01 CMRTN: POP 0 

<C 0250 Fl POP PSW 
025E El POP H 

i {FUNCTION} unused keys 
025F C9 Rl'N: RET 

iKEY BOARD RETURN. addr high=2h 
0260 AF KLCRTN: XRA A ienable keyboard 
0261 32 '3FEE STA KBDLCK 
0264 C3 025C JMP CMRTN 

iCHECK FIFO ANO RETURN. , addr high=2h 
0267 21 3FEA FFCHK: LXI H.FFWCT i fifo word count 
026A 35 OCR M i, fHo empty? 
0265 FA 025C JM CMRTN i empty 

iREAO A ,WORD FROM ACE FIFO 
026E 2E E5 ROFIFO: MVI L. low FFRO 
0270 54 MOV D.H i set up read pointer high 
0271 5E MOV E.M i set up read pointer low 
0272 7B MOV A.E 
0273 3C INR A i advance read pointer 
0274 FE AO CPI l~w FFENO+liexceeding 80 words? 
0276 DA 027A JC RFFRNG I less than 80 words 
0279 IF RAR i fifo start again 
027A 77 RFFRNG: MOV M.A i store read pointer 
027B 2E E9 MVI L. low LEADIN 
0270 7E MOV A.M 
027E B7 ORA A i leadin mode=O? 
027F lA LOAX 0 iread, fifo word 
0280 CA 004E JZ FIFACE inot lead in. normal entry 

PAGE 
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i LEADIN MODE 

0283 E6 7F LINMDE: ANI 07Fh i mask input 
0285 11 0267 LXI D.FFCHK 
0288 05 PUSH 0 ipseudo call 
0289 2E A2 MVI L. low LINWCT 
028B 5E MOV E.M i leadin word count 
028C 10 OCR E i word count=O? 
028D F2 02B3 JP LINPRA iparameter ent'ries 
0290 FE 20 CPI SPC i control codes? 
0292 02 02C2 JNC ILELIN ; not cntl code. error 
0295 CD 016A CALL JMPAOD ; fetch Jmp address 
0298 B7 ORA A -
0299 F2 02C2 JP ILELIN ; code requires no leadin 
029C E6 77 ANI 077h ; word count/Jmp addr high 
029E 67 MOV H.A i save 
029F E6 70 ANI 070h ; mask word count 
02Al CA 02BE JZ LINEXE ida fUnction 

02A4 OF LINPFN: RRC i right Justify w'ord count 
02A5 OF RRC 
02A6 OF RRC 
02A7 OF RRC 
02A8 32 3FA2 STA LINWCT i store to word count reg 
02AB 3E 07 MVI A.07h 
02AD A4 ANA H iget Jmp addr high 
02AE 67 MOV H.A 
02AF 22 3FAO SHLD LINF isave function Jmp addr 
02B2 C9 RET 

02B3 73 LINPRA: MOV M.E i lI~adin word count-l 
02B4 16 00 MVI 0.0 id=O.e=word count-l 
02B6 23 INX' H i LINP 
02B7 19 DAD D i hl=para pointer 
02B8 77 MOV M.A i store word 
02B9 CO RNZ i word count()O. next word 
02BA 2A 3FAO LHLO LINF i load leadin Jmp address 
02BD AF XRA A 

02BE 32 3FE9 LINEXE: STA LEADIN i defeat leadin 
02Cl E9 PCHL ida function 

02C2 D3 01 ILELIN: OUT BELPRT i illegal code after leadin 
02C4 AF XRA A i a=O. reset leadin 
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» 
I <FUNCTION} set leadin mode Z 02C5 32 3FE9 LINSET: STA LEAOIN I a(>O. !let leadin 

02C8 C9 RET 
. 

I\,) 
""'-I 
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ikeyboard interrupt continue 
02C9 AF KBOINT: XRA A 
02CA 32 3FEB STA CURTMR Ireset cursor blink timer 
02CO B6 ORA M I keyboard locked? 
02CE DB 80 IN KBOPRT Iread keyboard 
0200 FB EI 
0201 05 PUSH 0 
0202 C2 0327 JNZ KNACTV ikeyboard not active 

0205 B7 ORA A 
0206 CA 0333 JZ TGLCL i toggle local 

Idefeat graphics 
0209 77 'MOV M.A l loc k keyboard 
020A 11 0260 LXI O.KLCRTN 
0200 05 PUSH 0 igenerate pseudo call 

020E 23 INX H l GECNTL 
020F B6 ORA M 
02EO 23 INX H i ULCASE 
02E1 FE 61 CPI 061h 
02E3 OA 02EC JC NLCSE inot lower case 
02E6 FE 7B CPI 07Bh 
02E8 02 02EC JNC NLCSE inot lower case 
02EB 96 SUB M ,ull case cntl.m=20h/0 

02EC 23 NLCSE: INX H i local 
02EO 5E MOV E.M 
O:2EE 1C INR E i local mode? 
02EF C2 01E4 JNZ K8DACE I write to ace 

02F2 FE AO LCL: CPI OAOh 'parameter entry? 
0:2F4 02 06S0 JNC LGPARA Iyes 

02F7 CO 0158 CALL CJMP 1get Jmp addr 
02FA E6 OF ANI OFh 
02FC FE 08 CPI 08h l local? 
02FE OA 005F JC LCL.FUN i do local function 
0301 78 MOV A.E iread lookup tbl ptr 
0302 FE 05 CPI low CB+1i cntl B? 
0304 CA 06B7 JZ ENGRPH ienable graphics mqde 
0307 FE 08 CPI low CE+licntl E? 
0309 CA 0773 JZ LROCUR ldisplay cursor location 
030C FE OF CPI low CG+1icntl G? 
030E CA 0784 JZ SCALE iput scale 
0311 FE 23 CPI 10111 CQ+1lcntl Q? 
0313 CA 0605 JZ PGM iput graphics menu 
0316 FE 41 CPI 10111 C7E+1 
0318 CA 07CO JZ ATGUL i init ace. toggle u/l case 
0318 FE 38 CPI 10111 Cl0+1 
0310 CA 034F JZ ROM2 ido rom2 functions 
0320 FE 29 CPI 10111 CU+licntl U? 

PAGE 
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0322 
0322 CO RNZ i unused keys 
0323 01 POP D lpseudo rtn+lock kbd 
0324 C3 0261 JMP KLCRTN+l 

0327 EE 03 KNACTV: XRI KULCOE i loc k/unloc k kbd? 
0329 CA 025A JZ CMRTN-2 iunlock keyboard 
032C 3E SO OVRNG: MVI A.80 lfor FFWCT 
032E 03 01 OUT 8ELPRT 
0330 C3 025A JMP CMRTN-2 i loc k kbd 

0333 23 TGLCL: INX H iGECNTL 
0334 77 MOV M.A ;disable graphics mode 
0335 32 3FE9 STA LEAOIN ;reset leadin 
0338 2E Fl MVI L. low LOCLM 
033A 7E MOV A.M 
033B 2F CMA I toggle local 
033C 77 MOV M.A 
0330 CD 07E8 CALL EOACE ;en/disable ace 
0340 C2 0345 JNZ ONLINE 
0343 3E 1E MVI A.03h XOR 010h 
0345 EE 10 ONLINE: XRI 010h 
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t-- 0347 00 nap lout lclprt 
N 0348 00 nap • 0349 32 3FED STA RTECTL I select blink 'I'ate 
Z 034C C3 025C JMP CMRTN 

<t . I JMP TO ROM2 
034F 3A 0800 ROM2: LDA 0800h Icheck presence of 'I'om2 
0352 FE 55 CPI O~~h 1·5~h? 
0354 CO RNZ I not exist 
0355 C3 0801 JMP 0801h 10k, do, Jmp 

I {FUNCTION} stripe off a cha'l'acter 
0358 CD 0171 STOFCH: CALL DFCLOC I get cur loc and d iff 
035B 3D DCR A 
035C CA 0434 JZ BELL I last column, er'l'o'l' 
035F 23 STOFLP: INX H 
0360 56 MOV D,M 
0361 2B DCX H 
0362 72 MOV M,D Ida cOplJ 
0363 23 INX H 
0364 3D DCR A 
0365 CO2 035F JNZ STOFLP 
0368 C3 03A4 JMP PSPC Iput a space 

i {FUNCTION} insert cha'l'acter 
036B AF INSCHAR:XRA A 
036C 32 3FE8 STA ICMD I enable insert mode 
036F C3 038D JMP INSCHR 

PAGE 
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0372 
ICHARACTER INPUT 

0372 Dl CHAR: POP D Ipseudo return 
0373 2E 20 MVI L, 10111 FBG 
0375 AE XRA M I add att'l'ibute 
0376 AD XRA L l'I'emove space code 

0377 2A 3FFA LHLD CROW Icalculate cU'l'sor lac 
037A 2B DCX H 
037B 56 MOV D,M 
037C 2B DCX H 
037D 5E MOV E,M 
037E 68 MOV L,B 11'0111 start+cursor 
037F 19 DAD D ihl-cursor address 
0380 77 MOV M,A IlIIrite to screen 

0381 3E 4F MVI A,79 
0383 A8 XRA B llast column? 
0384 CA 03CO JZ LSTCHR i last, do scroll 
0387 04 MIDCHR: INR B ielse advance cursor 
0388 3A 3FE8 LDA ICMD i insert mode? 
038B B7 ORA A 
038C CO RNZ inot insert mode 

038D 3E 4F INSCHR: MVI A,79 
038F 90 SUB B IblJte counter 
0390 CA 03A8 JZ ILCHAR icursor at last column 

0393 2A 3FFA LHLD CROW 
0396 5E MOV E,M 
0397 23 INX H 
0398 56 MOV D,M Id=rolll end+l 
0399 IB DCX D i 1'01&1 end 
039A EB XCHG 
039B 2B INSLP: DCX H 
039C 56 MOV D,M 
039D 23 INX H 
039E 72 MOV M,D Ido COplJ 
039F 2B DCX H 
03AO 3D DCR A 
03Al C2 0398 JNZ INSLP 

03A4 3E 80 PSPC: MVI A,080h 
03A6 A2 ANA D Iget character attributv 
03A7 F6 20 ORI SPC I add space 
03A9 77 MOV M,A 
03AA C9 RET 

03AB 3C ILCHAR: INR A I make a()O 
03AC D3 01 OUT BELPRT 
03AE C3 03CE JMP DICMD i defvat in5ert char mode 

PAGE 
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03Bl 
. 
I\) 

I {FUNCTION} line hed ---.. 03Bl 3A 3FF2 LFEED: LDA AULF iauto line feed? 0 03B4 B7 ORA A 
03B5 C2 03Cl JNZ LFD ido line feed 
03B8 C9 RET 

i {FUNCTION} carriilge return 
03B9 3A 3FF2 CARRTN: LDA AULF lauto line feed? 
0313C 137 ORA A 
03BD C2 04DE JNZ ZROCUR ldo cr onllJ 

03CO 47 LSTCHR: MOV B.A I set cursor to 1st col 

03Cl 11 3FFC LFD: LXI D.LROW 
03C4 2A 3FFA LHLD CROW 
03C7 24 INR H 
03C8 lA LDAX D 
03C9 BD CMP L lcrow=lrow? 
03CA 7E MOV A.M I next row 
03CB 32 3FFA STA CROW icrow+l 
03CE 32 3FE8 DICMD: STA ICMD 'I defeat insert char mode 
03Dl CO RNZ I not last row 

03D2 EB LFSCR: XCHG i lalit row. do scroll 
03D3 F3 DI 
03D4 77 MOV M.A ; lrow+l 
03D5 2E FE MVI L. low FROW 
03D7 5E MOV E.M I de-row wrap arround tbl 
03D8 lA LDAX D 
03D9 77 MOV M.A i frow+l 
03DA FB EI 

I {FUNCTION} clear cursor row 
03DB 2A 3FFA DCROW: LHLD CROW 

03DE EB CLRROW: XCHG 
03DF 21 0000 LXI H.O 
03E2 39 DAD SP 
03E3 EB XCHG 
03E4 F3 DI 
03E5 F9 SPHL 
03E6 El POP H ; lookup row start 
03E7 F9 SPHL I sp-row start 
03E8 FB EI 
03E9 2A 3F20 LHLD F13G I space + attribute 
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03EC 
03EC E5 PUSHSP: PUSH H ldo clear row 
03ED E5 PUSH H 
03EE E5 PUSH H 
03EF E5 PUSH H 
03FO E5 PUSH H 
03Fl E5 PUSH H 
03F2 E5 PUSH H 
03F3 E5 PUSH H 
03F4 E5 PUSH H 
03F5 E5 PUSH H 110 
03F6 E5 PUSH H 
03F7 E5 PUSH H 
03F8 ES PUSH H 
03F9 E5 PUSH H 
03FA E5 PUSH H 
03F13 E5 PUSH H 
03FC E5 PUSH H 
03FD E5 PUSH H 
03FE E5 PUSH H 
03FF E5 PUSH H 120 
0400 E5 PUSH H 
0401 E5 PUSH H 

,0402 E5 PUSH H 
0403, E5 PUSH H 
0404 ES PUSH H 
0405 E5 PUSH H 
0406 E5 PUSH H 
0407 E5 PUSH H 
0408 E5 PUSH H 
0409 E5 PUSH H ; 30 
040A E5 PUSH H 
04013 E5 PUSH H 
040C F3 DI 
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~ 040D E5 PUSH H 
N 040E E5 PUSH H • 040F E5 PUSH H 
Z 0410 E5 PUSH H 

<t 0411 E5 PUSH H 
0412 E5 PUSH H 
0413 E5 PUSH H 
0414 E5 PUSH H 140 
0415 EB XCHQ 
0416 F9 SPHL 
0417 FB BSRTN: EI 
0418 C9 RET 

I {FUNCTION} delete 
0419 3E 20 DEL: MVI A,SPC 
041B CD 06CB CALL STSP I store space 
041E AF XRA A Ida back space 

PAGE 
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041F 
i {FUNCTION} back space 

041F C4 ObCl BS: CNZ CHKOM icheck graphics mode 
0422 F3 BSl : DI 
0423 05 DCR B icursor-l 
0424 F2 0417 JP BSRTN I not 1st column 
0427 04 INR B 
0428 FB EI 
0429 3A 3FEF LDA QECNTL 
042C B7 ORA A 19raphics mod.? 
042D CO RNZ ide~.at wrap arround 
042E CD 0451 CALL UCURl I up cursor one row 
0431 C8 RZ lcrow"~row? 
0432 06 4F MVI B,79 IS.t cursor to last col 
0434 D3 01 BELL: OUT BELPRT 
043b C9 RET 

i{FUNCTION} ~orward cursor 
0437 CD 06Cl FS: CALL CHKQM ; check graphics mode 
043A 3E 4F MVI A,79 
043C B8 CMP B I last column? 
043D C2 0387 JNZ MIDCHR I not last column 
0440 3A 3FEF LDA OECNTL 
0443 B7 ORA A ;graphics mode? 
0444 CO RNZ lde~eat wrap arround 
0445 CD 0463 CALL DCUR1 idown cursor one TOW 
0448 C8 RZ Icrow=lroUl? 
0449 Ob 00 MVI B,O iset cursor to 1st col 
044B D301 OUT BELPRT 
044D C9 RET 

i {FUNCTION} up CUTIOT one row 
044E CD ObCl UPCUR: CALL CHKQM Icheck graphics mode 
0451 11 3FFA UCUR1: LXI D,CROW 
0454 2A 3FFE LHLD FROW 
0457 1A LDAX D icrow 
0458 24 INR H i hl="TOUl wTap aTTound tbl 
0459 BD CMP L ICTow=~rolll? 
045A C2 04A7 JNZ $4 
045D D3 01 OUT BELPRT ; cTow=frollJ, ring bell 
045F C9 RET 

i{FUNCTION} down curSOT one TOW 
0460 CD ObCl DWNCUR: CALL CHKGM icheck gTaphics mode 
0463 11 3FFA DCUR1: LXI D,CROW 
046b 2A 3FFC LHLD LROW 
0469 lA LDAX D iCTOW 
046A 24 INR H lhl-TOW wrap aTroud tbl 
046B BD CMP L Icrow"'lToW? 
046C C2 04A9 JNZ $5 
04bF D3 01 OUT BELPRT I crow"IToW, Ting bell 
0471 C9 RET 
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0472 
i{FUNCTION} roll up 

0472 11 3FFA ROLUP: LXI D,CROW 
0475 2A 3FFE LHLD FROW 
0478 lA LDAX D 
0479 24 INR H I hi-row wrap aTTound tbl 
047A BD CMP L Icrolll"~ToW? 
047B 7E MOV A,M Inext 1'0111 

047C F3 DI 
047D 32 3FFE STA FROW lfrow+l 
0480 C2 0484 JNZ RUNEQ 
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0483 12 STAX 0 icrow+l » 
0484 EB RUNEQ: XCHG , d"1. ha3Fh Z 
0485 2E FC MVI L, low LROW • I\) 0487 5E MOV E,M ,d.-row wrap iIIrround tbl 

~ 0488 lA LOAX 0 ,n.xt row 
0489 77 MOV M,A Ilrow+l 0 
048A FB EI 
04813 C9 RET 

i {FUNCTION} roll down 
048C 11 3FFA ROLOWN: LXI O,CROW 
048F 3A 3FFC LOA LROW 
0492 06 04 SUI 4 i up one row 
0494 6F MOV L.A 
0495 26 01 MVI H,l ,hl=row wrap arround tbl 
0497 lA LOAX 0 ierow 
0498 06 04 SUI 4 
049A 130 CMP L icrow=lrow? 
04913 7E MOV A,M i up one row 
049C F3 01 
0490 32 3FFC STA LROW ,lrow-l 
04AO C2 04A4 .JNZ RONEQ 
04A3 12 STAX 0 icrow-l 
04A4 IE FE RONEQ: MVI E, low FROW 
04A6 lA LOAX 0 
04A7 06 04 $4: SUI 4 
04A9 6F $5: MOV L,A ,hl=row wrap arrouryd tbl 
04AA 7E MOV A,M 
04AB 12 STAX 0 i f'row-l 
04AC FB EI 
04AO C9 RET 

i {FUNCTION} enable cursor, unlock keyboard 
04AE AF CURULK: XRA A 
04AF 32 3FEE STA KBOLCK lunlock kellboard 
04132 2F CMA ,enable cursor 
04133 C3 00113 .JMP OICUR 

i {FUNCTION} lock kellboard 
04136 32 3FEE KBLK: STA K130LCK I 1 oc k keyboard 
04139 C9 RET 
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04BA 
i {FUNCTION} delete rest of' page 

04BA 3A 3FFA ORTPG: LOA CROW 
04130 CO 04E9 CALL CTLRW2 iclear crow+l to lrow 

i{FUNCTION} delete rest of' line 
04CO CD 0171 ORTLN: CALL OFCLOC iget cursor lac and diff 
04C3 57 MOV O,A i save 
04C4 3A 3F20 LOA FBG 
04C7 77 ORLLP: MOV M,A i store space/attribute 
04C8 23 INX H 
04C9 15 OCR 0 
04CA C2 04C7 .JNZ ORLLP I unti 1 end of line 
04CO C9 RET 

i{FUNCTION} clear screen 
04CE CO 06BC CLRSCN: CALL OEGRPH idefeat graphics mode 
0401 2A 3FFE LHLO FROW 
0404 70 MOV A,L 
0405 CO 04E6 CALL CTLRWI iclear frow to lrow 

I {FUNCTION} home cursor 
0408 3A 3FFE HOMCUR: LOA FROW 
04013 32 3FFA STA CROW Icrow"frow 
040E 06 00 ZROCUR: MVI 13,0 ; set cursor to 1st col 
04EO C9 RET 

iCLEAR TO LAST ROW 
04El 16 01 CLRWLP: MVI 0,1 
04E3 5F MOV E,A ;de .. row wrap arround tbl 
04E4 lA LOA X 0 ;next row 
04E5 6F MOV· L,A 
04E6 CO 030E CTLRWI : CALL CLRROW Icl.ar whole row 
04E9 2A 3FFC CTLRW2: LHLO LROW 
04EC 130 CMP L ; row"lrow? 
04EO C2 04El .JNZ CLRWLP i unti 1 last row 
04FO C9 RET 

i {FUNCTION} foreground f'ollows 
04Fl 11 2020 FGNOF: LXI 0,02020hl foreground spaces 
04F4 C3 04FA .JMP LOFGO 
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t-- i {FUNCTION} background follows 
N 04F7 11 AOAO BQNOF: LXI D.OAOAOhlbackground spac!!s 
• 04FA 21 0000 LDFGD: LXI H.O 

Z 04FD 39 DAD SP 

<C 04FE EB XCHG 
04FF 31 3F50 LXI SP.DMYROW+80 
0502 C3 03EC JMP PUSHSP lstorll in dummy row 
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0505 
i {FUNCTION} insert a linll 

0505 CD 0590 INSLNE: CALL CRLR I calc crow/l row diff 
0508 21 3FFA LXI H.CROW 
050B 73 MOV M.E I set crow=lrow 
050C C2 054B JNZ MOVOWN imOV!! row cont!!nts 
050F C3 058C JMP DRWZCU I !!ls!!. dill lrow/zero cur 

I {FUNCTION} strip off a linll 
0512 CD 0590 STOFLNE:CALL CRLR 19!!t crow/lrow diH 
0515 CA 058C JZ DRWZCU ;d!!l lrow/z!!ro cursor 
0518 E5 SLNERG: PUSH H I!!lse do move 
0519 21 3FE7 LXI H.CPYCTL 
051C 36 00 MVI M.O ICopy upward 
051E CD 0550 CALL MOVROW lmove row cont!!nts 
0521 El POP H Ig!!t original crow 
0522 22 3FFA SHLD CROW lback to crow 
0525 C9 RET 

I {FUNCTION} insert/strip off lin!! with range 
0526 2A 3FFA ISLRG: LHLD CROW 
0529 3A 3FA3 LOA LINP ir!!ad 2nd parameter 
052C 3D OCR A 
0520 E6 3F ANI 03Fh i 4017Fh oHut to 0/3Fh 
052F FE 38 CPI 038h 
0531 DO RNC i !!rror 
0532 FE 17 CPI 017h 
0534 DA 053C JC ISNPA 
0537 FE 20 CPI 020h 
0539 08 RC ; !!rror 
053A D6 09 SUI 9 
053C 3C ISNPA: INR A 
053D 57 MOV D.A 
053E 3A 3FM LOA LINP+l iread 1st param!!t!!r 
0541 FE 53 CPI .. s .. istrip off'? 
0543 7A MOV A.D 
0544 CA 0518 JZ SLNERG ldo strip off lin!! 
0547 CD 05Cl ILNERG: CALL IRWOS loffset row by para 
054A 7A MOV A.D lreturn para 
054B 21 3FE7 MOVDWN: LXI H.CPYCTL 
054E 36 04 MVI M.4 IcoPIl downward 

iMOVE ROW CONTENTS. UP/DOWN CNTL BY CPYCTL 
0550 F5 MOVROW: PUSH PSW I save row count 
0551 2A 3FFA LHLD CROW 
0554 5E MOV E.M 
0555 23 INX H 
0556 56 MOV ·D.M 
0557 1B DCX 0 lcrowend 
0558 05 PUSH 0 i save 
0559 21 3FE7 LXI H.CPYCTLldirection control 
055C 11 3FFA LXI D.CROW 
055F 1A LDAX 0 I read crow 
0560 96 SUB M Idirllction cntl 
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0561 
0561 6F MOV L.A 
0562 26 01 MVI H.1 I hi-row wrap arround tbl 
0564 7E MOV A.M Ilookup +/- on!! row 
0565 12 STAX 0 lupdate crow 
0566 6F MOV L.A 
0567 25 OCR H I hi-row stilrt table 
0568 5E MOV E.M 
0569 23 INX H 
056A 56 MOV D.M 
056B 18 DCX D I +/- row end 
056C E1 POP H lrtn current row last loc 
056D 06 10 MVI 8.80/5 ICOpy 80 characters 
056F 1A CPLP: LDAX D lread 
0570 77 MOV M.A I copy 
0571 28 DCX H I next byte 
0572 18 DCX D lnext byte 
0573 lA LDAX D ldo 5 times for speed 
0574 77 MOV M.A 
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0575 2B DCX H » 
0576 1B DCX D Z 
0577 1A LDAX 0 13 • 
0578 77 MOV M,A I\) 
0579 2B DCX H 

....., 
057A 1B DCX 0 0 
057B 1A LDAX D 14 
057C 77 MOV M,A 
057D 2B DCX H 
057E 1B DCX D 
057F 1A LDAX D 15 
0580 77 MOV M,A 
0581 2B DCX H 
0582 1B DCX 0 
0583 05 DCR B 
0584 C2 056F .JNZ CPLP I Hnish 80 blltes? 
0587 F1 POP PSW I row count 
0588 3D DCR A 
0589 C2 0550 .JNZ MOVROW Inext row 
058C 47 DRWZCU: MOV B,A Izero cursor 
0580 C3 03DB .JMP OCROW land delete cursor row 

I CALCULATE ROW DIFFERENCE 
0590 2A 3FFA CRLR: LHLD CROW Icalc crow to lrow 
0593 3A 3FFC LDA LROW 
0596 5F FRCR: MOV E,A 
0597 95 SUB L Iget the difference 
0598 D2 05AO .JNC $2 I within range 
059B 3E 60 $D2: MVI A, RWRG lover range 
059D 83 ADD E 
059E 95 SUB L 
059F B7 ORA A lclear carry 
05AO IF $2: RAR I row diff /2 
05A1 C9 RET 
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05A2 
I {FUNCTION} address cursor 

05A2 2A 3FA3 ADDCUR: LHLD LINP I read leadin parameter 
05A5 7C MOV A,H 

05A6 11 5010 CALCX: LXI D,05010hl calc x coordinate 
05A9 BA CMP 0 
05AA DA 05B3 .JC CX4FD 100/4Fh=10c 0179 
05AD 92 SUB 0 150/7Fh offset to 0/2F 
05AE BB CMP E 
05AF DA 05B3 .JC CX4FO 150/5Fh offset to 0/15 
05B2 93 SUB E 160/7Fh offset to 0/31 
05B3 47 CX4FD: MOV B,A I then set cursor 

05B4 3E 1F CALCY: MVI A,01Fh 
05B6 A5 ANA L 10/1F,20/3F,40/5F,60/7Fh 
05B7 FE 18 CPI 018h loffset to 00/1Fh 
05B9 DA 05BE .JC CY17D 100/17h=row 0/23 
05BC D6 18 SUI 018h I 18/1Fh=row 0/7 
05DE 2A 3FFE CY17D: LHLO FROW loffset first row 

05C1 07 IRWOS: RLC Idiff*2,msb=0 
05C2 85 ADD L I frow+offset 
05C3 DA 05CB .JC ROSFFU I :>FFh 
05C6 FE E1 CPI ,low RR48+1 
05C8 DA 05CD .JC ROSEOD I less than EOh,ok 
05CD D6 60 ROSFFU: SUI RWRG I row range 
05CD 32 3FFA ROSEOD: STA CROW ithen update crow 
05DO C9 RET 

I {FUNCTION} read cursor 
0501 CO 05EO RDCUR: CALL ROX ,read cursor x coord 
05D4 CD 006D CALL WTACEA I wr i t e to ace 

05D7 CD 05E7 CALL RDY I read cursor y coord 
05DA CD 0060 CALL WTACEA 'write to ace 

05DD C3 074A .JMP CRACE I cr for termination 

05EO 78 RDX: MOV A,D 
05E1 FE 20 CPI 020h 'if 0/1Fh add offset 
05E3 DO RNC 120/4Fh=cursor loc 32/79 
05E4 C6 60 ADI 060h 160/7Fh=cursor loc 0/31 
05E6 C9 RET 

5·97 



0 
to- 05E7 2A 3FFE ROY: LHLO FROW 
N 05EA 3A 3FFA LOA CROW • OSED CO 0596 CALL FRCR icalc frow/crow diff Z 05FO C6 60 AOI 060h i60/77h=row 0/23 

<t 05F2 C9 RET 
PAGE 
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05F3 
I {FUNCTION} next page 

05F3 16 30 NPAGE: MVI 0.030h Ipsg! offset 
05F5 21 3FFA LXI H.CROW 
05F8 F3 01 
05F9 7E NPLP: MOV A.M 
05FA FE Bl CPI OBlh 
05FC OA 0601 .JC NPLT I a< Bl.82-BOh 
05FF 92 SUB 0 la)=B1.B2-EOh 
0600 92 SUB 0 
0601 82 NPLT: AOO 0 
0602 77 MOV M.A 
0603 . 2C INR L I do crow/lrow/frow 
0604 '2C INR L 
0605 FA 05F9 .JM NPLP lif pass frow, end 
0608 FB EI 
0609 C9 RET 

I {FUNCTION} tab 
060A 2A 3FFA TAB: LHLD CROW 
0600 E5 PUSH H ; save crow 
060E CO 0667 CALL SCATT 

0611 13 TDAOSP: INX D Inext character 
0612 20 OCR L I end of row? 
0613 CC 067A CZ ORCFL ; down one row. get 1st loc 
0616 1A LOAX 0 Iread character 
0617 84 ADO H Icheck attribute 
0618 FA 0635 .JM TSATT I diff. find same attrib 
061B FE 20 CPI SPC ; space? 
0610 C2 0611 .JNZ TOAOSP Iloop until space 
0620 13 TSANSP: INX 0 I next character 
0621 20 OCR L I end of row? 
0622 CC 067A CZ ORCFL I down one row. get 1st loc 
0625 1A LOAX 0 iread character 
0626 84 AOO H ; check attribute 
0627 FA 0635 .JM TSATT I di ff, find same attrib 
062A FE 20 CPI SPC inon space? 
062C CA 0620 .JZ TSANSP I loop until non space 
062F 01 TMCUR: POP 0 Iremove saved crow 
0630 3E 50 MVI A,80 
0632 95 SUB L ; calc cursor location 
0633 47 MOV B,A I move cursor 
0634 C9 RET 
0635 13 TSATT: INX 0 Inext character 
0636 20 OCR L I end of row? 
0637 CC 067A CZ DRCFL Idown one row. get 1st loc 
063A 1A LOAX 0 Irltad char.ctltr 
063B 84 AOO H Icheck attribute 
063C FA 0635 .JM TSATT i loop unt i I same attrib 
063F C3 062F .JMP TMCUR I move cursor 

PAGE 
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0642 
I {FUNCTION} clear fore/background to space 

0642 2A 3FFA CFB: LHLO CROW 
0645 24 INR H 
0646 E5 PUSH H I save 
0647 CO 0667 CALL SCATT 
064A lA CFBLP: LDAX 0 I read character 
064B 84 AOO H i tltst attribute 
064C FA 0653 .JM CFBOIF I diH attrib 
064F 3E 20 MVI A.SPC I if same attrib, 
0651 B4 ORA H Iput a space 
0652 12 STAX 0 
0653 13 CFBOIF: INX 0 Inext character 
0654 20 OCR L I character counter-1 
0655 C2 064A .JNZ CFBLP luntil finish 80 char 
0658 E1 POP H I saved crow 
0659 3A 3FFC LOA LROW 
065C BO CMP L Irow"lrow? 
0650 C8 RZ Ino more 
065E 6E MOV L,M i else next row 
065F E5 PUSH H I save 
0660 CO 0681 CALL $3 
0663 C3 064A ..IMP CFBLP 
0666 C9 RET 
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i SET UP CHAR 
:t> 

COUNTER AND ATTRIB Z 0667 CD 0174 SCATT: CALL CURLOC , get cursor location . 066A EB XCHG iput in de I\) 
066B 21 8050 LXI H,08050himask/char count ""'-.I 066E 3A 3F20 LDA FBG 
0671 A4 ANA H 0 
0672 67 MOV H,A 
0673 22 3FA5 SHLD LINP+2 ,save count,attrib 
0676 7D MOV A,L 
0677 . 90 SUB B , get cur to end diH 
0678 6F MOV L.A iput in 1 
0679 C9 RET 

iDOWN ONE ROW AND GET AD DR ON 1ST COLUMN 
067A CD 0463 DRCFL: CALL DCURI idown cursor one row 
067D CA 0033 JZ TABSTP , crow-Irow, no tab 
0680 6E MOV L,M i next row 
0681 25 $3: DCR H 
0682 2B $1 : DCX H 
0683 56 MOV D,M I addr high 
0684 2B DCX H 
0685 5E MOV E,M i addr low 
0686 2A 3FA5 LHLD LINP+2 lcount and attrib 
0689 C9 RET 
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068A 
i {FUNCTION} graphics 

068A 3A 3FA3 GRAPH: LDA LINP , read leadin parameter 
068D 21 107E LGPARA: LXI H,0107Eh 
0690 3D DCR A 
0691 E6 3F ANI 03Fh 
0693 BC CMP H ih a Ol0h 
0694 DA 06AD JC $Gl ; IIA" to liP" 
0697 FE 3E CPI 03Eh i delete 
0699 CA 06B2 JZ $G3 
069C 94 SUB H ih=010h 
069D FE OF CPI OFh i space? 
069F CA 06B2 JZ $G3 i space 
06A2 BC CMP H i h=010h 
06A3 DA 06AC JC $G2 i> IIG" 
06A6 FE 20 CPI 020h 
06A8 OA 06AD JC $Gl i "a" to "p" 
06AB 2C INR L iset I to 7Fh 
06AC 70 $G2: MOV A,L i L=7Eh or 7Fh 
06AO CO 0600 SG1: CALL STSCN Jput symbol to screen 
06BO C6 IE ADI 01Eh 
06B2 D6 IE SG3: SUI 01Eh 
06B4 32 3FF3 STA GSYMBL ; for non/destructive move 

06B7 3E 80 ENGRPH: MVI A,080h 
06B9 C3 06BD JMP DEGRPH+l 

; {FUNCTION} defeat graphics 
06BC AF DEGRPH: XRA A 
06BD 32 3FEF STA GECNTL 
06CO C9 RET 

i CHECK GRAPHICS MODE AND PUT SYMBOL TO SCREEN 
06Cl 3A 3FEF CHKGM: LDA GECNTL 
06C4 37 ORA A ;graphics mode? 
06C5 C8 RZ i no, rtn to func 
06C6 3A 3FF3 LDA GSYMBL 
06C9 B7 ORA A inon destructive move? 
06CA F8 RM iyes 
06CB 21 3F20 STSP: LXI H,FBG 
06CE AE XRA M Jget attribute 
06CF AD XRA L iremove space code 
06DO CD 0174 STSCN: CALL CURLOC 
06D3 77 MOV M,A iwrite to screen 
06D4 C9 RET 
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0605 
iPUT GRAPHIC MENU TO SCREEN (LOCAL> 

06D5 CO 070C PGM: CALL RUADD 

06D8 CD 06F3 CALL P38SYM iprint ascii A/Q 
06DB CD 06F3 CALL P38SYM iprint ascii a/II. 
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0 
t-- 060E co 070C CALL RUAOO 
N • 06El CO 0700 CALL P32SYM print ascii Oh/Fh 
Z 06E4 F6 7E ORI 07Eh print aSCll 7Eh 

<C 06E6 CO 06F7 CALL P6SYM 4 spaces 
06E9 EE 30 XRI 030h print ascii 10/1Fh 
06EB CD 0700 CALL P32SYM 
06EE F6 7F ORI 07Fh lprint ascii 7Fh 
06FO C3 06F7 .JMP P6SYM 14 spaces 

06F3 F6 41 P38SYM: ORI 041h ichange symbol 
06F5 16 10 MVI 0, 16 I counter 
06F7 14 P6SYM: INR 0 
06F8 CD 0702 CALL PGMLP 
06FB 16 04 P4SP: MVI 0,4 
06FO C3 04C4 .JMP ORLLP-3 iput 4 spaces 

0700 16 10 P32SYM: MVI 0, 16 lprint 32 symbols 

0702 77 PGMLP: MOV M,A 
0703 23 INX H 
0704 73 MOV M,E i FBG 
0705 23 INX H 
0706 3C INR A i next symbol 
0707 15 OCR 0 
0708 C2 0702 .JNZ PGMLP 
070B C9 RET 

070C CD 0472 RUAOO: CALL ROLUP i up one row 
070F 26 00 MVI H,O 
0711 6F MOV L,A lhl=lrow 
0712 CD 0682 CALL $1 Ilrow 1st lac 
0715 EB XCHG 
0716 CD 06FB CALL P4SP lput 4 spaces 
0719 5F MOV E,A I FBG 
071 A E6 80 ANI 080h 1get attribute 
071C C9 RET 

PAGE 
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0710 
i{FUNCTION} transmit a line 

0710 06 00 SNOLNE: MVI B,O I set cursor to 1st lac 
071F CD 0174 CALL CURLOC iget row start 
0722 E5 PUSH H I save 1'0111 start 
0723 11 004F LXI 0,79 ; find row end 
0726 19 OAO 0 I hl-rolll end, clear carrll 
0727 16 40 MVI 0,040h irotated space 
0729 7E LENOLP: MOV AiM iread char 
072A 17 RAL I mask out msb 
0728 AA XRA 0 I space? , clear carry 
072C C2 0734 .JNZ LNSP luntil find a non-space 
072F 2B OCX H 
0730 10 OCR E 
0731 C2 0729 .JNZ LENOLP I rep eat loop 
0734 El LNSP: POP H ihl=row start again 
0735 56 SNOLP: MOV O,M iread character 
0736 3E 60 MVI A,060h I screen all cntl codes 
0738 A2 ANA 0 
0739 C2 073E .JNZ SNCNTL Inot control code 
073C 16 2A MVI D, "*" Icntl code, send "*" instead 
073E CO 006E SNCNTL: CALL WTACEO llllrite to ace 
-0741 7E MOV A,M Iread char again 
0742 EE 80 XRI 080h I invert attribute 
0744 77 MOV M,A I store bac k 
0745 23 INX H inext character 
0746 10 OCR E 
0747 F2 0735 .JP SNOLP luntil end of line 

074A CO 0068 CRACE: CALL SNOCR Isend cr for termination 
0740 3A 3FF1 LOA LOCLM 
0750 B7 ORA A Ilocal? 
0751 C8 RZ i remote, no time delay 

0752 CD 075E $03: CALL $OLY Ida delay 
0755 15 OCR 0 Id lIIas OOh 
0756 C2 0752 .JNZ--' $03 
0759 03 01 OUT BELPRT Idelay done,ring bell 
075B C3 0463 .JMP OCUR1 imove cursor to next 1'0111 

075E E5 .OLY: PUSH H 
075F 05 PUSH 0 
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0760 CD 07FO CALL LUBD I lookup baud constant l> 
0763 3E IF MVI A.OIFh Ichg delay at high bauds Z 
0765 B3 ORA E • 
0766 5F MOV E.A I\) 
0767 CD 059B SDl : CALL $D2 """ 076A IB DCX D 0 
076B 15 DCR D 
076C 14 INR D 
076D F2 0767 .JP $Dl 
';)770 D1 POP D 
0771 E1 POP H 
0772 C9 RET 
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0773 
I DISPLAY CURSOR LOCATION (LOCAL> 

0773 CD 05E7 LRDCUR: CALL RDY IY coordinatR 
0776 2A 3FFC LHLD LROW IgRt print out loc 
0779 5E NOV E.M 
077A 23 INX H 
077B 56 MOV D.N 
077C IB DCX D Ilrow last location 
077D 12 STAX D Iput to scr.en 
077E CD 05EO CALL RDX IX coordinate 
0781 IB DCX D 
0782 12 STAX D IPUt to screen 
0783 C9 RET 

I SCALE (LOCAL) 
0784 21 3FFE SCALE: LXI H.FROW 
0787 3A 3FFA LDA CROW 
078A BE CNP N I frow-crow 
078B CC 048C CZ ROLDWN I if equ. roll down 
078E 2A 3FFA LHLD CROW IgRt print out loc 
0791 2B DCX H 
0792 2B DCX H 
0793 CD 0682 CALL Sl 
0796 EB XCHG Ihl=loc 
0797 lE 31 MVI E. "1" 

0799 16 B1 SCLLP1: NVI D. "1"+080h 
079B 3E BA NVI A. "9"+081h 
079D 72 SCLLP2: NOV N.D 
079E 14 INR D I "1" to "9" 
079F 23 INX H Inext location 
07AO BA CMP D I exceedlng "9 11 7 
07A1 C2 079D .JNZ SCLLP2 
07A4 3E 39 NVI A. "9" 
07A6 73 NOV N.E 

. 07A7 1C INR E 'i"l" to nSIl 
07A8 23 INX H inext location 
07A9 BB CMP E lexceeding "8"? 
07AA C2 0799 JNZ SCLLPl 
07AD C9 RET 

IVERTICAL INTERRUPT CONTINUE 
1*********************************************** 

07AE 2B VTSUB: DCX H ; VCALEN 
07AF 74 NOV N.H i h(>O. enable VCAL routine 
07BO 2A 3FF8 LHLD CUR I get cursor 
07B3 36 03 MVI M.3 iwrite to DP8350 
07B5 2A 3FF6 LHLD TOP i top of page 
07B8 36 02 MVI M.2 Iwrite to DP8350 
07BA D3 40 OUT VERPRT iclr vert intr flip/flop 
07BC El POP H 
07BD FB EI 
07BE C9 RET 
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07BF 
I {FUNCTION} ace. auto line feed. upper/lower case 

07BF DB 40 ACESW: IN SETSW Iread switch settings 
07C1 E6 10 ANI 010h 
07C3 32 3FF2 STA AULF I set auto If flag 

07C6 DB 40 IN SETSW iread switch again 
07C8 E6 20 ANI 020h 
07CA C3 07D2 .JMP STUL Iset ull case flag 
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o 
~ IINIT ACE, TOGGLE ULCASE (LOCAL> 

07CD 3A 3FFO ATGUL: LOA ULCASE • z 0700 EE 20 XRI 020h 1 toggle u/l case 
0702 323FFO STUL: STA ULCASE 

c:t I 070S CD 07FO CALL LUSO Ilookup baud constant 

0708 21 9003 LXI H,ACECTL 
070B 74 MOV M,H \ 1 set DLAB 

070C 2E 01 MVI L.l 
07DE 72 MOV M.O 1 set baud high 
070F 2B DCX H 
07EO 73 MOV M,E Iset baud 10111 

07El 2E 03 
\ 

MVI L,3 
07E3 36 02 MVI M.2 17 bit.1 stop bit 

07ES 3A 3FFl LOA LOCLM 1 local? 
07E8 3C EOACE: INR A 
07E9 21 9000 LXI H.ACEOTA 
07EC SE MOV E.M Iremove ace input 
07ED 23 INX H 1 ACEITR mask 
07EE 77 MOV M.A ien/disable ace intr 
07EF C9 RET 

07FO DB 40 LUBD: IN SETSW 1 lookup baud constant 
07F2 E6 OE ANI OEh 
07F4 C6 FO BAOOR: ADI 10111 Bll0i add base addr 
07F6 6F MOV L,A 
07F7 26 01 MVI H. 1 
07F9 SE MOV E.M iget baud low 
07FA 23 INX H 
07FB S6 MOV D.M Iget baud high 
07FC C9 RET 

END START 
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Macros: 

Symbols: 
Sl 0682 S2 OSAO S3 0681 S4 04A7 
SS 04A9 SOl 0767 SD2 OS9B SD3 07S2 
.DLY 075E SGI 06AD $G2 06AC $G3 06B2 
ACE 0038 ACECTL 9003 ACEOTA 9000 ACEDUP 0018 
ACEITR 9001 ACESTU 900S ACESW 07BF ADDCUR OSA2 
ATGUL 07CD AULF 3FF2 Bll0 01FO D1200 01F., 
B19200 01FC B2400 01F6 B38400 01FE B4800 01F8 
B600 01F2 B9600 01FA BADDR 07F4 BELL 0434 
BELPRT 0001 BGNDF 04F7 BS 041F BSI 0422 
BSRTN 0417 CID 023A C7E 0240 CALCX 05A6 
CALCY 05B4 CALJMP 015C CARRTN. 03B9 CB 0204 
CE 020A CFB 0642 CFBOIF 0653 CFBLP 064A 
CG 020E CHAR 0372 CHKGM 06Cl CJMP 0158 
CLRROW 030E CLRSCN 04CE CLRWLP 04El CMRTN 025C 
CPLP OS6F CPYCTL 3FE7 CO 0222 CR 0000 
CRACE . 074A CRLR 0590 CROW 3FFA CROWH 3FFB 
CTLRWI 04E6 CTLRW2 04E9 CU 022A CUR 3FF8 
CUREN 3FEC CURH 3FF9 CURLOC 0174 CURTMR 3FE13 
CURULK 04AE CX4FD 05B3 CY17D OSBE DCROW 03DB 
DCURI 0463 DEGRPH 06BC DEL 0419 DFCL.OC 0171 
DICMD 03CE DICUR 001B DMYROW 3FOO ORCFL 067A 
DRLL.P 04C7 . DRTLN 04CO DRTPG 04BA DRWZCU OS8C 
DWNCUR 0460 EDACE 07E8 ENGRPH 06137 Fl OA5F 
FlO 8408 Fll 8SF3 F12 8472 F13 848C 
F14 84AE F1S 8001 F16 ADA2 F17 84Fl 
F18 84F7 F19 836B F2 03B9 F20 8358 
F21 850S F22 8512 F23 AD26 F24 9E8A 
F25 0419 F26 83DB F27 84CO F28 84BA 
F29 8642 F3 03Bl F30 84CE F31 8CE6 
F32 801B F33 8710 F34 87BF F35 OACS 
F36 86BC F4 OC34 F5 060A F6 0437 
F7 041F FB. 844E F9 8460 FBG 3F20 
FCHR2 3780 FFCHK 0267 FFEND 3F9F FFRD 3FE5 
FFSTRT 3F50 FFWCT 3FEA FFWRT 3FE6 FGNDF 04Fl 
FIFACE 004E FRCR 0596 FROW 3FFE FROWH 3FFF 
FS 0437 FUNC 0168 GECNTL 3FEF GRAPH 068A 
GSYMBL 3FF3 HOMCUR 0408 ICMD 3FE8 ILCHAR 03AB 
ILELIN 02C2 ILNERG 0547 INIT 00E2 INSCHA 036B 
INSCHR 0380 INSLNE 0505· INSLP 039B IRWOS OSCI 
ISLRG 0526 ISNPA 053C JMPAOD 016A KED 0020 
KBDACE 01E4 KBOINT 02C9 KBDLCK 3FEE KBDPRT 0080 
KBLK 04B6 KLCRTN 0260 KNACTV 0327 KULCDE 0003 
LCL 02F2 LCL.FUN 005F LCLIND 0002 LDFGD 04FA 
LEAOIN 3FE9 LENDLP 0729 LF OOOA LFD 03Cl 
L.FEED 03131 LFSCR 0302 LGPARA 0680 L.IN 8000 
LINC 007E L.INEXE 02EE LINF 3FAO LINFH 3FAl 
LINMDE 0283 LINP 3FA3 LINPFN 02A4 LINPRA 02B3 
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LINSET 02C5 LlNWCT 3FA2 LNSP 0734 LOCLH 3FFl 
l> 

LRDCUR 0773 LROW 3FFC LROWH 3FFD LSTCHR 03CO Z 
LUBD 07FO MIDCHR 0387 MOVDWN 054B HOVROW 0550 . 
NLC 0800 NLCSE 02EC NOWRAP 0066 NPAGE· 05F3 

I\) 

NPLP 05F9 NPLT 0601 NRW 3FF5 ONLINE 0345 ""'-I 
0 

STARPLEX MACRO-ASSEMBLER V2.0 PAGE 31 
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OUT ACE 0079 OVRNG 032C P32SYH 0700 P38SYH 06F3 
P4SP 06FD P6SYM 06F7 PATTN 0112 PGH 06D5 
PGMLP 0702 PSPC 03A4 PTNLP 0117 PUSHSP 03EC 
RDCUR 05Dl RDFIFO 026E RDNEQ 04A4 RDX 05EO 
RDY 05E7 RFFRNG 027A ROLDWN 048C ROLUP 0472 
ROM2 034F ROSEOD 05CD ROSFFU 05CB ROW 0008 
ROWl 0082 ROWIO 0094 ROWll 0096 ROW12 0098 
ROW13 009A ROW14 009C ROW15 009E ROW16 OOAO 
ROW17 00A2 ROW18 00A4 ROW19 00A6 ROW2 0084 
ROW20 00A8 ROW21 OOM ROW22 OOAC ROW23 OOAE 
ROW24 OODO ROW25 00B2 ROW26 00B4 ROW27 00B6 
ROW28 00D8 ROW29 OOBA ROW3 0086 ROW30 OOBC 
ROW31 OOBE ROW32 OOCO ROW33 00C2 ROW34 00C4 
ROW35 00C6 ROW36 00C8 ROW37 OOCA ROW38 OOCC 
ROW39 OOCE ROW4 0088 ROW40 OODO ROW41 00D2 
ROW42 00D4 ROW43 00D6 ROW44 00D8 ROW45 OODA 
ROW46 OODC ROW47 OODE ROW47D 007E ROW48 OOEO 
ROW48D 0080 ROW5 008A ROW6 008C ROW7 008E 
ROW8 0090 ROW9 0092 ROWDP 0028 ROWPRT 0040 
RRl 0182 RRIO 0194 RRll 0196 RR12 0198 
RR13 019A RR14 019C RR15 019E RR16 OlAO 
RR17 01A2 RR18 01A4 RR19 01A6 RRIO OlE;;! 
RR2 0184 RR20 01A8 RR21 OlM RR22 OlAC 
RR23 OlAE RR24 OlDO RR25 01B2 RR26 01D4 
RR27 01D6 RR28 01B8 RR29 OlDA RR3 0186 
RR30 OlDC RR31 OlDE RR32 OlCO RR33 01C2 
RR34 01C4 RR35 01C6 RR36 01C8 RR37 OlCA 
RR38 OlCC RR39 OlCE RR4 0189 RR40 0100 
RR41 0102 RR42 0104 RR43 0106 RR44 0108 
RR45 010A RR46 01DC RR47 010E RR47D 017E 
RR48 OlEO RR480 0180 RR5 018A RR6 018C 
RR7 018E RR8 0190 RR9 0192 RTECTL 3FEO 
RTN 025F RUAOO 070C RUNEQ 0484 RWRG 0060 
SCALE 0784 SCATT 0667 SCLLPl 0799 SCLLP2 0790 
SETSW 0040 SLNERG 0518 SNCNTL 073E SNOCR 006D 
SNOLNE 0710 SNOLP 0735 SPC 0020 START 0000 
STFIFO 0244 STK 3FE5 STOFCH 0358 STOFLN 0512 
STOFLP 035F STSCN 0600· STSP 06CB STUL 0702 
TAD 060A TADSTP 0033 TDLJMP 0200 TOAOSP 0611 
TGLCL 0333 TMCUR 062F TOP 3FF6 TOPH 3FF7 
TSANSP 0620 TSATT 0635 UCURl 0451 ULCASE 3FFO 
UPCUR 044E VCAL 011F VCALEN 3FF4 VERPRT 0040 
VERT 0010 VERTOP 0030 VRWRAP 0061 VTSUD 07AE 
1011 1000 1012 2000 WAIT 014E WFFRNG 025A 
WTACEA 006D WTACEO 006E ZROCUR 040E 

No Fatal error(s) 
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S ~National 
cL ~ Semiconductor 
c 

Display Controllers/ Drivers 
PRELIMINARY 

DP-XXX Advanced Graphic CRT Controller, AGCRTC 

General Description 
The DP-XXX advanced graphic CRT controller, AGCRTC, 
provides a versatile, powerful and flicker-free solution to 
all raster scan graphic systems. 

The AGCRTC performs six major tasks: 

1) screen update 
2) asynchronized pixel transfer 

. 3) dynamic RAM refresh control 
4) line drawing 
5) text processing 
6) scrolling 

Multiple AGCRTCs can be used in the same system for 
color graphics or for faster system throughput. 

Features 
• Supports maximum 2048 pixels by 2048 lines raster 

scan display 

• 16 or 32-bit wide data bus and 20-bit wide address bus 
• Maximum frame buffer size up to 16 megapixels 
• Screen parameters are programmable, including sync, 

blanking, screen size, etc. 

• System parameters are programmable, including 
refresh, data bus width 

• Supports both interlaced and non interlaced raster 
scan displays. 

• Supports BITBLT with clipping window 
• Fast scrolling-a 1 k by 1 k display area can be scrolled 

in any direction within one frame time at 70 Hz, 
non interlaced 

• Line drawing at 200 ns per pixel 
• Supports proportional spacing for word processing 
• Horizontal and vertical SYNC inputs allow the AGCRTC 

to lock to other video sources 

• AGCRTC generates either composite SYNC or 
separate vertical and horizontal SYNCs 

• Dynamic RAM refresh support 
• Supports color graphics 
• Easy interfacing to all popular microprocessors 
• Versatile handshake signals for maximum utilization of 

the available bus bandwidth 

• Pipellned data input and output structure~ for high 
system throughputs 

• Maximum transfer rate, 320 megapixels per second 
• High-speed CMOS technology 
= 68-pin leaded chip carrier 

ADDRESS BUS 

TLlF/5284-1 

FIGURE 1. Single Bus System Diagram 
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DIGITAL·TD· 
ANALOG 

CDNVERTER 

TO CRT 

AGCRTC', ADDRESS BUS 

I'P', ADDRESS BUS 

Tl1F/52B4-2 

FIGURE 2. Dual Bus System Diagram 

FIGURE 3. Multiple Bltplanes, Multiple AGCRTCs System 
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i 
it) ~National Display Controllersl Drivers 
r--. en 
c 
~ Semiconductor 

~ 
~ 0575491 M05-to-LEO Quad 'Segment Driver 
~ 0575492 M05-to-LED Hex Digit Driver 

Genera I Description Features 
• 50 mA source or sink capability 

per driver (OS75491) 

• 250 mA sink capability 
per driver (OS75492) 

The OS75491 and OS75492 are iriterface circuits 
designed to be used in conjunction with MOS 
integrated circuits and common-cathode LED's in 
serially addressed multi-digit displays. The num
ber of drivers required for this time-multiplexed 
system is minimized as a result of the segment
address-and-digit-scan method of LED drive. 

• MOS compatability (low input current) 

• Low standby power 

• High-gain Darlington circuits 

Schematic and Connection Diagrams 

Vss 

4A 

14 

lA 

DS75491 (each driverl 

(1,7,8,14) 

4k 

S.Bk 

(11) 

(4) 

GND 

TO OTHER 
DRIVERS 

DS75492 (each driver! 

(14,3,5,8,10,12) 
A_.-W ............ -i 

4k 

~--.... (1,2,6,7,9,13) 

OS75491 Dual-I n-Line Package DS75492 Dual-In-Line Package 

4E 4C 

13 12 

IE Ie 

Vss 

11 

GND 

TopillEW 

3C 

10 

2C 

3E 3A lA 6Y 

2E 2A 

Order Number OS75491J, OS75492J, 
0575491 N or OS75492N 

See NS Package J14A or N14A 
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Absolute Maximum Ratings (Note 1) 
DS75491 DS75492 

Input Voltage Range (Note 4) -5V to Vss -5V to Vss 
Collector Output Voltage (Note 5) 10V 10V 
Collector Output to Input Voltage 10V 10V 
Emitter to Ground Voltage (VI ~ 5V) 10V 
Emitter to Input Voltage 5V 
Voltage at Vss Terminal With Respect to 

10V 10Y 
Any Other Device Terminal 

Collector Output Current 
Each Collector Output 50mA 250 mA 
All Collector Outputs 200mA 600mA 

Continuous Total Dissipation 600mW 600mW 
Operating Temperature Range O°C to +70°C O°C to +70°C 
Storage Temperature Range -65°C to +150°C -65°C to +150°C 
Lead Temperature (Soldering, 10 sec) 300°C 300°C 
Maximum Power Dissipation at 25°C 

Cavity Package 1308 mW * 1364 mWt 
Molded Package 1207 mW* 1280 mWt 

*Derate cavitY package 8.72 mW/o C above 25°C; derate molded package 9.66 mW/o C above 25° C. 

tDerate cavity package 9.09 mW/oC above 25°C; derate molded package 10.24 mW/oC above 25°C. 

Electrical Characteristics DS75491 (Vss = 10V, T A = O°c to +70°C unless otherwise noted) (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VeE ON "ON" State Collector Emitter Voltage Input = 8.5V through 1 kn, ITA =25
c
C 0.9 1.2 V 

VE =5V,l e =50mA I TA = 0-70°C 1.5 V 

Ie OFF "OFF" State Collector Current Ve = 10V, I liN = 40MA 100 'MA 

V E = OV I VIN = 0.7V 100 MA 

II Input Current at Maximum Input Voltage VIN = 10V, V E = 0, Ie = 20 rnA 2.2 3.3 rnA 

IE Emitter Reverse Current VIN = 0, V E , = 5V, Ie = a 100 MA 

Iss Current Into Vss Terminal 1 mA 

DS75492 (Vss = 10V, T A = O°C to +70°C unless otherwise noted) (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VOL Low Level Output Voltage Input = 6.5V through 1 kr2, I T A = 25°C 0.9 1.2 V 

lOUT = 250 mA I TA = a-70°C 1.5 V 

IOH High Level Output Current I liN = 40MA 200 MA 
VOH = 10V 

1 VIN = 0.5V 200 MA 

II Input Current at Maximum Input Voltage VIN = 10V, IOL = 20 rnA 2.2 3.3 rnA 

Iss Current Into Vss Terminal 1 rnA 

Switching Characteristics DS75491 (Vss = 7.5V, T A = 25°C) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpLH Propagation Delay Time, Low-to-High Level Output (Collector) V IH = 4.5V, V E = 0, 100 ns 

tpHL Propagation Delay Time, High-to-Low Level Output (Collector) RL = 200n, CL = 15 pF 20 ns 

DS75492 (VSS = 7.5V, T A = 25°C) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpLH Propagation Delay Time, Low-to-High Level Output V IH = 7.5V, RL = 39S1, 300 ns 

tpHL Propagation Delay Time, High-to-Low Level Output CL = 15pF 30 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the O°C to +70°C temperature range for the DS75491 and DS75492. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to 9round unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: The input is the only device terminal which may be negative with respect to ground. 

Note 5: Voltage values are with respect to network ground terminal unless otherwise noted. 
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AC Test Circuits and Switching Time Waveforms 

OS75491 OS75492 

1.5V 

RL • zoon 

"""-'>---+-OUTPUT 

CL '15pF 

r""''' 

-----l '-< 10 n. : : -
ir-::::::----::~--I---------- V,H 

I 
INPUT I 

I 
~~----------OV 

_---VOH 

OUTPUT 

I 
'----+1--'--+-:------- VOL 

I I 
I I 
I I 

~t".H--l 

Note1: The pulse generator has the following characteristics: ZOUT = son, 
PRR = 100 kHz, tw = 11ls. 

Note 2: CL includes probe and jig capacitance. 
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0855493/0875493 Quad LED 8egment Driver 

General Description 

The DS55493/DS75493 is a quad LED segment driver. 
It is designed to interface between MOS IC's and LED's. 
An external resistor is required for each segment to 
drive the output current which is approximately equal 
to O. 7V /R L and is relatively constant, independent of 
supply variations. Blanking can be achieved by taking 
the chip enable (CE) to a I'ogical "1" level. 

Schematic and Connection Diagrams 

14.5.12.13) 
INPUT o---...J\f\IIv----.---1 

TgA~~~~~ .... -----........... .._ .... ""'''-..... --t 
R4 
5.5k CHIP (9) 

ENABLE o-""'VV'Ir-.--f 
L....._-+_12_.7-(. I)-D. !!~., 

Features 

• Low voltage operation 

• Low input current for MOS compatibility 

• Low standby' power 

• Display blanking capability 

• Output current regulation 

• Quad high gain circuits 

Dual-I n-Line Package 

Vee AsE.. Iou.. IN 4 IN 3 lOUT 3 ASET 3 CE 

As.. ~ EXTEANAL 
CURRENTSET 

L..... ______ 1_3._6.o-". ~~.J RESISTOR 

Typical Application 

CALCULATOR 

OR OTHER-1 
CURRENT 

SOURCE 
OUTPUT 

L ___ 0~9~ __ ..J 

lOUT 

0575494 DIGIT DAIVEA 
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Order Number DS55493J, DS75493J 
or DS75493N 

See NS Package J16A or N16A 

Truth Table 

CE VIN lOUT 

a 1 ON 

a a OFF 

1 X OFF 

x = Don't care 



Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage 10V Supply Voltage 
Input Voltage 10V VCC 3.2 8.8 V 
Output Voltage VCC VSS 6.5 8.8 V 

Storage Temperature Range -65° C to +150° C Temperature, T A °c 
Output Current (l0YT) -25mA 

OS75493 0 +70 °c 
Maximum Power Oissipation* at 25°C 

OS55493 -55 +125 °c 
Cavity Package 1371 mW 
Molded Package 1280 mW 

Lead Temperature (Soldering, 10 seconds) :300°C 

*Oerate cavity package 9.14 mWtC above 25°C; derate molded 
package 10.24 mWtC above 25°C. 

Electrical Characteristics (Vss ~ Vcd (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

liN Input Current Vss = Max, Y,N = B.BV, Vcc = Open, VCE = OV 3.2 mA 

lOUT = RSET @ OV, V CE = B.BV 3.6 mA 

ICE Chip Enable Input Current Vec = Max, Vss = Max, VCE = B.BV, All Other Pins 2.1 mA 

to Gnd 

lOUT Output Current Vec = Min, Vss = 6.5V, -B -13 mA 

lOUT @2.15V, RL = 50n 
ICE = BOpA, Y,N = 6.5V 

Through 1.0 kn 

VeE = OV, Y'N = B.BV -16 -20 mA 

10L Output Leakage Current Vcc = Min, VCE = OV -100 pA 

lOUT = RSET @OV, 
Y'N = B.BV Through 

Measure Current to Gnd, 
100 kn 

Vss = B.BV 
VCE = 6.5V Through -200 pA 

1.0 kn, Y'N = B.BV 

Icc Supply Current, V cc Vcc = Max, Vss = Max, All Other Pins to Gnd 40 pA 

Iss Supply Current Vcc = OV, All Other Pins to Gnd 40 pA 

lOUT @2.15V, VeE - B.BV 0.5 1.5 mA 

Through 100 kn, 

Vcc = Min, Vss = B.BV RL = 50n 

lOUT = Open, RsET = Open, 1.4 mA 

VCE = ov 

Switching Characteristics T A = 25°C, nominal power supplies unless otherwise noted 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpd(OFF) Propagation Delay to a Logical "0" (See AC Test Circuit) 170 300 ns 

From Input to Output 

tpd(ON) Propagation Delay to a Logical "1" (See AC Test Circuit) 11 100 ns 

From Input to Output 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

, Note 2: Unless otherwise specified minImax limits apply across the 0° C to +70° C range for the OS75493 and across the -5f) C to +125° C range 
for the OS55493. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

AC Test Circuit I Switching Time Waveforms Vss Vee 
I.BV l.2V RSET R L ' 50 

llJ -
VO-.t I 

~ lOUT ·~,r CE Vss 90% 90% .... 
Y'N 50% 50'10 

~ - OV· I 10% 10% I 
':' ~t 

~ ~, DIDOES 
-Z.IV 

_~ IN914 VOUT 
OV 10% 

~~ 
~ 
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~ Semiconductor 

DS554941DS75494 Hex Digit Driver 

General Description 
The OS55494/0S75494 is a hex digit driver 
designed to interface between most MOS devices 
and common cathodes configured LED's with a 
low output voltage at high operating currents. 
The enable input disables all the outputs when 
taken high. 

Schematic and Connection Diagrams 

INPUT 

12,5,1,10,121 

lOOTHER 
INPUTS 

CHIP ENABLE 

191 

Truth Table 

Vee (16) 

3' 

GND 181 

ENABLE V1N 

0 0 

0 1 

1 X 

x = don't care 
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Features 
• 150 mA sink capability 

• Low voltage operation 

• Low input current for MOS compatibility 

• Low standby power 

• ~isplay blanking capability 

• Low voltage saturating outputs 

• Hex high gain circuits 

Dual-I n-Line Package 

vee IN 6 OUT6 OUT 5 OUT 4 IN 4 CE 

NC IN lOUT lOUT 2 IN 2 OUT 3 IN 3 GND 

TOP VIEW 

Order Number DS55494J, DS75494J 
or DS75494N 

See NS Package J16A or N16A 

VOUT 

1 

0 

1 

c 
en 
en 
en 
~ 
CO 
~ 
c 
en 
"""-01 
en 
~ 
CO 
~ 



Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage 
Input Voltage 
Output Voltage 
Storage Temperature Range 
Maximum Power Oissipation * at 25° C 

Cavity Package 
Molded Package 

10V 
10V 
10V 

~5°C to +150°C 

Supply Voltage, Vec 

Temperature, T A 
OS75494 
OS55494 

Lead Temperature (Soldering, 10 seconds) 

1433 mW 
1362mW 

300°C 

*Oerate cavity package 9.55 mW/oC above 25°C; derate molded 
package 10.9 mW/o C above 25° C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER 

Logical" 1" I nput Current 

Logical "0" Input Current 

Logical "1" Output Current 

Logical "0" Output Voltage 

Icc Supply Current 

tOFF Output "OFF" Time 

tON Output "ON" Time 

CONDITIONS 

I VCE = 8.8V through lOOk 
Vcc = Min. VIN = 8.8V I VCE = 8.8V 

Vcc = Max, VIN = -5.5V 

l VIN = 8.8V through lOOk, VCE = OV 
Vcc=Max,VoH=B.8V I V 1N =8.8V,VCE =6.5Vthrough1.0k 

VCC = Min, IOL = 150 mA, V 1N = 6.5V through 1.0k, 

VCE = 8.8V through lOOk 

One Driver "ON", V 1N = 8.8V 

0575494 

OS55494 

DS75494 

0555494 

VCC = Max 
I VCE = 6.5V through 1.0k 

All Other Pins to GND I VIN = 8.BV through lOOk 

All Other Pins to GNO 

CL = 20 pF, RL = 2412, Vcc = 4.0V, See ac Test Circuits 

CL = 20 pF, RL = 2412, Vcc = 4.0V, See ac Test Circuits 

MIN 

3.2 

0 
-55 

MIN TYP 

0.25 

0.25 

0.04 

13 

MAX UNITS 

8.8 V 

+70 °c 
+125 °c 

MAX UNITS 

2.0 mA 

2.7 mA 

-20 /1A 

400 /1A 

400 /1A 

0.35 V 

0.4 V 

8.0 mA 

10.0 mA 

100 /1A 

100 /1A 

40 /1A 

1.2 /1S 

100 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the 0° C to +70° C range for the OS75494 and across the -55° C to +125° C range 
for the OS55494. 

Note 3: All currents into device r;ns shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absL,ute value basis. 

AC Test Circuit and Switching Time Waveforms 

Vee 

~ 
VIN O--V~-O-"""'-OVOUT _ ..... C

l 
~20pF 
.;:. ±10% 
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TF = 10 ns 

• ~I--TF - rTA TA=10ns 

vss 90% t 90
% -1 

V
IN ~ 50% o 10% 10% ~ ___ _ 

I--0.2 m, - 0.2 ms 

VOUT 

~'2V'50% ~~~V 
0.6V 11\, '-___ --' 

tpOFF -~ !.=tpON 
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D88654 a-Output Display Driver (LED, VF, Thermal Printer) 
058656 Diode Matrix 

C 
~ 
0) 

General Description 
OS8654 is an 8-digit driver with emitter/follower out
puts. It can source up to 50 mA at a low impedance, and 
operates with a constant internal drive current over a 
wide range of power supply-from 4.5V to 33V. The 
OS8654 can be used to drive electrical or mechanical, 
multiplexed or unmultiplexed display systems. It can be 
used as a segment driver for common cathode displays 
with external current limiting resistors or can drive 
incandescent or fluorescent displays directly, both digits 
(anodes) and segments (grids). It will be necessary to run 
the device at a lower duty cycle, to keep the maximum 
package dc power dissipation less than 600 mW while 
operating all 8 outputs at high supply voltage and large 
source current. The inputs are MOS compatible and 
eliminate the need for level shifting since inputs are 
referenced to the most negative supply of system. 

System Description 
The OS8654 and OS8656 are specifically designed to 
operate a thermal printing head for calculator or other 

Connection Diagrams 

Dual-In-Line Package 

OUT 5 OUT 6 OUT 7 OUT 8 GNO IN 8 IN 7 IN 6 IN 5 

10 

uses. In this application the same segment in each digit 
is selected at the same time, reducing the overall time 
for a complete print cycle. The DS8654 is an 8-digit 
driver. With a 15-digit print head, two of the OS8654 
are required. 

The OS8656 diode arrays are used to prevent "sneak" 
currents in the resistive print head. In a 15-digit print 
head with one alphanumeric digit there are 119 resistor 
segments requiring 119 diodes. For ease of assembly, the 
OS8656 is configured in four groups of three common 
cathode diodes in each group. In the system, ten parts 
of OS8656 are required. 

The whole system is designed to operate from a +19V 
supply for the print head and an 8-cell nickel-cadmium 
battery supplying -8V to -11.6V for the rest of the 
electronics. The 8-segment drive transistors require 
LVCER'S of 33V min, (3 of> 100 at Ic = 500 mA, and 
VSAT ~ 1.0V at 800 mAwith 15 mA drive. 

'Dual-In-Line Package 

16 15 14 13 12 11 10 9 

~~ ~~ ~~ 

OUT4 OUT 3 OUT 2 OUT 1 Vce IN 1 IN 2 IN 3 IN 4 

Order Number DS8654N 
See NS Package N18A 

D 
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Order Number DS8656N 
See NS Package N16A 
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Absolute Maximum Ratings 058654 (Note 1) Operating Conditions 058654 
MIN MAX UNITS 

Supply Voltage 36V Supply Voltage (VCC) 4.5 33 V 
Input Voltage 36V 

Temperature (T A) +70 °c Output Voltage VCC - 36V 0 

Storage Temperature Range -65°C to +150°C 
Maximum Power Dissipation at 25°C 

Molded Package (OS8654) * 1563 mW 
Molded Package (OS8656) t 1280 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

*Oerate molded package 12.5 mW/oC above 25°C. 

tOerate molded package 10.24 mW/oC above 25°C. 

Electrical Characteristics 058654 (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

IIH Logical "1" Input Current Vee = Max, V IN = 6.5V 390 500 fJA 

IlL Logical "0" Input Current Vee = Max, V,,~ =O.4V 13 40 fJA 

IOF'F "Off" State Leakage Current V OUT = Vee - 33V 0.01 -100 fJA 

VON "On" State Output Voltage Vee = Max, liN = 500fJA. V ee-1.8 V ee-2.5 V 

IOH = -50 mA 

lec(oFF) Supply Current Vee = Max, V IN = V OUT = Gnd 0.01 1.0 mA 

leC(ON) Supply Current Vee = Max, V IN = 6.5V, 7.5 10 mA 

(All Outputs "ON") lOUT = 0 mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safetY of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the O°C to +70°C range for the DS8654. All tvpicals are given for VCC = 30V 
and T A = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Electrical Characteristics 058656 (T A = O°C to +70°C) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

V R Peak Inverse Voltage IR = 0.1 mA 35 V 

V F Forward Voltage I F =50mA 1.5 V 

t, Reverse Recov. Time IF = 50 rnA to I R = 0.1 rnA at V R = 30V 1.0 fJS 

I 

Schematic Diagram 
DS8654 

Vee 

,".~ . 
-~ .on 

15k 
IN .,,~ K 

: 20k -F-

~~ 
. 2k 

1 ~ 

~ OUT 
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Typical Applications 

Thermal Printer 

Vee 
8 DIGITS 

I 
DS8654 --oVOD 

LI 1 
,..-- .....-

Vss .... 

I 4'--- r--- ........., 

~ 

'---

.", .", .", ." , ~ , ~ , ~, ~, _ .... - .... -.... - .... -f- - .... -f- -'-

MOS CALCULATOR 
CHIP 

MM5186 

f 
1 SEGMENTS OS8918 

SEGMENT ORIVERS 
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VDO 

LED Display-O mA to 50 mA Peak Segment Current 

SEGMENT INPUTS 
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Vee 

OIGIT INPUTS 
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Typical Applications (Continued) 

LED Display-50 rnA to 100 rnA Peak Segment Current 
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-
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Vee 
30V 
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~~6V 
All r esistors are 100k 
For other applications, see OS8881 data sheet 

~ -= 

5-116 

DS8863 

( ) 

DIGIT INPUTS 

--- ---
-

SEGMENT INPUTS 
~ 

I I I I 
DS8654 

I 

--- ---

Vee 

Vee 

---------:---- t--

f f f f f 
, 

OS8654 

DIGIT INPUTS 

Vee 
30V 



~National 
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D58664 14-Digit Decoder/Driver With 
Low Battery Indicator 
General Description 
The DS8664 circuit is a 14-digit decoder/driver with 
an 80 mA sink capability. The circuit has current thresh
old inputs, and is designed to be driven by P-channel 
MOS~ The enable input permits interdigit blanking of 
the decoded outputs. An open-collector output os
cillator is provided for system timing (two passive 
external components are required). A low-battery in
dicator is provided at the "C" input with a nominal 
trip point of 3.25V at 25°C. 

Logic and Connection Diagrams 

VCCo-~--------------------~'-~ 

CIN 

DIGIT 1 

OIGIT 2 

DIGIT 3 

DIGIT 4 

BIN DIGIT 5 

":" 

5k 

Features 
• Oscillator frequency accuracy allows maximum 

system speed 

• Inter-digit blanking with the enable input provides 
ghost-free display operation 

• Low-battery indicator accuracy provides consistent 
low-battery indication 

OSCILLATOR 
OUTPUT 

ENABLE 

ENABLE 

CIN 

BIN 

AIN 

DIN 

DIGIT 14 OUT 

DIGIT 13 OUT 

DIGIT 12 OUT 

DIGIT 11 OUT 

Dual-In-Line Package 

24 VCC 

23 

OSC OUT 

DIGIT lOUT 

19 OIGIT 2 OUT 

lB DIGIT 3 OUT 

17 DIGIT 4 OUT 

16 OIGIT 5 OUT 

DIGIT6 

tf""'" 
DIGIT 10 OUT OIGIT 6 OUT 

1·0F·14 OIGIT 7 OUTPUT 

DECOOER DIGIT 8 DIGIT 9 OUT DIGIT 7 OUT 

DIGIT 9 GND DIGIT 8 OUT 
DIGIT 10 

A'N 
DIGIT 11 TOP VIEW 
DIGIT 12 

DIGIT 13 Order Number DS8664N 
DIGIT 14 See NS Package N24A 

ONE TYPICAL OUTPUT SHOWN 

D,N 

GND 

-= 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage 10V Supply Voltage (VCC) 2.9 9.S V 
Input Voltage ±10V 

Temperature (T A) 0 +70 °c 
Input Current ±l.SmA 
Output Voltage 10V 
Storage Temperature Range -6SoC to +lS0°C 

Maximum Power Dissipation * at 2SoC 
Molded Package 200S mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

*Derate molded package 16.04 mWrC above 2SOC. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIH Logical "1" Input Voltage I liN = 260.uA 0.50 V 

Decoder Inputs 
VCC = Max, VENABLE = 4.9V I liN = 1400.uA 1.50 V 

VIH Enable Input VCC = Max, IENABLE = 260.u A, TA = 25°C 3.0 4.2 5.1 V 

IIH Logical "1 ".Input Current VCC = Max, VENABLE = 4.9V 260 .u A 

Decoder Inputs 

IIH Enable Input VCC = Max 260 .u A 

VIL Logical "0" Input Voltage VCC = Max, VENABLE = 4.9V, I AIN,BIN,DIN 0.30 V 

IIL= 25.uA I CIN 0.50 V 

IlL Logical "0" Input Current VCC = Max, VENABLE = 4.9V, VIL = Max 25 .uA 

VOH C Input (Low·Battery Output) 
VCC = 3.1V, TA = 25°C 

I liN = 300.uA 4.9 7.3 V 

I IIN= 4OOIlA 6.5 10.0 V 

VOL C Input (Low·Battery Output) VCC = 3.4V, IIN= 1300llA, TA = 25°C 1.0 3.0 V 

10H Logi~al "1" Output Current VCC = Max, VOH = 10.0V, VENABLE = 4.9V 50 .uA 

Except Pin R VRC = 0.6V 

lOS Output Short Circuit Current VCC = Max, VRC = 0.6V -0.15 -0.2B -0.45 mA 

Pin R Only 

VOL Logical "a" Output Voltage VCC = Min, 10L = BO mA, VENABLE = 4.9V 0.35 0.55 V 

Digit Outputs 
I 

VOL(OSC) Oscillator Output VCC = Min,lOL = 6 mA, VRC = 1.5V 0.20 0.55 V 
I 

VOL Pin R VCC = Min, 10L = 60llA, VRC = 1:5V 0.10 0.25 V 

ICC Supply Current-Enabled VCC = Max, VENABLE = 4.9V 15.0 22.0 mA 

ICC Supply Current.,...Disabled VCC = Max, VENABLE = 1.0V 6.0 12.0 mA 

fOSC Oscillator Frequency RT = 35k ±2%, CT = 100 pF ±5%, VCC = Min to 4.5V 300 350 400 kHz 

RT = 33k ±2%, CT = 100 pF ±5%, VCC = 7.9V to Max 320 360 400 kHz 

D.C. Duty Cycle (tPWHh) RT,= 35k ±2%, CT = 100 pF ±5%, VCC = Min to 4.5V 0.46 0.56 0.66 

RT = 33k ±2%, CT,= 100 pF ±5%, VCC = 7.9V to Max 0.46 0.56 0.66 

Switching Characteristics Vee = 4.0V, T A = 25°C unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpdl or tpdO Propagation Delay From A, B, C, D RIN = B.2k, VENABLE = 10V, 500 ns 

Inputs to Digit Outputs RL = lOOn, CL = 50 pF 

tpdO Propagation Delay to a Logical "a" RIN = B.2k, RL = lOon, CL = 50 pF 30 BO 200 ns 

From Enable Inpu't to Digit Outputs 

tpdl Propagation Delay to a Logical "1" RIN = B.2k, RL = lOOn, CL = 50 pF 100 250 500 ns 

From Enable Input to Digit Outputs 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the 0° C to +70°C range; all typical values are given for VCC = 4.0V and T A = 25°C, 
_ Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 

values shown as max or min on absolute value- basis, 
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AC Test Circuits and Switching Time Waveforms 

TO 
POWER > 

SUPPL Y ~ a
Vcc 
PIN 

O.I/.iF 

T 

TO PULSE 

GENERATOR T B
.
2k 

INPUT PIN 
AND ~~g:~ RIN UNOER TEST 

51 

PIN R 

B.4V 

~L 100 

TO 
SINKING OUTPUT SCOPE 
PIN UNDER TEST PROBE 

. CL . 50 pF r 

B.4V 

J 
PINRC~ 

CT 
~L 1.3k 

OSCILLATOR TO 
OUTPUT SCOPE 

PIN PROBE 
CLr 50 PF 

T 

10V 

ENABLE 
INPUT 

OV 

10V 

A, B, C,D 
INPUTS 

OV 

OUTPUTS 

Note: I nput voltage rise and fall times are 120 ns from 10% to 90% points. 

Truth Table 

AIN BIN GIN DIN DIG. OUT ON 

0, 0 0 0 NONE 

1 0 0 0 1 

0 1 0 0 2 

1 1 0 0 3 

0 0 1 0 4 

1 0 1 0 5 

0 1 1 0 6 

1 1 1 0 7 

0 0 0 1 8 

1 0 0 1 9 

0 1 0 1 10 

1 1 0 1 11 

0 0 1 1 12 

1 0 1 1 13 

0 1 1 1 14 

1 1 1 1 NONE 
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~ Semiconductor 

088666 14-Digit Decoder/Driver 

General Description 
The DS8666 circuit is a 14-digit .decoder/driver. Six· 
outputs have an 80 mA sink capability, and eight of the 
outputs have a 13 mA nominal source drive capability to 
drive external grounded-emitter transistor bases. The 
circuit has current thresh'old inputs, and is designed to 
be driven by P-channel MOS. An enable input is pro
vided to allow for inter-digit blanking of the decoded 
outputs. An open-collector output oscillator is provided 
for system timing (two passive external components' 
are required). 

Logic and Connection Diagrams 

VCCo-...;.. ... --I 

5k 

Display Controllers/ Drivers 

Features 
• Oscillator frequency accuracy allows maximum 

system speed 

• Inter-digit blanking with the enable input provides 
ghost-free display operation 

OSCILLATOR 
OUTPUT 

ENABLE 

Dual-I n·Line Package 

24 VCC 

1----4 ...... --"",...,.-0 ENABLE 

CIN 

BIN 

AINo-........ -I 

DIN 0-++'" 

GNDo-...... - ... 

if 

I·DF·14 
DECODER 

-=-

DIGIT 1 

DIGIT 2 

DIGIT 3 

DIGIT 4 

DIGIT 5 

DIGIT 6 

DIGIT 7 

DIGIT 8 

DIGIT 10 -=-

SOURCING 
OUTPUT 

DIGIT9j 

DIGIT 11 ONE TYPICAL OU. TPUT SHOWN 
DIGIT 12 OF EACH TYPE 

SINKING 

'"'''' ~ DUTPUT 

DO"'" 4 
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DIGIT 10 OUT 10 

DIGIT9DUT 11 

GND 12 

TOPVIEW 

Order Number DS8666N 
See NS Package N24A 

14 DIGIT 7 OUT 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage 10V Supply Voltage (VCC) 7.9 9.5 V 
Input Voltage 10V Temperature (T A) 0 +70 °c 
Input Current ±1.5 mA 
Output Voltage 10V 
Storage Temperature Range -65°C to +150°C 
Maximum Power Dissipation * at 25°C 

Molded Package 2005 mW 
Lead Temperature (Soldering, 10 seconds) 300°C 

*Derate molded package 16.04 mW/oC above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

VIH Logical "1" Input Voltage liN = 390pA 0.50 V 

Decoder Inputs 
VCC = Max, VENABLE = 6.7V 

liN = 1400pA 1.50 V 

VIH Enable Input VCC = Max, IENABLE = 140pA 5.0 6.3 7.0 V 

IIH Logical "1" Input Current VCC = Max, VENABLE = 6.7V 390 pA 

Decoder Inputs 

IIH Enable Input VCC = Max 140 pA 

VIL Logical "0" Input Voltage VCC = Max, VENABLE = 6.7V, IlL = 25pA 0.30 V 

IlL Logical "0" I nput Current VCC = Max, VENABLE = 6.7V, VIL = Max 25 pA 

10H(OSC) Oscillator Output VCC = Max, VOH = 10.0V, VRC = 0.6V 50 pA 

10H Digit 1-8 Outputs VCC = Max, VOH = 1.00V, VENABLE = 6.7V -7.0 -13.0 -20.0 mA 

10H Logical "1" Output Current VCC = Max, VOH = 10.0V, VENABLE = 6.7V 50 pA 

Digit 9-14 Outputs 

lOS Output Short·Circuit Current VCC = Max,VRC = 0.6V -0.15 -{l.30 -{l.45 mA 

Pin R Only 

VOL(OSC) Oscillator Output VCC = Min, 10L = 6 mA, VRC = 1.5V 0.50 V 

VOL Logical "a" Output Voltage 

Digit 1-8 Outputs IOL = 40pA 0.40 V 

Digit 9-14 Outputs VCC = Min, VENABLE = 6.7V IOL = 80 mA 0.35 0.50 V 

Pin R IOL=60pA, 0.10 0.20 V 

VRC = 1.5V 

ICC Supply Current-Enabled VCC = Max, VENABLE = 6.7V, VOH = 1.00V, 26.0 35.0 mA 

(Sourcing Output "ON") 

ICC Supply Current-Disabled VCC = Max, VENABLE = 1.0V 5.0 7.0 mA 

fOSC Oscillator Frequency RT = 33k ±2%, CT = 100 pF ±5% 
VCC = Min 

VCC = Max 
320 360 400 kHz 

D.C. Duty Cycle (tPWH/T) RT = 33k ±2%, CT = 100 pF ±5% 
VCC = Min 

VCC = Max 
0.46 0.56 0.66 

Switching Characteristics Vee = B.4V, TA = 25°e 

PARAMETER CONl:~1TI0NS MIN TVP MAX UNITS 

tpdO or Propagation Delay From A, RIN = 8.2k, VENABLE = 10V, 500 ns 

tpdl B, C, D Inputs to Digit CL = 50 pF 

Outputs 

tpdO or Propagation Delay From RIN = 8.2k, CL = 50 pF 500 ns 

tpdl Enable Input to Digit 

Outputs 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified minImax limits apply across the 0° C to +70° C for the DS8666. All typicals are given for V CC = 8.4V and 
TA = 25°C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 
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AC Test Circuits and Switching Time Waveforms 

TO 
POWER > 

SUPPL Y 
~ OVCC PIN 

o.II1F 

T 

PIN R 

PIN RC j T 
33k 

CT 
Tl00PF 

RIN 

TO PULSE TB
.
2k 

INPUT PIN 
G~~~R:C~~~ UNOER TEST 

51 

. B.4V 

~L 
t.3k 

OSCILLATOR TO 
OUTPUT SCOPE 

CL . 

T 50PF 

B.4V 

100 ~L 
SINKING OUTPUT TO 
PIN UNOER TEST SCOPE 

CL 

T 50PF 

TO 
SCOPE 

10V-------------r--------------------------~ 

Truth Table 

ENABLE 
INPUT 

A, B,C, 0 
INPUTS 

OV-------' 

IOV ----------+----'" 

oV--------+----J 

SINKING IV 
OUTPUTS 

Note. Input rise and fall times are 120 ns between 10% and 90% points. 

AIN BIN CIN DIN DIG.OUTON 

0 0 0 0 NONE 

1 0 0 0 1 

0 1 0 0 2 

1 1 0 0 3 

0 0 1 0 4 

1 0 1 0 5 

0 1 1 0 6 

1 1 1 0 7 

0 0 0 1 8 

1 0 0 1 9 

0 1 0 1 10 

1 1 0 1 11 

0 0 1 1 12 

1 0 1 1 13 

0 1 1 1 14 

1 1 1 1 NONE 
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~National Display Controllers/ Drivers 
~ Semiconductor 

058669 2-Digit BCD to 7-5egment Decoder/Driver 

General Description . Features 

The DS8669 is a idigit BCD to 7-segment decoder/ 
driver for use with common anode LED displays. The 
DS8669 drives 2 7-segment LED displays without 
mUltiplexing. Outputs are open-collector, and capable 
of sinking 25 mA/segment. Applications include TV 
and CB channel displays. 

Logic and Connection Diagrams 

A1 a1 

b1 

B1 c1 
BCD d1 7-SEGMENT 

INPUTS OUTPUTS 
C1 e1 

f1 

D1 gl 

A2 a2 

b2 

B2 c2 
BCD d2 7-SEGMENT 

INPUTS OUTPUTS 
C2 e2 

f2 

D2 g2 

5-123 

• Direct 7-segment drive 
• 25 mA/segment current sink capability 

• Low power requirement-16 mA tYP 
• Very low input currents-2l1A typ 
• Input clamp diodes to/both VCC and ground 
• No multiplexing oscillator noise 

Dual-In-Line Package 

GND 

A1 

B1 

C1 

D1 

a1 

b1 

c1 

d1 

e1 

f1 

gl 

TOP VIEW 

Order Number DSB669N 
See NS Package N24A 

24 
A2 

B2 

C2 

D2 

a2 

b2 

c2 

d2 

e2 

f2 

g2 

VCC 

c 
en 
(X) 
0') 
0') 
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Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage 
Input Current 
Output Voltage 

7V 
20mA 

12V 
-6SoC to +1S0°C 

Supply Voltage (VCC) 

Temperature ITA) 

Storage Temperature Range 
Maximum Power Dissipation * at 2So C 

Molded Package 
Lead Temperatu re (Soldering, 10 seconds) 

*Derate molded package 16.04 mW/oC above 2SoC. 

200S mW 
300°C 

Electrical Characteristics VCC = 5.25V, (Note 2) 

PARAMETER CONDITIONS 

VIH Logical "1" Input Voltage VCC = Min 

VIL Logical "0 ' Input Voltage VCC = Min 

10 Logical "1" Output VCC = Max, 

Leakage Current VOUT= 10V 

VOL Logica! "0" Output Voltage IOL = 25 mA, 

VCC = Min 

IIH Logical "1" Input Current VIN = VCC = Max 

IlL Logical "0" Input Current VIN = OV, 

VCC = Max 

ICC Supply Current All Outputs Low, 

VCC = Max 

VIC Input Clamp Voltage IIN=10mA 

IIN=-10mA 

tpdO Propagation Delay to a Logical "0" 

From Any Input to Any Output RL = 400[2 

CL = 50 pF 
tpdl Propagation Delay to a Logical "1" 

From Any Input to Any Output 
TA= 25°C 

MIN 

2.0 

-0.3 

TYP 

0.4 

2.0 

-0.1 

16 

MIN 

4.S 

o 

MAX 

MAX 

6.0 

+70 

VCC+0.6 

0.8 

50 

0.8 

10 

-10 

25 

VCC+1.5V 

-1.5 

10 

10 

UNITS 

V 

UNITS 

V 

V 

f.1A 

V 

f.1A 

f.1A 

mA 

V 

V 

f.1s 

f.1s 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the O°C to +70°C range for the DS8669. All typicals are given for VCC = S.2SV 
and T A = 2SoC. l 

Note 3: All currents into device pins shown' as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 
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Truth Table 

INPUT LEVELS 

DN eN BN AN a1 b1 c1 d1 

0 0 0 0 0 0 0 0 

0 0 0 1 1 0 0 1 

0 0 1 0 0 0 1 0 

0 0 1 1 0 0 0 0 

0 1 0 0 1 0 0 1 

0 1 0 1 0 1 0 0 

0 1 1 0 0 1 0 0 

0 1 1 1 0 0 0 1 

1 0 0 0 0 0 0 0 

1 0 0 1 0 0 0 0 

1 0 1 0 0 1 1 0 

1 0 1 1 0 0 0 1 

1 1 0 0 0 0 1 1 

1 1 0 1 0 1 1 0 

1 1 1 0 1 1 1 1 

1 1 1 1 1 1 1 1 

"0" = Segment ON 
"1" = Segment OFF 

AC Test Circuit 

Switching Time Waveforms 
3V 

INPUT 

OV 

IN-PHASE OUTPUT 

OV 

OUT OF PHASE OUTPUT 

DV 

SEGMENT OUTPUTS 

e1 f1 91 a2 b2 c2 d2 e2 

0 0 1 0 0 0 0 0 

1 1 1 1 0 0 1 1 

0 1 0 0 0 1 0 0 

1 1 0 0 0 0 0 1 

1 0 0 1 0 0 1 1 

1 0 0 0 1 0 0 1 

0 0 0 0 1 0 0 0 

1 1 1 0 0 0 1 1 

0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 1 

0 0 1 1 0 0 1 0 

0 0 0 1 0 0 0 0 

0 0 0 1 1 1 0 0 

0 0 0 0 1 1 1 0 

1 1 0 1 1 1 1 1 

1 1 1 1 1 1 1 1 

Display Segment Notation 

a a 

flT/b flT/b 
e/~c el-/c 

d d 

Vee 

0 

400 :: 
~ 

TO OUTPUT.-
UNOER TEST ...... 

SOPFT -

1.5V ~~ tf s; 15 ns 
I tr < 15 ns ~f- 1.5V - J 

f--- tpdO-

. \ 
1.5V -:r\ 

I--tpdl-

' If 
1.5V r-
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f2 92 DISPLAY 1 

0 1 f I 
I_I 

1 1 I 
I 

1 0 I? 

1 0 =1 _I 

0 0 u 
I 

0 0 5 
0 0 5 
1 1 

-, 
I 

0 0 C! 
I_I 

0 0 9 
0 0 

I-
l-

1 1 FI 
0 1 F' 
0 0 

I-
c 

1 0 -

1 1 (Blank) 

tpdl 

If If- 1.5V 

tpdD , 
-~ 1.5V 

DISPLAY 2 

f I 
I_I 

I 
I 

I? 
=1 _I 
U 

I 

5 
5 -, 

I 
CJ 
I_I 

9 
Ll 
I I 

I 
I_I 

I 
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e 
I 

-
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Display Controllersl Drivers 

058692, 088693, 088694 Printing Calculator Interface Set 

General'Description 
Two OS8692 IC's and one each of the OS8693 and 
OS8694 provide the complete interface necessary 
between the MM5787 calculator chip and the Seiko 
Model 310 printing head. The OS8692 is an array of 
eight common emitter output transistors each capable 
of sinking 350 mA, with open collector saturating 
outputs. The OS8693 contains the interface logic for 
the color solenoid driver, motor driver, and 7-column 
character select solenoid drivers. The OS8694 contains 
the interface logic for 8-column solenoid drivers plus 
the clock oscillator and timing signal buffer. The color 
and character select solenoid latch outputs of both are 

Connection Diagrams 

22 

Oual-In-Line Package 
~ " ~ ~ ~ ~ " ~ ~ 

13 12 

10 11 

Cl Bl B2 C2 NC C3 B3 B4 C4 

TOP VIEW 

Order Number DS8692N 
See NS Package N22A 

constant current outputs supplying the base current 
for the OS8692 arrays. These outputs also feature active 
pull-down. The motor drive latch output is an open 
collector capable of sinking 20 mAo 

Features 
• Provides complete interface package for printing 

calculators with minimum number of packages and 
minimum number of external components 

• 350 mA sink capability 

Dual-In-Line Package 
COLUMN lATCH MOTOR 

,COLOR ORIVE MOTOR 
OUT lOUT 2 OUT 3 OUT 4 OUT 5 OUT 6 OUT 7 OUT OUT STOP, 

20 19 18 17 16 15 14 13 12 

IN 1 IN 2 IN 3 IN 4 IN 5 IN 6 IN 7 COLOR ClK PRINT GNO 
, ' IN 

COLUMN 
TOPVIEW 

Dual-In-Line Package 
COLUMN lATCH 

Order Number DS8693N 
See NS Package N22A 

IN 1 IN 2 IN 3 IN 4 IN 5 IN B IN 7 

COLUMN 
TOPVIEW 

Order Number DS8694N 
See NS Package N24A 
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Absolute Maximum Ratings OS8692-Transistor Array (Note 1)· 

Collector to Base Voltage 
Collector to Emitter Voltage 
Collector to Emitter Voltage (Note 4) 
Emitter to Base Voltage 
Collector Current (Continuous) 

Electrical Characteristics 
PARAMETER 

VCEO Collector to Emitter Breakdown 

Voltage 

VCES Collector to Emitter Breakdown 

Voltage 

VCBO Collector to Base Breakdown 

Voltage 

OS8692 

VCE(SAT) Collector to Emitter Saturation Voltage 

VBE(SAT) Base to Emitter Saturation Voltage 

25V 
25V 
15V 
6V 

O.4A 

(Notes 2 and 3) 

CONDITIONS 

IC = 500pA, IB = 0 

IC = 1 mA, VBE = 0 

IC = 1 mA, IE = 0 

Power Dissipation (T A = 25°C) 
Operating Junction Temperature 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

MIN TYP 

15 

25 

25 

IC = 350 mA, IB = 7.0 mA, 
0.6 

(Note 7) 

IC = 350 mA, IB = 7.0 mA, 

(Note 7) 
0.8 

650mW 
150°C max 

O°C to +70°C 
-B5° C to +150° C 

300°C 

MAX UNITS 

V 

V 

V 

1.0 V 

1.05 V 

Absolute Maximum Ratings OS8693 (Note 1) Operating Conciitions OS8693 

Supply Voltage 
Input Voltage 
Output Voltage 
] .AII Pins Except Pin 13 

Pin 13 
Storage Temperature Range 
Maximum Power Dissipation* at 25°C 

Molded Package 
Lead Temperature (Solderin'g, 10 seconds) 

12V 
12V 

12V 
19V 

-65°C to +150°C 

Supply Voltage (VCC) 

Temperature (T A) 

*Derate molded package 15.18 mW/oC above 25°C. 

Electrical Characteristics OS8693 (Notes 2 and 3) 

PARAMETER CONDITIONS MIN 

COLUMN DRIVERS 

liN Input Current VIN = 2.7V 50 

VIN = 9.5V 

VOL Output OFF Voltage VCC = Min, VIN = 2.7V, VCLOCK = 3.5V, 

10UT= 1 mA 

10H Output ON Current VCC = Min, VIN = 7.0V, VCLOCK = 3.5V, 
-7 

VOUT = 1.0V 

lOS Output Short Circuit Current VCC =. Max, VIN = 2.7V, VCLOCK = 3.5V, 

VOUT = OV 

CLOCK INPUT 

liN Input Current VIN = 3.5V 

VIN = 1.6V 50 

VIH Logical "1"lnput High Voltage 3.5 

VIL Logical "0" Input Low Voltage 

MOTOR DRIVER 

IIN(PRINT) Input Current VIN = 2.3V 50 

VIN = 9.5V 

IIL(STOP) Input Low Current (Stop) VCC = Min, VIN(STOP)= O.4V, 

(Stop Switch Closed) 

VIH(STOP) Input High Voltage (Stop) VCC = Max, IIN(STOP) = -10pA, 

(Stop Switch Open) 

VOL Output Low Voltage VCC = Min, VPRINT = 7V, lOUT = 15 mA 
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TYP 

MIN 

8.5 

o 

MAX 

11.0 

+70 

MAX 

250 

0.4 

-17 

-1.2 

300 

1.6 

250 

-700 

2.5 

0.5 

UNITS 

V 

°c 

UNITS 

I1A 

I1A 

V 

mA 

mA 

pA 

I1A 

V 

V 

I1A 

pA 

pA 

V 

V 

c en 
CO 
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CO 
0') 
CD 
~ 



Electrical Characteristics (Continued) OS8693 

PARAMETER 
1 

CONDITIONS 
1 

MIN 
1 

TYP 
1 

MAX 
1 

UNITS 

MOTOR DRIVER (Continued) 

lOX Output Leakage Current VCC = Max, VPRINT = 2.3V, 
100 p.A 

VSTOP = 0.8V, VOUT = 15V 

IIH(STOP) Logical "·1" Input High Current -10 p.A 

COLOR DRIVER 

liN Input Current VIN = 3.5V 300 p.A 

VIN = 1.7V 50 p.A 

VOL Output OFF Voltage VCC = Min, VIN = 1.7V, lOUT = 1 mA 0.4 V 

10H Output ON Curreht VCC = Min, VIN = 3.5V, VOUT = 1.0V -8 -18 mA 

ICC(SS) Stand-by Supply Current, VCC = Max, VCOLUMN INIVPRINT = OV, 
55 mA 

(Note 6) VCOLOR = OV, VCLOCK = 3.5V 

Absolute Maximum Ratings OS8694 (Note 1) Operating Conditions OS8694 

Supply Voltage 12V MIN MAX UNITS 
Input Voltage Supply Voltage (VCC) 

All Pins Except Pin 15 12V 
8.5 11.0 V 

Pin 15 19V Temperature (T A) 0 +70 °c 

Output Voltage 12V 
Storage Temperature Range -65°C to +150°C 
Maximum Power Dissipation * at 25°C 

Molded Package 2005mW 
Lead Temperature (Soldering, 10 seconds) 300°C 

*Derate molded package 16.04 mW!oC above 25°C. 

Electrical Characteristics OS8694 (Notes 2 and 3) 

PARAMETER 1 CONDITIONS 1 MIN 1 TYP I' MAX 1 UNITS 

COLUMN DRIVER 

liN Input Current VIN = 2.7V 50 p.A 

VIN = 9.5V 250 p.A 

VOL Output OFF Voltage VCC = Min, VIN = 2.7V, VCLOCK = 3.5V, 0.4 V 

10UT= 1 mA 

10H Output ON Current VCC = Min, VIN = 7.0V, VCLOCK = 3.5V, 
-7 -17 rnA 

VOUT = 1.0V 

lOS Output Short-Circuit Current VCC = Max, VIN = 2.7V, VCLOCK = 3.5V, 

VOUT = OV 
-1.2 mA 

CLOCK INPUT 

liN I nput Current VIN = 3.5V 300 J.lA 

VIN = 2.7V 50 J.lA 

VIH Logical "1" Input High Voltage 3.5 V 

VIL Logical "0" Input Low Voltage 1.6 V 

TIMING BUFFER 

liN Input Current VIN = 2V -50 J.lA 

VIN = 17V 880 J.lA 

VOL Output Low Voltage lOUT = 50p.A, VIN = 10V 0.5 V 

VOH Output High Voltage lOUT = -50 J.lA, VIN = 7V VCe-1.0 V 

OSCILLATOR 

fOSC Frequency VCC = Max, R = 18k, C = 0.0015 J.lFd, 

(Note 5) 
85 100 115 kHz 

VOL Output Low Voltage VCC = Min, lOUT = 50 J.lA 0.5 V 

VOH Output High Voltage lOUT = -50p.A VCe-1.0 V 

DC Duty Cycle VCC = Max 40 50 60 % 

Vasc Osc. VCC Turn ON Voltage 6.0 7.7 8.5 V 

ICC(SS) Stand-by Supply Current VCC = Max, VCOLUMN IN! 
55 mA 

VPRINT = OV, ICLOCK = 300J.lA 

5-128 



Switching Characteristics DS8694 

Vee = 5V, T A = 25°e (unless otherwise specified) 

PARAMETER 

COLUMN DRIVERS (DS8693, DS8694) (Figure 3) 

PWCOLUMN Column In Pulse Width 

PWCLOCK Clock Pulse Width 

td Delay of Column In Pulse After 

Clock Transitions to Low State 

for Output to Latch 

tPDO Propagation Delay to a Logical 

"0" From Clock to Column Out 

Output 

tpDl Propagation Delay to a Logical 

"1" From Clock to Column 

Output 

tPDO Propagation Delay to a Logical 

"0" From Column In to Column 

Out 

tPDl Propagation Delay to a Logical 

"1" From Column In to Column 

Out 

COLOR DRIVER (DS8693) (Figure 4) 

tPDO Propagation Delay to a Logical 

"0" From Color In to Color Out 

tPDl Propagation Delay to a Logical 

"1" From Color In to Color Out 

MOTOR DRIVER (OS8693) (Figure 6) 

PWPRINT Print Signal Pulse Width 

PWSTOP Stop Signal Pulse Width 

PWCLOCK Clock Pulse Width 

tPDO Propagatio'n Delay to a Logical 

"0" From Print to Motor Drive 

Out 

tPDl Propagation Delay to a Logical 

"1" From Motor Stop (High-to-

Low Transition) to Motor Drive 

Out 

TIMING SIGNAL BUFFER (DS8694) (F,gure 5) 

PWTIMING Timing Signal Pulse Width 

tr Rise Time 

tf Fall Time 

tPDO Propagation Delay to a Logical 

"0" From Timing In to Timing 

Out 

tPDl Propagation Delay to a Logical 

"1" From Timing In to Timing 

Out 

CLOCK OSCILLATOR (DS8694) (Figure 7) 

fOSC Oscillator Frequency 

DC Duty Cycle 

tr Rise Time 

tr Fall Time 

CONDITIONS MIN TYP 

1.1 

1.0 

0.1 

Column In = OV 

Column In = 7V 

Clock = 7V 

Clock = 7V 

1 

1 

1 

Print = OV. Clock = 7.0V 

1 1000 

CLOAD = 35 pF 

CLOAD = 35 pF 

(Note 5) 85 100 

40 50 

CLOAD = 70 pF 

CLOAD = 70 pF 
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MAX 

10.0 

1300 

10 

1300 

10.0 

10.0 

10 

10 

500 

500 

10 

10 

115 

60 

500 

500 

UNITS 

J.l.s 

J.l.s 

J.l.s 

J.l.s 

J.l.s 

J.l.S 

J.l.S 

J.l.S 

J.l.S 

J.l.S 

J.l.S 

J.l.S 

J.l.S 

J.l.S 

ms 

ns 

ns 

J.l.S 

J.l.S 

kHz 

% 

ns 

ns 

c en 
(X) 
0) 
CO 
j\) 

c en 
(X) 
0) 
CO 
~ 
c en 
(X) 
0) 
CO 
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Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified minImax limits apply across the O°C to +70°C range for the OS8692, OS8693, OS8694. All typicals are given 
for VCC = 10VandTA = 2SoC. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute basis. 
Note 4: Ratings refer to d high current point where collector-emitter voltage is lowest. 
Note 5: Oscillator frequency is determined by external R between "Osc R" and "Osc C" and external C from "Osc C .. to ground. 2k > R > 20k. 
Note 6: Column outputs operate on approximately 1/16 duty cycle in normal operation. 
Note 7: Measured with one output on at a time. 
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COLOR IN, V 

COLOR OUT, 1 

TIMING IN, V 

TIMING 0 UT, V 

Logic and Timing Oiagrams 

COLU~IN IN 

""""" '-''': 
CLOCK 

CLOCK 

KEYBOARD SCAN PULSES --l rid 

JUl" n COLUMN 
COLUMN IN INFORMATION 

.~ ____________ ~. ~.~PU~LS~E ________________________ _ 

--J 1::DIGIT TIME I I --1 f-- PWCOLUMN 
WORD TIME 

I COLUMN OUT 

Switching Time Waveforms 

7V---------~---~ 

COLUMN IN 

Dv----...JI 

IpDI 

COLUMN OUTPUT 

CLOCK 

FIGURE 3. OS8693, OS8694 Column Latch 

COLORIN~ COLOROUT 

7V---------~-------~ 
COLOR IN 

---+-'k'---'-"" ---hA-IPDD -

OV-----..... 

8 mA ----.---------, 

OmA-----..... 

FIGURE 4. OS8693 Color Oriver 

TIMING IN 0------1[>><>------0 TIMING OUT 
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OV -------' • 

_ !;=PWTlMING~ ___ 

_:1 roo 1 ,_IPOI 
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U- TIMING OUT 

FIGURE 5. OS8694 Timing Signal Buffer 
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~ m co en c 
('If 
Q') 
co co en c 
C\f 
Q') 
co co en c 

Logic and Timing Diagrams 

PRINT "-_r-..... 

MOTOR 
STOP 

MOTOR 
» .... --. DRIVE 

CLOCK <J""---'L-")(~""---L.-"" OUT 

---JF I---PW-PR-IN-T--------t:2:430m.-----------", 

PRINT -.-fli.---_____ fL 
CLOCK 

I 
I 
I 
I 
I 
I 

MOTOR STOP !!!!!! 
I 
I 
I 

MOTOR DRIVE OUT IL. ______________________ ....I 

Switching Time Waveforms 

PRINT r\. 

i I!! ! I 

---:3 {" ~---------------------'----
MOTO~~:;~i '-------------l-( .. 

CLOCK .r\ 

MOTOR STOP 

::::J PWCLOCK ~-----+-t-Mn",}--

FIGURE 6. 058693 Motor Drive latch 

OSC R 

R <j> 

r- ----.AJVv--+ 
I I 

OSCC~OSCOUT 
-""-

OSCILLATOR 
OUT 

VCC 

GND 

85 kHz::; 1/tOSC ::; 115 kHz 

d = duty cycle = OSCpWH 
OSCPWH + OSCPWL 

FIGURE 7. 058694 Oscillator Diagram 
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~National 
~ Semiconductor 

Display Controllersl Drivers 

DS8859A, DS8869A Open Collector Hex Latch LED Drivers 

General Description 
The DS8859A, DS8869A are TTL compatible open 
collector hex latch LED drivers with programmable 
current sink outputs. The current sinks are nominally 
set at 14 mA but may be adjusted by external resistors 
for any value between 0-32 mAo Each device contains 
six latches which may be set by input data terminals. 
An active low strobe common to all six latches en
ables the data input terminals. The DS8859A current 
sink outputs are switched on by entering a high level 
into the latches and the DS8869A current sink outputs 
are switched on by entering a low level into the latches. 

The devices are available in either a molded or cavity 
package. I n order not to damage the devices there is a 

Logic Diagram 

STROBE 

TO OTHER 
LATCHES 

Connection Diagram 

OS8859 

Dual-In-Line Package 

IADJ 

COMMON 15 
CURRENT 
CONTROL 

vee IADJ INPUT 1 OUTPUT 1 INPUTZ OUTPUT 2 INPUT 3 OUTPUT3 

STROBE INPUT6 OUTPUT 6 INPUTS OUTPUTS INPUT 4 OUTPUT4 GND 

TOP VIEW 

limit placed on the power dissipation allowable for each 
package type. This information is shown in the graph 
included in this data sheet. 

Features 
• Built-in latch 

• Programmable output current 

• TTL compatible inputs 

• 32 mA output sink 

Output Circuit 

Vee 

lOUT 

TO OTHER 
CURRENT 
SOURCES 
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Truth Table 

COMMON INPUT 
OS8859 OS8869 
OUTPUT OUTPUT 

STROBE DATA 
(t + 11 (t + 1) 

0 0 OFF ON 

0 1 ON OFF 

1 X OUTPUT It) OUTPUT It) 

Order Number DS8859AJ, DS8869AJ, 
DS8859AN or DS8869AN 

See NS Package J16A or N16A 
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Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage 
Input Voltage 
Output Voltage 
Storage Temperature Range 
Maximum Power Dissipation * at 25°C 

Cavity Package 
Molded Package 

Lead Temperature (Soldering. 10 seconds) 

7V 
5.5V 
5.5V 

-65°C to +150°C 

1433 mW 
1362 mW 

300°C 

Supply Voltage. VCC 

Temperature. T A 

*Derate cavity package 9.55 mWrC above 25°C; derate molded 
package 10.9 mW/oC above 25°C. 

Electrical Characteristics '(Notes 2 and 3) 

PARAMETER CONDITIONS 

VIH Logical "1" Input Voltage Vee = Min 

IIH Logical "'" Input Current Vee = Max. V IN = 2.4V 

VIL Logical "O"lnput Voltage Vee = Min 

IlL Logical "0" Input Current Vee = Max. V IN = O.4V 

VeD I nput Clamp Voltage Vee = Min. liN = -'2 mA 

IOH Logical "'" Output Current Vee = Min. VIL = O.BV. VOH = 5.5V. V IH = 2.0V 

VOL Logical "0" Output Voltage Vee = Min. V IL = O.BV. IOL = 16 mAo 

V IH = 2V. V IADJ = VeeMIN 

Icc Supply Current Vee = Max. Current Sources "OFF." 

(See Truth Table). (Note 4) 

ISINK Output Current Vee = 5.0V. VOUT = i.ov .. I V IADJ = 5V 

T A = 25°C. (Note 4) I IADJ = Open 

Switching Characteristics T A = 25°C. Vee = 5V 

PARAMETER CONDITIONS 

tpdO Propagation Delay to a Logical "0" Data to Output 

COUT = '5 pF. RL = 390n. Strobe to Output 

tpdl Propagation Delay to a Logical "'" (Note 5) Data to Output 

Strobe to Output 

MIN 

2.0 

32 

9 

MIN 

MIN 

4.75 

o 

TYP 

-'.0 

-1.1 

14 

TYP 

MAX 

5.25 

+70 

MAX 

40 

O.B 

-1.6 

-1.5 

250 

0.4 

50 

26 

MAX 

36 

50 

150 

150 

UNITS 

V 

UNITS 

V 

pA 

V 

mA 

V 

J.1A 

V 

mA 

mA 

mA 

UNITS 

ns 

ns 

ns 

ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max Ii'mits apply across the O°C to +70°C temperature range. All typicals are given for VCC = 5.0V and 
TA=25°C. 

Note 3: All currents into device pins shown as positive. out of device pins as negative. all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: See graphs for changes in lSI N K versus changes in temperature and V CC. 

Note 5: COUT includes device output capacitance of approximately 8.5 pF and wiring capacitance. 
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Typical Performance Characteristics 

Max Power Dissipation Curves 
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ISINK Adjustment Circuit 
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ISINK vs V,ADJ (See Figure 1) 
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FIGURE 1. 
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~National Display Controllersl Drivers 
~ Semiconductor 

OS8861 MOS-to-LED S-Segment Driver 
OS8863 MOS-ta-LED 8-Digit Driver 
058963 MOS-ta-LED 8-Digit Driver 

General Description 
The OS8861, OS8863 and OS8963 are designed 
to be. used in conjunction with MOS integrated 
circuits and common-cathode LEO's in serially 
addressed multi-digit displays. 

The OS8861 is a 5-segment driver capable of 
sinking or sourcing up to 50 rnA from each driver. 

The OS8863 is an 8-digit driver. Each driver is 
capable of sinking up to 500 rnA. 

the OS8963 is identical to the OS8863 except 
it is intended for operation at up to 18V. 

Schematic and Connection Diagrams 

DS8861 

14,6,12,13,16) 

A -.-JV\I'v-.... -l 
4k 

Dual-In-Line Package 

Vss ES INS C4 E4 IN4 IN3 E3 C3 

C5 CI EI INI NC IN2 E2 £2 Voo 

TOP VIEW 

Features 
• 50 rnA source or sink capability 

per driver, OS8861 

• 500 rnA sink capability 
per driver, OS8863, OS8963 

• MOS compatibility (low input current) 

• Low standby power 

• High gain Oarlington circuits 

DS8863/DS8963 

11,4,5,7,10,12,14,16) 

12,3,6,8,11,13,15,17) 
A -.-""IIII'y-.... -I 

Uk 

Dual-ln·Line Package 

IN8 OUT8 IN7 Dun IN6 OUT6 INS OUTS 

OUTI INI INZ Dun 

TOP VIEW 

OUT4 IN4 Voo 

Order Numbers DS8861N, DS8863N or DS8963N 
See NS Package N18A 
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Absolute Maximum Ratings 
OS8861 OS8863 OS8963 

Input Voltage Range (Note 11 -5V to \Iss -5V to Vss --5V to Vss 
Collector (Output) Voltage (Note 2) 10V 10V 18V 
Collector (Output)-to-Input Voltage 10V lOV 18V 
Emitter-to-Ground Voltage (VI ~ 5V) 10V 
Emitter-to-Input Voltage 5V 
Voltage at Vss Terminal With Respect to 

lOV 10V 18V 
Any Other Device Terminal 

Collector (Output 1 Current 
Each Collector (Output) 50mA 500 mA 500mA 
All Collectors (Output) 200 mA 600 mA 600 mA 

Continuous Total Dissipation 800 mW 800 mW 800mW 
Operating Temperature Range O°C to +70°C O°C to +70°C oOe to +70o e 
Storage Temperature Range -65°C to +150

o e -65°C to +150°C -65°C to +150
o e 

Maximum Power Dissipation at 25°C 
Molded Package 1476 mW* 1563 mWt 1563 mwt 

Lead Temperature (Soldering, 10 sec) 300°C 300°C 300°C 

*Derate molded package 11_81 mWr C above 2So C_ 
tDerate molded package 12_S mW/oC above 2So c. 

Electrical Characteristics OS8861 (Vss = lOV, T A = O°c to +70°C unless otherwise noted) 

PARAMETER CONDITIONS MIN TYP MAX 

VCEON "ON" State Col/ector Emitter Voltage Input = 8V through 1 k.\1. VE = SV, I T A = 2SoC 0.9 1.2 

Ie = SOmA I.S 

IcoFF "OFF" State Collector Current I liN = 40IJA 100 
Ve = 10V, VE = 0 

I V,N = 0.7V 100 

I, Input Current at Maximum Input Voltage V,N ,= 10V, VE = O. Ie = 20 mA - 2.2 3.3 

I, Emitter Reverse Current V,N ='0, VE = SV,le = 0 100 

I,.,: Current Into Vss Terminal 1 

I OS8863/0S8963 (Vss = 10V, T A = oOe to +70
o e unless otherwise noted) 

I 
PARAMETER CONDITIONS MIN TYP MAX 

VOL Low Level Output Voltage I T A = 2SoC I.S 
V,N = 7V, lOUT = SOO mA 

1.6 

IOH High Level Output Current 
VOH = 10V' J I'N=40IJA 2S0 

V'N = O.SV 2S0 

I, Input Current at Maximum Input Voltage V,N = 10V, IOL = 20 mA 2 

Iss Current Into Vss Terminal 1 

*18V for the 058963 

Switching Characteristics OS8861 (Vss = 7.5V, T A = 25°C) 

PARAMETER CONDITIONS MIN TYP MAX 

tpLH Propagation Delay Time, Low·to·High Level Output (Col/ector) V,H = 4.SV, VE = 0 100 

tpHL Propagation Delay Time, High-to·Low Level Output (Collector) RL = 200.\1, CL = IS pF 20 

OS8863/0S8963 (VSS = 7.5V, T A = 25°C) 

PARAMETER CONDITIONS MIN TYP MAX 

tpLH Propagation Delay Time, Low·to·High Level Output V,H = 8V, RL = 20.\1, 300 

tpHL Propagation Delay Time, High-to-Low Level Output CL = IS pF 30 

Note 1: The input is the only device terminal which may be negative with respect to ground. 
Note 2: Voltage values are with respect to network ground terminal unless otherwise noted. 
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AC Test Circuits and Waveforms 

1.SV 

Rl '200n 

"""-.l>---+-OUTPUT 

Cl =ISpF 

J"""" 
DS8861 DS8863 

---l 1--::; IOn. 

: I 
~~-~~--I-- -------- V,H 

I 
INPUT I 

I 

~------------OV 

,-----VOH 

OUTPUT 

i 
------:-1 --J.--+-------VOl 

I I 
I 

I I 
tpHL~ 

I I 

I I 
I I 
~tPlH--j 

NOTE 1: THE PULSE GENERATOR HAS THE FOLLOWING CHARACTERISTICS: ZOUT' son. 
PRR· 100 KHz. tw -1",. 
NOTE 2: Cl INCLUDES PROBE AND JIG CAPACITANCE. 
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~National' 
~ Semiconductor 

Display Controllersl Drivers 

DS8867 8-Segment Constant Current Driver 
General Description 
The DS8867 is an 8-segment driver designed to be driven 
from MOS circuits operating at 8V ±10% minimum 
Vss supply and will supply 14 mA typically to an LED 
display _ The output current is insensitive to Vee varia
tions_ 

Schematic and Connection Diagrams 

(18) 

Vee 
Al 

(1-8) 2.3k 
IN O-.JVVv--+-~ 

(9) SU8ST. 

GND~ 

R2 
50 

(17-10) 
'---'-0 OUT 

Typical Application 

Features 
• Internal current control-no external resistors 

• 100% efficient, no standby power 

• Operates in three and four cell battery systems 

• Inputs and outputs grouped for easy PC layout 

Dual-I n-Line Package 

Vee OUT lOUT 2 OUT 3 OUT 4 OUTS OUT6 OUT 7 OUT 8 

11 10 

• • • • • • 

IN 1 IN 2 IN 3 IN 4 IN 5 IN 6 IN 7 IN 8 GNO 

TOP VIEW 

Order Number DS8867N 
See NS Package N 18A 

Typical 3 Cell Scientific Calculator Circuit 

MM5758 
SCIENTIFIC 

CALCULATOA 

GND 

NSA5101 LED DISPLAY 

.!. CI CI CI CI CI CI CI CI _ 11_=11 1-_-1 LI.LI.LI.L.LI.LI.LI.LI. 

Vee 

GND 
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Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage 
Input Voltage 
Output Voltage 
Storage Temperature Range 
Maximum Power Dissipation * at 25° C 

Molded Package 
Lead Temperature (Soldering. 10 seconds) 

7V 
10V 
10V 

-65° C to +150° C 

Supply Voltage. VCC 

Temperature. T A 

*Derate molded package 10.76 mW/oC above 25°C. 

Electrical Characteristics (Note 2) 

PARAMETER CONDITIONS 

Logical "1" Input Voltage Vee = Min. VOH = 2.3V. IIH = 500J.lA 

Logical "0" I nput Current Vee.= Max. VOL = 1.8V. V 1L = 2.0V 

Logical "1" Output Current Vee = Min. V OH = 2.3V. IIH = 500J.lA 

IOL Logical "0" Output Current Vee = Max. VOL = 1.0V. V 1L = 1.3V 

I All VOL = 1.0V. V 1L = 1.3V. (Standby) lee OF F Supply Current 

lee ON 
Vee = Max. I 

All V OH = 2.3V. V 1H = 7.8V 

MIN 

-8 

MIN 

3.3 

o 

TYP 

4.9 

0.1 

-14 

-0.5 

4 

112 

MAX 

6.0 

+70 

MAX 

5.4 

10 

-18 

-10 

50 

150 

UNITS 

V 

UNITS 

V 

J.lA 

mA 

J.lA 

J.lA 

mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the O°C to +70°C. 
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~National 
~ Semiconductor 

D58870 Hex LED Digit Driver 

General Description 
The DS8870 is an interface circuit designed to be used in 
conjunction with MOS integrated circuits and common
cathode LED's in serially addressed multi-digit displays. 
The number of drivers required for this time-multiplexed 
system is minimized as a result of the segment-address
and-digit-scan method of LED drive. 

Schematic and Connection Diagrams 

DS8870 (Each Driver) 

Y 

(14,3, 5,B, 10, 12) 
.__--.. (1, 2, 6, 7, 9, 13) 

4k 
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Display Controllers/Drivers 

Features 
• Sink capability per driver-350 mA 

• MOS compatibility (low input current) 

• Low standby power 

• High-gain Darlington circuits 

Dual-I n-Line Package 

lA 6Y 6A Vss SA 5Y' 

lY 2Y 2A GND 3A 3Y 

Order Number DS8870J or DS8870N 
See NS Package J14A or N14A 

4A 

4Y 
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Absolute Maximum Ratings (Note 1) 
\ 

c 
Input Voltage Range (Note 4) -5V to Vss 
Collector Output Voltage 10V 

Collector Output to Input Voltage 10V 

Voltage at Vss Terminal with Respect to 
Any Other Device Terminal 10V 

Collector Output Current 

Each Collector Output 350mA 
All Collector Outputs 600mA 

Continuous Total Dissipation 800mW 
Operating Temperature-Range O°C to +irlc 
Storage Temperature Range -65°C to +150°C 

Maximum Power Dissipation * at,25°C 

Cavity Package 1308 mW 

Molded Package 1207 mW 

Lead Temperature (Solderirl9, 10 seconds) 300°C 

*Derate cavity package 8.72 mW/oC above 25°C; derate molded package 9.66 mWrC 
above 25°C. 

Electrical Characteristics (Vss = 10V) (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VOL Low Level Output Volta9-e Input = 6.5V through 1 kn, 1.2 1.4 V 

lOUT = 350 mA, T A = 25°C 

VOL Low Level Output Voltage Input = 6.5V through 1 kn, 1.6 V 

lOUT = 350 mA 

IOH High Level Output Current VOH = 10V, liN = 40J.lA 200 J.lA 

IOH High Level Output Current VOH = 10V, VIN ''; 0.5V 200 J.lA 

II Input Current at Maximum Input Voltage ,VIN = 10V, IOL = 20 rnA 2.2 3.3 rnA 

Iss Current Into Vss Terminal 1 rnA 

Switching Characteristics (Vss =7.5V, T A = 25°C) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tPLH Propagation Delay Time, Low-to-High Level Output V IH = 7.5V, RL = 39n, 300 ns 

CL = 15 pF 

tpHL Propagation Delay Time, High-to-Low Level Output V IH = 7.5V, RL = 39n, 30 ns 

C L = 15 pF 

Note 1: "Absolute Maximum Ratings" are' those values beyond which the safetY of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the O°C to +70° C temperature range'. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenc~d to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 
Note 4: The input is the only device terminal which may be negative with respect to ground. 

-
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DS8871, DS8872, DS8873 Saturating LED Cathode Drivers 

General Description 
The DS8871, DS8872, and DS8873 are bipolar integrat
ed circuits designed to interface between MOS cal
culator circuits and common cathode LED displays 
operating in the multiplexed mode with a digit current 
of up to 40 mAo The DS8871 is an 8-digit driver; the 
DS8872 is a 9-digit driver; and the DS8873 is a 9-digit 
driver with a built-in battery condition indicator that 
turns on the digit 9 decimal point when the battery 
voltage drops to 6.5V (typical). In a typical calculator 
system operating on a 9V battery, the low battery 
indicator comes on as a warning that the battery should 
be replaced. But the calculator (MM5737 or equivalent) 
will still function properly for awhile. 

Features 
• Single saturating transistor outplJt 

• Low battery indicator 

• MOS compatible inputs 

• Inputs and outputs clustered for easy wiring 

• Drivers consume no standby power 

Schematic Diagram OS8871 

~
2k OUTPUT 

INPUT ' , 17.16,15,14,13,12,11,10 
1,2,3,4,5,6,7,8 

12k 

GND9 

VCCI 

Connection Diagrams (Dual-In-Line Packages, Top Views) 

OUTPUTS OUTPUTS 

VCC 7 - 6 VCCI NC' 9 

18 17 16 15 14 13 12 11 10 22 21 20 19 18 17 16 15 14 13 12 

INPUTS 

Order Number OS8871 N 
See NS Package N18A 

VCCI VCC2 9 

NC' 

OUTPUTS 

INPUTS 

Order Number OS8873N 
See NS Package N22A 
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INPUTS 

Order Number OS8872N 
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Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage Supply Voltage, VCC1 
Supply Voltage (Note 4) 
Input Voltage 

VCC1 = 11V 
VCC2 = 11V 

11V 
8V 

-65°C to +150°C 

Supply Voltage, VCC2 (Note 4) 

Output Voltage 
Storage Temperature Range 
Maximum Power Dissipation at 25°C 

Molded Package (OS8871) * 
Molded Package (OS8872, OS8873)t 

Lead Temperature (Soldering, 10 seconds) 

1563 mW 
1771 mW 

300°C 

Temperature, T A 

*Oerate molded package 12.5 mW/oC above 25°C . 

tOerate molded package 14.17 mW/oC above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS 

IlL Logical "a" Input Current VIN = O.4V 

IIH Logical "'" Input Current VIN = 4.5V 

VOL Logical "a" Output Voltage VIN = 3.2V, IOL'= 40 mA 

IOL Logical "a" Output Current VIN = 3.2V. VOL = 0.5V 

ICEX Output Leakage Current VOH = 6V, liN = 25JlA 

IDP(ON) Decimal Point Output Current VC;C2 = 6.25V, VDP = 2.5V, VIN9 = 3.2V, 

(Note 4) 

IDP(OFF) Decimal Point Output Current VCC2 = 7V, VIN9 = 3.2V, VDP = 1V, 

(Note 4) 

ICC' Supply Current, VCCl VCCl = 6.5V, VIN = OV 

ICC2 Supply Current, VCC2 : VCC2 = 9.5V, VIN9 = 4.5V, (Note 4) 

MIN 

-5.0 

MIN 

4.0 

4.0 

0 

TYP 

28 

1.7 

0.35 

-7.0 

-1 

1 

0.9 

MAX UNITS 

9.5 V 

9.5 V 

+70 °c 

MAX UNITS 

45 JlA 

2.5 mA 

0.5 V 

40 mA 

40 JlA 

mA 

-100 JlA 

'00 JlA 

1.2 mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for 
actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the O°C to +70°C range. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise 
noted. All values shown as max or· min on absolute value basis. 
Note 4: Applies to OS8873 only. 

Typical Applications 

09 
A 

9 

g. 

8 

MM5738 
CALCULATOR CHIP 

NSA12989·DIGIT 
LED DISPLAY 

7 6 5 4 3 
OUTPUTS 

D588739·DIGIT 
DRIVER 

INPUTS 

9·DIGIT LINES 

2 1 

D.P. 

VCC1 

VCC2 

GND 

·1 

+ 
DC·DC 

CONVERTER _ 

FIGURE 1. 4.(:ell System 

\ 

5·144 

CURRENT 
LIMIT 

RESISTOR 
ARRAY 

vDDI------. 

ABC 0 E F G D.P. 

NSA1298 9·DIGIT 
LED DISPLAY 
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\ 

9 B 7 654 321 

9 • 

OUTPUTS 

DS8873 9·DIGIT 
DRIVER 

INPUTS 

9·DIGIT LINES 

D.P. 

VCC1 
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GNDI-----....I 
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~National Display Controllers/ Drivers 
~ Semiconductor 

058874 9-Digit Shift Input LED Driver 

General Description 
The DS8874 is a 9-digit LED driver which incorporates a 
sh ift register input decoding circuit and a low battery 
indicator. Outputs will sink 110 mA at less than 0.5V 
drop when sequentially selected. When the Vee supply 
falls below 6.5V typical, segment current will be fur
nished at digit 9 time to indicate a low battery condition. 
Pin 13 is generally connected to the decimal point 
segment on the display so that when a low battery 
condition exists, the left-most decimal point lights up. 
The digit driver is intended to be used with the 

MM5784N 5-function, 9-digit accumulating memory 
calculator circuit, or any other circuit which supplies 
the 9-digit information in a similar serial format. 

Connection Diagram 

LOW 
BATT 

Dual-In-Line Package 

Vcc OUT OUT 9 OUT 8 oun OUT 6 Dun 

12 11 10 

r------icp SIR 

CLOCK DATA 
PULSE 

OUTl OUT2 OUTJ DUT4 

TOP VIEW 

Order Number DS8874N 
See NS Package N14A 

Typical Application 

GND 

Features 
• 110 mA digit sink 

• Low battery indicator 

• Minimum number of connections 

• MOS compatible inputs 

Equivalent Schematic 

INPUT <>-+-"""""""""--1 

Typical Application of the 058874 Digit Driver with the MM5784 5-Function 
Calculator Circuit, N5A1298 9-Digit LED Display and a 9V Battery 

NSA1298 

CI CI CI CI CI CI CI 1=1 CI L • [J. LI. LI. L • o. O. _I. LI. 

MM51B4 

GNO 

TO KEYBOARD 
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Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage 
Input Voltage 
Output Voltage 

10V 
3V 

10V 
-65°C to +150°C 

Supply Voltage (VCC) 

Temperature (T A) 

Storage Temperature Range 
Maximum Power Dissipation * at 25° C 

Molded Package 
Lead Temperature (Soldering, 10 seconds) 

*Derate molded package 10.24 mWI"C above 25°C. 

1280 mW 
300°C 

Electrical Characteristics (Notes 2 and 3) 

IIH 

IlL 

VCCL 

VCCH 

10H 

VOL 

ICC 

PARAMETER 

Logical" 1" Input Current 

Logical "0" Input Current 

Decimal Point "ON" 

Decimal Point "OFF" 

Logical "1" Output Current 

Logical "0" Output Voltage 

Supply.Current 

CONDITIONS 

VCC = Max. VIN = 3V 

VCC = Max. VIN = O.SV 

Vdp = 2;3V. Idp = -4 mAo 09 = VOL 

Vdp = IV. Idp = -10J.1A. 09 = VOL 

VCC = Max. OutP~t Not Selected 

VCC = Min. Output Selected. 101 = SO mA 

VCC = Max. Output Selected. 101 = llamA 

VCC ~ Max, One Output Selected 

MIN 

7.0 

MIN 

6.0 

o 

TYP 

0.25 

0.05 

0.45 

0.6 

13 

MAX 

9.5 

+70 

MAX 

0.4 

0.1 

6.0 

100 

1 

1.5 

19 

UNITS 

V 

°c 

UNITS 

mA 

mA 

V 

V 

J.1A 

V 

V 

mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They arp. not 
meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for 
actual device operation. 

Note 2: Unless otherwise specified minImax limits apply across the O°C to +70°C range. All typicals are given for T A = 25°C. 

Note 3: All currents into device pins shown as positive, out·of device pins as negative, all voltages referenced to ground unless otherwise 
noted. All values shown as max or min on absolute value basis. 

Timing Diagram (Upper Level More Positive) 

DAfAU U u--
CLOCK PULSE 

OUTPUTllJ U U--
OUTPUT 2 ---u U U-
OUTPU:J-U U Lf 
OUTPU·T9 J U U-
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~National 
D Semiconductor 

088877 6-Digit LED Driver 

General Description 

The DS8877 is a 6·digit LED driver designed as a pin· 
for·pin replacement for the DS75492 in applications 
where digit current is in the 5 to 50 mA range. Since the 
outputs saturate to less than 0.6V, the DS8877 will 
work on lower battery voltages than most digit drivers. 
The DS8877 draws no standby power. 

Logic and Connection Diagrams 

. -(, •. -0 OUTPUT 

2.7k ' 
I N PUT D---'IN'v 

GNo 

IN, 

14 

OUT, 
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Display Controllersl Drivers 

Features' 

• No standby power 
• No supply connection 
• Operates in 4.5V,6V or 9V systems 
• Pin-for·pin replacement for DS75492 in low current 

applications 

Dual·ln·line Package 

TOP VIEW 

Order Number DS8877N 
See NS Package N14A 



Absolute Maximum Ratings (Note 1) 

Supply Voltage None Required 
Input Voltage 10V 
Output Voltage 10V 
Operating Temperature Range O°C to +70°C 
Storage Temperature Range -65°C to +150°C 

Maximum Power Dissipation * at 25°C 
Molded Package 1106 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

* Derate molded package 8.85 mW/o C above 25° C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

V IH Logical "1" Input Voltage 5.0 V 

IIH Logical "1" Input Current V IH = 5.0V 1.2 mA 

V IL Logical "0" Input Voltage 0.35 V 

IL Logical "0" Input Current VIL = 0.35V 20 JlA 

IcEx Logical "1" Output Current Vc = 8.0V, VIN = 0.35V 100 JlA 

VOL Logical "0" Output Voltage IOL = 35 mA, VIN = 5.0V 0.5 V 

IOL Logical "0" Output Current VOL = 0.5V, VIN = 5.0V 35 50 mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides condition. for actual device operation. 
Note 2: Unless otherwise specified minImax limits apply across the O°C to +70°C range. All typicals are given for T A = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Typical Application 

MALLORY_.! 
MN16040R-=. 9.0V 

EQUIV. -

1 I 
Sq SI S. Sd s.: Sb S. Vss . .. . " , .... I K, 47011 1:;:1 1:;:1 1:;:11:;:1 1:;:1 1::1 NSA1166 K, MM5736 OP 

L7 L7 LI 1-1. '-7 1-1 r-- K, 
01 02 03 04 05 06 Voo 

~ ~ 1 :-- I , 
i'o!.. j'-o.!- ~ -, ........ 

i'o2- I'o-!. "'-o..!-
....... ....... ....... 

POWER 

~ r'-o1- ~ OS8871 SWITCH , , 
~ 6 

....... , 
0 C , 

KEYBOARO 1 

Calculator Configuration with MM5736 6·Digit Calculator 
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~National Display Controllersl Drivers 
~ Semiconductor 

OS7880/088880 High Voltage 7·Segment Decoder/Driver 

General Description 

The OS7880/0S8880 is custom designed to de
code four lines of BCD and drive a gas-filled 
seven-segment display tube. 

Each output constitutes a switchable, adjustable 

current sink which provides constant current 

to the tube segment, even with high tube anode 
supply tolerance or fluctuation. These current 

sinks have a voltage compliance from 3V to 

at least 80V; typicady the output current varies 

1 % for output voltage changes of 3 to 50V. Each 
bit line of the decoder switches a current sink on 

or off as prescribed by the input code. Each 
current sink is ratioed to the b-output current 

as required for even illumination of all segments. 

Output currents may be varied over the 0.2 to 1.5 

mA range for driving various tube types or 

multiplex operation. The output current is ad

justed by connecting an external program resistor 

Logic and Connection Diagrams 

r-----------------, 
I + I 

.OUTPUT 

I 
I r--t--~- b OUTPUT 

AINPUT 

B INPUT 

C INPUT 

o INPUT 

RIPPLE 
BLANKING -t---....,.-i 

INPUT 

BLANKING 
INPUTI 

r---t---+- , OUTPUT 

r--t--~-dOUTPUT 

r--t---+-. OUTPUT 

... :c-t---f- t OUTPUT 

i--t---+-, OUTPUT 

(Rp) from Vee to the Program input in accor· 
dance with the programming curve. The circuit 

design provides a one·to-one correlation between 
program input current and b-segment output 

current. 

The Blanking Input provides unconditional blank
ing of any output display, while the Ripple Blank
ing pins allow simple leading- or trailing· zero 
blanking. 

Features 
• Current sink outputs 

• Adjustable output current - 0.2 to 1.5 mA 

• High output breakdown voltage - 110V typ 

• Suitable for multiplex operation 

• Blanking and Ripple Blanking provisions 

• Low fan-in and low power 

Dual-In-Line Package 

OUTPUTS 

C PROGRAM. BIIRBO RBI GND 

INPUTS INPUTS 

rOPVIEW 

RIPPLE -t---.... -i 
BLANKING 

OUTPUT 

CURRENT 
PROGRAMMING 
INPUT 

Order Number DS7880J or DS8880J 
Order Number DS8880N 

See NS Package J16A or N16A 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

VCC 7V Supply Voltage (VCC) 
Input Voltage (Except BI) 6V 057880 4.5 5.5 V 
Input Voltage (BI) VCC 058880 4.75 5.25 V 

Segment Output Voltage 80V Temperature (TA) 
Power Dissipation 600mW DS7880 -55 +125 "C 
Transient Segment Output Current (Note 4) 50mA 058880 0 170 'C 
Storage Temperature Range -65°C to +150°C 
Maximum Power Dissipation * at 25°C 

Cavity Package 1509mW 
Molded Package 1476 mW 

Lead Temperature (Soldering, 10 sec) 300°C 

*Derate cavity package 10.06 mWtC above 25°C; derate molded 
package 11.81 mW/oC above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

V IH Logical" 1" I nput Voltage Vee = Min 2.0 V 

V IL Logical "0" I nput Voltage Vee = Min 0.8 V 

VOH Logical "1" Output Voltage Vee = Min, lOUT = -200J.lA, RBO 2.4 3.7 V 

VOL Logical "0" Output Voltage Vee = Min, lOUT = 8 mA, RBO . 0.13 0.4 V 

III:' Logical" 1" I nput Current V IN = 2.4V 2 15 J.lA 
Vee = Max, Except BI 

V IN = 5.5V 4 400 J.lA 

IlL Logical "0" I nput Current Except BI -300 -600 !J.A 
Vee = Max, V IN = O.4V 

BI -1.2 -2.0 mA 

Icc Power Supply Current Vee = Max, Rp = 2.2k, All Inputs = OV 27 43 mA 

Veo Input Diode Clamp Voltage Vee = Max, T A ~ 25
c c, liN = -12 mA --0.9 -1.5 V 

/10 I SEGMENT OUTPUTS Outputs a, f, and g 0.84 0.93 1.02 

"ON" Current Ratio All Outputs = 50V, Output c 1.12 1.25 1.38 

10uTb = Ref. Output'd 0.90 1.00 1.10 

Output e 0.99 1.10 1.21 

Ib ON Output b "ON" Current Rp~18.1k 0.15 0.20 0.25 mA 
Vee = 5V, VouTb = 50V, 

Rp ~ 7.03k 0.45 0.50 0.55 mA 
All Other Outputs? 5V, 

Rp = 3.40k 0.90 1.00 1.10 mA 
TA = 25°C 

Rp = 2.20k 1.35 1.50 1.65 mA 

VSAT Output Saturation Voltage Vee = Min, Rp = lk±5%, 10uTb = 2 mA, (Note 5) 0.8 2.5 V 

ICE X Output Leakage Current VOUT = 75V, BI = OV, Rp = 2.2k 0.003 3 J.lA 

VBR Output Breakdown Voltage lOUT = 250J.lA, BI = OV, Rp = 2.2k 80 110 V 

tpd Propagation Delays 

BCD Input to Segment Output 0.4 10 J.lS 

BI to Segment Output 
Vee = 5V, T A = 25°C 

0.4 10 J.ls 

RBI to Segment Output 0.7 10 J.lS 

RBI to RBO 0.4 10 J.lS 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7880 and across the O°C to' 
+70°C range for the 058880. All typical values are for T A = 2SoC and VCC = 5V. . 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: In all applications transient segment output current must be limited to 50 mAo This may be accomplished in dc applications by connecting 
a 2.2k resistor from the anode-supply filter capacitor to the display anode, or by current limiting the anode driver in multiplex applications. 

Note 5: For saturation mode the segment output currents are externally limited and ratioed. 
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Typical Performance Characteristics 

C-
.! 
l-

i 
I-

~ 

Output Current Programming 

10.0 

3.0 ... , 
1.0 

I, 
0.3 

0.1 
1 

"-

10 

R,(kHI 

" 

Vcc·SV· 
VouT ·50V 
TA ' 2S'C 

30 100 

Typical Application 

Q 

;:: 
«I: a: 
l§ 
I-

i 
z 
Q 

~ 
! 
z 

On Currents vs Temperature 

1.08 

1.06 
ON CURRENTS V 

ON CURRENT RATIOS --~ 1.04 

1.02 

1.00 

0.88 

\ " '\ V 
/ 

0.86 

0.84 

0.82 

1 
V Vce' 5V 

V 
VouT ·50V 
R,· 0 TEMP COEFF. , 
0.2 rnA.:; 'OUT":; 1.5 rnA 

0.90 
-50 50 100 

v,.,.. 

DECODER/ORrvER 

Truth Table 

DeCIMAL 
OR RBit D C B A BI/RBO a b c d e f 

FUNCTION 

0 1 0 0 0 0 1 0 0 0 0 0 0 

1 X 0 0 0 1 1 1 0 0 1 1 1 

2 X 0 0 1 0 1 0 0 1 0 0 1 

3 X 0 0 1 1 1 0 0 0 0 1 1 

4 X 0 1 0 0 1 1 0 0 1 1 0 

5 X 0 1 0 '1 1 0 1 0 0 1 0 

6 X 0 1 1 0 1 0 1 0 0 0 0 

7 X 0 1 1 1 1 0 0 0 1 1 1 

8 X 1 0 0 0 1 0 0 0 0 0 0 

9 X 1 0 0 1 1 0 0 0 0 1 0 

10 X 1 0 1 0 1 0 0 0 1 0 0 

11 X 1 0 1 1 1 1 1 0 0 0 0 

12 X 1 1 0 0 1 0 1 1 0 '0 0 

13 X 1 1 0 1 1 1 0 0 0 0 1 

14 X 1 1 1 0 1 0 1 1 0 0 0 

15 X 1 1 1 1 1 0 1 1 1 0 0 

BI* X X X X X 0* 1 '1 1 1 1 1 

RBI 0 0 0 0 0 0 1 1 1 1 1 1 

*BI/RBO used as input only tx = Don't care 
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Display Controllersl Drivers 

DS8881 Vacuum Fluorescent Display Driver 

General Description 
The DS8881 vacuum fluorescent display driver will 
drive 16-digit grids of a vacuum fluorescent display. 
The decode inputs select one of the sixteen outputs to 
be pulled high. The device contains an oscillator for 
supplying clock signals to the MOS circuit, the filament 
bias zener and 50 kn pull·down resistors for each grid. 
Outputs will source up to 7 mAo The DS8881 is designed 
for 9V operation. If the enable input is pulled low, all 
outputs are disabled. 

Connection Diagram 

Features 
• Oscillator frequency accuracy and stability allows 

maximum system speed 

• Interdigit blanking with the enable input provides 
ghost·free display operation 

• 50 kn pull·down resistors for each grid 

• 7V filament bias zener 

Dual·ln·Line Package 

01 02 03 04 05 06 07 DB 09 010 011 012 013 014 

2B 27 26 25 24 23 22 21 20 19 lB 17 16 15 

...... 
DECODER -

r--

--4 

I OSCILLATOR . I~, 7V 
,.r." 

1 F 4 
7 IBI9 J'o 1" 12 13 .1'4 

DO VSS EN 0 

T:PV~; 1 ~R v, 
VBB 015 

CT T 

Order Number DS8881 N 
See NS Package N28A 

Truth Table All outputs not shown high are off (low) 

INPUTS DIGIT OUTPUTS 

EN 0 C B A 0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

H L L l L H 
H L L L H H 
H L L H L H 
H L L H H H 
H L H L L H 
H L H L H H 
H L H H L H 
H L H H H H 
H H L L L H 
H H L L H H 
H H L H L H 
H H L H H H 
H H H L L H 
H H H L H H 
H H H H L H 
H H H H H H 
L X X X X L L L l L L L L L L L L L L L L 
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Absolute Maximum Ratings (Note 1) Operating CondiJions 

Supply Voltage (VSS"":' VBB) 
Input Current 

38V 
10mA 

Supply Voltage 

VSS 
Output Current 
Storage Temperature Range 
Maximum Power Dissipation * at 25°C 

Molded Package 

-20mA 
-650 C to +150° C 

VBB 

Temperature (T A) 

Lead Temperature (Soldering, 10 seconds) 

*Derate molded package 17.35 mW/oC above 25° C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS 

VIH Logical "1" Input Voltage Enable liN = 260J.lA 
VSS = Max 

A,B,C,D liN = 1400 J.lA 

IIH Logical "1" Input Current VSS = Max Enable A, B, C, D 

VIL Logical "0" Input Voltage Enable 
VSS = Max 

A,B,C, D 

IlL Logical "0" Input Current Enable VIN = OV 
VSS = Max 

A,B,C,D VIN = VIL(MAX) 

VOH Logical "1" Output Voltage Digit Output, IOH = -7 mA 

IOH Logical "1" Output Current VSS = Max, Osc. Output, VRC = 0.6V, VOH = 10V 

lOS Output Short·Circuit Current VSS = Min, Pin R, VRC = 0.6V, VR = OV 

ROUT Output Pull·Down Resistor VSS = Min, Digit Output 

VOL Logical "0" Output Voltage 
VSS = Min 

Osc. IOL=6mA 

Pin R 
VRC = 1.6V 

IOL = 60J.lA 

VSS = Max Digit Output VENABLE = lV IOL=10J.lA 

ISS Supply Current VENABLE = 5.1V 
VSS = 9.5V IOH = 0 

VENABLE = 1 V 

IBB Supply Current VSS=9.5V, IB = 0, 
VENABLE = lV -

VBB = -26V liN = 300J.lA, 

(Note 4) VENABLE = 5.1V 

VB Filament Bias Voltage IB=10mA 

Switching Characteristics T A = 25°C u~less otherwise specified. 

PARAMETER CONDITIONS 

tpdO Propagation Delay to a Logical "0" 

From Enable Input to Digit Output 

tpdO Propagation Delay to a Logical "0" 

A, B, C, D to Digit Output 
Ri. = 4.7 kn, ci. = 50 pF, VSB = -23V, VSS = 8V 

tpdl Propagation Delay to a Logical "1" 

From Enable Input to Digit Output 

tpdl Propagation Delay to a Logical "1" 

From A, B, C, D to Digit Output 

tFALL Oscillator Output Transition Time VSS = 9.5V, RL = 6k to VSS, CL = 25 pF 

From 1 to 0 

fOSC Oscillator Frequency 7V < VSS < 9.5V, RT = 27 kn,±2%, R L = 1.3k, 

de Oscillator Duty Cycle CT = 100 pF ±5%, CL = 50 pF 

MIN 

25 

VSS-2.5 

-150 

30 

MIN 

5.0 
Gnd 

o 

TYP 

50 

9.0 

5.0 

-0.8 

":"'3.0 

VSS+6.4 VSB+6.9 

MIN TYP 

320 360 

46 56 

MAX UNITS 

9.5 V 
-26 V 

+70 °c 

MAX UNITS 

5.1 V 

1.5 V 

260 J.lA 

1.0 V 

0.3 V 

-1.0 J.lA 

J.lA 

V 

50 J.lA 

-450 J.lA 

85 kn 

0.5 V 

0.2 V 

VBB+l.4 V 

12.5 mA 

9.0 mA 

-1.5 . mA 

-5.0 mA 

VBB+7.4 V 

MAX UNITS 

1 J.ls 

1 J.lS 

300 ns 

500 ns 

50 ns 

400 kHz 

66 % 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the O°C to +70°C for the DS8881. All typicals are given for VCC = 5V and 
TA = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 
Nots 4: Approximately 50% of input current on pins 4,5,6,7 is shunted to Vss. If minimum ISS is desired, then liN should be minimized by 
using resistors in series with the inputs. 
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i AC Test Circuit 
co en 
c 

8V TO PULSE 
GEN 

RL 

T 
CL 

OSC OUT 
TO SCOPE 

-: 

{EN 
C 

8V 

CT 

-:* 
-23V 

Switching Time Waveforms 

ENABLE 
INPUT 

0.4V 

-7V 
ORIVER 
OUTPUT 

--23V 

5V 
DECODE 

INPUT 
OV 

-7V 
ORIVER 
OUTPUT 

--23V 

8.2k 

10k 

OS8881 

10 

11 

RT 12 

13 

14 

tFAlL 

OSC 
VOH--

OUTPUT 

VOL 

tp 

tON 
Duty Cycle = --

tp 
1 

Frequency =-
tp 

(tr = tf = 10 ns from 10% to 90% of input) 
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Input-Output Schematics 

R 
OUTPUT 

8k 

A.B,C,On INPUTS 

5k 

Typical Application 

114 

w[~ 
15 

16 

17 

I..!.!! 18 

12 OS8654 1 

12 2 

12 3 

l.! 4 

5 RA·08 ~ ~ ~ 

DR RA·12' ~ ~. , 
lOOk 

VSS 

15 

r 
SOP BLK 22 l.g 001 28 I~ 15 27 

~ ~~ MM5799 26 
~I~ 25 

I~ 004 

~ ,l.!! S. voo 
121 

*Only needed if minimum ISS is required 

RC 
INPUT 

. 
b 

c 

d 

e 

f 

Q 

OP 

Vss 

T 

! -!- -b ~ -d"- -, -;- ~. 

"'---+-<l Vss 

11_~ VF DISPLAY 

T 

11_"-
OP • b e I Q 

----------- ----- ----
-

~ 
I-- --I---------

Ell ~ G2 014 

1 
EI-~ 

282712612512412312212112011911811711615 L.! 
(YV'Y' 

OS8881 

11 2 8 9 1011 12 13114 
3 4 5 6 7 

VBB 
VB 

L..., 
......... _L.... 

....... T .... 
27k* 

-26V 

8V DC 
ACr--GNO 

OV CONVERTER 

BATTERY 

L-;IIII + 

5-155 

c en 
00 
00 
00 ...a. 



I c 

~NaHonal 
~ Semiconductor 

Display Controllers/ Drivers 

DS8884A High Voltage Cathode Decoder/Driver 

General Description 
The DS8884A is designed to decode four lines of 
BCD input and drive seven-segment digits of gas
filled readout displays_ . 

All outputs consist of switchable and program
mable current sinks which provide constant cur
rent to· the tube cathodes, even with high tube 
anode supply tolerance. Output currents may be 
varied over the 0.2 to 1.2 mA range for multi
plex operation. The output current is adjusted by 
connecting an external program resistor (Rp) 
from Vee to the program input in accordance 
with the programming curve. Unused outputs 
must be tied to Vee. 

Logic and Connection qiagrams 

Features 
• Usable with AC or DC input coupling 

• Current sink outputs 

• High output breakdown voltage 

• Low input load current 

• Intended for mUltiplex operation. 

• Input pullups increase noise immunity 

• Comma/d. pt. drive 

Vee 

r---------~---t----------, OUTPUTS 

INPUTS 
140k 

140k 

I 

lSEGMENT 
DECODER 

~.,,~--'--o 

d.pt. 

L------------J,--.---------.;.J 
GNO 

5·156 

Dual-In-Line Package 

D. PT. comml comml GNO 
INPUT OUTPUT 

TOP VIEW 

Order Number DS8884AN 
See NS Package N18A 



Absolute Maximum Ratings (Note 1) Operating Conditions 

Vce 
Input Voltage (Note 4) 
Segment Output Voltage 
Power Dissipation 
Transient Segment Output Current (Note 5) 
Storage Temperature Range 
Maximum Power Dissipation * at 25°C 

Molded Package 

7V 

VCC 
80V 

600mW 
50mA 

-65°C to +150°C 

1714 mW 

Supply Voltage (V CC) 

Temperature (T A) 

* Derate molded package 13.71 mW/o C above 25° C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER 

V IH Logical "1" Input Voltage 

V IL Logical "0" Input Voltage 

'IH Logical" 1" I nput Current 

'lL Logical "0" I nput Current 

lee Power Supply Current 

VI' Positive Input Clamp Voltage 

V I_ Negative Input Clamp Voltage 

SEGMENT OUTPUTS 

1\10 "ON" Current Ratio 

Ib ON Output b "ON" Current 

'eEx Output Leakage Current 

V BR Output Breakdown Voltage 

tpd Propagation Delay of Any 

I nput to Segment Output 

CONDITIONS 

Vee ~ 4.75V 

\tee =. 4.75V 

Vee = 5.25V, V IN = 2.4V 

Vee = 5.25V, V IN = O.4V 

Vee = 5.25\1, Rp = 2.8k, All Inputs = 5V 

Vee = 4.75V, liN = 1 rnA 

Vee = 5V, liN = -12 mA, T A = 25°C 

All Outputs = 50V, lOUT b = Ref.,AII Outputs 

Rp = 18.1k 

Vee = 5V, V OUT b = 50V, Rp = 7.03k 

T A = 25°C Rp = 3.40k 

Rp = 2.80k 

V ouT =75V 

lOUT = 250pA 

Vee = 5V, T A = 25°C 

MIN MAX 

4.75 5.25 

0 +70 

MIN MAX 

2.0 

1.0 

15 

-250 

40 

5.0 

-1.5 

0.9 1.1 

0.15 0.25 

0.45 0.55 

0.90 1.10 

1.08 1.32 

5 

80 

10 

UNITS 

V 

°c 

UNITS 

V 

V 

pA 

pA 

rnA 

V 

V 

rnA 

Ill/\ 

rnA 

rnA 

pA 

V 

ps 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the O°C to +700 e temperature range for the DS8884A. All typical values are for 
TA = 25°C and VCC = 5V. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis.' 

Note 4: This limit can be higher for a current limiting voltage source. 

Note 5: In all applications transient segment output current must be limited to 50 mAo This may be accomplished in dc applications by connecting 
a 2.2k. resistor from the anode-supply filter capacitor to the display anode, or by current limiting the anode driver in mUltiplex applications. 

Truth Table 

, 
3 
4 

5 

6 

7 . 
9 

10 

II 

" 13 

14 

15 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

o 1 

o 0 

DeB A b d f g 

o 0 0 a 0 0 0 0 0 0 T 

o 0 0 I 0 0 1 1 

o 0 1 0 0 D 1 0 0 1 0 

o 0 1 I 0 0 0 0 1 I 0 

o I 0 0 1 0 0 I 1 0 0 

o 1 0 I 0 1 0 0 , 0 0 

a I I 0 0 1 0 0 0 0 0 

o 1 1 1 0 0 0 1 1 1 I 

1 0 0 0 0 0 0 0 0 0 0 

I 0 0 1 0 0 0 0 I 0 0 

1 0 1 0 1 1 0 0 0 1 1 

1 0 1 I lIe 0 0 I a 

o 0 0 0 1 1 0 0 

I I 0 1 a I I 0 0 0 0 

1 I 1 0 1 1 1 1 1 1 0 

I I I 1 1 I I 1 I 1 I 

X X X X X X X X X X X 

X X X X X X X X X X X 

L7 
1 

2 
:3 
'-I 

g 
J 
'3 
L· 
d 
p 
E 

p Comm. 

'Decimal point and comma can be displayed with or without any numeral. 

Typical Application 

Typical Performance Characteristics (see DS7880 data sheet) 

5·157 

v. 

i PAI'oAPl(JI:IIDISPLAY 

eND 

C 
en 
co 
co 
CO 
~ 
l> 

DI 



~National 
D Semiconductor 

Display Controllersl Drivers 

DS8885 MOS to High Voltage Cathode Buffer 

General Description 
The 058885 interfaces MOS calculator or counter
latch-decoder-driver circuits directly to 7-segment, 
high-voltage, gas-filled displays. The six inputs A, 
B, 0, E, F, G are decoded to drive the 7-segment 
of the tube. 

Each output constitutes a switchable, adjustable 
current source which provides constant current to 
the tube segment, even with high tube anode supply 
tolerance or fluctuation. These current sources have 
a voltage compliance from 3V to at least 80V. Each 
current source is ratioed to the b-output current 
as required for even illumination of all segments. 
Output currents may be varied over the 0.2 to 
1.5 mA range for driving various tube types or 

multiplex operation. The output current is adjusted 
by connecting a program resistor (Rp) from Vee to 
the program input. 

Features 
• Current source outputs 

• Adjustable output currents 0.2 to 1.5 mA 

• High output breakdown voltage 80V min 

• Suitable for mUltiplex operation 

• Low fan-in and low power 

• Blanking via program input 

• Also drives overrange, polarity, decimal point 
cathodes 

Connection Diagram Truth Tables 
Dual-In-Line Package 

PROG 

GNO 

TOP VIEW 

Order Number DS8885J or DS8885N 
See NS Package J16A or N16A 

Typical Applications 
.SV 

V •• o--L-.... ____ J 
-I2V 

Open-Drain MOS Output 

A 

1 
0 
1 
1 
0 
1 
1 
1 
1 
1 
0 
1 
1 
0 
0 
0 
0 

B D E F 

1 1 1 1 
1 0 0 0 
1 1 1 0 
1 1 0 0 
1 0 0 1 
0 1 0 1 
0 , 1 1 , 0 0 0 
1 1 1 1 
1 1 0 1 
0 1 1 1 
1 0 0 1 
1 0 1 , 
1 0 1 1 
1 1 1 , 
0 0 0 0 
0 0 0 0 
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G DISPLAY INPUT" OUTPUT" 

0 ,-, ,-, 0 1 (OFF) 
0 , , 
1 ,? 1 o (ON) 

1 3 
1 '-I 'Positive Logic 

1 5 
1 ,-

,:::/ 

0 -, , 
1 ,-, 

1:::1 

1 S 
1 b . 
1 q 
1 FI 
1 IL/ 
0 " 1-, 

'/-:-/b 
'er 

1 - d 

0 c' lAB D. EI f 

.sv 

--f 

V •• 0-"'-1---<> ____ ..J 

Push·Pull MOS Output 



Absolute Maximum Ratings (Note 1) Operating Conditions 
Vcc 7V MIN MAX UNITS 
Input Voltage 6V Supply Voltage (VCC) 4.75 5.25 V 
Segment Output Voltage 80V 

Temperature (T A) 0 +70 °c 
Power Dissipation 600mW 
Transient Segment Output Current (Note 4) SOmA 
Storage Temperature Range -u5°C to +150°C 
Maximum Power Dissipation * at 25°C 

Cavity Package 1509 mW 
Molded Package 1476 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

*Derate cavity package 10.06 mWt C above 25° C; derate molded 
package 11.81 mWt C above 25° c. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

V IH Logical" 1" I nput Voltage Vee = Min 2.0 V 

V IL Logical "0" I nput Voltage Vee = Min 0.8 V 

IIH Logical" 1" I nput Current V IN = 2.4V 2 15 J.l.A 
Vee=Max 

V IN = 5.5V 4 400 J.l.A 

IlL Logical "0" I nput Current Vee = Max, V IN = O.4V -300 -600 J.l.A 

Icc Power Supply Current Vee = Max, All Inputs = OV, Rp = 2.2k 22 31 mA 

VI Input Diode Clamp Voltage Vee = 5V, liN = -12 mA, T A = 25°C -D.9 -1.5 V 

SEGMENT OUTPUTS 

10 "ON" Current Ratio Outputs a, f, and g 0.84 0.93 1.02 

All Outputs = 50V, Output c 1.12 1.25 1.38 

lOUT b = Ref. Output d 0.90 1.00 1.10 

Output e 0.99 1.10 1.21 

Ib ON Output b "ON" Current Rp=18.1k 0.15 0.20 0.25 mA 

Vee = 5V, VOUT b = 50V, Rp = 7.03k 0.45 0.50 0.55 mA 

T A = 25°C Rp = 3.40k 0.90 1.00 1.10 mA 

Rp = 2.20k 1.35 1.50 1.65 mA 

VSAT Output Saturation Voltage Vee = Min, lOUT b = 2 mA, Rp = lk ±5%, (Note 5) 0.8 2.5 V 

'eEx Output Leakage Current VOUT = 75V, V IN = 0.8V, Rp = lk 0.003 3 J.l.A 

V BR Output Breakdown Voltage lOUT = 250J.l.A. V IN = 0.8V 80 110 V 

tpd Propagation Delay of Input Vee =5V,TA =25°C 0.4 10 J1.S 

to Segment Output 

Note 1; "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Nato 2: Unless otherwise specified min/max limits apply across the O°C to +70°C range for the DS8885. All typical values are for TA = 2SoC 
and VCC = SV. 
Note 3: All currents into device pins shown as positive, oufof device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 
Note 4: In all applications transient segment output current must be limited to 50 mAo This may be accomplished in dc applications by connecting 
a 2.2k resistor from the anode·supply filter capacitor to the display anode, or by current limiting the anode drive in multiplex applications. 
Note S: For saturation mode the segment output currents are externally limited and ratioed. 

Typical Performance Characteristics 
Output Current Programming On Currents vs Temperature Output Characteristic 

10.0 1.08 
Vcc' SV c 0111 CURREIliTS V V~c = siv : [ I ;: 

1.06 Vour.SOV ~ 0111 CURREIliT RATIOS :-.... V r- TA = 25 C 
I < TA=2S'C a: 1.04 : 

, 

3.0 c \ :/ ~ ", .... I .... 

i 
1.02 I 

z 

I' 
1\ V IOUT~ f-

a: 1.00 
/ a: 1.0 1 mA ::::l 

~ I 
u 

~ 0.98 ! .... j ::::l Q 0.96 ... / Vcc' SV TYPICAL OPERATlIIIG POIIliTS .... 
N ::::l 

c 0.3 :::; 0.94 Vour'SOV IN " ..: V Rp' 0 TEMP COEFF. 
~, ~ 0.92 

0.2 mA < lOUT < I.S mA OUTPUT OFF I I -
0.1 z 0.90 SnA 

1 3 10 30 100 -SO 0 SO 100 0 30 60 90 120 

Rp (k~l) TA ( C) OUTPUT VOL TAGE IV) 
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~National 
D Semiconductor 

Display· Controllersl Drivers 

088887 8-Digit High Voltage Anode Driver 
(Active-High Inputs) 
087889/088889 8-8egment High Voltage Cathode Driver 
(Active-High Inputs) 
087897A/DS8897A 8-Digit High Voltage Anode Driver 
(Active-Low Inputs) 
General Description 
The OS8887 and OS7897 A/OS8897 A are de
signed to drive the individual anodes of a 7-seg
ment (cathodes) high·voltage gas discharge panel 
in a time mUltiplexed fashion. 

When driven with appropriate input signals, the 
driver will switch voltage and impedance levels at 
the anode. This will allow or prevent ionization 
of gas around selected cathode in order to form a 
numeric display. This main application is to inter
face with MOS outputs (fully-decoded) and the 
anodes of a gas-discharge panel, since the devices 
can source up to 16 mA at a low impedance and 
can tolerate more than 55V in the "OFF" state. 

OS7889/0S8889 is capable of driving 8 segments 
of a high-voltage display tube with a constant 

Connection Diagrams (dual-in-line packages) 

088887,087897/088897 

INPUTS 

OUTPUTS 

TOP VIEW 

Order Number DS7897AJ, DS8887J, 
DS8897 AJ or DS8897 AN 

See NS Package J18A or N18A 

5-160 

output sink current, which can be adjusted by 
external program resistor, Rp. The program cur
rent is half that of output "ON" current. In the 
"OFF" state the outputs can tolerate more than 
80V. The ratio of "ON" output currents is within 
±10%. Inputs have negative clamp diodes. Active 
high input logic. The main application of the 
device is to interface MOS circuits to high-voltage 
displays. Unused outputs should have correspond
ing inputs connected to VEE' 

Features 
• Versatile circuits for a wide range of display 

applications 

• High breakdown voltages 

• Low power dissipation 

087889/0S8889 

OUTPUTS 

INPUTS 

TOP VIEW 

Order Number DS7889J, DS8889J 
or DS8889N 

See NS Package J18A or N18A 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage (VCC - VB lAS) (Note 2) Supply Voltage (VCC - BBIAS) 
OS8887,OS7897A,OS8897A -60V OS8887,OS7897A/OS8897A -40 -60 V 

Input Voltage Temperature (T A) 
OS8887,OS7897A/OS8897A -20V OS7889,OS7897A -55 +125 °c 
OS7899/0S8889 (Note 3) 35V OS8897'OS8889,OS8897A 0 +70 °c 

Output Voltage 
OS8887,OS7897A/OS8897A -65V 
057889/0S8889 85V 

Storage Temperatu re Range -65°C to +150°C 
057889/0S8889 Maximum Power Dissipation * at 25°C 

Cavity Package 1436 mW 
MoldedPackage 1563 mW 

OS8887, OS7897A/OS8897A Maximum Power Oissipationt at 
25°C *Oerate cavity package 11.49 mWrC above 25°C; derate molded 
Cavity Package 1496 mW package 12.5 mW/oC above 25°C. 
Molded Package 1714mW . tOerate cavity package 11.97 mW/oC above 25°C; derate molded 

Lead Temperature (Soldering, 10 seconds) 300°C package 13.71 mW/oC above 25°C. 

Electrical Characteristics (Notes 2, 3 and 4) 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 
OS8887,OS8897A,OS7897A 

V IH Logical "1" Input Voltage VOUT = -1.4V, louT = -16 mA, OS8887 -2.0 V 

V IL Logical "0" Input Voltage VOUT = --60V. lOUT = -100J..lA, OS8887 -5.5 V 

IIH Logical "1" Input Current VOUT = -l.4V, lOUT = -16 rnA, OS8897A, OS7897A -300 J..IA 

IlL Logical "0" Input Current V~UT = -60V, lOUT = -100pA, OS8897A, OS7897A -10 pA 

II Input Current V IN = -1.0V 335 550 pA 

OS8887 VIN = --6.0V -<l.2 -25 pA 

V IN = -12V -0.10 -<l.65 rnA 

OS7897A, OS8897A, V IN = -12V -O.4S -1.5 rnA 

VOUT OFF Output "OFF" Voltage lOUT = -100J..lA, liN = OJ..lA -£0 -77 V 

lOUT OFF Output "OFF" Current VOUT =. -S5V, liN = OJ..lA -<l.03 -S.O pA 

VOUT ON Output "ON" Voltage V IN = -2.0V, OS8887 -1.0 -1.4 V 
lOUT = -16 rnA 

liN = -300J..lA .. OS8897A. OS7897A -1.4 V 

IBIAS V BIAS Current V IN = -1.0V, OS8887, (Note S) -2.2 -4.0 rnA 
lOUT = -16 rnA, 

liN = -300J..lA, 058897 A, OS7897 A 
VBIAS = -60V -1.0 rnA 

(One Driver Only) 

OS7889/0S8889 

II Input Current VIN = 6.0V 150 250 350 J..IA 

IlL Logical "0" Input Current lOUT = S.OJ..lA, VOUT = 75V 7.0 pA 

IIH Logical "1" Input Current lOUT = 1.4 rnA, liP = 850J..lA, VOUT = SOV 80 pA 

VI Input Clarnp Voltage liN = -1.0 rnA, T A = 25°C -<l.68 -<l.85 V 

VOH Output Breakdown Voltage I~UT = 100J..lA, liN = OJ..lA 80 V 

ICEX Output Leakage Current VOUT = 75V, -<l.1 rnA $IIN $ 7.0J..lA 0.02 5.0 J..IA 

IpROG Prog. Input Voltage liP = lS0J..lA 1.8 2.3 V 

liP = 850J..lA 4.0 4.5 V 

10L Logical "0" Output Current OS7889 210 300 390 J..IA 
liP = 150J..lA 

OS8889 240 300 360 J..IA 

V OUT =·SOV, OS7889 660 800 940 J..IA 

80J..lA $ liN $IIP 
liP = 400J..lA 

OS8889 680 800 920 pA 

OS7889 1.45 1.7 1.95 rnA 
liP = 850J..lA 

DS8889 1.53 1.7 1.87 rnA 

1\10 Output Current Ratio lOUT b Ref = 1.7 rnA, VOUT = SOV 0.9 1.0 1.1 
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Switching Characteristics T A = 2SoC unless otherwise specified. 

PARAMETER CONDITIONS UNITS 

DS8887 

tON Propagation Delay from Input (See ac Test Circuit and Switching Time 5.0 ps 

to Output."ON" Waveforms) 

tRISE Propagation Delay from Input (See ac Test Circuit and Switching Time 1.0 ps 

to Output "ON" Waveforms) 

DS7889/DS8889 

tpdO Propagation Delay to a Logical Rp = 6.0k to 6.0V, ROUT = 1.0k to 6.0V 37 100 ns 

"0" from I nput to Output 

tpdl Propagation Delay to a Logical Input Ramp Rate ~ 15 ns, Freq = 1.0 MHz 92 200 ns 

"1" from Input to Output dc = 50%, Amplitude = 6.0V 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: All voltage shown for OS8887, OS7897A/OS8897A W.R.T. VCC = OV. All currents into device pins shown as positive, out of device 
pins as negative. All values shown as max or min on absolute basis. 

Note 3: All voltages for OS7889/0S8889 with respect to VEE = ·OV. 
Note 4: Unless otherwise specified minImax limits apply across the -55°C to +125°C temperature range for the OS7889 and OS7897 A, and across 
the 0° C to +70° C range for the OS8887, OS8889 and OS8897 A. All typicals are given for T A = 2~ C. 
Note 5: Supply currents specified for anyone input = :"1.0V. All other inputs = -5.5V and selected output having 16 mA load. 

Typical Application 

8 CAPACITORS 

8·ANOOE 
CONTROL 

LINES 

Note1: All outputsofhothclthodelndlnode driver hIVe IOldslsshown foro utput •• nddigit1. 
Now 2: Use 058881 for "livI·high inputs .nd 058897 for IClin·low inpul •. 

200k 

AC Test Circuit and Switching .Time Waveforms 

ov 

INPUT 

R-600 1M 

-GOV 
-I2V -60V 

INPUT 
tf=tt~ 15n5 
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ov 

-6.0V 

Typical Performance 
Characteristics 

600 
TA = 25°C MAX POINT 

400 
VEE = -60V 
DS8887 

~ 

200 
C( f-- TYPICAL CURV~ ./ 
3 ~ 
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Logic Diagrams 
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~ Semiconductor 

Display Controllers/Drivers 

DS8891A High Voltage Anode Drivers 
(Active-Low Inputs) 

General Description 
The OS8891 A is a 6 digit anode driver intended for 
use with seven segment, common anode, high voltage, 
gas discharge display panels operating in a multiplexed 
mode. The driver switches voltage and impedance levels 
at the display's anode allowing or 'preventing ionization 
of gas around selected cathodes, fonning a numeric dis
play. The device acts as a buffer between MOS outputs 
(fully decoded) and the anodes of a gas-discharge panel, 

Schematic and Connection Diagrams 

TYPICAL DRIVER SHOWN 

r--------, 
I I 
I I 
I I 

I INPUT O-+o ..... "'VI,..,.. ..... -t 
I 
1 
I 
I 

I I 

Lt--------.J 
SUB. 

Typical Application 

Vee 

OUTPUT 

and it can source up to 16 mA at a low impedance and 
can withstand more than 55V in the off state. 

Features 
• High breakdown voltage 
• Low power dissipation 
.' Easy interface to clock and calculator circuits 

Dual-In-Line Package 

Vee INI INZ IN3 IN4 IN 5 IN 6 

OUT lOUT Z OUT 3 OUT4 OUTS OUT6 VOIAS 

TOP VIEW 

Order Number DS8891AJ 
or DS8891AN 

See NS Package J14A or N14A 

[MoS-:l 
Vss Vee -ZODV 

I I 
1-; 
I 
1-; 
L_ 

DS8891A 
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Absolute Maximum Ratings (Note 1) Operating Conditions 

-60V Supply Voltage (VCC - VB lAS) 
Input Voltage 
Output Voltage' 

Supply Voltage, Vcc - VBIAS 
-20V 
-£5V 

Storage Temperature Range 
Maximum Power ,Dissipation * at 25° C 

Cavity Package 
Molded Package 

-65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 

1433 mW 
1398 mW 

300°C 

*Derate cavity package 9.55 mW/oC above 25° C; derate molded 
package 11.18 mW/o C above 25° C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS 

liN Input CUrrent VSIAS = Min, V,N = -12V 

I'H Logical "1" Input Current VSIAS = Min, VOL = -2.0V 

I'L Logical "0" I nput Current VSIAS = Min, VOUT = -60V, 

Temperature, T A 

lOUT = -100JlA 

IOH Logical "1" Output Current VSIAS = Max, liN = OIlA, VOH = -55V 

VOL Logical "0" Output Voltage IOL = -16 mA, I'H = -3001lA 

Vso Output Breakdown Voltage VSIAS = Max, liN = OIlA, lOUT = -1001lA 

ISlAS Supply Current (Substrate) VSIAS = Max, I'H = -300JlA, IOL = -16 mA, 

(One Driver Only) 

MIN 

-D.6 

-300 

-BO 

MIN 

-45 

a 

TYP 

MAX UNITS 

-55 V 

+70 °c 

MAX UNITS 

-1.5 rnA 

IlA 

-10 IlA 

-5 IlA 

-2.0 V 

V 

-1.0 rnA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They LIre not meLlnt 
to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for ;Jctu;J1 
device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0° C to +70° C range for the DS8891 A. 

Note 3. All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to VCC = OV, unless otller· 
wise noted. All values shown as max or min on absolute value basis. ' , 
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II?A National ' Display Controllersl Drivers 
D Semiconductor 

D88973, 088975 9-Digit LED Drivers 

General Description 

The 058973 is a 9-digit driver designed to operate from 
3-cell battery supplies. Each driver will sink 100 mA 

. to less than 0.7V when driven by only 0.1 mAo Each 
input is blocked by diodes so that the input can be 
driven below ground with virtually no current drain. 
This is especially important in calculator systems em
ploying a dc-to-dc converter on the negative side of the 
battery. If the converter were on the positive side of 
the battery, the converter would have to handle all 
of the display current, as well as the MOS calculator 
chip current. But if it is on the negative side, it only 

has to handle the MOS current. The 058973 is designed 
for the more efficient operating mode. The 058975 
is identical to the 058973 but does not specify the 
low battery indicator. 

Features 
• Nine complete digit drivers 

• Built-in low battery indicator 

• High current outputs-lOa rnA 
• Straight through pin out for easy board layout 

Equivalent Circuit Diagrams 
Typical Driver Circuit Typical D.P. Out Circuit 

VCCI 

10k 

INPUT 

OUTPUT 

GROUND 

Connection Diagrams 
Dual-In-Line Package 

OUTPUTS , \ 
VCCI VB 9 1 

LOW 9 1 GND 
VOLT ' ''--------...... -------''' 
INO INPUTS 

TOP VIEW 

Order Number DS8973N or DS8975N 
See NS Package N22A 
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Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage 
Input Voltage 
Output Voltage 
Storage Temperature Range 
Maximum Power Dissipation * at 25°e 

Molded Package 
Lead Temperature (Soldering, 10 seconds) 

10V 
10V 
10V 

-65°e to +150°C 

Supply Voltage (VB) 

Supply Voltage (VeCl) 

Temperature (T A) 

*Oerate molded package 13.39 mWre above 25°e. 

Electrical Characteristics 

PARAMETER CONDITIONS 

V,H Logical "1" Input Voltage VCC = Max 

"H Logical "'" 'nput Current VCC = Max, V'H = 3.9V 

V'L Logical "0" 'nput Voltage VCC = Max 

"L Logical "0" Input Current VCC = Max, V,L = O.SV 

VBH High Battery Threshold VOT (Pin 1) = 'V,IOT~-SOfJ.A, 058973 

T A = 2SoC, V, H (Pin 2) = 3.9V 

VBL Low Battery Threshold VOT (Pin 1) = 2.1V, IOT~-6 rnA, 058973 

T A = 2SoC, V,H (Pin 2) = 3.9V 

'CEX Logical "'" Output Current VCC = Min, VOH = 9.SV, V,L = O.SV 

VOL Logical "0" Output Voltage VCC = Min, IOL = 100 rnA, V,H = 3.9V . 

'CCl Supply Current VCC = Max, One Input "ON" 

'B Pin 21 (High Battery Supply) VCC = Max, VB = Max 

MIN 

3.9 

0.' 

3.6 

MIN 

3.0 

3.0 

o 

'TYP 

MAX 

5.5 

9.5 

+70 

MAX 

0.3 

O.S 

40 

3.2 

SO 

0.7 

6 

'.2 

UNITS 

V 

V 

°c 

UNITS 

V 

rnA 

V 

fJ.A 

V 

V 

fJ.A 

V 

rnA 

rnA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: Unless otherwise specified, min/max limits apply across the 0° C to +70° C range. All typicals are given for T A = 25°C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 
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RUN 

CJ. C/. C/. C/. C/. C/. C/. CJ. C/. SWITCH 

LOAD DIGIT 

(9) 
I I T + 

LV OUTPUT VCCI VB ---
(9) INo 

INPUT DSB974 --
GND 

+ 
oc·oc 

~ CONVERTER .. ",J - OUTPUT 

.... ,' ..... 
LED 

ALARM 
INDICATOR 

SWITCH 

ON 

FIGURE 1. 6V Programmable Statistical Calculator 
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FIGURE 2. Complete Calculator Schematic For 3-Cell System 
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Driving 7·Segment Gas Discharge 
Display Tubes with 
National Semiconductor Circuits 

INTRODUCTION 

Circuitry for driving high voltage cold cathode 
gas discharge 7-segment displays, such as Sperry 
Information Oisplays* and Burroughs Panaplex II, 
is greatly simplified by a complete line of mono
lithic integrated circuits from National Semicon
ductor. These products also make possible reduced 
cost of system implementation_ They are: OS8880 
high voltage cathode decoder/driver; OS8884A 
high voltage cathode decoder/driver; OS8885 
MaS to high voltage cathode buffer; OS8889 
low power cathode driver; OS8887 8-digit anode 
driver; OS8980, OS8981 latch/decoder/cathode 
drivers. 

In addition to satisfying all the displays' parameter 
requirements, including high output breakdown 
voltage, these circuits have capability of pro
gramming segment current, and providing constant 
current sinking for the display segments. This 
feature alleviates the problem of achieving uni
formity of brightness with unregulated display 
anode voltage. The National circuits can drive 
the displays directly. 

Sperry Information Oisplays* and Burroughs Pan
aplex II are used principally in calculators and 
digital instruments. These 7-segment, multi-digit 
displays form characters by passing controlled 
currents through the appropriate anode/segment 
combinations. The cathode in any digit will glow 
when a voltage greater than the ionization voltage 
is applied between it (the cathode) and ·the anode 
for that digit. In the multiplexed mode of opera
tion, a digit position is selected by driving the 
anode for that digit with a positive voltage pUlse. 
At the same time, the selected cathode segments 
are driven with a negative current pulse. This 
causes the potential between the anode and the 
selected cathodes to exceed the ionization level, 
causing a visible glow discharge. 

Generally, these displays exhibit the following 
characteristics: low "on" current per segment
from 200/lA (in DC mode) to 1.2 mA (in multiplex 
model; high tube anode supply. voltage-180V to 
200V; and moderate ionization voltage-170V_ 
Once the element fires, operating voltage drops 
to approximately lS0V and light output becomes 
a direct function of current, which is controlled 
by current limiting or current regulating cathode 
circuits. Current regulation' therefore is most 
desirable since brightness will then be constant 
for large anode voltage changes. Tube anode to 
cathode "off" voltage is approximately 100V; 
and maximum "off" cathode leakage is 3J.l.A to 
5J.l.A. 

*Now called Beckman Displays 
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Correspondingly, specifications for the cathode 
driver must be complimentary, approximately as 
follows: A high "off" output breakdown voltage 
80V, .. minimum; typical "on" output voltage of 
50V; maximum "on" output current of 1.5 mA 
per segment; and maximum "off" leakage current 
of 3J.l.A to 5p.A. 

To allow operation without anode voltage regu
lation, the cathode driver must be able to sink a 
constant current in each output, with the output 

(a) Cathode Driver Output Characteristic 

O.SmA ~.l 11 -
TYPICAL OPERA TlNG POINTS 

OUTPUT Off I I 1-SnA IL.. ... ___ =:i==:L...,J 

30 60 90 120 

OUTPUT VOLTAGE (V) 

. (b) On Currents vs Temperature 

1.04 r--r---r-,.--,---r-,.-'71 
~ I I /' 
..: 1.03 -"'~7-
~ L~~~ 
~a: 1.02 <:),+-~r+-J-I----I 

1.01 1---+--+--+ :F-i--t--t---f 

~ ~ CLRRE1NT RATIOS 

~ 1.00 V'.I _( I I 
o LL Vcc·SV 
'" 0.99 -V f- V

OUT 
• SOV 

~~ 0.98 -.tr--r Rp' 0 TEMP. COEF. 
/ 0.2 mA S lOUT S 1.2 mA 0.97 1.-...1---1. ______ ..;;;...._ .... 

o 10 20 30 40 

TA rC) 

FIGURE 1. 

50 60 70 

"on" voltage ranging from SV to 50V (see Figure 
1). The following is a brief description of the 
circuits now offered by National: 

DS8880 High Voltage Cathode 
Decoder/Driver 

The OS8880 offers 7-segment outputs with high 
output breakdown voltage of 80V minimum; 
constant current-sink outputs; and programmable 
output current from 0.2 mA to 1.S mAo 
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Application 

The circuit has a built-in BCD decoder and can 
interface directly to Sperry and Panaplex II 
displays, minimizing external components (Figure 
2). The inputs can be driven by TTL or MOS 
outputs directly. It is optimized for use in systems 
with 5V supplies. 

v •• 

DECODER/DRIVER 

FIGURE 2. DC Operation From TTL 

The 058880 decoder/driver provides for uncondi
tional as well as leading and trailing zero blanking. 
It utilizes negative input voltage clamp diodes. 
Typically, output current varies only 1% for 
output voltage changes of 3V to 50V. Operating 
power supply voltage is 5V. The device can be 
used for multiplexed or DC' operation. 

Available in 16-pin cavity OIP packages, the 
OS7880 is guaranteed over the full military 
operating temperature range of -55

u
C to +125

u
C; 

the OS8880 in molded OIP over the industrial 
range of O°C to +70°C. 

DS8980, DS8981' 

The 058980, 058981 offer 7-segment and decimal 
point outputs with high output breakdown voltage 
of 80V minimum, constant current, programmable 
from 0.1 mA to 4.0 mA and independent of the 
VCC voltage, latched BCO inputs and decimal 
point input. 

Application 

The circuits have similar applications as 058880. 
The devices will operate with a power supply 

range of from 4.75V to 15.0V. The input fall
through latches are enabled by a high logic level 
at the enable input for the 058980, and by a 
low logic level for the OS8981. 

Available in 1a-pin molded dual-in-line packages, 
and guaranteed over the commercial range of 
O°C to +70°C. 

DS8884A High Voltage Cathode Decoder/Driver 

The OS8884A offers 9-segment outputs with high 
output breakdown voltage of 80V minimum; 
constant current-sink outputs, programmable from 
0.2 mA to 1.2 mAo It also offers input negative 
and positive voltage clamp diodes for DC restoring, 
and low input load current of -0.25 mA maximum. 

Application 

058884A decodes four lines of BCO input and 
drives 7 -segment digits of gas-filled di"splays. There 
are two separate inputs and two additional outputs 
for direct control of decimal point and comma 
cathodes. The inputs can be OC coupled to TTL 
(Figure 3) or M05 outputs (Figure 4), or AC
coupled to TTL or M05 outputs (Figure 5) using 
only a capacitor. This means the device is useful 
in applications where level shifting is required. It 
can be used in multiplexed operation, and is 
available in an l8-pin molded OIP package. 

Other advantages of the OS8884A are: typical 
output current variation of 1 % for output voltage 
changes of 3V to 50V; and operating power supply 

,FIGURE 3. Interfacing Directly With TTL Output 

IANOOE C()NTROl LINES TYP.COUPLING 
CAPACITOR 

FIGURE 4. BCD Data Interfacing Directly With MOS Output 
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NOTE: Capacitive coupling between the logic and the segment drivers may be used only when 
th.segment driversara turned "OFF" during digit-to-digittransitions, 

FIGURE 5. Cathode BCD Data AC Coupled 
From MOS Output 

voltage of 5V. I nputs have pull-up resistors to 
increase noise immunity in AC coupled applications. 

The DS8884A is guaranteed over the DoC to 
+70°C operating temperature range. 

DS8885 MOS to High Voltage Cathode Buffer 

The DS8885 features seven constant current-sink 
outputs; programmable output current of 0.2 mA 
to 1.5 mA; high output breakdown voltage of 80V 
minimum; and capability for blanking through 
program current input. It operates from a +5V 
supply. 

Application 

DS8885 is best suited for interfacing 7-segment 
fully decoded MOS chips to digit displays. It is 
also useful for driving polarity, overrange, and 
decimal point segments. 

DS8885 has 6 inputs and 7 outputs. Output c is 
decoded internally; the other 6 outputs are directly 
controlled by the 6 corresponding inputs. A typical 
application of this device is interfacing between an 
MOS calculator chip with 7-segment decoded 
outputs (open-drain or push-pull) and Sperry/ 
Panaplex II displays (Figure 6). 

IANODE 
CONTROL LINES 

When the DS8885 is used to drive minus and 
plus (polarity) cathodes, overrange, and decimal 
points, output c should be tied to Vee so it does 
not saturate (Figure 7). This leaves 6 inputs and 
6 outputs related one-to-one. The inputs can be 
driven directly from TTL or MOS outputs. 

-12V 
(FORMOS) 

·Outputmay be paralleled for cathodes requiring more clirrent,providlllgthe 
correspondillgillputsarealsoparalleled_ 

FIGURE 7. Polarity, Overrange, Decimal Point Driving 

The DS8885 is available in 16-pin molded DIP 
package, and is guaranteed over the operating 
temperature range of O°C to + 70°C. 

DS8889 Low Power Cathode Driver 

The DS8889 requires n~ power supply since 
power is derived from program current. It offers 
extremely low standby power-only 1 mW inter· 
nally. Features include programmable output cur
rents 0.3 mA to 1.7 mA; 8 constant current-sink 
outputs; and input negative voltage clamp diodes 
for DC restoring. Outputs have 80V' minimum 
breakdown voltage. 

The device is suitable for multiplexed operation 
from fully decoded chips and is capable of driving 
decimal point segments simultaneously with nu
meric segments. 

Application 

The DS8889 has 8 inputs and 8 outputs, and 
interfaces directly between 7-segment decoded 
MOS outputs and numeric display tubes (Figures 
8 and 9). It is optimized for use in systems with a 
limited number of power supplies. 

TYP.CDUPlING 
CAPACITOR 

FIGURE 6. Fully Decoded MOS Cathode Outputs 
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The program input is characterized in terms of
input current, therefore any supply (greater than 
5V) can provide proper operation by connecting a 
single resistor to the program pin from the supply. 

The OS8889, guaranteed for the O°C to +70°C 
operating temperature range, is offered in the 18-
pin molded DIP. 

OS8887 8-0igit Anode Driver 

The OS8887 interfaces directly. to MOS chips 
and operates from a -40V to -80V power supply. 

MOS 
COUNTER 

OR 
CALCULATOR 

CHIP 

R. 

The OS8887 can operate virtually any multiplex 
display system requiring more output performance 
from the MOS chip than is available (Figures 4,6, 
8 and 9). It has low input current and voltage 
swing requirements but can drive up to 16 mA, 
and exhibits -55V minimum output breakdown 
voltage. 

The OS8887 is available in the 18-pin molded 
DIP package; and is guaranteed over the operating 
temperature range of 0° C to +70° C. 

IANODE CONTROL LINES 

DSSlll l 

ANODE I 

DRIVER 

NOTE: Capacitive coupling between the logic Ind the segment drivers mly be used only when 
the segment drivers Ire turned "OFF"duringdigit·to·digittransitions. 

FIGURE 8. Decoded Cathode Data AC Coupled From MOS Output 

TV'. COUPLING 
CAPACITOR 

OSIU1 
ANODE 
DRIVER 

SPERRy ..... 
DISPLAY g 

I :: 

lOaTHER 
DISPLAYS 

FIGURE 9. Decoded Cathode Data Direct Coupled From MOS Output 
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Driving 7~Segment 
LED Displays with 
National Semiconductor 
Circuits 

INTRODUCTION 

There are many different information display 
technologies available today, including liquid 
crystals, gas-discharge tubes, fluorescent tubes, 
incandescent lamps, and light emitting diodes 
(LEOs). Each technology has its own particular 
drive requirement. This note will focus on 7-
segment LED display drive requirements and 
demonstrate that National Semiconductor has 
a full line of display drivers that meet the 
requirements for most any 7-segment LED drive 
application. 

WHY ARE LED DRIVERS NEEDED? 

The purpose of 7-segment LED drivers is to act 
as an interface element between data input and 
the display. This interface is necessary when either 
the input data format or circuitry current capabil
ities do not allow direct connection between input 
and display. To satisfy these needs, National's 
7-segment LED drivers are divided into two basic 
categories. 

1. Internally decoded (BCD to 7-segment) 
DM5446A/DM7446A 
DM5447A/DM7447A 
DM5448/DM7448 
DM7856IDM8856 
DM8857 
DM7858/DM8858 

COMMON CATHODE 

SEPARATE 
ANOOES 

(SEGMENT 
ENABlE) SOURCE 

~::::: 

... "~ 
CURRENT COMMON CATHOOE 

(DIGIT ENABLE) 

National Semiconductor 
Application Note 99 
Charles Carinalli 
May 1974 

2. Non-decoding, direct drive (MOS to 7-segment) 

DM75491 DM8864 
DM75492 DM8865 
DM8861 DM8866 
DM8863 

Thus, National has circuits that will drive 7-segment 
LEDs from either fully decoded circuits or from 
non-decoded outputs. 

CONFIGURATIONS AND CONSTRUCTION OF 
7-SEGMENT LEOs 

LEDs are segregated into two groupings with 
regard to construction, see Figure 1. 

Common anode displays are constructed on a 
common substrate which forms the anode of the 
diodes, while each of the seven cathodes are 
bonded out to separate pins. The second type, 
common cathode, has the cathode fabricated on 
a common substrate with the anodes bonded out 
to individual pins. Due to these radically different 
configurations, drive circuits are usually tailored 
in their design for one or the other type. Tailoring 
in this respect means either sinking current (active 
low) or sourcing current (active high) when ref
erenced to segment drive. In addition, drive 
requirements are quite variable because of LED 
light intensity requirements as well as digit size 

COMMON ANODE 

COMMON ANODE 

'"""'~rrf" t I 
• , \.. SINK SEGMENT 

SEPARATE CURRENT 
CATHODES 
(SEGMENT 
ENABLE) 

FIGURE 1. 7-Segment LED Construction 
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FIGURE 2. Multi·Digit 7·Segment LED 

STROBED 
BCD 

DATA 

LOGIC 
IINCLUDING 

MULTIPLEXING 
CIRCUITRY) 

• CLOCK >---..... 

COUNTER 

BCD TO I·SEGMENT 
DECODER DRIVER 

DIGIT ENABLE 
LINES 

SEGMENT ENABLE 
LINES 

DIGIT 
DRIVERS 

FIGURE 3. A Typical Multiplexing Scheme 

and efficiency. Thus the system designer needs a 
degree of latitude not only with respect to the 
type of display used but also the drive current 
available. 

7-segment LEDs can be purchased in either single 
or multi-digit display packages. Single digit displays 
have individual segment and common pins while 
multi·digits have paralleled segment pins and 
separate digit pins equal to the number of digits 
in the package, see Figure 2. 

Multi:digit displays, due to their configuration, 
must be driven in a mUltiplex mode of drive, where 
segment drivers are time shared by all the digits. 
This is contrasted to the single digit displays which 
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may be driven in either the multiplex or the non
multiplex (direct drive) mode. The nonmultiplex 
mode uses' separate segment drivers for each digit 
of the display. Multiplex operation has a decided 
cost saving advantage over nonmultiplex operation 
especially when the number of digits being driven 
is large. 

MODES OF 7-SEGMENT LED DRIV.E 

In the multiplex mode of drive the LED digits 
in a multi-digit format are driven by a single set 
of segment drivers while each digit is selected by 
its own digit driver. Figure 3 shows the circuitry 
needed to implement a typical six digit multi
plexed display. 



Each digit is selected individually by enabling its 
digit driver whose control is determ ined by a 
counter or equivalent circuitry operating at some 
clock frequency. Strobed data, by way of the 
counter and multiplex circuitry, is then displayed 
on the selected digit by the single set of segment 
drivers. If the strobe rate is high enough, from 
about 250 to 1,000 Hz depending on external 
conditions, the display will appear flicker free to 
the human eye. The BCD·to·7·segment decoder 
converts BCD data to the desired 7·segment output 
format. 

In the multiplex mode each digit has a reduced 
duty cycle and is operated at somewhat higher 
than average or typical dc operating current levels. 
The amount of current will be a function of the 
number of digits, duty cycle, and the type 

and efficiency of the display used. Since currents 
are higher than average so also will be the LED 
brightness due to the nearly linear brightness 
versus current curve for most LEOs. The human 
eye will detect the brightness peaks and through a 
partially integrating and peak detecting action will 
perceive a higher display brightness at some average 
current level in the mUltiplex mode than the same 
average current in the nonmultiplex (direct drive) 
mode. The result is that a multiplexed display will 
operate at a lower total power than the same 
display operated in the nonmultiplex mode with 
the same apparent brightness. 

In the nonmultiplex mode of 7-segment LED drive 
each digit has its own set of segment drivers 
thereby dropping the digit driver select require
ment of mUltiplexed operation. In this case, the 
common digit pin may be tied to the highest 
potential if common anode or the lowest if 
common cathode. It is evident that in a non
multiplexed display the driver package count 
would be high since each digit requires its own 
set of segment and possibly decoder drivers. 
If a large number of digits are used the segment 
driver package count wou Id equal the number of 
digits while in the multiplex mode this count 
is equal to one. Granted, in the multiplex mode 
additional control circuitry is required. Considera· 
tion of the relative cost of this circuitry in 
comparison to the segment decoder driver circuitry 
in the nonmultiplex mode results, in general, in 
the fact that if the number of digits in the display 
equals or is more than four, total package count 
and/or cost is less in the multiplex mode of drive. 

I n most MOS circuits multiplex operation is ideal 
since the counter, multiplexer, and BCD to 7-
segment decoders or equivalent circuitry can 
usually be incorporated on the same chip along 
with calculator, clock or other function. In this 
case the only external interface components 
required would be the digit and segment drivers 
since MOS circuits are generally unable to sink 
or source the higher current required for most 
mUltiplex operations. 
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In summary, LED driver requirements for multi· 
plex or nonmultiplex drive operation require 
either segment, digit or BCD to 7-segment drivers. 
Analysis of the particular system needs with 
regard to the number of digits and relative circuit 
costs should be the determining factor for multi
plex or nonmultiplex operation. Circuit require
ments for multiplex operation will in general 
require relatively high current capabilities. 

NATIONAL'S 7-SEGMENT LED DRIVERS 

Table I lists the 7-segment LED drivers available 
from National. Each circuits application is divided 
into groupings with respect to common anode or 

cathode, digit or segment, mUltiplex or nonmulti
plex areas. Additionally, current capabilities are 
also specified for each product. 

From the table it is evident that some of the 
circuits may be used in dual roles - both multiplex 
or nonmultiplex; common cathode or anode. In 
general, what will determine whether one drivers 
application is multiplex or nonmultiplex is that 
drivers current capability. The direction of current 
flow through the driver (source or sink) is the 
determining factor in dual application with regard 
to common anode or cathode. 

Table II lists the operating temperature range and 
package types for the 7-segment LED drivers. 

In the following sections each circuit is described 
in greater detail and typical applications are 
given. 

BCD TO 7-SEGMENT DECODER DRIVERS 

DM5446A/DM7446A, DM5447A/DM7447A, 
DM5448/DM7448 

This family of BCD to 7·segment decoderdrivers 
was designed for the most general possible dis

play drive applications including display techno
logies other than LEOs. The difference between 
the circuits is in their output stage configurations. 
These differences will be discussed separately later. 

The circuits convert the standard 4-bit BCD input 
to the popular 7-segment output format. All 
input BCD codes above 9 are decoded into unique 
patterns that verify operation. The circuits are 
TTL-DTL compatible and operate off of a single 
5.0V supply. 

Added features included in all circuits are a ripple 
blanking input pin as well as a lamp test pin for 
display turn on. In addition the blanking input/ 
ripple blanking output pin may be used to modu
late display intensity. 
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TABLE I. National7·Segment LED Drivers 

DEVICE COMMON CATHODE COMMON ANODE DIGIT SEGMENT INTERNAL CURRENT CAPABI LlTY 
NUMBER Multiplex Nonmultiplex Multiplex Nonmultiplex DRIVER DRIVER DECODING AND FEATURES 

DM5446A/DM7446A X X X X Up to 40 mA Sink, Open Collector 
DM5447A/DM7447A High Breakdown (30/15V) 

TTL Input Compatibility 

DM5448/DM7448 X X' X' X X 1.3 mA Source, Adjustable 
Externally, TTL Input 
Compatibility 

DM7856/DM8856 X X' X' X X 6.0 mA Typical Source, TTL 
Input Compatibility 

DM8857 X X X X 50 mA Typical Source, Exter· 
nally Adjustable, TTL Input 
Compatibility 

DM7858/DM8858 X X X X Adjustable Source Current 0 to 
50 mA, TTL Input Compatibility 
patibility 

DM75491 X X X X X X 50 mA Source/Sink, 4 Drivers 
per Package, MOS Input Com· 
patibility 

DM75492 X X X X X" 250 mA Sink, 6 Drivers per 
Package. MOS Input Compatibility 

DM8861 X X X X X X 50 mA Source/Sink, 5 Drivers per 
Package, MOS Input Compatibility 

DM8863 X X X X X" 500 mA Sink, 8 Drivers per Package, 
MOS Input Compatibility 

DM8864 X X X X X" 50 mA Sink, 9 Drivers per Package, 
MOS Input CO,mpatibility 

DM8865 X X X X X" 50 mA Sink, 8 Drivers per Package, 
MOS Input Compatibility 

DM8866 X X X X X" 50 mA Sink, 7 Drivers per Package. 
MOS Input Compatibility 

'With the use of an external transistor/segment. 

·*For common anode LED's. 

TABLE II. Operating Temperature Range and Package Type 

OPERATING NUMBER OF PINS PACKAGE TYPE 
DEVICE TEMPERATURE RANGE 

NUMBER 

O°Cto +70°C -55°C to +125°C 
Plastic Molded Ceramic Flat Pack 

14 16 18 DIP (N) DIP (J) (W) 

DM5446A,DM5447A X X X X 

DM7446A,DM7447A X X X X X 

DM5448 X X X X 

DM7448 X X X X X 

DM7856 X X X X 

DM8856 X X X X X 

DM8857 X X X 

DM7858 X X X X 

DM8858 X X X X X 

DM75491 X X X X X 

DM75492 X X X X X 

DM8861 X X X 

DM8863 X X X 

DM8865 X X X 

DM8866 X X X 

DM8864 X 22 X 
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Vee 

DM544IA/DM1446A 
DM5441A/DM1441A 

FIGURE 4a. Output Stage 

BCD 
INPUTS 

Vee 

DM544I1DM1441 
DM1856/DMI856 

FIGURE 4b. Output Stage 

DECIMAL 
POINT 

BI/RBD 

Vee 

THE fOLLOWING EQUATION MAY BE USEO TO DETERMINE THE APPROPRIATE VALUE Of 
R, (SEGMENT CURRENT LIMIT RESISTOR) fOR SOME LEO CURRENT/SEGMENT I, (mA). 

Rx. Vee - O.l - VtEo (il lsi 

I, 

Us::;' 40 mAl 

WHERE VL[D (@ lsi IS THE DIODE (LED) VOLTAGE DROP AT OPERATING CURRENT Is. 

EXAMPLE: 

Is· 20 mA 

VUD {@lsl-J.4V· 

Vee ·5.0V 

Rx • &5!! 

'MAN· I OR EQUIVALENT 

FIGURE 5. Nonmultiplex Application of the DM7447A 

DM5446A/DM7446A, DM5447 A/DM7447 A 

These ci rcu its feature active-low, open collector 
high current outputs (Figure 4a). Each output is 
capable of sinking up to 40 mA at a maximum 
internal drop of O.4V. This high current capability 
makes these circuits particularly well suited for 
driving the large MAN-lor equivalent type displays 
directly. The circuits are also applicable, with or 
without the use of external current limit resistors, 
to driving lower current displays in the multiplex 
mode of drive. 

The DM5446A and DM7446A outputs are capable 
of withstanding 30V at ,a maximum leakage of 
250J..LA over temperature. The DM5447A and 
DM7447A have a 15V output capability at a 
maximum leakage over temperature of 250J..LA. 
This standoff voltage ability makes the circuits 
applicable for direct drive to indicator lamp type 
displays. Figure 5 shows a typical application of 
the circuits with LEDs. 

5-177 

Refer to Table II for the operating temperature 
range and package types for the DM5446A/ 
DM7446A and DM5447A/DM7447A. 

DM5448/DM7448 

The DM5448/DM7448 has active high passive 
pull-up outputs (Figure 4b) with a TTL fanout of 
4. The typical output source current is 2.0 mA at 
an output voltage of 0.85V. Each output is 
capable of sinking 6.4 mA with a maximum 
internal drop of O.4V. Since the output current 
level is low the circuit can be used to drive low 
current common cathode displays operating in the 
nonmultiplex mode. 

The major application of the DM5448/DM7448 
is to drive logic circuits, operate high·voltage 
loads such as electroluminescent displays through 
buffer transistors or SeR switches, or high-current 
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Rx MAY BE CALCULATED USING THE FOLLOWING EQUATION 

Rx" S.O-VlED kn. ~ kn [VLED .1.7V@5.0mAj 
15-1.6 Is -1.6 Ax ~ GOOn 

WHERE: 

Rx -PULL·UP RESISTOR VALUE 

Is - CURRENT PER SEGMENT IN mA 

EXAMPLE: 

Is ·5.0mA 

Rx" g70n 

FIGURE 6. Nonmultiplex Application of the DM7448 

loads through buffer transistors. Figure 6 shows 
the DM7448 in a low current direct drive LED 
application. 

The operating temperature range and package 
types for the DM5448/DM7448 are given in 
Table II. 

BCD TO 7-SEGMENT LED DRIVERS 

DM7856/DM8856, DM8857, DM7858/DM8858 

This series of three circuits was designed to pro
vide a wide range of current capabilities in driving 
common cathode 7-segment LEOs operating in the 
multiplex or nonmultiplex mode. The circuits, 
discussed individually below, have output stages 
with varying source current capability designed 
for specific as well as general applications. 

All circuits accept 4-bit BCD and decode this input 
to the desired 7-segment output format for direct 
drive to LEOs. In addition, the circuits feature a 
lamp test pin for display turn-on check, ripple 
blanking-input pin and blanking input/ripple 
blanking output pin which may be used to 
modulate display intensity. 

The three circuits are TTL-DTL compatible and 
provide full decoding of the 16 possible input 
combinations. All parts operate off of a single 
5.0V supply. 

DM7856/DM 8856 

The DM7856/DM8856 output stages, passive
pullup (active high, Figure 4b), provide a typical 
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source current of 6.0 mA at an output voltage of 
1.7V. This current level was designed for directly 
driving, without the use of external current limit 
resistors, the MANA or equivalent type displays in 
the nonmultiplex mode of operation. 

Each output has a fan-out of 4 and is capable of 
sinking 6.4 mA with a maximum internal drop of 
OAV making the circuit suitable for use with logic 
circuits. With the use of an external buffer tran
sistor per output the circuit may be used to drive 
high current common anode LED displays as well 
as high voltage electroluminescent displays. Figure 
7 shows a typical application of the DM8856. 

Vee" 5.0V 

BI/RBO 

DECIMAL 
POINT 

BCD 
INPUTS 

FIGURE 7. Nonmultiplex Application of the DM8856 



Operating temperature range and package types 
for the DM7856/DM8856 are given in Table II. 

DM8857 

The output stages of the DM8857, active pull·up 
(active·high, Figure 4c), source a typical current 

...------+-OVee 

SEGMENT 
...... 1/VI, ....... -oOUTPUT 

L..-----*-GNO 

OMSSS7 

FIGURE 4c. Output Stage 

of 50 mA at an output voltage of 2.3V. The 
circuit was designed to be used with MAN-4 or 
equivalent type displays operating in the multiplex 
mode of drive. With this high current capability 
the circuit can drive up to 16 such digits. 

The applications of this circuit obviously are not 
limited to just the MAN-4 type of display. Common 
cathode displays with high dc current require· 
ments or lower multiplex current levels may be 
driven by this circuit with the use of an external 
current limit resistor per segment. A typical appli· 
cation of the DM8857 is.given in Figure 8. 

BCO 
INPUTS 

STROSE 
INPUT 

FOR MULTIPLEX OR NONMULTIPLEX APPLICATIONS WHERE AN EXTERNAL CURRENT 
LIMIT RESISTOR PER SEGMENT IS REQUIREO SEE THE OUTPUT CURRENT VS VOLTAGE 
CURVE FOR THE OMSSS7 AND USE THE EQUATION GIVEN IN FIGURE 9 TO CALCULATE 
THE RESISTOR VALUE. 

Table II gives the operating temperature range and 
package type for the DM8857. 

DM7858/DM8858 

The DM7858/DM8858 output stages are active 
pull-up (active·high, Figure 4d) like those of the 

"---""--,,,,,-0 Vee 

L..-----..... GNO 

OM7SSS/0M8SSS 

FIGURE 4d. Output Stage 

DM8857. The output stages are exactly the same 
as the DM8857 except that the internal current 
limit resistor per output has been removed. 
External current limit resistors must then be used. 
This allows the circuit to be customized for a 
particular common cathode multiplex or non
mUltiplex application. Each output stage, through 
its' own external resistor, can be programmed to 
some current from 50 mA down to 0 mAo Care 
must be taken in not shorting the outputs to 
ground because of the excessive cu rrent flow that 
would result from the Darlington upper stage. See 
Figure 9 for a typical application of the DM8858. 
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DM8857 Output Current 
vs Voltage 

riM8~57 I _ 
'\ vee = 5.0V-
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FIGURE 8. DM8857 Typical Multiplexing Scheme 
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Maximum output source current per segment for 
the DM7858/DM8858 is 50 mA: Operating tem
perature range and package types are given in 
Table II. 

Special care must be taken in the use of the 
DM7858 ceramic and the DM8858 plastic DIP's 
with regard to not exceeding the maximum operat
ing junction temperature of the devices. The maxi
mum junction temperature of the DM7858J is 
150° C and must be derated based on a thermal 
resistance of 80°CIWatt, junction to ambient. The 
maximum junction temperature for the DM8858N 
is 150°C and must be derated ba'sed on a thermal 
resistance of 140°CIWatt, junction to ambient. 

DM75491, DM8861 MOS TO LED SEGMENT 
DRIVERS 

The DM75491 and DM8861 were designed for 
MOS calculator applications. Both circuits feature 

ICO 
IIII'UTS 

y Y Y y Y Ryl 

7 1 Z I 3 I 

Vcc·+S,DY 16 OM"SI I 

4 13 lZ 11 10 • 15 14 -:' 

liS 

II/RIO 

DECIMAL 
Rx 

POINT 

I *:~:~ '~J:~:~:~ '~I 
~ 

low input current, 3.3 mA maximum at 10V 
input, making them suitable for direct .drive from 
MOS circuits. The circuits are used to drive the 
paralleled segments in multi-digit displays. Since 
both circuits feature accessable collectors and 
emitters they may be used as either common 
cathode or anode segmel'!t drivers. They feature a 
source or sink current capability of up to 50 mA 
with a maximum collector to emitter drop of 
1.5V over the operating temperature range. In 
addition, each output is specified to have a maxi
mum leakage of 100llA at an output voltage of 
10V over temperature. Both circuits operate from 
a single supply that can have a maximum voltage 
of 10V. 

DM75491 FOUR SEGMENT DRIVER 

The DM75491 is a four segment driver whose main 
application is with multi·digit LEDs operating in 
the multiplex mode of drive. Each package con
tains four separate segment drivers, each driver 

DM8858 Output Current 
V5 Voltage 

60 
1\ D~78~' I 
~ 50 Vee' 5.0V 

TA • 2S'C 
40 \. VLT • O.IV 

C 

" oS 30 

l 
20 

I' 
10 

JI,. 

0 
f"'o 

3.2 3.3 3.4 3.5 3.6 3.1 

VOUT IV) 

TO fiNO THE APPROPRIATE VALUE Of THE SEGMENT CURRENT LIMIT RESISTOR Rx THE 
fOllOWING EQUATION SHDULO BE USED. 

Rx. YOUT - Vo 
I, 

WHERE: 

I, • SEGMENT CURRENT 

Vo • LED OIOOE 'ORDP AT CURRENT 10 

VOUT' OMISSI OUTPUT VOLTAGE AT CURRENT Is tSEE GRAPH) . 

EXAMPLE: 

I,' 1.0 mA 

Vo • 1.7V tAT 1.0 mAl 

fROM GRAPH tVee • I.OV. T •• ZS"C) 

VOUT • 3.nV tAT 1.0 mAl 

Rx • 1~3: ~A1.7V 

Rx' 360n 

THE SAME EQUATION MAY IE USED WHEN EITHER THE DM7ISI OR THE oM1I51 ARE 
D'ERATIIIG IN THE MUL TI'LEX MODE Of DRIVE. If THE ADDITIONAL VOLTAGE ORO' 
DUE TO THE DIGIT DRIVER IS TAKEN INTO CONSIDERATION THE NEW EQUATION WOULD 
HAVE THE fOllOWING fORM: 

YOUT -Vo - VOf' 
Rx' 10 

Vo •• DIGIT DRIVER ORO' AT CURRENT Is 

FIGURE 9. DM8858 Applications 
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with free collector and emitter points, see Figure 
4e. 

TO OTHER 
DRIVERS 

SUBIGNO) 
TO OTHER 
DRIVERS 

OM7i49114 PER PACKAGE) 
OMa8S1 15 PER PACKAGE) 

FIGURE 4e. Circuit Schematic 

In the multiplex mode of drive, a six digit calculator 
needs only two DM75491's to drive the segments 
in the display, see Figure 10. The total of eight 
segment drivers allows drive to each of the indio 
vidual seven segments plus logic control for the 
decimal point. Figure 11 shows the DM75491 
used in an 8 digit calculator application. 

Table II lists the package type and temperature 
range of the DM75491. 
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DM8861 FIVE SEGMENT DRIVER 

The DM8861 is a five segment driver which like the 
DM75491 is used with multi·digit LEDs operating 
in the multiplex mode of drive. Each package 
contains five separate drivers, each driver with 
free collector and emitter points, Figure 4e. 

A typical application of the DM8861 is given in 
Figure 11 where the DM8861 is combined with 
the DM75491 to provide a total of nine inde· 
pendent sources of LED segment current from an 
MOS calculator. This allows control of the 7· 
segments plus decimal point and minus sign. This 
combination of circuits is not solely applicable to 
just the 8 digit calculator configuration shown but 
can be used with a display having as many digits 
as desired as long as the multiplexed segment 
current requirement does not exceed 50 mAo 

As with the DM75491, the DM8861 is also appli· 
cable to use with common ,anode displays as well 
as common cathode since each driver has its 
collector bonded out to a separate pin. 

.,. 
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FIGURE 10. 6·Digit Calculator 
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Refer to Table II for ope'rating temperature range 
and package type for the DM8861. 

DM75492, DM8863 MOS TO LED 
DIGIT DRIVERS 

The DM75492 and DM8863 are digit drivers 
designed to drive multi-digit common cathode 
LEOs directly from MOS circuits. Since digit 
currents are quite high in multiplex operation 
MOS circuits usually cannot sink the required 
digit select current, therefore these circuits pro
vide the required current buffering. The two 
circuits have different current handling capability 
as well as different numbers of drivers per package, 
each will be discussed individually later. 

The circuits are totally compatible for use with 
both the DM75491 and the DM8861. The most 
common usage of the circuits is in MOS calculator 
applications where the DM75491 or the DM8861 
source the segment current and either the DM75492 
or the DM8863 sink the digit current. 

DM75492 SIX DIGIT DRIVER 

The DM75492 is a six digit LED driver designed 
to be used with common cathode multi-digit 

~ 
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displays operating in the multiplex mode of drive. 

The circuit features six high gain Darlington 
connected transistors, with collectors open and 
emitters tied to ground (Figure 4f), capable of 

SUBIGNDI 
vss~ .... --toIII--"""'_-""'+ TD OTHER 

DM7S492 16 PER PACKAGE I 
DMBB63 KB PER PACKAGEI 

DRIVERS 

FIGURE 4f. Circuit Schematic 

sinking up to 250 mA with a maximum collector 
to ground drop of 1.5V over the operating 
temperature range. Low input current of 3.3 mA 
maximum at 10V makes the drivers suitable for 
direct connection to MOS circuits. Output leakage 
is 200/-lA maximum at 10V over temperature. 
Maximum Vee is 10V. 
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In Figure 10 the DM75492 is shown along with 
the DM75491 in a typical six digit calculator 
application. Since the calculator circuit shown is 
operated in the multiplex mode of drive only 
one DM75492 is required, replacing at least six 
transistors and resistors for the equivalent discrete 
circuit. 

The operating temperature range and package 
type for the DM?5492 is given in Table II. 

DM8863 EIGHT DIGIT DRIVER 

The DM8863 is an eight digit LED driver designed -
to be used in conjunction with either the DM75491 
and/or the DM8861 in driving eight common 
cathode LED digits operating in the multiplex 
mode of drive. 

This circuit features eight separate high gain 
Darlington connected transistor circuits, see Figure 
4f. Each Darlington transistor pair is capable of 
sinking 500 mA with a maximum collector to 
ground drop of 1.6V. Each co"ectorcan withstand 

Vss 

1 

DM1863 

10V at a maximum leakage of 250J,.lA in the off 
state. Maximum input current is 2.0 mA at' 10V, 
making the circuit particularly we" suited for 
direct drive from MOS circuits. 

Figure 11 shows the DM8863 used in a typical 
8-digit calculator appliCation. The important 
feature of the DM8863 is the very high sink 
current capability. This allows multiplex operation 
of large digits or large numbers of digits without 
the use of discrete high current transistors. 

Another application of the DM8863 is shown in 
Figure 12. I n this case the DM8863 is used along 
with the MM4311/MM5311 series digital clock 
circuits in the implementation of a 6-digit clock 
display. Here the DM8863 is used as a segment 
driver for a common anode display. The use of 
the DM8863 in this manner replaces a total of 
14 resistors and 7 transistors. 

The DM8863 uses a single supply with a maximum 
voltage of 1 OV. Table II specifies the operating 
temperature range and package type for the 
DM8863. 

Vss % l1V 

MAN·1A DR 
EQUIVALENT 
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FIGURE 12. Digital Clock Using DM8863 
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DM8864, DM8865, DM8866 MOS TO 
LED DIGIT DRIVERS 

The DM8864, DM8865, and DM8866 were de
signed to drive common cathode nine, eight, and 
seven digit displays respectively. The applications of 
these drivers are similar to those of the DM75492 
and DM8863 except that operating current levels 
are lower. 

All Circuits feature maximum input current of 
2.0 mA at a voltage of 6.5V. Output sink capabil
ity is 50 mA at a maximum collector to ground 
drop of 1.5V. Output leakage is 40J,[A (max) at 
an output voltage of 6.0V. All circuits operate 
from a supply that can vary from 5.0V to 9.5V. 

DM8864 NINE DIGIT DRIVER 

The DM8864 is a nine digit common cathode LED 
driver. Each package contains nine separate digit 
drivers. The circuit also features a "Iow battery" 
indicator driver which will light a decimal point 
whenever a 9.0V battery drops below 6.5V typical. 

Figure 13 shows the DM8864 in a typical calculator 
drive application. The operating temperature range 

and package type for the DM8864 is given in 
Table II. 

DM8865 EIGHT DIGIT DRIVER 

The DM8865 is an eight digit common cathode 
LED driver. Eight separate drivers are contained 
within each package. As with the DM8864 and 
DM8866 the DM8865 can also be used as a 
segment driver for common anode displays in the 
multiplex or nonmultiplex mode as long as the 
segment current does not exceed 50mA. 

Table II gives the operating temperature range and 
package type for the DM8865. 

DM8866 SEVEN DIGIT DRIVER 

The DM8866 is a seven digit common cathode 
LED driver. Each package contains seven separate 
digit drivers. Logic is also provided for a "Iow 
battery" indicator which will detect a 9.0V battery 
drop to below 6.5V typical and drive a decimal 
point. 

Table II lists the package type and temperature 
range of the DM8866. 

r----------.... --o +9.DV 

d.p. 

MM5138 
MDS 

d CALCULATOR 
CIRCUIT 

SIGN DIGIT 

LAST DIGIT 

1* Vee1 

VCC2* 

DM8864 

SIGN DIGIT 

LAST DIGIT 

FIRST DIGIT 

NSN98A 
LED DISPLAY 

d.p. 

FIGURE 13. A Typical Application of the DM8864, Showing a Complete 8-Digit, 
5 Function Calculator with Memory. 
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TEMPERATURE RANGE 

- 55°C to + 125°C O°C to + 70°C 

OS0025C 
*OS0026 OS0026C 
*OS0056 OS0056C 

OS3245 

OS1617 OS3617 
*OS1628 OS3628 

* OS1644 OS3644 
*OS1674 OS3674 
*OS1645 OS3645 
*OS1675 OS3675 
*OS1647 OS3647 
* OS1677 OS3677 
* OS16147 OS36147 
*OS16177 OS36177 
*OS1648 OS3648 
* OS1678 OS3678 

*OS1649 OS3649 
*OS1679 OS3679 
*OS1651 OS3651 
*OS1653 OS3653 
*OS1671 OS3671 

OS3685 
*OS16149 OS36149 
*OS16179 OS36179 

*OS55325 OS75325 
OS75361 

OS75362 
OS75365 

AN·76 

Section 6 
Memory Support 

DESCRIPTION 

2·Phase PMOS Clock Oriver 

2·Phase PMOS Clock Oriver 
2·Phase PMOS Clock Oriver 
Quad MOS Clock Oriver 

Bubble Memory Sense Amplifier 
Octal TAI·STATE MOS Oriver 

Quad TTL·to·MOS Clock Orivers 
Quad TTL·to·MOS Clock Orivers 

Hex TAI·STATE TTL·to·MOS Latch/Orivers 

Hex TAI·STATE TTL·to·MOS LatchIDrivers 

Quad TAI·STATE I/O Aegisters 
Quad TAI·STATE I/O Aegisters 
Quad TAI·STATE I/O Aegisters 

Quad TAI·STATE I/O Aegisters 
TAI·STATE TIL·to·MOS Multiplexer/Oriver 

TAI·STATE TIL·to·MOS Multiplexer/Oriver 

Hex TAI·STATE TTL·to·MOS Oriver 
Hex TAI·STATE TTL·to·MOS Oriver 
Quad High Speed MOS Sense Amplifiers 

Quad High Speed MOS Sense Amplifiers 
Oual Bootstrapped 2·Phase Clock Oriver 

Hex TAI·STATE Latch 
Hex MOS Orivers 

Hex MOS Orivers 

Memory Orivers 

Oual TTL·to·MOS Oriver 
Oual TTL·to·MOS Oriver 
Quad TTL·to·MOS Oriver 
Applying Modern Clock Orivers to 

MOS Memories 

• Also available screened In accordance with MIL·STD·883 Class B. Refer to National Semiconductor's "The Reliability Handbook". 

PAGE 

NUMBER 

6·4 
6·7 

6·7 
6·14 
6·17 

6·24 
6·27 

6·27 
6·30 

6·30 

6·35 
6·35 

6·35 

6·35 

6·41 
6·41 
6·46 

6·46 
6·49 
6·49 

6·55 
6·59 
6·62-

6·62 

6·66 
6·73 

6·78 
6·83 

6·88 





4k & 16k N-CHANNEL MOS MEMORY INTERFACE CIRCUITS 

5V 12V 
4k 16k Timing 

Page No. Device Number and Name Clock Clock 
RAM RAM Data & 

Address Address 1/0 Control 
Drivers Drivers 

Drivers Drivers Drivers 

6-17 DS3617 
Bubble Memory Sense Amplifier 

6-24 DS3628 • • • 
Octal TRI·STATE® MOS Driver 

6-27 DS3644, DS3674 • 
Quad MOS Clock Driver 

6-14 DS3445 • 
Quad MOS Clock Driver 

6-30 DS3645, DS3675 • 
Hex TRI-STATE MOS Driver Latch 

6-35 DS3647,DS3677,DS36147,DS36177 • 
Quad TRI-STATE MOS Memory I/O Register 

6-41 DS3648, DS3678 • • • • 
TRI-STATE MOS Multiplexer/Driver 

6-46 DS3649,DS3679 • • • 
Hex TRI-STATE MOS Driver 

6-59 DS3685 
Hex TRI-STATE Latch 

6-62 DS36149,DS36179 • • • 
Hex MOS Driver 

6-66 DS75325 
Memory Driver 

6-73 DS75361 • 
Dual TTL-to-MOS Driver 

6-78 DS75362 • 
Dual TTL-to-MOS Driver 

6-83 DS75365 • 
Quad TTL-to-MOS Driver 

2-5 DP8303,DP8304B,DP8307,DP8308 • 
8-Bit Bidirectional Transceiver 

8-11 DP8216,DP8226 • 
4-Bit Bidirectional Transceiver 

2-89 DS8T26,DS8T28 • 
Quad TRI-STATE Bus Driver 

8-4 DP8212 • 
8-Bit Input/Output Port 

P-CHANNEL MOS INTERFACE CIRCUITS 

FUNCTION CHARACTERISTICS TEMPERATURE PAGE NO. 
O°C to +70°C ---55°C to +125°C 

Clock Driver Dual, 30V, Drive 1000 pF @ 1 MHz DS0025C 6-4 

Clock Driver Dual, 20V, Drive 1000 pF @ 5 MHz DS0026C DS0026 6-7 

Clock Driver Same as DS0026, May Use Pull-Up Resistor DS0056C DS0056 6-7 

Clock Driver Same as DS0026, May Be Bootstrapped DS3671 DS1671 6-55 

Differential Sense Amplifier Quad TRI-STATE ±7 mV Sensitivity DS3651 DS1651 6-49 

Differential Sense Amplifier Quad Open-Collector ±7 mV Sensitivity DS3653 DS1653 6-49 

Note. Refer to Application Note 76 for additional information on clock drivers. 
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DS0025C Two Phase MOS Clock Driver 
General Description 
The DS0025C is a monolithic, low cost, two phase 
MOS clock driver that is designed to be driven 
by TTL line drivers or buffers such as the DS8830 
or DM7440. Two input coupling capacitors are 
used to perform the level shift from TTL to MOS 
logic levels. Optimum performance in turn-off 
delay and fall time are obtained when the output 
pulse is logically controlled by the input. However, 
output pulse widths may be set by selection of the 
input capacitor eliminating the need for tight 
input pulse control. 

Connection Diagrams 

Features 
• 8-lead TO-5 or 8-lead or 14-lead dual-in·line 

package 

• Hiqh Output Voltage Swings-up to 30V 

• High Output Current Drive Capability-up to 
1.5A 

• Rep. Rate: 1.0 MHz into> 1000 pF 

• Driven by OS8830, DM7440 

• "Zero" Quiescent Power 

Metal Can Package Dual·ln·Line Package Dual-In-Line Package 

V-

Note: Pin 4 connected to case. 

TOP VIEW 

. Order Number DS0025CH 
See NS Package H08C 

Typical Application 

Timing Diagram 

N C 1 8 N C 

INPUT A 2 -+---4 ~o---+- 7 OUTPUT A 

V· 3 6 v· 

INPUT B 4 -+---4 ~o---+- 5 OUTPUT B 

TOP VIEW 

Order Number DS0025CN 
or DS0025C.J·8 

See NS Package N08A or J08A 

~, 

v' NC OUT B NC IN B NC NC 

NC NC OUTA NC INA NC V-

TOP VIEW 

Order Number DS0025CJ 
See NS Package J14A 

~
SV 

A.ln.putpulsewidth . V
1N 

,'clocltpulse 
_ W 

AC Test Circuit 

Input waveform: 
PRR = 0.5 MHz 
Vp·p= 5.0V 
t,=t,::;10ns 

Pulse width: 
A.1.0", 
B. 200 n, 

-----SV 

V'N _______ ov 

,.-____ V"ov 

VOUT 

1'----'1--+------,--'- v, '-16V 

tlDl is selected high speed NPN switching transistor, 
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Absolute Maximum Ratings (Note 1) 

(V+ - V ) Voltage Differential 
Input Current 
Peak Output Current 
Storage Temperature 
Operating Temperature 

30V Maximum Power Dissipation* at 25°C 
8-Pin Cavity Package 
14-Pin Cavity Package 
Molded Package 
Metal Can (TO-5) Package 

1150mW 
1410mW 
1080 mW 
670mW 

Lead Temperature (Soldering, 10 sec) 

100 mA 
1.5A 

-65°C to +150°C 
O°C to +85°C 

300"C ·Derate 8-pin cavity package 7.8 mWtC above 25°C; de"rate 
14-pin cavity package 9.5 mW/o C above 25° C; derate molded 
package 8.7 mW/oC above 25° C; derate metal can (TO-5) pack-

Electrical Characteristics (Notes 2 and 3) 
. age 4.5 mW/oC above 25°C. 

See test circuit. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tdON Turn·On Delay Time CIN = O.OOlpF, RIN = on, CL = O.OOlpF 15 30 ns 

tR ISE Rise Time CIN = O.OOlpF, RIN = on, CL = O.OOlpF 25 50 ns 

td OFF Turn-Off Delay Time CIN = O.OOlpF, RIN = on, CL = O.OOlpF 30 60 ns 

(Note 4) 

tFALL Fall Time CIN = O.OOlpF, RIN = on, I (Note 4) 60 90 120 ns 

CL = O.OOlpF I (Note 5) 100 150 250 ns 

PW Pulse Width (50% to 50%) CIN = O.OOlpF, RIN = on, 500 ns 

CL = O.OOlpF (Note 5) 

Vo+ Positive Output Voltage Swing V IN = OV, lOUT = -1 mA V+-1.0 Vi-0.7V V 

Vo_ Negative Output Voltage Swing liN = 10 mA, lOUT = 1 mA V-+0.7V V-+1.5V V 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "E lectrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the O°C to +70°C range for the DS0025C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Parameter values apply for clock pulse width determined by input pulse width. 

Note 5: Parameter values for input pulse width greater than output clock pulse width. 

Typical Performance 

~ 300 .§ 
a: 

~ 200 ... 
z 

~ 
~ 100 

3200 

~ 2800 

~ 2400 

~ 2000 

!£ 1600 

5 1200 
c 
; 800 

400 

Transient Power vs Rep. Rate 

1.0 1.5 

PULSE REPETITION RATE (MHz) 

PAC = (V' - V-I' f C, 

Maximum Load Capacitance 

\' \ K. 'so.,,,., 

\\ "K i'.. 

2.0 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

FREQUENCY (MHz) 

C <-: (PMAX ) (Ik) - (V' - V-" (DC) < (lP') (t,) 

, (I) (lk) (V' - V-" V· - V-
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DC Power (PDC) vs Duty Cycle 
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Output PW Controlled by CIN 
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Applications Information (Reference AN-76) 

Circuit Operation 

Input current forced into the base of 01 through the 
coupling capacitor CIN causes 0, to be driven into 
saturation, swinging the output to V- + VCE(sat) + 

VOiode' 

When the input current has decayed, or has been 
switched, such that 0, turns off, O2 receives base 
drive through R2, turning O2 on. This supplies 
current to the load and the output swings positive 
to V+ - VSE' 

It may be noted that 0, must switch off before 
O2 begins to supply current, hence high internal 
transients currents from V- to V+ cannot occur_ 

1 "1' c,. 

INPUT 

Rl 
250 

I 

.---...... -0 v' 

t~: J 
t)2 
... ... "'''--'''--0 OUTPUT 

oi 

FIGURE 1. OS0025 Schematic (One-Half Circuit) 

Fan-Out Calculation 

The drive capability of the DS0025 is a function 
of system requirements, i.e. speed, ambient tem
perature, voltage swing, drive circuitry, and stray 
wiring capacity. 

The following equations cover the necessary cal· 

Example Calculation 

How many MM506 shift registers can be driven by 
a DS0025CN driver at 1 MHz using a clock pulse 
width of 200 ns, rise time 30-50 ns and 16V am· 
plitude over the temperature range'0-70°C? 

Power Dissipation: 

At 70°C the DS0025CN can dissipate 870 mW 
when soldered into printed circuit board. 

Transient Peak Current Limitation: 

F rom equation (1), it can be seen that at 16V and 
30 ns, the maximum load that can be driven is 
limited to 2S00 pF. 

Average I ~ternal Power: 

Equation (3), gives an average power of 50 mW at 
16V and a 20% duty cycle. 

6·6 

culations to enable the fan-out to be calculated 
for any system condition. 

Transient Current 

The maximum peak output current of the DS0025 
is given as 1.5A_ Average transient current required 
from the driver can be calculated from: 

(1 ) 

Typical rise times into 1000 pF load is 25 ns 
For V+ - V- = 20V, I = O.SA. 

Transient Output Power 

The average transient power (Pac) dissipated, is 
equal to the energy needed to charge and discharge 
the output capacitive load (Cd multiplied by the 
frequency of operation (f). 

PAC = CL X (V+ - V-)2 X f (2) 

For V+ - V- = 20V, f = 1.0 MHz, C~ = 1000 pF, 
PAC = 400 mW. 

Internal Power 

"0" State 

"1" State 

Negligible «3 mW) 

= SO mW for V+ - V- = 20V, DC = 20% 

Package Power Dissipation 

(3) 

Total average power = transient output power + 
internal power 

For one-half of the DS0025C, 870 mW ..;. 2 can be 
dissipated. 

435 mW = 50 mW + transient output power 

385 mW = transient output power 

Using equation (2) at 16V, '1 MHz and 350 mW, 
each half of the DS0025CN can drive a 1367 pF 
load. This is less than the load imposed by the 
transient current limitation of equation (1) and 
so a maximum load of 1367 pF would prevail. 

From the data sheet for the MM506, the average 
clock pulse load is 80 pF. Therefore the number 
of devices driven is 1367/S0 or 17 registers. 
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050026, 050056 5 MHz Two Phase M05 Clock Drivers 
General Description 

OS0026/0S0056 are low cost monolithic high speed 
two phase MOS clock drivers and interface circuits. 
Unique circuit design provides both very high speed 
operation and the a.bility to drive large capacitive loads. 
The device accepts standard TTL outputs and con· 
verts them to MOS logic levels. They may be driven 
from standard 54174 series and 54S174S series gates 
and flip-flops or from drivers such as the OS8830 or 
OM7440. The OS0026 and OS0056 are intended for 
appl ications in which the output pulse width is logically 
controlled; i.e., the output pulse width is equal to the 
input pulse width. 

The OS0026/0S0056 are designed to fulfill a wide 
variety of MOS interface requirements. As a MOS clock 
driver for long silicon-gate shift registers, a single device 
can drive over 10k bits at 5 MHz_ Six devices provide 
input address and precharge drive for a 8k by 16-bit 
1103 RAM memory system_ Information on the correct 
usage of the OS0026 in these as well as other systems is 
included in the application note AN-76. 

The OS0026 and OS0056 are identical except each 
driver in the OS0056 is provided with a VBB connection 
to supply a higher voltage to the output stage_ This aids 

Connection Diagrams (Top Views) 

TO-S Package Dual-In-Line Package 

NC OUT A v+ OUT B 

V+ 

v-

Note: P.n 4 connected to case. NC IN A v- IN B 

Order Number DSOO26H Order Number DSOO26CJ·8, 
or DSOO26CH DS0026CN or DSOO26J·8 

See NS Package H08C See NS Package J08A or N08A 

in pulling up the output when it is in the high state. An 
external resistor tied between these extra pins and a 
supply higher than V+ will cause the output to pull up 
to (V+ - 0_1 V) in the off state. 

For OS0056 applications, it is required that an external 
resistor be used to prevent damage to the device when 
the driver switches' low. A typical V BB connection is 
shown on the next page. 

These devices are available in 8-lead TO-5, one watt 
copper lead frame 8-pin mini-DIP, and one and a half 
watt ceramic DIP, and TO-8 packages. 

Features 
• Fast rise and fall times-20 ns with 1000 pF load 

• High output swing-20V 

• High output current drive-±1'.5 amps 

• TTL compatible inputs 

• High rep rate-5 to 10 MHz depending on power 
dissipation 

• Low power consumption in MOS "0" state-2 mW 

• Drives to O.4V of GNO for RAM address drive 

TO-S Package Dual-In-Line Package 
v+ NC DUTB NC IN B NC NC 

NC NC DUTA NC INA NC V-

IN B 
TDPVIEW 

Order Number DSOO26G Order Number DSOO26J 
or DSOO26CG or DSOO26CJ 

See NS Package G12C See NS Package J14A 

Dual-In-Line Package Dual-In-Line Package 
TO-S Package 

V-

Note: Pm4connecledlDcase. 

Order Number DS0056H 
or DS0056CH 

See NS Package H08C 

OUTA v+ v ••• OUTB 

V... IN A V- INB 

Order Number DS0056J·8, 
DS0056CJ·8 or DS0056CN 

See NS Package J08A or N08A 

6·7 

v· VeBB OUT B NC IN B NC 

NC v ••• DUTA NC INA NC 

TOP VIEW 

Order Number DS0056J 
or DS0056CJ 

See NS Package J14A 
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Absolute Maximum Ratings'( Note 1) 

V+ - V- Differential Voltage 
Input Current 
Input Voltage (V 1N - V-I 
Peak Output Current 

22V 
100 mA 

5.5V 
1.5A 

Maximum Power Dissipation* at 25°C 
Cavity Package (S-Pin) 1150mW 

1380 mW 
1040 mW 

Cavity Package (14-Pin) 
Molded Package 
Metal Can (l~O-5) Package 660mW 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS 

V IH Logic "1" Input Voltage V- = OV 

IIH Logic "1" Input Current VIN - V- = 2.4V 

VIL Logic "0"· Input Voltage V- = OV 

IlL Logic "0" Input Current VIN-V-=OV 

VOL Logic "1" Output Voltage VIN - V- = 2.4V 

VOH Logic "0" Output Voltage - Vee:::: V+ + 1.0V VIN -V = OAV, 

ICC(ON) "ON" 5upply Current v+ - V- = 20V VIN - V- = 2AV 

(one side on) (Note 6) 

ICC(OFF) ;'OFF" 5upply Current V+ - V- = 20V, 

VIN - V- = OV 

Switching Characteristics (T A = 25°C) (Notes 5 and 7) 

PARAMETER CONDITIONS 

tON Turn-on Delay (Figure 1) 

(Figure 2) 

tOFF Turn-off Delay (Figure 1) 

(Figure 2) 

t, Rise Time (Figure 1), CL = 500 pF 

(Note 5) CL = 1000 pF 

(Fl'gure 2), CL = 500 pF 

(Note 5) CL = 1000 pF 

t, Fall Time (Figure 1), CL = 500 pF 

(Note 5) CL = 1000 pF· 

(Figure 2), CL = 500 pF 

(Note 5) CL = 1000 pF 

Operating Temperature Range 
DS0026, DS0056 -55°C to +125°C 
DS0026C, DS0056C O°C to +70°C 

Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) .300°C 

*Derate 8-pin cavity package 7.7 mWtC above 25°C; derate 
14-pin cavity package 9.3 mWtC above 25°C; derate molded 
package 804 mWtC above 25°C; derate metal can (TO-5) pack
age 4.4 mW/oC above 25°C. 

MIN TYP MAX UNITS 

2 1.5 V 

10 15 mA 

0.6 004 V 

-3 -10 pA 

V-+0.7 V-+l.0 V 

050026 V+-l.0 V+-0.7 V 

D50056 V+-0.3 V+-o.l V 

D50026 30 40 mA 

D50056 12 30 mA 

70°C 10 100 pA 

125°C 10 500 pA 

MIN TYP MAX UNITS 

5 7.5 12 ns 

11 ns 

12 15 ns 

13 ns 

15 18 ns 

20 35 ns 

30 40 ns 

36 50 ns 

12 16 ns 

17 25 ns 

28 35 ns 

31 40 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: These specifications apply for V+ - V- = 10V to 20V, CL = 1000 pF, over the temperature range of -55°C to +125°C for the D50026, 
050056 and O°C to +70°C for the D50026C, DS0056C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: All typical values for the T A = 25°C. 

Note 5: Rise and fall time are given for MOS logic levels; i.e., rise time is transition from logic "0" to logic "1" which is voltage fall. 

Note 6: IBB for 050056 is approximately (VBB - V-)/l kn (for one side) when output is low. 

Note 7: The high current transient (as high as 1_5AI through the resistance of the external interconnecting V- lead during the output transition 
from the high state to the low state can appear as negative feedback to the input. If the external interconnecting lead from the driving circuit to 
V- is electrically long, or has significant de resistance, it can subtract from the switching response. 
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Typical V BB Connection 
050056 
v •• "BV 

V· ·.5V 
lk lk 

V-· -12V 

Typical Performance Characteristics 

Input Current vs Input Voltage Supply Current vs Temperature 
Turn-On and Turn-Off Delay 
vs Temperature 

10 
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AC Test Circuits and Switching Time Waveforms 

V,N ~ 5V 
PRF = 1 MHz 
PW= 0.5", 
t,=t,< lDns 

t5V INPUT 

t20V 

FIGURE 1. 
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Typical Applications 

AC Coupled MOS Clock Driver 
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DC Coupled RAM Memory Address or Precharge 
Driver (Positive Supply Only) 
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Application Hints 
DRIVING THE MM5262 wln-l THE 
050056 CLOCK DRIVER 

The clock signals for the MM5262 have three require
ments which have the potential of generating problems 
for the user. These requirements, high speed, large 
voltage swing and large capacitive loads, combine to 
provide ample opportunity for inductive ringing on clock 
lines, coupling clock signals to other clocks and/or 
inputs and outputs and generating noise on the power 
supplies. All of these problems have the potential of 
causing the memory system to malfunction. Recognizing 
the source and potential of these problems early in the 
design of a memory system is the ,most critical step. 
The object here is to point out the source of these 
problems and give a quantitative feel for their magnitude. 

Line ringing comes from the fact that at a high enough 
frequency any line must be considered as a transmission 
line with distributed inductance and capacitance. To 
see how much ringing can be tolerated we must examine 
the clock voltage specification. Figure 6 shows the clock 

V~+l----------________________ ~ ____ _ 

v~~ l~ 
.:~~: \ / 
Voo +l ~ 

Voo \f\rvv-----" 
Voo -1 \j-

*VT(MINI • Minimum threshold voltage. 

FIGURE 6. Clock Waveform 

specification, in diagram form, with idealized ringing 
sketched in. The ringing of the clock about the Vss level 
is particularly critical. If the Vss - 1 VOH is not main
tained, at all times, the information stored in the memory 
could be altered. Referring to Figure 1, if the threshold 
voltage of a transistor were -1.3V, the clock going to 
Vss - 1 would mean that all the devices, whose gates 
are tied to that clock, would be only 300 mV from 
turning on. The internal circuitry needs this noise 
margin and from the functional description of the RAM 
it is easy to see that turning a clock on at the wrong 
time can have disastrous resu Its. 

Controlling the clock ringing is particulary difficult 
because of the relative magnitude of the allowable 
ringipg, compared to the magnitude of the transition. 
In this case it is 1V out of 20V or. only 5%. Ringing 
can be controlled by damping the clock driver and 
minimizing the line inductance. 

Damping the clock driver by placing a resistance in 
series with its output is effective, but there is a limit 
since it also slows down the rise and fall time of the 
clock signal. Because the typical clock driver can be 
much faster than the worst case driver, the damping 
resistor serves the useful function of limiting the 
minimum rise and fall time. This is very important 
because the faster the rise and fall times, the worse thE: 
ringing problem becomes. The size of the damping 
resistor varies because it is dependent on the details of 
the actual application. It must be determined empirically. 
In practice a resistance of 10 ohms to 20 ohms is usually 
optimum. 
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Limiting the inductance of the clock lines can be 
accomplished by minimizing their length and by laying 
out the lines such that the return current is closely 
coupled to the clock lines. When minimizing the length 
of clock lines it is important to minimize the distance 
from the clock driver output to the fur,thest point 
being driven. Because of this, memory boards are 
usually designed with clock drivers in the center of 
the memory array, rather than on one side, reducing the 
maximum distance by a factor of 2. 

Using multilayer printed circuit boards with clock lines 
sandwiched between the VOD and Vss power plains 
minimizes the inductance of the clock lines. It also 
serves the function of preventing the clocks from coupling 
noise into input and output lines. Unfortunately multi
layer printed ci rcuit boards are more expensive than 
two sided boards. The user must make the decision as 
to the necessity of multilayer boards. Suffice it to say 
here, that reliable memory boards can be designed using 
two sided printed circuit boards. 

The recommended clock driver for use with the MM4262/ 
MM5262 is the DS0056/DS0056C dual clock driver. 
This device is designed specifically for use with dynamic 
circuits using a substrate, Vss, supply. Typically it will 
drive a 1000 pF load with 20 ns rise and fall times. 
Figure 7 shows a schematic of a single driver. 

...---+--1-<> v •• 

EXTERNAL 
t'N 

0-1 hNPUOT -+-'YV'v---I 

FIGURE 7. Schema\ic of 1/2 OS0056 

06 

os 

In the case of the MM5262, ·V+ is a +5V and Vss is 
+B.5V. Vss should be connected to the Vss pin 
shown in Figure 7 through a 1 kD resistor. This allows 
transistor 04 to saturate, pulling the output to within a 
VCE(SAT) of the V+supply. This is critical because as 
was shown before, the V ss - 1.0V clock level must not 
be exceeded at any time. Without the Vss pull up on 
the base of 04 the output at best will be 0.6V below 
the V+ supply and can be lV below the V+ supply 
reducing the noise margin or this line to zero. 



· Application Hints (Continued) 

Because of the amount of current that the clock driver 
must supply to its capacitive load, the distribution of 
power to the clock driver must be considered. Figure 8 
gives the idealized voltage and current waveforms for a 
clock driver driving a 1000 pr capacitor with 20 ns 
rise and fall time. 

v:~:-!Il\ 
-15V~1 IL 

20",-/ - - -20ns lAMP-O 
-lAMP--O 

+-8.SV 

5V lk 

FIGURE 8. Clock Waveforms (Voltage and Current) 

As can be seen the current is significant. This current 
flows in the Voo and Vss power lines. Any significant 
inductance in the lines will produce large voltage 
transients on the power supplies, A bypass capacitor, 
as close as possible to the clock driver, is helpful in 
minimizing this problem. This bypass is most effective 
when connected between the Vss and Voo supplies. A 
bypass capacitor for each OS0056 is recommended. 
The size of the bypass capacitor depends on the amount 
of capacitance being driven. Using a low inductance 
capacitor, such as a ceramic or silver mica, is most 
effective. Another helpful technique is to run the Voo 
and Vss lines, to the clock driver, adjacent to each 
other. This tends to reduce the lines inductance and 
therefore the magnitude of the voltage transients. 

While discussing the clock driver, it should be pointed 
out that the OS0056 is a relatively low input impedance 
device. I t is possible to couple current noise into the 
input without seeing a significant voltage .. Since this 
noise is difficult to detect with an oscilloscope it is 
often . overlooked. 

Lastly, the clock lines must be considered as noise 
generators. Figure 9 shows a clock coupled through a 
parasitic coupling capacitor, Ce , to eight data input 
lines being driven by a 7404. A parasitic lumped line 
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inductance, L, is also shown. Let us assume, for the sake 
of argument, that Ce is 1 pF and that the rise time of 
the clock is high enough to completely isolate the clock 
tranisent from the 7404 because of the inductance, L. 

FIGURE 9. Clock Coupling 

\oYith a clock transition of 20V the magnitude of the 
voltage generated across C L is: 

Ce ( 1 ) V = 20V x --- = 20V x --
CL+Ce 56+1 

0.35V 

This has been a hypothetical example to emphasize 
that with 20V low rise/fall time transitions, parasitic 
elements can not be neglected. In this example, 1 pF 
of parasitic capacitance could cause system malfunction, 
because a 7404 without a pull up resistor has typically 
only 0.3V of noise margin in the "1" state at 25°C. 
Of course it is stretching things to assume that the 
inductance, L, completely isolates the clock transient 
from the 7404. However, it does point out the need 
to minimize inductance in input/output as well as 
clock lines. 

The output is current, so it is more meaningful to 
examine the current that is coupled through a 1 pF 
parasitic capacitance. The cu rrent wou Id be: 

tN 
1= Ce x

At 

1 X 10-12 X 20 

20 X 10-9 
= 1 mA 

This exceeds the total output current swing so it is 
obviously significant. 

Clock coupling to inputs and outputs can be minimized 
by using multilayer printed circuit boards, as mentioned 
previously, physically isolating clock lines and/or run· 
ning clock lines at right angles to input/output lines. 
All of these techniques tend to minimize parasitic 
coupling capacitance from the clocks to the signals in 
question. 

In considering clock coupling it is also important to 
have a detai led knowledge of the functional characteristics 
of the device being used. As an example, for the MM5262, 
coupling noise from the ¢2 clock to the address lines 
is of no particular consequence. On the other hand the 
address inputs will be sensitive to noise coupled from 
¢1 clock. 
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~National 
~ Semiconductor 

Memory Support 

053245 Quad MOS Clock Driver 

General Description 

The OS3245 is a quad bipolar-to-MOS clock driver with. 
TTL compatible inputs. It is designed to provide high 
output current and voltage capabilities necessary for 
optimum driving of high capacitance N-channel MOS 
memory systems. 

Only 2 supplies, 5 VOC and 12 VOC, are required with
out compromising the usual high VOH specification 
obtained by circuits using a third supply. 

The device features 2 common enable inputs, a refresh 
input, and a clock control input for simplified system 
designs. The circuit was designed for driving highly 
capacitive loads at high speeds and uses Schottky
clamped transistors. PNP transistors are used on all 
inputs, thereby minimizing input loading. 

Logic and Connection Diagrams 

EN2--------------~ 

EN1------------~ 

ClK ---------~ 

SEL 1-----a-..... 

SEL 2-~--a-..... 

SEl 3 -~-a-..... 

SEl 4--1~-a-..... 

REFRESH 

OUT 1 

OUT2 

OUT3 

OUT4 

Features 

• TTL compatible inputs 

• Operates from 2 standard supplies: 5 VDC, 12 VOC 

• Internal bootstrap circuit eliminates need for external 
PNP's 

.• PNP inputs minimize loading 
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• High voltage/current outputs 

• Input and output clamping diodes 

• Control logic optimized for use with MOS memory 
systems 

• Pin and function equivalent to Intel 3245 

Dual-In-Line Package 

VDD 

OUT 1 OUT4 

SEL 1 SEl4 

CLK IN EN 1 

RFSH IN EN 2 

SEL2 SEL 3 

OUT2 OUT3 

GND NC 

TOP VIEW 

Order Number DS3245J or DS3245N 
See NS Package J16A or N16A 



Absolute Maximum Ratings (Note 1) 

Temperature Under Bias -waC to +85°C 

Storage Temperature -65°C to +150°C 
Supply Voltage, VCC -0.5 to +7V 
Supply Voltage, VDD -0.5 to +14V 
All Input Voltages -1.0 to VDD 
Outputs for Clock Driver -1.0 to VDD +lV 
Maximum Power Dissipation * at 25°C 

Cavity Package 1509 mW 
Molded Package 1476 mW 

*Derate cavity package 10.1 mW/"C above 2SoC; derate molded package 11.8 mW/oC 
above 2SOC. 

Electrical Characteristics TA = o°c to +75°C, VCC = 5V ±5%, VDD = 12V ±5% 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

IFD Select Input Load Current VF = 0.45V -0.25 mA 

IFE Enable Input Load Current VF = 0.45V -1.0 mA 

IRD Select Input Leakage Current VR = 5V 10 IlA 

IRE Enable Input Leakage Current VR = 5V 40 IlA 

IOL = 5 mAo VIH = 2V 0.45 V 
VOL Output Low Voltage 

IOL = -5 mA -1.0 V 

IOH = -1 mA, VIL = 0.8V VDD-0.50 V 
VOH Output High Voltage 

IOH = 5 mA VDD+1.0 V 

VIL Input Low Voltage, All Inputs 0.8 V 

VIH Input High Voltage, All Inputs 2 V 

VCLAMP Input Clamp Voltage VCC = Min, liN = -12 mA -1.0 -1.5 V 

Power Supply Current Drain 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

ICC Current from V CC VCC = 5.25V, 
Output in High State VDD = 12.6V 

26 34 mA 

IDD Current from VDD VCC = 5.25V, 
23 30 mA Output in High State VDD = 12.6V 

ICC Current from VCC VCC'= 5.25V, 
29 39 mA Output in Low State VDD = 12.6V 

IDD Current from VDD VCC= 5.25V, 
13 19 mA Output in Low State VDD = 12.6V 

Note 1: Stresses above those listed under "Absolute>Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device renability. \ 
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Switching Characteristics T A = oOe to +75°e, Vee = 5V ±5%, VDD = 12V ±5% 

PARAMETER CONDITIONS 
MIN TYP MAX 

UNITS 
(Note 3) (Notes 4, 6) (Note 5) 

t_+ Input to Output Delay RSERIES = 0 5 11 ns 

tOR Delay Plus Rise Time RSERIES = 0 20 32 ns 

t+_ It:lput to Output Delay RSERIES = 0 3 7 ns 

tDF Delay Plus Fall Time RSERIES = 0 18 32 ns 

tT Output Transition Time RSERIES = 20[2 10 17 25 ns 

tOR Delay Plus Rise Time RSERIES = 20[2 27 38 ns 

tDF Delay Plus Fall Time RSERIES::: 20[2 25 38 ns 

.Capacitance T A = 25°e (Note 7) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

CIN Input Capacitance, 11, 12, 13, 14 5 8 pF 

- -- -
CIN Input Capacitance, R, C, El, E2 8 12 pF 

No" 3, CL "50PF} 
Note 4: CL = 200 pF These values represent a range of total stray plus clock capacitance for nine 4k RAMs. 

Note 5: CL = 250 pF 
Note 6: Typical values are measured at 25° C. 
Note 7: This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, VBIAS = 2V, VCC = OV, and 
TA = 25°C. 

AC Test Circuit and Switching Time Waveforms 

I ~S OS3245 
Input pulse amplitudes: 3V : ·I~ Input pulse rise and fall times: 

CL 5 ns between 1 V and 2V 

T Measurement points: see waveforms 

VOO 

• L' , 
-+ 

- tT :-- - tT ---
OUTPUTS 

INPUTS 

D .... II L~ r-lj 
L 1.5V \-.J 2V 1.5vj . 2V 

GNO • 
r--t_+- t t I-~-- t 
-tOR- f-tOF-
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~National 
D Semiconductor 

Memory Support 

051617/053617 Bubble Memory Sense Amplifier 
General Description 
The DS1617 and the DS3617 are bubble memory sense 
amplifiers that convert low level signals from magneto-re
sistive detectors of the bubble memory into TTL compat
ible output levels. Internal functions consist of an input 
bias circuit, an internally AC coupled amplifier, a high 
speed precision comparator, two flip-flops, a TRI-STATE") 
output stage and a power fail detector. 

TTL compatible control inputs allow either average-to
peak or the conventional clamp and strobe (peak-to-peak) 
sensing of the input signal. The threshold voltage and the 
input bias voltage are externally adjustable allowing com
patibility with different types of bubble memories. 

Although specifically designed for bubble memory inter
facing, they are easily adaptable for any application re
quiring detection of mV level signals in the 25 kHz to 4 MHz 
range. Typical application areas include fiber optic 
receivers, plated wire memory sense amplifiers and pulse 
discriminators. 

Block Diagram 
VOO 
12V 

BUBBLE MEMORY' 

'Optional band limiting capacitor 

VOO 
12V BUF+ 

GNO 

TRI·STATE~ Is a registered trademark 01 National Semiconductor Corp. 

Features 
• Single 12V or 12V/5V operation 
• On-chip adjustable detector bias circuit 
• Choice of average-to-peak or clamp and strobe sensing 

• Guaranteed tight threshold limits over the specified 
temperature and supply voltage range 

• Threshold externally adjustable over 0 mV to 20 mV 
range (typical) 

• On-Chip reference for a 3.2 mV threshold (typical) 

• TRI-STATE output 
• No offset nulling requirement due to on-chip AC cou

pling at the input 

• Power fail detector with adjustable trip level senses 
both supplies 

• Compatible with a wide range of bubble memories 

• Standard 16-pin dual-in-line package 

SB PFA 

NPF 

OUT 

00 

UC ST 
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Connection Diagram 
Dual-In-Line Package 

ue 16 Vee 

ST 

00 PFA 

Voo 

TOP VIEW 

Order Number DS1617J, 
DS3617 J or DS3617N 

GNO 

SB 

BUF+ 

See NS Package J16A or N16A 

Functional Pin Description 
ANALOG INPUTS 

Differential Analog Inputs (IN + and IN -): These are high 
impedance inputs for bubble memory detectors. They also 
provide the bias current to the detectors at a constant DC 
voltage. The sense-amp threshold is positive with respect 
to the IN + input. 

Bias Voltage Input (VB): When an external DC voltage (be
tween 4V and BV) is applied to this input, the internal error 
amplifier will adjust the bias current sources to maintain 
the average common-mode voltage of IN + and IN - in
puts at this value. This input can be connected to Voo to 
obtain an internally set bias voltage of 7V typical. This 
voltage is derived on-chip from a resistor divider con
nected across the Voo supply. 

Threshold Adjust Input (VT): An externally applied DC 
voltage in the range of OV to 10V at this input will set the 
threshold of the sense-amplifier in the 0 mV to 20 mV 
range. The threshold is linearly related to this voltage. 

Power Fail Adjust Input'(PFA): The trip voltage of 5V and 
12V supplies can be set to a fraction of their nominal 
values by applying an external reference voltage to this in
put (see graph). When precise power fail detection is not 
required this input may be grounded to obtain a trip 
voltage between 35% and 65% of the nominal supply 
levels (I.e., 5V and 12V). 

ANALOG OUTPUTS 

Buffered Bubble Signal Output (BUF +): This is the 
preamplifier output which is in phase with the IN + input. 
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It provides an amplified version of the input differential 
signal (X25) at a low impedance for monitoring purposes_ 

Internal Reference for VT (VREF): This output, when con
nected to VT input, provides a threshold of 3.2 mV typical. 
This voltage is derived on the chip from a potential divider 
connected across the Voosupply. When VB is also derived 
in the same fashion, the threshold will track the amplitude 
variations of the bubble signal resulting from the Voosup
ply variations. 

DIGITAL INPUTS 

Unclamp Input (UC): A logic low level on this input causes 
clamping of the differential inputs of the comparator to a 
common voltage. When a logic high level is applied, the in
puts are unclamped within a few nanoseconds (5 ns typ). 
The capacitive coupling of the preamplifier outputs to the 
inputs of the comparator enables referenCing of the 
threshold to any point on the input waveform by using this 
input. This pin is shorted to Vee or Voo when the average
to-peak sensing method is used. 

Strobe Input (ST): A high-to-Iow transition of this input 
causes the transfer of data from an internal latch to the 
output flip-flop. As long as this input is low the internal 
latch cannot be set by the comparator. For clamp and 
strobe sensing, this input can be tied to the unclamp input 
and used as a single UC/ST control line. 

Output Disable (00): A logic high level at this input 
causes the data output to go into the high impedance 
state (TRI-STATE). 

Standby Input(S8): When the sense-amp is not in use this 
input can be used to reduce power consumption. A logic 
high level applied to this input· puts the sense-amp in 
standby mode and TRI-STATEs the data output pin. The 
power fail detector circuit is not affected by this input. 

DIGITAL OUTPUTS 

Data Output (OUT): This output is high for signals cross
ing the threshold and low for those below the threshold. 
The data on this pin is valid a short time after the negative 
transition of the strobe signal and will remain valid until 
the next negative transition of the strobe signal. 

Power Fail Detect Output (NPF): This output goes low 
when either one or both of the supplies fall below the trip 
voltage. It will remain low until both of the supplies fall 
below a minimum level which is 4V for Voo and 2.BV for 
Vee. It is an open collector output with an internal pull-up 
of 5 k!1 (typical). The circuit is insensitive to transients on 
the supplies and will typically reject a 500 ns pulse that 
goes 1V below the trip voltage. 

POWER SUPPLIES 

Analog Supply (Voo): 12V. 

Digital Supply (Vee>: 5V to 12V. This supply is internally 
regulated to 4.5V and hence ean be tied to Voo for single 
supply operation, but a standard 5V logic supply reduces 
power consumption and also permits power fail detection 
of the 5V supply. 



Absolute Maximum Ratings (Note 1) Recommended Operating Conditions 
Supply Voltages (VOO, Vcc) 14V Min Max Units 
Input Voltages + _ Voo Supply Voltage 

S<:nse Inputs(IN ,IN ) 14V OS1617 10.8 I 132 V 
VT input 14V OS3617 11.4 12.6 V 
VBIAS Input (VB) 14V VCC Supply Voltage 
Control Inputs (UN, ST, 00, SB) 14V OS1617 4.5 13.2 V 
PFA Input 5.5V OS3617 4.75 12.6 V 

Output Voltage 5.5V Temperature (TA) 
Storage Temperature - 65'C to + 150'C OS1617 -55 125 'c 
Maximum Power Dissipation at 25'C OS3617 0 70 'c 

Cavity Package 1635mW PFA Input Voltage 0 1.5 V 
Molded Package 1687mW VBIAS Input Voltage (VB) 0 13.2 V 

Lead Temperature (Soldering, 10 seconds) 300'C VT Input Voltage (VT) - 0.25 10 V 
(Threshold Adjust) 

* Derate cavity package 10.9 mW/'C above 25'C; derate molded pack· Sense Input Common·Mode 4 8 V 
age 13.5 mW/'C above 25'C. Voltage (VCM) 

Input Bias Current (IB) 0.1 10 mA 
(Into IN+ and IN- Inputs) 

DC Electrical Characteristics (Notes 2 and 3) 

Parameter Conditions Min Typ Max Units 

ANALOG INPUTS AND OUTPUTS 

VIS Input 8ias Voltage Internal (Note 4) Is in mA Typ -0.15 0.588 Voo + Typ +0.15 
(atIN+ and IN-Inputs) 0.01 Is V 

External (Note 5) Is in mA Typ -0.1 Vs + 0.01 Is Typ +0.1 

t.VIS(temp) Input 8ias Voltage Is =5 mA 
Variation with Temperature - 55°C<TA <125°C (051617) ± 10 mV 
(IN + and IN - Inputs) O°C < TA < 70°C (053617) ±5 mV 

Ivr Input Current for Vr Input Vr=OV to 5V -1 -10 ItA 

Ivs Input Current for Vs Input Vs=4V to 8V -2 -10 /LA 

VREF Internal Reference Voltage 0.98 Typ 0.125 Voo 1.02 Typ V 

t.VTP(temp) Temperature Variation of Set by VPFA (See Graphs) 

(Vee, Voo) Power Fail Threshold - 55'C<TA<125'C (051617) ±0.6 % 
O'C<TA <70'C (053617) ±0.2 % 

DIGITAL OUTPUTS (OUT, NPF) 

VOH Logical "1" Output Voltage OUT 00 = 0.8V, 58 = 0.8V, 2.4 2.8 

10H = -400 /LA V 
NPF 10H = -100 /LA 2.4 3.8 

VOL Logical "0" Output Voltage OUT 00 = 0.8V, 58 = 0.8V, 10L = 10 mA 0.4 0.5 
NPF Vcc - 4V, Voo = 10V, VPFA = 1.5V, 0.35 0.5 V 

IOL=5 mA 

los Output Short Circuit Current Vo = OV, Vcc = Voo = Max 
OUT 00 = 0.8V, 58 = 0.8V -10 -20 -50 mA 
NPF VPFA-OV -0.5 -1 -1.5 

100 TRI·STATE Output Current 
OUT Only 

00 = 2.0V, 58 = 0.8V or Vo=0.4V -100 
/LA 

00 = 0.8V, 58 = 2.0V Va =4.0V 100 

Ips Output Sink CUrrent on NPF Vcc=OV 
1 6 

Output During Power Fail 
Va = 0.5V, VPFA = 1.5V 

Voo =4V 
mA 

Vcc=2.8V 
1 6 

Voo =OV 

CONTROL INPUTS (UC, ST, 00, SB) 

VIH Logical "1" Input Voltage 2 V 

VIL Logical "0" Input Voltage 0.8 V 

IIH Logical "1" Input Current VIN = 4V 20 /LA 

IlL Logical "0" Input Current VII·.j=0.4V -200 p.A 

POWER SUPPLY CURRENTS 

IOOA Active Voo Supply Current S8=0.8V· 25 45 

ICCA Active Vcc Supply Current S8=0.8V 10 20 
mA 

loos Standby Voo Supply Current 58 = 2.0V 12 25 

Iccs Standby Vce Supply Current S8=2.0V 2 4 
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AC Electrical Characteristics (Note 2) 

Parameter Conditions Min Typ Max Units 

SENSE INPUT CHARACTERISTICS 

VTH Differential Input VB=7V 
Threshold Voltage See Figure 5 for Test Waveforms 0.97 xTyp 0.00213 x VT 1.03 x Typ V 

-0.0005 +0.0005 

VTR Threshold Adjustment l DS1617 o t08 -0.5to 20 mV 
Range I DS3617 o to 10 -0.5to 20 mV 

fBW Preamp Bandwidth @ ±3dB, VB=7V, -55°C<TA<125°C 0.025 to 4 
MHz 

@ ±0.1 dB, VB = 7V, - 55°C<TA <125°C 0.1 to 1 

RIN Differential Input 150 k!1 
Resistance 

CIN Differential Input 12 pF 
Capacitance 

~VTH(temp) Threshold Variation with V =12VI-55°C<T<125°C(DS1617) ±0.1 mV 
Temperature DO 100C<T<700C(DS3617) ±0.05 mV 

Tpc Effective Time Constant (From Sense Input to Comparator 6 p's 
of Preamp AC Couplings Inputs) UC=3V 

TCl Clamp Circuit Time (Time Constant Associated with the 12 P.s 
Constant Comparator Inputs when UC = 3V) 

TIMING REQUIREMENTS 

td Delay Time, UC or ST Figure 2 50 ns 
Input High to Sense Input 
High 

ts Data Set-Up Time, Sense Figure 2 100 ns 
Input High to UC or ST 
Input Low 

tpwi Minimum Input Pulse Figure 2 100 ns 
Width at Threshold 

tpws Minimum Strobe Pulse Figure 2 30 ns 
Width 

tON Power-Up Time from SB 100 P.s 
Low to Full Operation 

tOFF Power-Down Time from 1 P.s 
SB High to Reduced 
Power 

SWITCHING CHARACTERISTICS 

tp ST Input Low to Valid Figures 1 and 3, OD = 0.8V, 30 50 ns 
Data at the Output Cl =30 pF, R1 = 5k, R2 = 1k 

TRI-STATE DELAYS FROM 00 TO OUT 

tlZ Output Low to TRI-STATE 15 35 ns 

tHZ Output High to TRI-
STATE Figures 1 and 4 15 35 ns 

tZl Output TRI-STATE to Cl = 15 pF, R1 = 1 k, 15 40 ns 
Active Low R2=1k 

tZH Output TRI-STATE to 15 40 ns 
Active High 

Note 1: "Absolute maximum ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
devices should be operated at these limits. The tables of "Electrical Characteristics" and "Recommended Operating Conditions" provide conditions for ac-
tual device operation. 

Note 2: Unless otherwise specified, minImax limits apply across the supply and temperature range listed in the table of "Recommended Operating Condi-
tions". All typical values are for VCC = 12V, VCC = 5V and TA = 25°C unless otherwise specified. 
Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise speciffed. 

Note 4: VB pin tied to VDD. 

Note 5: VB pin connected to the external bias voltage. 
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Example Threshold Calculations 

1. Find external voltage VTto be applied for a 5 mV typical 
threshold. What is this tolerance of this threshold? 

VTH (typ) = 0.00213 x VT= 0.005V 

Therefore, VT = 0.005/0.00213 = 2.347V 

VTH (min) = 0.97 x 0.005 - 0.0005 = 4.35 mV 

VTH (max) = 1.03 x 0.005 + 0.0005 = 5.65 mV 

Hence, VTH = 5 :t 0.65 mV 

and Tolerance = :t 0.65 mV 

2. Find VTH and its tolerance for Voo = 12V when internal 
reference (VREF) is used for VT. 

VT (typ) = VREF (typ) = 0.125 x Voo = 1.5V 

VT(min)=VREF (min)=0.98 x 1.5=1.47V 

Performance Characteristics 
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V T (max) = V REF (max) = 1.02 x 1.5 = 1.53V 

VTH (typ) = 0.00213 x VT (typ) = 3.20 mV 

VTH(min) = 0.97 x 0.00213 x VT(min) - 0.0005 = 2.54 mV 

VTH(max) = 1.03 x 0.00213 x VT(max) + 0.0005 = 3.86 mV 

Hence, VTH = 3.20:t 0.66 mV 

Note. Since VREF is directly related to Voo, the VTH will 
follow the supply variations. But as long as the input bias 
voltage VB is also derived in the same way (Le., using a 
potential divider across Voo), the threshold will track the 
amplitude changes in the bubble detector signal resulting 
from the Voo supply variations. 
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AC Test Circuit and Switching Time Waveforms 

DIFFERENTIAL 2 VTH -------"'--------"'' 
INPUT VTH I, If TEST 

POINT Vce (IN+ -IN-) OV ____ _ 

FROM OUTPUT ~ 
UNDER TESTo-.... --4-........ ~ .... -<T Sl 

I----·-Ipwi----~I 

CL INCLUDES 

PROBE AND JIG I 
CAPACITANCE 

Rl 
ALL DIODES 
lN916 OR 
lN3064 

UNCLAMP 
INPUT 

(UC) 

STROBE 
INPUT 

(ST) 

---1-------15-------1 
3V----4--I"--+------------~ 

OV 

R
S 

--tpws---

:: ~~~~~~~~~~~_-_-l_'.WI' . If 1 .... 5V ________ _ 

tr=tp;;10 ns, 10% t090% 

FIGURE 1. Output Load Circuit FIGURE 2. Delay, Set·Up and Hold Times 

STROBE INPUT 

OUTPUT 

3V------_. 

OV----------+-,-----

1,=lf $10ns 
10% TO 90% 

OUTPUT 3V 
DISABLE 

INPUT OV --4--'-------' 

WAVEFORM 1 
(SEE NOTE) 

WAVEFORM 2 
(SEE NOTE) 

FIGURE 3. Propagation Delay from 
Strobe Input to Output 

Note. Waveform 1 shows the output with internal conditions such that the output is 
low except when disabled by the output disable input. Waveform 2 shows the output 
with internal conditions such that the output is high except when disabled by the 
output disable input. 

FIGURE 4. Propagation Delay from Output Disable to Output 

DIFFERENTIAL 
INPUT 

(IN+ -IN-) 

UNCLAMP 
INPUT 

(UCI 

STROBE 
INPUT 

(ST) 

~--------,-------------~H 

OV------

3V----r-,-------~------~ 

OV 

3V-------------~-~-_ 

OV------------

tr= tf:510 ns, 10% to 90% 

Note. To determine the sense amplifier threshold, the input signal amplitude, V'N, is 
varied around the set threshold value, VTH, while monitoring the OUT pin on a scope. 
When V,N is close to the threshold, the output will switch between Logic 0 and 
Logic 1 due to the noise on the input signal. The mid value of the threshold can be 
determined by adjusting VIN to obtain equal brightness of high (VOH) and low (VoLl 
level output traces on the scope. In the above set·up, the signal Is strobed after a 
300 ns delay to allow for any overshoot or transients to settle. This method results in 
accurate threshold measurement that Is relatively independent of Input Signal rise 
time. But due to AC coupling of the preamp, with an effective time constant of 6 pS, 
the signal at the Input of the comparator droops by 5% In 300 ns, which has to be ac
counted for. Hence, VTH = V,N x 0.95. 

FIGURE 5. Sense Input Threshold Measurement 
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Typical Applications 

Bubble Memory Sense Amplifier with Adjustable Threshold and Bias. Voltage 

BUBBLE 
VOO 

MEMORY 
(12V) 

r-----' 
I I 
I RESISTORS I 
L --- .J 

VOO 

IN+ 
VOO 
(12V) IN-

lOOk 
BIAS >oI1-... ----f VB 
SET O.OIIlF ":" T VOO(12V) 

lOOk 
THRESHOLD 

ADJUST 

VT 

Vee 
(5V) 

10k 

O.IIlF 

~ 
Vee 

OSI617/0S3617 

.JL 
I I SIGNAL 

--j I-WINOOW 

LM236 

Note. The control inputs are set up for clamp·strobe or peak·to·peak sensing 

'Optional band limiting capacitor 

Bubble Memory Sense Amplifier with Internally Set 
Threshold (3 mV typ) and Input Bias Voltage (7V typ) 

A General Purpose Precision Sense Amplifier with the 
Threshold Controlled by an External Reference 

BUBBLE VOO 

MEMORY 
(12V) 

r-----, 
I I 
I I 
L J 

VOO 

IN+ 

IN-

Voo(IZV) VB 

Vee 

OS161110S3617 

STROBE 

SL _I I SIGNAL 
I-WINOOW 

STANDBY 

DATA 
OUTPUT 

OUTPUT 
DISABLE 

Note. The control inputs are set up for average·to·peak sensing 

'Optional band limiting capacitor 

VOO(12V) 

O.IIlF 

'''''{~'' VOO(12V) 

O.OIIlF 

LM1Z9 1 
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~National 
~ Semiconductor 

Memory Support 

OS1628/0S3628 Octal TRI·STATE® MOS Drivers 
General Description 
The OS1628/0S3628 are octal Schottky memory drivers 
with TRI-STATE® outputs designed to drive high 
capacitive loads associated with MOS memory systems. 
The drivers' output (VOH) is specified at 3.4 V to 
provide additional noise immunity required by MOS 
inputs. A PNP input structure is employed to minimize 
input currents. The circuit employs Schottky-clamped 
transistors for high speed. A NO~ gate of two inputs, 
0lS1 and 0lS2, controls the TRI-STATE mode. 

Schematic and Connection Diagrams 

EQUIVALENT INPUT EQUIVALENT QUTPUT 
r-------------~--~~--~-oVCC 

Features 
• High speed capabilities 

- typ 5 ns driving 50 p"F & 8 ns driving 500 pF 

• TRI-STATE outputs 

• High VOH (3.4 V min) 

• High density 
- eight drivers and two disable controls for TRI

STATE in a 20-pin package 

• PNP inputs reduce DC loading on bus lines 

• Glitch-free power up/down 

DIS I 

IN I 

OUT 2 

IN 3 

OUT 4 

Dual-In-Line Package 

vee 

DIS 2 

'----~-I ~~--+-- OUT I 

...... -f----~~ IN 2 

'-----t--t ~~--+-- OUT 3 

'---+--0 OUTPUT 
IN 5 I---i-------i-IN 4 

INPUT 

OUT6 

IN 7 

OUT Ii 

GNO 

'----+_~ ~>O----+-- OUT 5 

t--t-----t- IN 6 

'----+--f><~-~ OUT 7 

t-------11-- IN 8 

~~~--------~~----~~--~~GND 
TOP VIEW 

Truth Table 

Disable Input 

DIS 1 

H 

H 

X 

l 

l 

H = high level 
L = low level 
X = don't care 

DIS 2 

H 

X 
H 

L 

L 

Z = high impedance (off) 

(ONE INVERTER SHOWN ONL Y) 

Input Output 

X Z 

X Z 

X Z 

H L 

L H 

Order Number 
DS1628J,DS3628J,DS3628N 
See NS Package J20A or N20A 

Typical Application 

MUL TIPLEX 
CONTROL 
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Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage 7.0V 
7.0V 

-1.5V 
_65°C to +150°C 

Supply Voltage (VCC) 
Logical "1" I nput Voltage 
Logical "0" Input Voltage 
Storage Temperature Aange 

Temperature (T A) 
051628 
053628 Maximum Power Dissipation* at 25°C 

Cavity Package 
Molded Package 

Lead Temperature (Soldering, 10 seconds) 

1667 mW 
1832 mW 

300°C 

*Derate cavity packoage 11.1 mypOc above 25~C; derate molded 
package 14.7 mW! C above 25 C. 

Electrical Characteristics(Notes 2 and 3) 

PARAMETER CONDITIONS 

VIN(ll Logical "1" Input Voltage 

VIN(O) Logical "0" Input Voltage 

IIN(l) Logical "1" Input Current VCC = 5.5V VIN = 5.5V 

IIN(O) Logical "0" Input Current VCC = 5.SV VIN = 0.5V 

VCLAMP Input Clamp Voltage VCC = 4.5V liN = -18mA 

Logical "1" Output Voltage 
\ 051628 

VOH (No Load) 
VCC = 4.SV 10H = -101J.A 

053628 

Logical "0" Output Voltage 051628 
VOL (No Load) 

VCC = 4.SV 10L = 10IJ.A 
053628 

Logical "1" Output Voltage 051628 
VOH (With Load) 

VCC = 4.SV 10H = -1.0mA 
053628 

VOL 
Logical "0" Output Voltage 

VCC = 4.SV 10L = 20mA 051628/053628 
(With Load) 

lID Logical "1" Drive Current VCC = 4.5V VOUT = OV (Note 6) 

100 Logical "0" Drive Current VCC = 4.SV VOUT = 4.SV (Note 6) 

Hi-Z TAl-STATE Output Current VOUT =O.4V to 2.4V 0151 or 0152 = 2.0V 

One DIS Input = 3.0V 
All other Inputs = X, Outputs at Hi-Z 

ICC Power Supply Current VCC = 5.SV 0151,0152 = OV, others = 3V 
Outputs on 

All Inputs = 0 V, Outputs off 

Switching Characteristics (Vcc '" 5V, T A'" 25°C) (Note 6) 

PARAMETER CONDITIONS 

CL = SOpF 
tS+_ Storage Delay Negative Edge (Figure 1) 

CL = 500pF 

CL = SOpF 
ts-+ Storage Delay Positive Edge (Figure 1) 

CL = SOOpF 

tF Fall Time (Figure 1) 
CL = 50pF' 

CL = SOOpF 

tA Rise Time (Figure 1) 
CL = SOpF 

CL = 500pF 

tZL 
Delay from Disable Input to Logical '-'0" CL = SOpF RL = 2k!2 to VCC 
Level (from High Impedance State) to GND (Figure 2) 

tZH 
Delay from Disable Input to Logical "1" CL = SOpF RL = 2k!2 to GND 
Level (from High Impedance State) to GND (Figure 2) 

tLZ 
Delay from Disable Input to High Impedance CL = 50pF RL = 400n to VCC 
State (from Logical "0" Level) to GND (Figure 3) 

tHZ 
Delay from Disable Input to High Impedance CL = SOpF RL = 400n to GND 
State (from Logical "1" Level) to GND (Figure 3) 
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MIN 

2.0 

3.4 

3.5 

2.5 

2.7 

-40 

MIN 

MIN 

4.5 

-55 
0 

TYP 

0.1 

-180 

-0.7 

4.3 

4.3 

0.25 

0.2S 

3.9 

3.9 

0.35 

-150 

lS0 

0.1 

90 

70 

2S 

TYP 

4.0 

6.S 

4.2 

6.S 

4.2 

19 

S.2 

20 

19 

13 

18 

8.5 

C en ..... 
MAX UNITS 0) 
5.5 V N 

~ 
+125 °c C 
+70 °c en 

CAl 
0) 
N 
Q) 

MAX UNITS 

V 

0.8 V 

40 IJ.A 

-400 IJ.A 

-1.2 V 

V 

V 

0.4 V 

0.35 V 

V 

V 

O.S V 

mA 

mA 

40 IJ.A 

120 mA 

100 mA 

SO mA 

MAX UNITS 

S.O ns 

8.0 ns 

S.O ns 

8.0 ns 

6.0 ns 

22 ns 

7.0 ns 

24 ns 

2S ns 

20 ns 

2S ns 

1S ns 



~--------------------------------------------------------------------------------------------------, 

AC Test Circuits and Switching Time Waveforms 

Vee 

Vee 

tS+-, ts-+, tr, tf 
Vee 

...... Wll-..... ----... -o VOUT 

2kll 

0_1 pF 

~ 
1512 

...... Wll-..... ---... -o VOUT 

50pF 

"""'I 
40011 

3V ,~------~ 

INPUT fUV 

Ov~ 

OUTPUT 

FIGURE 1 

tZL 

Vee 

r-____ ~---------.O,-I(F ~ 

2kll 

1512 
I-'vv\r-..... --oQ V 0 UT 

(NOTE 6) 

I
50PF 

-= (NOTE 5) 

FIGURE 2 

Vee 

t---JWI,r-+-OVOUT 
(NOTE 6) 

1
50PF 

-= (NOTE 51 

FIGURE 3 

DISABlE~15V 
INPUT IL-

IZH-i G-r-
OUTPUT'~, 

.. ~: 
'ANY ONE OF EIGHT OUTPUTS 

r llZ 

VOl-----9 

Note1: "Absolute Maximum Ratings" are those values beyond which the safetY of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices sh ould be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified. minimax limits apply across the _55°C to +125°C temperature range for the DS1628 and across the O°C to 
+70°C range for the DS3628. All typical values are for T A = 25°C and VCC = 5V. 

Note 3: All currents into device pins shown as positive; all currents out of device pins shown as negative; all voltages references to ground unless 
otherwise noted. All values shown as max or min on absolute value basis. 

Note 4: The pulse generator has the following characteristics: ZOUT = 50 nand PRR .;;; 1 MHz. Rise and fall times between 10% and 90% points 
.;;; 5 ns. 

Note 5: CL includes probe and jig capacitance. 

Note 6: When measuring output drive current and switching response for the DS1628 and DS3628 a 15 n resistor should be placed in series with 
ear.h output. 
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~National 
~ Semiconductor 

Memory Support 

0516441053644, 0516741053674 Quad TTL to MOS 
Clock Orivers 
General Description 
The OS1644/0S3644 and OS1674/OS3674 are quad 
bipolar-to-MOS clock drivers with TTL compatible 
inputs. They are designed to provide high output current 
and voltage capabilities necessary for optimum driving 
of high capacitance N-channel MOS memory systems. 

The device features two common enable inputs, a 
refresh input, and a clock control input for simplified 
system designs. The circuit was designed for driving 
highly capacitive loads at high speeds and uses Schottky
clamped transistors. PNP transistors are used on all 
inputs thereby minimizing input loading. 

The circuit may be connected to provide a 12V clock 
output amplitude as required by 4k RAMs or a 5V clock 
output amplitude as required by 16k RAMs. 

The OS1644/OS3644 contains a 1OD. resistor in series 
with each output to dampen the transients caused by 
the fast-switching output, while the OS1674/0S3674 

Schematic and Connection Diagrams 

has a direct, low impedance output for use with or 
without an external Llamping resistor. 

Features 
• TTL compatible inputs 

• 12V clock or 5V clock driver 

• Operates from standard bipolar and MOS' supplies 

• PNP inputs minimize loading 

• High voltage/current outputs 

• Input and output clamping diodes 

• Control logic optimized for use with MOS memory 
systems 

• Pin and function compatible with MC3460 and 

3235 

• Built-in damping resistors (OS1644/DS3644) 

VCCl VCCl 

INPUT 

EQUIVALENT INPUT 

.-.... -OVCC2 

10' I 
I 
I 
I 

L...---................... M-o OUTPUT 

I 
I 
I 

INTERNAL 
LOGIC 

CIRCUITRY 

L ___ _ 
L...-..... --------~-----~~----------~----_oGNO 

* D51644/0S3644 only 
Dual-In-Line Package 

VCCl OUT U SEL 0 EN 1 EN 2 SEL C OUT C VCCJ 

VCC2 OUT A SEL A CLK RFSH SEL BOUT B 
IN IN 

TOP VIEW 

Order Number DS3644J, DS3674J, 
DS3644N or DS3674N 

See N5 PacKage J16A or N16A 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

5upply Voltage 5upply Voltage 
VCC1 7V VCC1 
VCC2 13.5V 051644,051674 4.5 5.5 V 
VCC3 16V 053644,053674 4.75 5.25 V 

Input Voltage -1.0V to +7V VCC2 
Output Voltage -1 .OV to +16V 051644,051674 4.5 13.2 V 
5torage Temperature Range -65°C to +150°C 053644,053674 4.75 12.6 V 
Maximum Power Dissipation * at 25°C VCC3 

Cavity Package 1509 mW 051644,051674 VCC2 16.5 V 
Molded Package 1476 mW 053644,053674 VCC2 15.75 V 

Lead Temperature (50Idering, 10 seconds) 300°C Temperature, T A 
*Oerate cavity package 10.1 mW/oC above 25°C; derate molded 051644,051674 -55 +125 °c 
package 11 .8 mWr C above 25° C. 053644,053674 0 +70 °c 

Electrical Characteristics 
5V operation, (VCC1 = VCC2 = 5V, VCC3 = 12V); 12V operation, (VCC1 = 5V, VCC2 = 12V, VCC3 = VCC2 + (3V ±10%)); 
051644, 051674, ±10% power supply tolerances; 053644, 053674, ±5% power supply tolerances, unless otherwise noted. 
(Notes 2, 3 and 4). 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIH Logical "1" I nput Voltage 2 V 

VIL Logical "0" Input Voltage 0.8 V 

IIH Logical "1" I nput Current Select Inputs 0.01 10 J..lA 
VIN = 5.5V 

All Other Inputs 0.04 40 J..lA 

IlL Logical "0" I nput Current Select Inputs -40 -250 J..lA 
VIN = O.4V 

All Other Inputs --0.16 -1.0 mA 

VCD Input Clamp Voltage 11= -12 mA --0.8 -1.5 V 

VOH Logical "1" Output Voltage IOH = -1 mA, VIL = 0.8V VCC2-0.5 VCC2--o.2 V 

VOL Logical "0" Output Voltage IOL = 5 mA, VIH = 2.0V 0.3 0.5 V 

VOC Output Clamp Voltage IOC = 5 mA, VIL = 0.8V VCC2+0.8 VCC2+1.5 V 

ICCH Supply Current Output High 

ICCl VCCl = Max 18 27 mA 

ICC2 All Inputs VIN = OV -2 -4 mA 

ICC3 Outputs Open 
12V Operation 

2 4 mA 

ICC2 -8 -16 mA 

ICC3 
5V Operation 

8 16 mA 

ICCL Supply Currents Outputs Low 

ICCl VCCl = 5.25V 25 40 mA 

ICC2 
All Inputs VIN = 5V 

VCC2 = 12.6V 3 mA 

ICC3 
Outputs Open 

VCC3 = 15.75V 16 25 mA 

Switching Characteristics TA = 25°C unless otherwise noted, (Note 4), (Figures 1,2,3 and 4) 

PARAMETER CONDITIONS \ MIN TYP MAX UNITS 

ts+- Storage Delay Negative Edge CL = 100 pF 8 11 ns 
RD = 100 

CL=400pF 12 16 ns 

ts-+ Storage Delay Positive Edge CL = 100 pF 10 13 ns 
RD=100 

CL = 400 pF 13 16 ns 

tF Fall Time CL = 100 pF 9 16 ns 
RD = 100 

CL = 400 pF 17 24 ns 

tR Rise Time CL=100pF 8 12 ns 
RD = 100 

CL = 400 pF 13. 19 ns 

tpdO Propagation Delay to a CL= 100 pF 17 27 ns 

Logical "0" 
RD = 100 

CL = 400 pF 29 40 ns 

tpdl Propagation Delay to a CL= 100pF 18 25 ns 

Logical "1"· 
RD = 100 

CL = 400 pF 26 35 ns 

6·28 



Notes 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the 051644, D51674 and across the 
0° C to +70° C range for the 053644, 053674. All tvpicals are given for T A = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: For AC measurements, a 10n resistor must be placed in series with the output of the 051674/053674. This resistor is internal to the 
051644/D53644 and need not be added. 

AC Test Circuits and Switching Time Waveforms 

SV 12V ISV 

10 
(INTERNAL ON 
DSI644/DS3644) 

IN 

CL 

REFRESH INPUT = 2.4V 

J(NOTE2) 

ALL OTHER INPUTS = OV 

FIGURE 1. 12V Operation 

SV SV 12V 

REFRESH INPUT = 2.4V 
ALL OTHER INPUTS = OV 

FIGURE 3. 5V Operation 

CL 

J(NOTE2) 

3V 

INPUT I.SV 

OV 

IS+_ 

VOH 

OUTPUT 

VOL 

FIGURE 2. 12V Operation 

3V 

INPUT I.SV 

OV 

IS+_ 

VOH 

OUTPUT 

VOL 

FIGURE 4. 5V Operation 

Note 1: The pulse generator has the following characteristics. PPR = 1 MHz, tR ~ 10 ns, ZOUT = 50n. 
Note 2: CL includes probe and jig capacitance. 

Truth Table 
INPUT 

ENABLE ENABLE SELECT CLOCK REFRESH OUTPUT 
1 2 INPUT INPUT INPUT 

1 X X X X 0 

X 1 X X X 0 

X X X 1 X 0 

X X 1 X 1 0 

0 0 0 0 X 1 

0 0 x 0 0 1 
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~National . 
D Semiconductor 

Memory Support 

081645/053645, OS1675/D83675 Hex TRI·STATE® TTL to 
M08 Latches/Drivers 

General Description 
The OS1645/0S3645 and OS1675/0S3675 are hex 
MOS latches/drivers with outputs designed to drive large 
capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are used to 
reduce input currents, allowing the large fan-out to 
these drivers needed in memory systems. The circuit 
has Schottky-clamped transistor logic for minimum 
propagation delay, and TRI-STATE® outputs which 
allow bus operation. 

The OS1645/0S3645 has a 15 n resistor in series 
with the outputs to dampen transients caused by the 
fast switching output circuit. The OS1675/0S3675 
has a direct, low impedance output for use with or 
without an external resistor. 

Logic and Connection Diagrams 

DATAA 0-....;-...,.------------1--:--"1 

DATAS o-C == = = = = = 
DATAC o-e==== === 

The circuit employs a fall-through-Iatch which captures 
the data in parallel with the output, thereby eliminating 
the delay normally encountered in other latch circuits. 
The OS1645/0S3645 and OS1675/0S3675 may be 
used for input address lines or input/output data lines 
of a MOS memory system. 

Features 
• TTL compatible inputs 
• PNP inputs minimize loading 

• Capacitance-driving outputs 

• TRI-STATE outputs 
• Built-in damping resistor (OS1645/0S3645) 

Dual-In-Line Package 

vcc ~s~l DATA F !IF DATA E DE DATA 0 110 

DATA 0 o-e=====:-= 
DATAE o-C = = = = = == 
DATAF o-C = == = = = = ====:J-00E ==== :J-oaF 

IN DATA A DA 
ENBL 

DATA B DB DATAC ac GND 

TOP VIEW 

~I~~~~~ 0-------1 :l-o------------i 

Truth Table 

INPUT OUTPUT 
DATA 

ENABLE DISABLE 

1 0 1 

1 0 0 

0 0 X 

X 1 X 

x = Don't care 
Hi-Z = TRI-STATE mode 

OUTPUT 

0 

1 

Q 

Hi-Z 
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Order Number DS1645J, DS1675J, DS3645J, 
DS3675J, DS3645N or DS3675N 

See NS Package J16A or N16A 

OPERATION 

Data Feed-Through 

Data Feed-Through 

Latched to Data Present 
when Enable Went Low 

High Impedance Output 



Absolute Maximum Ratings (Note') Operating Conditions 

Supply Voltage, VCC 
Logical '!1" Input Voltage 
Logical "0" Input Voltage 
Storage Temperature Range ° 
Maximum Power Oissipation* at 25 C 

Cavity Package 
Molded Package 

Lead Temperature (Soldering, 10 seconds) '. 

7V 
7V 

-1.5V 
_65°C to +150

o
C 

1433 mW 
1362 mW 

300°C 

Supply Voltage (VCC) 

Temperature (T A) 
OS1645, OS1675 
OS3645, OS3675 

*Oerate cavity package 9.6 mW/C above 25°C; derate molded 
package 10.9 mW/oC above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS 

VIN(1) Logical "'" Input Voltage 

VIN(O) Logical "0" Input Voltage 

IIN(l) Logical "1" Input Current VIN = 5.5V Enable Inputs 

VCC = 5.5V Data Inputs 

IIN(O) Logical "0" Input Current VIN = 0.5V Enable Inputs 

VCC = 5.5V Data Inputs 

VCLAMP Input Clamp Voltage VCC = 4.5V, liN = -18 mA 

VOH Logical "1" Output Voltage OS1645,OS1675 

(No Load) 
VCC = 4.5V, 10H = -101lA 

OS3645, OS3675 

VOL Logical "0" Output Voltage OS1645,OS1675 

(No Load) 
VCC = 4.5V, 10L = 10 IlA 

OS3645, OS3675 

VOH Logical "1" Output Voltage OS1645 

(With Load) OS1675 
VCC = 4.5V, 10H = -1.0 mA 

OS3645 

OS3675 

VOL Logical "0" Output Voltage OS1645 

(With Load) OS1675 
VCC = 4.5V, 10L = 20 mA 

OS3645 

OS3675 

lID Logical "1" Orive Current VCC = 4.5V, VOUT = OV, (Note 4) 

100 Logical "0" Orive Current VCC = 4.5V, VOUT = 4.5V, (Note 4) 

1HZ TRI·STATE Output Current VOUT = O.4V to 2.4V, Output Oisable = 2.0V 

ICC Power Supply Current Output Oisable = 3V 

All Other Inputs = OV 
VCC= 5.5V 

Input Enable = 3V 

All Other Inputs = OV 

MIN 

4.5 

-55 
0 

MIN TYP 

2.0 

0.1 

0.2 

-50 

-100 

-D.75 

2.7 3.6 

2.8 3.6 

0.25 

0.25 

2.4 3.5 

2.5 3.5 

2.6 3.5 

2.7 3.5 

0.6 

0.4 

0.6 

0.4 

-250 

150 

-40 

60 

40 

MAX UNITS 

5.5 V 

+125 °c 
+70 °c 

MAX UNITS 

V 

0.8 V 

40 IlA 

80 IlA 

-250 IlA 

-500 IlA 

-1.2 V 

V 

V 

0.4 V 

0.35 V 

V 

V 

V 

V 

1.1 V 

0.5 V 

1.0 V 

0.5 V 

mA 

mA 

40 IlA 

100 mA 

80 mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified minImax limits apply across the -55°C to +125°C temperature range for the OS1645 and OS1675 and 
across the O°C to +70°C range for the OS3645 and OS3675. All typical values are for T A = 25°C and VCC = 5V. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 
Note 4: When measuring output drive current and switching response for the OS1675 and 053675 a 15 ohm resistor should be placed in series 
with each output. This' resistor is internal. to the 051645/0S3645, and need not be added. 
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Switching Characteristics VCC = 5V, T A = 25°C, unless otherwise noted. (Note 4) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tS+- Storage Delay Negative Edge CL = 50 pF 4.5 7 ns 
(Figure 1) 

CL = 500 pF 8 12 ns 

ts-+ Storage Delay Positive Edge CL = 50 pF 6 8 ns 
(Figure 1) 

CL = 500 pF 9 13 ns 

tF Fall Time CL = 50 pF 5 8 ns 
(Figure 1) 

CL = 500 pF 21 35 ns 

tR Rise Time CL = 50 pF 6 9 ns 
(Figure 1) 

CL = 500 pF 22 35 ns 

tSET-UP Set-Up Time on Data Input 

Before Input-Enables Goes 10 a ns 

Low 

tHOLD Hold Time on Data Input 

After Input Enable Goes 15 5 ns 

Low 

tw Minimum Width of 

Enable Pulse to 20 5 ns 

Latch Data 

tZL Delay from Disable Input to CL = 50 pF, RL = 2 kn to VCC, (Figure 2) 

Logical "0" Level (from High 10 15 ns 

Impedance State) 

tZH Delay from Disable Input to CL= 50 pF. R L = 2 kn to Ground. (Figure 2) 

Logical "1" ,Level (from High 10 15 ns 

Impedance State) 

tLZ Delay from Disable Input to CL = 50 pF. RL = 400n to VCC. (Figure 3) 

High Impedance State (from 16 25 ns 

Logical "0" Level) 

tHZ Delay from Disable Input to CL = 50 pF. RL = 400n to Ground. (Figure 3) 

High Impedance State (from 16 25 ns 

Logical "1" Level) 

Schematic Diagram 
EOUIVALENT INPUT EOUIVALENT OUTPUT - ~Vcc 

I-----t----~ 
.~ 

: I . 
......... 

I I ~ 
...... 

I I 
Ie.... 

15* 

INPUTQ--1~ I INTERNAL IJ ...... .A A .. A.., -C. OUTPUT 

I LOGIC 
CIRCUITRY I V I 

I ~ I > .~ 

~ 

~ I 
:. 

I : *051645/053645 only 
.4 

I . ~ L----t:----J 
~ GNO 
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AC Test Circuits and Switching Time Waveforms 

Vee 

JV 

'''UT ---{';v 
OV 

-ts+_ 
........ '\1\0"'""" ..... -0 V 0 UT 

}~1.5V 
~ts-+ 

OUTPUT 

Note 1: The pulse generator has the following characteristics: ZOUT = 50 nand PRR ::;. 1 MHz. Rise 
and fall times between 10% and 90% points::;' 5 ns. 

Note 2: CL includes probe and jig capacitance. 

FIGURE 1 

tZH 

Vee 

t--""'II'v-..... - ..... --o Vo UT 

2k 

tZL 

Vee 
0.1 pF 

1 DISABLE 
INPUT 

VIN VOUT OUTPUT 

" OV 

ISO" ~'" ~ Vee 

0.5V 
-::-

*Internal on DS1645 and DS3645 

FIGURE 2 
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AC Test Circuits and Switching Time Waveforms (Continued) 

tHZ tLZ 

VCC 0.1 ~F VCC 

~ 
DISABLE 

INPUT 

VOH 
*RD OUTPUT 

VIN VOUT VIN VOUT 

5O'F
J 

400 J50'F 
VOL 

-= -= -= 
*Internal on DS1645 and DS3645 

FIGURE 3 

Operating Waveforms 

INPUT 
ENABLE 

OUTPUT 
DISABLE 

Using TRI-STATE 

OUTPUT·- - ~ ~ 
~"~ _ -J/.;.J 

j DATA ~ LATCHED 

OUTPUT OUTPUT OUTT:I~T 
[---TRI.STATE ACTIVE STATE 

TRI-STATE Disabled 

1.5V 

* - ""'\ r--------
~J ... _______ _ 

I DATA-+- DATA 
IFEED· LATCHED 

THRDUGH 

f------OUTPUT ACTIVE ----~ 

*When the Input Enable makes a positive transition the output will be indeterminate for a short duration. 
The positive transition of the Input Enable normally occurs during a don't-care timing state at the output. 

Typical Applications 
The 053645 and 053675 latch/driver has TRI-5TATE 
outputs, which allows the outputs to be tied with those 
of another TRI-5TATE driver, such as the OS3646 and 

OS3676 refresh counter. The 053645 and OS3675 can 
be disabled while the alternate driver controls the address 
lines into the memory system. 

""j INPUTS 

REFRESH 
CONTROL 

DS3645/ 
DS3675 
DRIVER 
LATCH 

DUTPUT 
DISABLE 

I MOS M'EMORY 
I-I-I-H~-- SYSTEM 

I-I-I-I-H~

I-I-+-+-+-H .... 
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~National 
~ Semiconductor 

Memory.5upport 

051647/053647, 0516771053677, 051614710536147, 
051617710536177 Quad TRI·5TATE® M05 Memory 
1/0 Registers 
General Description 
The OS1647/0S3G47 series are 4-bit I/O buffer registers 
intended for use in MOS memory systems_ The circuits 
employ a fall-through latch for data storage. Th is method 
of latching captures the data in parallel with the output, 
thus eliminating the delays encountered in other designs. 
The circuits use Schottky-clamped transistor logic for 
minimum propagation delay and el)1ploy PNP input 
transistors·so that input currents are low, allowing large 
fan-out to these circuits needed in a memory system. 

Two pins per bit are provided, and data transfer is bi
directional so that the register can handle both input and 
output data. The direction of data flow is controlled 
through the input enables. The latch control, when 
taken low, will cause the register to hold the data present 
at that time and display it at the outputs_ Oata can be 
latched into the register independent of the output 
disables or EXPANSION input. Either or both of the 
outputs may be taken to the high-impedance state with 
the output disables. The EXPANSION pin disables both 
outputs to facilitate multiplexing with other I/O regis
ters on the same data lines. 

The "S" port outputs in the OS16147/0S36147 and 
OS 16177 /OS36177 are open coli ectors, and in the 

Logic and Connection Diagrams 

OS1647/0S3647 and OS1677/0S3677 they are TRI
STATE. The "S" port outputs are also designed for use 
in bus organized data transmission systems and can sink 
80 mA and source -5.2 mAo The "Au port outputs in 
all four tYpes are TRI-STATE. 

Oata going from port "A" to port "S" is inverted in the 
OS1647/OS3647 and OS16147/0S36147 and is not 
inverted in the OS1677 /OS3677 and OS16177 /OS36177_ 
Oata going from port "S" to port "A" is inverted in 
all four types. 

Features 
• PNP inputs minimize loading 

• Fall-through latch design 

• Propagation delay of only 15 ns 

• TRI-STATE outputs 

• EXPANSION control 

• Si-directional data flow 

• TTL compatible 

• Transmission line driver output 

r---------------------, 
I I 

Al 

I 
I 
I 
I 
I 
I 

L ____ _ 

A2o-[===== 
A3o-[===== 
A4o-[ = = = = = 

r-----
I 
I 
I 
I L ____ _ 

INPUT 
ENABLES 

A B 

61 

_____ --l 

= = = = = }--<l 62 
= = = = = }--<l 63 
= = = = '= }--<lB4 -----, 

I 
I 
I 
I 

_.:-_--l 

"ii'iiTPii'T EXPANSION 

OISABLES 

*Inverting DS1647/DS3647 and DS16147/DS36147 only 
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Dual-In-Line Package 

61 

Al 

{

A 
INPUT 

ENABLE 6 

A2 
B2 A3 

GND B3 

TOP VIEW 

Order Number DS1647D, DS3647D. DS1677D, 
DS3677D,DS16147D,DS36147D,DS16177D, 
DS36177D,DS3647N,DS3677N,DS36147N 

or DS36177N 
See NS Package D16A or N16A 



Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

5upply Voltage 7V 5upply Voltage (VCC) 4.5 5.5 V 
Input Voltage -1.5V to +7V Temperature (T A) 
5torage Temperature Range -65° C to +150° C 051647,051677,0516147, -55 +125 °c 
Maximum Power Dissipation * at 25°C 0516177 \ 

Cavity Package 1509 mW 053647,053677,0536147, 0 +70 °c 
Molded Package 1476 mW 0536177 

Lead Temperature (50ldering, 10 seconds) 300°C 

*Oerate cavity package 10.1 mW/o C above 25° C; derate molded 
package 11.8 mWrC above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

VIN(l) Logic "1" Input Voltage 2.0 V 

VIN(O) Logic "0" Input Voltage 0.8 V 

IIN(l) Logic "1" Input Current Latch, Disable Inputs 0.1 40 pA 

Expansion 0.2 80 pA 
VCC = 5.5V, VIN = 5.5V 

A Ports, B Ports 0.2 100 pA 

Enable Inputs 0.4 200 pA 

IIN(O) Logic "0" Input Current Latch, Disable Inputs -25 -250 pA 

Expansion -50 -500 pA 
VCC = 5.5V, VIN = 0.5V 

A Ports, B Ports / -50 -500 pA 

Enable, Inputs -0.1 -1.25 mA 

VCLAMP Input Clamp Voltage VCC = 4.5V, liN = -18 mA -0.6 -1.2 V 

VOL(A) Logic "0" Output Voltage VCC = 4.5V, 10L = 20 mA 0.4 0.5 V 

A Ports 

VOL(B) Logic "0" Output Voltage 10L = 30 mA 0.3 0.4 V 

B Ports 
VCC= 4.5V 

IOL = 50 mA 0.4 0.5 V 

VOH(A) Logic "1" Output Voltage VCC = 5V 3.0 3.4 V 

A Ports 
10H=-lmA 

VCC = 4.5V 2.5 3.4 V 

VOH(B) Logic "1" Output Voltage VCC = 5V 2.9 3.3 V 

B Ports 
10H = -5.2 mA, (Note 4) 

VCC = 4.5V 2.4 3.3 V 

10S(A) Output Short·Circuit Current VCC = 4.5V to 5.5V, VOUT = OV, (Note 5) -30 -50 -100 mA 

A Port 

10S(B) Output Short·Circuit Current VCC = 4.5V to 5.5V, VOUT = OV, (Notes 4 and 5) -30 -60 -100 mA 

B Port 

ICC Power Supply Current Exp = 3V, A Ports = OV, 051647,0516147 100 110 mA 

B Ports Open, All Other Pins = OV 053647,0536147 100 140 mA 

Enable A, Latch = 3V, A Ports = 051647,0516147 70 80 mA 

OV, B Ports Open, All Other 053647,0536147 70 105 mA 

Pins = OV 

Exp = 3V, A Ports = OV, 051677,0516177 105 115 rnA 

B Ports Open, All Other Pins = OV 053677,0536177 105 145 mA 

Enable A, Latch, A Ports = 3V, 051677,0516177 75 85 mA 

B Ports Open, All Other Pins = OV 053677, 0536177 75 110 rnA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the 051647, 051677, 0516147, 
0516177 and across the O°C to +70°C range for the 053647, 053677, 0536147,0536177. All typicals are given for VCC = 5V and TA = 25°C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
Note 4: Not applicable to 0516147/0536147 or 0516177/0536177. 
Note, 5: Only one output at a time should be shorted. 
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Switching Characteristics (Vcc = 5V, TA = 25°C) 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 
DATA TRANSFER B PORT TO A PORT, ALL DEVICES 

tpdO PlOpagatioll Delay to a Logic "0" CL = 50 pF, RL = 280 n, 7.5 15 ns 

(Figures 1 and 4) 

tpdl Propagation Delay to a Logic "1" CL = 50 pF, RL = 280 D, 6.0 12 ns 

(Figures 1 and 4) 

A PORT CONTROL FROM OUTPUT DISABLE A INPUT, ALL DEVICES 

tLZ Delay to High Impedance from (Figures 1 and 5) 13 20 ns 

Logic "a" 
tHZ Delay to High Impedance from (Figures 1 and 6) 14 20 ns 

Logic "1" 

tZL Delay to Logic "0" from High (Figures 1 and 7) 10 15 ns 

Impedance 

tZH Delay to Logic "1" from High (Figures 1 and 8) 25 35 ns 

Impedance 

DATA TRANSFER A PORT TO B PORT, DS1647/DS3647 

tpdO Propagation Delay to a Logic "0" CL = 50 pF, RL = 100 n, 6.5 12 ns 

(Figures 2 and 4) 

tpdl Propagation Delay to a Logic "1" CL = 50 pF, RL = 100 D, 8.0 15 ns 

(Figures 2 and 4) 

DATA TRANSFER A PORT TO B PORT, DS1677/DS3677 

tpdO Propagation Delay to a Logic "0" CL = 50 pF, RL = 100 D, 12.5 20 ns 

(Figures 2 and 4) 

tpdl Propagation Delay to a Logic" 1" CL = 50 pF, RL = 100 D, 8.5 15 ns 

(Figures 2 and 4) 

DATA TRANSFER A PORT TO B PORT DS16147/DS36147 

tpdO Propagation Delay to a Logic "0" CL = 50 pF, (Figures 3 and 4) 18 25 ns 

tpd1 Propagation Delay to a Logic "1" CL = 50 pF, (Figures 3 and 4) 7.0 15 ns 

DATA TRANSFER A PORT TO B PORT, DS16177/DS36177 

tpdO Propagation Delay to a Logic "0" CL = 50 pF, (Figures 3and 4) 13.5 21 ns 

tpdl Propagation Delay to a Logic "1" CL = 50 pF, (FI{;ures 3 and 4) 18 25 ns 

B PORT CONTROL FROM OUTPUT DISABLE B INPUT, DS1647/DS3647, DS1677/DS3677 

tLZ Delay to High Impedance from (Figures 2 and 5) 15 25 ns 

Logic "a" 

tHZ Delay to High Impedance from (Figures 2 and 6) 14 20 ns 

Logic "1" 

tZL Delay to Logic "a" from High (Figures 2 and 7) 10 16 ns 

Impedance 

tZH Delay to Logic "1" from High (Figures 2 and 8) 25 35 ns 

Impedance 

B PORT CONTROL FROM OUTPUT DISABLE B INPUT, DS16147/DS36147, DS16177/DS36177 

tLZ Delay to High Impedance from (Figures 3 and 5) 15 25 ns 

Logic "a" 

tZL Delay to Logic "a" from High (Figures 3 and 7) 11 17 ns 

Impedance 

LATCH SET·UP AND HOLD TIMES, ALL DEVICES 

tSET.UP Set-Up Time of Data Input Before 10 a ns 

Latch Goes Low 

tHOLD Hold Time of Data Input After a ns 

Latch Goes Low 
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Product Description 

DEVICE NUMBER 
B PORT TO A PORT A PORT TO B PORT 

A PORT OUTPUTS B PORT OUTPUTS 
FUNCTION FUNCTION 

OS1647/0S3647 Inverting Inverting TRI-STATE TRI-STATE 

OS 1677 /OS3677 Inverting Non-Inverting TRI-STATE TRI-STATE 

OS16147/0S36147 Inverting Inverting TRI-STATE Open-Collector 

OS16177/0S36177 Inverting Non-Inverting TRI-STATE Open-Collector 

Truth Table 

INPUT ENABLES OUTPUT DISABLES APORTS 
BPORTS B PORTS 

L'ATCH EXPANSION Al-A4 
Bl-B4 BI-84 

COMMENTS 
OS1647, OS16147 OSI677,OSI6177 

A B A B ALL DEVICES 
OS3647,OS36147 OS3677,OS36177 

1 0 1 0 0 a Hi-Z A A, Data In on A, output to B 

0 1 1 0 0 0 B Hi-Z Hi-Z Data In on B. output to A 

1 0 0 0 0 0 Hi-Z A A Data stored which is present 
when latch goes low 

0 1 0 0 0 0 B Hi-Z Hi-Z Data stored which is present 
when latch goes low 

1 -0 X 0 1 0 Hi-Z Hi-Z Hi-Z Both A and B in Hi-Z state, 
Data In on A, may be latched 

0 1 X 1 0 0 Hi-Z Hi-Z Hi-Z Both A and B in Hi-Z state, 
Data In on B, may be latched 

X X X X X 1 Hi-Z Hi-Z Hi-Z Both A and B in Hi-z" state 

AC Test Circuits 

Vee ~ 5V Vee = 5V 

TEST ) TEST ( 

POINT POINT 

~ 280 
) 

.~ 100 ,. . 
OUTPUT _ L~ OUTPUT _ ...... 

I~ I~ 

~~, ." 
50~~-~ : eL ." 

_ .... 
lk 

~, 
50pF-~ .~ Ik 

." (NOTEllI .. 
_ .... 

(NOTEIlI .. 
_ .... 

':" -=: ~, ':" ~ ~~ --
-:: ~ 

FIGURE 1. A Port Load, All Circuits FIGURE 2, B Port Load, OS3647, OS3677 

Vee = 5V 

TEST ( 

POINT 

0 
: ~ 100 

OUTPUT ... 

50 ~~--- .~ 200 

INOT"'I : 
':" ~ 

FIGURE 3. B Port Load, OS36147, OS36177 

Note 1: CL includes probe and jig capacitance. 
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Operating Waveforms 
Using TRI·STATE® TRI·STATE® Disabled 

-fINPUT DATA VALID 1 
DATA r------, 
INPUT _ _ J \.. ______ _ 

• CINPUTDATAVALlD~ , X--------x---
_ ___ ._J \... __ _ 

INPUT / \ / ENABLE 

~ OUTPUT ////II DISABLE 

OUTPUT- - ---.(((((( \)))\'r--

L U.U:U.u, - - - JJ.L.JJJ I 
DATA 

LATCHED 

OUTPUT OUTPUT OUTPUT 
TRI.STATE----t ACT'" iT"",,,,-j 

---X~~-"'\ 

--~~------------I DATA I DATA 
r-FEED·THROUGH~---LATCHED 

i--------OUTPUT ACTlVE--------l 

*When the I nput Enable makes a negative transition, the output will be indeterminate for a short duration. The negative transition of 
the Input Enable normally occurs during a don't-care timing state at the output. 

Switching Time Waveforms 

INPUT 

OUTPUT 
(INVERTED) 

OUTPUT 
(NON·INVERTED) 

tpdO and tpd1 

OV 

-ltpdl~1 ' 
~1.5V 1.5vL 

Input Characteristics: f = 1 MHz, tR = tF S 5 ns (10% to 90% points), duty cycle = 50%, ZOUT = 50 .!1 

FIGURE 4 

tLZ tHZ 

"L 3V~ INPUT 1.5V INPUT 1.5V 

ov~ ov~ HI·Z LOGIC "I" t 
OUTPUT 

LOGIC "0" c..l 
OUTPUT VOLTAGE ---A 

VOLTAGE --r HI·Z---
0.5V 

0.5V 

FIGURE 5 FIGURE 6 

tZL tZH 

3V~ "~ INPUT 1.5V INPUT 1.5V 

ov~ 
OV 

tZH 

HI·Z ""C"'"~ 
OUTPUT OUTPUT VOL TAGE ~ 

LOGIC "0" ___ 
HI·Z --r VOLTAGE 

0.5V 
0.5V 

FIGURE 7 F!GURE 8 
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Schematic Diagram 

EQUIVALENT INPUT EQUIVALENT OUTPUT 
VCC r-----, 

I I 
I I 
I 

INPUT 

Typical Application 

The diagram below' shows how the DS3677 can be used 
as a register capable of multiplexing data lines. 

4 
DATA LINES 

(MULTIPLEXED) 

~ 

~-
~f-~ 

AI Bl-

A2 OS3677 B2 --
A3 B3 ~ 

A4 B4_ 
EXPANSION 

I 

~ 

DS3677 
!-
!-
~ 

OUTPUT 16 

~~-----~~------~~.-oGND 

Note. Data pins A 1-A4 and 81-84 consist of 
an input and an output tied together. 
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I 

dJ ~ r-- 1 Of 4 ~"- ...... 
DECODER DS3677 - DM75155 

~ 
~f-r- !-

!-

J 

"- !-
"--

DS3677 
r-

~ !-

!-

I 

TOI~:~~ _____ ... ,::=tNPtT ENABLES 

ARRAY ~ 

TO DS3677 LATCH INPUTS 

co~~~g~---------------------~t 

OATA LINES 
TO MOS 
MEMORY 
ARRAY 



~National 
~ Semiconductor 

Memory Support 

051648/053648, 051678/053678 TRI·5TATE® TTL to M05 
Multiplexers/Orivers 
General Description 
The OS 1648/0S3648 and OS1678/0S3678 are quad 
2-input multiplexers with TR I-STATE outputs designed 
to drive the large capacitive loads (up to 500 pF) 
associated with MOS memory systems. A PNP input 
structure is employed to minimize input currents so that 
driver loading in large memory systems is reduced. The 
circuit employs Schottky-clamped transistors for high 
speed and TR I-STATE outputs for bus operation. 

The OS1648/0S3648 has a 15 n resistor in series with 
the outputs to dampen transients caused by the fast
switching output. The OS1678/0S3678 has .a direct, 

Logic and Connection Diagrams 
OUTPUT (15) 

CONTROL 

Al~---------------;~ 

Bl ~------i--------;----" 

A2~------i-----~-;----" 

A3~~----i-----~-;----" 

B3~~----i------r-;----" 

A4~~----+-----~-;~ 

B4 ~------+-----~-;~ 

SELECT 

Schematic Diagram 
EDUIVALENT INPUT 

Y2 

Y3 

Y4 

low impedance output for use with or without an 
external resistor_ 

Features 
• TRI-STATE outputs interface directly with system 

bus 

• Schottky-clamped for better ac performance 

• PNP inputs to minimize input loading 

• TTL compatible 

• High-speed capacitive .Ioad drivers 

• Built-in damping resistor (OS1648/0S3648 only) 

Dual-In-Line Package 

INPUTS INPUTS 
OUTPUT ---------. OUTPUT ~ OUTPUT 

VCC CONTROL A4 B4 Y4 A3 B3 Y3 

SELECT Al 81 Yl A2 82 Y2 GND 
'---v----' OUTPUT '---v----' OUTPUT 

INPUTS INPUTS 

TOPVIEW 

Order Number DS1648J, DS3648J, DS1678J, 
DS3678J, DS3648N or DS3678N 

See NS Package J16A or N16A 

EQUIVALENT OUTPUT 
~---------------'---------------'----~~----OVCC 

INPUT 
INTERNAL 

lOGIC 
CIRCUITRY 

15* 

,-""''''''''0() OUTPUT 

L-_+----------------~--------------.-----_+----_oGNO 

*051648/0S3648 only 
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Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage 
Logical "1" Input Voltage 
Logical "0" Input Voltage 
Storage Temperature Range 
Maximum Power Dissipation' at 25° e 

Cavity Package 
Molded Package 

Lead Temperature (Soldering, 10 seconds) 

7V 
7V 

-1.5V 
-65° e to +150° e 

1433 mW 
1362 mW 

3000 e 

SUPply Voltage (Vee) 

Temperature (T A) 
DS1648, DS1678 
DS3648, DS3678 

"Derate cavity package 9.6 mW/oe above 25°e; derate molded 
package 10.9 mW/oe above 25°e. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS 

VIN(1) Logical "1" Input Voltage 

VIN(O) Logical "0" I nput Voltage 

IIN(1) Logical "1" Input Current VCC = 5.5V, VIN = 5.5V 

IIN(O) Logical "0" Input Current VCC = 5.5V, VIN = 0.5V 

VCLAMP Input Clamp Voltage VCC = 4.5V, liN = -18 mA 

VOH Logical "1" Output Voltage OS1648/0S1678 

(No Load) 
VCC = 4.5V, IOH = -10 /lA 

OS3648/OS3678 

VOL Logical "0" Output Voltage OS1648/0S1678 

(No Load) 
VCC = 4.5V, IOL = 10 pA 

OS3648/0S3678 

VOH Logical "1" Output Voltage OS1648 

(With Load) OS1678 
VCC = 4.5V, IOH = -1.0 mA 

OS3648 

OS3678 

VOL Logical "0" Output Voltage OS1648 

(With Load) OS1678 
VCC = 4.5V, IOL = 20 mA 

OS3648 

OS3678 

110 Logical "1" Orive Current VCC = 4.5V, VOUT = OV, (Note 4) 

100 Logical "0" Orive Current VCC = 4.5V, VOUT = 4.5V, (Note 4) 

IHi-Z TR I-STATE Output Current VOUT = O.4V to 2.4V, Output Control = 2.0V 

ICC Power Supply Current Output Control'" 3V 

VCC = 5.5V 
All Other Inputs at OV 

All Inputs at OV 

MIN 

4.5 

-55 
0 

MIN TYP 

2.0 

0.1 

-50 

-0.75 

2.7 3.6 

2.8 3.6 

0.25 

0.25 

2.4 3.5 

2.5 3.5 

2.6 3.5 

2.7 3.5 

0.6 

0.4 

0.6 

0.4 

-250 

150 

-40 

42 

20 

MAX UNITS 

5.5 V 

1125 "e 
+70 'e 

MAX UNITS 

V 

0.8 V 

40 /lA 

-250 /lA 

-12 V 

V 

V 

0.4 V 

0.35 V 

V 

V 

V 

V 

1.1 V 

0.5 V 

1.0 V 

0.5 V 

mA 

mA 

40 /lA 

60 mA 

32 mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the -55°e to +125°e temperature range for the DS1648 and DS1678 and across 
the O°C to +70o e range for the DS3648 and DS3678. All typical values are for TA = 25°e and Vee = 5V. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 
Note 4: When measuring output drive current and switching response for the DS1678 and DS3678 a 15 n resistor should be placed in series with 
each output. This resistor is internal to the DS1648/DS3648 and need not be added. 
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Switching Characteristics (Vcc = 5V, T A'" 25
U

C) (Note 4) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
- .-- - ._------- . 

: ~;.. - S{,)I:: Ii' Uv··jr' ;'2.',Llt II. '...:.ti.\'\ CL c 50 pF 5 7 ns 
(Figure 7) 

CL" 500 pF 9 12 ns 

ts-+- StorJgc Delay Positive Edge CL=50pF 6 8 ns 
(Figure 1) 

CL ~ 500 pF 9 13 ns 
-----

tF Fall Til1',c CL'~50pF 5 8 ns 
(Figure 1) 

CL=500pF 22 35 ns 

tR Rise Tlmr CL = 50 pF 6 9 ns 
(Figure 1) 

CL = 500 pF 22 35 ns 
_______ A ___ ._ 

tZL i)('lilY hom Output Control Input to Logical "0" CL = 50 pF, 

Ll~vel (110111 Hir]h Impedance State) (Figure 2) 

RL = 2 k!2 to VCC, 
10 15 ns 

tZH Delay f!"Om Output Control Input to LogicJI "1" CL~50pF, RL = 2 kn to Gnd, 
8 15 ns 

Level (from High Illlpcdclnce State) (Figure 2) 

tLZ Delay from Output Control Input to High Impedance CL=50pF, RL = 400 n to VCC, 
15 25 ns 

State (from Logical "0" Level) (Figure 3) 

tHZ Delay from Output Control Input to High Impedance CL=50pF, Rl = 400 n to Gnd, 
10 25 ns 

State (from Lo(]icJI "1" Level) (Figure 3) 

tS+-- Propagation Delay to Logical "0" Transition When 
CL=50pF, (Figure 1) 12 15 ns 

Select Selects A 

ts-+- Plopagiltiun Delay to Logical "1" Transition When 
CL = 50 pF, (Figure 1) 14 17 ns 

Sci ect Sci ects A 

tS+- Propagation Delay to Logical "0" Transition When 
CL = 50 pF, (Figure 1) 16 20 ns 

Select Selects B 

ts-+- Propagation Delay to Logical "1" Transition When 
CL-50pF, (Figure 1) 14 20 ns 

Select Selects B 

AC Test Circuits and Switching Time Waveforms 
ts+--. ts-+. tR. tF 

Vee 

OUT 
*RD 

IN D U T ........ """"v-..... -O v D U T 

CL 

IINDTE21 

3V~ INPUT 1.5V 1.5V 

OV 

IS+- IS-+ 

OUTPUT 

Note 1: The pulse generator has the following characteristics: ZOUT = 50 nand PRR :::: 1 MHz. Rise and fall times between 10% and 90% points 
:S: 5 ns. 
Note 2: CL includes probe and jig capacitance. 

FIGURE 1 

tZH tZL 

vee 
0.1 "F 

~ INPUT~ 
IZH 

Vee 0.1. F 

~. 

1-"I\1\r ..... - .... 0 Va UT VOUT 
OUTPUT 

~"'" J"" L 
--E

05V 

-= 
* I nternal on OS 1648 and OS3648 FIGURE 2 
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AC Test Circuits and Switching Time Waveforms (Continued) 

tHZ 

vee 0.1 ~F 

VIN ~ 
*RO 

VOUT 

"''1' 400 

"::" "::" 

*Internal on 051648 and 053648 

Truth Table 

OUTPUT 
CONTROL 

H 

L 
,L 

L 

L 

H = High level 
L = Low level 
X = Don't care 

tLZ 

Vee 

VIN 

':" 

FIGURE 3 

INPUTS 

SELECT A B 

X X X 

L L X 

L H X 

H X L 

H X H 

Hi-Z = TRI-STATE mode 

Typical Applications 

Addressing 16k RAM 

SElECT 
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0.1 ~F 

400 ~ 
VOUT 

r"" 

OUTPUTS 

Hi-Z 

H 

L 

H 

L 

16k 
RAM 

ARRAY 

INPUT 

VOH 

OUTPUT 

VOL 



Typical Applications(continued) 

Refreshing Using TRI-STATE Counter 

TRI-STATE 
CONTROL 

All 

AID 

A9 

A8 

A7 

A6 

AS 

A4 

A3 

A2 

Al 

AD 

-

--

T 
OUTPUT 

Al CONTROL 

A2 

A3 

A4 VI 
OS3648 V2 

OR 
OS3678 V3 

01 V4 

02 

03 

04 

r-
OUTPUT 

L- Al CONTROL 

100-.- A2 

VI 
OS3648 

OR V2 
OS3678 

'--- 01 

TRI·ST 
CONT 

ATE 
ROl 

Cl OCK 

02 

I 
6·01T 

TRI-STATE -
REFRESH -COUNTER 

053646 
OR 

053676 

I 

MOS RAM 
REOUIRING 

ADDRESS 
MUl TI· 

PlEXING 

2:1 Multiplexing of RAM Outputs 

r- --:J
A7 

I 
I 
I 
I 
I 

MOS RAM 
ARRAV 

8 
MOS 

OUTPUTS 

L ___ ~ 

V4 

6-45 

} 

4 MOS OUTPUTS 
(INVERTED) 

AlO SELECT 



~National . 
~ Semiconductor 

Memory Support 

051649/053649, 051679/053679 Hex TRI·STATE® TTL to 
MOS Drivers 
General Description 
The OS1649/0S3649 and OS1679/0S3679 are Hex 
TR I·ST ATE MOS drivers with outputs designed to drive 
large capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are employed to 
reduce input currents allowing the large fan·out to these 
drivers needed in memory systems. The circuit has 
Schottky·clamped transistor logic for minimum propaga
tion delay, and TR I-STATE outputs for bus operatio~. 

The OS1649/0S3649 has a 15 n resistor in series with 
the outputs to dampen transients caused by the fast
switching output. The OS1679/0S3679 has a direct low 

Schematic Diagram 

impedance output for use with or without an external 
resistor. 

Features 
• High speed capabilities 

• Typ 9 ns driving 50 pF 
• Typ 30 ns driving 500 pF 

• TRI-STATE outputs for data bussing 

• Built·in 15 n damping resistor (OS1649/0S3649) 

• Same pin·out as OM8096 and OM74366 

Truth Table 
EQUIVALENT INPUT EQUIVALENT OUTPUT VCC 

L ___ _ 

*051649/053649 only 

Connection Diagram 

Dual·1 n-Line Package 

VCC DIS 2 IN 6 OUTB IN 5 OUTS IN 4 OUT4 

DIS 1 IN lOUT 1 IN 2 Dun IN 3 OUT 3 GNO 

TOP VIEW 

Order Number DS1649J, DS3649J, 
DS1679J, DS3679J, DS3649N or DS3679N 

See NS Package J16A or N16A 

DISABLE INPUT 
INPUT OUTPUT 

DIS 1 DIS 2 

0 0 0 1 
15* OUTPUT, 0 0 1 0 

0 1 X Hi-Z 

1 0 X Hi-Z 

1 1 X Hi·Z 

x = Don't care 

Hi-Z = TRI-STATE mode 

GNO 

Typical Application 

6·BIT RAM 
ADDRESS 

6·BIT RAM 
ADDRESS 

CLOCK 

ADDRESS OR 
CO UNT SElECT 
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DS3649 - OR 

- DS3679 

.- MOS 

- DRIVER 

-- DISABLE 

----.J 
OS3646 

OR 
OS3676 

MOS -- COUNTER 
DRIVER 

ENABLE 

I 

r----. 
~----~ I 
I-----~ ADDRESS 1-____ -.., LINES 

I 
.1 
I 

I 
I 
I 

MM5Z70 
OR 

MM5ZBO 
MOS RAM 
ARRAY 

REFRESH & 
ADDRESS 
LINES 

I 
I 
I 
I 
I 
I 
I 
I 
I 

L ____ -' 

-' ---
'0" ADDRESS 
'I" COUNTER 



Absolute Maximum Ratings (Note 1) Operating Conditions 
Supply Voltage 7.0V MIN MAX UNITS 
Logical "1" Input Voltage 7.0V 

Supply Voltage (VccI 4.5 5.5 V 
Logical "0" Input Voltage -1.5V 
Storage Temperature Range -65°C to +150°C Temperature (T A) 

Maximum Power Oissipation " at 25°C OS1649,OS1679 --55 +125 °c 

Cavity Package 1371 mW OS3649,OS3679 0 +70 °c 

Molded Package 1280mW "Oerate cavity package 9.1 mW/oC above 25°C; derate molded 
Lead Temperature (Soldering, 10 seconds) 300°C package 10.2 mWr C above 25° c. 

Electrical Characteristics (Note 2 and 3) 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

VIN(l) Logical "l"lnput Voltage 2.0 V 

V'N(O) Logical "0" Input Voltage 0.8 V 

I'N(l) Logical "1" Input Current VCC = 5.5V VIN = 5.5V 0.1 40 f.J.A 

"N(O) Logical "0" Input Current VCC = 5.5V V,N = 0.5V -50 -250 f.J.A 

VCLAMP Input Clamp Voltage VCC = 4.5V liN ~ -18 mA -0.75 -1.2 V 

VOH Logical "1" Output Voltage OS1649/0S1679 2.7 3.6 V 

(No Load) 
VCC ~ 4.5V 10H ~ -10f.J.A 

OS3649/0S3679 2.8 3.6 V 

VOL Logical "0" Output Voltage OS1649/0S1679 0.25 0.4 V 

(No Load) 
VCC ~ 4.5V 10L ~ 10f.J.A 

OS3649/0S3679 0.25 0.35 V 

VOH Logical "1" Output Voltage OS1649 2.4 3.5 V 

(With Load) OS1679 2.5 3.5 V 
VCC ~ 4.5V 10H ~ -1.0 mA 

OS3649 2.6 3.5 V 

OS3679 ' 2.7 3.5 V 

VOL Logical "0" Output Voltage. OS1649 0.6 1.1 V 

(With Load) OS1679 0.4 0.5 V 
VCC ~ 4.5V 10L ~ 20 mA 

OS3649 0.6 1.0 V 

OS3679 0.4 0.5 V 

lID Logical "1" Orive Current 
VCC ~ 4.5V 

VOUT~OV 
-250 mA 

(Note 4) 

100 Logical "0" Orive Current 
VCC ~ 4.5V 

VOUT ~ 4.5V 

(Note 4) 
150 mA 

Hi-Z TRI-STATE Output VOUT ~ O.4V to 2.4V 
-40 40 f.J.A 

Current OISl or DIS2 ~ 2.0V 

ICC Power Supply Current One OIS Input = 3.0V 
42 75 mA 

VCC = 5.5V 
All Other I nputs ~ X 

All Inputs = OV 11 20 mA 

Switching Characteristics (Vee= 5V, TA = 25°e) (Note 4) 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

tS+- Storage Oelay Negative Edge CL ~ 50 pF 4.5 7 ns 
(Figure 1) 

CL = 500 pF 7.5 12 ns 

ts-+ Storage Oelay Position Edge CL = 50 pF 5 8 ns 
(Figure 1) 

CL ~ 500 pF 8 13 ns 

tF Fall Time CL ~ 50 pF 5 8 ns 
(Figure 1) 

CL = 500 pF 22 35 ns 

tR Rise Time CL = 50 pF 6 9 ns 
(Figure 1) 

CL = 500 pF 21 35 ns 

tZL Oelay from Disable Input to Logical "0" CL = 50 pF RL = 2 kn to VCC 
10 15 ns 

Level (from High Impedance State) to Gnd (Figure 2) 

tZH Oelay from Oisable Input to Logical "1" CL = 50 pF R L = 2 kn to Gnd 
8 15 

Level (from High Impedance State) to Gnd (Figure 2) 

tLZ Oelay from Disable Input to High Impedance CL = 50 pF R L = 400 n to V CC 
15 25 

State (from Logical "0" Level) to Gnd (Figure 3) 

tHZ Oelay from Oisable Input to High Impedance CL = 50 pF R L = 400 n to Gnd 
10 25 ns 

State (from Logical "1" Level) to Gnd (Figure 3) 
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Notes 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the 051649 and 051679 and across 
the COC to +"70°C range for the 053649 and 053679. All typical values are for T A = 25°C and VCC = 5V. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: When measuring output drive current and switching response for the 051679 and 053679 a 15 n resistor should be placed in series with 
each output. This resistor is internal to the 051649/053649 and need not be added. 

AC Test Circuits and Switching Time Waveforms 

Vee 

Vee 

Vee 

tZH 

...... \N\r-... O VOUT 

el JINOTE21 

I-IW\r-.... -_ ..... OVOUT 

2k 

I-IW\r-.... --..... O VOUT 

400 

*Internal on 051649 and 053649 

JV ,-----""\ 

INPOU: j1.5V ~ .... 1.5_V __ _ 

-----=-l _IS+_ --j I--Is-+ 

OUTPUT 

FIGURE 1 

Note 1: The pulse generator has the following characteristics: ZOUT = 50 nand PRR ::; 1 MHz. Rise and fall times between 10% and 90% points 
::; 5 ns. 

Note 2: CL includes probe and jig capacitance. 
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~ National Memory Support 
~ Semiconductor 
OS1651/053651, 051653/053653 Quad High Speed 
MOS 5ense Amplifiers 
General Description Features 

• High speed 

• TTL compatible 

• Input sensitivity - ±7 mV 

• TRI-5TATE outputs for high speed buses 

• 5tandard supply voltages - ±5V 

The 051651/053651 and 051653/053653 are TTL 
compatible high speed circuits intended for sensing in a 
broad range of M05 memory system applications. 
5witching speeds have been enhanced over conventional 
sense amplifiers by application of 5chottky technology, 
and TRI-5TATE® strobing is incorporated, offering a 
high impedance output state for bused organization. • Pin and function compatible with MC3430 and 

MC3432 
The 051651/053651 has active pull-up outputs, and the 
051653/053653 offers open collector outputs providing 
implied "AND" operations. 

Connection Diagram Truth Table 
Dual-In-Line Package 

Vee -IN B +IN BOUT B VEE OUT 0 +IN 0 -IN 0 

OUTPUT 

-IN A +IN A OUT A STB OUT C +IN e -IN e GNO 
TOP VIEW 

Order Number OS1651J, OS1653J, OS3651J, 
OS3653J, OS3651 N or OS3653N 

See NS Package J16A or N16A 

Typical Applications 

INPUT 

VID~ 7 mV 
T A = aOe to +7aoe 

-7mV~VID<;+7mV 

T A = aOe to +7aoe 

VID ~ -7 mV 
TA = aOe to +7aoe 

L = Low logic state 
H = High logic state 
Open =TRI-STATE 
X = Indeterminate state 

STROBE 053651 

L H 

H Open 

L X 

H Open 

L L 

H Open 

A Typical MOS Memory Sensing Application for a 4k word by 4-bit 
memory arrangement employing 1103 type memory devices 

lO--~I--OOATA BIT 4 

200 OATA BIT 3 

Jo---lh;-'O OAT A BIT 3 

200 OATA BIT 2 

JO--+ ......... -oOATA BIT 2 

200 DATA BIT I 

+5vO--i\M..--..... -------..... --<>--:---l:J;.o 
JO---ll--:--ODATA BIT I 

18k 
200 

STROBE 0-----0--+--1 

Note. Only 4 devices are required for a 4k word by 16-bit memory system. 
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('I) 
Lt') Absolute Maximum Ratings Operating Conditions co 
('I) (Note 1) 
(/) 

1\111\1 ~\1AX ur,lITS 
C Power Supply Voltages Supply Voltage (VCC) -('I) VCC +7 VOC OS1651,OS1653 4.5 5.5 VOC 
Lt') VEE -7 VOC OS3651,OS3653 4.75 5.25 VOC 
CO Oifferential·Mode Input Signal Voltage Supply Voltage (VEE) 

Ui Range, VIDR ±6 VOC OS1651,OS1653 -4.5 -5.5 VOC 

C Common·Mode Input Voltage Range, VICR ±5V OC OS3651, OS3653 -4.75 -5.25 VOC 
Strobe Input Voltage, VI(S) 5.5 VOC Operating Temp'erature (T A) 

~--
Storage Temperature Range -65°C to +150°C OS1651,OS1653 -55 +125 °c 
Maximum Power Oissipation * at 25°C OS3651,OS3653 0 +70 °c 

CO Cavity Package 1509 mW 
Output Load CUrrent, (IOL) 16 mA 

('I) Molded Package 1476 mW 

(/) Lead Temperature (Soldering, 10 seconds) 300°C Oifferential·Mode Input 

C * Derate cavity package 10.1 mWt C above 25° C; derate molded Voltage Range, VIOR -5.0 +5.0 VOC 

-.. package 11.8 mWt C above 25° C. Common-Mode Input 

~ Voltage Range (VICR) -3.0 +3.0 VOC 

CO Input Voltage Range (Any 

Ui 
Input to GNO), (VIR) -5.0 +3.0 VOC 

C 

Electrical Characteristics 
vcc= 5 Voc, VEE = -5 VOC, Min::::; T A::::; Max, unless otherwise noted (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIS Input Sensitivity, (Note 5) 

(Common·Mode Voltage Range = Min..s; VCC..s; Max 
±7.0 mV 

-3V..s; VIN..s; 3V) Min>- VEE:;::: Max 

VIO Input Offset Voltage 2 mV 

liB Input Bias Current VCC = Max, VEE = Max 20 /lA 

110 I nput Offset Current , 0.5 /lA 

VIL~S) Strobe Input Voltage (Low State) 0.8 V 

VIH(S) Strobe Input Voltage (High State) 2 V 

IIL(S) Strobe Current (Low State) VCC = Max, VEE = Max, VIN = OAV -1.6 mA 

IIH(S) Strobe Current (High State) VIN = 2AV 40 /lA 

VCC = Max, VIN = VCC 
OS3651,OS3653 

mA 

VEE =' Max VIN = 2AV 100 /lA 

VIN = VCC 
OS1651,OS1653 

mA 

VOH Output Voltage (High State) VCC = Min, 

VEE ~ Min 
10 =-400/lA OS1651/0S3651 2A V 

VOL Output Voltage (Low State) VCC = Min, OS3651,OS3653 OA5 
10= 16mA V 

VEE = Min OS1651,OS1653 0.50 

ICEX Output Leakage Current VCC = Min, 
Vo = Max OS1653/0S3653 250 /lA 

VEE = Min 

lOS Output Current Short Circuit VCC = Max, VEE = Max, 
OS1651/OS3651 -18 -70 mA 

(Note 4) 

10FF Output Oisable Leakage Current OS3651 40 /lA 
VCC = Max, VEE = Max 

OS1651 100 /lA 

ICC High Logic Level Supply Current VCC = Max, VEE = Max 45 60 mA 

lEE High Logic Level Supply Current VCC = Max, VEE = Max -17 -30 mA 
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Switching Characteristics 

Vcc = 5 VOC. VEE = -5 VOC. T A = 25°C unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

OS1651/ 
23 45 ns 

High-to-Low Logic Level Propagation OS3651 
tPHL(O) 

Delay Time (Differential Inputs) 
5 mV + VIS. (Figure 3) 

OS1653/ 
22 50 ns 

OS3653 

OS1651/ 
22 55 ns 

Low-ta-High Logic Level Propagation OS3651 
tPLH(D) 

Delay Time (Differential Inputs) 
5 mV + VIS. (Figure 3) 

OS1653/ 
24 65 ns 

OS3653 

tPOH(S) TR I-ST ATE to High Logic Level 
(Figure 1) 

OS1651/ 
16 21 ns 

Propagation Delay Time (Strobe) OS3651 

tPHO(S) High Logic Level to TR I-ST ATE 
(Figure 1) 

DS1651/ 
7 18 ns 

Propagation Delay Time (Strobe) OS3651 

tPOL(S) TR I-ST ATE to Low Logic Level 
(Figure 1) 

OS1651/ 
27 19 ns 

Propagation Delay Time (Strobe) OS3651 

tPLO(S) Low Logic Level to TRI-STATE 
(Figure 1) 

OS1651/ 
14 29 ns 

Propagation Delay Time (Strobe) OS3651 

tpH L(S) High-to-Low Logic Level 
(Figure 2) 

OS1653/ 
25 16 ns 

Propagation Delay Time (Strobe) OS3653 

tPLH(S) Low-to-High Logic Level 
(Figure 2) 

OS1653/ 
13 25 ns 

Propagation Delay Time (Strobe) OS3653 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Un less otherwise specified minImax lim its apply across the 0° C to +70° C range for the OS3651, DS3653 and across the -550 C to +125° C 
range for the OS1651. OS1653. All typical values are for T A = 25° C, V CC = 5V and VEE = -5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages. referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: A parameter which is of primary concern when designing with sense amplifiers is, what is the minimum differential input voltage required 
at the sense amplifier input terminals to guarantee a given output logic state. This parameter is commonly referred to as threshold voltage. It is 
well known that design considerations of threshold voltage are plagued by input offset currents, bias currents, network source resistances, and 
voltage gain. As a design convenience, the OS1651, OS1653 and OS3651, OS3653 are specified to a parameter called input sensitivity (V IS)' This 
parameter takes into consideration input offset currents and bias currents, and guarantees a minimum input differential voltage to cause a given 
output logic state with respect to a maximum source impedance of 200n at each input. 
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AC Test Circuits and Switching Time Waveforms 
SV 

VI O----..... -o()-~ 
vz o----~ ..... o()-~ 

Vl V2 51 52 CL 

tPLO(S) 100mV GND Closed Closed 15 pF 

tPOL(S) 100mV GND Closed Open 50 pF 

tPHO(S) GND 100mV Closed Closed 15 pF 

tPOH(S) GND 100mV Open Closed 50 pF 

CL includes jig and probe capacitance. 
EIN waveform characteristics: tTLH and tTHL ~ 10 ns 
measu red 10% to 90% 

Note. Output of channel B shown under test, other channels are tested similarly. 

tPLO(S) 

EO 

tPOL(S) 

EIN

3V

*=-0% 
ov 

tPOlIS) 
SV-VD I 

EO I.SV 

VOl-----'-----

PRR = 1 MHz 
Outy cycle = 50% 

3V---~------

SO% 

VOH 

OV~PHOIS) 
EO VOH - O.SV 

~ 1.5V 

tPOH(S) 

3V 

EIN 

OV 

tPOHIS) 

VOH 

EO 

OV 

FIGURE 1. Strobe Propagation Delay tPLO(S), tPOL(S), tPHL(S) and tPOH(S) 

SV 

100mVD---_-o-:-I 390 
-SV 

ISpF 
1'ITOTALI 

Note. Output of channel B shown under test, 
other channels are tested similarly. 

3V~0% 
ov 
tplH(S) I- \ I tpHl(S) 

EO VOH~V \.. 

VOL 

Note. EIN waveform characteristics: 
tTLH and tTH L ~ 10 ns measured 10% to 90% 
PRR = 1 MHz, duty cycle = 500 ns 

FIGURE 2. Strobe Propagation Delay tPLH(S) and tPHL(S) 

100mV SV 

200 ISO 

Note. Output of channel B shown under test, other channels are tested similarly. 
51 at "A" for 051653/053653, CL = 15 pF total for 051653/053653 

·51 at "B" for 051651/D53651, CL = 50 pF total for 051651/053651 

EIN VREF~~~~o% 
ov 
tplHIOI 1-. {tPHLIOI 

EO 

VOH

J 
. 

I.SV 

VOL 

EIN waveform characteristics: 
tTLH and tTHL ~ 10 ns measured 10% to 90% 
PRR = 1 MHz, duty cycle = 500 ns 

FIGURE 3. Differential Input Propagation Delay tPLH(D) and tPHL(D) 
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C 
Schematic Diagrams !!Z 

0) 
OS1651/0S3651 ~ --Vee C 

850 850 Sk 5k 4k 1.6k 120 en 
~ 
0) 

.. ~ 
OUTPUT 

C 

INPUT C ~ 
0) 
CTI 
~ 
C 

GNO en 
~ 

4k 4k 
0) 
CTI 
~ 

VEE 

1/4 OF CIRCUIT SHOWN 
STROBE 

TO OTHER 
CIRCUITS lk 

~ 
OS 1653/0S3653 

VCC 

850 850 Sk 5k 4k I.Sk 

INPUT [0--.---+-----' 
'.--4---0 OUTPUT 

'-'-_~-+---o GNO 

4k 4k 

VEEo---~---+--+----+---~ 

~_--o STROBE 

1/4 OF CIRCUIT SHOWN 

lk 
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Typical Applications (Continued) 

4-Bit Parallel AID Converter 

5.DV 

60~g I 210 27D 27D 270 

v'No->-r.....,r-~>--......!L _____ ~ __ 4 

20 = 0\ + B) (C + 0) (e + F) (R + J) (i< + L) (M + N) (P + R) lSI 
~ = (8+ 0) (F + J) (C + N) (R) 

22 = (0 + J) (N) 

23 =J 
Conversion time ~ 50 ns 

22 

Zi 

iO 
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Level Detector with Hysteresis 

RS 

RI R2 
RS ~ iii+ii2 

Transfer Characteristics and Equations 
for Level Detector with Hysteresis 

~ 
~ 
0 
> 

VLOW VHlGH 

,--;- I+-VH 

R2 [VO(MAX) - VREF] 
VHIGH = VREF + R1 + R2 

. R2 [VO(MIN) - VREF] 
VLOW = VREF + R1 + R2 

Hysteresis Loop (VH) 

R2 
VH = VHIGH - VLOW = R1 + R2 [VO(MAX) - VO(MIN)] 



~National 
~ Semiconductor 

Memory Support 

051671/053671 Bootstrapped Two Phase MOS Clock Driver 

General Description 
The OS1671/OS3671 is a high speed dual MOS clock 
driver and interface circuit. Unique circuit design pro
vides both very high speed operation and the ability_ 
to drive large capacitive loads. The device accepts 
standard TTL outputs and converts them to MOS logic 
levels. It may be driven from standard 54/74 and 54S/ 
74S series gates and flip·flops or from drivers such as 
the OS8830 or OM7440. The circuit can be used in 
both P·channel and N·channel MOS memory system 
drive applications. 

The OS1671/0S3671 is intended to fulfill a wide 
variety ofMOS interface requirements. As a MOS clock 
driver for long silicon gate shift registers, a single device 
can drive over 10k bits at 5 MHz. Six devices provide 
input address and precharge drive for an 8k by 16·bit 
1103 RAM memory system. 

Connection Diagrams 

Each driver uses output bootstrapping to provide a 
higher voltage to the output stage, thus eliminating the 
need for an additional V DO supply. The bootstrapping 
function is accomplished by connecting a small value 
capacitor (typically 200 pF) from each output to each 
drivers bootstrap node. 

Features 
• Fast rise and fall times-20 ns with 1000 pF load 

• High output swing-:-20V 

• High output current drive-±1.5A 

• TTL compatible inputs 

• High rep rate-5 to 10 MHz depending on power 
dissipation 

• Low power consumption in MOS "0" state-2 mW 

• Swings to O.4Vof GNO for RAM address drive 

Metal Can Package Dual·1 n- Line Package Dual·ln·Line Package 

V' 

TOP VIEW 

,Order Number DS1671H or DS3671H 
See NS Package H08e 

Typical Applications 
V,' 

V' 

'SEE GRAPH FOR VALUE 

053671 Operating with Extra Supply 
to Inhance Output Voltage Level 

OUT 1 v+ 82 OUT 2 

81 IN 1 V' IN 2 

TOP VIEW 

Order Number DS1671J·8, DS3671J·8 
or DS3671N 

See NS Package J08A or N08A 

v+ VB.. OUT 8 NC IN 8 NC NC 

NC V •• A OUT A NC IN A NC V' 

TOP VIEW 

Order Number DS1671J 
or DS3671J 

See NS Package J14A 

Bootstrap Clock Driver Driven from a TTL Gate 
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Absolute Maximum Ratings (Note 1) 

V+'- V- Differential 

VB - V- Differential 
VB - V+ Differential 
Input Voltage (VIN - V-I 
Input Current 
Peak Output Current 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 
Maximum Power Dissipation* at 25°C 

Cavity Package (B-Pin) 
Cavity Package (14-Pin) 
Molded Package 
Metal Can (TO-5) Package 

22V 
40V 
20V 

5.5V 
100mA 

1.5A 
-65°C to +150°C 

300°C 

1150mW 
1380mW 
1040mW 
660mW 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS 

V1H Logical "1" Input Voltage V- = OV i 

IIH Logical "1" Input Current V1N - V- = 2.4V 

V1L Logical "0" Input Voltage V- = OV 

IlL Logical "0" Input Current V1N-V-=OV 

Operating Conditions 
MIN MAX UNITS 

Supply Voltage 
v+ - V- Differential 20 V 
VB - V- Differential 40 V 
VB - V+ Differential 20 V 

Operating Temperature Range 
DS3671 0 +70 °c 
DS1671 -55 +125 °c 

*Derate B·pin cavity package 7.7 mWtC above 25°C~ derate 
14-pin cavity package 9.3 mW/oC above 25°C; derate molded 
package 8.4 mW/oC above 25° C; derate metal can (TO-5) pack
age 4.4 mW/oC above 25°C. 

MIN TYP MAX UNITS 

2.0 1.5 V 

10 15 mA 

0.6 0.4 V 

-3 -10 /-lA 

VOH Logical "1" Output Voltage VB ~ v+ + 1.0V, V1N - V- '" 0.4V, I DS3671 V+-l.0 V+ -0.75 V 

10 = 0 mA I DS1671 V+-1.2 V+ -0.75 V 

VOL Logical "0" Output Voltage V1N - V- = 2.4V, 10 = 0 mA V-+0.6 V +1.0 V 

Rs Bootstrap Control Resistor 1.1 2.0 3.3 kn 
leCION) Supply Current One Side V+ - V- = 20V, VIN - V- = 2.4V, 30 40 mA 

"ON" VB = V+ 

ICCIOFF) Suppiy Current "OFF" V+ - V- = 20V, VIN - V- = OV I DS3671 10 100 /-lA 

I DS1671 50 500 /-lA 

Switching Characteristics T A = 25°C, v+ = 20V, V- = OV 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpdO Propagation Delay to a RD = lOn, Cl = 1000 pF 7.5 15 ns 

Logical "0" 

tpdt Propagation Delay to a RD = lOn, Cl = 1000 pF 12 15 ns 

Logical "1" 

tr Rise Time C l = 500 pF 25 35 ns 
RD = lOn 

C l = 1000 pF 31 40 ns 

tf Fall Time C l = 500 pF 30 40 ns 
RD = lOn 

C l = 1000 pF 38 50 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. . 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS1671 and across the 
O°C to +70°C range for the DS3671. All typicals at 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Typical Performance Characteristics 
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V 
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Turn-On and Turn-Off Time 
vs Temperature 
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I-

tOFF 

Vec = 20V 
elN = eL = 100 pF 
54S00 ON INPUT 
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Fall Time vs Load Capacitance 
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Typical Performance Characteristics (Continued) 

Rise Time vs Load Capacitance 

40 

30 

-w 
::;: 

20 ;::: 
VI 

a: 
10 

-
V 

I-"" 

.IV 
/ 

200 400 600 800 1 COO 1200 

LOAD CAPACITANCE (pF) 

Output Pulse Width When 
Controlled Only by Input 
Coupling Capacitor 

800 '--c-l"T"_ 1-00-0--rpF--r-rV~-r--' 
700 Vee -20V --1

I
r-/~--+--; 

] 600 TA -25C 1/ 

~ 500 1---i------t~L'-t-_-t---r-___j 
~ 400 V 
~ / 
~ JOO V 
~ 200 / 
_ INPUT~ 

100 I---+--+-- .. p W 

OUTPUT~ 

200 400 600 800 1000 t 200 

tiN - INPUT CAPACITANCE (pF) 

AC Test Circuit and Switching Time Waveforms 

+20V 
+5V 

1 

so 

0- 3V 
t,=t,:::5(\5 

tlOW = 40005 
FREQUENCY' 1 MHz 

Node Voltage Waveforms 

_--40005---_---400ns---

INPUT 

v+----r-~----------_4, 

OUTPUT 

v·===f! 

BOOTSTRAP PIN 

Notl 1: The fall time haSin uponential decay with the following time constant: t8 = Ca Rao 
The range otvaluetfor As lresistDr tolerance, and temperature coe fficientincluded)canbe 
tound in the table 01 electrical characteristics. 

Note 2: The high cunent transient (as high as 1.SA) through the resistance of the external 
interconnecting V-lead during the output transition from the hig hstatetothelowstatecan 
appear IS negative feedback to the input. If the externalinterconne ctinglead from the driving 
circuit to V-'selectricillylong.or hassignificlnt DC resistance , it can subtract from the 
switching response. 
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Typical Applications (Continued) 
V+ 

v-

OS3671 Connected as OS0026 
with Equivalent Characteristics 

~ 
L::n'N 1000 pF 

+20V 

Typical Bootstrap 
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Schematic Diagram (One Driver) 

RI 

01 

EXTERNAL R2 

C .. 

~ !---o INPUT 

BOOTSTRAP 
PIN 

EXTERNAL 
BOOTSTRAP 
CAPACITOR 

C. 

---1~- ---, 
I 
I 

R6 

05 

1/2053671 
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~National 
~ Semiconductor 

Memory Support 
PRELIMINARY 

053685 Hex TRI-STATE® Latch 

General Description 
The DS3685 is a hex latch. PNP input transistors are used 
to reduce input currents. allowing large fan-out to these driv
ers. The circuit has Schottky-clamped transistor logic for 
minimum propagation delay. and TRI-ST ATE outputs which 
allow bus operation. 

The circuit employs a fall-through latch which captures the 
data in parallel with the output. thereby eliminating the delay 
normally encountered in other latch circuits. 

TRI·STATES is a registered trademark of National Semiconductor Corp_ 

Logic and Connection Diagrams 

Features 
• TTLiLS compatible inputs 
• PNP inputs minimize loading 
• TRI-STATE outputs 
• Fall-through latch design 

• Minimum skew 

r---------------, 
DATA A--1r-t------------r""""" I 

I I Dual-In-Line Package 

OUT 
I 
I 
I 
I 
I 

Vee OSBL DATA F OF DATA E ae DATA D 

L ______ _ 

DATAB-C== == === 

DATAC-C======= 

DATAD-C== = === = 
DATAE-C======= 

116 

)-

1 

15 14 

2 3 

13 12 11 10 

4 5 6 7 

aD 

9 

-

1
8 

- -IN DATA A OA DATA B lla DATA C OC GND 

E~~~~----I 

~~!~~-------~~~-----------------~ 
TL/F/5220-1 

Truth Table 
Input Output 

Data Output 
Enable Disable 

1 0 1 0 
1 0 0 1 
0 0 X Q 

X 1 X Hi-Z 
," 

x = don't care 

Hi-Z = TRI-STATE mode 
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TOP VIEVI 

TLI F 15220- 2 

Order Number DS3685J or DS3685N 
See NS Package J16A or N16A 

Operation 

Data Feed-Through 
Data Feed-Through 
Latched to Data Present 
when Enable Went Low 
High Impedance Output 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Supply Voltage, Vee 7V Min Max Units 
Logical "1" Input Voltage 7V Supply Voltage (Vee> 4.5 5.5 V 
Logical "0" Input Voltage -1.5V Temperature (T A) 0 +70 ·C 
Storage Temperature Range -65·eto 150·C 
Lead Temperature (Soldering, 10 seconds) 300·C 
Maximum Power Dissipation· at 25·C 

Cavity Package 1433mW 
Molded Package 1362mW 

·Derate cavity package 9.6 mWI"C above 25·C; derate 
molded package 10.9 mWI"C above 25·C. 

Electrical Characteristics (Notes 2 and 3) 

Parameter Conditions Min Typ Max Units 

VIN(1) Logical "1" Input Voltage 2.0 V 

VIN(O) Logical "0" Input Voltage 0.8 V 

Enable Inputs 0.1 40 p.A 
IIN(l) Logical "1" Input Current VIN = 5.5V, VCC = Max 

Data Inputs 0.2 80 p.A 

Enable Inputs -50 -300 p.A 
IIN(O) Logical "0" Input Current VIN = 0.5V, Vee = Max 

Data Inputs -100 -500 p.A 

VCLAMP Input Clamp Voltage Vee = Min. liN = -18 mA -0.75 -1.2 V 

lOS Output Short-Circuit Current Vee = Max, Your = OV, (Note 4) -40 -100 mA 

10H = -1 mA 2.5 3.5 V 
VOH Logical "1" Output Voltage Vcc = Min 

10H = -10p.A 2.8 3.8 V 

10L = 20mA 0.4 0.5 V 
VOL Logical "0" Output Voltage Vee = Min 

10L = 10p.A . 0.25 0.35 V 

1HZ TRI-STATE Output Current Your = O.4V to 2.4V, Output Disable = 2V -40 40 p.A 

Icc Power Supply Current Vee = Max, All Inputs = 3V = OV, Enable = 3V 90 mA 

Switching Characteristics Vee = 5V, TA = 25·C, unless otherwise noted. 

Parameter Conditions Min Typ Max Units 

tpHL Propagation Delay TIme CL = 15 pF, RL = 2800, (Figures 1and2) 5.5 7.0 ns 
Low·to-High Level Output 

tpLH Propagation Delay Time, \ CL = 15 pF, RL = 2800, (Figures 1and2) 4.5 6.0 ns 
High-to-Low Level Output 

tpHL Propagation Delay TIme, CL = 50 pF, RL = 2800, (Figures 1 and 2) 8 ns 
Low-to-High Level Output 

tpLH Propagation Delay Time, CL = 50 pF, RL = 2800, (Figures 1 and 2) 6 ns 
High-to-Low Level Output 

tSET-UP Set-Up Time on Data Input 
Before Input Enable Goes Low 10 0 ns 

tHOLD Hold Time on Data Input 
After Input Enable Goes Low 0 ns 

tZL Delay from Disable Input to 
Logical "0" Level (from High CL = 15 pF, (Figures 1 and 3) 8.2 15 ns 
Impedance State) 

tZH Delay from Disable Input to 
Logical "1" Level (from High CL = 15 pF, (Figures 1 and 3) 17 24 ns 
Impedance State) 

tLZ Delay from Disable Input to 
High Impedance State (from CL = 15 pF, (Agures 1 and 4) 7.7 14 ns 
Logical "0" Level) 

tHZ Delay from Disable Input to 
High Impedance State (from CL = 15 pF,{Figures 1 and 4) 5.5 12 ns 
Logical "1" Level) 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Unless otherwise specified minImax limits apply across the O°C to +70°C range for the DS3685. All typical values are for TA = 25°C and Vcc = 5V. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 
Note 4: Only one output should be shorted at one time. 
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AC Test Circuit and Switching Time Waveforms 

OUTPUT 
OISABLE 

OUTPUT 

TEST 
POINT 

FIGURE 1 

3V 

Vee 

OV---t·--:--

O.SV ~ 'Ol.SV t 

TL/F/5220-3 

~_l.SV_ 

TL/F/5220-4 

. FIGURE 2 

ov 

.. l.SV 

VOL __ -+-6. 

VOH--...., ....... r----L 

TL/F/5220-S TL/F/S220-6 

Input characteristics: PRR ~ 1 MHz, ZOUT = son, tr ~ 2.5 ns, t, ~ 2.5 ns. 

FIGURE 3 FIGURE 4 

Operating Waveforms 

DATA 
INPUT 

INPUT 
ENABLE 

OUTPUT 
DISABLE 

f------......r-INPUT DATA VALID I------i-INPUT DATA VALID 

* 
~~Vfi---~ r----------------

OUTPUT -'-.-'-C/~/h iJ~ _______ _ 
I OUTPUT 
r--TRI.STATE 

OUTPUT 
ACTIVE 

OUTPUT 

STATE 

l.- DATA 'I' DATA I . FEED·. LATCHED 
THROUGH 

f-------OUTPUT ACTIVE-----~ 

·When the Input Enable makes a positive tranSition the output will be indeterminate for a short duration. 

The positive transition of the Input Enable normally occurs during a don't·care timing state at the output. 
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~National 
~ Semiconductor 

Memory 5upport 

0516149/0536149, 0516179/0536179 Hex M05 Drivers 

General Description 
The OS16149/0S36149 and OS16179/0S36179 are 
Hex MaS drivers with outputs designed to drive large 
capacitive loads up to 500 pF associated with MaS 
memory systems. PNP input transistors are employed to 
reduce input currents allowing the large fan-out to these 
drivers needed in memory systems. The circuit has 
Schottky-clamped transistor logic for minimum propaga
tion delay. and a disable control that places the outputs 
in the logic "1" state (see truth table). This is especially 
useful in MaS RAM applications where a set of address 
lines has to be in the logic "1" state during refresh. 

The OS16149/0S36149 has a 15 n resistor in series with 
the outputs to dampen transients caused by the fast-

Schematic Diagram . 
EOUIVALENT INPUT 

switching output. The OS16179/0S36179 has a direct 
low impedance output for use with or without an 
external resistor. 

Features 

• High speed capabilities 

• Typ 9 ns driving 50 pF 
• Typ 29 ns driving 500 pF 

• Built-in 15 n damping resistor (OS16149/0S36149) 

• Same pin:out as OM8096 and OM74366 

EOUIVALENT OUTPUT 
r-----------------------~~----.-----~----_oVee 

15* 
........ ----..... -'1/\,."...-0 OUTPUT 

INPUT 

*OS16149/0S36149 only. 

L ____ _ 
~_.----------------~------------~~----~--__oGND 

Connection Diagram 
Dual-In-Line Package 

Vee DIS2 IN6 OUH IN5 OUT5 IN4 OUT4 

DIS 1 IN lOUT 1 IN 2 OUT 2 IN 3 OUT 3 GND 
TOPVIEW 

Order Number DS16149J, DS36149J, DS16179J, 
DS36179J, DS36149N or DS36179N 

See NS Package J16A or N16A 
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Truth Table 

DISABLE INPUT 

DIS 1 DIS 2 
INPUT 

0 0 0 

0 0 1 

0 1 X 

1 O' X 

1 1 X 

x = Don't care 

OUTPUT 

1 

0 

1 

1 

1 



Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage 7.0V Supply Voltage (Vee) 4.5 5.5 V 
Logical "1" Input Voltage 7.0V Temperature (T A) 
Logical "0" Input Voltage -1.5V 0516149,0516179 -55 +125 °c 
Storage Temperature Range ° -65°C to +150

o
e 0536149,0536179 0 +70 °e 

Maximum Power Oissipation* at 25 e 
Cavity Package 1371 mW 
Molded Package 1280 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

*Oerate cavity package 9.1 mW/oC above 25°C; derate molded 
package 10.2 mWtC above 25°C. 

DC Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONOITIONS MIN TVP MAX UNITS 

VIN(l) Logical "l"lnput Voltage 2.0 V 

VIN(O) Logical "a .. Input Voltage 0.8 V 

IIN(l) Logical "1" Input Current VCC = 5.5V VIN = 5.5V 0.1 40 J1.A 

IIN(O) Logical "0" Input Current VCC = 5.5V VIN = 0.5V -50 -250 J1.A 

VCLAMP Input Clamp Voltage VCC = 4.5V liN = -18 mA -0.75 -1.2 V 

VOH Logical "1" Output Voltage 
VCC = 4.5V 

OS16149/0S16179 3.4 4.3 V 
(No Load) 

10H = -10J1.A 
OS36149/0S36179 3.5 4.3 V 

VOL Logical "0" Output Voltage OS16149/0S16179 0.25 0.4 V 
(No Load) 

VCC = 4.5V 10L = 10J1.A 
OS36149/0S36179 0.25 0.35 V 

VOH Logical "1" Output Voltage OS16149 2.4 3.5 V 
(With Load) OS16179 2.5 3.5 V 

VCC = 4.5V 10H = -1.0 mA 
OS36149 2.6 3.5 V 

OS36179 2.7 3.5 V 

VOL Logical .. a" Output Voltage OS16149 0.6 1.1 V 
(With Load) OS16179 0.4 0.5 V 

VCC = 4.5V 10L = 20 mA 
OS36149 0.6 1.0 V 

OS36179 0.4 0.5 V 

lID Logical "1" Orive Current VCC = 4.5V VOUT = OV, (Note 4) -:-250 mA 

100 Logical "0" Orive Current VCC = 4.5V VOUT = 4.5V, (Note 4) 150 mA 

ICC Power Supply Current Oisable Inputs = OV 
33 60 mA 

Vce = 5.5V 
All Other Inputs = 3V 

All Inputs = OV 14 20 mA 

Switching Characteristics (Vcc = SV, T A = 2SoC) (Note 4) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tS+- Storage Oelay Negative Edge CL = 50 pF 4.5 7 ns 
(Figure 1) 

CL = 500 pF 7.5 12 ns 

ts-+ Storage Oelay Positive Edge CL = 50 pF 5 8 ns 
(Figure 1) 

CL = 500 pF ·13 8 ns 

tF Fall Time CL = 50 pF 5 8 ns 
(Figure 1) 

CL = 500 pF 22 35 ns 

tR Rise Time CL = 50 pF 6 9 ns 
(Figure 1) 

CL = 500 pF 26 35 ns 

tLH Oelay from Oisable Input R L = 2 kn to Gnd, CL = 50 pF, (Figure 2) 15 22 ns 

to Logical "1" 

tHL Oelay from Oisable Input R L = 2 kn to VCC, CL = 50 pF, (Figure 3) 11 18 ns 

to Logical .. a" 
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Notes 

Note 1: "Absolute Maximum Ratings" are those values beyond which .the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits'apply across the -5SoC to +12SoC temperature range for the 0516149 and 0516179 and 
across the O°C to +70°C range for the 0536149 and 0536179. All typical values are for T A = 2SoC and VCC = SV. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 
Note 4: When measuring output drive current and switching response for the 0516179 and 0536179 a 1S n resistor should be placed in series 
with each output. This resistor is internal to the 0516149/0536149 and need not be added. . 

AC Test Circuits and Switching Time Waveforms 

Vee 
0.11'F 

fJ 
*RO 

OUT 

OUT~~~~'-~)VOUT 

Vee 

50 pF 

(NOT", J -=" 

Vee 

t-'V'V\I-4,...-O Vo UT 

*Internal on 0516149 and 0536149 

FIGURE 1 

FIGURE 2 

FIGURE 3 

3V 

INPUT~'.5V 
OV 

OUTPUT 

INPUT 

tLH 

OUTPUT 

VOL----+'~ 

Note 1: The pulse generator has the following characteristics: ZOUT = SO nand PRR S. 1 MHz. Rise and fall times between 10% and 90% points 
S. 5 ns. 
Note 2: CL includes probe, and jig capacitance. 
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C 
Typical Application en ...... 

DS36'49 r----' ~ - DR I I te - DS36179 

6·BITRAM - MDS I I ADDRESS 
ADDRESS _ DRIVER LINES 

I C - I en - I I DISABLE I MMS210 W 
~ I DR I ~ MMS2BO 

I MDSRAM I DS3649 ARRAY .. ~ - DR I I --:- DS3619 

6·BITRAM - MDS 
I REFRESH & I C I ADDRESS ADDRESS _ DRIVER 

-
I LINES I en 

- I I ...... 
DISABLE I 

~ ,---J 
L ____ ...l 

....... 
OS3646 se OR I-
OS3616 I-- "0" ADDRESS C 

MDS I--- "'" COUNTER en CLOCK-I- COUNTER 
DRIVER W 

~ ENABLE 

ADORESS OR J ....... 
COUNT SElECT CD 
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~National 
~ Semiconductor 

Memory Support 

0555325/0575325 Memory Drivers 
General Description 
The OS55325 and OS75325 are monolithic mem
ory drivers which feature high current outputs as 
well as internal decoding of logic inputs, These cir
cuits are designed for use with magnetic memories. 

The circuit contains two 600 mA sink-switch 
pairs and two 600 mA source-switch pairs. Inputs 
A and B determine source selection while the 
source strobe (S,) allows the selected source turn 
on. In the same manner, inputs C and 0 determine 
sink selection while the sink strobe (S2) allows the 
selected sink turn on. 

Sink-output collectors feature an internal pull-up 
resistor in parallel with a clamping diode connected 
to V CC2' This protects the outputs from voltage 
surges associated with switching inductive loads. 

The source stage features Node R which allows 
extreme flexibility in so~rce current selection by 
controlling the amount of base drive to each source 
transistor. This method of setting the base drive 
brings the power associated with the resistor out
side the package thereby allowing the circuit to 

operate at higher source currents for a given 
junction temperature. If this method of source 
current setting is not desired, then Nodes Rand 
RINT can be shorted externally activating., an 
internal resistor connected from V CC2 to Node R. 
This provides adequate base drive for source 
currents up to 375 mA with V CC2 = 15V or 
600 mA with VCC2 ~ 24V. 

The OS55325 operates over the fully military 
temperatu re range of -5~oC to +~ 25°C, while the 
OS5325 operates from 0 C to +70 C. 

Features 
• 600 mA output capabi I ity 

• 24V output capability 

• Dual sink and dual source outputs 

• Fast switching times 

• Source base drive externally adjustable 

• Input clamping diodes 

• TTL compatible 

Schematic and Connection Diagrams 
Dual-I n-Line Package 

.-----___ --c V
CCl 

SOURCE 
COLLECTORS 

6-66 

S1 52 ----..-........ 
STROBES 

Order Number DS55325J, DS75325J, 
or DS75325N 

See NS Package J14A or N14A 

Truth Table 
ADDRESS INPUTS STROBE INPUTS OUTPUTS 

SOURCE SINK SOURCE SINK SOURCE SINK 

A B C D Sl S2 W X Y Z 

L H X X L H ON OFF OFF OFF 

H L X X L H OFF ON OFF OFF 

X X L H H L OFF OFF ON OFF 

X X H , L H L OFF OFF OFF ON 

X X X X H H OFF OFF OFF OFF 

H H H H X X OFF OFF OFF OFF 

H ; high level, L; low level, X ; irrelevant 

NOTE: Not more than one output is to be on at anyone time, 



Absolute M,aximum Ratings (Note 1) Operating Conditions 

Supply Voltage VCCl (Note 5) 
Supply Voltage VCC2 (Note 5) 
Input Voltage (Any Address or Strobe Input) 
Storage Temperature Range 
Maximum Power Oissipation* at 25°C 

7V 

25V 
5,5V 

_65°C to +150
o
C 

Cavity Package 1509 mW 
Molded Package 1476 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

*Oerate cavity package 10.1 mW/oC above 25°C; derate molded 
package 11.8 mW/C above 25°C, 

Electrical Characteristics (Notes 2 and 3) 

Temperature (T A) 
OS55325 

OS75325 

PARAMETER CONDITIONS 

VIH High Level Input Voltage (Figures 1 and 2) 

V IL Low Level I nput Voltage (Figures 3 and 4) 

VI Input Clamp Voltage Vcc, = 4.5V, VCC2 = 24V, liN = -12 mA, 

T A = 25°C, (Figure 5) 

IOFF Source Collectors Terminal OS55325 

"OFF" State Current Vcc, = 4.5V, VCC2 = 24V, 
Full Range 

OS75325 

(Figure 1) 
T A = 25°C 

OS55325 

OS75325 

VOH High Level Sink Output Voltage Vcc, = 4.5V, VCC2 = 24V, lOUT = 0, (Figure2) 

VSAT Saturation Voltage Source Vcc, = 4.5V, VCC2 = 15V, 
Full Range 

Outputs RL = 24£1, 

ISOURCE "" -600 mA, 
TA = 25°C 

OS55325 

(Figure 3), (Notes 4 and 6) OS75325 

VSAT Saturation Voltage Sink Outputs Vcc, =4.5V, VCC2 = 15V, 
Full Range 

RL = 24D, 

ISINK "" 600 mA, (Figure 4), 
T A = 25°C 

OS55325 

(Notes 4 and 6) OS75325 

II Input Current at Maximum Vcc, = 5.5V, VCC2 = 24V, Address Inputs 

I nput Voltage VI = 5.5V, (Figure 5) Strobe Inputs 

IIH High Level Input Current Vcc, = 5.5V, VCC2 = 24V, Address Inputs 

VI = 2.4V, (Figure 5) Strobe Inputs 

IlL Low Level Input Current VCC' = 5.5V. VCC2 = 24V, Address Inputs 

VI = O.4V, (Figure 5) Strobe Inputs 

Icc OFF Supply Current, All Sources and Vcc, = 5.5V, VCC2 = 24V, Vcc, 

Sinks "OFF" T A = 25°C, (Figure 6) VCC2 

Icc, Supply Current From Vcc" Vcc, = 5.5V, VCC2 = 24V, ISINK = 50 mA, 

Either Sink "ON" T A = 25°C, (Figure 7) 

Icc2 Supply Current From V CC2, Vcc, = 5.5V, VCC2 = 24V, ISOURCE = -50 mA, 

Either Source "ON" T A = 25°C, (Figure 8) 

MIN 

2 

19 

MIN 

-55 
o 

TYP 

-1.3 

3 

3 

23 

0.43 

0.43 

0.43 

0.43 

3 

6 

-1 

-2 

14 

7.5 

55 

32 

MAX UNITS 

+125 °c 

+70 °c 

MAX UNITS 

V 

0.8 V 

-1.7 V 

500 JJ.A 

200 J.1A 

150 J.1A 

200 J.1A 

V 

0.9 V 

0.7 V 

0.75 V 

0.9 V 

0.7 V 

0.75 V 

1 mA 

2 mA 

40 J.1A 

80 J.1A 

-1.6 mA 

-3.2 mA 

22 mA 

20 mA 

70 mA 

50 mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits, The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the OS55325 and across the O°C to 
+70° C range for the OS75325. All typical values are at T A = 25° C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5:\/oltage values are with respect to network ground terminal. 

Note 6: These parameters must be measured using pulse techniques. tw = 200J.ls, duty cycle ~ 2%. 
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It) 

~ Switching Characteristics (VCC1 = 5V, TA = 25°C) 
It) 
r-... en 
c 
ii5 
~ 
It) 

~ 
C 

PARAMETER 

tpLH Propagation Delay Time, Low-to-High 

Level Output 

tpHL Propagation Delay Time, High-to-Low 

Level Output 

tTLH Transition Time, Low-to-High 

Level Output 

tTHL Transition Time, High-to-Low 

Level Output 

ts Storage Time, Sink Outputs 

DC Test Circuits 

14V 

2VJ (SEE 
TEST 

~ """ 

C.5V 

TEST TABLE 

A B S1 

GND GND 2V 

2V 2V GND 

FIGURE 1. IOFF 

CONDITIONS MIN TYP 

VCC2 = 15V, RL = 24!1, Source Collectors 25 

CL = 25 pF, (Figure 9) Sink Outputs 20 

VCC2 = 15V, RL = 24!1, Source Collectors 25 

CL = 25 pF, (Figure 9) Sink Outputs 20 

Source Outputs, V CC2 = 20V, 
55 

CL = 25 pF 
RL = 1 k!1, (Figure 10) 

Sink Outputs, VCC2 = 15V, 

RL = 24!1, (Figure 9) 
7 

Source Outputs, VCC2 = 20V, 
7 

RL = 1 k!1, (Figure 10) 
CL = 25 pF 

Sink Outputs, VCC2 = 15V, 

RL = 24!1, (Figure 9) 
9 

VCC2 = 15V, RL = 24!1,CL = 25 pF, (Figure9) 15 

4.5V~ (SEE 
IV TEST 
. TABLEI 

LYr - - - _CND,;,.J 

4.5V 

TEST TABLE 

C D S2 Y Z 

2V 4.5V GND VOH OPEN 

GND 4.5V 2V VO H OPEN 

4.5V 2V GND OPEN VOH 

4.5V GND 2V OPEN VO H 

FIGURE 2. VIH and VOH 
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MAX UNITS 

50 ns 

45 ns 

50 ns 

45 ns 

ns 

15 ns 

ns 

20 ns 

30 ns 



DC Test Circuits (Continued) 

•. 

IV1 
BV 

ISEE 
TEST 

TABLEI 

310 OPEN 

4.5V 

BVl ISEE 
TEST 

. TABLE I 

41V 

Note 1: Figures 3 and 4 parameters must be measured using pulse techniques. tw = 200/Js, duty cycle...; 2%. 

TEST TABLE TEST TABLE 

A B Sl W X C D S2 

O.8V 4.5V O.8V GND OPEN O.8V 4.5V O.8V 

4.5V O.8V O.8V OPEN GND 4.5V O.8V O.8V 

'IV 

OPEN 

Y Z 

RL OPEN 

OPEN RL 

FIGURE 3. VIL and Source VSAT FIGURE 4. VIL and Sink VSAT 

APPL Y VI = 5.5V 

MEASURE II 
GROUND 

APPL Y VI = 2.4V 

MEASURE IIH 

A S1 

S1 A,B 

B S1 

C 52 

52 C,D 

D 52 

55V 

v, 

APPLY 5.5V 

B, C, S2, D 

C, 52. D 

A, C, 52, D 

A.51. B. D 

A,51, B 

A,51. B, C 

24V 

OPEN 

OPEN 

LVcco GNO I b---- -= ..... 
5.5V 

14.5V FOR 
TESTING V,I 

TEST TABLES 

APPL Y VI = 0.4V, 

MEASURE IlL 

APPL Y II = -10 rnA, 

MEASURE VI 

A 

51 

B 

C 

52 

D 

FIGURE 5. VI.II.IIH. and IlL 
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APPLY 5.5V 

51, B, C, 52, D 

A, B,C, 52, D 

A, 51, C, 52, D 

A, 51, B, 52, D 

A,51, B, C, D 

A, 51, B, C, 52 

c 
en 
01 
CJ1 
CN 
I\) 
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....... 
CJ1 

R, CN 
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DC Test Circuits (Continued) 

OPEN 

5V 
OPEN 

OPEN 

L!'cc, GNO 

rTC=F~--
5.SV -= 

FIGURE 6. ICC1(OFF) and ICC2(OFF) 

24V 

4.5V 0-.-.--;..::.:... .. 

OPEN 

5VI (SEE 
TEST 

~ ".,,' 

OPEN 

5VI (SEE 
TEST 

~ """ 

.__--0[] OPEN 

ISINK -SOmA 

5.5V 5.5V 

TEST TABLE TEST TABLE 

C 0 S2 Y Z A B S1 

GND 5V GND '(S(NK) OPEN GND 5V GND 

5V GND GND OI"EN '(SINK) 
5V GND GND 

FIGURE 7. ICC1. Either Sink On FIGURE 8. ICC2. Either Source On 
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DC Test Circuits (Continued) 

ISH 
TEST 

TABLE) 

350 

____ GNO .J 

Note 1: The pulse generator has the following charactenstlcs: lOUT = 50~!, duty' cycle:.:. 1%. 

Note 2: CL includes pro he and jig capacitance. 

TEST TABLE 

PARAMETER OUTPUT UNDER TEST INPUT 

A and S1 
tPLH and tpHL 50urce collectors 

Band S1 

tPLH, tpHL, 5ink output Y C and 52 

tTLH, tTHL, 
5ink output Z D and 52 

and ts 

FIGURE 9. Switching Times 

20V 

5V 

Note 1: The pulse generator has the following characteristics: ZOUT = 50~2. duty cycle ~ 1%. 

Note 2: CL includes probe and jig capacitance. 

TEST TABLE 

PARAMETER OUTPUT UNDER TEST INPUT 

tTLH and tTHL 
Source output W A and S1 

Source output X Band S1 

VOLTAGE WAVEFORMS 

CONNECT TO 5V 

B, C, D and S2 

A, C, D and 52 

A, B, D and 51 

A, B, C and 51 

VOLTAGE WAVEFORMS 

10ns 

INPUT 

OV----+:""""'"--....;.;..;..., 

CONNECT TO 5V 

B. C. D. and S2 

A. C. D. and S2 

FIGURE 10. Transition Times of Source Outputs 
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Applications 
External Resistor Calculation 

A typical magnetic-memory word drive requirement 
is shown in Figure 11. A source-output transistor 
of one 0875325 delivers load current (I L ). The 
sink-output transistor of another 0875325 sinks 
this current. 

The value of the external pull-up resistor (Rext ) 

for a particular memory application may be de
termined using the following equation: 

16 [V CC2 (min)-Vs -2.2] 
Rext = (1) 

I L - 1.6 [VCC2 (min) - Vs - 2.9] 

where: Rext is in kr2. 

V CC2 (min) is the lowest expected value of 
V CC2 in volts. Vs is the source output volt
age in volts with respect to.ground. IL is in 
mAo 

The power dissipated in resistor Rext during the 
load current pulse duration is calculated using 
Equation 2. 

IL 
~ - [V CC2 (min) - Vs - 2] 

16 

where: PRext is in mW. 

(2) 

After solving for Rext • the magnitude of the source 
collector current (Ics) is determined from Equa
tion 3. 

Ics ;:::: 0.94 IL (3) 

where: Ics is in mAo 

As an example. let V CC2 (min) = 20V and V L = 3V 
while I L of 500 mA flows. Using Equation 1: 

16(20-3-2.2) 
Rext = = 0.5 kr2 

500 - 1.6 (20 - 3 - 2.9) 

and from Equation 2: 

500 
PRext :::= 1'6 [20 - 3 - 2] :::= .470 mW 

The amount of the memory system current source 
(Ics) from Equation 3 is: 

Ics :::= 0.94 (500) :::= 470 mA 

In this example the regulated source-output tran
sistor base current through the external pull-up 
resistor (Rext ) and the source gate is approximately 
30 mAo This current and Ics comprise I L . 

REXT lies 
r----

R 

I DS~~J~51 
I ~g~~~: 

Note 1: For clarity, partial logic diagram, of two DSSS32S', are shown. 

Note 2: Source and sink shown are in different packages. 

FIGURE 11,. Typical Application Data 
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~National 
~ Semiconductor 

Memory Support 

·0575361 Dual TTL-ta-MOS Driver 

General Description 
The DS75361 is a monolithic integrated dual TTL-to
MOS driver interface circuit_ The device accepts standard 
TTL input signals and provides high-current and high
voltage output levels for driving MOS circuits_ It is used 
to drive address, control, and timing inputs for several 
types of MOS RAMs including the 1103 and MM5270 
and MM5280_ 

The DS75361 operates from standard TTL 5V supplies 
and the MOS Vss supply in many applications_ The 
device has been optimized for operation with V CC2 

supply voltage from 16V to 20V; however, it is designed 
for use over a much wider range of V CC2-

Connection Diagram 

Features 
• Capable of driving high-capacitance loads 

• Compatible with many popular MOS RAMs 

• V CC2 supply voltage variable over wide range to 24V 

• Diode-clamped inputs 

• TTL compatible 

• Operates from standard bipolar and MOS supplies 

• High-speed switching 

• Transient overdrive minimizes power dissipation 

• Low standby power dissipation 

Dual-I n-Line Package 

Y1 Y2 

A1 A2 

TOP V1EW 

Order Number DS75361J·8 or DS75361N 
See NS Package J08A or N08A 

6-73 



Absolute Maximum Ratings (Note 1) Opera,ting Conditions 

Supply Voltage Range of VCC1 (Note 1) 
Supply Voltage Range of VCC2 

-o.5V to 7V Supply Voltage (VCC1) 
-0.5V to 25V Supply Voltage (VCC2) 

Input Voltage 
Inter-Input Voltage (Note 4) 

5.5V 
5.5\1 

Operating Temperature (T A) 

Storage Temperature Range 
Maximum Power Dissipation * at 25° C 

Molded Package 
Lead Temperature 1/16 Inch from Case for 

60 Seconds: J Package 
Lead Temperature 1/16 Inch from Case for 

10 Seconds: N or P Package 

*Derate molded package 8.2 mW/oC above 25°C. 

1022 mW 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS 

VIH High-Level Input Voltage 

V'L Low·Level Input Voltage 

VI Input Clamp Voltage 11=~12mA 

VOH High-Level Output Voltage V IL = O.SV, 10H = -50pA 

V IL - O.SV, 10H - -10 mA 

VOL Low-Level Output Voltage V IH = 2V, 10L = 10 mA 

V CC2 - 15V to 24V, V IH - 2V, 

IOL=40mA 

Vo Output Clamp Voltage VI .= OV, IOH = 20 mA 

II Input Current at Maximum Input Voltage VI = 5.5V 

IIH High-Level Input Current 
V I =2.4V 

A Inputs 

E Input 

IlL Low- Level I nput Current 
VI ~ 0.4V 

A Inputs 

E Input 

ICCl(HI Supply Current from V CCl , Both 

Outputs High V CCl = 5.25V, V CC2 = 24V, 

ICC2(HI Supply Current from V CC2, Both All Inputs at OV, No Load 

Outputs High 

ICCI(LI Supply Current from V CCI, Both 

Outputs Low V CCl = 5.25V, V CC2 = 24V, 

ICC2( LI Supply Current from V CC2' Both 
All Inputs at 5V, No Load 

Outputs Low 

ICC2 (S) Supply Current from V CC2 , 
~ 

V CCl = OV, V CC2 = 24V, 

Stand-by Condition All Inputs at 5V, No Load 

Switching Characteristics (VCC1 = 5V, VCC2 = 20V, TA = 25°C) 

PARAMETER CONDITIONS 

tDLH Delay Time, Low-to-High Level Output 

tDHL Delay Time, High-to- Low Level Output 

tTLH Transition Time, Low-to-High Level Output C L = 390 pF, 

RD = 10n 
tTHL Transition Time, High-to-Low Level Output (Figure 1) 

t pLH Propagation Delay Time, Low-to-High Level Output 

tpHL Propagation Delay Time, High-to-Low Level Output 

MIN 

2 

V cc2 -1 

V cc2 -2.3 

MIN 

10 

10 

MIN 

4.75 
4.75 

0 

TYP 

Vcc2 -O.7 

Vcc2 -1,S 

0.15 

0.25 

--1 

-2 

2 

16 

7 

TYP 

11 

10 

25 

21 

36 

31 

MAX UNITS 

5.25 V 
24 V 

+70 °c 

MAX UNITS 

V 

O.-S V 

-1.5 V 

V 

V 

0.3 V 

0.5 V 

V cc2 +1.5 V 

1 mA 

40 J.1A 

SO J.1A 

-1.6 mA 

-3.2 mA 

4 mA 

0.5 mA 

24 mA 

11 mA 

0.5 mA 

MAX UNITS 

20 ns 

1S ns 

40 ns 

35 ns 

55 ns 

47 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond, which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the OOC to +70
o
C range for the DS75361. All typical values are for T A = 25°C 

and VCC1 = 5V and VCC2 = 20V. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: This rating applies between the A input of either driver and the common E input. 
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Typical Performance Characteristics 
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High-Level Output Voltage vs 
Output Current 
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vs Frequency 
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Propagation Delay Time, 
Low-to-High Level Output 
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~ ..- CL = 200pF_ ~ 

l--'" 
,,-

VCC1 = 5V 
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(FIGURE 1) 
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Low-Level Output Voltage vs 
Output Current 
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Propagation Delay Time, 
Low-to-High Level Output 
vs Ambient Temperature 
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Voltage Transfer Characteristics 
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~ Schematic Diagram (1/2 shown) 

en 
C 

Vee, 

",~: { ... ------..... 

INPUT A -OUTPUT Y 

ENABLE E 

n~,"{ 
ORIVERS 

GND 
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'AC Test Circuit and Switching Time Waveforms 

INPUT 5V 20V 

11 
rVee, VCC21 

r--+--L~P-I:I'N'II"",-oOUTPUT 
L GND ..J 
~-

Z,4V 

3V----4---~~------~~ 

INPUT 

OV 

OUTPUT 

VOL------------'..:,..A..--------' 

Note 1: The puis. gon ... tor hIS the following characteristics: PRR • 1 MHz, ZOUT ~ 50n, 
NoteZ: CL includes probe and jig caplcitonce, 

FIGURE 1. Switching Times, Each Driver 
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Typical Applications 
The fast switching speeds of this device may produce 
undesirable output transient overshoot because of load 
or wiring inductance. A small series damping resistor 
may be used to reduce or eliminate this output transient 

5V 19,5V 16.7V 

!
-+ XCC' 

TTl OS75J61 
INPUTS (2 PACKAGES) 

-+ E GNO 

5V 

overshoot. The optimum value' of the damping resistor 
to use depends on the specific load characteristics and 
switching speed. A typical value would be between 10n 
and 30n (Figure 3). 

]

nL 
INPUTS 

Note: RD '" IDS! to JOS! (Optional). 

FIGURE 2. Interconnection of DS75361 Devices with 1103 RAM 

FIGURE 3. Use of Damping Resistor to Reduce 
or Eliminate Output Transient Overshoot in 
Certain DS75361 Applications 

Thermal Information 
POWER DISSIPATION PRECAUTIONS 
Significant power may be dissipated in the OS75361 
driver when charging and discharging high-capacitance 
loads over a wide voltage range at high frequencies. 
The total dissipation curve shows the power dissipated in 
a typical OS75361 as a function of load capacitance and 
frequency. Average power dissipated by this driver can 
be broken into three components: 

PT(AV) = POC(AV) + PC(AV) + PS(AV) 

where POC(AV) is the steady-state power dissipation with 
the output high or low, PC(AV) is the power level during 
charging or discharging of the load capacitance, and 
PS(AV) is the power dissipation during switching between 
the low and high levels. None of these include energy 
transferred to the load and all are averaged over a full 
cycle. 

The power components per driver channel are: 

PLtL+PHtH 
POC(AV) = T 

PC(AV) ~ C Vc 2 f 

PLHtLH+PHLtHL 
PS(AV) = T 

where the times are as defined in Figure 4. 

PL' PH, PLH, and PHL are the respective instantaneous 
levels of power dissipation and C is load capacitance. 

The OS75361 is so designed that Ps is a negligible por
tion of PT in most applications. Except at very high 
frequencies, tL + tH » tLH + tHL so that' Ps can be 

tHl -

neglected. The total dissipation curve for no load demon
strates this point. The power dissipation contributions 
from both channels are then added together to obtain 
total device power. 

The following example illustrates this power calculation 
technique. Assume both channels are operating identi
cally with C = 200 pF, f = 2 MHz, VCC1 = 5V, VCC2 = 

20V, and duty cycle = 60% outputs high (tH/T = 0.6). 
Also, assume VOH = 19.3V, VOL = O.lV, Ps is negligible, 
and'that the current from'Vcc2 is negligible when the 
output is high. 

On a per-channel basis using data sheet values: 

POC(AV) = [(5V) e ~A) + (20V) (0 ;A)](O.6) + 

[(5V) C6
2
mA

) + (20V) C ;A)](O.4) 

POC(AV) = 47 mW per channel 

PC(AV) ~ (200 pF) (19.2V)2 (2 MHz) 

PC(AV) ~ 148 mW per channel. 

For the total device dissipation of the two channels: 

PT(AV) ~ 2 (47 + 148) 

PT(AV) ~ 390 mW typical for total package. 

I-----T= l/f---~-I 

FIGURE 4. Output Voltage Waveform 
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~National 
D Semiconductor 

Memory Support 

0575362 Dual TTL·to-MOS Driver 

General Description 
The· DS75362 is a dual monolithic integrated TTL-to
MOS driver and interface circuit that accepts standard 
TTL input signals and provides high-current and high
voltage output levels suitable for driving MOS circuits. 
It is used to drive address, control, and timing inputs 
for several types of MOS RAMs including the 1103. 

The DS75362 operates from .the TTL 5V supply a~d the 
MOS Vss and Vss supplies in many applications. This 
device has been optimized for operation with V CC2 
supply voltage from 16V to 20V, and with nominal 
VCC3 supply voltage from 3V to 4V higher than VCC2 ' 
However, it is designed so as to be usable over a much 
wider range of V CC2 and V CC3' I n some appl ications the 
VCC3 power supply can be eliminated by connecting the 
VCC3 pin to the VCC2 pin. 

Schematic and Connection Diagrams 

vee2 

TO OTHER { 
DRIVERS~ +--------i-----. 

~--------. 

Features 
• Dual positive-logic NAND TTL-to-MOS driver 

• Versatile interface circuit 'for use between TTL and 
high-current, high-voltage systems 

• Capable of driving high-capacitance loads 

• Compatible with many popular MOS RAMs 

• V CC2 supply voltage variable over wide range to 24 V 
maximum 

• V CC3 supply voltage pin available 

• VCC3 pin can be connected to VCC2 pin in some 
applications 

• TTL compatible diode-clamped inputs 

• Operates from standard bipolar and MOS supply 
voltages 

• High-speed switching 

• Transient overdrive minimizes power dissipation 

• Low standby power dissipation 

Dual-I n·L ine Package 

Y2 

INPUT A 0-----................ -4 ........ HH .... --o ~UTPUT 

TO DTHER 
DRIVERS "'---~~------'-----"'--OGND 

ONE DF'2 SHOWN 
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Order Number DS75362J·8 or DS75362N 
See NS Package J08A or N08A 



Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage Range of VCC1 -0.5V to 7V Supply Voltage (VCC1) 4.75 5.25 V 
Supply Voltage Range of VCC2 -0.5V to 25V Supply Voltage (VCC2) 4.75 24 V 
Supply Voltage Range of VCC3 -0.5V to 30V Supply Voltage (VCC3) VCC2 28 V 
Input Voltage 5.5V Voltage Difference Between 0 10 V 
Inter-Input Voltage (Note 4) 5.5V 

Supply Voltages: VCC3-VCC2 
Storage Temperature Range -65°C to +150°C 
Maximum Power Dissipation* at 25°C Operating Ambient Temperature 0 70 °c 

Molded Package 1022 mW Range (TA) 

Lead Temperature (Soldering. 10 seconds) 300°C 

*Derate molded package 8.2 mWtC above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIH High-Level I nput Voltage 2 V 

VIL Low-Level Input Voltage 0.8 V 

VI Input Clamp Voltage 11=-12mA -1.5 V 

VOH High- Level Output Voltage VCC3 = Vcc2 +3V. VIL = 0.8V. IOH = -100J.LA Vcc2 -O.3 Vcc2 -O.1 V 

VCC3 = Vcc2 +3V. V IL = 0.8V. IOH = -10 rnA Vcc2 -1.2 Vcc2 -O.9 V 

VCC3 = V CC2 • V IL = 0.8V. IOH = -50J.LA Vcc2 -1 Vcc2 -O.7 V 

VCC3 = V CC2 • V IL = 0.8V. IOH = -10 rnA Vcc2 -2.3 Vcc2 -:1.8 V 

VOL Low-Level Output Voltage VIH = 2V. IOL = 10 rnA 0.15 0.3 V 

VCC3 = 15V to 28V. V IH = 2V. IOL = 40 rnA 0.25 0.5 V 

Vo Output Clamp Voltage VI = OV. IOH = 20 rnA Vcc2 +1.5 V 

II Input Current at Maximum 
VI = 5.5V 1 rnA 

I nput Voltage 

IIH High-Level Input Current VI = 2.4V 40 J.LA 

IlL Low-Level Input Current VI = O.4V -1 -1.6 rnA 

ICCHH ) Supply Current from V CC1 • 
2 4 rnA 

All Outputs High 

ICC2(H) Supply Current from V CC2 • V CC1 = 5.25V. V CC2 = 24V. -1.1 +0.25 rnA 
All Outputs High VCC3 = 28V. All Inputs at OV. No Load -1.1 -1.6 rnA 

Icc3(H) Supply Current from V CC3 • 
1.1 1.8 rnA 

All Outputs High 

ICCHL) Supply Current from V CC1 • 
15 23.5 rnA 

All Outputs Low 

ICC2(L) Supply Current from V CC2 • VCC1 = 5.25V. VCC2 = 24V. 
1.5 rnA 

All Outputs Low VCC3 = 28V. All Inputs at 5V. No Load 

Icc3(L) Supply Current from V CC3 • 
8 12.5 rnA 

All Outputs Low 

ICC2(H) Supply Current from VCC2 • 
0.25 rnA 

All Outputs High VCCl = 5.25V. VCC2 = 24V. 

ICC3(H) Supply Current from VCC3 • VCC3 = 24V. All Inputs at OV. No Load 
0.5 rnA 

All Outputs High 

ICC2(S) Supply CUrrent from VCC2 • 
0.25 rnA 

Stand-by Co~dition V CC1 = OV. V CC2 = 24V. 

ICC3(S) Supply Current from V CC3. VCC3 = 24V. All Inputs at 5V. No Load 
0.5 rnA 

Stand-by Condition 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation_ 

Note 2: Unless otherwise specified min/max limits apply across the O°C to +70°C range for the DS75362_ All typical values are for T A = 25°C 
and VCC1 = 5V and VCC2 = 20V and VCC3 = 24V_ 
Note 3: All currents into device pins shown as positive. out of device pins as negative. all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis_ 
Note 4: This rating applies between any two inputs of anyone of the gates_ 
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Switching Characteristics (VCC1 = 5V, VCC2 = 20V, VCC3 ;" 24V, T A = 25°C) 

PARAMETER '. CONDITIONS MIN TYP MAX UNITS 

tOLH Delay Time, Low-to-High Level Output 11 20 ns 

tOHL Delay Time, High-to-Low Level Output 10 18 ns 

tTLH Transition Time, Low-to-High Level Output CL = 200 pF, 
Ro = 24U, 

20 33 ns 

tTHL Transition Time, High-to-Low Level Output (Figure 1) 20 33 ns 

tpLH Propagation Delay Time, Low-to-High Level Output 10 31 48 ns 

tpHL Propagation Delay Time, High-to-Low Level Output 10 30 46 ns 

AC Test Circuit and Switching Time Waveforms 

$10n._ 1 I 1--~10ns 

3V 
INPUT 5V Z4V ZOV 1.90% 

90% 

rv1c-;vL;vlc71 INPUT II 15V 15V 1\ 
ov--1.!!1!J 1-------05"s- 10% I PULSE l I I Ro 

GENERATOR I 991.. OUTPUT 
!--tpHL- ---tPLH-~ 

INOTE 1) I I Cl . tOHL- - . tTlH 

L GNO .J J'NOTEZ) VOH 
-tTHl 

~' --=l=-
. '~'-"\ tOlH- f--

OUTPUT 

VOL 
ZV 2V 

Note 1: The pulse generator has the following characteristics: PRR = 1 MHz, ZOUT '" 50n. 
Note 2: Cl includes probe ,ndjigcapacitance. 

FIGURE 1. Switching Times. Each Driver 

Typical Performance Characteristics 

High-Level Output Voltage vs High-Level Output Voltage vs Low-Level Output Voltage 
Output Current Output Current Output Current 

0 0 0.5 

~ ~, 
" II II ~ ~ 

VCC1 = 5V 
VCC2 = 20V 

'" -0.5 J TA =+10°C '" -0.5 -.. '" 0.4 VCC3 = 24V 
~ 

'" '" '" ITA=+1~ ~ < < 
~ 

< 
~ ~ ~ -1.0 

:; V, = 2V 
-1.0 Q 

> > j"I! > 0.3 .... S ~ ~'O°C ::> 
-1.5 ~ =+~5°C .... ~ -1.5 AJt. g ~r.:: g 

TA'+10°C~ 0.2 
--' -2.0 u:: -2.0 --' l/~ '" VCC1 = 5V IIII ITA': DoC' ; ; 1:: 
~ -2.5 

VCC2 = 20V 

~ -2.5 
VCC1 = 5V 1111 I 

~ 
0.1 

VCC3 = 24V VCC2 = VCC3 = 20V.I 

IIII :c V, = O.BV :c V, = O.BV 
-3.0 -3.0 
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Typical Performance Characteristics (Continued) 
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Voltage Transfer Characteristics 
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Propagation Delay Time, 
Low-to-High Level Output vs 
Ambient Temperature 
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(FIGURE 1) 
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Typical Application 

The fast switching speeds of thi~ device may produce 
undesirable output transient overshoot because of load 
or wiring inductance. A small series .damping resistor 
may be used to reduce or eliminate this output transient 
overshoot. The optimum value of the damping resistor 
depends on the specific load characteristics and switching 
speed. A typical value would be between 10n and 30n 
(Figure 2). 

r Ds7sm I r Mas ..., 
SYSTEM 

~~o,.lJf-, 1 
~vvllc~ .1.1 

L __ -.J L _ -=--.J 
Note: AD '" 1 OS! to lOS! (Optional). 

FIGURE 2. Use of Damping Resistor to Reduce or 
Eliminate Output Transient Overshoot In Certain 
DS75362 Applications. 

Thermal Information 

POWER DISSIPATION PRECAUTIONS 

Significant power may be dissipated in the OS75362 
driver when charging and discharging high-capacitance 
loads over a wide voltage range at high frequencies. 
The total dissipation curve shows the power dissipated in 
a typical OS75362 as a function of load capacitance and 
frequency. Average power dissipation by this driver 
can be broken into three components: 

PT(AV) = POC(AV) + PC(AV) + PS(AV) 

where POC(AV) is the steady-state power dissipation with 
the output high or low, PC(AV) is the power level during 
charging or discharging of the load capacitance, and 
PS(AV) is the power dissipation during switching between 
the low and high levels. None of these include energy 
transferred to the load and all are averaged over a full 
cycle. 

The power components per driver channel are: 

PLtL +PHtH 
POC(AV) =--T--

PC(AV) ~ C VC2 f 

where the times are as defined in Figure 3. 
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FIGURE 3. Output Voltage Waveform 

PL, PH, PLH, and PH L are the respective instantaneous 
levels of power dissipation and C is load capacitance. 

The OS75362 is so designed that Ps is a negligible por
tion of PT in most applications. Except at very high 
frequencies, tL + tH » tLH + tHL so that Ps can be 
neglected. The total dissipation curve for no load 
demonstrates this point. The power dissipation contri
butions from two channels are then added together 
to obtain total device power. 

The following example illustrates this power calculation 
technique. Assume two channels are operating identi
cally with C = 100 pF, f = 2 MHz, VCC1 = 5V, VCC2 = 
20V, VCC3 = 24V and duty cycle = 60% outputs high 
(tH/T = 0.6). Also, assume VOH = 20V, VOL = O.lV, 
Ps is negligible, and that the current from V CC2 is 
negligible when the output is low. 

On a per-channel basis using data sheet values: 

(2.2
4
mA)] (0.6) + [(5V) (31 ;A) + 

(20V) (0 ;A) + (24V) (16
4
mA)] (0.4) 

POC(AV) = 58 mW per channel 

PC(AV) ~ (100 pF) (19.9V)2 (2 MHz) 

PC(AV) ~ 79 mW per channel. 

For the total device dissipation of the two channels 

PT(A V) ~ 274 mW typical for total package. 
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0575365 Quad TTL·to-MOS Driver 
General Description 
The OS75365 is a quad monolithic integrated TTL-to
MOS driver and interface circuit that accepts standard 
TTL input signals and provides high·current and high
voltage output levels suitable for driving MOS circuits. 
It is used to drive address, control, and timing inputs 
for several types of MOS RAMs including the 1103. 

The OS75365 operates from the TTL 5V supply and the 
MOS Vss and Vss supplies in many applications. This 
device has been optimized for operation with V CC2 
supply voltage from 16V to 20V, and with nominal 
VCC3 supply voltage from 3V to 4V higher than VCC2 ' 
However, it is designed so as to be usable over a much 
wider range of VCC2 and VCC3 ' In some applications the 
VCC3 power supply can be eliminated by connecting the 
VCC3 pin to the VCC2 pin. 

Features 

• Quad positive-logic NAND TTL-to-MOS driver 

• Versatile interface circuit for use between TTL and 
high-current, high-voltage systems 

Schematic and Connection Diagrams 

TO OTHER {+-------+----4I ORIVERS 

INPUT A 0-----.... -+11 ..... -; 

ENABLEEI o---.;.-.... -~ ... ~ 

ENABLE E2 o--.--t---+--MI---J 

TO OTHER { 
DRIVERS 

• Capable of driving high-capacitance loads 

• Compatible with many popular MOS RAMs 

• Interchangeable with Intel 3207 

• V CC2 supply voltage variable over wide range to 24 V 
maximum 

• VCC3 supply voltage pin available 

• V CC3 pin can be connected to V CC2 pin in some 
applications 

• TTL compatible diode-clamped inputs 

• Operates from standard bipolar and MOS supply 
voltages 

• Two common enable inputs per gate-pair 

• High-speed switching 

• Transient overdrive minimizes power dissipation 

• Low standby power dissipation 

Dual·ln-Line Package 

V4 A4 2E2 2EI A3 V3 'Vee3 

14 13 12 

VI AI lEI 1E2 A2 V2 G~JD 

TOP VIEW 

Positive Logic: V = A'E1'E2 

~~~~~----------~---------4~-oGNO 
Order Number DS75365J 

or DS75365N 
ONE OF 4 SHOWN See NS Package J16A or N16A 
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Absolute Maximum Ratings (Note 1) 

Supply Voltage Range of VCCl 
Supply Voltage Range of VCC2 
Supply Voltage Range of VCC3 
Input Voltage 
Inter-Input Voltage (Note 4) 
Storage Temperature Range 
Maximum Power Dissipation * at 25°C 

Cavity Package 
Molded Package 

Lead Temperature (Soldering, 10 seconds) 

-0.5V to 7V 
-0.5V to 25V 
-0.5V to 30V 

5.5V 
5.5V 

-65°C to +150°C 

1509 mW 
1476 mW 

300°C 

*Derate cavity package 10.1 mW/oC above 25°C; derate molded 
package 11.8 mW/oC above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER 

V,H High-Level Input Voltage 

V,L Low-Level Input Voltage 

V, Input Clamp Voltage 

VOH High-Level Output Voltage 

VOL Low-Level Output Voltage 

Vo Output Clamp Voltage 

I, Input Current at Maximum 
Input Voltage 

I'H High-Level Input Current 

I'L Low-Level I nput Current 

ICC1(H) Supply Current from V CC1, 
All Outputs High 

ICC2(H) Supply Current from V~C2' 
All Outputs High 

ICC3 (H) Supply Current from V CC3, 
All Outputs High 

' CCHL) 
Supply Current from V CCl , 
All Outputs Low 

Icc2 (L) Supply Current from VCC2 , 
All Outputs Low 

ICC3(L) Supply Current from V CC3, 
All Outputs Low 

' CC2(H) Supply Current from VCC2 , 
All Outputs High 

ICC3(H) Supply Current from VCC3 , 
All Outputs High 

ICC2(S) Supply Current from VCC2 , 
Stand-bY Condition 

ICC3 (s) Supply Current f~om VCC3 , 
Stand-by Condition 

Operating Conditions 
MIN MAX UNITS 

Supply Voltage (VCC1) 4.75 5.25 V 
Supply Voltage (VCC2) 4.75 24 V 
Supply Voltage (VCC3) VCC2 28 V 

Voltage Difference Between 0 10 V 
Supply Voltages: VCC3-VCC2 

Operating Ambient Temperature 0 70 °c 
Range (TA) 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified minImax limits apply across the O°C to +70°C range for the DS75365. All typical values are for TA = 25°C 
and VCCl = 5V and VCC2 = 20V and VCC3 = 24V. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 
Note 4: This rating applies between any two inputs of anyone of the gates. 
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Switching Characteristics (VCC1 = 5V, V CC2 = 20V, VCC3 = 24V, T A = 25°C) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tOLH Delay Time, Low-to-High Level Output 11 20 ns 

tOHL Delay Time, High-to-Low Level Output 10 18 ns 

tTLH Transition Time, Low-to-High Level Output CL = 200 pF, 20 33 ns 

Transition Time, High-to-Low Level Output 
Ro = 24U, 

tTHL (Figure 1) 20 33 ns 

tpLH Propagation Delay Time, Low-to-High Level Output 10 31 48 ns 

tpHL Propagation Delay Time, High-to-Low Level Output 10 30 46 ns 

AC Test Circuit and Switching Time Waveforms 

3V----+-~~~----~~ 
INPUT 

INPUT 

ov 

JO-""';'....J\N_e-OUTPUT .--t--t.._, 

vOH----.... 1 

2.4V OUTPUT 

VOL----------=.A..-----J 

Note 1: The pulse generator has the following characteristics: PRR = 1 MHz. lOUT'" 50n. 
Note Z: CL includes probe and jig capacitance. 

FIGURE 1. Switching Times, Each Driver 
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Typical Performance Characteristics (Continued) 
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Typical Applications 

The fast switching speeds of this device may produce 
undesirable output transient overshoot because of load 
or wiring inductance. A small series damping resistor 
may be used to reduce or eliminate this output transient 
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overshoot. The 'optimum value of the damping resistor 
depends on the specific load characteristics and switching 
speed. A typical value would be between 10n and 30n 
(Figure 3). 



Typical Applications (Continued) 

5V 19.5V 16V 

FIGURE 2. Interconnection of DS75365 Devices 
With 1103·Type Silicon·Gate MOS RAM 

Thermal Information 

POWER DISSIPATION PRECAUTIONS 

5V 

Significant power may be dissipated in the OS75365 
driver when charging and discharging high·capacitance 
loads over a wide voltage range at high frequencies. 
The total dissipation curve shows the power dissipated in 
a typical OS75365 as a function of load capacitance and 
frequency. Average power dissipation by this driver 
can be broken into three components: 

PT(AV) = POC(AV) + PC(AV) + PS(AV) 

where POC(AV) is the steady·state power dissipation with 
the output high or low, PC(AV) is the power level during 
charging or discharging of the load capacitance, and 
PS(AV) is the power dissipation during switching between 
the low and high levels. None of these include energy 
transferred to the load and all are averaged over a full 
cycle. 

The power components per driver channel are: 

PLt L +PHtH 
POC(AV) = T 

PC(AV) ~ C VC2 f 

PLHtLH+PHLtHL 
PS(AV) = T 

where the times are as defined in Figure 4. 

PL, PH, PLH, and PHL are the respective instantaneous 
levels of power dissipation and C is load capacitance. 

The OS75365 isso designed that Ps is a negligible por
tion of PT in most applications. Except at very high 
frequencies, tL + tH » tLH + tHL so that Ps can be 

Note: Ro ~ 101! to 30~1 (Optionll). 

FIGURE 3. Use of Damping Resistor to Reduce or 
Eliminate Output Transient Overshoot In Certain 
DS75365 Applications . 

neglected. The total dissipation curve for no load 
demonstrates this point. The power dissipation contri
butions from all four channels are then added together 
to obtain total device power. 

The following example illustrates this power caiculation 
technique. Assume all four channels are operating identi· 
cally with C = 100 pF, f = 2 MHz, VCC1 = 5V, VCC2 = 
20V, VCC3 = 24V and duty cycle = 60% outputs high 
(tH/T = 0.6). Also, assume VOH = 20V, VOL = 0.1V, 
Ps is negligible, and that the current from V CC2 is 
negligible when the output is low. 

On a per·channel basis using data sheet values: 

[ (4 mA) (-2.2 m~\ POC(AV) = l(5V -4- + (20V) \--4-;+ (24V) 

e·.24
mA

)] (0.6) + [(5V) (31 :A) + 

(20V) (0 ;A) + (24V) (16
4
mA)] (0.4) 

POC(AV) = 58 mW per channel 

PC(AV) ~ (100 pF) (19.9V)2 (2 MHz) 

PC(AV),~ 79 mW per channel. 

For the total device dissipation of the four channels: 

PT(AV) ~ 4 (58 + 79) 

PT(AV) ~ 548 mW typical for total package. 

fo------T= I/'----~ 

FIGURE 4. Output Voltage Waveform 
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Applying Modern Clock 
Drivers to MOS Memories 

INTRODUCTION 

MOS memories present unique system and circuit 
challenges to the engineer since they require precise 
timing of input wave forms. Since these inputs present 
large capacitive loads to drive circuits, it is often that 
timing problems are not discovered until an entire 
system is constructed. This paper covers the practical 
aspects of using modern clock drivers in MaS memory 
systems. Information includes selection of packages and 
heat sinks, power dissipation, rise and fall time consid· 
erations, power supply decoupling, system clock line 
ringing and crosstalk, input coupling techniques, and 
example calculations. Applications covered include 
driving various types shift registers and RAM's (Random 
Access Memories) using logical control as well as other 
techniques to assure correct non·overlap of timing wave
forms. 

Although the information given is generally applicable 
to any type of driver, monolithic integrated circuit 
drivers, the OS0025, OS0026 and OS0056 are selected 
as examples because of their low cost. 

The OS0025 was the first monolithic clock driver. 
It is intended for applications up to one megacycle 
where low cost is of prime concern. Table I illustrates 
its performance while Appendix I describes its circuit 
operation. Its monolithic, rather than hybrid or module 
construction, was made possible by a new high voltage
gold doped process utilizing a collector sinker to mini
mize VeE SAT. 

National Semiconductor 
Application Note 76 
B. Siegel 
M. Scott 

. October 1975 

The OS0026 is a high speed, low cost, monolithic clock 
driver intended for applications above one megacycle. 
Table II illustrates its performance characteristics while 
its unique circuit design is presented in Appendix II. 
The OS0056 is a variation of the OS0026 circuit which 
allows the system designer to modify the output per
formance of the circuit. The OS0056 can be connected 
(using a second power supply) to increase the positive 
output voltage level and reduce the effect of cross 
coupling capacitance between the clock lines in the 
system. Of course the above are just examples of the 
many different types that are commercially available. 
Other National Semiconductor MaS interface circuits 
are I isted in Appendix III. 

The following section will hopefully allow the design 
engineer to select and apply the best circuit to his parti
cular application while avoiding common system pro
blems. 

PRACTICAL ASPECTS OF USING 
MOS CLOCK DRIVERS 

Package .and Heat Sink Selection 

Package type should be selected on power handling 
capability, standard size, ease of handling, availability 
of sockets, ease or type of heat sinking required, relia
bility and cost. Power handling capability for various 
packages is illustrated in Table III. The following guide
lines are recommended: 

TABLE I. OS0025 Characteristics 

PARAMETER CONDITIONS (V+ - V-I = 17V VALUE UNITS 

tON 15 ns 

tOFF CIN = 0.0022J.1F, RIN = on 30 ns 

t, CL = O.OOOlJ.lF, RO = 50n 25 ns 

t f 150 ns 

Positive Output Voltage Swing VIN - V- = OV, lOUT = -1 mA V+ - 0.7 V 

Negative Output Voltage Swing liN = 10mA, lOUT = lmA V- + 1.0 V 

On Supply Current (V+) liN = 10mA 17 mA 

TABLE II. OS0026 Characteristics 

PARAMETER CONDITIONS (V+ - V-I = 17V VALUE UNITS 

tON 7.5 ns 

tOFF CIN = O.OOlJ.1F, RIN = on 7.5 ns 

tt' RO = 50n, CL = 1000 pF 25 ns 
t f 25 ns 

Positive Output Voltage Swing VIN - V- = OV, lOUT = -lmA V+ - 0.7 V 

Negative Output Voltage Swing liN = 10mA, lOUT = lmA V- + 0.5 V 

On Supply Current (V+) IIN=lOmA 28 mA 
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The TO-5 ("H") package is rated at 750 mW still air 
(derate at 200°CIW above 25°C) soldered to PC board. 
This popular cavity package is recommended for small 
systems. Low cost (about 10 cents) clip-on heat sink 
increases driving capability by 50%. 

The S-pin ("N") molded mini-DIP is rated at 600 mW 
still air (derate at 900 CIW above 25°C) soldered to PC 
board (derate at 1.39W). Constructed with a special cop
per lead frame,' this package is recommended for 
medium size commercial systems particularly where 
automatic insertion is used. (Please note for prototype 
work, that this package is only rated at 600 mW when 
mounted in a socket and not one watt until it is soldered 
down.) 

To TO-S ("G") package is rated at 1.5W still air (derate 
at 100°CIW above 25°C) and 2.3W with clip-on heat 
sink (Wakefield type 215-1.9 or equivalent-derate at 
15 mWfC). Selected for its power handling capability 
and moderate cost, this hermetic package will drive very 
large systems at the lowest cost per bit. 

Additional information is given in the section of this 
data book on Maximum Power Dissipation (page 2). 

Power Dissipation Considerations 

The amount of registers that can be driven by a given 
clock driver is usually limited first by internal power 
dissipation. There are four factors: 

1. Package and heat sink selection 
2. Average dc power, Poe 
3. Average ac power, PAC 
4. Numbers of drivers per package, n 

From the package heat sink, and maximum ambient 
temperature one can determine PMAX , which is the 
maximum internal power a device can handle and still 
operate reliably. The total average power dissipated in a 
driver is the sum of dc power and ac power in each 
driver times the number of drivers. The total of which 
must be less than the package power rating. 

POISS = n x (PAC + Pocl ~ PMAX (1) 

Average dc power has three components: input power, 
power in the "OFF" state (MOS logic "0") and power 
in the "ON" state (MOS logic "1"). 

POC = PIN + POFF + PON (2) 

For most types of clock drivers, the first two terms are 
negligible (less than 10 mW) and may be ignored. 

Thus: 

x (DC) 

6-89 

where: 

v+ - V- = Total voltage across the driver 

Req = Equivalent device resistance in the 
"ON" state 

(3) 

DC = Duty Cycle 

"ON" Time 
=----------

"ON" Time + "OFF" Time 

For the DS0025, Req is typically 1 kn while Req is 
typically 600n for the DS0026. Graphical solutions for 
Poc appear in Figure 1. For example if V+ = +5V, 
V- = -12V, Req = 500 n, and DC = 25%, then Poc = 
145 mW. However, if the duty cycle was only 5%, 
Poc = 29 mW. Thus to maximize the number of regis
ters that can be driven by a given clock driver as well as 
minimizing average system power, the minimum allow
able clock pulse width should be used for the particular 
type of MOS register. 

225 
20V'1. /1 Y 200 

~ 117~'1 / / .§. 175 
[' / 20~17 ~ z 

Q 150 -
~ 125 

,/ Y / 
i:i , / / v+-1vp Q 100 

'/ v/ a: 

~ 
75 

I,/~ V ....-1" 
50 ;;.v V ,'REa! 500 
25 Ie-~ -- REQ=lk 

0 
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DUTY CYCLE (%) 

FIGURE 1. POC vs Duty Cycle 

In addition to Poe, the power driving a capacitive load 
is given approximately by: 

(4) 

where: 

f = Operating frequency 

CL = Load capacitance 

Graphical solutions for PAC are illustrated in Figure 2. 
Thus, any type of clock' driver will dissipate internally 
290 mW per MHz per thousand pF of load. At 5 MHz, 
trois would be 1.5W for a 1000 pF load. For long shift 
register applications, the driver with the highest package 
power rating will drive the largest number of bits. 

a 
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Combining equations (1), (2). (3) and (4) yields a criter
ion for the maximum load capacitance which can be 
driven by a given driver: 
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FIGURE 2. PAcvsPRF 

(5) 

As an example, the DS0025CN can dissipate 890 mW at 
T A = 70°C when soldered to a printed circuit board. 
Req is approximately equal to 1 k. For V+ = 5V, V- = 
-12V, f = 1 MHz, and dc = 20%, CL is: 

CL -s; 1340 pF (each driver) 

A typical application might involve driving an MM5013 
triple 64-bit shift register with the DS0025. Using the 
conditions above and the clock line capacitance of the 
MM5013 of 60 pF, a single DS0025 can drive 1340 pF/ 
60 pF, or 00 MM5013's. 

In summary, the maximum capacitive load that any 
clock driver can drive is determined by package type and 
rating, heat sink technique, maximum system ambient 
temperature, ac power (which depends on frequency, 
voltage across the device, and capacitive load) and dc 
power (which is principally determined by duty cycle). 

Rise and Fall Time Considerations 

In general rise and fall times are determined by (a) clock 
driver design, (b) reflected effects of heavy external 
load, and (C) peak transient current available. Details of 
these are included in Appendixes I and II. Figures A 1-3, 
AI-4, AII-2 and AIII-3 illustrate performance under 
various operating conditions. Under light loads, per
formance is determined by internal design of the driver; 
for moderate loads, by load CL being reflected (usually 
as CL//1) into the driver, and for large loads by peak 
output current where: 
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Logic rise and fall times must be known in order to 
assure non-overlap of system timing. 

Note the definition of rise and fall times in this appli
cation note follow the convention that rise time is the 
transition from logic "0" to logic "1" levels and vice 
versa for fall times. Since MaS logic is inverted from 
normal TTL, "rise time" as used in this note is "voltage 
fall" and "fall time" is "voltage rise." 

Power Supply Decoupling 

Although power supply decoupling is a wide spread and 
accepted practice, the question often arises as to how 
much and how' often. Our own ex'perience indicates 
that each clock driver should have at least O.lJ.lF de
coupling to ground at the V+ and V- supply leads. 
Capacitors should be located as close as is physically 
possible to each driver. Capacitors should be non-induc
tive ceramic discs. This decoupling is necessary because 
currents in the order of 0.5 to 1.5 amperes flow during 
logic transitions. 

There is a high current transient (as high as 1.5A) 
during the output transition from high to low through 
the V- lead. If the external interconnecting wire from 
the driving circuit to the V- lead is electrically long, or 
has significant dc resistance the current transient will 
appear as negative feedback and subtract from the 
switching response. To minimize this effect, short inter
connecting wires are necessary and high frequency 
power supply decoupling capacitors are required if V- is 
differentfrom the ground of the driving circuit. 

Clock Line Overshoot and Cross Talk 

Overshoot: The output waveform of a clock driver can, 
and often does, overshoot. It is particularly evident on 
faster drivers. The overshoot is due to the finite induc
tance of the clock lines. Since most MaS registers require 
that clock signals not exceed Vss , some method must be 
found in large systems to eliminate overshoot. A straight
forward approach is shown in Figure 3. In this instance, 

FIGURE 3. Use of Damping Resistor to Eliminate 
Clock Overshoot 



a small damping resistor is inserted between the output 
of the clock driver and the load. The critical value for 
Rs is given by: 

(6) 

In practice, analytical determination of the value for 
Rs is rather difficult. However, Rs is readily deter
mined empirically, and typical values range in value 
between 10 and 50n. 

Use of the damping resistor has the added benefit of 
essentially unloading the clock driver; hence a greater 
number of loads may often be driven by a given driver. 
In the limit, however, the maximum value that may be 
used for Rs will be determined by the maximum allow
able rise and fall time needed to assure proper operation 
of the MOS register. In short: 

(7) 

One last word of caution with regard to use of a damp
ing resistor should be mentioned. The power dissipated 
in Rs can approach (V+ - V-)2fC L and accordingly 
the resistor wattage rating may be in excess of lW. 
There are, obviously, applications where degradation of 
tr and tf by use of damping resistors cannot be tolerated. 
Figure 4 shows a practical circuit which will limit over
shoot to a diode drop. The clamp network should 
physically be located in the center of the distributed 
load in order to 'minimize inductance between the 
clamp and registers. 

l 
Cl ~ 20C L 

FIGURE 4. Use of High Speed Clamp to Limit 
Clock Overshoot 

Cross Talk: Voltage spikes from rt>, may be transmitted 
to rh. (and vice versa) during the transition of rt>, to MOS 
logic "1." The spike is due to mutual capacitance 
between clock lines and is, in general, aggravated by long 
clock lines when numerous registers are being driven. 
Figure 5 illustrates the problem. 
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FIGURE 5. Clock Line Cross Talk 

The negative going transition of rt>1 (to MOS logic "1") 
is capacitively coupled via CM to rh.. Obviously, the 
larger CM is, the larger the spike. Prior to 91 's transi
tion, 01 is "OFF" since only /1A are drawn from the 
device. 

The OS0056 connected as shown in Figure 6 will mini
mize the effect of cross talk. The external resistors to 
the higher power supply pull the base of a 01 up to a 
higher level and forward bias the collector base junction 
of 01. In this bias condition the output impedance of 
the OS0056 is very low and will reduce the amplitude 
of the spikes. 

+5V +8V +8V 

lk 

""'ff"' -12V 

FIGURE 6. Use of DS0056 to Minimize 
Clock Line Cross Talk 

Input Capacitive Coupling 

Generally, MOS shift registers are powered from +5V 
and -12V supplies. A level shift from 'the TTL levels 
(+5V) to MOS levels (-12V) is therefore required. The 
level shift could be made utilizing a PNP transistor or 
zener diode. The disadvantage to dc level shifting is the 
increased power dissipation and propagation delay in the 
level shifting device. Both the OS0025, OS0026 and 
OS0056 utilize input capacitors when level shifting from 



TTL to negative MOS capacitors. Not only do the 
capacitors perform the level shift function without 
inherent delay and power dissipation, but as will be 
shown later, the capacitors also enhance the performance 
of these circuits. 

CONCLUSION 

The practical aspects of driving MOS memories with low 
cost clock drivers has been discussed in detail. When the 
design guide lines set forth in this paper are followed and 
reasonable care is taken in circuit layout, the DS0025, 
DS0026 and DS0056 provide superior performance for 
most MOS input interface applications. 
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APPENDIX I 

OS0025 Circuit Operation 

The schematic diagram of the DS0025 is shown in 
Figure AI·T. With the TTL driver in the logic "0" state 
al is "OFF" and a2 is "ON" and the output is at 
approximately one VSE below the V+ supply. 

INPUT 

Rl 
250 

r----.--ov· 

......... 1-.... -0 OUTPUT 

CR2 

~--4---~-------Ov-

FIGURE AI·1. OS0025 Schematic (One·Half Circuit) 
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When the output of the TTL driver goes high, current is 
supplied to the baseofal, through CIN , turning it "ON." 
As the collector of al goes negative, a2 turns "OFF." 
Diode CR2 assures turn·on of al prior to a2's turn·off 
minimizing current spiking on the V+ line, as well as 
providing a low impedance path around a2's base emit· 
ter junction. 

The negative voltage transition (to MOS logic "1") will 
be quite linear since the capacitive load will force al 
into its linear region until the load is discharged and al 
saturates. Turn·off begins when the input current de· 
cays to zero or the output of the TTL driver goes low. 
al turns "OFF" and a2 turns "ON" charging the load 
to within a V SE of the V+ supply. 

Rise Time Considerations 

The logic rise time (voltage fall) of the DS0025 is pri· 
marily a function of the ac load,CL , the available input 
current and total voltage swing. As shown in Figure AI·2, 

v' 

FIGURE AI·2. Rise Time Model for the OS0025 

the input current must charge the Miller capacitance of 
a 1, CTC , as well as supply sufficient base drive to al 
to discharge CL rapidly. By inspection: 

liN = 1M + Is + IR1 (AI·l) 

liN ~ 1M + IB, for 1M »IR1 & Is» IR1 

!::N 
Is = liN - CTC - (AI·2) 

~t 

If the current through R2 is ignored, 

where: 

~V 

~t 

Combining equations AI·', AI·2, AI·3 yields: 

(AI·3) 



(AI-4) 

or 

(AI-5) 

Equation (AI-5) may be used to predict tr as a function 
of C L and IJ.V. Values for CTC and hFE are 10 pF and 
25 respectively. For example, if a OM7440 with peak 
output current of 50 mA were used to drive a 050025 
loaded with 1000 pF, rise times of: 

(1000 pF + 250 pF) (17V) 

(50 mAl (20) 

or 21 ns may'be expected for V+ = 5.0V, V- = -12V, 
Figure A/-3 gives rise time for various values of CL • 

32 
IIIN ,,150~A 

28 I-T '25°C i-' 
24 

A I I ....... ~ 
+1 1 1 1/)./ I.,..-~ - 20 I- V -v '2~ VI-' ,.,. 

w' 
:;; 16 

V ;::: 1/ 12 Vv v+ - v-· 17V f-f-
a: 1 1'1 

~ 
o L..-J......J........I..-..I.-..I.-...I-...I-...I--L-..J 

o 200 400 600 BOO 1000 

LOAD CAPACITANCE, CL (pF) 

FIGURE AI·3. Rise TimevsCL for the OS0025 

Fall Time Considerations 

The M05 logic fall time (voltage rise) of the 050025 is 
dictated by the load, CL , and the output capacitance of 
01. The fall time equivalent circuit of 050025 may be 
approximated with the .circuit of Figure A/-4. In actual 

v· 

A" CTCQ'T
10PF 

T--hFEQ2 +1 

":'" ":'" 

CTCQ' • OUTPUT CAPACITANCE OF Ul 

'" 10 pF 

hFEQZ • CURRENT GAIN OF Q2 

'" 20 

IAVG • AVG CURRENT THROUGH Rz 

v· -v-
"'2fi2 

FIGURE AI·4. Fall Time Equivalent Circuit 

practice, the base drive to 02 drops as the output volt
tage rises toward V+. A rounding of the waveform occurs 
as the output voltage reaches to within a volt of V+. The 
result is that equation (AI-7) predicts conservative values 
of tf for the output voltage at the beginning of the 
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voltage rise and optimistic values at the end. Figure 
A/-5 shows tf as function of CL • 

200 
v· - V-'20V 
TA '25°C 

160 

] -~. ." ~ ;::: 140 
.... ~ 
~ 

~ ~ 120 

200 400 600 BOO 1000 

LOAD CAPACITANCE, CL (pF) 

FIGURE AI·5. OS0025 Fall Time vsCL 

Assuming hFE2 is a constant of the total transition: 

or 

(

V+ - V-) 

2R2 

t1 == 2R2 (CTCQ1 + ~) 
h FEQ+1 

OS0025 Input Drive Requirements 

(AI·6) 

(AI-7) 

5ince the 050025 is generally capacitively coupled at 
the input, the device is sensitive to current not input 
voltage. The current required by the input is in the 50-
60 mA region. It is therefore a good idea to drive the 
050025 from TTL. line drivers, such as the OM7440 or 
OM8830. It is possible to drive the 050025 from stan
dard 54/74 series gates or flip-flops but tON and tr will 
be somewhat degraded. 

Input Capacitor Selection 

The 050025 may be operated in either the logically 
controlled mode (pulse width out == pulse width in) 
or CIN may be used to set the output pulse width. In 
the latter mode a long pulse is supplied to the 050025. 

I

MAX 

---~OCIN 

I '~r----------- TURN·OFFOFUl 
MIN 250n I 

01 Iol- I,---l 1 

FIGURE AI-G. OS0025 Input Current Waveform 
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The input current is of the general shape as shown in 
Figure AI-6. 1M AX is the peak current delivered by the 
TTL driver into a short circuit (typically 50-60 mAl. 
Ql will begin to turn-off when liN decays below Vse! 
R 1 or about 2.5 mAo In general: 

(AI-8) 

where: 

RO = Output impedance of the TTL driver 
I 

CIN = Input coupling capacitor 

Vse . .. 
Substituting liN = IMIN = - and solVing for t, Yields: 

Rl 

IMAX 
t, = ROC IN In 

IMIN 
(AI-9) 

The total pulse width must include rise and fall time 
considerations. Therefore, the total expression for 
pulse width becomes: 

tpw:::: 
tr + tf 

+ t, 
2 

t; + tf + ROC IN In 
1M AX 

2 IMIN 

DUTPU"ULSEWIDTHVS.C,,'4 FOR lONG 
1100 I.PUTPULSES. 

900 

i!: 700 I--I--f-+-+-+-+--h~+---'I--f--l 
Q 

i !!! 500 I-H-t--r'''''~-F·}'';';''bl-'5''''' 

~ 

200 600 1000 1400 1800 2200 

C'N (pF) 

FIGURE AI-7. Output PW Controlled by CIN 

+5V 
O.1~F nl---.-

14 

-~~--+--I 
-=r----' 

2 

(AI-l0) 

The logic "1" output impedance of the DM7440 is 
approximately 65n and the peak current (lMAX) is 
about 50 mAo The pulse width for CIN = 2,200 pF is: 

25 ns + 150 ns 

2 
+ (65n) (2200 pF) In 

50mA 

2.5mA 
= 517 ns 

A plot of pulse width for various types of drivers is 
shown in Figure AI-7. For applications in which the 
output pulse width is logically controlled, CIN should 
be chosen 2 to 3 times larger than the maximum pulse 
width dictated by equation (AI-l0). 

DC Coupled Operation 

The DS0025 may be direct-coupled in applications 
when level shifting to a positive value only. For exam
ple, the MMll0~ RAM typically operates between 
ground and +20V. The DS0025 is shown in Figure 
AI-8 driving the addres or precharge line in the logically 
controlled mode. 

If DC operation to a negative level is desired, a level 
translator such as the DS7800 or DH0034 may be 
employed as shown in Figure A 1-9. Finally, the level 
shift may be accomplished using PNP transistors are 
shown in Figure AI-TO. 

+5~~ .'~ "~" .,~ 
14 - 6 -r--, r--, 

} 

TO RAM 

L OM7440 .J --¥ I OS0025CN.J ... ~ ... 
FIGURE AI-8. DC Coupled DS0025 Driving 1103 RAM 

+5V 

,U~ r-I-I, 

I 1 TO MOS SHIFT I & REGISTERS 

~~~ __ ~.-~~ ~~-r5~~ 

TTl { INPUTS 

L OH00340 .J 

~-15J: 
~O.I~F 

I MH0025CN.J 

"'1'[" I 0-12V 

~O.I~F 

FIGURE AI-g. DC Coupled Clock Driver Using DH0034 FIGURE AI-10. Transistor Coupled DS0025 Clock Driver 
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APPENDIX II 

DS0026 Circuit Operation 

The schematic of the OS0026 is shown in Figure AII-T. 
The device is typically ac coupled on the input and 
responds to input current as does the OS0025. Inter
nal current gain allows the device to be driven by stan
dard TTL gates and flip-flops. 

With the TTL input in the low state 01, 02, 05, 06 and 
07 are "OFF" allowing 03 and 04 to come "ON." R6 
assures that the output will pull up to within a VBE of 
V+ volts. When the TTL input starts toward logic "1," 
current is supplied via CI N to the bases of 01 and 02 
turning them "ON." Simultaneously, 03 and 04 are 
snapped "OFF." As the input voltage rises (to about 
1.2V), 05 and 06 turn-on. Multiple emitter transistor 
05 provides additional base drive to 01 and 02 assur
ing their complete and rapid turn-on. Since 03 and 
04 were rapidly turned "OFF" minimal power supply 
current spiking will occur when 07 comes "ON." 

1 EXTERNAL T C'N 

'INPUT D!, 

..... J\I\,R 1/'y--/ ...... 0 1 ' ..... 

~ 
I~ 

02 
..... 
R~ 

1'\02 

0;' 
.... 

R4 

, ..... 

R6 R8 
R9 

~ 08 09 
01 r--ti 

06 ~'" 
~ , ..... 

~~OUTPUT 

... 
..... 04 ~ .. 010 

FIGURE AII-1. OS0026 Schematic (One-Half Circuit) 

06 now provides sufficient base drive to 07 to turn it 
"ON." The load capacitance is then rapidly discharged 
toward V-. Diode 04 affords a low impedance path to 
06's collector which provides additional drive to the 
load through current gain of 07. Diodes 01 and 02 pre
vent avalanching 03's and 04's base-emitter junction as 
the collectors of 01 and 02 go negative. The output of 
the OS0026 continues negative stopping about 0.5V 
more positive than V-. 

When the TTL input returns to logic "0," the input 
voltage to the . OS0026 goes negative by an amount 
proportional to the charge on CIN • Transistors 08 and 
09 turn-on, pulling stored base charge out of 07 and 02 
assuring their rapid turn-off. With 01, 02, 06 and 07 
"OFF," Darlington connected 03 and 04 turn-on and 
rapidly charge the load to within a V BE of V+. 

Rise Time Considerations 

Predicting the MOS logic rise time (voltage fall) of the' 
OS0026 is considerably' involved, but a reasonable 
approximation may be made by utilizing equat~on 

(AI-5), which reduces to: 

(AII-1) 

For CL = 1000 pF, V+ = 5.0V, V- = -12V, tr =:: 21 ns. 
Figure AII-2 shows OS0026 rise times vs CL • 

... 20 
E ~::::: ~ ... z 
I v+ -V--20~ ~;..o' v+ - v-·nv 
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! /~" 
I- t~ .... 
~ 10 
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TA -25°C 
5 

0 200 400· 600 800 1000 1200 

LOAD CAPACITANCE (pF) 

FIGURE AII-2. Rise Time vs Load Capacitance 

Fall Time Considerations 

The MOS logic fall time of the OS0026 is determined 
primarily by the capacitance Miller capacitance of 05 
and 01 and R5. The fall time may be predicted by: 

(AII-2) 

where: 
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Cs = Capacitance to ground seen at the base of 03 

= 2 pF 

hFE2 = (hFEQ3 + 1) (h FEQ4 + 1) 

=:: 500 

For the values given and CL = 1000 pF, tf =:: 17.5 ns. 
Figure AII-3 gives tf for various values of CL • 
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FIGURE AII·3. Fall Time vs Load Capacitance 
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OS0026 Input Drive Requirements 

The OS0026 was designed to be driven by standard 
54/74 elements. The device's input characteristics are 
shown in Figure A 11·4. There is breakpoint at V IN ~ 
O.6V which corresponds to turn·on of al and a2. The 
input current then rises with a slope of about 600n 
(R2 II R3) until a second breakpoint at approximately 
1.2V is encountered, corresponding to the turn-on of a5 
and a6. The slope at th is poi nt is about 150n (R 1 II 
R2 II R3 II R4). 

16 
TA=25°C 

14 I- v+ = 20V 

<" 12 
v-=ov 

.! 
I- 10 

I 1I 
V 

~ V 

~ 

~ I--' o 
o 0.5 1.0 1.5 2.0 2.5 

INPUT VoLTAGE (V) 

FIGURE AII-4. Input Current vs Input Voltage 

The current demanded by the input is in the 5-10 mA 
region. A standard 54/74 gate can source currents in 
excess of 20 mA into 1.2V. Obviously, the minimum 
"1" output voltage of 2.5V under these conditions can
not be maintained. This means that a 54/74 element 
must be dedicated to driving 1/2 of a OS0026. As far as 
the OS0026 is concerned, the current is the determining 
turn-on mechanism not the voltage output level of the 
54/74 gate. 

Input Capacitor Selection 

A major difference between the OS0025 and OS0026 is 
that the OS0026 requires that the output pulse width 
be logically controlled. In short, the input pulse width ~ 
output pulse width. Selection of CIN boils down to 
choosing a capacitor small enough to assure the capacitor 
takes on nearly full charge, but large enough so that the 
input current does not drop below a minimum level to 
keep the OS0026 "ON." As before: 

or 

IMAX 
t, = ROC IN In -

IMIN 

I 
ROln MAX 

IMIN 

(AII-3) 

(AII-4) 

In this case RO equals the sum of the TTL gate output 
impedance plus the input impedance of the OS0026 
(about 150m. IMIN from Figure AII-5 is about 1 mAo 
A'standard 54/74 series gate has a high state output 
impedance of about 150n in the logic "1" state and an 
output (short circuit) current of about 20 mA into 1.2V. 
For an output pulse width of 500 ns, 

500 x'10-9 

20mA 
= 560 pF 

(150n + 150n)ln 
1 mA 
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5.0 
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.... 

" .~ 2.0 

1.0 

lOUT (mA) 

FIGURE AII·5. Logical "1" Output Voltage 
vs Source Current 

In actual practice it's a good idea to use values of about 
twice those predicted by equation (AII-4) in order to 
account for manufacturing tolerances in the gate, OS0026 
and temperature variations. 

A plot of optimum value for CIN vs desired output pulse 
width is shown in Figure A 11-6. 
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FIGURE AII-5. Suggested Input Capacitance 
vs Output Pulse Width 

DC Coupled Applications 

The OS0026 may be applied in direct coupled applica
tions. Figure AII-J shows the device driving address or 
pre·charge lines on an MM1103 RAM. 

+l1V 
100pF 

DS0026CN 

1/2 DM14DO 

) 

TO ADDRESS 
LINES ON 
MEMORY' 
SYSTEM 

FIGURE AII-7. DC Coupled RAM Memory Address or 
Precharge Driver (Positive Supply Only) 



For applications requiring a d.c level shift, the circuit of 
Figure AII-8 or A 11-9 are recommended. 

01 
INPUT 

+5.0V 

-12V 

7 91 OUTPUT 

5 ¢2 OUTPUT 

"'~ 

FIGURE All-B. Transistor Coupled MOS Clock Driver 

APPENDIX III 

MOS Interface Circuits 

MOS Clock Drivers 

MH0007 

MH0009 

MH0012 

MH0013 

OS0025C 

OS0026C 

OS3671 

OS3674 

OS75361 

OS75365 

Direct coupled, single phase, TTL 
compatible clock driver. 

Two phase, direct or ac coupled 
clock driver. 

10 MHz, single phase direct coupled 
clock driver. 

Two phase, ac coupled clock driver. 

Low cost, two phase clock driver. 

Low cost, two phase, high speed 
clock driver. 

Dual bootstrapped MOS driver. 

Quad MOS clock driver. 

Dual TTL-to-MOS driver. 

Quad TTL-to-MOS driver. 

MOS RAM Memory Address and Precharge Drivers 

OS0025C 

OS0026C 

Dual address and precharge driver. 

Dual high speed address and pre
charge driver. 

TTL to MOS Interface 

OH0034 Dual high speed TTL to negative 
level converter. 

TTl { 
INPUTS 0--.... --, 

1 
TO SHIFT 
REGISTERS 

-12V 

FIGURE AII-S. DC Coupled MOS Clock Driver 
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OS8800 

OS8810/OS8812/ 
OS8819 

OS88L12 

OS3645/0S3675 

OS3647/OS3677 

OS3648/0S3678 

OS3649/OS3679 

Dual TTL to negative level con
verter. 

Open collector TTL to positive 
high level MOS converter gates. 

Active pull-up TTL to positive high 
level MOS converter gates. 

Hex TRI-STATE® MOS driver. 

Quad TRI-STATE MOS driver I/O 
register. 

TRI-STATE MOS driver multi
plexer .. 

Hex TRI-STATE MOS driver. 

OS36149/0S36179 Hex TRI-STATE MOS driver. 

MOS to TTL Converters and Sense Amps 

OS75107, 
OS75207 

Dual sense amp for MM1103 1k 
MOS RAM memory. 

Voltage Regulators for MOS Systems 

LM309, LM340 
Series 

LM320 Series 

LM325 Series 

Positive regu lators. 

Negative regulators. 

Dual +/- regulators. 
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The DP8400 Family of 
Memory Interface Circuits 

INTRODUCTION 

The rapid development in dynamic random access mem
ory (DRAM) chip storage capability, coupled with signifi
cant component cost reductions, has allowed designers 
to build large memory arrays with high performance specI
fications. However, the development of memory arrays 
continues to have a common set of problems generated by 
the complex timing and refresh requirements of DRAMs. 
These include: how to quickly drive the memories to take 
advantage of their speed, minimization of board space re
quired by the support circuitry and the need for error 
detection and correction. Unfortunately, these problems 
must be addressed with each new system design. Full sys
tem solutions will vary greatly, depending on the DRAM ar
ray size, memory speed, and the processor. 

This application note introduces a complete family of 
DRAM support circuits that provides a straightforward 
solution to the above problems while allowing a high 
degree of flexibility in application with little or no perform
ance penalty. The DP8400 family (Table I) includes DRAM 
controllers, an expandable error detection/correction cir
cuit, octal address buffers and system control circuits. 
The LSI blocks are designed with flexible interfaces, mak
ing application possible with all existing DRAMs includ
ing the recently announced 256Ks. Additionally, interface 
is easy to all popular microprocessors with memory word 
widths possible frorTi 8 to 80 bits. 

TABLE I. DP8400 FAMILY MEMBERS 

DP8400 

DP8408, DP8409 

DP84240, DP84244 

DP84300 Series 

Expandable Error 
Checker/Corrector 

DRAM Controllers 

DRAM Buffer Drivers 

Microprocessor 
Interface Circuits 

FULL FUNCTION DRAM CONTROLLER 

The heart of any DRAM array design is the controller func
tion. Previous LSI controllers supplied a minimum func
tion of address multiplexing with an on-board refresh 
counter. This required external delay line timing and logic 
to control memory access, additional logic to perform 
memory refresh, and external drivers to drive the capaci
tive memory array. The complete solution results in signifi
cant access delay in relation to DRAM speeds and skews 
in output sequencing, as well as a large component count. 

A p'revious LSI solution brought much of this logic on-chip. 
However, it is limited in application to certain microproc
essors and has the disadvantage of all access timing orig
inating from an external clock, whose phase uncertainty 
generates a delay in actually knowing when an access has 
started. ' 

National Semiconductor 
Application Note 302 
Charles Carinalli 
Mike Evans 
March 1983 

The DP8409 multi-mode dynamic RAM controller/driver is 
the first controller to resolve all of these problems. This 
Schottky bipolar device provides the flexibility of external 
access control, along with automatic access timing gen
eration, without the need for an external timing generator 
clock. In addition, on-board capacitive drivers allow direct 
driveforover88 DRAMs. With the simple addition of refresh 
clocks, the circuit can perform hidden refresh automati
cally. But possibly one of the DP8409's most important ad
vantages is its upgradability for use with 256K DRAMs. 

All Control On·Chip 

Figure 1 is a block diagram of the ,DP8409. The ADS input 
strobes the parallel memory address into the row latches 
RO-B, the column latches CO-8, and bank select BO and 
B1. The nine output drivers may be multiplexed between 
the row or column input latches, or the 9·bit on·chip 
refresh counter. One of four RAS outputs is selected dur
ing an access cycle by setting the bank select inputs BO or 
B1. All four RAS outputs are active during refresh. Either 
external or automatic control is available on-chip for the 
CAS output, while an on-chip buffer is provided to mini
mize skew associated with WE output generation. 
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All DRAM address and control outputs on the DP8409 can 
directly drive in excess of 500 pF, or the equivalent of 88 
DRAMs (4 banks of 22 DRAMs). All output drivers are 
closely matched, significantly reducing output skew. 
Each output stage has symmetrical high and low logic 
level drive capability, insuring matched rise and fall time 
characteristics. 

Flexibility and Upgradability to 256K 

The 9 multiplexed address outputs and 9-bit internal re
fresh counter of the DP8409 not only guarantee its use 
with all current DRAMs (16K and 64Ks), but also enable 
direct addressing capability for the forthcoming 256K 
DRAMs. Careful design of memory boards, using the cur
rent 64K DRAMs with the DP8409, will insure direct up
gradability to 256K DRAMs. This can be done by simply 
allowing for board address extension by two bits and 
designing the ninth address trace (08) of the DP8409 to 
connect to pin 1 of the DRAMs (A8). This is, in general, a 
nonconnected pin in 64Ks and the ninth address in 256Ks. 
All that need be done is to remove the 64Ks and replace 
them with 256Ks, thereby increasing the memory on the 
same board by a 4 to 1 ratio. The resulting development 
cost saving can be significant. 

Three mode pins (MO, M1 and M2) offer externally select
able modes of operation, a key reason for the DP8409's ap
plication flexibility (Table II). The operational modes are 
divided between external and automatic memory control. 
Modes 0, 3b, and 4 provide full control of access and 
refresh for systems with external memory controllers or 
for special purpose applications. Here all timing can be 
directly controlled by the external system as shown in 
Figure 2. 
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FIGURE 1. DP8409 Block Diagram 

TABLE II. DP8409 MODE SELECT OPTIONS 

Mode 
(RFSH) 

M1 MO Mode of Operation Conditions M2 

0 0 0 0 Externally Controlled Refresh RF 1/0= EOC 

1 0 0 1 Auto Refresh-Forced RF 1/0 = Refresh Request (RFRQ) 

2 0 1 0 Internal Auto Burst Refresh RF I/O=EOC 

3a 0 1 1 All RAS Auto Write RF I/O=EOC 

3b 0 1 1 Externally Controlled All RAS Access All RAS Active 

4 1 0 0 Externally Controlled Access 

5 1 0 1 Auto Access, Slow tRAH, Hidden Refresh 

6 1 1 0 Auto Access, Fast tRAH 

7 1 1 1 Set End of Count 

Modes 1, 5 and 6 provide on-chip automatic access se
quencing with hidden refresh capability. A graphic ex
ample of the automatic access modes of the DP8409 is 
shown in Figure 3. All DRAM access timing and control is 
generated from one input strobe, RASIN; no external clock 
is required. On-chip delays insure proper address and con
trol sequencing once the valid parallel address is pre
sented to the fall-through input latches of the DP8409. 
When the RASIN transitions high·to-Iow, the decoded RAS 
output transitions low, strobing the row address into the 
DRAM array. An on-chip delay automatically generates a 
guaranteed selectable (mode 5 or 6) row address hold 
time. At this pOint, the DP8409 switches the address out
puts from the row latch to the column latch. Then another 
on-chip delay generates a guaranteed column address 
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set-up time before CAS, so that the CAS output automati
cally strobes the column address into the DRAM array. 
Read or write cycles are controlled by the system through 
independent control of the WE buffer that is provided on· 
chip to minimize'delay skewing. The automatic access 
mode makes the dynal']1ic RAM appear static with respect 
to access timing. In this mode, only one signal, RASIN, is 
needed after valid parallel addresses are presented to the 
DP8409 to initiate proper access sequencing. Access tim
ing (RASIN to CAS), with full output loading of 88 DRAMs 
in the auto access mode, is determined by the dash num
ber given on the DP8409 data sheet. All performance char
acteristics are specified over the full operating 
temperature and supply ranges. 
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Refreshing 

The DP8409 also provides hidden refresh capability while 
in one of the automatic access modes (Figure 4). In this 
mode, it will automatically perform a refresh without the 
system being interrupted. To do this, the DP8409 requires 
two clock signals, refresh clock (RFCK) which defines the 
refresh period (usually 16 /Ls), and RAS generator clock 
(RGCK), which is typically the microprocessor clock. 

Highest priority is given to hidden refreshing through use 
of level sensing of RFCK. A refresh cycle begins when 
RFCK transitions to a high level. If during the time RFCK is 
high the DP8409 is deselected (CS in the high state) and 
the processor is accessing another portion of the system 
such as another memory segment, or ROM, or a peri ph- ' 
eral, then a hidden refresh is performed. When a read or 
write cycle is initiated by the processor, the RASIN input 
on the DP8409 transitions low. With CS high, this causes 
the present state of the internal refresh counter to be 
placed on the address outputs, followed by the four RAS 
outputs transitioning low, strobing the refresh address 
into the DRAM array. When the cycle ends, RASIN will ter
minate, thus forcing the RAS outputs back to their inactive 
state and ending the hidden refresh. The refresh counter is 
then incremented and another microprocessor cycle can 
begin immediately. However, to save power, the DP8409 
will allow only one hidden refresh to occur during a given 
RFCK cycle. 

In the event that a hidden refresh does not occur, the 
DP8409 must force a refresh before the RFCK's next posi
tive-going transition. The system is notified after the 

RFC~ FORCES REFRESH 

negative-going RFCK transition that a hidden refresh has 
not occurred, via the refresh request output (RF 1/0 pin) . 
The system acknowledges the request for a forced refresh 
by setting M2 (refresh) low on the DP8409 and preventing 
further access to the DP8409. The DP8409 then uses RGCK 
to generate an automatic forced refresh. The refresh re
quest pin then returns to the inactive state, and the 
DP8409 allows the processor to take fuli system control 
after the forced refresh has been completed. 

OCTAL MEMORY DRIVERS 

When the memory array becomes large and the 88-DRAM 
drive capability of the DP8409 becomes insufficient, addi
tional address and control buffers are required. However, 
like any other element in a DRAM system, selection of the 
improper driver can have significant impact on system 
performance. 

In the past, this function has been performed using 
Schottky logic family circuits such as the DM74S240 octal 
inverter or the DM74S244 octal buffer. The output stages 
of these devices have good drive capability, but their per
formance with heavy capacitive loads is not ideal for 
DRAM arrays. The key disadvantage of these devices is 
their nonsymmetrical rise and fall time characteristics 
and their long propagation delays with heavy load capaci
tance. The former is a result of impedance mismatch in 
the upper and lower output stages. The latter stems from 
process capability and circuit design techniques not 
tailored to the DRAM application. The combined result of 
all these factors is increased output skew in address and 
control lines when these devices are used as buffers. 

'HIDDEN REFRESH ALLOWED I N~~~~~~~.o r
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FIGURE 4_ Hidden and Forced Refresh Timing of the DP8409 

7-6 



Two new devices are now available for this application. 
The DP84240 Is pin and function compatible with the 
DM74S240. The DP84244 Is likewise compatible with the 
DM74S244. However, this is where trie similarity between 
the devices ends. Both the DP84240 and the DP84244 have 
been designed specifically to drive DRAM arrays. Figure 5 
shows a typical application of the DP84244, used in con
junction with the DP8409, to drive a very large memory . 
array. 

Figures 68, 6b show some typical performance curves 
for these circuits. Note that, at over 500 pF, the propaga
tion delay through these drivers Is on the order of 15 ns. 
This delay includes propagation delay and rise or fall 
time. Even with this high speed, chip power dissipation 

*.Resistor required depends on DRAM load. See AN-305 
"Precautions to Take When Driving Memories." 

is still maintained at a reasonable level as demonstrated 
by the graphs shown In Figures 7a, 7b of power versus 
frequency. 

The DP84240 and the DP84244 are fabricated on a high 
performance oxide-isolated Schottky bipolar process. 
Special circuit techniques have been used to minimize in
ternal delays and skews. Additionally, both rise and fall 
time characteristics track closely as a function of load ca
pacitance. This has been accomplished through Imped
ance matching of the upper and iower output stages. The 
result of these characteristics is a substantial reduction 
of skew in both the address and control lines to the DRAM 
array. 
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FIGURE 7a. Typical Power Dissipation for DP84240 
at Vee = 5.5V (All 8 drivers switching 
simultaneously) 
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FIGURE 7b. Typical Power Dissipation for DP84244 
at Vee = 5.5V (All 8 drivers switching 
simultaneously) 

The output stages of the DP84240 . and the DP84244, 
although well matched, are relatively low impedance. Out
put impedance is under 100. Some DRAM arrays will re
quire the addition of damping resistors in series with the 
outputs of the drivers. These damping resistors are used 
to minimize undershoot which may have a harmful effect 
on the DRAMs if allowed to become large. This under
shoot is caused by the high transient currents from the 
drivers necessary to drive the capacitive loads. These high 
currents pass through a distributed inductive/capacitive 
circuit created by the board traces and the DRAM load, 
causing the undershoot. 

The damping resistor has specifically not been placed on
chip because its value is dependent on the DRAM array 
size and board layout.ln fact, address lines will quite often 
require a different resistor value from the DRAM control 
lines. The resistor must be tuned for a particular board 
layout since too high a resistor will produce an exces
sively slow edge and too Iowa resistor will not remove the 
undershoot. Values for damping resistors may vary from 
150 to 1500, depending on the application. Placing any 
value of damping resistor on-chip, other than a value less 
than the minimum, severely restricts the application of 
these high performance circuits. 

Another key advantage of both the DP84240 and the 
DP84244 is their low input capacitance. Previous address 
buffer/drivers (such as the DM74S240/244) have high input 
capacitance. Fast edges at the inputs of these drivers 
become slower and distorted due to this dynamic input 
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capacitance. This problem must be factored as an addi
tional delay through these drivers-a delay not shown by 
the data sheet specifications. Additionally, the problem 
becomes increasingly severe as multiple driver inputs are 
used in parallel for bus expansion applications . 

Both the DP84240 and the DP84244 are designed to signifi· 
cantly reduce both static and dynamic input capacitance. 
When these devices are driven with standard logic cir
cuits, no appreciable overhead delay need be added to the 
basic device delay specifications due to input pulse 
distortion. 

ERROR CORRECTION 

The determination of whether a DRAM system requires 
error correction must be resolved early in the system 
design. A positive answer to this question may have far
reaching impact on board development time and compo~ 
nent cost. It is clear, however, that such a decision cannot 
be taken lightly. 

The type and origin of errors in DRAM systems are many 
and ean result from a number of sources (Table III). Current 
estimates of soft error rates due to alpha particles in 64K 
RAMs indicate some hope that these error rates will be 
similar or possibly better than those found in 16K 
DRAMS-but the facts are still somewhat unclear. How
ever, it is clear that the introduction in the near future of 
256K DRAMs with even smaller memory cells and greater 
chip densities will place a significant challenge on DRAM 
chip designers to keep these rates down. It is believed by 
some that error correction may become mandatory in 
future DRAM system designs. Currently, the decision to 
add error correction is not so straightforward. It depends 
on many factors, not the least of which isthe end user's 
perception of its value to system uptime and reliability. 

Error 
Type 

Soft 

Hard 

TABLE III. THE SOURCES AND TYPES OF 
MEMORY ERRORS 

Sources System Action 

• Alpha particles Temporary system error-
• System noise may be overwritten with a 
• Chip patterns low probability of 
• Power glitches repetition 

• Stuck memory bit Permanent failure-may 
• Memory chip interface act as logic 1 or 0 
• Interface circuit failure 

Generally, error correction will always be found in highly 
reliable systems using DRAMs, such as process control 
equipment, banking terminals,and military systems where 
high data integrity and minimum downtime are priorities. 
However, the importance of error correction has grown 
substantially, to the point that it is now used as a selling 
feature in the vast majority of large memory·based sys
tems. In fact, some major computer houses have adopted 
guidelines for use by their designers in the development of 
DRAM arrays. A somewhat common set has been found
if the memory array is on the order of 1/4 million bytes, 
then word parity should be used. This permits the detec· 
tion of single bit errors but does not allow error correction. 
When the total memory approaches 1/2 million bytes, then 
double bit error detection and single bit error correction 
should be added. 

The decision to add error correction to a system is costly, 
both in memory overhead and control hardware. Table IV 



TABLE IV. CHECK BIT OVERHEAD FOR MULTIPLE BIT 
ERROR DETECTION AND SINGLE BIT ERROR 
CORRECTION 

Number of Bits Number of Percentage 
in Memory Check Bits of Excess 
Data Word Required Memory 

8 5 63% 

16 6 38% 

24 6 (7) 25% (29%) 

32 7 22% 

48 7 (8) 15% (17%) 

64 8 13% 

Note: The number stated assumes the use of the DP8400; the number in 
parentheses is required by other error correction circuits. 

lists the number of additional memory chips required to 
support single bit error correction and double bit error 
detection as a function of the memory data word width. 

This table also shows the percentage of DRAM overhead 
required to implement this function. Adding error correc· 
tion also increases the memory access delay, since the in· 
formation contained in the overhead chips must be ana· 
Iyzed in each read and generated in each write operation. 

DP8400 Expandable Error Correction Chip 

The DP8400 expandable error checker/corrector is shown 
in block diagram form in Figure 8. This circuit offers a high 
degree of flexibility in applications which range from 8·bit 
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to 80·bit data words. It is a 16·bit chip that is easily expand· 
able with the simple addition of more DP8400s for each 
16·bit word increment. 

Figures .9a, 9b and 9c demonstrate its basic operation in 
the writ~ and read memory access cycles. Figure 9a 
shows the normal write cycle, where system data is used 
by the DP8400 to generate parity bits, called check bits, 
based on certain combinations of the data bits. This com· 
bination is defined by the DP8400's matrix shown in 
Figure to. Whenever a '1' occurs in any row, the corre
sponding input data bit at the top of the column helps 
determine the parity for that check bit labeled at the end of 
the row. These check bits are written along with the data at 
the same memory address. Also, during a memory write 
cycle the DP8400 checks system byte parity. This is parity 
associated with the data bytes transmitted between the 
processor and the memory card. This is an optional fea
ture that may prove very valuable in multiple board 
memory systems. 

Sometime later a read will occur at this same memory 
address. The reading of memory data may be performed in 
two ways, as shown in Figures 9b and9c. In the read cycle, 
the DP8400 uses the data read from memory and internally 
regenerates check bits using the same matrix. These 
newly generated check bits are then compared (using X·OR 
gates) with the check bits read from memory to detect 
errors. The result of this comparison is called a syndrome 
word. Any differences in the generated versus read check 
bits will result in at least one syndrome bit true. This indio 
cates an error in either the read data or check bit field or 
both .. 
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A key advantage of the DP8400 is that it has three error 
flags detailing the type of error occurrence. These are 
generated using the syndrome word in the manner shown 
in Figure 11. The resulting error type identifications are 
shown in Table V. The three error flags allow complete 
error type identification, plus the unique determination of 
double bit errors, which will be key during the discussion 
of double bit error correction. Also, on a memory read, the 
DP8400 generates byte parity bits for transmission to the. 
processor along with the data. 

SG, Sii 

INTERNAL 
SYNDROME 

BUS 

ANY SYNDROME BIT 

DETECT EVEN SYNDROME PARITY 

FIGURE 11. The DP8400 Error Encoder 
Generating 3 Error Flags 

TABLE V. ERROR FLAGS AFTER NORMAL READ 

AE E1 EO Error Type 

0 0 0 No error 

1 1 0 Single check bit error 

1 1 1 Single data error 

1 0 0 Double·bit error 

All Others Invalid conditions 

There are two basic memory read methods that may be 
used with the DP8400. The first is shown in Figure 9b and 
is called the error monitoring method. Here, the read data 
is assumed to be correct and the processor immediately 
acts on the data. If the DP8400 detects an error, the proc
essor is interrupted using the any error flag (AE). USing 
this method, there is no detection delay in most memory 
reads since errors seldom occur, but when an error does 
occur, the processor must be capable of accepting an in
terrupt and a read cycle extension to obtain the corrected 
data from the DP8400. 

A second approach is called the always correct method, 
Figure 9c. In this case, the data is always assumed to be in 
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error and the processor always waits for the DP8400 to 
analyze whether an error exists. Then the corrected or un
changed data is read from the DP8400. Although this 
method results in longer memory read time, every memory 
read will always be of the same delay except when a dou
ble error occurs. The selection of which method to use 
depends on many factors, including the processor, system 
structure, and performance. 

Double Bit Error Correct 

The probability of double bit errors in DRAM systems is 
relatively low, but as memory array sizes grow, the occur
rence of these error types must be considered. Adopting 
certain practices, such as rewriting a memory location 
whenever an error is detected, or using "memory scrub
bing" techniques, can significantly reduce the probability 
of a double soft error occurrence. Memory scrubbing is 
when the system, during low usage, actually accesses 
memory solely for the purpose of identifying and correct
ing single soft errors. This is an important technique if 
there are segments of the memory that are not always be
ing accessed so that soft error occurrences would not be 
quickly found. 

The occurrence of a double error comprising one soft and 
one hard must now be considered. This type of error has a 
higher probability than two soft errors. The hard error may 
be due to a catastrophic chip failure, and a subsequent 
soft error will create two errors. This can be a source of 
concern since most error correction chips cannot handle 
double errors of this type. Therefore, most systems will 
"crash" when a catastrophic chip failure is coupled with a 
soft error in the same memory address. 

The DP8400 has been designed to handle just such an oc
currence. It can correct any double bit error, as lon9 as at 
least one of the errors is a hard error. The DP8400 does this 
without the need for extra hardware required for the basic 
double bit detect/single bit correct system implementa
tion. This method is called the double complement correct 
technique and is demonstrated in Figure 12 using a 4-bit 
data word for simplicity. In ,this example, a single hard 
error is located in the most significant bit of a particular 
memory location and a soft error occurs at the next bit. 
The position of the errors is not important since the errors 
may be distributed in either the data or check bit field or 
both. First, the data word and corresponding check bits 
are written to this memory location. When a later read of 
this location occurs, step A, two errors are directly re
ported by the DP8400 error flags. The system detects this, 
disables memory, and places the DP8400 in the comple
ment write mode. This causes the previously read data 
and check bits to be complemented in the DP8400 and 
written back to the same memory address, step B, writing 
over the previous soft error. Obviously this does not 
modify the cell where the hard error exists. The system 
then reads from the same address again, but this time it 
places the DP8400 in the complement read mode, step C. 
The DP8400 again complements the memory data and 
check bits and generates new check bits based on the new 
data word. At this point, the chip detects a single bit error 
in the bit position where the soft error occurred, and using 
the conventional single error correction procedure, 
returns corrected data to the system, step D. 

In the second read, the complement read, the hard error 
repeats since this bit location again receives a bit which is 
complemented with. respect to itself. But the soft error has 
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been overwritten and does not repeat. Effectively, the 
memory has complemented the hard bit error position 
twice and the soft bit error position only once, while the 
DP8400 complements both positions twice. Therefore, 
after the second read, there is only one error left, the soft 
error. Since this is now a single error it can be directly 
corrected. 

After the complement correct cycle, the memory must be 
rewritten with the corrected data since the address now 
contains data that is complemented. Full error reporting is 
available from the DP8400 after the second read, the com· 
plement read, of memory. This is shown in Table VI. 

This method is a very effective tool to avoid system crash 
due to memory chip failure, and can do much to reduce un· 
scheduled field service calls. The only time the system will 
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see a double error that is not directly correctable is when a 
double soft error occurs. The probability of this is very low 
if the previously discussed techniques are used. The extra 
time taken to do an additional read and write of memory is 
insignificant when .the alternative is a system that has a 
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Using this technique, software may be provided In the sys· 
tem to warn the operator that the system is in a degraded 
operational mode and that field service should occur 
shortly. In the meantime, the system will continue to 
operate properly. The key to the effectiveness of the 
DP8400 in this application is its three error flags which 
allow complete error reporting-including a unique 
double error indication. 

DATA I/O I GENERATED CBs I MEMDRY CBs 

I I 
I I 

@1TI]-+-~-t--~ 

ERRDR ERROR I I BIT ERRORS 
HARDjjSDFT I I ND CHECK 

STEPA { DATA/CBsREAD rII!JJ-L-~ I ~ 
FROM MEMORY I ~I/ 

_____________ ~--~ROR~ECT~--

{

COMPLEMENT DATA/CBs @JJ}] I I I CGW I 
STEP B ~R~::~O:C~~~TS~J;HES, I I 

LOCATION IN MEMORY I I 

{

READ BACK FROM 
SAME LOCATION 

STEP C COMPLEMENT DATA/CBs 
IN DP8400 INPUT LATCHES, 
AND COMPARE CBs 

STEP D USING NORMAL OP8400 
{

CORRECT SINGLE ERROR 

PROCEDURE OF XOR-ING 
DI WITH DE 

SAME HARD I I NO CHECK BIT 
ERROR I I ERRORS 

I I I CGW I 
I I 

~--+-~ I ~ 

i D~~ 
SINGLE ERROR DETECTED 

~~ DATA ERROR WORD 

@1TI] 

FIGURE 12. Double Error Correct Complement Hard Error Method-
1 Hard Error and 1 Soft Error In Data Bits 

TABLE VI. DP8400 ERROR FLAGS AFTER A COMPLEMENT READ 

AE E1 EO Error Type 

0 0 0 Two hard errors 

1 1 0 One hard error, one soft check bit error 

1 1 ·1 One hard error, one soft data bit error 

1 0 O' Two soft errors, not corrected 
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MICROPROCESSOR INTERFACE CIRCUITS 

The major 8-bit and 16-bit microprocessors have different 
control signal timing. There are also a number of speed op
tions. The DP8400 family was designed, not for a specific 
microprocessor, but rather, significant control flexibility 
has been provided on both the DP8409 and the DP8400 for 
easy interface to any microprocessor. However, a certain 
amount of "glue" is necessary to interface to these LSI cir
cuits, usually in the form of a number of MSIISSllogic cir
cuits,. Not only cah this be costly in board space utiliza
tion, but it is usually the one place where the most design 
related problems occur in system development. ' 

Figures 13 and 14 show the DP8400 family solution to this 
problem-the DP84300 series of microprocessor inter
face circuits. Figure 13 shows how the DP84300 refresh 
timer and the DP843X2 microprocessor interface circuit 
connect to the DP8409 and various microprocesssors. 
Figure 14 shows the DP8409 and the DP8400 together in a 
m.icroprocessor-based memory system using DRAMs, 
With double bit error detect and single bit error correct 
capability. In addition, it shows that with the simple addi
tion of some standard data buffers, how the system can 
implement byte writing to the DRAM array. 

This system structure requires the insertion of few or no 
walt states during a memory access cycle, thus maximiz
ing throughput. The DP84300 circuits have been designed 
to work with the DP8409 to control refreshing so that 
system throughput is affected only when absolutely 
necessary. First, in any refresh clock period of 16 itS, hid
den refreshing is given maximum opportunity. This can be 
helped with the optional DP84300 refresh interval gener
ator which offers maximum high-to·low ratioing of RFCK. 
Second, when a hidden refresh does not occur in a par
ticular RFCK cycle, a forced refresh may still not affect a 
slow access cycle. The worst-case is when an access is 
pending during a forced refresh, in which case a three wait 
state delay is usually the maximum penalty. 

Usually two DP84300 type chips would be required to'in
terface between any microprocessor and the DP8400/ 
DP8409 combined system. These chips would handle 
the read/write control as well as error detection and cor
rection control. Table VII shows the individual DP84300 
circuits that would be used in systems with no error 
correction, thus requiring only the DP8409 DRAM 
controller. 

16 BIT MICROPROCESSO D RATA BUS 

t t 
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OR 256K __ / 
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STROBE 
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l-
t-:-;. 

RAS2 RAS 
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RAS1 I-- ~ WE 
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DP843X2 I.--, ,.. (SEE TABLE I) HAs 
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RF 1/0 M2 M1 MO r"" I 

~ r,t. .. !. 
tThe select walt 
Input to the DP843X2 
chip Inserts a wait 
state during accessing. 
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very fast microprocessors. 
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NECESSARY IF INSiRUCTIONS INCLUDE 
BYTE-WRITING, OTHERWISE USE W 
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FIGURE 13. Connecting the DP8409 Between 16·Blt Microprocessor and Memory 
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The DP8400 DRAM interface family provides complete 
solutions to memory support. This begins with the LSI 
functions such as the DP8400 expandable error checker/ 
corrector and the DP8409 DRAM controller/driver. It con
tinues with the DP84240 and the DP84244 high perform
ance buffer/drivers. Finally, it concludes with easy inter
face to popular microprocessors with the use of the 
DP84300 series. It is the first family of DRAM support cir-

/tP ADDRESS BUS 

cuits designed for universal applications with multiple 
microprocessors . 

Data sheets and more detailed application information 
are available for all the members of the DP8400 family. 
Contact your local National Semiconductor representa
tive or National Semiconductor directly. 

RAM ADDRESS 

CONTROLS AND CLOCK 

DP84D9 
DRAM 

CDNTROLLER 4 RAS. CAS, WE 

DP8430D 
SERIES 

2 
CIRCUITS 

DYNAMIC 
RAM 

ARRAY 

16Ks 
64Ks 
OR 
256Ks 

FIGURE 14. Flexible application of the DP8409 and DP8400. This figure shows an application with 
a 16·bit microprocessor. 

TABLE VII. THE DP84300 SERIES OF INTERFACE 
CIRCUITS FOR VARIOUS 16·BIT MICROPROCESSORS 

16·Blt System Using 
Microprocessor Only DP8409 

National DP84312 
16032 

Motorola DP84322 
68000 

Intel DP84332 
8086/8 

Zilog (2) 74S64 
8000 (1) 74S04 
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~National . 
D Semiconductor 

Dynamic Memory Support 

DP84240/DP84244 Octal TRI-STATE® MOS Drivers 

General Description 
The DP84240 and DP84244 are octal TRI-STATE drivers 
which are designed for heavy capacitive load applications 
such as fast data buffers or as memory address drivers_ 
The DP84240 is an inverting driver which is pin-compat· 
ible with both the 74S240 and AM296S. The DP84244 is a 
non-inverting driver which is pin-compatible with the 
74S244 and AM2966. These parts are fabricated using 
an oxide isolation process, for much faster speeds, and 
are designed for load capacitances of 2S0pF or greater. 

Features 
• tpd specified with 2S0pF and SOOpF loads 
• Output specified from 0.8V to 2.7V 
• Designed for symmetric rise and fall times at 

SOOpF 
• Outputs glitch free at power up and power down 
• PNP inputs reduce DC loading on bus lines 
• Low static and dynamic input capacitance 
• Low skew times between edges and pins 
• AC parameters specified with all outputs switching 

simultaneously 

TRI·STATE!!> Is a registered trademark of National Semiconductor Corporation 

Connection Diagrams 

TOP VIEW 

1G Vee 

1A1 2G 

2Y4 1Y1 

1A2 2A4 

2Y3 1Y2 

1A3 2A3 

2Y2 

1A4 

2Y1 1Y4, 

GNO 2A1 

TlIF5219 

TOP VIEW 

iii Vee 

1A1 2G 
2Y4 1Y1 

1A2 2A4 

2Y3 1Y2 

1A3 2A3 

2Y2 1Y3 

1A4 2A2 

2Y1 1Y4 

GNO 2A1 

Truth Tables 
DP84240 

DP84244 

7·1S 

Inputs 
G A 

H X 

L L 

L H 

H = High Level 
L= Low Level 
X= Don't Care 

Outputs 
Y 

Z 

H 

L 

Z = High Impedance 

Inputs Outputs 
G A Y 

H X Z 

L L L 

L H H 

Order Number DP84240J, DP84244J, 
DP84240N or DP84244N 

See NS Package J20A or N20A 

C 
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i ....... 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Supply Voltage, Vcc 7.0V Min Max Units 
Logical "1" Input Voltage 7.0V· Vcc Supply Voltage 4.5 5.5 V 
Logical "0" Input Voltage -1.5V TA Ambient Temperature 0 +70 °C 
Storage Temperature Range -65°C to +150°C 
Maximum Power Dissipation* at 25°C 

Cavity package 1667mW 
Molded Package 1832mW 

Lead Temperature (soldering, 10 seconds) 300°C 

, "Derate cavity package 11.1mW/·C above 25·C: derate molded 
package 14.7mW/·C above 25·C. 

Electrical Characteristics Vcc = 5V ± 10%, 0 ~ TA ~ 70°C. See Notes 2 and 3. 

Symbol Parameter Conditions Min Typ Max Units 

V1N(1) Logical "1" Input Voltage 2.0 V 

VIN(O) Logical "0" Input Voltage 0.8 V 

IIN(1) Logical "1' Input Current 
VIN =2.7V 0.1 20 /AA 

VIN =7.0V 100 /AA 

IIN(O) Logical "0" Input Current O~VIN~O.4V -50 -200 /AA 

VCLAMP Input Clamp Voltage liN =-18mA -1 -1.2 V 

VOH Logical "1" Output Voltage 
IOH =-100/AA Vcc -1.15 4.3 

V 
IOH =-1 mA Vcc -1.5 3.9 

VOL Logical "0" Output Voltage 
IOL = 10/AA 0.2 .0.4 

V 
IOL=12mA 0.3 0.5 

110 Logical "1" Drive Current VOUT = 1.5V -75 -250 mA 

100 Logical "0" Drive Current VOUT= 1.5V +100 +150 mA 

Hi-Z TRI-STATE Output Current 0.4V~VoUT~2.7V -100 +100 /AA 

Icc Supply Current All Outputs Open 
DP84240 All Outputs High 16 50 

All Outputs Low 74 125 
All Outputs Hi-Z 80 125 

DP84244 All Outputs High 40 75 
mA 

All Outputs Low 100 130 
All Outputs HI-Z 115 150 

. 
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Switching Characteristics Vcc = 5V ± 10%, O~TA ~ 70°C, all outputs loaded with specified load capacitance 
and all eight outputs switching simultaneously. (See Note 3.) 

Symbol Parameter Conditions Min Typ M-;:xI 
I 

Units 

Propagation Delay from CL=250pF 9 16 27 
tpLH LOW-to-HIGH Output CL = 500pF 10 20 33 ns 

Figures 1 & 3 

tpHL 
Propagation Delay from CL= 250pF 9 16 25 
HIGH·to-LOW Output CL = 500pF 12 20 31 ns 

tpLz Output Disable Time from LOW Figures 2 & 4, S = 1, CL = 50 P F 11 24 ns 

tpHz Output Disable Time from HIGH Figures 2 & 4, S = 2, CL = 50 P F 12 24 ns 

tPZL Output Enable Time to LOW Figures 2 & 4, S = 1, CL = 500 P F 30 45 ns 

tpzH Output Enable Time to HIGH Figures 2 & 4, S=2, CL=500pF 23 35 ns 

tSKEW 
Output-to-Output Skew 

Figures 1 & 3 CL= 500pF 3 ns 
See Note 4. 

Capacitance 
TA = 25°C, f = 1 MH?, Vcc = 5V ± 10%. See Note 3. 

Parameter Conditions Typ Units 

CIN All other inputs tied low 6 pF 

COUT Output in TRI-STATE 20 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Oper~ting Temperature 
Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual 
device operation. 

Note 2: All currents into device pins shown as positive; all currents out of device pins shown as negative; all voltages referenced to ground unless otherwise 
noted. All values shown as max. or min. are on an absolute value basis. 

Note 3: Typical characteristics are taken at Vee = 5.0V 'and TA = 25°C. 

Note 4: The output·to-output skew is primarily a function of the number of outputs switching and the capacitive loading on those outputs. See Figures 5 and 6 
for the switching time variations. 
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Switching Test Circuits 

VCC 

. R 11 
FROM~.80Q . 

DEVICE S 
OUTPUT 

J CL l2 
·CL INCLUDES PROBE AND JIG CAPACITANCES 

FIGURE 1. Capacitive Load Switching FIGURE 2. Three-State Enable/Disable 

Typical Switching Characteristics 

Voltage Waveforms 

,...----3.0V 

I~PUT ~_l._SV __ _ 

~I' 
----OV 

2.7V 

=======~ __ ----=~=== -.~~0~.=-:8;;V~~ VOL ... OV 

Ir=II=2.Sns 
1=2.SMHz 
Ipw=200ns 

FIGURE 3. Output Drive Levels 

Typical Performance Cu rves 
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FIGURE 5. tpLH Measured to 2.7V on Output vs. CL 
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FIGURE 6. tpHL Measured to-O.8V on Output vs. CL 



Typical Performance Curves (Continued) 
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FIGURE 7. Typical Power Dissipation for DP84240 at 
Vee = 5.5V (All 8 drivers switching 
simultaneously) 

Typical Application 
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sis tor required depends on DRAM load. See AN·305 
recautions to Take When Driving Memories." 
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FIGURE 8. Typical Power Dissipation for D~84244 at 
Vee = 5.5 V (All 8 drivers switching 
simultaneously) 
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"These outputs may need resistors. 
See App. Note "Precautions to Take When Driving Memories." 

DP84244 used as a buffer In a large memory array (greater than 88 dynamic RAMs) 
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A family of single-chip dynamic RAM controllers provides the access-timing 
and refreshing capability for any chip made, or projected. 

Single-chip controllers cover 
all RAMs from 16-k to 2S6-k 

While the high performance and low cost of MOS 
dynamic RAMs make them the most widely used 
digital semic~mductor devices, operating them is 
more difficult than most other memory chips. De
mands are growing forboth the automatic sequenc
ing of RAM-access timing and th'e automatic control 
of refreshing. National Semiconductor's response is 
the DP8400 family of memory-interface circuits. The 
first two members, the DP8408 and the DP8409, are 
powerful single-chip dynamic-RAM controllers 
housed in 48-pin dual-in-line packages and, more 
important, designed to drive the entire range of 
dynamic RAMs. 

The DP8408's eight address outputs drive all cur
r~nt 16-k and 64-k dynamic RAMs. The DP8409, with 
nine address outputs, not only handles the same 
RAMs as the 8408, but can control the coming 
generation of 256-k memory chips. Both devices are 
pin-compatible, which means a system designed with 
the DP8408 to control 64-k chips can be directly 
upgraded to the DP8409 when 256-k RAMs appear 
on the market. Another benefit for designers is 
alternate-sourcing-the first DP8400 devices are 
available from MonolithicMemories(Sunnyvale, CA). 

The DP8408, a·' subset of the DP8409, fits into 
applications that do not require automatic 
refreshing. But it does have automatic access modes. 
The DP8409 is designed for any type of dynamic 
RAM system, from small microprocessor-based 
systems to large memory boards. An automatic
accessing mode. makes it desirable in mainframes, 
since it reduces skew time to that of just one chip, 
while offering tracking of the RAM input controls. 
This faster accessing permits the use of s'lower 
RAMs. With 64-k RAMs, for example, the cost 

Mike Evans, Applications Manager, Logic Group 
Charles Carinalll, DeSign Manager, Interface Circuits 

Published In ElectronIc DeSign, February 4, 1982. 
Reprinted by permission. 

savings between 200-ns and 150-ns devices is signifi
cant when large quantities are involved. 

Microprocessor users will prefer the DP8409 to 
other controllers because a single chip performs all 
the basic automatic access sequencing and automatic 
refreshing control. (If desired, external refreshing 
can be used with either controller.) Fast automatic 
accessing eliminates the need for the wait states that 
are normally required in faster microprocessors. 
Automatic refreshing eliminates complicated re
fresh-arbitration control circuitry while offering a 

1. With a 9-blt output bus suitable for Interfacing with the 
largest dynamic RAMs (256 k), National Semiconductor's 
DPB409 RAM controller drives every RAM available. Features 
Include automatic accessing, automatic refreshing, and hlgh
Impedance outputs when not selected. An S-blt version, the 
DPB40B, operates with RAMs up to 64 kblts, and Is used In 
applications that do not require automatic refreshing. 
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hidden refresh feature to increase the system 
throughput. The DP8409 offers full control, includ
ing . byte writing, of the 68000, 8086, and Z8000 
microprocessors, and National Semiconductor's new 
16032 16-bit microprocessor. 

Controlling a dynamic RAM is no simple task (see 
"Dynamic RAM Operation-from RAS to CAS"). 
Three timing delays are required for an access, and 
refreshing must be performed continually. With the 
arrival of powerful 16-bit processors and their large, 
direct memories, a single-chip controller becomes 
necessary for efficient system design. Propagation 
timing delays through the controller must be in the 
tens of nanoseconds to minimize total access time. 
Moreover, to eliminate the propagation delays 
caused by additional memory drivers, a controller 
should be capable of directly driving a large number 
of RAMs. The controller must also reduce component 
cost and conserve PC-board area. 

To fulfill these requirements; the DP8408 and 8409 
are fabricated in bipolar technology rather than 
MOS. LSI capability exists in bipolar technology, and 
bipolar dynamic-RAM controllers are already 
available. Two such controllers, Intel's 8202 and 
AMD's 2964 (AMZ8I64), represented early attempts 
to bring timing delays under system control. 

In the Intel device, the clock is independent of the 

Address 
strobe 1---+--+--------1 

Microprocessor 

R/WI---+--+-....... ---!---l 

{
READY 
DTACK 

Byte Ul-------l 

~ra~u~~====~ 
Data port 

Data bus 

access-request signal, causing excessive synchroniz
ing delays before the appearance of the output 
signals. This leads to long system access times, and 
for most I6-bit microprocessors requires the inser
tion of wait states. The AMD controller is an address 
multiplexer with an on-board refresh counter and 
bank selection for up to four banks of RAMs. While 
this device drives a small number of RAMs, AMD 
offers octal memory drivers that can be' placed 
between the 2964 and the RAMs. Delays become 
progressively longer as timing signals proceed 
through the delay timer, the 2964, and the additional 
drivers. And external components are needed to 
initiate timing delays. Quite simply, the DP8408 and 
DP8409 go well beyond the access-time and func
tional capabilities of the 8202 and 2964. 

On board the RAM controllers 

A functional block diagram of the DP8409 is shown 
in Fig. 1. The DP8408 is similar, except for its 8-
bit-wide multiplexed address-bus and the fact that 
its RIC and CASIN inputs do not provide dual func
tions asRFCK andRGCK inputs, as they do in the 8409. 

The multiplexed address' outputs of both con
trollers can be selected from the row or column input 
latches, or from the refresh counter. A high level 
on input signal ADS enables input row-addresses, Ro 

For 256 k dynamic RAMs 

RAS 21----+--H-I 

RAS 11----+--H-I 

2. The Interface of the DP8409 RAM controller to a 16-blt microprocessor looks ahead to the 
day when 256-kblt dynamiC RAMs are available. By deslgnlng·ln the controller now, no 
modifications to printed-circuit boards will be necessary when 256-k devices are developed. 
Simply exchanging controller chips will allow the memory-control capability of a 
mlcroproce88orto Increasebyfourtlmes. 
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through Rs, input column-addresses Co through Cs, 
and bank-select inputs Bo and BJ into their respective 
input latches. ADS also latches these signals on its 
low-going edge. In a normal RAM access, Bo and BJ 
are decoded to determine which bank is selected. By 
enabling one of the four RAS outputs (when RASIN 
goes low), the contents of the row-address latch are 
strobed into the selected RAMs . 

Now the control logic causes ,the row addresses to 
be replaced with the column addresses, and CAS goes 
low as determined by the control logic. This causes 
the contents of the ,column-address latch to be 
strobed into the selected RAMs. 

On a write cycle, WE must be low as CAS goes low; 
on a read cycle, WE must be high. For a read-modify
write cycle, WE must go low some time after CAS
this is specified in RAM data sheets. To simplify 
control, WE follows WiN unconditionally 20 ns later, 
typically. Three mode pins-Mo, MJ, and M2 (M2 is 
refresh mode):-offer externally selected operating 
modes. For example, mode 5-automatic access
identified by code 101, can be changed to mode 1-
forced refresh-"identifie'd by code 100, when M2 is 
driven low. These modes include automatic and 
external control of accesses, and various refreshing 
modes. 

Input pin cs selects or deselects the controller to 
allow for muItiaddressing of memory. For accesses, 
CS is normally low, but to access a second DP8409 
sharing the same memory, CS of the first 8409 must 
go l1igh. This puts the three-state address outputs 
in a high-impedance high-state through an external 
5-kH pull-up resistor, and sets the control signals to 
a high impedance to prevent them from drifting low; 
a low level can· result in a false access. Switching 
between chips takes about 30 ns, providing fast 
multiaddressing. Refreshing must be performed us
ing only one chip. As cs goes high in mode 5, 
deselection is overridden and, provided RFCK is 
already high, hidden refreshing can occur. 

Input/output pin RF I/O can be used to clear the 
refresh counter when it has been set low by an 
external open-collector gate. It also sends out an end
of-count signal-a low level-when the refresh 
counter has filled (counts are selectable to 127, 255, 
or 511). This is a useful feature for burst refreshing. 
In the automatic-refresh mode, RF 110 becomes the 
signal Refresh Request. 

No problems with capacitive loads 

One important asset of the DP8408 and 8409 is their 
. ability to drive high-capacitance loads. RAM inputs 
are generally specified as having a maximum input 
capacitance of 10 pF Ipin, but in large RAM systems, 
the worst-case input capacitance is usually ori the 
order of 2.5 pF per input. However, one or two devices 
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3. The DP8408/8409's automatic-accessing capability uses 
on-chip delay paths to provide faster access while saving on 
external delay-timing circuitry. On-chlp Schottky Inverters 
track extremely well with temperature and voltage, keeping 
access-times stable. 

in a system can go up to 10 pF, especially at high 
temperature. On the other hand, RAM input currents 
carry specifications of around 10 fJ.A maximum, but 
actual input currents seldom exceed 3 fJ.A per input 
in large systems. Of the two parameters
capacitance and input current-high capacitance 
always causes more system problems. 

In addition to a RAM's input capacitance, designers 
must consider the capacitance of the PC-board 
traces. The value of capacitance depends on trace 
length, nearness to other traces, board thickness, etc. 
Generally, this amounts to about 3.2 pF per input, 
giving a total worst-case input capacitance of 5.7 
pF/input. 

The output stages of the DP8408/8409 can drive 
up to 88 RAMs, or 500 pF of capacitive loading. 
Looking at it another way, the controllers can drive 
four banks each of 16-data bits plus 6 associated 
check bits for error correction; two banks of 32 data 
bits with 7 check bits; one bank of 64 data bits with 
8 check bits; or any smaller combination. Output rise 
and fall times are proportional to the capacitive 
loading, and more than 500 pF increases transition 
time. Siniilarly, less than 500 pF decreases propaga
tion delays. 

The output-driver stages of the DP8409/8409 are 
matched. Each stage has symmetrical high and low 
drive capability, which require that the high and low 
on-resistances be the same. High output currents are 
needed to quickly charge or discharge the effective 
RAM load capacitance on each output. In most 
applications, a series damping resistor is required 
between each output and the RAM to minimize 
undershoot. Undershoot occurs at RAM inputs hav
ing both inductive board traces and high capacitive 
loads on high-to-Iow transitions. 



The value of the series damping resistor depends 
heavily on the board layout. Address lines usually 
use a value different from control lines, but both are 
functions of layout and input loading. The resistor 
is almost tuned to a specific board since too high a 
value yields an excessively slow edge, while too low 
a value does not remove the undershoot. In any case, 
damping-resistor values vary from 15 to 100 H. 

Control over all RAMs 

The DP8408 and 8409 are designed to control all 
tnultipiexed-address dynamic RAMs. The DP8408, 
with eight multiplexed address outputs and an 8-bit 
refresh counter, controls 16-k dynamic RAMs (+5 
V or three-power-supply types) and both configura
tions of 64-k RAMs (128 rows by 512 columns or 256 
rows by 256 columns). Memory users can specify 
either of the two 64-k RAM configurations provided 
the refresh counter on the DP8408 is used. This 
replaces on-the-RAM refresh ~ounters offered by 
some RAM manufacturers. 

The DP8409's nine address pins and 9-bit refresh 
counter allow it to (jOntrol 16-k, 64-k, and 256-k 
RAMs. Designers can take advantage of the 8409's 
256-k capability by building current memory boards 
using the device. No modifications will be needed 
when the 256-k RAMs are available. By simply 
providing for two new input address lines and 
connecting QR (the ninth multiplexed address output) 
to AR (pin 1) of the RAMs, the memory size can be 
im~reased instantly by a factor of four. Figure 2 
shows how the connections are made. 

Automatic accessing capability is provided by the 
8408 and 8409 using on-chip delay paths to generate 
the correct timing sequence (Fig. 3). These delays 
are initiated from only one input signal, RASIN. This 
generates all the access-sequencing required by most 
RAMs. Automatic accessing operates in the follow
ing manner: First, RASIN is used to generate the 
selected RAS output as decoded from bank-select 
signals B, and Bo. RASIN is also fed to the first series 
of Schottky inverters to produce the necessary delay 
before rows can be switched to columns. This guaran
tees exceeding the row-address hold time (tRAH ) of 
most RAMs. For 64-k RAMs, tRAil varies from 20 
to 25 ns, so .the minimum specification for the 8408 
and 8409, 30 ns, is on the safe side. If the address 
outputs are driving 500-pF loads, switching from row 
addresses to valid column addresses takes 10 ns. The 
second series of inverters set CAS low 12 ns (typically) 
after the columns are valid. 

The inverters track with temperature and Vee, as 
do the output driver stages. Tracking of the output 

, paths holds over the specified temperature and Vee 
ranges. Since Schottky-logic parameters do not vary 
significantly with temperature or Vee, the absolute 

times are not affected by more than 25% over the 
o to 70°C range. At the end of an access-cycle, RASIN 
goes high and the sequence repeats at a higher speed 
to .terminate the cycle. . 

An automatic-acces's mode offers two important 
advantages: First, there is no need for external 
timing delay circuitry-this saves cost, memory
board area, and the timing skews that external 
circuitry introduces. Second, this sequence is much 
faster than a clocked sequencing approach-that is, 
the delay from RASIN input to CAS output is much 
shorter. Benefits include a faster system access time, 
the possibility of eliminating a wait state in a 
microprocessor memory-access cycle, or the ability 
to choose slower RAMs (a .lower-cost solution) 
without affecting access time. And since both chips 
need no external memory drivers, the timing skews 
are confined to just one chip. 
If automatic timing is not desired, another mode 

allows all timing to be under the control of the 
relevant external control signals. RASIN initiates the 
selected RAS output, RIC selects either the row or 
column address, and CASIN controls CAS. 

Refreshing comes in many forms 

The DP8408 performs refresh operations only un
der external control. The microprocessor system 

. decides when a refresh is needed by setting M2 
(REFRESH) low to place the refresh counter contents 
on the address outputs. Then the system sets RASIN 

. low to allow all four RAS outputs to low-stroke the 
refresh address into the rows of all four banks of 
RAMs. CAS is inhibited, preventing a false write, and 
the RAM data outputs remain in a high-impedance 
state. 

A refresh cycle ends when RASIN goes high and the 
refresh counter increments, ready for the next 
refresh cycle. Most RAMs require that all 128 rows 
be refreshed in 2 ms, or 256 rows in 4 ms. This can 
be accomplished by either guaranteeing a refresh on 
one row every 16 JlS, or performing a burst refresh 
of 128 rows at the start of each 2-ms period, until 
RF 110 indicates end-of-count. Most system designers 
prefer one refresh every 16 JlS. But this can involve 
inhibiting normal memory accessing, and requires 
refresh arbitration. 

The end-of-count indication on RF lIO can be set 
under external system control to either 127 or 255 
for burst-refresh applications. Actually, the internal 
address counter still counts to its maximum value, 
independent of the end-of-count value-the RF 110 
value is a result of counter decode and does not reset 
the counter. This simplifies the RAM interface since 
the higher-order address bit-count is ignored by 
RAMs with 128 rows. 

In addition to providing the external-control 

7·23 

0(1) o -
< ::l 
co ec 
"'co »1 _0 
-::l'" 
::JJ --»"0 
s:0 eng ........ ..,.., 
00 3;-
..... .., 
0') en 
~ .... 
o 
I\) 
CJ1 
0') 
~ 



~ 
CD 
LI') 
C\I 
o ... 
~ 

0CD ... "-

~E 
-0 e ... ...... 
C0 
O~ 
Oe:( 
.9-a: 
.c 
O-le:( 
Q) ... 
-Q) 
0» 
.5 0 cno 

refresh mode of the 8408, the 8409 performs hidden 
refreshing in one of the automatic-access modes. To 
attain maximum throughput, it is obviously advan
tage,ous to perform refreshes without interrupting 
the systein. The DP8409 can do this by monitoring 
the CS input to see if it is high. If cs is high, the 
RAMs are not being accessed. If cs is high for one 
cycle, the 8409 performs a hidden refresh during this 
cycle, and stops in time for the system to start 
another access. But if a hidden refresh does not occur 

in a specific 16-/ls time slot, a refresh must be forced, 
possibly by stopping the system. 

To perform auto-refreshing, the DP8409 must 
receive two clock signals: the 16-/ls refresh-period 
clock, RFCK, and RGCK, the RAS-generator clock; RGCK 
can be the microprocessor clock. To keep the number 
of pins at 48, RFCK and RGCK share pins with other 
signals. In the automatic-access mode (mode 5), 
neither Ric nor CASIN are used, so these duplicate 
as RFCK and RGCK in modes 1 and 5. To stop the 

Dynamic RAM operation-from RAS to CAS 
, The operation of a dynamic 
RAM (see figure) is, in a word, 
complex: Not oniy do its multi
plexed address inputs require de
layed timing signals, but it must 
be refreshed continually. 

During an access to a RAM, the 
first step requires that a row· ad
dress be presented to the multi
plexed address inputs. As the row
address signal (m) goes low, the 
address is latched into the row 
latch, and decoded to the memory 
array. There, the outputs from the 
selected row are presented to the 
sense amplifiers. Row addresses 
must be held on the address inputs 
for a predetermined time-tRAIL. 
or row-address hold-time-after 
RAS switches low. 

At this time, the row address 
can be replaced by a column-ad
dress. When a column address is 
valid, the column-address strobe 
(CAS) goes low to latch the address 
into the column latch. Column
addresses are decoded to allow a 
selected sense amplifier to send 
data to the output data-latch (dur- ' 
ing a read cycle). In a write cycle, 
with the Write Enable signal 
(WE) already low, a low-going CAS 

signal causes the selected cell to be 
set to the value at the data input. 

The RAM block diagram shows 
the chip's operation, including the 
internal gating of the control 
signals. One key feature is that 
RAS internally controls CAS. Thus, 
ifRAS is already low when CAS goes 
low, a norma] read or write cycle 
follows, and the chip consumes its 
full operating current. On the 
other hand, if CAS goes low while 
RAS is high, CAS INT is inhibited 

, along with RAS, and the RAM con
sumes only the current required 
for standby. In this case, the chip 
is deactivated. Similarly, WE INTis 
controlled by both RAS and CAS, 

This simplifies bank selection 
by using different RAS outputs to 
select the banks. CAS and WE can 
be common to all the RAM-banks, 
along with the multiplexed ad
dressing. For example, in a four
bank system, only one RAS goes 
low in any access-cycle. This ac
tivates all the RAMs in a selected 
bank, but does not activate RAMs 
in the other three banks. These 
latter RAMs remain in the 
standby mode. The common data 
bus accesses only the selected 

bank, whether reading or writing. 
Besides a complex sequencing 

arrangement, dynamic RAMs 
must be refreshed to prevent the 
capacitor in each cell from losing 
its charge, which represents in
formation. If any row is not ac
cessed for too long a period of time 

, -the refresh period"':"capacitors 
will discharge, causing the voltage 
to drop below the sense-amplifier 
threshold. Then, when the row is 
finally accessed, its outputs will 
appear as all zeros or all ones, 
depending on which side of the 
sense amplifier is accessed. 

Most RAMs have 2-ms mini
mum refresh times, but 64-k 
dynamic RAMs are typically much 
higher. When accessing a row for 
refresh, RAS is needed for a strobe, 
but CAS is not necessary. The 
simplest approach to refreshing is 
to access a refresh counter that 
increments at the end of each 
refresh RAS. For some RAMs, 128 
rows must be refreshed in 2 ms, 
while others require refreshing 
256 rows in 4ms. With distributed 
refreshing, one row must be 
refreshed every 16 /lS for proper 
operation. 

DY~~'r1IC r c Configuration 

16 k 7 7 128 X 128 

64 k 7 9 128 X 512 
64 k 8 8 256 X 256 

256 k 8 10 256 X 1024 
256 k 9 9 512 X 512 
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system, the DP8409 gives preference to hidden 
refreshing using RFCK as a level reference. The 16-
~s cycle commences asRFCK goes high; ifCS goes high 
while RFCK is high, the refresh counter is enabled 
on the address outputs, overriding the internal three
state signals (Fig. 4a). All four RAS outputs follow 
RASiN, so to perform a refresh, mIN must be set 
low. In smaller systems, RASIN is set low every time 
a microprocessor performs a read or write cycle. 
Each time the processor accesses something other 
than RAM-a peripheral or ROM or another memory 
segment-a hidden refresh is performed. 

The DP8409 detects that ~ is high when the 
processor accesses another section of the system and 
places the present state of the refresh counter 
outputs on the multiplexed address bus to memory. 
When the Read or Write output of the 
microprocessor is activated, RASrn follows. This 
causes all fourRAS outputs to low-strobe the refresh 

Address bus 

High 

-U-

Clock f--~------'" 

Microprocessor 

{ 
HOLb 
BusRequest 

Microprocessor 

{
READY 
DT ACK Address 

strobe 

(8) 

(b) 
Address bus 

Clock 1---4--If-+-------< .... 

{A.- R. 
Co-C, a.-a. 
B, 
B. 

DP8409 
Cs 

RASIN 

RFCK 

1 0 1 

{Ao -R. 
Co-C, 
B, RAS 3 
Bo RAS 2 

DP8409 RAS 1 
RAS 0 

WE 

~----~ ~~---~~~4r 
Walt If Cs low 

Control circuitry (1 PAL) 

(e) 

Refresh 
counter 

J All follow 
(RASIN) 

High 

Refresh 
counter 

J All Follow 
RGCK +4 

High 

Refresh 
counter 

J All follow 
RGCK +4 

High 

4. Automatic refreshing can be performed In three different 
ways with the DP8409 controller. A hidden refresh (a) occurs 
while the microprocessor Is reading or writing elsewhere In 
the system. Although undesirable, forced refreshing (b) can 
be performed by stopping the mlcroprocellor. A better 
technique for forced refreshing (c) Is to Insert walt states Into 
the procellortlmlng cycle. 
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address into the RAMs. When the cycle ends, RASIN 
ends, forcing the four ill outputs back to their 
inactive states. This ends the hidden refresh. 

At this time, the refresh counter increments, and 
another microprocessor cycle can begin immediately. 
This cycle· can be a memory access; therefore, the 
previous refresh cycle has been completely hidden 
from the microprocessor. The DP8409 allows only 
one such hidden refresh cycle to occur within a clock 
cycle of RFCK to minimize power dissipation. 

If a hidden refresh does not occur, the DP8409 must 
force a refresh before RFCK begins a new cycle on 
a low-to-high transition. Therefore, asRFCK goes low 
(and a hidden refresh has not occurred), RF 1/0 
(Refresh Request) goes low requesting that a refresh 
be performed. When the system acknowledges the 
request, it sets M2 (refresh) low, and prevents further 
accesses to the DP8409. The 8409 then sends out the 
refresh·counter contents and interrogates RGCK-in 
most applications, RGCK is 100 to 150 ns. The 8409 
waits one full cycle of RGCK before setting all four 
RAS outputs low. This guarantees that the minimum 
RAS precharge time of the RAMs is exceeded. Then 
RF 110 goes high, allowing the system to recognize 
that holding is about to end. Most microprocessors 
allow enough time so that as refresh finishes, they 
are almost ready to begin again. The m outputs 
remain low for the next two clock periods to exceed 
the minimum tRAS time for refreshing-200 ns is 
about the right time. When all RAS outputs go high, 
the refresh counter increments. 

A minimum component-count solution to forced 
refreshing is to connect RF· 110 to the Hold or Bus
Request input of a microprocessor, and the Hold 
Acknowl~dge or Bus Grant output to M2 (Fig. 4b). 
For some microprocessors, it may be preferable to 
continue operation without going into hold, and with 
additional circuitry, the approach can be easily 
implemented as shown in Fig. 4c. Using this tech
nique of forced refreshing, the control circuit 
monitors the refresh-request output. When this 
output switches low, the control circuit waits for a 
new microprocessor cycle to begin. If the next cycle 
is for the segment of memory controlled by the 
DP8409, cs and the control circuitry will be set low. 
The control circuitry issues a Wait signal to the 
microprocessor, which is removed when refreshing 
has ended. If CS is set h'igh, the refresh cycle begins 
and ends without affecting other system cycles. In 
effect, this is still a hidden refresh.O 
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Dynamic' Memory Support 

DP8408 Dynamic RAM Controller/Driver 

General Description 
Dynamic memory system designs, which formerly re
quired several support chips to drive the memory array, 
can now be implemented with a single IC ... the DP8408 
Dynamic RAM ControilerlDrlver. The DP8408 Is capable 
of driving all 16k and 64k Dynamic RAMs (DRAMs). 
Since the DP8408 is a one-chip solution (including 
capacitive-load drivers), it minimizes propagation delay 
skews, the major performance disadvantage of multiple
chip memory drive and control. 

The DP840S's 6 modes of operation offer a wide selection 
of DRAM control capabilities. Memory access may be 
controlled externally or on-chip automatically; an on
chip refresh counter makes refreshing less complicated. 

The DP840S is a 4S-pin DRAM ControllerlDriver with 8 
multiplexed address outputs and control signals. It 
consists of two S-bit address latches, an 8-bit refresh 
counter, and control logic. All output drivers are oapable 
of driving 500 pF loads with propagation delays of 25 ns. 
The DP840S timing parameters are specified driving the 
typical load capacitance of SS DRAMs, including trace 
capacitance. 

The DPS40S has 3 mode-control pins: M2, M1, and MO, 
where M2 is in general REFRESH. These 3 pins select 6 
modes' of operation. Inputs B1 and BO in the memory 
access modes (M2 = 1), are select inputs which select 
one of four RAS outputs. During normal access, the 8 
address outputs can be selected from the Row Address 
Latch or the Column Address Latch. During refresh, the 
S-bit on-chip refresh counter is enabled onto the address 
bus and in this mode all RAS outputs are selected, while 
CAS is inhibited. 

The DPS408 can drive up to 4 banks of DRAMs, with 
each bank comprised of 16k's, or 64k's. Control signal 
outputs RAS, CAS, and WE are provided with the same 
drive capability. Each" RAS output drives one bank of 
DRAMs so that the four RAS outputs are used to select 
the banks, while CAS, WE, and the multiplexed addresses 
can be connected to all of the banks of DRAMs. This 
leaves the non-selected banks In the standby mode (less 
than one tenth of the operating power) with the data out
puts in TRI-STATE@. Only the bank with Its associated 
RAS low will be written to or read from. 

10 

Operational Features 
• All DRAM drive functions on one chip - minimizes 

skew on outputs, maximizes AC performance 

• On-chip capacitive-load drives (specified to drive up 
to 88 DRAMs) 

• Drives directly all 16k and 64k DRAMs 

• Capable of addressing 64k and 256k words 

• Propagation delays of 25ns typical at 500pF load 

• CAS goes low automatlcaily after column addresses 
are valid if desired 

• Auto Access mode provides RAS, Row to Column, 
select, then CAS automatically and fast 

• WE follows WIN unconditionally-offering READ, 
WRITE or READ-MODIFY-WRITE cycles 

• On-Chip 8-bit refresh counter with selectable End-of-
Count (127 or 255) " 

• End-of-Count indicated by RF I/O pin gOing low at 
127 or 255 

• Low input on RF I/O resets 8-bit refresh counter 

• CAS inhibited during refresh cycle 
• Fall-through latches on address Inputs controlled by 

ADS 

• TRI-STATE outputs allow mUlti-controller addressing 
of memory 

• Control output signals go high-impedance logic "1" 
when disabled for memory sharing 

• Power-up: counter reset, control Signals high, address 
outputs TRI-STATE, and End-of-Count set to 127 

Mode Features . 
• 6 modes of operation: 3 access, 1 refresh, and 2 set-up 

• 2 externally controlled modes: 1 access (Mode 4) and 
1 refresh (Modes 0, 1, 2) 

• 2 auto-access modes RAS - RIC -.CAS automatic, 
with tRAH =20 or 30ns minimum (Modes 5, 6) 

• Externally controlled AII-RAS Access modes for 
memory initialization (Mode 3) 

• End-of-Count value of Refresh Counter set by B1 and 
BO (Mode 7) 

RAM 
CONTROL 

6 

~
Jri~J~O"ML 

DP8408 I 

SYSTEM 
18 

SYSTEM 
AODRESS 

DYNAMIC RAM 
CONTROLLER! 

DRIVER 

500pF DRIVE 
8 
I 

RAM 
ADDRESS 

MEMORY 

16k DR 64k 
DYNAMIC 
RAM BANKS 

DP8408 Interface Between System & DRAM Banks 

TRI·STATES Is a registered trademark of National Semiconductor Corp. 
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Table 1. DP8408 Mode Select Options 

(RFSH) 
Mode M2 M1 MO Mode of Operation Conditions 

0 0 0 0 

1 0 0 1 Externally Controlled Refresh RF 1I0=EOC 

2 0 0 

3 0 Externally Controlled AII-RAS Write AII-RAS Active 

4 0 0 Externally Controlled Access Active RAS defined by Table 2 

5 0 1 Auto Access, Slow tRAH Active RAS defined by Table 2 

6 0 Auto Access, Fast tRAH Active RAS defined by Table 2 

7 Set End of Count See Table 3 for Mode 7 
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Pin Definitions 
Vee, GND, GND - Vcc = 5V ± 5%. The three supply pins 
have been assigned to the center of the package to 
reduce voltage drops, both DC and AC. There are also 
two ground pins to reduce the low level noise. The 
second ground pin is located two pins from Vcc, so that 
decoupling capacitors can be inserted directly next to 
these pins. It is important to adequately decouple this 
device, due to the high switching- currents that will 
occur when all 8 address bits change in the same direc
tion simultaneously. A recommended solution would be 
a 1/!F multilayer ceramic capacitor in parallel with a low
voltage tantalum capacitor, both connected as close as 
possible to pins 36 and 38 to reduce lead inductance. 
See Figure below. 

VCC (PIN 36) O~------~"-----" 
...L' ..L 

GND (PINS 38,13) 0 

"MULTILAYER "TANTALUM, T' 
CERAMIC I _ 

'Capacltorvalues should be chosen depending on the 
particular application. ' 

RO-R7: Row Address Inputs. 

CO-C7: Column Address Inputs. 

QO-Q7: Multiplexed Address Outputs - Selected from 
the Row Address Input Latch, the Column Address Input 
Latch, or the Refresh Counter.· 

RASiN: Row Address Strobe Input - Enables selected 
RASn output when M2 (RFSH) Is high, or all RASn outputs 
when RFSH Is low. 

RIC: Row/Column Select Input - Selects either the row 
or column address input latch onto the output bus. 

CASIN: Column Address Strobe Input - Inhibits CAS 
output when high in Modes 4 and 3. In Mode 6 it can be 
used to prolong CAS output. 

ADS: Address (Latch) Strobe Input - Row Address, Col
umn Address, and Bank Select Latches are fall-through 
with ADS high; Latches on high-to-Iow transition. 

CS: Chip Select Input - TRI-STATE's the Address Out
puts and puts the control signal Into a high-impedance 
logic "1" state when high (except in Mode 0); enables all 
outputs when low. 

MO, M1, M2: Mode Control Inputs - These 3 control pins 
determine the 6 major modes of operation of the DP8408 
as depicted In Table 1. 

RF 1/0 - The 110 pin functions as a Reset Counter Input 
when set low from an external open-collector gate, or as 
a flag output. The flag goes active-low when M2 = 0 and 
the End-of-Count output Is at 127 or 255 (see Table 3). 
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WIN: Write Enable Input. 

WE: Write Enable Output - Buffered output from WIN.· 

CAS: Column Address Strobe Output - In Modes 5 and 
6, CAS goes low following valid column address. In 
Modes 3 and 4, It transitions low after RIC goes low, 
or follows CASIN going low if RIC is already low. CAS is 
high during refresh.· 

RAS 0-3: Row Address Strobe Outputs - Selects a 
memory bank decoded from B1 and BO (see Table 2), if 
RFSH is high. If RFSH is low, all banks are selected.· 

BO, B1: Bank Select Inputs - Strobed by ADS. Decoded 
to enable one of the RAS outputs when RASIN goes low. 
Also used to define End-of-Count In Mode 7 (Table 3). 

"These outputs may need damping resistors to prevent overshoot, 
undershoot. See AN·305 "Precautions to Take When Driving 
Memories." 

Table 2. Memory Bank Decode 

Bank Select 
(Strobed by ADS) 

Enabled RASn 
B1 BO 

0 0 RASo 

0 1 RAS1 

1 0 RAS2 

1 1 RAS3 

Connection Diagram 

DP8408 

NC = NO CONNECTION 

Order Number DP8408N, DP8408N-2 
DP8408N-3, DP8408D, DP8408D-2 or 
DP8408D-3 

See NS Package N48A or D48A 



Conditions for all Modes . 

Input Addressing 

The address block consists of a row-address latch, a 
column-address latch, and a resettable refresh counter. 
The address latches are fall-through when ADS is high 
and latch when ADS goes low. If the address bus con
tains valid addresses until after the valld.address time, 
ADS can be permanently high. Otherwise ADS must go . 
low while the addresses are still valid. 

In normal memory access operation, RASIN and RIC are 
initially high. When the address inputs are enabled into 
the address latches, the row addresses appear on the Q 
outputs. The address strobe also inputs the bank-select 
address, (BO and B1). If CS is low, all outputs are en
abled. When CS is transitioned high, the address out
puts go TRI-STATE and the control outputs first go high 
through a low impedance, and then are held by an on
chip high impedance. This allows output paralleling 
with other DP8408s for multi-addressing. All outputs go 
active about 50ns after the chip is selected again. If CS 
is high, and a refresh cycle begins, all the outputs 
become active until the end of the refresh cycle. 

Drive Capability 

The DP8408 has timing parameters that are specified 
with up to 600pF loads. In a typical memory system this 
Is equivalent to about 88, 5V-only DRAMs, with trace 
lengths kept to a minimum. Therefore, the chip can drive 
four banks each of 16 or 22 bits, or two banks of 32 or 39 
bits, or one bank of 64 or 72 bits. 

Less loading will slightly reduce the timing parameters, 
and more loading will increase the timing parameters, 
according to the graph of Figure 6. The AC performance 
parameters are specified with the typical load capaci
tance of 88 DRAMs. This graph can be used to extrapo
late the variations expected with other loading .. 

Because of distributed trace capacitance and induc
tanco and DRAM input capacitance, current spikes can 
be created, causing overshoots and undershoots at the 
DRAM inputs that can change the contents of the 
DRAMs or even destroy them. To remove tMse spikes, a 
damping resistor (low inductance, carbon) can be in
serted between the DP8408 driver outputs and the 
DRAMs, as close as possible to the DP8408. The values 
of the damping resistors may differ between the dif
ferent control outputs; RAS's CAS, Q's and WE. The 
damping resistors should be determined by the first 
prototypes (not wire-wrapped due to larger distributed 
capacitance and inductance). The best values for the 
damping reSistors are the critical values giving a 
critically damped transition on the control outputs. 
Typical values for the damping resistors will be between 
15n and 100n, the lower the loading the higher the value. 
(For more information, see AN-305 "Precautions to Take 
When Driving Memories.") 
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DP8408 Driving any 16k or 64k DRAMs 

The DP8408 can drive any 16k or 64k DRAMs. All 16k 
DRAMs are basically the same configuration, including 
the newer 5V-only version. Hence, in most applications, 
different manufacturers' DRAMs are interchangeable 
(for the same supply-rail chips), .and the DP8408 can 
drive all 16k DRAMs (see Figure 1a). 

There are three basic configurations for the 5V-only 64k 
DRAMs: a 128-row by 512-column array with an on-RAM 
refresh counter, a 128-row by 512-column array with no 
on-RAM refresh counter, .and a 256-row by 256-column 
array with no on-RAM refresh counter. The DP8408 can 
drive all three configurations, and at the same time 
allows them all. to be interchangeable (as shown in 
Figures 1b and 1c), providing maximum flexibility in the 
choice of DRAMs. Since the 8-bit on-chip refresh counter 

. can be used as a 7-bit refresh counter for the 128-row 
configuration, or as an 8-bit refresh counter for the 
256-row configuration, the on-RAM refresh counter (if 
present) is never used. As long as 128 rows are 
refreshed every 2ms (i.e. 256 rows in 4ms) all DRAM 
types are correctly refreshed. 

When the DP8408. is in a refresh mode, the RF I/O pin 
indicates that the on-chip refresh counter has reached 
Its end-of-count. This end-of-count is selectable as 127 
or 255 to accommodate 16k or 64k DRAMs, respectively. 
Although the end-of-count may be chosen to be either of 
these values, the counter is not reset and always counts 
to 255 before rolling over to zero. 

Read, Write, and Read·ModifY·Write Cycles 

The output signal, WE, determines what type of memory 
access cycle the memory will pe(form. If WE is kept high 
while CAS goes low, a read cycle occurs. If WE goes low 
before CAS goes low,a write cycle occurs and data at 
01 (9RAM input data) is written into the DRAM as CAS 
goes low. If WE goes low later than tewD after CAS goes 
low, first a read occurs and DO (DRAM output data) 
becomes valid; then data 01 is written into the same 
address in the DRAM when WE goes low. In this read
modify-write case, DI and DO cannot be linked together. 
The type of cycle is therefore controlled by WE, which 
follows WIN. 

Power·Up Initialize 

When Vee Is first applied to the DP8408, an initialize 
pulse clears the refresh counter, the internal control 
flip-flops, and sets the. End-of-Count of the refresh 
counter to 127 (which may be changed via Mode 7). As 
Vee increases to about 2.3 volts, it holds the output 
control signals at a level of one Schottky diode-drop 
below Vee, and the output address to TRI-STATE. As Vee 
increases above 2.3 volts, control of these outputs is 
granted to the system. 
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DP8408 Driving any 16k or 64k Dynamic RAMs 

CAS 

COL.!CODE IJ ~ 
WE 

ROWS m --. 
R 128 

I COLUMNS ~I ADDRESS 
7 7 0 

.... W 128 16K DRIVERS 
ADDRESS 7 D ARRAY 

BUS E 
C rt REFRESH 

7 
COUNTER 

+12Vor +5V 16K DYNAMIC RAMS 
DP8408 

FIGURE 1a. DP8408 with any 16k DRAMS 

mATCHES 7 ROW COLUM AD RESS CAS LA C ES COL MN A DRESSES L +1 N D ,-
[IA 

T H 8 U D 

eM 

I coL!CODE1J ~m ROWS 

I COLUMNS ~I ADDR'~ 
~ 

R 512 
8 8 ~ .... 0 

.... W 

ADDRESS-" D 
128 64K ARRAY DRIVERS 8 

E BUS C 

r+ REFRESH 7 
COUNTER IF. ON-CHIP REFRESH COUNTER. NOT USED 

128 ROWS 

(OR 25~N R~:~ ~ 
IN 4MS) 

+5V 64K DYNAMIC RAMS 

DP840B 

ONLY LS 7 BITS OF REFRESH COUNTER USED FOR THE 7 ROW ADDRESSES. 
MSB NOT USED BUT CAN TOGGLE 

FIGURE 1b. DP8408 with 128 Row x 512 Column 64k DRAM 

CAS 

~ 
WE 

ROWS l 
I COLUMNS ~ ADDR': 

8 ~+ COLUMN DECODE ... 
8 , .... 

8" ~ 
256 DRIVERS 

ADDRESS 
BUS W 

8 D 256 64K 
r+REFRESH E ARRAY 

COUNTER C 
a 
D 

OPB40B E 

ALL B BITS OF REFRESH COUNTER USED 

FIGURE 1c. DP8408 with 256 x 256 Column 64k DRAM 
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DP8408 Functional Mode 
Descriptions 
Note: All delay parameters stated In text refer to the DP8408. Substitute 
the respective delay numbers for the DP8408-2 or DP8408-3 when using 
these devices. 

Modes 0,1,2 - Externally Controlled Refresh 

In this mode, the input address latches are disabled from 
the address outputs and the refresh counter Is enabled. 
When RAS occurs, the enabled row in the DRAM is re
freshed. In the Externally Controlled Refresh mode, all 
RAS outputs are enabled following RASIN, and CAS Is 
Inhibited. This refreshes the same row in all four banks. 
The refresh counter increments when either IiASTN or 
RFSH goes low-to-high after a refresh. RF 110 goes low 
when the count is 127 or 255, as set by End-of·Count 
(see Table 3), with RASIN and RFSH low. To reset the 
counter to all zeroes, RF 1/0 is set low through an exter
nal open-collector driver. 

During refresh, RASIN and RFSH must be skewed tran
sitioning low such that the refresh address is valid on 
the address outputs of the controller before the RAS 
outputs go low. The amount of time that RFSH should 

go low before RASIN does depends on the capacitive 
loading of the address and RAS lines. For the load 
specified in the switching characteristics of this data 
sheet, 10ns is sufficient. Refer to Figure 2. 

To perform externally controlled burst refresh, RASIN is 
toggled while RFSH is held low. The refresh counter in
crements with RASIN going low to high, so that the 
DRAM rows are refreshed in succession by RASIN go
ing high to low. 

Mode 3 - Externally Controlled AII·RAS Write 

This mode Is useful at system initialization. The mem
ory address Is provided by the processor, which also 
performs the Incrementing. All four RAS outputs follow 
RASIN (supplied by the processor), strobing the row ad
dress into the DRAMs. Ric can now go low, while CASIN 
may be used to control CAS (as In the Externally Con
trolled Access mode), so that CAS strobes the column 
address contents into the DRAMs. At this time WE should 
be low, causing the data to be written Into all four banks 
of DRAMs. At the end of the write cycle, the input ad
dress is incremented and latched by the DP8408 for the 
next write cycle. 

" INDICATES DYNAMIC RAM PARAMETERS 

INPUTS 

RASIN 

I IRc"---------.--J I· tRASINL i-------------------

CASIN AND RIC 

OUTPUTS 

RAS 0 

!-tRASINH-

--~-I~--~--------------~~ 
I I ! 

I ! ALL RAS's LOW I i----:-..I ----------I -I - _IRFpdH 

/_IRP" 
IRAS" 

II 
RAS 1, 2, 3 

I -I -11-IRFPdH 

REFRESH CTR 

00-7 

RF I/O 

OLD COLUMNS 

1-ltRFLCT 

I 

REFRESH COUNT n 

REFRESH COUNT n 

---11 
I tRDHNC 

n+1 COUNTER RESET 

-tRST-1 

-------~-~I-~~-~-~-~-;-------I-------------~--~r-~~~-t-~-E-oC----~lw~ill~m~I---

END OF COUNT INPUT FROM 
LOW IF n=127, 255 OPEN COLLECTOR 

FIGURE 2. External Control Refresh Cycle (MODES 0,1,2) 

7-31 

C 
'"tJ 
00 

8 
00 



co 
~ 
co 
c.. 
c 

Mode 4 - Externally Controlled Access 

This mode facilitates externally controlling all access
timing parameters associated with the DRAMs. The 
application of modes 0 and 4 are shown in Figure 3. 

Output Address Selection 

Refer to Figure 4a. With M2 (RrSH) and RIC high, the 
row address latch contents are transferred to the multi
plexed address bus output 00-07, provided CS is set 
low. The column address latch contents are output after 
RIC goes low. RASIN can go low after the row address
es have been set up on 00-07. This selects one of the 
RAS outputs, strobing therow address on the 0 outputs 
into the desired bank of memory. After the row-address 
hold-time of the DRAMs, RIC can go low so that about 
40ns later column addresses appear on the 0 outputs. 

Automatic CAS Generation 

In a normal memory access cycle CAS can be derived 
from inputs CASIN or RIC. If CASIN is high, then RIC 

'Resistors required depends 
on DRAM load. 

DRAMs MAYBE 16k, 64k 
FOR 4 BANKS, CAN DRIVE 16 DATA BITS 

+ 6 CHECK BITS FOR ECC. 
FOR 2 BANKS, CAN DRIVE 32 DATA BITS 

+ 7 CHECK BITS FOR ECC . 
. FOR 1 BANK, CAN DRIVE 64 DATA BITS 

+ 8 CHECK BITS FOR ECC. 

INPUT CAS 1-1 -----+1 
ALE 1-1 ----~I 

AO-15,17 .... ' ........ "'""/"" 

CASIN 
ADS 
BO 

RO-S, 7 

COoS, 7 

DPB40B 

B1 

INPUT RAS I 
ROW/COLUMN SEL I 

~ RASIN 

R/C 

WRITE r""1-----+1 WIN 

REFRESH I • M2 

GND 

cs M1 MO 

11 1 

WE 

going low switches the address output drivers from 
rows to columns. CASIN then gOing low causes CAS to 
go low approximately 40 ns later, allowing CAS to occur 
at a predictable. time (see Figure 4b). If CASIN is low 
when RIC goes low, CAS will be automatically gener
ated, following the row to column transition by about 20 
ns (see Figure 4a). Most DRAMs have a column address 
set-up time before CAS (tASe) of 0 ns or - 10 ns. In other 
words, a tAse greater than 0 ns is safe. This feature re
duces timing-skew problems, thereby improving access 
time of the system; 

Fast Memory Access 

AC parameters tOIF1, tOlF2 may be used to determine the 
minimum delays required between RASIN, Ric, and 
CASIN (see Application Brief 9; "Fastest DRAM Access 
Mode"). 

FIGURE 3. Typical Application of DP8408 Using Externally Controlled Access and Refresh in Modes 0 and 4 
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INPUTS 

ADS (ALE) 

Ric 

OUTPUTS 

RAS 0,1,2,3 

"INDICATES DYNAMIC RAM 
PARAMETERS 

~I 1 

~----~-------

_I tRCR 1_ 
COLUMNS VALID 

-, tASC 1--tcAC·_--

----------------~----~-------; 1-tCCAS-L.-________ +-____________ ....I 
.------tRAC·------1 

DRAM DATA OUT ---------------------------------------<1 DATA OUT VALID 

INPUTS 

ADS (ALE) 

SYSTEM 

FIGURE4a. Read Cycle Timing (Mode 4) 

"INDICATES DYNAMIC RAM 
PARAMETERS 

~
_tASA_--tAHA--~ 

ADDRm I ADDRESS VALID 

HASIN I I i "pdH 

I I I ~ll 
I I I 1"~li 1 

I I I I I II I 
DRAM DATA IN II I' ~ . om IN I,,,,") II I I 

OUTPUTS 1- tRPdL·t r. I l _~_-'-___ --'---; -toS·_1iJH7 ;.....-:.--~------
RAS 0,1,2,3 

CASIN 

RIC 

1 

00-7 

I-OW"'-I IL-----.:.....-.I-----, 
_____________ -i-rwcS·--1 I-rw-Pd--H,-.I -------

WE I --rwcw-I· 

FIGURE 4b_ Write Cycle Timing (Mode 4) 
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Mode 5 - Automatic Access 

The Auto Access mode has two advantages over the 
Externally Controlled Access mode, due to the fact that 
all outputs except WE are Initiated from RASIN. First, 
inputs RIC and CASIN are unnecessary. Secondly, 
because the output control signals are derived internally 
from one input signal (RASIN), timing-skew problems are 
reduced, thereby reducing memory access time substan
tially or allowing use of slower DRAMs. The automatic 
access features of Mode 5 (and Mode 6) of the DP8408 
make DRAM accessing appear essentially "static". 

Automatic Access Control 

The major disadvantage of DRAMs compared to static 
RAMs is the complex timing Involveq. First, a RAS must 
occur with the row address previously set up on the 
multiplexed address bus. After the row address has been 

held for tAAH, (the Row-Address hold-time of the DRAM), 
the column address is set up and then CAS occurs. This 
is all performed automatically by the DP8408 in this 
mode. 

Provided the input address is valid as ADS goes low, 
RASIN can go low any time after ADS. This is because 
the selected RAS occurs typically 27ns later, by which 
time the row address is already valid on the address 
output of the DP8408. The Address Set-Up time (tASR), is 
Ons on most DRAMs. The DP8408 in this mode (with ADS 
and RASIN edges simultaneously applied) produces a 
minimum tASR of 0 ns. This is true provided the input ad
dress was valid tASA before ADS went low (see Figure 5a). 

Next, the row address is disabled after tAAH (30ns mini
mum); in most DRAMs, tRAH minimum is less than 30ns. 
The column address is then set up and tAse later, CAS 

tAOS -1··-----tRICL------>-1 

ADS 

00-7 COLUMNS VALID 

--------------------r----r--------~------REAO------~----~---

tCAC' 

DATA OUTPUT---~---------t_--------------_< 

1-----tRAC·-----1 

*INDICATES DYNAMIC RAM PARAMETERS 

FIGURE5a. Modes 5, 6 Timing (CASIN High in Mode 6 
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occurs. The only other control Input required Is WIN. 
When a write cycle Is required, WIN must go low at least 
30ns before CAS Is output low. 

This gives a total typical delay from: Input address valid 
to RASIN (15ns); to RAS (27ns); to rows held (50ns); to 
columns valid (25 ns); to CAS (23 ns) ~ 140 ns (that is, 
125ns from RASIN). All of these typical figures are for 
heavy capacitive loading, of approximately 88 DRAMs. 
This mode Is therefore extremely fast. The external timing 
Is greatly simplified for the memory system designer: 
the only system signal required Is RASIN. 

Mode 6 - Fast Automatic Access 

The Fast Access mode Is similar to Mode 5, but has a 
faster tRAH of 20ns, minimum. It therefore can only be 

INPUTS 
-tADS--- tRICL 

,ADS 

- tASA l-tAHA-

used with fast 16k or 64k DRAMs (which have a tRAH of 
10ns to 15ns) In applications requiring fast access times; 
RASIN to CAS Is typically 105ns. 

In this mode, the RIC pin Is not used, but CASIN is used 
to allow an extended CAS after RAS has already 
terminated. Refer to Figure 5b. This is desirable with 
fast cycle-times where RAS has to be terminated as 
soon as possible before the next RAS begins (to meet 
the precharge time, or tRP, requirements of the DRAM). 
CAS may then be held low by CASIN to extend the data 
output valid time from the DRAM to allow the system to 
read the data. CASIN subsequently going high ends 
CAS. If this extended CAS Is not required, CASIN should 
be set high in Mode 6. 

ADDRESS INPUTS/ 
DATA 

/ ,-----~---- --~, 

VALID 
~ 

VRIlE READ 

" "" ....... ~T~AlID IF ~ __ J' ------ ICRS I-IRICH-

OUTPUTS 1- IRpdL --- 1-IRpdH -I 

""--I - ~ 
1- IApd~- ---- ---I -j 

(,/)'///, ~kW I 

~ ROWS VA COLUMNS VALID 
>: ?YX 

1 IASC l-tRCV 
I 

1- - ICCDH 1-

00-7 

IRCDL 

---IDS"~-

READ 

I U 1-=--- - -WRITE----

--IWCS"-

I_ICAC"-
IDFF" 

/ 
"- VALID (READ) DATA OUTPUT 

IRAC" 

"INDICATES DYNAMIC RAM PARAMETERS 

FIGURE 5b. Mode 6 Timing, Extended CAS 
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co i Mode 7 - Set End-of-Count 

00 The End-of-Count can be externally selected In Mode 7, 
D.. using ADS to strobe In the respective value of B1 and BO 
C (see Table 3). With B1 .and BO the same EOC is 127; with 

81 = a and BO =.1, EOC is 255; and with B1 = 1 and 
80 = 0, EOC is 127. This selected value of EOC will be 
used until the next Mode 7 selection. At power-up the 
EOC is automatically set to 127 (B1 and BO set to 11). 

Table 3. Mode 7 

Bank Select End of Count 
(Strobed by ADS) 

B1 80 Selected 

0 0 127 

a 1 255 

1 0 127 

1 1 127 

10 

V 
/ 
V 

V 
V 

V 

~ 0 

-5 

-10 
o 200 400 600 800 1000 

CpF 

FIGURE 6. Change in Propagation Delay vs. Loading Capacitance 
Relative to a 500pF Load 
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Absolute Maximum Ratings (Note 1) Maximum Power Dissipation· at 25°C 
Cavity Package 3542mW 

Supply Voltage, Vcc 7.0V Molded Package 2833mW 
Storage Temperature Range -65°C to +150°C 
Input Voltage 5.5V Operating Conditions 
Output Current 150mA 
Lead Temperature (Soldering, 10 seconds) 300°C Min Max Units 

Vcc Supply Voltage 4.75 5.25 V 
"Derate cavity package 23.6mWI·C above 25·C; derate molded TA Ambient Temperature 0 +70 °C 
package 22.7mW/·C above 25·C. 

Electrical Characteristics VCC = 5.0V ± 5%, O°C ~ TA ~ 70°C unless otherwise noted (Notes 2, 6) 

Symbol Parameter Conditions Min Typ Max Units 

Vc Input Clamp Voltage Vcc = Min., Ic = -12mA -0.8 -1.2 V 

IIH1 Input High Current for ADS, RIC only VIN =2.5V 2.0 100 /1A 

IIH2 Input High Current for All Other Inputs· VIN =2.5V 1.0 50 /1A 

II RSI Output Load Current for RF 1/0 VIN = 0.5V, Output High -1.5 -2.5 mA 

II CTL Output Load Current for RAS, CAS, WE VIN = 0.5V, Chip Deselect -1.5 -2.5 mA 

11L1 Input Low Current for ADS, RIC only VIN =0.5V -0.1 -1.0 mA 

11L2 Input Low Current for All Other Inputs· VIN =0.5V -0.05 -0.5 mA 

VIL Input Low Threshold 0.8 V 

VIH Input High Threshold 2.0 V 

VOL1 Output Low Voltage· IOL=20mA 0.3 0.5 V 

VOL2 Output Low Voltage for RF 1/0 10L= 10mA 0.3 0.5 V 

VOH1 Output High Voltage· 10H =-1mA 2.4 3.5 V 

VOH2 Output High Voltage for RF 1/0 10H = -100/1A 2.4 3.5 V 

110 Output High Drive Current· VOUT = 0.8V (Note 3) -200 mA 

10D Output Low Drive Current· VOUT = 2.7V (Note 3) 200 mA 

loz 
TRI·5TATE Output Current 0.4V ~ VOUT ~ 2.7V, 

-50 1.0 50 /1A 
(Address Outputs) CS = 2.0V, Mode 4 

Icc Supply Current Vcc=Max. 210 285 mA 

·Except RF 110 Output. 

Switching Characteristics: DP8408/DP8408-3 Vcc = 5.0V ± 5%, O°C ~ TA ~ 70°C unless other· 
wise noted (Notes 2, 4, 5). The output load capaCitance is typical for 4 banks of 22 DRAMs each or 88 DRAMs includ· 
ing trace capacitance. These values are: 00-07, CL=500pF; RASO-RAS3, CL=150pF; WE, CL =500pF; CAS, 
CL = 600pF, unless otherwise noted. See Figure 7 for test load. Switches S1 and 52 are closed unless otherwise noted, 
and R1 and R2 are 4.7kQ unless otherwise noted. Maximum propagation delays are specifi~d with all outputs switching. 

8408 8408-3 
Symbol Access Parameter Conditions 

Min Typ Max Min Typ Max 
Units 

tFiICL RASIN to CAS Output Delay (Mode 5) Figure 5a 95 125 160 95 125 185 ns 

tRICL RASIN to CAS Output Delay (Mode 6) Figures 5a, 5b 80 105 140 80 105 160 ns 

tRICH RASIN to CAS Output Delay (Mode 5) Figure 5a 40 48 60 40 48 70 ns 

tRICH RASIN to CAS Output Delay (Mode 6) Figures 5a, 5b 50 63 80 50 63 95 ns 

tRCDL RAS to CAS Output Delay (Mode 5) Figure 5a 98 125 98 145 ns 

tRCDL RAS to CAS Output Delay (Mode 6) Figures 5a, 5b 78 105 78 120 ns 

tRCDH RAS to CAS Output Delay (Mode 5) Figure 5a 27 40 27 40 ns 

tRCDH RAS to CAS Output Delay (Mode 6) Figure 5a 40 65 40 65 ns 

tCCDH CASIN to CAS Output Delay (Mode 6) Figure 5b 40 54 70 40 54 80 ns 

tRAH Row Address Hold Time (Mode 5) Figure 5a 30 30 ns 

tRAH Row Address Hold Time (Mode 6) Figures 5a, 5b 20 20 ns 

tASC Column Address Setup Time (Mode 5) Figure 5a 8 8 ns 

tASC Column Address Setup Time (Mode 6) Figures 5a, 5b 6 6 ns 

tRCV RASIN to Column Address Valid Figure 5a 90 120 90 140 
(Mode 5) 

ns 
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Switching Characteristics (Cont'd) 

Symbol Access Parameter 

tRcv RASIN to Column Address Valid (Mode 6) 

tRPDL RASIN to RAS belay 

tRPDH RASIN to RAS Delay 

tAPDL Address Input to Output Low Delay 

tAPDH Addr~ss Input to Output High Delay 

tSPDL Address Strobe to Address Output Low 

tSPDH Address Strobe to Address Output High 

tASA Address Setup Time to ADS 

tAHA Address Hold Time from ADS 

tADS Address Strobe Pulse Width 

tWPDL WIN to WE Output Delay 

tWPDH WIN to WE Output Delay 

tCRS CASIN Setup Time to RASIN High (Mode 6) 

tCPDL CASIN to CAS Delay (RIC low in Mode 4) 

tCPDH CASIN to CAS Delay 

tRCC Column Select to Column Address Valid 

tRCR Row Select to Row Address Valid 

tRHA Row Address Held from Column Select 

tCCAS RIC Low to CAS Low (Mode 4 Auto CAS) 

tDIF1 Maximum (tRPDL - tRHA) 

tOlF2 Maximum (tRCC - tCPDd 

Refresh Parameter 

tRC Refresh Cycle Period 

tRASINL,H Pulse Width of RASIN during Refresh 

tRFPDL RASIN to RAS Delay during Refresh 

tRFPDH RASIN to RAS Delay during Refresh 

tRFLCT RFSHLow to Counter Address Valid 

tRFHRV RFSH High to Row Address Valid 

tROHNC RAS High to New Count Valid 

tRLEOC RASIN Low to End-of-Count Low 

tRHEOC RASIN High to End-of-Count High 

tRST Counter Reset Pulse Width 

tCTL RF 1/0 Low to Counter Outputs All Low 

TRI-STATE Parameter 

tZH CS Low to Address Output High from Hi-Z 

tHz CS High to Address Output HI-Z from High 

tZL CS Low to Address Output Low from Hi-Z 

tLZ CS High to Address Output Hi-Z from Low 

Conditions 

Figures 5a, 5b 

Figures 4a, 4b, 5a, 5b 

Figures 4a, 4b, 5a, 5b 

Figures 4a, 4b, 5a, 5b 

Figures 4a, 4b, 5a, 5b 

Figures 4a, 4b 

Figures 4a, 4b 

Figures 4a, 4b, 5a, 5b 

Figures 4a, 4b, 5a, 5b 

Figures 4a, 4b, 5a, 5b 

Figure 4b 

Figure 4b 

Figure 5b 

Figure 4b 

Figure 4b 

Figure 4a 

Figures 4a, 4b 

Figure 4a 

Figure 7a 

See Mode 4 
description 

See Mode 4 
description 

Figure 2 

Figure 2 

Figure 2 

Figure 2 

CS = X, Figure 2 

Figure 2 

Figure 2 

CL = 50pF, Figure 2 

CL = 50pF, Figure 2 

Figure 2 

Figure 2 

Figure 8 
R1 = 3.5k, R2 = 1.5k 

CL=15pF, 
Figure 8 
R2 = 1 k, S1 open 

Figure 8 
R1 = 3.5k, R2 = 1.5k 

CL=15pF, 
Figure 8, 
R1 = 1 k, S2 open 
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Min Typ Max Min Typ Max 
Units 

75 105 75 120 ns 

20 27 35 20 27 40 ns 

15 23 32 15 23 37 ns 

25 40 25 46 ns 

25 40 25 46 ns [ 

40 60 40 70 ns 

40 60 40 70 ns 

15 15 ns 

15 15 ns 

30 30 ns 

15 25 30 15 25 35 ns 

15 30 60 15 30 70 ns 

35 35 ns 

32 41 68 32 41 77 ns 

25 39 50 25 39 60 ns 

40 58 40 67 ns 

40 58 40 67 ns 

10 10 ns 

65 90 ns 

13 18 ns 

13 18 ns 

100 100 ns 

50 50 ns 

35 50 70 35 50 80 ns 

30 40 55. 30 40 65 ns 

47 60 47 70 ns 

45 60 45 70 ns 

30 55 30 ·55 ns 

80 80 ns 

80 80 ns 

70 70 ns 

100 100 ns 

35 60 35 60 ns 

20 40 20 40 ns 

35 60 35 60 ns 

25 50 25 50 ns 



Switching Characteristics (Cont'd) 

8408 8408-3 
Symbol TRI·STATE Parameter Conditions 

Min Typ Max Min Typ Max 
Units 

tHZH 
CS Low to Control Output High from Figure 8 50 80 50 80 ns Hi·Z High R2 = 750Q, S1 open 

---
CS High to Control Output Hi·Z High 

CL =15pF, 
tHHZ from High 

Figure 8 
40 75 40 75 ns R2 = 750Q, S1 open 

tHZL 
CS Low to Control Output Low from Figure 8 45 75 45 75 ns Hi·Z High S1, S2 open 

CS High to Control Output Hi·Z High 
CL=15pF, 

tLHZ Figure 8, 
from Low R2 = 750Q, S1 open 50 80 50 80 ns 

Switching Characteristics: DP8408-2 VCC = 5.0V ± 5%, O°C ~ TA ~ 70°C unless otherwise noted 
(Notes 2,4,5,7). The output load capacitance is ty~1 f~banks of 22 DRAMs each or 88 DRAMs including trace 
capacitance. These values are: 00-07, CL=500pF; RASO-RAS3, CL= 150pF; WE, CL=500pF; CAS, CL=600pF, unless 
otherwise noted. See Figure 7 for test load. Switches S1 and S2 are closed unless otherwise noted, and R1 and R2 are 
4.7kn unless otherwise noted. Maximum propagation delays are specified with all outputs switching. 

8408-2 
Symbol Access Parameter Conditions 

Min Typ Max Min Typ Max 
Units 

tRICL RASIN to CAS Output Delay (Mode 5) Figure 5a 75 100 130 ns 

tRlCL RASIN to CAS Output Delay (Mode 6) Figures 5a, 5b 65 90 115 ns 

tRICH RASIN to CAS Output Delay (Mode 5) Figure 5a 4q 48 60 ns 

tRICH RASIN to CAS Output Delay (Mode 6) Figures 5a, 8b 50 63 80 ns 

tRCDL RAS to CAS Output Delay (Mode 5) Figure 5a 75 100 ns 

tRCDL RAS to CAS Output Delay (Mode 6) Figures 5a, 5b 65 85 ns 

tRCDH RAS to CAS Output Delay (Mode 5) Figure 5a 27 40 ns 

tRCDH RAS to CAS Output Delay (Mode 6) Figure 5a 40 65 ns 

tCCDH CASIN to CAS Output Delay (Mode 6) Figure 5b 40 54 70 ns 

tRAH Row Address Hold Time (Mode 5) (Note 7) Figure 5a 20 ns 

tRAH Row Address Hold Time (Mode 6) (Note 7) Figures 5a, 5b 12 ns 

tASC Column Address Setup Time (Mode 5) Figure 5a 3 ns 

tASC Column Address Setup Time (Mode 6) Figures 5a, 8b 3 ns 

tRCV RASIN to Column Address Valid (Mode 5) Figure 5a 80 105 ns 

tRCV RASIN to Column Address Valid (Mode 6) Figures 5a, 5b 70 90 ns 

tRPDL RASIN to RAS Delay Figures 4a, 4b, 5a, 5b 20 27 35 ns 

tRPDH RASIN to RAS Delay Figures 4a, 4b, 5a, 5b 15 23 32 ns 

tAPDL Address Input to Output Low Delay Figures 4a, 4b, 5a, 5b 25 40 ns 

tAPDH Address Input to Output High Delay Figures 4a, 4b, 5a, 5b 25 40 ns 

tSPDL Address Strobe to Address Output Low Figures 4a, 4b 40 60 ns 

tSPDH Address Strobe to Address Output High Figures 4a, 4b 40 60 ns 

tASA Address Set·up Time to ADS Figures 4a, 4b, 5a, 5b 15 ns 

tAHA Address Hold Time from ADS Figures 4a, 4b, 5a, 5b 15 ns 

tADS Address Strobe Pulse Width Figures 4a, 4b, 5a, 5b 30 ns 

tWPDL WIN to WE Output Delay Figure 4b 15 25 30 ns 

tWPDH WIN to WE Output Delay Figure 4b 15 30 60 ns 

tCRS CASIN Set·up Time to RASIN High (Mode 6) Figure 5b 35 ns 

tCPDL CASIN to CAS Delay (RIC low in Mode 4) Figure 4b 32 t 41 58 ns 
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Switching Characteristics (Cont'd) 

Symbo! Access Parameter 

tePDH CASIN to CAS Delay (RIC low in Mode 4) 

tRce Column Select to Column Address Valid 

tRCR Row Select to Row Address Valid 

tRHA Row Address Held from Column Select 

tecAs RIC Low to CAS Low (Mode 4 Auto CAS) 

tOlF1 Maximum (tRPDL - tRHA) 

tOlF2 Maximum (tRee - tCPDd 

Refresh Parameter 

tRC Refresh Cycle Period 

tRASINL,H Pulse Width of RASIN during Refresh 

tRFPDl- RASIN to RAS Delay during Refresh 

tRFPDH RASIN to RAS Delay during Refresh 

tRFLCT RFSH Low to Counter Address Valid 

tRFHRV RFSH High to Row Address Valid 

tROHNC RAS High to New Count Valid 

tRLEOC RASIN Low to End-of-Count Low 

tRHEoe RASIN High to End-of-Count High 

tRST Counter Reset pulse Width 

tCTL RF I/O Low to Counter Outputs All Low 

TRI-STATEParameter 

tZH CS Low to Address Output High from Hi-Z 

tHZ CS High to Address Output Hi-Z from High 

tZL CS Low to Address Output Low from Hi-Z 

tLZ CS High to Address Output Hi-Z from Low 

tHZH 
CS Low to Control Output High from 
Hi-Z High 

tHHZ CS High to Control Output Hi-Z High 

from High 

tHZL 
CS Low to Control Output Low from 
HI-Z High 

CS High to Control Output Hi-Z High 
tLHZ from Low 

8408 -2 
Conditions 

Min Typ Max Min Typ Max 
Units 

Figure 4b 25 39 50 ns 

Figure 4a 40 58 ns 

Figures 4a, 4b 40 58 ns 

Figure 4a 10 ns 

Figure 7a 55 75 ns 

See Mode 4 13 ns 
. description 

See Mode 4 13 ns 
description 

I 

Figure 2 100 ns 

Figure 2 50 ns 

Figure 2 35 50 70 ns 

Figure 2 30 40 55 ns 

CS = X, Figure 2 47 60 ns 

Figure 2 45 60 ns 

Figure 2 30 55 ns 

CL = 50pF, Figure 2 80 ns 

CL = 50pF, Figure 2 80 ns 

Figure 2 70 ns 

Figure 2 100 ns 

Figures 9, 12 35 60 ns R1 = 3.5k, R2 = 1.5k 

CL =15pF, 
Figures 9, 12 20 40 ns 
R2 = 1 k, S1 open 

Figures 9, 12 35 60 ns R1 = 3.5k, R2 = 1.5k 

CL= 15pF, 
Figures 9, 12 25 50 ns 
R1 = 1 k, S2 open 

Figures 9, 12 50 80 ns R2 = 750Q, S1 open 

CL=15pF, 
Figures 9, 12 
R2 = 750Q, S1 open 40 75 ns 

Figure 12, 45 75 ns S1, S2 open 

CL =15pF, 
Figure 12, 
R2 = 750Q, 51 open 50 80 ns 
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Input Capacitance TA = 25°C (Notes 2, 6) 

Symbol Parameter Conditions Min Typ Max Units 

CIN Input Capacitance ADS, RIC 8 pF 

CIN Input Capacitance All Other Inputs 5 pF 

Note 1: "Absolute Maximum Ratings" are the values beyond which the safety of the device cannot be guaranteed. They are not meant 
to Imply that the device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual 
device operation. 
Note 2: All typical values are for TA = 25°C and Vee = 5.0V. 
Note 3: This test is provided as a monitor of Driver output source and sink current capability. Caution should be exercised in testing 
this parameter. In testing these parameters, a 15Q resistor should be placed In series with each output under test. One output should 
be tested at a time and test time should not exceed 1 second. 
Note 4: Input pulse OV to 3.0V, tR = tF = 2.5 ns, f = 2.5 MHz, tpw = 200 ns. Input reference point on AC measurements Is 1.5V. Output 
reference points are 2.7V for High and O.8V for Low. 
Note 5: The load capacitance on RF 1/0 should not exceed 50pF. 
Note 6: Applies to all DP8408 versions unless otherwise specified. 
Note 7: The DP8408-2 device can only be used with memory devices that meet the tRAH specification indicated. 

f" 
OUTPUT A.~D... Sl ( 

U~~~~ --o--"I1"5Qf'v---4I--s-2 ..... ~---o_ TEST POINT 

CLU" 
FIGURE 7. Output Load Circuit 

3.0v __ ---------__,. 

INPUT ~V 1.5V \ .. 1.5V 
1HZ I\, 

VOH - tHHZ ~ -IHZH r- VOH 

I 
_c-T0.5V IZH~I~I-2-.7-V---

OUTPUT _VO_L ___ -'!-I----J-O'.5V HIGH Z .1 -\-O.8V VOL 

-II~~ZP ll~ZZLL r-
FIGURE 8. Waveform 
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Applications 
If external control is preferred, the DP8408 may be used 
in Modes 0 or 4, as in Figure 3. 

If basic auto access and refresh are required, then in 
cases where the user requires the minimum of external 
complexity, Modes 0 and 5 are ideal, as shown in Figure 
9a. The DP843X2 is used to provide proper arbitration be
tween memory access and refresh. This chip supplies all 
the necessary control signals to the processor as well as 

the DP8408. Furthermore, two separate CAS outputs are 
also included for systems using byte-writing. The refresh 
clock RFCK may be divided down from either RGCK using 
an IC counter such as the DM74LS393 or better still, the 
DP84300 Programmable Refresh Timer. The DP84300 can 
provide RFCK periods ranging from 15.4l-'s to 15.61-'s based 
on the input clock of 2 to 10 MHz. Figure 9b shows the gen
eral timing diagram for interfacing the DP8408 to different 
microprocessors using the interface controller DP843X2. 

16-BIT MICROPROCESSOR OATA BUS 

....-_ .... DA'-TA_--.MICROPROCEiOR AOORESS BUS 

AOOR~ __ .. __ .. __ .. ---+I 

CLOCK I--<I---+-+---+ 
MICROPROCESSOR 

QO-7~ __ .. -+I 

rn3 
J[A"S2 

DPB40B 
W1 

UPPER :~~ ~f==::::;-iiTsJilliTl111\l1TN 
J[A"So 

LOWER BYTE 

WAlT 

tTHE SELECT WAJT INPUT 
TO THE DPB43X2 CHIP 
INSERTS AWAIT STATE 
DURING ACCESSING_ 
THIS IS NECESSARY 

CAS 

WE Ht-----<~ 

FOR VERY FAST MICRO
PftOCESSORS OM 

~:"::""=~':':"::;:"'::":":':'--------l74S244 1-------' 
NECESSARY IF INSTRUCTIONS INCLUDE &.::.;;:..:.....;=::.;...::=:...::..:..:.:.---------1 
BYTE-WRITING, OTHERWISE USE CAS DIRECTLY 
FROM THE OPB40BTO THE RAMS. NECESSARY IF MORE THAN ONE BANK 

FIGURE 9a .. Connecting the DP8408 Between the 16-Bit Microprocessor 
and Memory 

RFCK 

DP84080UTPUTS 

mOUTPU1S 

~
FORCEOI 
REFRESH-

I-MEMORY CYCLE -MEMORY CYClE-! 

OP84300MINIMIZES lOW TiME TO 
20 CLOCKS MAXIMIZING CHANCE OF 

HIDDEN REFRESH 

"TIS MICROP1l0CesSOR'S CLOCK PERIOD 

FIGURE 9b. ~P8408 Auto Refresh 
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Dynamic Memory Support 

DP8409 Multi-Mode Dynamic RAM Controller/Driver 
General Description 
Dynamic memory system designs, which formerly re
quired several support chips to drive the memory array, 
can now be Implemented with a single IC ___ the DP8409 
Multi-Mode Dynamic RAM ControllerlDrlver_ The DP8409 
is capable of driving all 16k and 64k Dynamic RAMs 
(DRAMs) as well as 256k DRAMs_ Since the DP84091s a 
one~chlp solution (including capacitive-load drivers), It 
minimizes propagation delay skews, the major perform
ance disadvantage of multlple-chip memory drive and 
control. 

The DP8409's 8 modes of operation offer a wide selection 
of DRAM control capabilities. Memory access may be 
controlled externally or on-chip automatically; an on
chip refresh counter makes refreshing (either externally 
or automatically controlled) less complicated; and auto
matic memory Initialization is both simple and fast. 

The DP8409 is a 48-pin DRAM ControllerlDriver with g 
multiplexed address outputs and 6 control signals. It 
consists of two 9·bit address latches, a 9·bit refresh 
counter, and control logic. All output drivers are capable 
of driving 500pF loads with propagation delays of 25ns. 
The DP8409 timing parameters are specified driving the 
typical load capacitance of 88 DRAMs, including trace 
capacitance. 

The DP8409 has 3 mode-control pins: M2, M1, and MO, 
where M2 is in general REFRESH. These 3 pins select 8 
modes of operation. Inputs B1 and BO in the memory 
access modes (M2 = 1), are select inputs which select 
one of four RAS outputs. During normal access, the g 
address outputs can be selected from the Row Address 
Latch or the Column Address Latch. During refresh, the 
9-bit on-chip refresh counter is enabled onto the address 
bus and in this mode all RAS outputs are selected, while 
CAS Is inhibited. 

The DP8409 can drive up to 4 banks of DRAMs, with 
each bank comprised of 16k's, 64k's, or 256k's. Control 
signal outputs RAS, CAS, and WE are provided with the 
same drive capability. Each RAS output drives one bank 
of DRAMs so that the four RAS outputs are used to select 
the banks, while CAS, WE, and the multiplexed addresses 
can be connected to all of the banks of DRAMs. This 
leaves the non-selected banks in the standby mode (less 
than one tenth of the operating power) with the data out
puts in TRI-STATE(§). Only the bank with its associated 
RAS low will be written to or read from. 

SYSTEM 

10 : 

DP8409 

Operational Features 
• All DRAM drive functions on one chip - minimizes 

skew on outputs, maximizes AC performance 
• On-chip capacitive-load drives (specified to drive up 

to 88 DRAMs) 
• Drives directly all 16k, 64k, and 256k DRAMs 
• Capable of addressing 64k, 256k, or 1M words 
• Propagation delays of 25ns typical at 500pF load 
• CAS goes low automatically after column addresses 

are valid if desired 
• Auto Access mode provides RAS, row to column 

select,then CAS automatically and fast 
• WE follows WIN unconditionally-offering READ, 

WRITE or READ-MODIFY-WRITE cycles 
• On-chip 9-bit refresh counter with selectable End-of

Count (127, 255, or 511) 
• End-of-Count indicated by RF 1/0 pin going low at 

127, 255, or 511 
• Low input on RF I/O resets 9-bit refresh counter 
• CAS inhibited during refresh cycle 
• Fall-through latches on address inputs controlled by 

ADS 
• TRI-STATE outputs allow multi-controller addressing 

of memory 
• Control output signals go high-impedance logic "1" 

when disabled for memory sharing 
• Power-up: counter reset, control signals high, address 

outputs TRI-STATE, and End-of-Count set to 127 

Mode Features 
• 8 modes of operation: 3 access, 3 refresh, and 2 set-up 
• 2 externally controlled modes: 1 access and 1 refresh 

(Modes 0, 4) 
• 2 auto-access modes RAS .-. RIC ... CAS automatic, 

with tRAH = 20 or 30ns minimum (Modes 5, 6) 
• Auto-access mode allows Hidden Refreshing (Mode 5) 
• Forced Refresh requested on RF I/O if no Hidden 

Refresh (Mode 5) 
• Forced Refresh performed after system acknowledge 

of request (Mode 1) 
• Automatic Burst Refresh mode stops at End-of-Count 

of 127, 255, or 511 (Mode 2) 
• 2 AII-RAS Access modes externally or automatically 

controlled for memory initialization (Modes 3a, 3b) 
• Automatic AII-RAS mode with external 8-bit counter 

frees system for other set-up routines (Mode 3a) 
• End-of-Count'value of Refresh Counter set by B1 and 

BO (Mode 7) 

RAM 
CONTROL 

6 
I 

SYSTEM ~
CONTROL 

DYNAMIC RAM 500pF DRIVE MEMORY 
20 

SYSTEM 
ADDRESS 

CONTROLLER/ 
DRIVER 

7-43 

9 f 

RAM 
ADDRESS 

16k, 64k, OR 
256k DYNAMIC 
RAM BANKS 

C 
'"tJ 
00 
~ o 
CO 



RO-B 

\ HIGH eAPAemVE DRIVE 

. WHEN ENABLED ;f~ 
CAPABILITY OUTPUTS 

t---.I i I r----r I,.---r aO-8 

cs~ 

RASIN~ 

RIC (RFCK) ~ 

CASIN (RGCK) ~ 

I I 
I I 

I 
I 
I 

RIC 

REFRESH 

• INDICATES THAT THERE 
IS A 3kQ PULL-UP 
RESISTDR ON THESE 
OUTPUTS WHEN THEY 
ARE DISABLED 

WIN--------~~--~----_+----_+--------~ 

RF 110 M2 (RFSH) M1 MO . 

DP8409 Functional Block Diagram 

Pin Definitions 
Vee, GND, GND - Vee = 5V ± 5%. The three supply pins 
have been assigned to the center of the package to 
reduce voltage drops, both DC and AC. There are also 
two ground pins to reduce the low level noise. The 
second ground pin is located two pins from Vee, so that 
decoupling capacitors can be inserted directly next to 
these pins. It is important to adequately decouple this 
device, due to the high switching currents that will 
occur when all 9 address bits change in the same 
direction simultaneously. A recommended solution 
would be a 1~F multilayer ceramic capacitor in parallel 
with a low-voltage tantalum capacitor, both connected 
as close as possible to pins 36 and 38 to reduce lead in
ductance. See Figure below. 

VCC (PIN 36) O---------~ .. -------I., 
·MULTILAYER --L ...l-

GNO (PINS 3B, 13) 0 

CERAMIC I ·TANTALUM T 
·Capacitor values should be chosen depending on the particular 
application, 

RO- R8: Row Address Inputs. 

CO-C8: Column Address Inputs. 

QO-Q8: Multiplexed Address Outputs - Selected from 
the Row Address Input Latch, the Column Address Input 
Latch, or the Refresh Counter. * 
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RASIN: Row Address Strobe Input - Enables selected 
RASn output when M2 (RFSH) is high, or all RASn outputs 
when RFSH is low. 

RIC (RFCK) - In Auto-Refresh Mode this pin is the ex
ternal Refresh Clock Input: one refresh cycle has to be 
performed each' clock period. In all other modes it is 
Row/Column Select Input: selects either the row or col
umn address Input latch onto the output bus. 

CASIN (RGCK) - In Auto-Refresh Mode, Auto Burst 
Mode, and AII-RAS Auto-Writ'e Mode, this pin is the RAS 
Generator Clock input. In all other modes it is CASIN 
(Column Address Strobe Input), which Inhibits CAS out
put when high in Modes 4 and 3b. In Mode 6 it can be 
used to prolong CAS output. 

ADS: Address (Latch) Strobe Input - Row Address, Col
umn Address, and Bank Select Latches are fall-through 
with ADS high; Latches on high-to-Iow transition. 

CS: Chip Select Input - TRI-STAT,E's the, Address Out
puts and puts the control signal into a high-impedance 
logic "1" state when high (unless refreshing in one of 
the Refresh Modes). Enables all outputs when low. 

MO, M1, M2: Mode Control Inputs - These 3 control pins 
determine the 8 major modes of operation of the DP8409 
as depicted in Table 1. 



Table 1. DP8409 Mode Select Options 

(RFSH) 
Mode M2 M1 MO Mode of Operation Conditions 

0'" 0 0 0 Externally Controlled Refresh RF I/O=EOC 

1 ,0 0 1 Auto Refresh ..:.... forced RF 110 = Refresh Request (RFRO) 

2 0 1 0 Internal Auto Burst Refresh RF 1I0=EOC 

3a 0 1 1 All RAS Auto Write RF.1I0 = EOC; All RAS Active 

3b 0 1 1 Externally Controlled All RAS Access All RAS Active 

4 1 0 0 Externally Controlled Access Active RAS defined by Table 2 

5 1 0 1 Auto Access, Slow tRAH, Hidden Refresh Active RAS defined by Table 2 

6 1 1 0 Auto Access, Fast tRAH Active RAS defined by Table 2 

7 1 1 1 Set End of Count 

RF I/O - The I/O pin functions as a Reset Counter Input 
when set low from an external open-collector gate, or as 
a flag output. The flag goes active·low In Modes 0 and 2 
when the End-of·Count output Is at 127, 255, or 511 (see 
Table 3). in Auto·Refresh Mode it is the Refresh Request 
output. ' 

WIN: Write Enable Input. 

WE: Write Enable Output - Buffered output from WIN. * 

CAS: Column Address Strobe Output - In Modes 3a, 5, 
and 6, CAS transitions low following valid column ad· 
dress. In Modes 3b and 4, it goes low after RIC goes low, 
or follows CASIN going low if RIC is already low. CAS is 
high during refresh. * . 

RAS 0-3: Row Address Strobe Outputs ~ Selects a 
memory bank decoded from B1 and BO (see Table 2), if 
RFSH is high. If RFSH is low, all banks are selected. * 

BO, B1: Bank Select Inputs - Strobed by ADS. Decoded 
to enable one of the RAS outputs when RASIN goes low. 
Also used to define End-of·Count in Mode 7 (Table 3). 

R/C(RFCK) ...!. 
CASIN(RGCK) ~ 

MO.l 
Ml..! 

M2 (RFSH).J. 
AOS .J. 

RO ..J
co.! 
Rl~ 
Cl.!.2. 
R2.!l 
c2.!l 

GNO .!1 
R3~ 
C3.!1 
R4.1.§. 
C4.g 
R5..l!! 
C5.!J! 
RSl!! 
C6..;J 
R7£ 
C7 1l 
RS12 

DP8409 

~~SIN 
~CS 

~RFI/O 
~WIN 
!!ViE 
~QO 
~Ql 
!!.Q2 
~Q3 
~Q4 
.;!.GNO 
~05 
~vcc 
~QS 
~07 
f#os 
~CAS 
~RAS3 
~RAS2 
~RASl 
~RASO 
~BO 
~Bl 
~cs 

Order Number DP8409N, DP8409N·2, DP8409N·3, 
DP8409D, DP8409D·2, DP8409D·3 

See NS package N48A or D48A 

Pin Configuration 
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See Table 3 for Mode 7 

Conditions for all Modes 

Input Addressing 

The address block consists of a row·address latch, a 
column·address latch, and a resettable refresh counter. 
The address latches are fall·through when ADS is high 
and latch when ADS goes low. If the address bus con· 
tains valid addresses until after the valid address time, 
ADS can be permanently high. Otherwise ADS must go 
low while the addresses are still valid. 

In normal memory access operation, RASIN and RIC are 
initially high. When the address inputs are enabled into 
the address latches, the row addresses appear on the 0 
outputs. The address strobe also inputs the bank·select 
address, (BO and B1). If CS is low, all outputs are en· 
abled. When CS is transitioned high, the address out· 
puts go TRI·STATE and the control outputs first go high 
through a low impedance, and then are held by an on· 
chip high impedance. This allows output paralleling 
with other DP8409s for multi·addressing. All outputs go 
active about 50 ns after the chip is selected again. If CS 
is high, and a refresh cycle begins, all the outputs 
become active until the end of the refresh cycle. 

Drive Capability 

The DP8409 has timing parameters that are specified 
with up to 600pF loads. In a typical memory system this 
is equivalent to about 88, 5V·only DRAMs, with trace 
lengths kept to a minimum. Therefore, the chip can drive 
four banks each of 16 or 22 bits, or two banks of 32 or 39 
bits, or one bank of 64 or 72 bits. 

Less loading will slightly reduce the timing parameters, 
, and more loading will increase the timing parameters, 
according to the graph of Figure 10. The AC performance 
parameters are specified with the typical load capaci· 
tance of 88 DRAMs. This graph can be used to extrapo· 
late the variations expected with other loading. 

Because of distributed trace capacitance and induc· 
tance and DRAM input capacitance, current spikes can 
be created, causing overshoots and undershoots at the 
DRAM inputs that can change the contents of the 
DRAMs or even destroy them. To remove these spikes, a 
damping resistor (low inductance, carbon) can be in· 
serted between the DP8409 driver outputs and the 
DRAMs, as close as possible to the DP8409. The values 
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of the damping resistors may differ between the dif
ferent control outputs; RAS's, CAS, a's, and WE. The 

- damping resistors should be determined by the first 
prototypes (not wire-wrapped due to the larger 
distributed capacitance and inductance). The best' .. 
values for the damping resistors are the critical values 
giving a critically damped transition on the control out
puts. Typical values for the damping resistors will be 
between 150 and 1000, the lower the loading the higher 
the value. (For more information, see AN-305 "Precau
tions to Take When Driving Memories.") 

DP8409 Driving any 16k or 64k DRAMs 

The DP8409 can drive any 16k or 64k DRAMs. All 16k 
DRAMs are basically the same configuration, Including 
the newer 5Y-only version. Hence, In most applications, 
different manufacturers' DRAMs are interchangeable 

(for the same supply-rail chips), and the DP8409 can 
drive all 16k DRAMs (see Figure 1a). 

There are three basic configurations for the 5Y-only 64k 
DRAMs: a 128-row by 512-column array with an on-RAM 
refresh counter, a 128-row by 512-column array with no 
on-RAM refresh counter, and a 256~row by 256-column 
array with no on-RAM refresh counter. The DP8409 can 
drive all -three configurations, and at the same time 
allows them all to be Interchangeable (as shown in 
Figures 1b and 1c), providing maximum flexibility in the 
choice of DRAMs. Since the 9-blt on-chip refresh counter 
can be used as a 7-bit refresh counter for the 128-row 
configuration, or as an 8-bit refresh counter for. the 
256-rowconfiguration, the on-RAM refresh counter (if 
present) Is never used. As long as 128 rows are 
refreshed every 2ms (I.e. 256 rows in 4ms) all DRAM 
types are correctly refreshed. 

DP8409 Interface Between System & DRAM Banks 

CAS 
WE J ~ 

.. ROWS m , 
COl. DECODE 

R 128 I COLUMNS ~I ADDRESS 
7 7 0 ... ' ... W 128 16K DRIVERS 
ADDRESS 7 D ARRAY 

BUS E 
C 

~ REFRESH 
7 

COUNTER 

+12Vor +5V 16K DYNAMIC RAMS 
DP8409 

FIGURE 1a. DP8409 with any 16k DRAMS 

!!AS LATCHES 7 ROW 1 COLUMN ADDRESS m CHES 8 CO S S + ,- [ A LAT LUMN ADDRES E 

CAS 

I COL!CODE,J ~ 
WE 

ROWS 

I COLUMNS '~I ADDRE~ 
... 

R 512 
8 8 0 

... ,},. W 
S", 

128 64 K ARRAY DRIVERS 
ADDRESS D 

E BUS C 

~ REFRESH 7 
COUNTER IF, ON-CHIP REFRESH COUNTER, NOT USED 

128 ROWS 

(OR 25~N R~ro~ ...... 
IN 4MS) 

+5V 64K DYNAMIC RAMS 
DP8409 

ONLY LS 7 BITS OF REFRESH COUNTER USED FOR THE 7 ROW ADDRESSES. 
MSB NOT USED BUT CAN TOGGLE 

FIGURE 1b. DP8409 with 128 Row x 512 Column 64k DRAM 

CAS 

~ 
WE 

ROWS l liM 

8 ~+ 1 COLUMNS ~I ADDRESS 

COLUMN DECODE ~ 8 
L},. 

8'" 
R 256 DRIVERS 

ADDRESS 0 
BUS W 

8 D 256 64K i-f REFRESH E ARRAY 
COUNTER C 

0 
D 

DP8409 E 

ALL 8 BITS OF REFRESH COUNTER USED 

FIGURE 1c_ DP8409 with 256 x 256 Column 64k DRAM 
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When the DP8409 Is In a refresh mode, the RF I/O pin 
Indicates that the on-chip refresh counter has reached 
Its end-of-count. This end-of-count Is selectable as 127, 
255 or 512 to accommodate 16k, 64k, or 256k DRAMs. 
Although the end-of-count may be chosen to be any of 
these, the counter always counts to 511 before roiling 
over to zero. 

Read, Write, and Read-Modify-Write Cycles 

The output signal, WE, determines what type of memory 
access cycle the memory will perform. If WE Is kept high 
while CAS goes low, a read cycle occurs. If WE goes low 
before CAS goes low, a write cycle occurs and data at 
01 (DRAM Input data) Is written Into the DRAM as CAS 
goes low. If WE goes low later than tewD after CAS goes 
low, first a read occurs and DO (DRAM output data) 
becomes valid; then data 01 is written Into the same 
address in the DRAM when WE goes low. In this read
modify-write case, 01 and DO cannot be linked together. 
The type of cycle is therefore controlled by WE, which 
follows WIN. 

Power-Up Initialize 

When Vee is first applied to the DP8409, an initialize 
pulse clears the refresh counter, the Internal control 
flip-flops, and sets the End-of-Count of the refresh 
counter to 127 (which may be changed via Mode 7). As 
Vee Increases to about 2.3 volts, it holds the output 
control signals at a level of one Schottky diode-drop 
below Vee, and the output address to TRI-STATE. As Vee 
increases above 2.3 volts, control of these outputs is 
granted to the system. 

DP8409 Functional Mode 
Descriptions 
Note: All delay parameters stated in text refer to the DP8409. Substitute 
the respective delay numbers for the DP8409-2 or DP8409-3 when using 
these devices. 

Mode 0 - Externally Controlled Refresh 

Figure 2 Is the Externally Controlled Refresh Timing. In 
this mode, the input address latches are disabled from the 
address outputs and the refresh counter is enabled. 
When RAS occurs, the enabled row in the DRAM is re
freshed. In the Externally Controlled Refresh mode, all 
RAS outputs are enabled following RASIN, and CAS is 
inhibited. This refreshes the same row in all four banks. 
The refresh counter increments when either RASIN or 
RFSH goes low·to·high after a refresh. RF 1/0 goes low 
when the count is 127, 255, or 511, as set by End·of
Count (see Table 3), with RASIN and RFSH low. To reset 
the counter to all zeroes, RF 1/0 is set low through an ex
ternal open-collector driver. 

During refres'h, RASIN and RFSH must be skewed tran
sitioning low such that the refresh address Is valid on 
the address outputs of the controller before the RAS 
outputs go low. The amount of time that RFSH should 
go low before RASIN does depends on the capacitive 
loading of the address and RAS lines. For the load 
specified in the switching characteristics of this data 
sheet, 10ns is sufficient. Refer to Figure 2. 

To perform externally controlled burst refresh, RASIN is 
toggled while RFSH is held low. The refresh counter in
crements with RASIN going low to high, so that the 
DRAM rows are refreshed in succession by RASIN go-
ing high to low. 

INPUTS 

RASIN 

I-------.Rc·---------II 
_

____ i--I -------

I----·RASINL • 

CASIN AND R/~ 

OUTPUTS 

HAs 0 

HAs 1.2.3 

REFRESH CTR 

aO-8 

RFI/O 

• INDICATES DYNAMIC RAM PARAMETERS 

~~I 

I 

~-----------------~ 1- tRLEOC / ---1 1- tRHEOC 

END OF COUNT 
LOW IF "=127,255,511 

FIGURE 2. External Control Refresh Cycle (Mode 0) 
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Mode 1 - Automatic Forced Refresh 

In Mode 1; the R/C(RFCK) pin becomes RFCK (refresh 
cycle clock), Instead of RIC: and CAS remains high. If 
RFCK Is kept permanently high, then whenever M2 (RFSH) 
goes low, an externally controlled refresh will occur and 
all RAS outputs will follow RASIN, strobing the refresh 
counter contents to the DRAMs. The RF 1/0 pin will 
always output high, but when set low externally through 
an open-collector driver, the refresh counter resets as 
normal. This externally controlled method may be pre
ferred when operating In the Automatic Access mode 
(Mode 5), where hidden or force,d refreshing is undesir
able, but'refreshing is still necessary. 

If RFCK Is an input clock signal, one (and only one) 
refresh cycle must take place every RFCK cycle. Refer 
to Figure 9. If a hidden refresh does not occur while 
RFCK is high, in Mode 5, then RF'I/O (Refresh Request) 
goes low immediately after RFCK goes low, indicating to 
the system that a forced refresh is' requested. The 
system must allow a forced refresh to take place while 
RFCK Is low (refer to Figure 3). The Refresh Request 
signal on RF 1/0 may be connected to a Hold or Bus 
Request input to the system. The system acknowledges 
the Hold or Bus ~ when ready, and outputs Hold 
Acknowledge or Bus Request Acknowledge. If this is 
connected to the M2 (RFSH) pin, a forced-refresh cycle 
will be Initiated by the DP8409, and RAS will be 
internally generated on all four RAS outputs, to strobe 
the refresh counter contents on the address outputs 
into all the DRAMs. An external RAS Generator Clock 

RFCK 

RGCK 

(RGCK) Is required for this function, It is fed to the 
CASIN (RGCK) pin, and may be up t010MHz. Whenever 
M2 goes low (inducing a forced refresh), RAS remains 
high for one to two periods of RGCK, depending on 
when M2 goes low relative to the high-to-Iow triggering 
edge of RGCK; RAS then goes low for two periods, 
performing a refresh on all banks. In order to obtain the 
minimum delay from M2 going low to RAS going low, M2 
should go low tRESBG before the next falling edge of 
RGCK. The Refresh Request on RF 1/0 is terminated as 
RAS begins, so that by the time the system has acknowl
edged the removal of the request and disabled its 
Acknowledge, (i.e., M2 goes high), Refresh RAS will have 
ended, and normal operations can begin again in the 
Automatic Access mode (Mode 5). If it is desired that 
Refresh RAS end in less than 2 periods of RGCK from 
the time RAS went low, then M2 may be high e'arHer than 
tRQHRE after RGCK goes low and RAS will go high tRERH 
after M2, if CS is low. If CS is high, the RAS will go high 
impedance high after 25ns after M2 goes high. 

To allow the forced refresh, the system will have been 
Inactive for about 4 periods of RGCK, which can be as 
fast as 400ns every RFCK cycle. To guarantee a refresh 
of 128 rows every 2 ms, a period of up to 16~s is required 
for RFCK. In other words, the system may be down for 
as little as 400ns every 16~s, or 2.5% of the time. Al
though this is not excessive, It may be preferable to per
form a Hidden Refresh each RFCKcycle, which is allowed 
while still in the Auto-Access mode, (Mode 5). 

l

-tRQHRF,-H 

8086/16032 ACKNOWLEDGES HOLD I 1-""";::;'80-86-1-16-03-2 -RE-M--OV .... E-AC-K-NO--W-LE---:"DGE 
68000 GRANTS BUS (MODE 5) (MODE 1) 68000 REMOVES GRANT (MODE 5) 

I ® 11-tFROH ! -I !-tRFHRV 

M2 (RFSH) 

RF 1/0 (RFRQ) -----J-...;-I I REFRESH REQUEST REMOVED L.. ----------..... @-II-tRGRHI 
r-tFRQL -I I-- tRGRL 

RAS 0, 1, 2, 3 
~----~~----~--

I ®L...--.-I 
i-T>tRP-1 ,--------.... 

REFRESH COUNTER 

-I I-- tRFLCT 

~P ACCESS TO 
SELECTED BANKS 

CAS 1L. ___ ...1 I LS 
Q) RFCK GOES LOW 
® RFRO GOES LOW IF NO HIDDEN REFRESH OCCURED 

WHILE RFCK WAS HIGH 
® N~XT RASIN STARTS NEXT ACCESS 

~ 
~p ACKNOWLEDGES REFRESH REQUEST 

5 FDRCED REFRESH RAS STARTS AFTER> T (>tRP) 
6 FORCED REFRESH iiAS ENDS Imffi 

(J) ~P REMOVES REFRESH ACKNOWLEDGE 

FIGURE 3. DP8409 Performing a Forced Refresh (Mode 5-1-5) 
with Variol,ls Microprocessors 
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INTERRUPT ~oc RF 1/0 HAS _~ 4 

CAS 
DP8409 WE DRAMS 

3 MO 
MOOE 2 ~~ RGCK 00-8 

t 
Tns 

MODE 

RGCK 

RAS 0-3 

RF 110 (fOC) 

MOOE 2 : 

PROCESSOR ACTS ACKNOWLEDGE 
AFTER INTERRUPT END OF BURST 

ENO OF 
.BURST 

FIGURE 4. Auto·Burst Mode, Mode 2 

Mode 2 - Automatic Burst Refresh 

This mode is normally used before andlor after a DMA 
operation to ensure that all rows remain refreshed, pro· 
vided the DMA transfer takes less than 2 ms (see Figure 4). 
When the. DP8409 enters this mode, CASIN (RGCK) be· 
comes the RAS Generator Clock (RGCK), and RASIN is 
disabled. CAS remains high, and RF 1/0 goes low when 
the refresh counter has reached the selected End·of· 
Count and the last RAS has ended. RF 1/0 then remains 
low until the Auto·Burst Refresh mode is terminated. RF 
1/0 can therefore be used as an interrupt to indicate the 
End·of·Burst condition. 

The signal on all four RAS outputs is just a divide·by·four 
of RGCK; in other words, if RGCK has a 100 ns period, 
RAS is high and low for 200 ns each cycle. The refresh 
counter increments at the end <>f each RAS, starting 
from the count it contained when the mode was entered. 
If this was zero, then for a RGCK with a 100 ns period with 
End·of Count set to 127, RF 1/0 will go low after 
128 x O.4/-1S, or 51.2/-1s. During this time, the system may 
be performing operations that do not involve DRAM. If 
all rows need to be burst refreshed, the refresh counter 
may be cleared by setting RF 1/0 low externally before 
the burst begins. 

Bur$t·mode refreshing is also useful when powering 
down systems for long periods of time, but with data 
retention still required while the DRAMs are in standby. 
To maintain valid refreshing, power can be applied to 
the DP8409 (set to Mode 2), causing it to perform a com· 
plete burst refresh. When end·of·burst occurs (after 26/-1s), 
power can then be removed from the DP8409 for 2 ms, 
consuming an average power of 1.3% of normal operating 
power. No control signal glitches occur when switching 
power to the DP8409. 
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Mode 3a - AII·RAS Automatic Write 

Mode 3a is useful at system initialization, when the 
memory is being cleared (i.e., with all·zeroes in the data 
field and the corresponding check bits for error detection 
and correction). This requires writing the same data tei 
each location of memory (every row of each column of 
each bank). All RAS outputs are activated, as in refresh, 
and so are CAS and WE. To write to all four banks simulta· 
neously, every row is strobed in each column, in se· 
quence, until data has been written to all locations. 

To select this mode, B1 and BO must have previously 
been set to 00, 01, or 10 in Mode 7, depending on the 
DRAM size. For example, for 16k DRAMs, B1 and BO are 
00. For 64k DRAMs, B1 and BO are 01, so that for the 
configuration of Figure 1 b, the 8 refresh counter bits are 
strobed by RAS into the 7 row addresses and the ninth 
column address. After this Automatic·Write process, B1 
and BO must be set again in Mode 7 to 00 to set End·of· 
Count to 127. For the configuration of Figure 1c, 81 and 
BO set to 01 will work for Automatic·Write and End·of· 
Count equals 255. 

In this mode, RIC is disabled; WE is permanently en· 
abled low, and CASIN (RGCK) becomes RGCK. RF 1/0 
goes low whenever the refresh counter is 127,255, or 511 
(as set by End·of·Count in Mode 7), ~nd the RAS outputs 
are active. 

Referring to Figure 5a, an external 8·bit counter (for 64k 
DRAMs) with TRI·STATE outputs is required and must 
be connected to the column address Inputs. It is 
enabled only during this mode, and is clocked from RF 
1/0. The DP8409 refresh counter is used to address the 
rows, and the column address is. supplied by the 
external counter. Every row for each column address is 
written to in all four banks. At the End·of·Count RF 1/0 
goes low, which clocks the external counter. 
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Therefore, for each column address, the refresh counter 
first outputs row-O to the address bus and all four RAS 
outputs strobe this row address Into the DRAMs (see 
Figure 5b). A minimum of 30 ns after RAS goes low 
(tRAH = 30 ns), the refresh counter is disabled and the 
column address input latch is enabled onto the address 
bus. About 14 nsafter the column address is valid, CAS 
goes low, (tAse =+14n~trobi'l[!he column address 
Into the DRAMs. When RAS and CAS go high the refresh 
counter Increments to the next row arid the cycle repeats. 
Since WE Is kept low in this mode, the data at 01 (input 
data) of the DRAMs Is written Into each row of the latched 
column. During each cycle RAS Is high for two periods of 
RGCK and low for two periods, giving a total write-cycle 
time of 400ns minimum, which is adequate for most 16k 
and 64k DRAMs. On the last row of a column, RF 1/0 Incre
ments the external counter to the next column address. 

REQUIREO IF 
SYSTEM STILL 

OPERATING ~ 
WHILE DPB409 

IN MODE 3A 

PROCESSOR 
AODRESS 

BUS 

At the end of the last column address, an interrupt is 
generated from the external counter to let the system 
know that initialization has been completed. During the 

. entire initialization time, the system can be performing 
other initialization functions. This approach to memory 
initialization is both automatic and fast. For instance, if 
four banks of 64k DRAMs are used, and RGCK is 100 ns, 
a write cycle to the same location in all four banks takes 
400 ns, so the total time taken in initializing the 64k 
DRAMs is 65k x 400 ns or 26 ms. When the system re
ceives the Interrupt, the external counter must be per
manently disabled. ADS and CS are interfaced by the 
system, and the DPS409 mode is changed. The interrupt 
must then be disabled. 

DRAMS 

RASIN--r----+---------r----~~I 

WRITE WiN CASIN 
M2 Ml MO (RGCK) 

PROCESSOR ADS ..... I-+----..---I-----...J 

ENABLE 

FIGURE Sa_ DP8409 Extra Circuitry Required for AII-RAS Auto Write Mode, Mode 3a 

- ~I . MODE 8< M2. M1. MO=Ol1 B1 BO=10 (MODE rfl 

RGCK 

iiASO-3 

RF 1/0 (EOc) 2~ 2~ EOC 

OCTAL HI Z 
/1 :3 c~~~~~~ ~o 

21 

INTERRUPT ==x-
II Il 

ENABLECQIlliillI 
BUFFER 

CI 21 

FIGURE Sb. DP8409 AII·RAS Auto Write Mode, Mode 3a, Timing Waveform 
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Mode 3b - Externally Controlled AII·RAS Write 

To select this mode, 81 and 80 must first have been set 
to 11 in Mode 7. This mode is useful at system initiallza· 
tion, but under processor control. The memory address 
is provided by the processor, which also performs the 
incrementing. All four RAS outputs follow RASIN (sup· 
plied by the processor), strobing the row address into 
the DRAMs. Ric can now go low, while CASIN may be 
used to control CAS (as in the Externally Controlled 
Access mode), so that CAS strobes the column address 
contents into the DRAMs. At this time WE should be 
low, causing the data to be written into all four banks of 
DRAMs. At the end of the write cycle, the input address is 
incremented and latched by the DPa409 for the next write 
cycle. This method is slower than Mode 3a since the 
processor must perform the incrementing and accessing. 
Thus the processor is occupied during RAM initialization, 
and is not free for other initialization operations. How· 
ever, initialization sequence timing is under system 
control, which may provide some system advantage. 

INPUT CAS 

'Resistors required depends 
on DRAM load. 

DRAMs MAYBE 16 k. 64 k DR 256 k 
FOR 4 BANKS, CAN DRIVE 16 DATA BITS 

+6 CHECK BITS FOR ECC. 
FOR 2 BANKS, CAN DRIVE 32 DATA BITS 

+ 7 CHECK BITS FOR ECC. 
FOR 1 BANK, CAN DRIVE 64 DATA BITS 

+8 CHECK BITS FOR ECC. 

CASIN 
ALE I ~ ADS 

BO 

I 
RO·6, 7, B 

AO·15, 17, 19 

CD·5, 7, B 

OPB4D9 

B1 

INPUT RAS I RASIN 

ROW/CDLUMNSEL I RIC 

WRITE I WIN 

REFRESH I • M2 cs M1 MO 

GND t t t 
DATA 

Mode 4 - Externally Controlled Access 

This mode facilitates externally controlling all access· 
timing parameters associated with the DRAMs. The 
application of modes 0 and 4 are shown in Figure 6. 

Output Address Selection 

Refer to Figure 7a. With M2 (RFSH) and RIC high, the 
row address latch contents are transferred to the multi· 
plexed address bus output oo-oa, provided CS is set 
low. The column address latch contents are output after 
Ric goes low. RASIN can go low after the row address· 
es have been set up on oo-oa. This selects one of the 
RAS outputs, strobing the row address on the a outputs 
into the desired bank of memory. After the row·address 
hold·time of the DRAMs, RIC can go low so that about 
40ns later column addresses appear on the a outputs. 

FIGURE 6. Typical Application of DP8409 Using External Control Access and Refresh in Modes 0 and 4 
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INPUTS 

ADS (ALE) 

SYSTEM 

-IAOS---

"INDICATES DYNAMIC RAM 
PARAMETERS 

~_IAS' __ ~HA_~ 
"DRm I "DRESS VAUD 

"SIN I I I 

Ric 

OUTPUTS ~I 
~----~-------

RAS 0,1,2,3 

00-8 

-----IRAC·------I 

DRAM DATA OUT -----------------------------------------<1 

INPUTS 

ADS (ALE) 

FIGURE 7a. Read Cycle Timing (MODE 4) 

----.:....-.IADS---

"INDICATES DYNAMIC RAM 
PARAMETERS 

SYSTEM • ~
_IASA-_IAHA--~ 

ADDR~~~ I ADDRESS VALID 

"SIN I I ! I,,,. . 

I I I --II 
II I I~I!! ,. 
II !~-

I I 1 DATA IN VAUD f 
-IDS'-11iiW 

RIC 

DRAM DATA IN 

OUTPUTS 

RAS 0,1,2,3 

00-8 

I~I ~I-----, 
--twcS'~1 I-I 

----------------------------~ twpdH~--------------
WE I -twCH*-1 

FIGURE 7b. Write Cycle Timing (Mode 4) 
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Automatic CAS Generation 

In a normal memory ac~ss~ CAS can be derived 
from inputs CASIN or RIC. If CASIN is high, then RIC go· 
ing low switches the address output drivers from rows 
to columns. CASIN then going low causes CAS to go 
low approximately 40 ns later, allowing CAS to occur at 
a predictable time (see Figure 7b). If CASIN is low when 
RIC goes low, CAS will be automatically generated, 
following the row to column transition by about 20 ns 
(see Figure 7a). Most DRAMs have a column address 
set·up time before CAS (tASe) of 0 ns or - 10 ns. In other 
words, a tAse greater than 0 nsis safe. 

Fast Memory Access 

AC parameters tDIF1, tDIF2 may be used to determine the 
minimum delays required between RASIN, RIC, and 
CASIN (see Application Brief 9; "Fastest DRAM Access 
Mode"). . 

Mode 5 - Automatic Access with Hidden Refresh 

The Auto Access with Hidden Refresh mode has two 
advantages over the Externally Controlled Access mode, 
due to the fact that all outputs except WE are initiated 
from RASIN. First, inputs RIC and CASIN are unneces· 
sary and can be used for other functions (see Refreshing, 
below). Secondly, because the output control signals 
are derived internally from one input signal (RASIN), 
timing-skew problems are reduced, thereby reducing 
memory access time substantially or ailowing use of 
slower DRAMs. The automatic access features of Mode 5 
(and Mode 6) of the DP8409 make DRAM accessing 
appear essentially "static". 

Automatic Access Control 

The major disadvantage of DRAMs compared to static 
RAMs is the complex timing involved. First, a RAS must 
occur with the row address previously set up on the multi
plexed address bus. After the row address has been held 
for tRAH, (the Row-Address hold-time of the DRAM), the 
column address is set up and then CAS occurs. This is 
all performed automatically by the DP8409 in this mode. 

Provided the input address. is valid as ADS goes low, 
RASIN can go low any time after ADS. This is because 
the selected RAS occurs typically 27ns later, by which 
time the row address is already valid on the address 
output of the DP8409. The Address Set-Up time (tASR), is 
Ons on most DRAMs. The DP8409 in this mode (with ADS 
and RASIN edges simultaneously applied) produces a 
minimum tASR of Ons. This is true provided the input ad
dress was valid tASA before ADS went low(see Figure 8a). 

Next, the row address is disabled after tRAH (30ns mini
mum); in most DRAMs, tRAH minimum is less than 30ns. 
The column address is then set up and tASC later, CAS 
occurs. The only other control input required is WIN. 
When a write cycle is required, WIN must go low at least 
30ns before CAS is output low. 

This gives a total typical delay from: input address valid 
to RASIN (15ns); to RAS (27ns); to rows held (50ns); to 
columns valid (25ns); to CAS (23ns) = 140ns (that is, 
125ns from RASIN). All of these typical figures are for 
heavy capacitive loading, of appro~imately 88 DRAMs. 
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This mode is therefore extremely fast. The external timing 
Is greatly simplified for the memory system designer: 
the only system signal required is RASIN. 

Refreshing 

Because RIC and CASIN are not used in this mode, RIC 
becomes RFCK (refresh clock) and CASIN becomes 
RGCK (RAS generator clock). With these two signals it 
is possible to perform refreshing without extra ICs, and 
without holding up the processor. 

One refresh cycle must occur during each refresh clock 
period and then the refresh address must be incremented 
to the next refresh cycle. As long as 128 rows are re
freshed every 2 ms (one row every 161Js), all 16k and 64k 
DRAMs will be correctly refreshed. The cycle time of 
RFCK must, therefore, be less than 161Js. RFCK going 
high sets an internal refresh-request flip-flop. First the 
DP8409 will attempt to perform a hidden refresh so that 
the system throughput will not be affected. If, during the 
time RFCK is high, CS on the DP8409 goes high and 
RASIN occurs, a hidden refresh will occur. In this case, 
RASIN should be considered acommon readlwrite strobe. 
In other words, if the processor is accessing elsewhere 
(other than the DRAMs) while RFCK is high, the DP8409 
will perform a refresh. The refresh counter is enabled to 
the address outputs whenever CS goes high with RFCK 
high, and all RAS outputs follow RASIN. If a hidden 
refresh is taking place as RFCK goes low, the refresh 
continues. At the start of the hidden refresh, the refresh
request flip·flop is reset so no further refresh can occur 
until the next RFCK period starts with the positive-going 
edge of RFCK. Refer to Figure 9. 

To determine the probability of a Hidden Refresh occur
ring, assume each system cycle takes 400 ns and RFCK 
is high for 8IJs, then the system has 20 chances to not 
select the DP8409. If during this time a hidden refresh 
did not occur, then the DP8409 forces a refresh while 
RFCK is low, but the system chooses when the refresh 
takes place. After RFCK goes low, (and the internal
request flip-flop has not been reset), RF 1/0 goes low 
indicating that a refresh is requested to the system. 
Only when the system acknowledges this request by 
setting M2 (RFSH) low does the DP8409 initiate a forced 
refresh (which is performed automatically). Refer to 
Mode 1, and Figure 3. The internal refresh request flip
flop is then reset. 

Figure 9 illustrates the refresh alternatives in Mode 5. If 
a hidden refresh has occurred and CS again goes high 
before RFCK goes low, the chip is deselected. All the 
control signals go high-impedance high (logic "1 ") and 
the address outputs go TRI-STATE until CS again goes 
low. This mode (combined with Mode 1) allows very fast 
access, and automatic refreshing (possibly not even 
slowing down the system), with no extra ICs. Careful 
system design can, and should, provide a higher prob
ability of hidden refresh occurring. The duty cycle of 
RFCK need not be 50-percent; in fact, the low-tlme 
should be designed to be a minimum. This is 
determined by the worst-case time (required by the 
system) to respond to the DP8409's forced·refresh 
request. 
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FIGURE 8b. Mode 6 Timing, Extended CAS 
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Table 2. Memory Bank Decode 

Bank Select 
(Strobed by ADS) 

Enabled RASn 
B1 BO 

0 0 RASo 

0 1 RAS1 

1 0 RAS2 
1 1 RAS3 

Note that RASIN going low earlier than tesRl after CS 
goes low may result in the DP8409 interpreting the 
RASIN as a hidden refresh RASIN If no hidden refresh 
has occurred in the current RFCK cycle. In this case, all 
RAS ou"tputs would go low for a short time. Thus, it is 
suggested that when using Mode 5, RASIN should be 
held high until tesRl after CS goes low if a refresh is not 
intended. Similarly, CS should be held low for a mini· 
mum of tesRl after RASIN returns high when ending the 
access in Mode 5. . 

Mode 6 - Fast Automatic Access 

The Fast Access mode is similar to Mode 5, but has a 
faster tRAH of 20ns, minimum. It therefore can only be 
used with fast 16k or 64k DRAMs (which have a tRAH of 
10ns to 15ns) in applications requiring fast access times; 
RASIN to CAS is typically 105ns. ' 

In this mode, the RIC (RFCK) pin is not used, but CASIN 
(RGCK) is used as CASIN to allow an extended CAS 
after RAS has already terminated. Refer to Figure 8b. 
This is desirable with fast cycle-times where RAS has to 
be terminated as soon as possible before the next RAS 

10 

~ 0 

/ 
/ 

-5 

-10 

/ 
v 

begins (to meet the precharge time, or tRP, requirements 
of the DRAM). CAS may then be held low by CASIN to 
extend the data output valid time from the DRAM to 
allow the system to read the data. CASIN subsequently 
going high ends CAS. If this extended CAS is not re
quired, CASIN should be set high in Mode 6. 

There is no internal refresh-request flip-flop in this mode, 
so any refreshing required must be done by entering 
Mode 0 or Mode 2. 

Mode 7 - ~et End-of-Count 

The End-of-Count can be externally selected in Mode 7, 
using ADS to strobe in the respective value of B1 and BO 
(see Table 3). With B1 and BO the same EOC is 127; with 
B1 = 0 and BO = 1, EOC is 255; and with B1 = 1 and 
BO = 0, EOC is 511. This selected value of EOC will be 
used until the next Mode 7 selection. At power-up the 
EOC is automatically set to 127 (B1 and BO set to 11). 

Table 3. Mode 7 

Bank Select End of Count 
(Strobed by ADS) 

B1 BO Selected 

0 0 127 

0 1 255 

1 0 511 

1 1 127 

L 
/ 

o 200 400 600 BOO 1000 

CpF 

FIGURE 10. Change in Propagation Delay vs. Loading Capacitance 
Relative to a 500pF Load 
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Absolute Maximum Ratings (Note 1) Maximum Power Dissipation· at 25°C 
Cavity Package 3542mW 

Supply Voltage, Vcc 7.0V Molded Package 2833mW 
Storage Temperature Range -65DC to +150DC 
Input Voltage 5.5V Operating Conditions 
Output Current 150mA 
lead Temperature (Soldering, 10 seconds) 300°C Min Max Units 

* Derate cavity package 23.6mW/oC above 25°C; derate molded VCC Supply Voltage 4.75 5.25 V 
package 22.7mW/oC above 25°C. TA Ambient Temperature 0 +70 °C 

Electrical Characteristics VCC = 5.0V ± 5%, ODC ~ TA ~ 70DC unless otherwise noted (Notes 2, 6) 

Symbol Parameter Conditions Min Typ Max Units 

Vc Input Clamp Voltage Vcc=Min.,lc=-12mA -0.8 -1.2 V 

IIH1 Input High Current for ADS, RIC only VIN =2.5V 2.0 100 lJA 

IIH2 Input High Current for All Other Inputs· VIN =2.5V 1.0 50 lJA 

II RSI Output load Current for RF 110 VIN = 0.5V, Output High -1.5 -2.5 mA 

II CTl Output load Current for RAS, CAS, WE VIN = 0.5V, Chip Deselect -1.5 -2.5 mA 

IIL1 Input low Current for ADS, RIC only VIN =0.5V -0.1 -1.0 mA 

11L2 Input low Current for All Other Inputs· VIN =0.5V -0.05 -0.5 rnA 

VIL Input low Threshold 0.8 V 

VIH Input High Threshold 2.0 V 

VOL1 Output low Voltage· IOL=20mA 0.3 0.5 V 

VOL2 Output low Voltage for RF 110 IOL=10mA 0.3 0.5 V 

VOH1 Output High Voltage* 10H =-1 mA 2.4 3.5 V 

VOH2 Output High Voltage for RF 110 10H = -100lJA 2.4 3.5 V 

110 Output High Drive Current· VOUT = 0.8V (Note 3) -200 mA 

100 Output low Drive Current· VOUT = 2.7V (Note 3) 200 mA 

loz· 
TRI-STATE Output Current O.4V ~ VOUT ~ 2.7V, 

-50 1.0 50 lJA (Address Outputs) CS = 2.0V, Mode 4 

Icc Supply Current Vcc= Max. 250 325 mA 

• Except RF 1/0 Output. 

Switching Characteristics: DP8409/DP8409-3 Vcc = 5.0V ± 5%, ODC ~ TA ~ 70DC unless other-
wise noted (Notes 2, 4, 5). The output load capacitance is typical for 4 banks of 22 DRAMs each or 88 DRAMs includ-
ing trace capacitance. These values are: 00-08, CL =500pF; RASO-RAS3, CL = 150pF; WE, CL = 500pF; CAS, 
CL = 600pF, unless otherwise noted. See Figure 11 for test load. Switches S1 and S2 are closed unless otherwise noted, 
and R1 and R2 are 4.7kn unless otherwise noted. Maximum propagation delays are specified with all outputs switching. 

8409 8409-3 
Symbol Access Parameter Conditions 

Min Typ Max Min Typ Max 
Units 

tRICL RASIN to CAS Output Delay (Mode 5) Figure 8a 95 125 160 95 125 185 ns 

tRICL RASIN to CAS Output Delay (Mode 6) Figures 8a, 8b 80 105 140 80 105 160 ns 

tRICH RASIN to CAS Output Delay (Mode 5) Figure 8a 40 48 60 40 .48 70 ns 

tRICH RASIN to CAS Output Delay (Mode 6) Figures 8a, 8b 50 63 80 50 63 95 ns 

tRCDL RAS to CAS Output Delay (Mode 5) Figure 8a 98 125 98 145 ns 

tRCDL RAS to CAS Output Delay (Mode 6) Figures 8a, 8b 78 105 78 120 ns 

tRCDH RAS to CAS Output Delay (Mode 5) Figure 8a 27 40 27 40 ns 

tRCDH RAS to CAS Output Delay (Mode 6) Figure 8a 40 65 40 65 ns 

tCCDH CASIN to CAS Output Delay (Mode 6) Figure 8b 40 54 70 40 54 80 ns 

tRAH Row Address Hold Time (Mode 5) Figure 8a 30 30 ns 

tRAH Row Address Hold Time (Mode 6) Figures 8a, 8b 20 20 ns 

tASC Column Address Setup Time (Mode 5) Figure 8a 8 8 ns 

tASC Column Address Setup Time (Mode 6) Figures 8a, 8b 6 6 ns 

tRCV RASIN to Column Address Valid Figure 8a 90 120 90 140 ns 
(Mode 5) 
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SWitching Characteristics (Cont'd) 

Symbol Access Parameter 

tRCV RASI~ to Column Address Valid (Mode 6) 

tRPDL RASIN to RAS Delay 

tRPDH RASIN to RAS Delay 

tAPDL Address Input to Output Low'Delay 

tAPDH Address Input to Output High Delay 

tSPDL Address Strobe to Address Output Low 

tSPDH Address Strobe to Address Output· High 

tASA Address Set-up Time to ADS 

tAHA Address Hold Time from ADS 

tAOS Address Strobe Pulse Width 

tWPDL WIN to WE Output Delay 

tWPDH WIN to WE Output Delay 

tCRS CASIN Set-up Time to RASIN High (Mode 6) 

tCPDL CASIN to CAS Delay (RIC low In Mode 4) 

tCPDH CASIN to CAS Delay (RIC low In Mode 4) 

tRCC Column Select to Column Address Valid 

tRCR Row Select to Row Address Valid 

tRHA Row Address Held from Column Select 

tCCAS RIC Low to CAS Low (Mode 4 Auto CAS) 

tOlF1 Maximum (tRPDL - tRHA) 

tOlF2 Maximum (tRCC - tCPDd 

Refresh Parameter 

tRC Refresh Cycle Period 

tRASINL,H Pulse Width of RASIN during Refresh 

tRFPDL RASIN to RAS Delay during Refresh 

tRFPDH RASIN to RAS Delay during Refresh 

tRFLCT RFSH Low to Counter Address Valid ' ' 

tRFHRV RFSH High to Row Address Valid 

tROHNC RAS High to New Count Valid 

tRLEOC RASIN Low to End-of-Count Low 

tRHEOC RASIN High to End-of-Count High 

tRGEOB RGCK Low to End-of-Burst Low 

tMCEOB Mode Change to End-of-Burst High 

tRST Counter Reset Pulse Width 

tCTL RF I/O Low to Counter Outputs All Low 

tRFCKL,H Minimum Pulse Width of RFCK 

T Period of RAS Generator Clock 

tRGCKL Minimum Pulse Width Low of RGCK 

tRGCKH Minimum Pulse Width High of RGCK 

tFRQL RFCK Low to Forced RFRQ Low 

Conditions 

Figures 8a, 8b 

Figures 7a, 7b, 8a, 8b 

Figures 7a, 7b, 8a, 8b 

Figures 7a, 7b, 8a, 8b 

Figures 7a, 7b, 8a, 8b 

Figures 7a, 7b 

Figures 7a, 7b 

Figures 7a, 7b, 8a, 8b 

Figures7a, 7b; 8a, 8b 

Figures 7a, 7b, 8a, 8b 

Figure 7b 

Figure 7b 

Figure 8b 

Figure 7b 

Figure 7b 

Figure 7a 

Figures 7a, 7b 

Figure 7a 

Figure 7a 

See Mode 4 
description 

See Mode 4 
description 

Figure 2 , 

Figure 2 

Figures 2, 9 

Figures 2, 9 , 

CS = X, Figures 2,3,4 

Figures 2, 3 

Figures 2,4 

CL=50pF, Figure 2 

CL = 50pF, Figure 2 

CL == 50pF, Figure 4 

CL == 50pF, Figure 4 

Figure 2 

Figure 2 

Figure 9 

Figure 3 

Figure 3 

Figure 3 

CL = 50pF, Figure 3 
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8409 8409-3 

Min Typ Max Min Typ Max 
Units 

75 105 75 120 ns 

20 27 35 20 27 40 ns 

15 23 32 15 23 37 ns 

25 40 25 '46 ns 

25 40 25 46 ns 

40 60 40 70 ns 

40 60 40 70 ns 

15 15 ns 

15 15 ns 

30 30 ns 

15 25 30 15 25 35 ns 

15 30 60 15 30 70 ns 

35 35 ns 

32 41 68 32 41 77 ns 

25 39 50 25 39 60 ns 

40 58 40 67 ns 

40 58 40 67 ns 

10 10 ns 

65 90 ns 

13 18 ns 

13 18 ns 

100 100 ns 

50 50 ns 

35 50 70 35 50 80 ns 

30 40 55 30 40 65 ns 

, 47 60 47 70 ns 

' 45 60 45 70 ns 

30 55 30 55 ns 

80 80 ns 

80 80 ns 

95 95 ns 

75 75 ns 

70 70 ns 

100 100 ns 

100 100 ns 

100 100 ns 

35 40 ns 

35 40 ns 

20 30 20 30 ns 



Switching Characteristics (Cont'd) 

8409 8409-3 
Symbol Refresh Parameter Conditions 

Min Typ Max Min Typ Max 
Units 

tFRQH RGCK Low to Forced RFRO High CL = 50pF, Figure 3 50 75 50 75 ns 

tRGRL RGCK Low to RAS Low Figure 3 50 65 95 50 65 95 ns 

tRGRH RGCK Low to RAS High Figure 3 40 60 85 40 60 85 ns 

tRQHRF RFSH Hold Time from RFSH ROST (RF 110) Figure 3 2T 2T ns 

tRFRH RFSH High to RAS High (ending forced RFSH) See Mode 1 Descrlp. 55 80 110 55 80 125 ns 

tRFSRG RFSH Low Set-up to RGCK Low (Mode 1) See. Mode 1 Descrip. 35 40 ns 

tCSCT CS High to RFSH Counter Valid Figure 9 55 70 55 75 ns 

tCSRL CS Low to Access RASIN Low See Mode 5 Descrip. 10 15 ns 

TRI·STATE Parameter 

tZH CS Low to Address Output High from HI·Z Figures 9, 12 35 60 35 60 ns R1 = 3.5k, R2 = 1.5k 

CL=15pF, 
tHZ CS High to Address Output Hi-Z from High Figures 9, 12 20 40 20 40 ns 

R2 = 1k, S1 open 

tZL CS Low to Address Output Low from Hi-Z Figures 9, 12 35 60 35 60 ns R1 = 3.5k, R2 = 1.5k 

CL=15pF, 
tLl CS High to Address Output Hi-Z from Low Figures 9, 12, 25 50 25 50 ns 

R1 = 1k, S2 open 

tHZH 
CS Low to Control Output High from Figures 9, 12 50 80 50 80 ns Hi-Z High R2 = 750Q, S1 open 

CS High to Control Output Hi-Z High 
CL=15pF, 

tHHZ Figures 9, 12 
from High R2 = 750Q, S1 open 40 75 40 75 ns 

tHZL 
CS Low to Control Output Low from Figure 12, 45 75 45 75 ns HI-Z High S1, S2 open 

CS High to Control Output Hi-Z High 
CL=15pF, 

tLHZ Figure 12, 
from Low R2 = 750Q, S1 open 50 80 '50 80 ns 

Switching Characteristics: DP8409-2 VCC = 5.0V ± 5%, O°C ~ TA ~ 70°C unless otherwise noted 
(Notes 2, 4, 5). The output load capacitance is typical for 4 banks of 22 DRAMs each or 88 DRAMs including trace 
capacitance. These values are: 00-08, CL = 500pF; RASO-RAS3, CL = 150pF; WE, CL = 500pF; CAS, CL = 600pF, unless 
otherwise noted. See Figure 11 for test load. Switches S1 and S2 are closed unless otherwise noted, and R1 and R2 are 
4.7kO unless otherwise noted. Maximum propagation delays are specified with all outputs switching. ' 

8409 -2 
Symbol Access Parameter Conditions 

Min Typ Max Min Typ Max 
Units 

tRICL RASIN to CAS Output Delay (Mode 5) Figure 8a 75 100 130 ns 

tRICL RASIN to CAS Output Delay (Mode 6) Figures 8a, 8b 65 90 115 ns 

tRICH RASIN to CAS Output Delay (Mode 5) Figure 8a 40 48 60 ns 

tRICH RASIN to CAS Output Delay (Mode 6) Figures 8a, 8b 50 63 80 ns 

tRCDL RAS to CAS Output Delay (Mode 5) , Figure 8a 75 100 ns 

tRCDL RAS to CAS Output Delay (Mode 6) Figures 8a, 8b 65 85 ns 

tRCDH RAS to CAS Output Delay (Mode 5) Figure 8a 27 40 ns 

tRCDH RAS to CAS Output Delay (Mode 6) Figure 8a 40 65 ns 

tCCDH CASI N to CAS Output Delay (Mode 6) Figure 8b 40 54 70 ns 

tRAH Row Address Hold Time (Mode 5) (Note 7) Figure 8a 20 ns 
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Switching Characteristics (Cont'd) 

Symbol Access Parameter 

tRAH Row Address Hold Time (Mode 6) (Note 7) 

tASC Column Address Setup Time (Mode 5) 

tASC Column Address Setup"Time (Mode 6) 

tRCY RASIN to Column Address Valid (Mode 5) 

tRCY RASIN to Column Address Valid (Mode 6) 

tRPDL RASIN to RAS Delay 

tRPDH RASIN to RAS Delay 

tAPDL Address Input to Output Low Delay 

tAPDH Address Input to Output High Delay 

tSPDL Address Strobe to Address Output Low 

tSPDH Address Strobe to Address Output High 

tASA Address Set-up Time to ADS 

tAHA Address Hold Time from ADS 

tAOS Address Strobe Pulse Width 

tWPDL WIN to WE Output Delay 

tWPDH WIN to WE Output Delay 

tCRS CASIN Set-up Time to RASIN High (Mode 6) 

tCPDL CASIN to CAS Delay (RIC low in Mode 4) 

tCPDH CASIN to CAS Delay (RIC-low in Mode 4) 

tRCC Column Select to Column Address Valid 

i tRCR Row Select to Row Address Valid 

tRHA Row Address Held from Column Select 

tCCAS RIC Low to CAS Low (Mode 4 Auto CAS) 

tOIFl Maximum (tRPDL - tRHA) 

tOlF2 Maximum (tRcc - tCPDd 

Refresh Parameter 

tRC Refresh Cycle Period 

tRASINL,H Pulse Width of RASIN during Refresh 

tRFPDL RASIN to RAS Delay during Refresh 

tRFPDH RASIN to RAS Delay during Refresh 

tRFLCT RFSH Low to Counter Address Valid 

tRFHRY RFSH High to Row Address Valid 

tROHNC RAS High to New Count Valid 

tRLEOC RASIN Low to End-of-Count Low 

tRHEOC RASIN High to End-of-Count High 

tRGEOB RGCK Low to End-of-Burst Low 

tMCEOB Mode Change to End-of-Burst High 

tRST Counter Reset Pulse Width 

tCTL RF 110 Low to Counter Outputs All Low 

8409-2 
Conditions 

Min Typ Max Min Typ Max 
Units 

Figures Sa, 8b 12 ns 

Figure Sa 3 ns 

Figures 8a, 8b 3 ns 

Figure 8a 80 105 ns 

Figures Sa, 8b 70 90 ns 

Figures 7a, 7b, 8a, 8b 20 27 35 ns 

Figures 7a, 7b, 8a, 8b 15 23 32 ns 

Figures 7a, 7b, 8a, 8b 25 40 ns 

Figures 7a, 7b, 8a, 8b 25 40 ns 

Figures 7a, 7b 40 60 ns 

Figures 7a, 7b 40 60 ns 

Figures 7a, 7b, 8a, 8b 15 ns 

Figures 7a, 7b, 8a, 8b 15 ns 

Figures 7a, 7b, 8a, 8b 30 ns 

Figure 7b 15 25 30 ns 

Figure 7b 15 30 60 ns 

Figure 8b 35 ns 

Figure 7b 32 41 58 ns 

Figure 7b 25 39 50 ns 

Figure 7a 40 58 ns 

Figures 7.a, 7b 40 58 ns 

Figure 7a 10 ns 

Figure 7a 55 75 ns 

See Mode 4 13 ns 
description 

See Mode 4 13 ns 
description 

Figure 2 100 ns 

Figure 2 50 ns 

Figures 2, 9 35 50 70 ns 

Figures 2, 9 30 40 55 ns 

CS = X, Figures 2,3,4 47 60 ns 

Figures 2, 3 45 60 ns 

Figures 2, 4 30 55 ns 

CL = 50pF, Figure 2 80 ns 

CL = 50pF, Figure 2 80 ns 

CL = 50pF, Figure 4 95 ns 

CL = 50pF, Figure 4 75 ns 

Figure 2 70 ns 

Figure 2 100 ns 
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Switching Characteristics (Cont'd) 

8409 -2 
Symbol Access Parameter Conditions 

Min Typ Max Min Typ Max 
Units 

tRFCKL,H Minimum Pulse Width of RFCK Figure 9 100 ns 

T Period of RAS Generator Clock Figure 3 100 ns 

tRGCKL Minimum Pulse Width Low of RGCK Figure 3 35 ns 

tRGCKH Minimum Pulse Width High of RGCK Figure 3 35 ns 

tFRQL RFCK Low to Forced RFRO Low CL = 50pF, Figure 3 20 30 ns 

tFRQH RGCK Low to Forced RFRO High CL = 50pF, Figure 3 50 75 ns 

tRGRL RGCK Low to RAS Low Figure 3 50 65 95 ns 

tRGRH RGCK Low to RAS High Figure 3 40 60 85 ns 

tRQHRF RFSH Hold Time from RFSH ROST (RF 1/0) Figure 3 2T ns 

tRFRH RFSH High to RAS High (ending forced RFSH) See Mode 1 Descrip. 55 80 110 ns 

tRFSRG RFSH Low Set·up to RGCK Low (Mode 1) See Mode 1 Descrip. 35 ns 

tCSCT CS High to RFSH Counter Valid Figure 9 55 70 ns 

tCSRL CS Low to Access RASIN Low See Mode 5 Descrip. 10 ns 

tZH CS Low to Address Output High from Hi-Z Figures 9, 12 35 60 ns R1 = 3.5k, R2 = 1.5k 

CL= 15pF, 
tHZ CS High to Address Output Hi·Z from High Figures 9, 12 20 40 ns 

R2 = 1 k, S1 open 

tZL CS Low to Address Output Low from Hi·Z Figures 9, 12 35 60 ns R1 = 3.5k, R2 = 1.5k 

CL= 15pF, 
tLl CS High to Address Output Hi·Z from Low Figures 9, 12 25 50 ns 

R1 = 1 k, S2 open 

tHZH 
CS Low to Control Output High from Figures 9, 12 

50 80 ns Hi·Z High R2 = 750Q, S1 open 

CS High to Control Output Hi·Z High 
CL=15pF, 

tHHZ Figures 9, 12 
from High R2 = 750Q, S1 open 

40 75 ns 

tHZL 
CS Low to Control Output Low from Figure 12, 45 75 ns Hi·Z High S1, S2 open 

CS High to Control Output Hi·Z High 
CL=15pF, 

tLHZ Figure 12, 
from Low R2 = 750Q, S1 open 50 80 ns 

Input Capacitance TA = 25°C (Notes 2, 6) 

Symbol Parameter Conditions Min Typ Max Units 

CIN Input Capacitance ADS, RIC 8 pF 

CIN Input Capacitance All Other Inputs 5 pF 

Note 1: "Absolute Maximum Ratings" are the values beyond which the safety of the device cannot be guaranteed. They are not meant 
to imply that the device should be operated at .these limits. The table of "Electrical Characteristics" provides conditions for actual 
device operation. 
Note 2: All typical values are for fA= 25°C and VCC = 5.0V. 
Note 3: This test is provided as a monitor of Driver output source and sink current capability. Caution should be exercised in testing 
this parameter. In testing these parameters, a 15Q resistor should be placed in series with each output under test. One output should 
be tested at a time and test time should not exceed 1 second. 
Note 4: Input pulse OV to 3.0V, tR=tF=2.5ns, f=2.5MHz, tpw=200ns. Input reference pOint on AC measurements is 1.5V. Output 
reference points are 2.!V for High and O.8V for Low. ' 
Note 5: The load capacitance on RF I/O should not exceed 50pF. 
Note 6: Applies to all DP8409 versions unless otherwise specified. 
Note 7: The DP8409-2 device can only be used with memory devices that meet the tRAH specificatiqn indicated. 
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Applications 
If external control is preferred, the DP8409 may be used 
in Mode 0 or 4, as in Figure 6. 

It basic auto access and refresh are required, then in 
cases where the user requires the minimum of external 
complexity, Modes 1 and 5 are ideal, as shown in Figure 
13a. The DP843X2 is used to provide proper arbitration be
tween memory access and refresh. This chip supplies all 
the necessary control Signals to the processor as well as 
the DP8409. Furthermore, two separate CAS outputs are 
also included for systems using byte-writing. The refresh 
clock RFCK may be divided down from either RGCK using 
an IC counter such as the DM74LS393 or better still, the 
DP84300 Programmable Refresh Timer. The DP84300 can 
provide RFCK periods ranging from 15.4J.(s to 15.6J.(s based 
on the input clock of 2 to 10 MHz. Figure 13b shows the 
general timing diagram for interfacing the DP8409 to dif
ferent microprocessors using the interface controller 
DP843X2. 

O~~~~~ o-...IV\RD/I,,-__ ----1---o TEST POINT 
TEST 15Q 

ClUS2 

R2 

FIGURE 11. Output Load Circuit 

If the system is complex, requiring automatic access and 
refresh, burst refresh, and all-banks auto-write, then 

. more circuitry is required to select the mode. This may be 
accomplished by utilizing a PAL. The PAL has two func
tions. One as an address comparator, so that when the 
desired port address occurs (programmed in the PAL), 
the comparator gates the data into a latch, where it is 
connected to the mode pins of the DP8409. Hence the 
mode of the DP8409 can be changed as desired with one 
PAL chip merely by addressing the PAL location, and 
then outputting data to the mode-control pins. In this 
manner, all the automatic modes may be selected, 
assigning RIC as RFCK always, and CASIN as RGCK 
always. The output from RF I/O may be used as End-of
Count to an interrupt, or Refresh Request to HOLD or 
BUS REQUEST. A complex system may use Modes 5 and 
1 for automatic access and refresh, Modes 3a and 7 for 
system initialization, and Mode 2 (auto-burst refresh),' 
before and after DMA. 

TRI·STATE"Is a registered trademark 01 National Semiconductor Corp .. 
PAL" Is a registered trademark 01 and used under license with Monolithic 
Memories, Inc. 

INPUT 

·>-....... --HIGH Z:--_-<.. 

FIGURE 12. Waveform 

I'HZl~V 
l 'Zl 

VOH 

VOL 

16·BIT MICROPROCESSOR DATA BUS 

.--_-%.._---.MICROPRDCESSDR ADDRESS BUS 

DATA AD DR ___ .. __ ... _~ ... ""I RD·6.7.B 

CD·6.7.8 

B1 

BD 

'-----_~I cs 
H~--+ ...... ----_I ADS 

MICROPROCESSOR 

CLOCK 1---.....::.:.:;:;:;;::::.....-+-+----4~-_1 
R/VI I-I~---+-+_..:,~:__-_I 

UPPER BYTE ~~--. 
lOWER BYTE 

RFCK 

DP8409 

RGCK 
ViTII 

RAS3 

IIAS2' 

1iM:1 

rnD 

1..---1-;-"'" RAl:TN WE ~I---_~ 
RF 110 M2 M1 MD 

+ + 
"0''''1'' 

OM 
I..!:!::~:!:!:!:::':"'::::':'::'::"::':':~-----_I 74S244 1----"'" 

,?/' CASL SELECT LOWER BYTE 
NECESSARY IF INSTRUCTIONS INCLUDE 

m~~~npG84~~Wf~~\~~Es~AS DIRECTLY NECESSARY IF MORE THAN ONE BANK~ 

FIGURE 13a. Connecting the DP8409 Between the 16·blt 
Microprocessor and Memory 
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RFCK 

I HIDDEN~ 
-REFRESHI 

I 1 
ACCESS-l 

.MEMDRY CYCLE· -ELSEWHERE 
CYCLE :'LJ 

I FORCED I ~ 
- REFRESH I 

1-MEMORY CYCLE -1-MEMORY CYCLE--I 

DP84300 MINIMIZES LOW TIME TO r-----
20 CLOCKS MAXIMIZING CHANCE OF 

HIDDEN REFRESH 

SELECTING 
ELSEWHERE LI---I _M------

OP84D90UTPUTS ----+-------t:...------:~--------..;~ 
RFRO 

RASOUTPUTS 

00-8 ROW 

~ °T IS MICROPROCESSOR'S CLOCK PERIOD 

FIGURE 13b. DP8409 Auto Refresh 
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Dynamic Memory Support 
PRELIMINARY 

DP8419 High Speed Dynamic RAM Controller/Driver 

General Description 
The DP8419 High Speed DRAM Controller/Driver com
bines the most popular memory control features of the 
DP8408/9 DRAM Controller/Driver with the high speed of 
Bipolar Oxide Isolation processing. 

The DP8419 retains the high capacitive-load drive capa
bility of the DP8408/9 as well as its most frequently used 
access and refresh modes, allowing it to directly replace 
the DP8408/9 in applications using only modes 0, 1, 4 
and 5. Thus, the DP8419 will allow most DP8408/9 users 
to directly upgrade their system simply' by replacing 
their old controller chip with the DP8419. 

Since only two of the three mode pins from the 
DP8408/9 are necessary to select the four available 
DP8419 modes, M1 of the DP8408/9 is called RAHS on 
the DP8419 and allows the user the option of selecting 
tRAH to suit his DRAMs. 

Connection Diagram 

Dual-In-Line Package 

R/C(RFCK) RASIN 
CASIN (RGCK) cS 

MD RF 110 
RAHS WIN 

M2 (RFSH) WE 

ADS 00 
RO 01 

CO 02 

R1 03 

C1 04 

R2 GND 

C2 05 

GND VCC 
R3 06 

C3 07 

R4 08 

C4 CAS 
R5 RAS3 

C5 RAS2 

R6 RAS1 
C6 RASD 

R7 BO 

C7 B1 

R8 C8 

TOP VIEW 

FIGURE 1. 

Figure 1 shows the DP8419 pinout. It is identical to that 
of the DP8408/9, except for pin 4 which has become 
RAHS. 

Table 1 is a DP8419 mode table. Pins 3 and 5 are used to 
select from the four available operational modes. Note 
that the mode selection scheme is identical to that of 
the DP8408/9 with M1 (pin 4) tied low. 

Features 
• Pin and functionally compatible with the DP8408/9 

DRAM Controllers in most applications 
• Significantly faster memory access and refresh due 

to Bipolar Oxide Isolation processing 

• Choice of tRAH is pin selectable 
• Nibble mode accessing available in external control 

mode 

Table 1. DP8419 Mode Select Options 

Mode (RFSH) MO Mode of Operation 
M2 

0 0 0 Externally Controlled Refresh 
1 0 1 Auto Refresh - Forced 
4 1 0 Externally Controlled Access 
5 1 1 Auto Access (Hidden Refresh) 
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DP8408, DP8409 
Application Hints 

The DP8408, DP8409 dynamic RAM controllers. have been 
well received by dynamic memory users because they per
form functions formerly requiring multiple integrated cir
cuit chips. These controllers are designed to be suitable 
for a variety of DRAM control methods. As a result of the 
many combinations of ways in which inputs to these chips 
may be varied, it was inevitable that certain conditions ex
ist that would cause the DP8408, DP8409 to respond in an 
undesirable way. Feedback from customers using these 
chips has resulted in thorough investigations of such con
ditions. The following are constraints on the use of the 
DRAM controllers which are not addressed in their data 
sheets. The majority of customers will find that'most of 
the items on this list are not pertinent to their particular 
application, and those that are impose minimal restrictions. 

1) The on-chip refresh counter resets when the RFI/O pin 
goes low for a refresh request in mode 5 if this pin is 
excessively loaded with capacitance. The data sheet 
suggests that this pin not be loaded with greater than 
50 pF. Since RFI/O, in most cases, needs only to drive 
a low capacitance in a refresh control circuit, this limit 
is not unreasonable. 

2) When the DP8408, DP8409 is in a refresh mode, the 
RFI/O pin indicates that the on-chip refresh counter 
has reached its end-of-count. This end-of-count is se
lectable as 127, 255 or 511 (511 is available only on the 
DP8409) to accommodate 16k, 64k or 256k DRAMs, re
spectively. Although the end-of-count may be chosen 
to be any of these, the counter always counts to 511 
(255 for the DP8408) before rolling over to zero. 

3) In mode 5, the DP8409 requests a refresh when RFI/O 
goes low following RFCK (RIC). DP8409s with date 
code 8209 or earlier, have a slight functional dif
ference from later DP8409s. With CS = 1, RFI/O goes 
low for on Iy about 10 ns when RFCK goes low, for early 
DP8409s. It stays high until mode 1 is entered and 
then responds as specified in the data sheet. DP8409s 
with date codes after 8209 function as shown in the 
data sheet with CS = 1. If CS = 0 all DP8409s operate 
as specified in the data sheet. " 

4) When going from mode 0,1 or 2 (refresh) to mode 5 of 
the DP8408, if CASIN and RIC are both low, a glitch 
occurs on the CAS output. Since neither of these in
puts is used in these modes, one or both should be 
held high. 

5) Most DRAMs specify 0 ns row address set-up time to 
RAS. I n order to guarantee this, the row address to the 
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DP8408,DP8409mustbevalid 10 nsbefore RASIN tran
sitions low to initiate an access. In terms of the data 
sheet parameters, maximum (tAPo-tRPDd = 10 ns. 

6) When changing modes from refresh to access, again 
sufficient time must be allowed for the row address to 
be valid before RAS occurs. In this case, the address 
outputs of the DP8408, DP8409 are changing from the 
refresh counter to the row address inputs. In order for 
the row address to be set up a minimum oto ns before 
RAS goes low, RASIN should not go low until 30 ns 
after the change from refresh to access mode. 

7) Both the low and high pulse widths of RAS have mini
mum requirements during refresh. When in mode 0, 
the RASIN to RAS low delay is longer than the RASIN 
to RAS high delay. In terms of the data sheet 
parameters, maximum (tRFPDL - tRFPDH) = 25 ns. 
Thus, the minimum low pulse width of RAS in mode 0 
equals the RASIN low pulse width minus 25 ns. The 
minimum high pulse width of RAS in mode 0 equals 
the RASIN high pulse width. 

8) The fastest memory access may be accomplished 
using mode 4" and external delay lines (see App. 
Brief #9). 

9) In the data sheet, it is specified that CS should go low 
15 ns (tCSLR) before RASIN goes low to initiate an ac
cess in mode 5. This is to prevent the possibility of a 
glitch on the RAS outputs, resulting from the DP8409 
interpreting the RASIN as a hidden refresh. For the 
same reason, CS should be held low for a minimum of 
15 ns after RASIN returns high, ending the access in 
mode 5. 

10) If the DP8409 is being used in mode 5 and C"S = 1, and 
if RASIN goes low within"15 ns before RFCK (RIC) 
goes low, up to a 15 ns glitch may occur on the refresh 
request pin, RFI/O. However, since CS is high, a hid
den refresh will occur as it normally would with RFCK 
high. If the glitch on RFI/O were detected and inter
preted as a forced refresh request, no forced refresh 
would be allowed by the DP8409 since a hidden 
refresh was allowed. This would not cause any prob
lem, however, since the hidden refresh has taken care 
of the refresh requirement for that period of RFCK. 
Also, this forced refresh request could not be detected 
if the system does not check RFI/O for a low state 
while RASIN is low (i.e., an access is taking place). 
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DP8408/9 
Fastest DRAM Access Mode 

If one desires the fastest possible operation of the 
DP8408/9 multi-mode dynamic RAM controllerldriver in 
accessing DRAMs, mode 4, externally controlled access 
mode should be considered. 

In using mode 4 there are three input signals which 
. must be considered: ,. 

. 1) RASIN - generates RAS 
2) RIC - switches between rows and columns on the 

address outputs . 

3) CASIN ....:. generates CAS 

In producing these signals a delay will be needed be
tween RASIN and RIC and· between RIC and CASIN. 
(Note: In mode 4 external generation of CASIN can pro
duce CAS faster than automatic generation of CAS.) 

Two important parameters have been added to the 
DP8408/9 data sheets that help one compute the mini
mum acceptable delays between the above-mentioned 
signals. These parameters are: 

1) tOlF1 = MAXIMUM (tRPOL - tRHA)= 13 ns 
, where tRPOL = RASIN to RAS delay 

tRHA = row address held from column select 

,2) t OIF2 = MAXIMUM (tRcc-tcpod= 13 ns 
where tRCC = column select to column address 

valid 
tCPOL = CASIN to CAS delay 

These parameters are specified as being less than what 
would be calculated using the minimax values given for 
tRec, tCPOL, tRPOL and tRHA In the DP8408/9 specification 
sheets, because on-chip delays track over temperature 
and supply variations. 

The equation for the delay between RASIN and RIC that 
guarantees the specified DRAM tRAH is: 

min delay required = tDlF1 ..: tRAH 
= 13 ns+ tRAH 

where tRAH = DRAM minimum row address 
hold time from RAS 
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The equation for the delay between RIC and CASIN that 
guarantees the specified DRAM tAsc is: 

min delay required = tOlF2 + tAse 
="13 ns + tAsc 

where tAsC = DRAM minimum column address 
set-up time to CAS 

To produce the above-mentioned delays between sig
nals, a ± 2 ns resolution delay line can be used as 
follows: 

(assuming tRAH = 20 ns, tASC = 0 ns) 
RASI N to RIC delay = 13 ns + 20 ns 

=33 ns 

RIC to CASIN delay = 13 ns + 0 ns 
= 13 ns 

Thus, RIC must follow RASIN by a minimum of 33 ns and 
CASIN must follow RIC by a minimum of 13 ns. With a 
delay line of ± 2 ns resolution, the RASIN to RIC and RIC 
to CASIN delays can be typicals of 35 ns and 15 ns, re
spectively. (See Figures 1 and 2 below.) 

This scheme will provide a maximum RASIN to CAS 
delay of: 

35 ns + 15 ns + 2 ns (resolution uncertainty) 
+ MAXIMUM (tcpod= 52 ns+ MAXIMUM (tcpod 

For the DP8408/9-2, MAXIMUM (tcpod=58 ns. 

For the DP8408/9 (no dash), MAXIMUM (tcpod = 68 ns 
(not 58 ns as indicated In data sheets up to November 
1982). 

The fastest mode 4 accesses (with the assumed delay 
line and DRAM parameters) are therefore, 110 ns and 
120 ns, respectively, for the -2 and non-dash parts. 

The maximum RASIN to CAS delay (tRICd in mode 5 
(auto mode) for the DP8408/9-2 (which guarantees a min 
tRAH of 20 ns) is 130 ns. The maximum tRICL in mode 5 for 
the DP8408/9 (no dash) Is 160 ns. 

Thus, it is shown that if the features offered by the 
DP8408/9 automatic modes can be sacrificed, mode 4 
(externally controlled access) may be used to obtain the 
fastest memory access. 
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Figure 1. Mode 4 Timing Relationships 

Figure 2. Mode 4 Externally Generated Signals 
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~ Precautions to Take 
• z When Driving Memories « 

As memory prices continue their relentless reduction of 
cost per bit, more and more systems designers are Incor
porating memories into their designs. In general these 
memories comprise a number of dynamic RAMs, such 
as the 64 k x 1. In this x 1 configuration, the number of 
RAMs required is a multiple of the bus width. Most new 
system designs use 16-bit microprocessors, so that a 
typical memory will comprise from 16 to 64 DRAMs, thus 
providing from 64k to 256k addressing capability. This 
means the memory drivers have to drive upwards of 16 
RAMs. The drivers may be part of an Integrated circuit 
dynamic RAM controller such as the DPS40SIDPS409, or 
they may be on a separate chip such as the 
DP84240IDP84244 octal memory drivers. The rec
ommendations in this article are valid for any type of 
memory driver. The purpose of the article is to forewarn 
new designers using memories of problems they will 
encounter if adequate precautions are not taken. 

A typical configuraton of a 16-bit wide memory is shown 
in Figure 1. Each driver address output goes to every 
dynamic RAM, as does WE. CAS outputs go to half the 
number of RAMs assuming byte writing is required. RAS 
outputs each go only to one bank. Note that these loads 
are not true for the data inputs and outputs. Each data 
I/O only connects to its respective bit, so the loading is 
only one RAM per bank for data. In general, this is why 
buffers are not required on the data bus when interfac
ing to memory. Data In of the RAMs can be linked 
directly to Data Out for anyone bit, and also to the cor
responding bit on the data bus. This is true for normal 
re.ad and write operations, but if read-modify-write 
cycles are employed, the Data Out signals must be 
buffered from the data bus. 

Using this typical memory configuration may not be as 
simple as it seems. Without care and attention, prob
lems can arise for the unprepared, and there are two 
areas in particular which may cause memory errors or 
memory damage: one is voltage overshoot caused by 
inductive traces and high capacitive loads, the other is 
switching spikes caused by switching high capacitive 
loads. 

Overshoot and Undershoot 
(Undershoot is Negative Overshoot) 

When a system requires a number of dynamic RAMs, the 
result is high capacitance loads, caused by a com
bination of RAM input capacitance and trace capaci
tance. Each dynamic RAM has a specified input capaci
tance of 10pF maximum, but most dynamic RAMs are 
closer to 2 to 3pF. Very few actually get close to 10pF, 
even under worst case conditions of high temperature 
and Vcc. It is safe, therefore, to assume a much lower 
average input capacitance when using 16 or more RAMs. 
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In fact, the input capacitance of most inputs is due more 
to the package than the input gating, because the silicon 
gate inputs of the transistors in today's market have 
such high impedance. A typ~maximum would b~ 
2.5pF. Control inputs such as RAS and CAS connect to 
more than one transistor input. For example, on the 
National Semiconductor 64k x 1 dynamic RAM, the 
NMC4164, RAS goes to two transistors and CAS to four. 
In general, this is true for most manufacturers' RAMs, so 
a more typical maximum input capacitance would be 
3pF for RAS and 3.5pF for CAS. RAM input currents are 
so small as to be negligible. The input current is quoted 
as 10llA maximum, but again most RAMs are much less 
than this in a typical memory. Driving DRAMs, therefore, 
is not a problem of DC drive capability, but rather a 
problem of capacitance drive capability. 

Driving DRAM input capacitance is further compounded 
by. printed circuit traces, and even more so by wire- wrap
ping. Both can be represented by a transmission line with 
distributed capacitance and inductance. Thus, the total 
load is equivalent to a complex impedance comprising 
the distributed trace inductance, and a capacitance com
prising distributed trace capacitance and RAM input ca
pacitance as shown in Figure 2a. 

The effect is an overshoot or undershoot at the dynamic 
RAM inputs that occurs each time a memory driver 
changes state, as shown in Figure 2b. As the driver output 
changes state, the load capacitance cannot be instan
taneously charged or discharged because the current 
available is limited both by the driver transistor imped
ance, and the equivalent series resistance from the 
supply rail through the chip to the trace resistance. This 
current will be similar in value tothe quoted short circuit 
current of the driver stage; therefore, there is a spike of 
current that lasts as long as it takes to change the voltage 
of all the capacitances. For the driver stages of the 
DP840SIDP8409, or the DP84240IDP84244, the typical 
short circuit current is 100mA per stage. This is true for 
either direction, so that the high-to-Iow transition takes 
roughly the same time as the low-to-high transition, min
imizing skew times on all the driver outputs, as they 
transition in either direction. Assuming the output low 
voltage, VOL, is O.2V and the output high voltage, VOH , is 
3.2V, and that the charge/discharge current is constant 
at Isc, then the current spike will exist for a time, T, 

where, 

T = CL X (VOH - Vou/lsc 
= 500pF x 3.0V/100mA = 15ns 

CL (500pF) is the load capacitance of typically 64 to 88 
dynamic RAMs, in other words, four banks comprising 
16 data bits and possibly six check bits if error 
correction is required. 
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In fact, due to the trace Inductance, the rate of change of 
current will not be a step fun9tion, so that the current 
waveform looks like a spike. Even so, the rapid rate of 
change of current, dl/dt, Into the trace Inductance L, will 
create a potentially excessive voltage "e" across this 
inductance. As an example, if the current changes from 
o to 100mA In 6ns, and the composite trace Inductance 
Is O.3IlH, then the voltage across this Inductance Is "e," 

where, 

e= L dl/dt 
= O.3IlH x 100mA/6ns = 5V 

In other words, at this rate of change In current, even a 
small inductance can be dangerous for two reasons. 
First, the dynamic RAMs at the far end of the trace could 
be destroyed, unless they have clamping diodes to Vee 
and GND (most do not), or second, the returning voltage 
may exceed the threshold it has just passed causing a 
s~cond and then third change of state. If this sudden 
glitch occurs on a control signal input such as RAS, the 
memory contents may be inadvertently changed. 

It is therefore necessary to remove the spike. The most 
common approach is to insert a damping resistor in the 
path between the driver and the RAMs, fairly close to the 

driver, as shown by RD In Figure 2a. The best value for the 
resistor Is the critical value giving a critically damped 
transition. Too high a value will cause overdamping 
which results In a slow transition. This slow edge may 
create excessive skew problems and slow down the 
memory cycle, or even worse, the edge may be slow 
enough that the RAM cycle never begins Internally. If the 
damping resistor value Is too low, the undershoot or 
overshoot may not be removed. It is therefore recom· 
mended that the resistor be determined on the first pro· 
totypes (not wlre·wrapped prototypes because the value 
will be different due to the larger distributed Inductance 
and capaCitance). Also, the values may be different for 
the control lines, particularly CAS. If there are a number 
of banks, and a RAS is used to select each bank, then the 
damping resistor In this line will be higher. 

Typical values for the damping resistors will be between 
15Q and 100Q, the lower the loading, the higher the 
values. Some IC manufacturers offer octal memory drlv· 
ers with on·chip series resistors fixed at ::::25Q. Unless 
this is the critical value required for all the lines, probe 
lems will arise. The DP8400 family has been designed 
with equivalent internal values of approximately 10Q, 
allowing for any external value of damping resistor. 

16-81T MICROPROCESSOR DATA BUS 
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Figure 2a. Complex Load Impedance Caused by 
Distributed Trace Inductance L and Capacitance Cs, 

. and RAM Input Capacitance CIN 
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Figure 2b. Timing Waveforms Showing the Effect of 
Variations of Ro on Signals Appearing at the RAM 

Switching Current Spikes 

Another major undesirable effect of the fast current 
spikes Is the effect on the Vee and GND pins. The worst 
case is when all eight or nine address outputs switch in 
the same direction at the same time, as shown in Figure 
3a. If each driver can source or sink 100mA, then a 
current of approximately 1 A could enter or exit the driver 
chip in a period of 20ns. The resistance and inductance 
of the Vec and GND lines to the chip can cause 
excessive drops during this switching time (see wave
forms in Figure 3a), which may, in turn, upset latches 
either in the DP8408/DP8409, or externally. A ceramic 
capacitor connected across Vee and GND pins will 
largely remove the spike. A 11lF multilayer ceramic is 
recommended. This should be fitted as close as possi-
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ble to the pins in order to reduce lead inductance. The 
DP8408IDP8409 pin configuration facilitates this with 
GND and Vee pins 0.2" apart so that the ceramic capaci
tor can be fitted as close to the chip as possible. The 
second GND pin should also be decoupled. These GND 
and Vee pins are located in the center of the package to 
reduce bonding lead lengths. In fact, the lead resistance 
is five times lower than if the supply pins were in the 
corners. An example of how this spike 'can be reduced 
would be the previous example of a 1 A change in supply, 
current switching in 20ns with a 11lF ceramic capacitor 
decoupling GND and Vee. The voltage drop "v" is 
1 A x 20ns/11lF, or 20mV. 



If the decoupllng capacitor was 0.01 /AF, the.drop would 
be 2V. Tantalum or other types of capacitors are lower 
frequency capacitors and have only a small effect In reo 
duclng the voltage spike. Ceramic capacitors are high 
frequency, and multilayer capaclto~s with lower Induc· 
tance have a greater effect In reducing the voltage spike 
and are therefore recommended. As a further recommen 
dation, the dynamic RAMs should be similarly decoupled 
with approximately a 0.1/AF ceramic capacitor on each 
RAM. Wlre·wrapped boards, In particular, need special 
attention. 

There are some other precautions that may be con· 
sidered when driving memories. First, be aware that IC 

INTERNAL 

V'CC 

GND' 

BONDING 
RESISTANCE 

BONDING 
RESISTANCE 

sockets Increase load capacitance and Inductance, so It 
becomes a matter of the Importance of removability of 
chips, and maintainability. Also, shorter, thicker trace 
lengths will reduce the load, and good GND and Vee con· 
nectlons will help reduce the voltage spikes around the 
memory board. For wlre·wrapped deSigns, GND and Vee 
should be multlwlred. 

With proper decoupllng and correct selection of damp· 
Ing resistors, Integrated circuit dynamic RAM controllers 
will function as expected to ease the burden of the 
system designer. . 
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Figure 3a. Effect of Switching All Outputs 
Simultaneously In the Same Direction 
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~National 
~ Semiconductor 

Dynamic Memory Support 

DP8400 - E2 C2 Expandable Error Checker and Corrector 

General Description 
The DP8400 Expandable Error Checker and Corrector 
(E2C2) aids system reliability and integrity by detecting er
rors in memory data and correcting single or double-bit er
rors. The E2C2 data I/O port sits across the processor
memory data bus as shown, and the check bit I/O port con
nects to the memory check bits. Error flags are provided, 
and a syndrome I/O port is available. Fabricated using 
high speed Schottky technology in a 48-pin dual-in-line 
package, the DP8400 has been designed such that its in
ternal delay times. are minimal, maintaining maximum 
memory performance. 

DATA BUS 
16/32/48/64 

I / ..... 
I ·t I I 

I SYSTEM I CONTROL 
~. 

PROCESSOR I 
E2C2 

6171J'8 I MEMORY 

61718/8 CHE6K BIT I. t. ~ BUS I 
SYN6ROME 

I BUS I I 
ERROR FLAGS 

For a 16-bit word, the DP8400 monitors data between the 
processor and memory, with its 16-bit bidirectional data 
bus connected to the memory data bus. The DP8400 uses 
an encoding matrix to generate 6 check bits from the 16 
bits of data. In a WRITE cycle, the data word and the cor
responding check bits are written into memory. When the 
same location of memory is subsequently read, the E2C2 

generates 6 new check bits from the memory data and 
compare's them with the 6 check bits read from memory to 
create 6 syndrome bits. If there is a difference (causing 
some syndrome .bits to go high), then that memory loca
tion contains an error and the DP8400 indicates the type of 
error with 3 error flags. If the error is a single-bit error, the 
DP8400 will automatically correct it. 

The DP8400 is easily expandable to other data configura
tions. For a 32-bit data bus with 7 check bits, two DP8400s 
can be used in cascade with no other ICs. Three DP8400s 
can be used for 48 bits, and four DP8400s for 64 data bits, 
both with8 check bits. In all these configurations, single 
and double-error detection and single-error correction are 
easy to implement. 

When the memory is more unreliable, or better system in
tegrity is preferred, then in any of these configurations, 
double-error correction can be performed; One approach 
requires a further memory WRITE-READ cycle using com
plemented data and check bits from the DP8400. If at least 
one of the two errors is a hard error, the DP8400wili correct 
both errors. This implementation requires no more 
memory check bits or DP8400s than the single-error cor
rect configurations. 

The DP8400 has a separate syndrome I/O bus which can· 
be used for error logging or errot management. In addition, 
the DP8400 can be used in BYTE-WRITE applications (for 
up to 72 data bits) because it has separate byte controls 
forthe data buffers. In 16 or32-bit systems, the DP8400 will 
generate and check system byte parity, if required, for in
tegrity of the data supplied from or to the processor. There 
are three latch controls to enable latching of data in vari
ous modes and configurations. 

. Operational Features 
• Fast single and double-error detection 

• Fast single-error correction 
• Double-error correction after catastrophic failure with 

no additional ICs or check bits 

• Functionally expandable to 100% double-error correct 
capability 

• Functionally expandable to triple-error detect 
• Directly expandable to 32 bits using 2 DP8400s only 
• Directly expandable to 48 bits using 3 DP8400s only 
• Directly expandable to 64 bits using 4 DP8400s only 
• Expandable to and beyond 64 bits in fast configuration 

with extra ICs 

• 3 error flags for complete error recording 
• 3 latch enable inputs for versatile control 
• Byte parity generating and checking 
• Separate byte controls for outputting data in BYTE

WRITE operation 
• Separate syndrome I/O port accessible for error logging 

and management 

• On-chip input and output latches fordata bus, check bit 
bus and syndrome bus 

• Diagnostic capability for simulating check bits 
• Memory check bit bus, syndrome bus, error flags and in

ternally generated syndromes available on the data bus 

• Self-test of E2C2 on the memory card under processor 
control 

• Full diagnostic check· of memory with the E2C2 

• Complete memory failure detectable 
• Power-on clears data and syndrome input latches 

Timing Features 
16-81T CONFIGURATION 

WRITE Time: 35 ns from data-in to check bits valid 

DETECT Time: 35 ns from data-in to Any Error (AE) flag set 
CORRECT Time: 70 ns from data-in to correct data out 
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Timing Features (Continued) 

32-BIT CONFIGURATION 

WRITE Time: 65 ns from data-in to check bits valid 
DETECT Time: 60 ns from data-in toAny Error(AE) flag set 

CORRECT Time: 125 ns from data-in to correct data out 

DP8400 Connection Diagram 
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Order Number DP8400N·4 or DP8400D·4 
See NS Package N48A or D48A 

Pin Definitions See Figure 1 for abbreviations 

Vcc, GND, GND: 5.0V ±5%. The 3 supply pins have been 
aSSigned to the center of the package to reduce voltage 
drops, both DC and AC. Also there are two ground pins to 
reduce the low· level noise. The second ground pin is 10' 
cated two pins from Vee, so that decoupling capacitors 
can be inserted directly next to these pins. It is important 
to adequately decouple this device,due to the high switch· 
ing currents that will occur when all 16 data bits change in 
the same direction simultaneously. A recommended solu
tion would be a 1 I'F 'multilayer ceramic capacitor in 
parallel with a low-voltage tantalum capacitor, both con
nected close to pins 36 and 38 to reduce lead inductance. 

DOO-D015: Data 1/0 port. 16-bit bidirectional data bus 
which is connected to the input of DllO and DIL1 and the 
output of DOBO and DOB1, with D08-D015 also to CIL. 

CO-C6: Check·bit 110 port. 7-bit bidirectional bus which is 
connected to the input of the Cil and the output of the 
COB. COB is enabled whenever M2 is low. 
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SO-S6: Syndrome 1/0 port. 7·bit bidirectional bus which is 
connected to the input of the Sil and the output of the 
SOB. 

DLE: Input data latch enable. When high, DllO and DIL1 
outputs follow the input data bus. When low, DllO and 
DIL1 latch the input data. 

C5LE: Input check bit and syndrome latch enable. When 
high, Cil and Sil follow the input check and syndrome 
bits. When low, Cil and Sil latch the input check and syn· 
drome bits. If OES Is low, Sil remains latched. 

OLE: Output latch enable. OLE enables the Internally 
generated data to DOLO, and DOL1, COL and SOL when 
low, and latches when high. 

XP: Multi·expansion, which feeds into a three-level com
parator. With XP at OV, only 6 or 7 check bits are available 
for expansion up to 40 bits, allowing byte parity capability. 
With XP open or at Vee, expansion beyond 40 bits is possi
ble, but byte parity capability is no longer available. When 
XP is at Vee, CG6 and CG7, the internally generated upper 
two check bits, are set low. When XP is open, CG6 and CG7 
are set to word parity. 

BPO (C7): When XP is at OV, this pin is byte-a parity 1/0. In 
the Normal WRITE mode, BPO receives system byte-O pari
ty, and in the Normal READ mode outputs system byte·O 
parity. When XP is open or at Vee, this pin becomes C7110, 
the eighth check bit for the memory check bits, for 48·bit 
expansion and beyond. 

BP1 (57): When XP is at OV, this pin is byte-1 parity 1/0. In 
the Normal WRITE mode, BP1 receives system byte-1 pari
ty, and in the Normal READ mode outputs system byte-1 
parity. When XP is open or at Vee, this pin becomes S71/0, 
the eighth syndrome bit for 48·bit expansion and beyond. 

AE: Any error. In the Normal READ mode, when low, AE in
dicates no error and when high, indicates that an error has 
occurred. In any WRITE mode, AE is permanently low. 

EO: In the Normal READ mode, EO is high for a single·data 
error, and low for other conditions. In the Normal WRITE 
mode, EO becomes PEO and is low if a parity error e~lsts In 
byte-O as transmitted from the processor. 

E1: In the Normal READ mode, E1 is high for a single·data 
error or a single check bit error, and low for no error and 
double-error. in the Normal WRITE mode, E1 becomes PE1 
and is low if a parity error exists in byte-1 as transmitted 
from the processor. 

OBO, 081: Output byte-O and output byte-1 enables. 
These inputs, when low, enable DOLO and DOl1 through 
DOBO and DOB1 onto the data bus pins DOO-D07 and 
D08-D015. When OBO and OB1 are high the DOBO, DOB1 
outputs are TRI-STATE~. 

OES: Output enable syndromes. 1/0 control of the syn
drome latches. When high, SOB is TRI·STATED and exter
nal syndromes pass through the syndrome input latch 
with CSLE high. When OES is low, SOB is enabled and the 
generated syndromes appear on the syndrome bus, also 
CSlE is inhibited internally to SIL. 

MO, M1, M2: Mode control inputs. These three controls 
define the eight major operational modes of the DP8400. 
Table III depicts the modes. 

TRI-STATE~ Is a registered trademark of National Semiconductor Corp. 
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FIGURE 1. DP8400 Block Diagram 



SYSTEM WRITE (Figure 2a) 

The Normal WRITE mode is mode 0 of Table III. Referring 
to the block diagram in Figure 9a and the timing diagram 
of Figure 9b, the 16 bits of data from the processor are ena· 
bled into the data input latches, DILO and DIL1, when the 
input data latch enable (DLE) is high. When this goes low, 
the input data is latched. The check bit generator (CG) 
then produces 6 parity bits, called check bits. Each parity 
bit monitors different combinations of the input data·bits. 
In the 16·bit configuration, assuming no syndrome bits are 
being fed in from the syndrome bus Into the syndrome in· 
put latch, the 6 check bits enter the check bit output latch 
(COL), when the output latch enable OLE is low, and are 
latched in when OLE goes high. Whenever M2 (READI 
WRITE) is low, the check bit output buffer COB always 
enables the COL contents onto the external check bit bus. 
Also the data error decoder (DED) Is Inhibited during 
WRITE so no correction can take place. Data output 
latches DOLO and DOL1, when enabled with OLE, will 
therefore see the contents of DILO and DIL1. If valid 

DATA 

WRITE DATA 

PROCESSOR I 

system data is still on the data bus, a memory WRITE will 
write to memory the data on the data bus and the check 
bits output from COB. If the system has vacated the data 
bus, output enables (OBO and OB1) must be set low so that 
the original data word with Its 6 check bits can be written 
to memory. 

SYSTEM READ 

There are two methods of reading data: the error monitor· 
ing method (Figure 2b), and the always correct method 
(Figure 2c). Both require fast error detection, and the sec· 
ond, fast correction. With the first method, the memory 
data is only monitored by the'E2C2, and is assumed to be 
correct. If there is an error, the Any Error flag (AE) goes 
high, requiring further action from the system to correct 
the data. With the always correct method, the memory 
data is assumed to be possibly in error. Memory data is 
removed and the corrected, or already correct, data is out· 
put from the E2C2 by enabling OB1 and OBO. To detect an 
error (referring to Figures 10a and 10b) first DLE and CSLE 

DATA 

MEMORY 

1+------\ EJlPO, 1 DO 

BYTE PARITY ERROR { -1-----i It~~~~ CHECK 
~ ~ ~~ ~ Bm 

t+--.;.;LO..;..W-~:;...~R .... YO_R_-7;;""';T-~~ WRITE 
- CHECK BITS 

LOW 

FIGURE 2a. Normal WRITE Mode with E2C2 
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PROCESSDR 
MEMORY 
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E2C2 CHECK 
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INTERRUPT ANY. 
ERROR 

REAO 

FIGURE 2b. Normal READ Mode, Error Monitoring Method with E2C2 

DATA DATA 

ERROR·PRONE 
PROCESSOR MEMORY DATA 
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HIGH 

FIGURE 2c. Normal READ Mode, Always Correct Method with E2C2 
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go high to enter data bits and check bits from memory into 
DILO, DOL 1 and GIL. The 6 check bits generated in GG from 
DILO and DOL1 are then compared with GIL to generate 
syndromes on the internal syndrome bus (SG).Any bit or 
bits of SG that go high indicate an error to the error en
coder (EE). 

If data correction is required 080 and 081 must be set low 
(after memory data has been disabled) to enable data out
put buffers D080 and D081. The location of any data bit 
error is determined by the data error decoder (DED), from 
the syndrome bits. The bit in error is complemented in the 
DOL for correction. The other 15 bits from DED pass the 
DIL contents directly to the DOL, so that DOL now con
tains corrected data. 

ERROR DETERMINATION 

The three error flags, for a 16-bit example, are decoded 
from the internally generated syndromes as shown in 
Figure 3. First, if any error has occurred, the generated 
check bits will be different from the memory check bits, 
causing some of the syndrome bits to go high. 8y OR-ing 
the syndrome bits, the output will be an indication of any 
error. 

If there is a single-data error, then (from the matrix in 
Table IV) it can be seen that any data error causes either 3 
or5 syndrome bits to go high. 16 AND gates decode which 
bit is in error and the bit in error is XOR-ed with the cor
respondi ng bit of the DI L to correct it, whereas the other 15 
decoder outputs are low, causing the corresponding 15 
bits in DIL to transfer to DOL directly. DOL now contains 
corrected data. The 16 AND gate outputs are OR-ed to
gether causing EO to go high, so that EO is the single-data
error indication. If the error Is a double-error, then either 2, 

SG, SG 

INTERNAL 
SYNDROME 

BUS 

ANY SYNDROME BIT 

DETECT EVEN SYNDROME PARITY 

ANY ERROR 

SINGLE DATA ERROR 

EO 

E1 

FIGURE 3_ Error Encoder 
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4 or 6 of the syndrome bits will be high. The syndromes for 
two errors (including one or two check bit errors) are the 
two sets of syndromes for each individual error bit, 
XOR-ed together. 8y performing a parity check on the syn
drome bits, flag E1 will indicate even/odd parity. If there is 
still an error, but it is not one of these errors, then it is a 
detectable triple-bit error. Some triple-bit errors are not 
detectable as such and may be interpreted as single-bit er
rors and falsely corrected as single-data errors. This is 
true for all standard EGG circuits using a Modified 
Hamming-code matrix. The DP8400 is capable, with its 
Rotational Syndrome Word Generator matrix, of determin
ing all triple-bit errors using twice as many DP8400s and 
twice as many check bits. 

ERROR FLAGS 

Three error flags are provided to allow full error determina
tion. Table I shows the error flag outputs for the different 
error types in Normal READ mode. If there is an error, then 
ANY ERROR will go high, at a time tOEV (Figure 10b) after 
data and check bits are presented to the DP8400. The 
other two error flags EO and E1 become valid tOEO and 
tOE1 later. 

The error flags differentiate between no error single check 
bit error, single data-bit error, double-bit error. 8ecausethe 
DP8400 can correct double errors, it is important to know 
that two errors have occurred, and not just a multiple-error 
Indication. The error flags will remain valid as long as DLE 
and GSLE are low, or if DLE is high, and data and check 
bits remain valid. 

BYTE PARITY SUPPORT 

Some systems require extra integrity for transmission of 
data between the different cards. To achieve this, individ
ual byte parity bits are transmitted with the data bits in 
both directions. The DP8400 offers byte parity support for 
up to 40 data bits. If the processor generates byte parity 
when transferring information to the memory, during the 
WRITE cycle, then each byte parity bit can be connected to 
the corresponding byte parity I/O pin on the DP8400, either 
8PO or 8P1. The DP8400 develops its own internal byte 
parity bits from the two bytes of data from the processor, 
and compares them with 8PO and 8P1 using an exclusive
OR for both parities. The output of each exclusive-OR is 
fed to the error flags EO and E1 as PEO and PE1, so that a 
byte parity error forces its respective error flag low, as in 
Table II. These flags are only valid for the Normal WRITE 
(mode 0) and XP at OV. The DP8400 checks and generates 
even byte parity. 

When transferring information from the memory to the 
processor, the DP8400 receives the memory data, and out
puts the corresponding byte parity bits on 8PO and 8P1 to 
the processor. The processor block can then check data 
integrity with its own byte parity generator. If in fact 
memory data was in error, the DP8400 derives 8PO and 
8P1 from the memory input data, and not the corrected 
data, so when corrected data is output from the DP8400, 
the processor will detect a byte parity error. 

If correct byte parity is required, transfer of corrected out
put data in the DOL to DIL will result in correct byte parity 
at 8PO and 8P1. This can be part of a normal memory re
WRITE cycle once an error has occurred. . 
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TABLE I. ERROR FLAGS AFTER 
NORMAL READ (MODE 4) 

E1 EO Error Type 

0 0 No error 

1 0 Single check bit error· 
1 1 Single-data error 

0 0 Double-bit error 

All Others Invalid conditions 

AE 

0 

0 

0 

0 

TABLE II. ERROR FLAGS AFTER 
NORMAL WRITE (MODE 0) 

E1 (PE1) EO (PEO) Error Type 

1 1 No parity error 

1 0 Parity error, byte 0 

0 1 Parity error, byte 1 

0 0 Parity error, bytes 0, 1 

TABLE III. DP8400 MODES OF OPERATION 

Mode 
M2 

M1 MO OES Operation 
(R/W) 

0 0 0 0 X Normal WRITE 
DIL- DOL, CG- COL- COB 

1 0 0 1 X Complement WRITE 
DIL- DOL, CIL- COL- COB 

2 0 1 0 X Diagnostic WRITE, OLE inhibited 
008-0015 Ell CG - SOL - SOB 
008-0015- CIL- COL- COB 

3 0 1 1 X Complement data-only WRITE 
DIL- DOL, 
(CGO, 1,4,5, CG2, CG3)- COL- COB 

4 1 0 0 X Normal READ 
OIL Ell DE- DOL, CIL- COL 

5 1 0 1 X Complement READ 
OIL til DE- DOL, CIL- COL 

6A 1 1 0 0 READ generated syndromes, check bit 
bus, error flags, SGO-SG6- 000-006, 
CILO-CIL6-D08-D014, E1-D07, 
EO-D015 

6B 1 1 0 1 READ syndrome bus, check bit bus, error 
flags, SILO-SIL6- 000-006, 
CILO-CIL6 - 008-0014, E1 - 007, 
EO - 0015 

7A 1 1 1 0 Generated syndromes replace with zero 
0- SIL- SG, CIL- COL, 
OIL Ell DE- DOL 

7B 1 1 1 1 Generated syndromes replace 
SIL- SG, CIL- COL, OIL Ell DE- DOL 

TABLE IV_ DATA-IN TO CHECK BIT GENERATE, OR DATA BIT ERROR TO SYNDROME-GENERATE 
MATRIX (16-BIT CONFIGURATION) 

o 1 2 3 4 5 6 7 8 9 

1 
o 2 3 4 

1 

5 
GENERATE CHECK BITS -----------------1 __ 

0 0 1 1 1 1 1 1 0 1 1 1 0 1 1 1 

0 0 0 1 0 0 1 0 1 1 0 1 0 1 1 1 

} 000-15 

GENERATED 
SYNDROMES 

o 
1 

2 

3 

4 

5 

1 

0 

0 0 

1 1 

1 1 0 0 

0 0 0 0 

0 1 0 1 0 1 
1 1 1 1 0 1 

1 1 1 

0 1 1 

o 
1 
2* 

3* 

4 

5 

GENERATED 
CHECK 
BITS 

1 1 0 0 o. 1 0 1 1 0 0 1 0 1 0 1 

1 1 1 0 1 1 1 0 1 0 0 0 1 1 1 0 

4 8 9 7 5 1 3 9 E B 0 3 C 7 F F 0 
3 3 2 0 2 3 2 3 0 0 2 3 2 

.., 

HEXADECIMAL EOUIVALENT 
OF SYNDROME BITS 

* C2, C3 generate odd parity 
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MODES OF OPERATION 

There are three mode-control pins, M2, M1 and MO, offer
ing 8 major modes of operation, according to Table III. 

M2 is the REAOIWRITE controL In normal operation, mode 
o is Normal WRITE and mode 4 is Normal READ. 8y clamp
ing MO and M1 low, and setting M2 low during WRITE and 
high during READ, the OP8400 is very easy to use for nor
mal operation. The other modes will be covered in later 
sections. 

16·Blt Configuration 

The first two rows on top of the check bit generate matrix 
(Table IV) indicate the data position of 000 to 0015. The 
left side of the matrix, listed 0 to 5, corresponds to syn
dromes SO to S5. SO is the least significant syndrome bit. 
There are two rows of hexadecimal numbers below the 
matrix. They are the hex equivalent of the syndrome pat
terns. For 'example, syndrome pattern in the first column 
of the matrix is 001011. Its least Significant four bits (0010) 
equal hexadecimal 4, and the remaining two bits (11) equal 
hexadecimal 3. 

Check bit generation is done by selecting different com
binations of data bits and generating parities from them. 
Each row of the check bit generate matrix corresponds to 
the generation of a check bit numbered on the right hand 
side of the matrix, and the ones in that row indicate the 

, selection of data bits. 

The following are the check bit generate equations for 
16-bit wide data words: . 

CGO = 002 ED 003 ED 004 ED 005 ED 006 ED 007 ED 009 ED 

0010 ED 0011 ED 0013 ED 0014 ED 0015 

CG1 = 003 ED 006 ED 008 ED DOg ED 0011 ED 0013 ED 

0014 ED 0015 

*CG2= 000 ED 003 ED 004 ED 008 ED 0010 ED 0012 ED 

0013 ED 0014 ED 0015 ED 1 

*CG3 = 001 ED 002 ED 007 ED 008 ED DOg ED 0010 ED 0012 
ED 0014 ED 0015 ED 1 

CG4 = 000 ED 001 ED 005 ED 007 ED 008 ED 0011 ED 0013 
ED 0015 

CG5=000 ED 001 ED 002 ED 004 ED 005 ED 006 ED 008 ED 

0012 ED 0013 ED 0014 
·CG2 and CG3 are odd parities, 

The following error map (Table V) depicts the relationship 
between all possible error conditions and their associated 
syndrome patterns. For example, if a syndrome pattern Is 
SO - 5 = 111101, data bit 14 is In error. 

Figure 4 shows how to connect one OP8400 in a 16-bit con
figuration, in order to detect and correct single or double-

bit errors. For a Normal WRITE, processor data is 
presented to the OP8400, where it is fed through DILO and 
OIL 1 to the check bit generator. This generates 6 parity bits 
from different combinations of data bits, according to 
Table IV. The numbers In the row below the table are the 
hexadecimal equivalent of the column bits (with bits 6, 7 
low). A '1' In any row indicates that the data bit in that col
umn is connected to the parity generator for that row. For 
example, check bit 1 generates parity from data bits 3, 6, 8, 
9, 11, 13, 14, and 15. 

Check bits 0, 1,4,5, and 6 generate even parity, and check 
bits 2 and 3 generate odd parity. This is done to insure that 
a total memory failure is detected. If all check bits were 
even parity, then all zeros in the data word would generate 
all check bits zero and a total memory failure would not be 
detected when a memory READ was performed. Now all
zero-data bits produce C2 and C3 high and a total memory 
failure will be detected. When reading back from the same 
location, the memory data bits (possibly in error) are fed to 
the same check bit generator, where they are compared to 
the memory check bits (also possibly in error) using 6 
exclusive-OR gates. The outputs of the XORs are the syn
drome bits, and these can be determined according to 
Table IV for one data bit error. For example, an error in bit 2 
will produce the syndrome word 101001 (for S5 to SO 
respectively). The syndrome word is decoded by the error 
encoder to the error flags, and the data-error decoder to 
correct a Single data bit error. Assuming the memory data 
has been latched in the OIL, by making OLE.J!£. low, 
memory data can be disabled. Then by setting 080 and 
081 low, corrected data will appear on the data bus. The 
syndromes are available as outputs on pins SO-5 when 
OES is low. It is also possible to feed in syndromes to SIL 
when OES is high and CSLE goes high. This can be useful 
when using the Error Management Unit shown in Figure 4. 
C6 and S6 are not used for 16 bits. It is safe therefore to 
make C6 appear low, through a 2.7 kG resistor to ground .. 
The same !.e.E,lIes for S6 If 'syndromes are input to the 
DP8400. If OES is permanently low, S6 may be left open. 

Any 16-blt memory correct system using the OP8400 
without syndrome Inputs must keep the OES pin 
grounded, then all the syndrome 110 pins may be left 
open. The reason for this is that the OP8400 resets the 
syndrome input latch at power up. If the OES pin is 
grounded, the syndrome Input latch will remain reset for 
normal operations. 

The parameter tNMR (see Figure 10b), new mode recog
nized time, is measured from M2 (changing from READ 
to WRITE) to the valid check bits appearing on the check 
bit bus, provided the OLE was held low. 

TABLE V. SYNDROME DECODE TO BIT IN ERROR FOR 16-BIT DATA WORD 

so 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
Syndrome S1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
Bits S2 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 

S3 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
S5 S4 

0 0 NE CO C1 0 C2 0 0 3 C3 0 0 9 0 10 T 0 

0 1 C4 0 0 11 0 T T 0 0 7 T 0 T 0 0 15 

1 0 C5 0 0 6 0 4 T 0 0 2 T 0 12 0 0 14 

1 1 0 5 T 0 0 0, 0 13 1 0 0 T 0 T 8 0 

N E = no error Cn = check bit n In error T = three errors detected 
Number= single data bit In error D = two bits In error 
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FIGURE 4. 16·81t Configuration Using One DP8400 
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FIGURE 5. 32-8it Error Detection and Correction 
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The parameter tMCR (see Figure 10b), mode change rec
ognized time, is measured from M2 (changing from 
WRITE to READ) when both E1 and E2 become invalid. 
This is required when a memory correcting system 
employs the DP8400 with byte parity checking. The "E1 
and E2 pins flag the byte parity error in a memory WRITE 
cycle. When the DP8400 switches to a subsequent mem
ory READ cycle, it requires tMCR for E1 and E2 to be 
switched to flag any READ error(s). 

EXPANDED OPERATION 

32-Blt Configuration 

Figure 5 shows how to connect two DP8400s in cascade to 
detect single and double-bit errors, and to correct single
data errors. The same circuit will also correct double-bit 
errors once a double-error has been detected, provided at 
least one error is a hard error. The lower chip L is in effect a 
slave to the higher chip H, which controls the memory 
check bits and error reporting. The check bit bus of L is re
ordered and connected to the syndrome bus of H," as 
shown in Figure 5. 

In a Normal WRITE mode, referring to Figures 13a, 13b, and 
13c, the 6 check bits generated from the lower 16 bits (CG L) 
are transferred via the COL to the COB of L, provided OLE is 
high and M2 (R/W) of L is low. These partial check bits from 
L then appear at SIL of H, so that with CSLE high, they com
bine with the 6 check bits generated in H with an overlap of 
one bit, to produce 7 check bits. With M2 (R/W) of H low, 
these 7 check bits are output from COB to memory. 

A READ cycle may consist of DETECT ONLY or DETECT 
THEN CORRECT, depending on the system approach. In 
both approaches, L writes its partial check bits, CGL, to H 
as in WRITE mode. H develops the syndrome bits from 
CGL, CGH and the 7 check bits read from memory in CIL. H 
then outputs from itserrorencoder(EE) if there isan error. If 
corrected data is required, H already knows if it has a 
single-data error from its syndrome bits, but if not, it must 
transfer partial syndromes back to L. These partial syn
dromes PSH, (CGH XOR-ed with CIL), are stored in SOLof 
H. L must therefore change modes from WRITE to READ, 
while H outputs the partial syndromes from its SOB by set
ting OES low. The partial syndromes are fed into CIL of L 
and XOR-ed with CGL to produce syndrome bits at SGL. 
The data error decoder, OED, then corrects the error in L. 
The OED of H will already have corrected an error in the 
hig her 16 bits. Only one error in 32 bits can be corrected as a 
single-data error, the chip with no error does not change the 
contents of its OIL when it is enabled in DOL. Table VI 
shows the 3 error flags of H, which become valid during the 
DETECT cycle. EO of L becomes valid during the CORRECT 
cycle, so that the 4 flags provide complete error reporting. 

TABLE VI. ERROR FLAGS AFTER NORMAL READ 
(32-BIT CONFIGURATION) 

AE(H) E1 (H) EO (H) EO (L)* Error Type 

0 0 0 0 No error 

1 1 0 0 Single-check bit error 

1 1 1 0 Single-data bit error (H) 

1 1 0 1 Single-data bit error (L) 

1 0 0 0 Double-bit error 
All Others Invalid conditions 

* EO (L) Is valid after transfer of partial syndromes from higher to lower 

Equations for 32-bit expansion: 

tOCB32 = tOCB16 + tSCB16 
tOEV32 = tOCB16 + tSEV16 

tOC032 (High Chip) = tOCB16 + tSC016 
tOC032 (Low Chip) = tOCB16 + tBR * + tCC016 
*tBR: Bus reversing time (25 ns) 

32-81t Matrix 

Table VII shows a 32-bit matrix using two DP8400s in cas
cade as in Figure 5. This is one of 12 matrices that work for 
32 bits. The matrix for bits 0 to 15 (lower chip) is the matrix 
of Table IV for 16-bit configuration, with row 6 always '0'. 
The matrix for bits 16 to 31 (higher chip) uses the same row 
combinations but interchanged, for example, the 3rd row 
(row 2) of L matrix is the same as the 6th row (row 5) of the 
H matrix. This means row 5 of H is in fact check bit 2 of H. 
Thus, the 6th row (row 5) combines generated check bit 5 
(CG5) of L and generated check bit 2 of H. Check bit 5 of L 
therefore connects to the syndrome bit 2 (CG2) of H, and 
the composite generated check bit is written to check bit 2 
of memory. Thus C2 performs a parity check on bits 0,1,2, 
4,5,6,8, 12, 13, 14, of L, and bits 16, 19,20,24,26,28,29,30, 
31, of H. CG2 and CG3 generate odd parity, so that CG5 of 
L generates even parity which combines with CG2 of H 
generating odd parity. CG3 of Land CG3 of H both 
generate odd parity causing C3 to memory to represent 
even parity. Only 6 check bits are generated in each chip, 
the 7th (CG6) is always zero with XP grounded. Thus CG6 
of L combines with CGO of H so that CO to memory is the 
parity of bits 18, 19, 20, 21, 22, 23, 25, 26, 27, 29, 30, 31. 
Similarly C6 to memory is only CG2 of L. The 7 composite 
generated check bits of H can now be written to memory. 

When reading data arid check bits from memory, CG6-
CGO of L are combined with CG6-CGO of H in the same 
combination as WRITE. Memory check bits are fed into 
C6-CO of H and compared with the 7 combined parity bits 

TABLE VII. DATA BIT ERROR TO SYNDROME-GENERATE MATRIX (32-8IT CONFIGURATION) 

o 

*2 

SYNDROMES *3 

4 

5 
6 

I- L -I· H -I 
} DOO-31 

1 

o 1 234 5 6 7 890 

0 0 1 1 1 1 1 1 0 1 1 

0 0 0 1 o 0 1 0 1 1. 0 
1 0 0 1 1 0 0 0 1 0 1 

0 1 1 0 0 0 0 1 1 1 1 

1 1 0 0 0 1 0 1 1 0 0 

1 1 1 0 1 1 i 0 1 0 0 

0 0 0 0 0 0 0 0 0 0 0 

1 

1 

0 
0 
1 

0 

0 

1 1 1 

2 3 4 5 

0 1 1 1 

0 1 1 1 
,1 1 1 1 

1 0 1 1 

0 1 0 1 

1 1 1 0 
0 0 0 0 

4 8 9 7 5 3 9 E 8 D 3 C 7 F F 
3 3 2 0 232 1 300 232 1 

1 1 1 2 2 2 2 2 2 2 2 2 233 

6 7 890 1 2 3 4 567 890 1 

0 0 0 1 0 o 1 o 1 1 0 1 o 1 1 1 

1 1 1 0 1 1 1 0 1 0 0 0 1 1 1 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 1 1 1 1 0 1 0 1 1 

1 1 0 0 0 1 0 1 1 0 0 1 0 1 0 1 

1 0 o 1 1 0 0 0 1 0 1 0 1 1 1 1 

0 0 1 1 1 1 1 1 0 1 1 1 0 1 1 1 

1 

5 
6 
3 

4 

2 

o 

GENERATED 
CHECK 
8ITS' 

2 A A 1 2 2 3 8 8 9 8 1 A 3 8 9 0 HEX 

3 1 4 6 6 5 4 5 3 4 6 5 2 7 6 7 
* CG2, CG3 generate odd parity 

7-80 



TABLE VIII. CHECK BIT PORT TO SYNDROME PORT 
INTERCONNECTIONS FOR EXPANSION TO 32 BITS 

L L H H 
S C S C 

SO 0 0 1 1 CO 
S1 1 1 5 5 C1 

Syndrome 110 S2 2 2 6 6 C2 Check Bit 110 
to S3 3 3 3 3 C3 to 

Management S4 4 4 4 4 C4 Memory 
S5 5 5 2 2 C5 
S6 6 6 0 0 C6 

TABLE IX. SYNDROME DECODE TO BIT IN ERROR FOR 32·BIT DATA WORD 

SO 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
Syndrome S1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
Bits S2 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 

S3 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
S6 S5 S4 

0 0 0 NE CO C1 0 C2 0 0 3 C3 0 0 9 0 10 T 0 
0 0 1 C4 0 0 11 0 T T 0 0 7 17 0 T 0 0 15 

0 1 0 C5 0 0 6 0 4 T 0 0 2 28 0 12 0 0 14 
0 1 1 0 5 16 0 0 0 0 13 1 0 0 24 0 T 8 0 
1 0 0 C6 0 0 22 0 T T 0 0 25 18 0 T 0 0 T 
1 0 1 0 27 21 0 T 0 0 T 23 0 0 T 0 T T 0 
1 1 0 0 19 20 0 T 0 0 T 26 0 0 30 0 T T 0 
1 1 1 T 0 0 29 0 T T 0 '0 31 T 0 T 0 0 T 

NE=no error en = check bit n in error T = three errors detected 

Number = single data bit In error D = two bits In error 

in H, to produce 7 syndrome bits S6-S0. H can now deter
mine if there is any error, and if it has a single-data error, it 
can locate it and correct it without transferring partial syn
dromes to L. As an example of a DETECT cycle, CG5 of L 
combines with CG2 of H and is compared in H with mem
ory check bit 2. 

If L is now set to mode 4, Normal READ, and DES of H is 
set low, the partial syndromes of H (CG6-CGO of H XOR-ed 
with C6-CO of H) are transferred and shifted to L. L 
receives these partial syndromes (S6-S0 of H) as check bit 
inputs C2, C1, C4, C3, C5, CO, C6 respectively, and com
pares them with CG6-CGO respectively, to produce syn· 
drome bits S6-S0. L now decodes these syndromes to cor
rect any single·data error in data bits 0 to 15. For example, 
partial syndrome bit 2 of H combines with generated 
check bit 5 of L to produce syndrome bit 5 in L. An error in 
data bit 10 will create syndrome bits in Las 0001101 from 
S6-S0, and these will appear on S6-S0 of L with DES low. 
An error in H will appear as per the H matrix. For example, 
an error in bit 16 will cause S6-S0 of L to be 0110010. 

If DES of L is set low, this syndrome combination appears 
on pins S6 to SO. For errors in bits 0 to 15, the syndrome 
outputs will be according to Table VII. For errors in bits 16 
to 31, the syndrome outputs from L will still be according 
to Table VII due to the shifting of partial syndrome bits 
from H to L. The syndrome outputs from L are unique for 
each of the possible 32 bits in error. 

If there is a check bit error, only one syndrome bit will be 
high. For example, if C5 is in error, then S1 of L will be high. 
For double-errors, an even number of syndrome bits will be 
high, derived from XOR-ing the two single-bit error syn
dromes. As mentioned previously, this is only one of the 12 
approaches to connecting two chips for 32 bits, 6 of which 
are mirror images. 
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Table VIII depicts the exact connection for 32·bit expah. 
sion. LS equals syndrome bits of L. LC equals check bits of 
L. HS equals syndrome bits of H. HC equals check bits of 
H. Syndrome bits SO to S6 of L are connected to system 
syndrome bits SO to S6. LC and HS columns are lined 
together showing the check bit port of L connected to the 
syndrome port of H in the exact sequence as shown in 
Table VIII. For example, check bit CO of L is connected to 
the syndrome bit S1 of H, and check bit C6 of L is con
nected to the syndrome bit SO of H. Check bits of Hare 
connected to the system check bits in the order shown. 
Check bit C1 of H is connected to the system check bit CO. 

Expansion for Data Words Requiring 8 Check Bits 

For 16-bit and 32-bit configurations, XP is set permanently 
low. In 48-bit or 64-bit configurations, XP is either set per
manently to Vee or left open, according to Table X, to pro
vide 8 check bits and syndrome bits. 

TABLE X. XP: EXPANSION STATUS 

XP Status Data Bus 

OV SPO and BP1 are byte parity 110 <40 Bits 
CG6=0 

Open No byte parity liD, 2:40 Bits 
CG6 and CG7 = word parity 

Vee No byte parity liD, 2:40 Bits 
CG6 and CG7 = 0 

48·Bit Expansion 

Three OP8400s are required for 48 bits, with the higher 
chip using all 8 of its check bits to the memory. No byte 
parity is available for 48 or 64 bits. XP of all three chips 
must be at Vee. The three chips are connected in cascade 

C 
""C 
CO 
~ 
o 
o 
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~ 
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TABLE XI. CHECK BIT PORT TO SYNDROME PORT 
INTERCONNECTIONS FOR EXPANSION TO 48 BITS 

LL LL LH LH HL HL 
S C S C S C 

SO 0 0 1 1 6 6 CO 
S1 1 1 5 5 1 1 C1 

Syndrome I/O S2 2 2 6 6 4 4 C2 
Check Bit 1/0 

to S3 3 3 3 3 7 7 C3 
to 

Management S4 4 4 4 4 2 2 C4 
Memory 

S5 5 5 2 2 3 3 C5 
S6 6 6 0 0 5 5 C6 
S7 7 7 7 7 0 0 C7 

For example: SO of LL is connected to system syndrome SO. CO of LL is connected to Sl of 
LH. C1 of LH is connected to S6 of HL. C6 of HL is connected to system check bit CO. 

TABLE XII. SYNDROME DECODE TO BIT IN ERROR FOR 48·BIT DATA WORD 

SO 0 
Syndrome S1 0 
Bits S2 0 

S3 0 
S7 S6 S5 S4 

0 0 0 0 NE 

0 0 0 1 C4 

0 0 1 0 C5 

0 0 1 1 0 
0 1 0 0 C6 
0 1 0 1 0 
0 1 1 0 0 
0 1 1 1 44 

1 0 0 0 C7 
1 0 0 1 0 
1 0 1 0 0 
1 0 1 1 42 

1 1 0 0 0' 

1 1 0 1 36 
1 1 1 0 34 
1 1 1 1 0 

NE=no error 

Number = single data bit in error 

1 0 1 0 
0 1 1 0 
0 0 0 1 
0 0 0 0 

CO ,C1 0 C2 

0 0 11 0 

0 0 6 0 

5 16 0 0 

0 0 22 0 

27 21 0 32 

19 20 0 33 
0 0 29 0 

0 0 T 0 
T 35 0 T 

T 41 0 39 

0 0 T 0 

T 38 0 37 

0 0 T 0 
0 0 T 0 

T 46 0 T 

Cn = check bit n in error 

0= two bits in error 

as in Figure 6, but with the HH chip removed. The error 
flags are as Table XV, but with AE (HH) and E1 (HH) be· 
coming AE (HL) and E1 (HL), and EO (HH) removed. 

48·Bit Matrix 

The matrix for 48 bits is that for64 bits shown (in Table XVI) 
but only using bits 0 to 47. This is one of many matrices for 
48·bit expansion using the basic 16-bit matrix. The matrix 
shown uses 2 zeroes for CG6 and CG7, for all three chips, 
with XP set to Vcc. Other matrices may use CG6 and CG7 
as word parity with XP open. 

54·Bit Expansion 

There are two basic methods of expansion to 64 bits, both 
requiring 8 check bits to memory, and four OP8400s. One 
is the cascade method of Figure 6, requiring no 'extra 
ICs. With this method partial check bits have to be 
transferred through three chips in the WRITE or DETECT 
mode, and partial syndrome bits transferred back through 
three chips in CORRECT mode. This method is similar to 
Figure 5, 32·bit approach. The connections between the 

1 0 1 0 1 0 1 0 1 0 1 
0 1 1 0 0 1 1 0 0 1 1 
1 1 1 0 0 0 0 1 1 1 1 
0 0 0 1 1 1 1 1 1 1 1 

0 0 3 C3 0 0 9 0 10 T 0 
T T 0 0 7 17 0 T 0 0 15 

4 T 0 0 2 28 0 12 0 0 14 

0 0 13 1 0 0 24 0 T 8 0 
T T 0 0 25 18 0 T 0 0 T 

0 0 T 23 0 0 T 0 T T 0 

0 0 T 26 0 0 30 0 T T 0 
T 40 0 0 31 T 0 T 0 0 T 

T 43 0 0 T T 0 T 0 0 T 

0 0 T T 0 0 T 0 T T 0 
0 0 T T 0 0 T 0 T T 0 

T 47 0 0 T T 0 T 0 0 T 
0 0 T T 0 0 T 0 T T 0 

T 45 0 0 T T 0 T 0 0 T 
T T 0 0 T T 0 T 0 0 T 

0 0 T T 0 0 T 0 T T 0 

T = three errors detected 
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check bit bus and syndrome bus for each of the chip pairs 
are shown in Table XIII. 

The error flags of HH are valid during the DETECT cycle as 
in Table XV, and the other error flags are valid during the 
CORRECT cycle. 

A faster method of 64·bit expansion shown in Figure 7 reo 
quires a few extra ICs, but can WRITE in 57 ns, DETECT in 
57ns or DETECT THEN CORRECT in 116ns.ln the WRITE 
mode, all four sets of check bits are combined externally 
in the 8 74S280 parity generators. These generate 8 com
posite check bits from the system data, which are then 
enabled to memory. In the DETECT mode, again 8 com· 
posite check bits are generated, from the memory data 
this time, and compared with the memory check bits to 
produce 8 external syndrome bits. These syndrome bits 
may be OR-ed to determine if there is any error. By making 
the 74S280 outputs SYNDROMES, then' any bit low 
causes the 74S30 NAND gate to go high, giving any error 
indication. To correct the error, these syndrome bits are 
fed re·ordered into SIL of each OP8400 now set to mode 
7B. This enables the syndromes directly to SG and then 



DED of each chip. One chip will output corrected data, 
while the other three output non-modified data (but still 
correct). 

Equations for fast 64-blt expansion: 

tOCB64 = tOCB16 + tpd (745280) + tpd (745240) 
tOEV64 = tOCB16 + tpd (745280) + tpd (74530) 
tOCD64 = tOCB16 + tpd (745280) + tpd (74AL5533) 

+ tSC016 

64·Blt Matrix 
" 

With the 64-bit matrix shown in Table XVI, it is necessary 
to set at least one chip with CG6, CG7 non-zero. The 
highest chip, connected to data bits 48 to 63, has XP set 
open, so that its CG6 and CG7 are word parity. The syn
drome word of the highest chip will now have either 5 or 7 
syndrome bits high, but inside the chip CG6 and CG7 
remove two of these In a READ so that the chip sees the 
normal 3 or 5 syndrome bits. 

TABLE XIII_ CHECK BIT PORT TO SYNDROME PORT 
INTERCONNECTIONS FOR EXPANSION TO 64 BITS 

LL LL LH LH HL HL HH HH 
5 C 5 C 5 C 5 C 

SO 0 0 1 1 6 6 7 7 CO 
51 1 1 5 5 1 1 0 0 C1 

Syndrome I/O 
52 2 2 6 6 4 4 1 1 C2 

Check Bit 1/0 
53 3 3 3 3 7 7 2 2 C3 

to 
54 4 4 4 4 2 2 3 3 C4 

to 
Management 

55 5 5 2 2 3 3 4 4 C5 
Memory 

56 6 6 0 0 5 5 5 5 C6 
57 7 7 7 7 0 0 6 6 C7 

For example: SO of LL IS connected to system syndrome 50. CO of llis connected to 51 of lH. C1 of LH IS 
connected to 56 of HL C6 of HL is connected to 57 of HH. C7 of HH is connected to system check bit CO. 

TABLE XIV_ SYNDROME DECODE TO BIT IN ERROR FOR 64-BIT DATA WORD 

SO 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
Syndrome 51 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
Bits 52 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 

53 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 

57565554 

0 0 0 0 NE CO C1 D C2 D D 3 C3 D D 9 D 10 T D 

0 0 0 1 C4 D D 11 D T T D D 7 17 D T D D 15 

0 0 1 0 C5 D D 6 D 4 T D D 2 28 D 12 D D 14 

0 0 1 1 D 5 16 D 0 D D 13 1 D D 24 D T 8 D 

~ 0 1 0 0 C6 D D 22 D T T D D 25 18 D T D D T 

0 1 0 1 D 27 21 D 32 D D T 23 D D T D T T D 

0 1 1 0 D 19 20 D 33 D D T 26 D D 30 D T T D 

0 1 1 1 44 D D 29 D T 40 D D 31 T D T D D T 

1 0 0 0 C7 D D T D T 43 D D T T D T D 0 51 

1 0 0 1 D T 35 D T D D 57 T D D 58 D T T D 

1 0 1 0 D T 41 D 39 D D 59 T D D T D T T D 

1 0 1 1 42 D D 55 D T 47 D D T T D T D D 63 

1 1 0 0 D T 38 D 37 D D 54 T D D 52 D T T D 

1 1 0 1 36 D D 50 D T 45 D D 60 T D T D D 62 

1 1 1 0 34 D D 53 D T T D D 48 T D T D D 61 

1 1 1 1 D 49 46 D T D D T T D D T D 56 T D 

NE = no error Cn = check bit n In error T = three errors detected 
Number = Single data bit In error 0 = two bits In error 

TABLE XV. ERROR FLAGS AFTER NORMAL READ (ANY 64·BIT CONFIGURATION) 

AE(HH) E1 (HH) EO (HH) EO (HL) EO (LH) EO (LL) Error Type 

0 0 0 0 0 0 No error 

1 1 0 0 0 0 Single-check bit error 

1 1 1 0 0 0 Single-data bit error in HH 

1 1 0 1 0 0 Single-data bit error in HL 

1 1 0 0 1 0 Single-data bit error in LH 

1 1 0 0 0 1 Single-data bit error in LL 

1 0 0 0 0 0 Double-error 
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FIGURE 6. Cascade Expansion Using No Extra ICs (64·Bit Configuration) 

TABLE XVI. DATA BIT ERROR TO SYNDROME·GENERATE MATRIX (64·BIT CONFIGURATION) 

I-------LL • I • LH .1. HL .1. HH .. I 
1 1 1 1 

0123456789012345 

0011111101110 

00010010 1 0 1 0 

10011000 o 1 0 1 1 1 

0 1 0 0 0 0 1 1 1'0 1 0 1 

1100010110010101 

1110111010001110 

0000000000000000 

o 0 0 0 0 0 0 0 0 0 0 0 0 000 

1111222222222233 

6789012345678901 

0001001011010111 

1110111010001110 

0000000000000000 

011000011110101 
110001011001010 

100110001010111 

o 0 1 1 1 1 1 1 0 1 1 1 0 1 1 1 

o 0 00 0 0 0 0 0 0 0 0 0 0 0 0 

3 3 3 3 3 3 3 3 4 4 4 444 4 4 

2 3 4 5 6 7 890 1 234 567 

0000000000000000 

0001001011010111 

1100010110010101 

0000000000000000 
100110001010 

o 1 00001111010 1 

11 0 o 1 0 0 0 1 0 

o 0 1 1 1 1 l' 0 1 1 1 0 1 

4 4 5 5 5 5 5 5 5 5 5 5 6 666 

890 1 234 5 6 7 8 901 2 3 

111 11 11 1 

o 0 1 11 1 0 0 

o 0 0 o 0 1 0 1 0 1 0 1 

10 0 1 0 0 0 o 1 0 1 1 

0 1 0 0 0 0 1 1 1 0 1 0 1 

o 0 0 1 0 1 o 0 1 0 1 0 1 

0 0 o 0 0 0 

111 11 1111111 

1 000-63 

7 

0 

1 

2 ~ GENERATED 

3 
CHECK 
BITS 

4 

5 

6 

48975139EBD3C7FF 

3320232130012321 

2AA12238B981A3B9 

3 1 4 6 6 5 4 5 3 4 6 5 2 767 

4 4 0 2 0 4 2 4 6 2 0 6 0 6 2 6 9 1 3 F B 3 7 3 0 7 B 7 9 F F F 0 HEX 

56E9DCCA7AB87DFB EFD8CECBF99ADEDB 
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OTHER MODES OF OPERATION 

Double Error Correction, using the Double·Complement 
Approach 

The DP8400 can be made to correct two errors, using no 
extra ICs or check bits, if at least one of the two errors 
detected is a hard error. This does require an extra memory 
WRITE and READ. Nevertheless, If a permanent failure ex
ists, and an additional error occurs (creating two errors), 
both errors can be corrected, thereby saving a system 
crash. 

Once a double error has been detected, the system puts 
the DP8400 in COMPLEMENT mode by setting MO high. 
First a WRITE cycle is required and M2 is set low, putting 
the chip in mode 1, Table III, (COMPLEMENT WRITE), so 
that the contents of Oil are complemented into DOL, and 
the contents of ell complemented into COL. OBO and 
081 are set low so that complemented data and check 
'bits can be written back to the same location of memory. 
Writing back complemented data to a location with a hard 

DATA I/O 

HARD ERRORS 

error forces the error to repeat itself. For example, If cell N 
of a particular location is jammed permanently high, and 
a low is written to it, a high will be read. However, when the 
data is complemented a low is again written, so that a high 
is read back for the second time. After a second 
READ (this second READ isaCOMPlEMENT READ)ofthe 
location, data 'and check bits from the memory are re
icomplemented, so that bit N now contains a low. In other 
words, the error in bit N has corrected itself, while the 
other bits are true again. If there are two hard errors in a 
location, both are automatically corrected and the DP8400 
detects no error on COMPLEMENT READ, as in Figure 8a. 
Figure8b also shows that if one error is soft, the hard error 
will disappear on the second READ and the DP8400 cor
rects the soft error as a single-error. Therefore,in both 
cases, the DOL contains corrected data, ready to be en
abled by OBO and OB1. A WRITE to memory at this stage 
removes the complemented data written at the start of the 
sequence. 

GENERATED CBs MEMORY CBs I MODE 

I 
ORlGlNALDATA/CBsWRITTEN ~--i-~ ~ I 0 

TO MEMORY . 2 DATA ERRORS 1 : NO CHECK BIT : 

INSERTED I ERRORS I 
DATA/CBsREAD 100 1 ~~ ~ I 4 
FROM MEMORY I ~I/ I _____ .. __ ~ ___ -4 ___ 2~RORSfECTE~_+--
COMPLEMENT DATA/CBs IN [QJTI] I I CGW I 1 

DP8400 INPUT LATCHES, II I 
WRITE BACK TO SAME 
LOCATION IN MEMORY I 

READ BACK FROM SAME 
. LOCATION IN MEMORY 

SAME 2 
DATA ERRORS 

~ ~ 
[TIIQ] 

I 
I 
I 

II 

NO CHECK BIT 
ERRORS 

I SAME AS ORIGINAL .y DATA, SO SAME 
/ I CBs GENERATED 

COMPLEMENT DATA/CBs ~---r-~ ~ 
IN DP8400 INPUT LATCHE/S "--''--'' I . ~ / 
AND COMPARE CBs I ~ 

SAME CHECK BITS, 
-NO ERROR DETECTED
INDICATING BOTH HARD ERRORS 
HAVE BEEN REMOVED 

NUMBER OF 
COMPLEMENTS 

2 BY DP8400 2 BY DP8400 
2 BY MEMORY 0 BY MEMORY 

- -
EVEN EVEN EVEN NUMBER OF COMPLEMENTS 

CREATES SAME DATA AS ORIGINAL 

5 

FIGURE 8a. Double Error Correct Complement Hard Error Method - 2 Hard Errors in Data Bits 
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DATA I/O I GENERATED CBs I MEMORY CBs I MODE , , 
I I HARD ERROR 

I 
I 

ORIGINAL DATA/CBs 
WRITIEN TO MEMORY 

1 0 1 0 1 1-+--1 --. 1 CGW I I' 1 CGW I 1 , 
o 

HARD 
ERROR 

SOFT 
ERROR 

, , 
I 1 NO CHECK I 
I 1 BIT ERRORS 1 

DATA/CBs READ 
FROM MEMORY 

4 110011-+--I--'~IT I 
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COMPLEMENT DATA/CBs 10 0 0 1 I-t-I ---I CGC I I I CGW I 
IN DP8400 INPUT LATCHES, 
AND COMPARE CBs I ~I/ 

DIFFERENT CHECK BITS, 
SINGLE ERROR DETECTED 

5 

CORRECT SINGLE ERROR 
USING NORMAL DP8400 
PROCEDURE OF XOR-ING 
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I'" 

FIGURE 8b. Double Error Correct Complement Hard Error Method-1 Hard Error, 1 Soft Error In Data Bits 

The examples shown in Figures 8a and 8b are for 4 data 
bits. This approach will work for any number of data bits, 
but for simplicity these examples show how complement· 
ing twice corrects two errors in the data bits. The double' 
COMPLEMENT approach also works for any two errors 
providing at least one is hard. In other words, one data·bit 
error and one check bit error, or two check bit errors are 
also corrected if one or both are hard. At the end of the 
COMPLEM ENT READ cycle, the error flags indicate wheth· 
er the data was correctable or not, as shown in Table XVII. 
If both the errors were soft, then the data was not correct· 
able and the error flags indicate this. 

This approach is ideal where double errors are rare but 
may occur. To avoid a system crash, a double·error detect 
now causes the system to enter a subroutine to set the 
DP8400 in COMPLEMENT mode. This method is aiso use· 
ful in bulk.memory applications, where RAMs are used 
with known cell failures, and is applicable in 16,32,48 or 
64·bit configurations. In the 16·bit configuration, modes 1 
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and 5 of Table III are used. In the 32·bit expanded con
figuration, modes 1,5 and 5 are used for the highest chip, 
and modes 3, 3 and 4 for the lower chip for WRITE, 
DETECT, and CORRECT. With the lower chip it . is 
necessary to wrap around DOL (after latching its contents 
in mode 3), back to DIL and perform a Normal READ in 
mode 4 in the lower chip. 

TABLE XVII. ERROR FLAGS AFTER COMPLEMENT 
READ (MODE 5) 

AE E1 EO Error Type 

0 0 0 Two hard errors 
1 1 0 One hard error, one soft check bit error 
1 1 1 One hard error, one soft data bit error 
1 ' 0 0 Two soft errors, not corrected 

c 
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Double·Error Correct with Error Logging 

Figures 4 and 5 show the E2C2 syndrome port connected 
to an error management unit (EMU). This scheme stores 
syndromes and the address of locations that fail, thereby 
logging the errors. Subsequent errors in a memory loca· 
tion that has already stored syndromes in the EMU, can 
then be removed by injecting the stored syndromes of the 
first error. To save the addresses and syndromes when 
power to the EMU is removed, it is necessary to be able to 
transfer information via the E2C2 syndrome port to the 
processor data bus. This is also useful for logging the er· 
rors in the processor. Transfer in the opposite direction is 
also necessary. I 

Data Bus to Syndrome Bus Transfer 

This is necessary when transferring syndrome informa· 
tion to the error management unit, which is connected to 
the external syndrome bus. First, data to make CG = a (all 
data bits high) must be latched in DIL. Then in mode 2, 
data is fed to CI L, XOR·ed with 0, and output via SOL with 
OES low to the syndrome bus. Data is therefore fed direct· 
Iy from the system to the syndrome .bus, and this cycle 
may be repeated as long as DLE is kept low, forcing CG to 
remain zero. 

Syndrome Bus to Data Bus Transfer 

This is important when information in the error logger or 
error management unit has to be read. The DP8400 is set 
to mode 6B with OES high, and with OBO, OB1 and OLE 
low. If CSLE Is high, the syndrome bus and check bit bus 
data appear on the lower and upper bytes of the data bus 
to be read by the system. Also E1 and EO values that were 
valid when mode 6 was entered, appear on D07 and D015. 

Full Diagnostic Check of Memory 

Using mode 2, it is possible to transfer the upper byte of 
the data bus directly to the CIL, with CSLE high, without 
affecting DIL. These simulated check bits then appear on 
the check bit bus with OLE low, which also causes the 
previously latched contents of DIL to transfer to DOL. By 
enabling OBO and OB1 data can be wri.tten to memory with 
the simulated check bits. A Normal READ cycle can then 
aid the system in determining that the memory bits are 
functioning correctly, since the processor knows the 
check bits and data it sent to the E2C2. Another solution is 
to put the E2C2 in mode 6 and read the memory check bits 
directly back to the processor. 

Self·Test of the E2C2 On·Card 

Again using mode 2, data written from the processor data 
bus upper byte to CIL may be stored in GIL, by taking CSLE 
low. Data can now be fed into DIL from the processor, with 
DLE set high, as in a Normal READ mode (mode 4). Pro· 
viding GSLE is kept low, the DP8400 will use the simulated 
check bits in Cil to perform a diagnostic READ, with valid 
error reporting and correcting. This may be repeated with 
new data provided CSLE is kept low. In this way memory is 
not used, thus by reading corrected data in mode 4, and by 
reading the generated syndromes, and error flags EO and 
E1, the DP8400 can be tested completely on·card without 
involving memory. 
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Monitoring Generated Syndromes 
and Memory Check Bits 

Mode 6A en~bles SGO-SG6 onto DOO-D06, and CllO
CIL6 onto D08-D014, provided OLE, aBO and OB1 are 
low. Also the two error flags, E1 ahd EO (latched from the 
previous READ mode), appear on D07 and D015. This may 
be used for checking the internal syndromes, for reading 
the memory check bits, or for diagnostics by checking the 
latched error flags. 

Clearing SIL 

In the 16·bit only configuration, or the lower chip of ex· 
panded configurations, and in various modes of operation 
in the higher expanded chips, it is required that SIL be 
maintained at zero. At power·up initialization, both SIL 
and DIL are reset to all low. If OES is kept low, SIL will re
main reset because CSLE is inhibited to SIL. Another 
method is to keep OLE always high and the syndrome bus 
externally set low, or set low whenever CSLE can be used 
to clear SIL. . 

Mode 7A also forces the SIL to be cleared whenever CSLE 
occurs, and also these zero syndromes go to the internal 
syndrome bus SG. This puts the DP8400 in a PASS· 
THROUGH mode where the DIL contents pass to DOL and 
Cil contents to COL, if OLE is low. 

Power·Up Initialization of Memory 

Both SIL and Dil are reset low at power·up initialization. 
This facilitates writing all zeroes to the memory data bits 
to set up the memory. The check bits corresponding to all· 
zero data will appear on the check bit bus if the DP8400 is 
set to mode a and OLE is set low. All-zero data appears on 
the data bus when OBO and OB1 are also set low. The 
system can now write zero·data and corresponding check 
bits to every memory location. 

Byte Writing 

Figure 14a shows the block diagram ofa 16·bit memory 
correction system conSisting of a DP8400 error correc· 
tion chip and a DP8409 DRAM controller chip. There are 
12 control signals associated with the interface. Six of 
the signals are standard DP8400 input signals, three are 
standard DP8409 input signals, and three are buffer 
control signals. The buffer control signals, PBUFO and 
PBUF1, control when data words or bytes from the 
DP8400/memory data bus are gated to the processor 
bus and when data words or bytes from the processor 
are gated to the bP8400/memory data bus. 

When the processor Is reading or writing bytes to memo 
ory, words will always be read or written by the DP8400 
and DP8409 error correction and DRAM controller sec· 
tion. The High Byte Enable and Address Data Bit Zero 
signals from the processor should control the byte 
transfers via the ocal bus transceiver signals PBUFO and 
PBUF1. The buffer control signal, DOUTB, controls 
when data from memory is gated onto the DP84001 
memory data bus. 

Figure 14b shows the timing relationships of the 12 can· 
trol signals, along with the DP8400/me~ data bus 
and some of the DRAM control signals (RAS and GAS). 
RGGK is the RAS generator clock of the DP8409 which 
is used in Mode 1 (Auto Refresh mode), along with being 
the system clock. 



- -
Having two separate byte enable pins, OBO and OB1, it 
Is fairly easy to implement byte writing' using the 

,DP8400. First it Is necessary to read from the location to 
which the byte is to be written. To do this the DP8400 is 
put in normal Read mode (Mode 4), which will detect and 
correct a single bit error. WIN Is kept high and RASIN Is 
pulled low, causing the DP8409, now In Mode 5 (Auto Ac
cess mode), to start a read memory cycle. The data word 
and check bits from memory are then enabled onto the 
DP8400/memory data bus by pulling rmTITtf low. The 
data and check bits are valid on the bus after the RASIN 
to CAS time (tRAd plus the column access time (tcAd of 
the particular memories used. DLE,CSLE can then be 
pulled low in order to latch the memory data into the in
put latches of the DP8400. Next OLE can be pulled low 
to enable the corrected memory word, or the original 
memory word if no error was present, into the data out
put latches. The corrected memory word will be 
available at the data output latches "tOC016" after the 
memory word was available at the data input latches. 
Once the corrected data is available at the output 
latches OLE can be pulled high to latch the corrected 

~
data. After this DLE,CSLE can be pulled high in order to 
nable the input data latches again and DOUTB can be 

p ted high to disable the memory data from the 
DP8400/memory data bus. 

There is no reason to use the data or check bit input 
latches (DLE,CSLE) of the DP8400 during the read cycle 
time period if the memory data and checkbits are valid 
throughout the cycle. 

Now the DP8400 can be put into a write cycle (Mode 0 = 
M2 = Low). At this time the byte to be written to memory 
and the other byte from memory can be enabled onto 
the DP8400/memory data bus (OBO, PBUF1 or OB1, 
PBUFO go low). DLE,CSLE can now transition low to 
latch the new memory word into the data input latch. 
Next OLE is pulled low to enable the output latches. 
When the new checkbits are valid, tOCB16 after the data 
word is valid on the DP8400/memory data bus, OLE and 
OLE can be pulled high to latch the new memory word 
into the output latches, and then WIN can be pulled low 
to write the data into memory. RASIN should be held low 
long enough to cause the new data and check bits to be 
stored into memory (WIN data hold time). 
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DLE,CSLE and OLE could transition high and low simul
taneously Instead of being sequenced as was done in 
this example. 

Also a READ-MODIFY-WRITE cycle was performed, tak
ing approximately 30% longer than a normal memory 
WRITE cycle. A READ and then a WRITE memory cycle 
could have been used in the above example but it would 
have taken longer. 

Because data from the processor was valid at the same 
time as data from memory, memory buffers were used 
(PBUFO,PBUF1,DOUTB). 

A byte READ from memory is no different from a normal 
READ. This approach may be used for a 16-bit processor 
using byte writing, or an 8-bit processor using a 16-bit 
memory to reduce the memory percentage of check bits, 
or with memory word sizes greater than two bytes. 

Beyond Single-Error Correct 

With the advent of larger semiconductor m'emories, the 
frequency of the soft errors will increase. Also some 
memory system designers may prefer to buy less expen
sive memories with known cell, row or column failures, 
thus, more hard errors. All this means that double-error 
correct, triple-error detect capability, and beyond will 
become increasingly important. The DP8400 can correct 
two errors, provided one or both are hard errors, with no ex
tra components, using the double complement approach. 
There are two other approaches to enhance reliability and 
integrity. One is to use the error management unit to log er
rors using the syndrome bus, and then to output these syn
dromes, when required, back to the DP8400. . 

Double Syndrome Decoding 

The other approach takes advantage of the Rotational 
Syndrome Word Generator matrix. This matrix is an 
improvement of the Modified Hamming-code, sothat if, on 
a second DP8400, the data bus is shifted or rotated by one 
bit, and 2 errors occur, the syndromes for this second chip 
will be different from the first for any 2 bits in error. Both 
chips together output a unique set of syndromes for any 2 
bits in error. This can be decoded to correct any 2-bit error. 
This is not possible with other Modified Hamming-code 
matrices. 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Storage Temp~rature Range -65°Cto +150°C Min Max Unit' 
Supply Voltage, Vee 7V 

Vec, Supply Voltage 4.75 5.25 V 
Input Voltage 5.5V 

TA, Ambient Temperature 0 70 °C 
Output Sink Current 50mA 
Maximum Power Dissipation· at 25°C 

: 

Molded Package 3269mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

. 'Derate molded package 26.2mW/·C above 2s·e. 

Electrical Characteristics (Note 2) Vec = 5V ± 5%, TA = O°C to 70°C unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

Vil Input Low Threshold 0.8 V 

VIH Input 'Hlgh Threshold 2.0 V 

Vc Input Clamp Voltage Vec=Min, le= -18mA -0.8 -1.5 V 

IIH Input High Current VIN=2.7V 1 160 p.A 

IIH(XP) Input High Current Vee = Max, XP = 5.25V 2.5 3.6 mA 

III (XP) Input Low Current Vec = Max, XP = OV -2.5 -3.6 mA 

III (BPO/C7) Input Low Current Vce = Max, VIN = 0.5V -100.0 -500 p.A 

III (BPlIS7) Input Low Current Vee = Max, VIN=0.5V -100.0 -500 p.A 

III (CSLE) Input Low Current Vce = Max, VIN = 0.5V -150.0 -750 p.A 

III (DLE) . Input Low Current Vee = Max, VIN = 0.5V -200.0 -1000 p.A 

III Input Low Current Vcc = Max, VIN = 0.5V -50.0 -250 p.A 

II Input High Current (Max) VIN = 5.5V (Except XP Pin) to rnA 

VOL Output Low Voltage 10l = 8 mA (Except BPO, BP1) 0.3 0.5 V 
10l = 4 rnA (BPO, BP1 Only) 0.3 0.5 V 

VOH Output High Voltage 10H = -100 p.A 2.7 3.2 V 
10H= -1 rnA 2.4 3.0 V 

los Output Short Current Vec= Max -55 -100 rnA 
(Note 3) 

Icc Supply Curfent Vcc= Max 340 410 mA 

CIN (1I0) Input Capacitance All Note 4 8.0 pF 
Bidirectional Pins 

CIN Input Capacitance All Note 4 5.0 pF 
Unidirectional Input Pins 

Note 1: "Absolute Maximum Ratings" are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that thedevice 
should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: All typical values are for TA =2S·C and Vee =S.OV. 
Note 3: Only one output at a time should be shorted. 
Note 4: Input capacitance is guaranteed by periodic testing. F test = 10 kHz at 300 mY, TA = 2S·C. 
Note 5: .AII switching parameters measured from 1.SV of input to 1.5V of output. Input pulse amplitude OV to 3V, tr=tf = 2.5 ns. 
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DP840()'4 Switching Characteristics (Note 5) 
Vee = 5.0V ± 5%, TA = O°C to 70°C, CL = 50 pF, unless otherwise noted. 

Symbol Parameter Conditions 

tOCB16 Data Input Valid to Figure 9b 
Check Bit Valid 

tOEV16 Data Input to Any Figures 10b, 11b 
Error Valid 

tOC016 Data Input Valid to Figure tOb, OBO, OB1 Low 
Corrected Data Valid 

tOSI Data Input Set-Up Time Figures 10b, 13d 
Before OLE, CSLEH to L 

tOHI Data Input Hold Time Figures 10b, 13d 
After OLE, CSLE H to L 

toso Data Input Set·Up Time Figure 10b 
Before OLE L to H 

tOHO Data Input Hold Tif!1e Figure 10b 
After OLE L to H 

tOEo EO Valid After AE Valid Figures 9b, 10b, 13d 

tOE1 E1 Valid After AE Valid Figures 9b, 10b, 13d 

tlEv OLE, .CSLE High to Any Figure 10b 
Error Flag Valid (Input 
Data Previously Valid) 

tlEX OLE, CSLE High to Any Figures 9b, 10b 
Error Flag Invalid 

tiLE OLE, CSLE High Width to Figures 10b, 13d OLE 
Guarantee Valid Data CSLE 
Latched 

tOLE OLE Low Width to Figure 13d 
Guarantee Valid Data 
Latched 

tZH High Impedance to Logic Figures 9b, 10b 
1 from OBO, OB1, OES 
M2 H to L Figure 13d 

tHZ Logic 1 to High Figures 9b, 10b, 13d, 
Impedance from OBO, CL= 15 pF 
OB1, OES, M2 L to H 

tZL High Impedance to Logic Figures 9b, 10b 
o from OBO, OB1, OES 
M2 H to L Figure 13d 

tLZ Logic 0 to High Figures 9b, 10b, 13d 
Impedance from OBO, CL= 15 pF 
OB1, OES, M2 H to L 

tpPE Byte Parity Input Valid Figure 9b 
to Parity Error Flags Valid 

tOPE Data In Valid to Parity Figures 9b, 13d 
Error Flags Valid 

tOBP Data in Valid to Byte Figure 9b 
Parity Output Valid 

tMCR Mode Change Recognize Figures 9b, 10b 
Time 
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Min Typ 

35 

35 

70 

-40 

16 10 

20 12 

20 12 

20 

12 

60 

60 

25 
50 

25 

32 

70 

25 

30 

70 

25 

40 

60 

36 

60 

Max 

55 

45 

85 

-10 

30 

30 

80 

77' 

50 

85 

40 

45 

85 

40 

55 

75 

50 

100 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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DP8400·4 Switching Characteristics (Continued) (Note 5) 
Vcc = 5.0V ± 5%, TA = O°C to 70°C, CL = 50 pF, unless otherwise noted. 

Symbol Parameter Conditions Min Typ Max Units 

tNMR New Mode Recognize Figure 10b 60 100 ns 
Time 

tcov Mode Valid to Figure 11b 55 72 ns 
Complement DataValid 

tccv Mode Valid to Figure 11b 55 72 ns 
Complement Check Bit 
Valid 

tscs Syndrome Input Valid to Figure 13d 28 41 ns 
Check Bit Valid 

tSEv Syndrome Input Valid Figure 13d 25 39 ns 
(CGL) to Any Error Valid 

tsco Syndrome Inputs Valid to Figure 13d 55 75 ns I 

Corrected Data Valid 

toss Data Input Valid to Figure 13d, OES Low 45 58 ns 
Syndrome Bus Valid 

tcss Check Bit Inputs Valid Figure 13d, OES Low 40 51 ns 
to Syndrome Bus Valid 

tCEv Check Bit Inputs Valid Figure 13d 35 45 ns 
(PSH) to Any Error Valid 

tcco Check Bit Input Valid Figure 13d 70 82 ns 
(PSH) to Corrected Data 
Valid 

tOCS32 Data Input Valid to Check Figure 13d 63 96 ns 
Bit Valid 

tOEV32 Data Input Valid to Any Figure 13d 60 94 ns 
Error Valid 

tOC032 Data Input Valid to Figure 13d, OBO, OB1 Low 125 157 ns 
Corrected Data Out 

Note 1: "Absolute Maximum Ratings" are the values beyond which the safety of the device cannot be guaranteed. They are not meant to Imply that the device 
should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: All typical values are for TA = 25°C and VCC = 5.0V. 
Note 3: Only one output at a time should be shorted. 
Note 4: Input capacitance Is guaranteed by periodic testing. F test = 10 kHz at 300 mV, TA = 25°C. 
Note 5: All switching parameters measured from 1.5V of Input to 1.5V of output. Input pulse amplitude OV to 3V, tr = tf = 2.5 ns. 

I 
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FIGURE 9a. DP8400 16·Bit Configuration, Normal WRITE with Byte Parity Error Detect If Required 

NORMAL WRITE 

MODE 

MEMWRITE 

OBO/OBI 

OLE 

CSLE 

OLE 

INPUTS/OUTPIJl~ 

BPO/BPI --t--+-----'''{ 

DATA BUS --t---'{ 

CHECK BIT __ ~~~~~~~~~ BUS 
OUTPUTS '!-----+J' 

AE 

EO,El 

FIGURE 9b. DP8400 16·Bit Configuration, Normal WRITE and Normal READ Timing Diagram 
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FIGURE 10a. DP8400 16·Bit Configuration; Normal READ - Detect Error (And Correct if Required---) 

INPUTS DETECT ERROR IF ERROR TH EN CORRECT 

- MDDE ~'--_________ -<.""' 

ENABLE MEM DATA/CB 

MEMWRITE 

DlE 

CSlE 

OLE 

DATA BUS ----+----'r-'< 

CHECK BIT BUS ----+-----'{I 

AE 

EO'El~~1 

Note 1: If rewriting correct data and CBs to same location and single data error was detected. 

Note 2: If rewriting correct data and CBs to same location and single check bit error was detected. 

FIGURE 10b. DP8400 16·Bit Configuration, DETECT THEN CORRECT Timing Diagram 
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FIGURE 11a. DP8400 16·Bit Configuration, COMPLEMENT WRITE 

PREVIOUS READ 
WRITE BACKOi. Cl 
TO SAME LOCATION 

READ OM. CM FROM 
SAME LOCATION 

TO REMOVE COMPLIN 
MEMORY. WRITE BACK 

TRUE ~O. CO . CONTINUE 

MODE ==:x ..... ____ ~:X':_-__ --JX"-------'X 30ROIFNOTE3 >a 

MEMW 

I 
llB070ifl ENABLE COMPL 

OATA AND CB 

OLE ENTER 
MEMORY DATA 

CSLE ENTER 
MEMORY CB 

-!cov-

IlLE 

DATA BUS ( MEMORY DATA 

CHECK BIT BUS ( MEMORY CB 

==,",=,",=i--,-,:t0EV16-1 
ERROR~~ 
~~g~-------

Note 3: If rewriting corrected data and CBs back to same location and 1 soft data bit error was detected. 

Note 4: If rewriting corrected data and CBs back to same location and 2 hard errors or 1 soft check bit was detected. 

FIGURE 11b. DP8400 16·Bit Configuration, Detect 2 Errors, COMPLEMENT WRITE, COMPLEMENT READ, Output Corrected 
Data Timing Diagram 
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FIGURE 11c. DP8400 16·Bit Configuration, COMPLEMENT READ and Output Corrected if One or Two Hard Errors (---) 
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FIGURE 12a. DP8400 16·Bit Configuration, Diagnostic WRITE, READ. Data Bus to Check Bit Bus or Syndrome Bus (Providing 
01 = HIGH in Previous Cycle to Set CG = All Zero For Transfer to S). 

r 1 

~lsu.>.I~m~~~ __ -+ ____________ ~~~~ __________ 4-____ ~ ________ 4-__ -4 ____________ ~ 
H1GHIF6I I SYNDIIDMEIUS 

MODEl 

FIGURE 12b. DP8400 16·Bit Configuration, Monitor on Data Bus - Memory Check Bits 
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FIGURE 13a. DP8400 32·Bit Configuration, WRITE 
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FIGURE 13b. DP8400 32·81t Configuration, READ Detect Error Only 
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INPUTS WRITE DATA AND GEND CBs READ-DETECT ERRORS CORRECT ERROR 

MODE (HI ~ ~"'----------~::=x 4(ORO IF NOTES 5, 61 ~ 
MODE (LI 

ENABLE SYSTEM 
DATA 

DBO,"""1 (H,LI 

DLE (H, LI 

CSLE (HI 

CSLE (L) 

OLE (HI 

OTE(LI 

dEs (HI 

OTS(LI 

OUTPUTS 

DATA BUS (H, LI 

CHECK BIT BUS (HI 

ENABLE SYSTEM DATA 

ENTER PROCESSOR 
DATA TO H, L 

ENABLE MEMORY 
DATA AND CBs 

ENTER MEMORY 
DATA TO H, L 

ENTER CGL FROM 
LTD H 

: 

SYNDROME BUS (HI --....qJ/yJI'Jl 
CHECK BIT BUS (LI 

AE(HI 

EO, E1 (HI 

Note 5: If rewriting corrected data and CBs back to same location and single data error was detected. 

Note 6: If rewriting corrected data and CBs back to same location and single check bit error was detected. 

FIGURE 13d. DP8400 32·Bit Configuration, WRITE, DETECT and CORRECT Timing Diagram 
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FIGURE 14a. DP8400/8409 System Interface Block Diagram (See Figure 14b for Byte Write Control Timing) 
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FIGURE 14b. DP8400 16·Bit Configuration, Byte Write Timing 
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I Expanding th$ 
z Versatility 'of the DP8400 
<C 

Ba$lc Operation of the DP8400 

Introducing error correction capabilities to a memory 
Incurs some penalties-~xtra memory, additional ac· 
cess times, and extra control circuitry. The DP8400 has 
been designed to minimize the last two, and for some 
data word widths, less extra memory is required than for 
other error correctio'n circuits. 

In systems using error correction, extra memory is 
needed for check bits, which are merely parity bits, each 
derived from different combinations of the data bits. If a 
single error does occur, the error correction circuit can 
determine which bit is in error and then complement that 
bit, to re·create the original data word. As the memory 
data word widens, the ratio of check bits to memory data 
bits is reduced. As a rough guide, starting with four data 
bits and four check bits, one additional check bit is 
requ.lred each time the data word doubles. 

A circuit diagram of how the DP8400 generates the 
check bits in a write cycle and 90rrects errors in a read 
cycle Is shown in Figure 1a, which uses four data bits 
and four check bits. A 4-bit example is shown in Figure 
1b.ln a write cycle, the data input latch, Oil, receives the 
system data and generates four parity bits or check bits, 
which pass through the check bit output latch, COL, and 
buffer, to be written to the selected memory location 
with the system data. This delays every write cycle, but 
fortunately the DP8400 takes only 30ns extra to generate 
the (six) check bits. When this location is subsequently 
read, the four memory data bits 'pass through Oil to 
generate four new checks bits. The four' memory check 
bits pass through the check bit Input latch, Cll, and are 
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fed into four Exclusive·OR gates with the four generated 
check bits. The outputs of these gates are called 
syndrome bits, and obviously, if there are no errors, the 
two sets of check bits will be the same and no syndrome 
bits will go high. If there is an error in the check bits, only 
the corresponding syndrome bit will go high; in this case 
the data bits are stili correct. If one of the data bits is in 
error, three syndrome bits will go high (in the case of 
DP8400, three or five will go high), and the syndrome 
word is unique for any of the bits in error. The four AND· 
gates decode which bit is in error and complement it out 
of the second set of Exclusive·OR gates. The other three 
output bits remain the same as the input bits, so the 
corrected word is now available to the system. 

GENERATE CBs, 
WRITE TO MEMORY 

READ FROM 
MEMORY 

GENERATE SYNDROMES 

DieDE 

DATA GENERATED CB 

3 2 1 0 3 2 1 0 

MEMORY CB 

32 1 0 

~~-~ 
ERROR IN NO ERROR 

DI DATA BIT 2 

0001 ~~/~ 

j ~ ERROR DETECTED 

DE / ~~m:~~~R 
~~ DATABIT2 

~ CORRECTED DATA 

Figure 1 b. Example of Single Error Correction 
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DIO ~-t-~~--------------f--+---+----\[J-. . 000 
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1
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...,,!,I_L I~../ 1 1 1 IS3 
~ ==\f")r=CGi-2 +_---.... _+_H,r~ ! ,--, ! ! II ,>--t-I ....... -++.;t+-H-~~ 
I -""";\f")CG\ i ,-../ IS2 

Hr+---I L"-/./ ! ! II )>--!i-t~#-+t--....... -+.:-:-' 
_-......-Ir--;CG~ I ::=: lSI 

'I , ! II )~~_~~~~~I~ 
~ r-t-t-+-IH-, .... 11..-/ ERROR ENCODER lSO L _________ ~ L ____ ~ ____________ ~ 

r-::::: {~j!!;} ~ r LATCH t---
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Figure 1 a. !=rror Correction 4-Blt Functional Diagram \ 
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Figure 2a. DP8400 Read From Memory Cycle 
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In the case of the DP8400 with 16 data bits and 6 check 
bits, there are 16 AND-gates to decode the 6 syndrome 
bits to determine the data bit in error. Table 1 shows the 
DP8400 matrix, called a Nelson Code, which has some 
unique features concerned with double soft error correc
tion. For the purposes of this description, the matrix may 
be considered to be a form of Modified Hamming Code. 
The matrix has two functions: horizontally It tells us the 
value of the generated check bits for any data word when 
writing to memory, and vertically it tells us the syndrome 
word for any data bit in error. In a write cycle to memory, 
a '1' In any row indicates that the data bitin that column 
helps generate the parity bit in that row. For example, 
check bit 1 checks the parity of data bits 3,6,8,9, 11, 13, 
14 and 15, and generates even parity for those data bits. 
Ina read cycle from memory, three or five of the six syn
drome bits will go high for a single data bit error, and the 
columns represent the syndrome word, so the data bit in 
error Is the number at the top of the column forthat syn
drome word. The 16 AND-gates each decode one of the 
16 syndrome words shown in the columns of Table 1, to 
locate the error. If there Is a data bit error, one of the out
puts of the 16 AND-gates will go high, to complement the 
data bit in error. 

If two errors have occurred, the syndrome word is simply 
the Exclusive-OR of the syndrome words of the two indi
vidual bits in error, whether data or check bits, and is 
always even parity. First, if two check bits are in error, 
the corresponding two syndrome bits will go high. Se
cond, for one data bit and one check bit error, then either 
two, four or six syndrome bits will go high. Finally, if two 
data bits are in error, again two, four or six syndrome bits 
go high. Thus a parity check on the syndromes will indi
cate any two errors. This is important because if we 
know there are two errors, the DP8400 can attempt to 
correct'them. The third error flag, E1, is the parity of the 
syndrome bus and check bit error. The DP8400 provides 
three error flags AE (Any Error), EO and E1, as shown in 
Table 2, so that the exact nature of the error can be 
determined. 

Configuration and Control of the DP8400 

The DP8400 has a 16-bit data 1/0 port and an 8-bit check 
bit I/O port (6 bits used with 16 data bits) for applications 
with memories used with 16-bit microprocessors. The 
16-bit data 1/0 port sits on the memory data bus, and the 
6 check bit 1/0 port connects directly to the check bit 
section of memory. In other words, each memory loca
tion now contains 16 data bits with 6 check bits. The 
OP8400 is expandable to beyond 80 data bits, each addi
tional 16 data bits requiring an additional DP8400 with
out the need for extra logic ·circuitry. 32-bit wide memory 
busses are also a popular width for minicomputers. In 
addition, 16-bit microprocessor systems may use 32-bit 
memory, because this larger memory data width requires 
only 7 check bits, a lower percentage overhead of check 
bits to data bits. 

Figures 2a and 2bshow a simplified block diagram of 
the DP8400 with its control signals. The numerous con
trol signals provide ease of use in the many varied appli
cations of this chip. There are three latch enable signals 
OLE, CSLE and OLE. Whenever OLE is high, data on the 
data 1/0 port 00-15 is entered into the data input latch 
OIL, and is latched in as OLE goes low. This allows 
either processor or memory data to be present on the 
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data bus for only 3ns prior to, and held over for 10ns 
after OLE goes low. The data can then be removed If de
sired. Similarly, CSLE, when high, allows check bits on 
the check bit 1/0 port and external data on the syndrome 
I/O port to enter the check bit and syndrome Input 
latches (CIL and SIL), respectively. These are latched In 
as CSLE goes low. (In 16-bit operation, OES, Output En
able Syndromes, will be set low permanently, inhibiting 
CSLE to SIL, which remains in the power-up reset condi
tion so that it does not affect the simplified block dia
gram.) OLE, when set low, allows Internal information 
into the data and check bit output latches (and the 
syndrome output latch, not shown). As OLE goes high, 
this information becomes latched. For some less com
plex designs, OLE, CSLE and OLE may be linked to
gether. Providing OLE was low to allow corrected data 
into DOL, then 080 and 081, when set low, enable the 
two data output buffers to present corrected data to the 
system. Data ,is enabled or disabled within 15ns of 
these inputs going low or high, respectively. 

The DP8400 has three mode pins, M2, M1 and MO, which 
offer eight major modes of operation, deSignated 0 to 7. 
The most important two are Normal Write and Normal 
Read, and for these M1 and MO are set low. M2 is READI 
WRITE so Normal Write is mode 0 and Normal Read is 
mode 4. Other modes are used for the Double Comple
ment Correct approach (Modes 1, 3 and 5) and for diag
nostics (Modes 2 and 6). Mode 7 is used when expanded 
tomo~e than 16 data bits and fast correction times are 
required. 

Normal Operation With a 16 Data Bit Memory 

The basic requirements for normal operation of the 
DP8400 are that it generate check bits, detect errors and 
correct them with minimum delays, and that it be easy 
to use. In normal operation M1 and MO are set low. 
Figure 2a shows how the DP8400 generates check bits 
when writing data to memory. OLE may be kept high, 
OLE low, CSLE low, and M2 low so that the DP8400 is in 
Mode O. System data is presented to the data 1/0 port on 
pins 00-15, and enters OIL, where it connects to the 
check bit generator CG. The six generated check bits 
pass through COL and are enabled (with M2 low) onto 
the check bit 1/0 port. The six generated check bits will 
appear 30ns after the 16 data bits are presented to the 
data 1/0 port. A write to memory will now store the 16 
data bits and 6 corresponding check bits in the selected 
location of memory. The write cycle is therefore slowed 
down by 30ns, which in most memory systems is not 
significant. 

. . 
Figure 2b shows the paths when reading from memory, 
with OLE set high to enter the memory data bits into 
OIL, and CSLE also set high to enter memory check bits 
into CIL. M2 is set high so that the DP8400 is in Mode 4. 
The Any Error flag, AE, becomes valid 35ns after 
memory data and check bits are valid. Error flags E1 and 
EO become valid approximately 15ns later, Thus, if AE is 
low, no further operations are necessary. For fast 16-bit 
microprocessor systems, it may be necessary to intro
duce a wait state every read cycle to first determine if 
an error exists. If no error is detected the wait state is 
removed and the read cycle continues. 

If an error is detected, then the error flags E1 and EO 
must be examined to determine the required action. If 



the error Is a single data bit error, DOL will by now con
tain corrected data. If there is no check bit error, then 
COL, which follows Cil when in Mode 4, now contains 
the original check bits. By taking OLE high, corrected 
data bits are latched in DOL, and correct check bits in 
COL. The memory is now disabled, so that OBO and OB1 
can be set low to enable corrected data onto the data 
bus, and M2 set low to enable the contents of COL onto 
the check bit bus. A write to the same location of mem
ory will therefore remove the data bit error If it was a 
soft error. The microprocessor can read the corrected 
data once the wait signal is removed. 

If the error is a single check bit error, DlE should be set 
low. DOL contains the contents of Dll, still correct data. 
Memory can now be disabled so that OBO and OB1, 
when set low, output correct data, and M2 when set low, 
allows the generated check bits from Dil to be output 
on the check bit I/O port. A write to the same location of 
memory will remove the check bit error if it was a soft 
error. The microprocessor now reads this correct data 
when the wait signal is removed. If a double bit error is 
detected, then other approaches may be taken, as des
cribed in the data sheet and later in this application 
note. 

The primary features of the DP8400 are discussed in the 
data sheet; there are, however, a number of other 
features that become very useful once a deSigner 
becomes acquainted with error correcting techniques. 

DATA 
~ 

BUS 

PARITY 
; 

BUS ., PO r BYTE iiB2 
ENABLES ~ 

OBO 

PI 

'".\:.~: { I 

These Include: expansion beyond 16 data bits, diagnos
tic routines, error logging (allowing some double error 
correction), and a novel approach offering fast correc
tion of any double error. This application note discusses 
how the DP8400 has been designed to function In all of 
these applications, making it the most versatile and 
comprehensive error correction chip available. 

Error Checking and Correcting for Wider·Than· 
16·81ts Data Widths 

At present, most 16-blt microprocessor systems use a 
16-bit wide main memory, partly for simplicity, and also 
because main memories, In general, have not become 
large enough In size to justify otherwise. The data sheet 
shows how to accomplish this with one DP8400, utilizing 
the matrix of Table 1. It is fairly easy to use a memory of 
twice the microprocessor data width to reduce total chip 
count when incorporating error correction capability. 
One example would be a complex 8-bit microprocessor 
using large main memory. If the memory data width is 
kept at eight bits, then five check bits are required for 
error correction for each byte of data. If four banks of 
memory are required, each bank comprising 13 chips, 
then 52 total memory chips are required and only 62% of 
the memory Is used for system data. If the memory data 
width Is increased to 16 bits for the same micropro
cessor-based system, then six check bits are required. 
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Figure 3. 32·81t Error Detection and Correction 
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The memory now comprises two banks each of 22 chips, 
totaling 44 memory chlps-a savings of eight memory 
chips. This saving is offset somewhat by the need to 
incorporate byte-writing capability, which does require 
extra components and slows down the memory write 
cycle. One DP8400 is stili needed, using all 16 bits, and 
two bidirectional buffers are also required. 

As a second example, using a 16-bit microprocessor 
with a memory of eight banks, each comprising 16 bits of 
data and six check bits, the total is 8 x 22 or 176 memory 
chips. Once the memory is widened to 32 data bits with 
seven check bits, only four banks are required, and the 
total number of memory chips reduces to 4 x 39, or 
156 - a savings of 20 memory chips. This is offset a little 
by the fact that an extra DP8400 is required, and slightly 
slower memory write and read cycles are necessary. In 
some cases, therefore, widening the memory data bus 
beco~es more practical for larger memories. 

Saving memory chips Is just one reason why there is a 
need to be able to expand the DP8400 beyond 16 data 
bits. Most minicomputers now use 32;bit wide data 
busses, and soon there will be some 32-bit microproces
sors. Other systems use 24 bits, 48 bits, 52 bits, 64 bits or 
a variety of other data widths. The DP8400 has been con
figured to be expandable· to any data width, even beyond 
80 bits, merely by inserting an additional DP8400 for 
each 16-bit"increment In memory data. 

A section of the chip shown in the data sheet Block 
Diagram comprises the syndrome input and output 
latches, SIL and SOL, and a dedicated ~yndrome 1/0 
port. This port has a number of uses not normally needed 
in simple 16-bit single error correction applications. 

CORRECTED DATA 

One use of this syndrome port is for data widths wider 
than 16 bits. Only one DP8400 is required with 16 data 
bits or less, but if a system uses more than 16 memory 
data bits, additional DP8400s are required. For example, 
two DP8400s, one with its 16-bit data port connected to 
the lower word, and the other to the higher wor.d, can be 
configured to generate check bits, and detect and cor
rect errors for a 32-bit memory as shown in Figure 3, For 
writing to memory, both chips will still generate six 
check bits from the two words of 16 bits. But with more 
than 26 total data bits, seven check bits are required. 
Therefore, it is necessary to combine the two sets of 
check bits to produce seven composite check bits to be 
written to memory as shown in the flow path depicted in 
Figure 4a. This is achieved by outputting the six gener
ated check bits from the lower word DP8400 (designated 
L), and inputting them to H, the higher word DP8400. The 
syndrome port of H Is available to receive these check 
bits from L, to be loaded into SIL of H, provided CSLE is 
high. The six outputs from SIL combine with the six 
check bits generated in H to create seven composite 
check bits, and this 7-bit combination is output on the 
check bit port to the memory check bits. Table 2 shows 
one of twelve possible ways to combine the two sets of 
check bits. Note that the lower word matrix for bits 0 and 
15 is identical to Table 1 with the addition of all "O"s for 
the seventh check bit. The higher word matrix for bits 16 
to 31 uses the same rows but in a different order, imply
ing that the check bits from L must be cross-connected 
to H. For example, memory check bit 5 is generated from 
check bit 1 of L and check bit 5 of H. Both chips are 
therefore. set to normal write mode when generating 
check bits. 

PARTIAL SY~DR9.NlESJSG 

L 
OBO 

L 
0B1 

.-------------<H 

® 

Figure 4a. E2C2 32·81t Configuration, Error·Correct Flow Path 
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When reading from memory, the two chips first need to 
detect for an error. Figure4b shows the flow path through 
the chips. L is set to normal write mode and H to normal 
read mode. Memory data is supplied to both chips so 
that L generates six check bits from the lower word data 
bits, and feeds them to SIL of H, the same as for writing. 
H also generates its own check bits which combine with 
those from L, and these seven composite check bits are 
compared with the seven memory check bits fed into CIL 
of H. This combining, plus comparison of check bits, is 
equivalent to seven 3·input Exclusive·OR gates. The out
put of these Exclusive·OR gates are the seven syndrome 
bits, and these can be decoded to determine the type of 
error. First, if there is no error, error flag AE of H will 
remain inactive because memory data is correct, pro· 
vided OLE is kept low, and DOL of both Land H will 
contain correct data. Second, if there is a memory check 
bit error, only one of the seven syndromes will go high 
and the three error flags of H will indicate a check bit 
error as in Table 3. Note that memory data is still correct, 
and with OLE low, DOL of both Land H contain correct 
data. Third, if there is a single data error in bits 16-31, the 
syndromes of H are such that the data error locator will 
locate the error and correct 'it, so again DOL of both L 
and H contain correct data. This is because the seventh 
syndrome bit is low for an error in the higher word, so 
that we have a six syndrome bit word as in Table 1, to be 
decoded as norl1)al to correct the error. In each. of these 
three cases, DOL of both Land H contained correct data, 
and the common condition for these is either that AE(H) 
is "0", or E1(H) is "1". 

The fourth case is more complex. In the previous three 
cases, correct data has been available in both DOL 
about 50ns after memory data became valid. Now with a 

® 

single data error in bits 0-15, AE(H) isa "1", EI(H) a "1", 
and EO(H) a "0", but L does not have sufficient 
information to locate the error. It is first necessary to 
feed back the partially generated syndromes of H back 
to L, and this is achieved by reversing the direction of the 
common bus. First L is placed in normal read mode so 
that L's generated check bits become disabled. Next, 
the partial syndromes in H are enabled onto the bus by 
setting OES of H low, so that its syndrome 1/0 port out
puts the combined Exclusive-OR of CG(H) and CIL(H), 
which is transferred to CIL of L. These partial syndromes 
then combine with CG(L) to generate valid syndrome bits 
in L, demonstrated by the flow path of Figure 4c. If there 
is, in fact, a data bit error in bits 0-15, the seventh syn
drome bit will go low, allowing the remaining six bits to be 
decoded to locate the error as per the columns of Table 2. 
This switching around of the common bus, therefore, 

. takes more time to correct the error in L, equivalent to a 
total time of approximately 100 ns. The fifth kind of error is 
identified as a double error. In this case, the error flags 
indicate the double error and the system can take the 
necessary action. 

A logical approach when using two DP8400s would be to 
first see if there is any need to reverse the common bus 
by monitoring AE(H), and when it is low, to output 
directly from DOL of both chips by setting 080 and 081 
of each low. The System Data Valid flag should be set 
active at this time. If the AE(H) output is high and the 
error flags do not indicate a double error, then the com
mon bus should be switched around and the System Data 
Valid signal set true. If the error is a double error, the 
user may utilize a number of alternatives, including the 
Double Complement Correct method. 

CORRECTEO 
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H ~DL;;;;.E ___ -I 
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Figure 4b. E2C2 32·81t Configuration, Detect Flow Path 
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Table 1. Data In to Check Bit Generate, or Data Bit Error 
to Syndrome·Generate Matrix (16·Blt Configuration) 

1 
o 234 5 6 7 8 9 0 

GENERATE CHECK BITS 

000 11 10 
000 1 001 0 101 

2 100 1 1 000 0 0 

30 10000 10 
4 000 01 00 

5 0 0 0 0 0 

1 1 

2 3 4 5 

o 
o 

1 
1 0 
o 

1 

o 
o 

o 
1 

2* 

3* 

4 
5 

48975139 E B 03 C7 F F 0 

3 3 2 0 2 3 2 300 232 

HEXADECIMAL EQUIVALENT 
OF SYNDROME BITS 

000-15 

GENERATED 
CHECK BITS 

*C2, C3 generate odd parity, 
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Figure 4c. E2C2 32·Blt Configuration, Write Flow Path 
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Table 3. Error Flags After Normal Read 
(32·8It Configuration) 

'AE(H) E1 (H) EO (H) EO (L)* Error Type 

0 0 0 0 No error 
0 0 Single check bit error 
1 0 Single data bit error (H) 

0 1 Single data bit error (L) 

'0 0 0 Double bit error 
All Others Invalid conditions 

"EO (L) Is valid after transfer of partial syndromes from higher to lower. 

This approach to wider data width error detection and cor
rection is termed the cascade configuration, and it 
requires only the one additional DPB400. The cascade 
approach can be used with up to five DPB400s controlling 
BO data bits. The advantage is that only one additional 
DPB400 is required per 16 data bits, although write and 
read times become progressively slower as the number of 
DPB400s is increased. This is because of the time taken 
for the generated check bits to ripple through from the 
lowest to highest chips when writing and detecting, and 
then ripple back the other way for correcting. 

In many memory systems, speed is of utmost importance 
and for faster systems, it is possible to connect the 
DPB400s in a parallel configuration using additional les. 
Application Note AN·30B describes this approach in 
detail. 

The user may, therefore, select one of these approaches 
(or a combination of both) for systems using memory data 
widths of more than 16 bits. 

Diagnostic Capabilities of the DP8400 

The DPB400 has been designed with system fault diag· 
nosis in mind. In fact, it is possible under microprocessor 
control with the DPB400 in situ on the memory board to 
fully test every gate inside the DPB400 activated in normal 
operation, and also to diagnose all memory check bits. 
The DPB400 has two main diagnostic modes-modes 2 
and 6. In other words, with M1 set high and MO set low, 
information can be written to or read from the chip. 

Mode 6 allows the memory check bits to be read onto the 
higher byte bits B-14, and syndromes to be read on the 
lower byte bits 0-6, as shown in Figure 5a. The remain
ing two bits, 7 and 15, are the error flags E1 and EO that 
were valid when mode 6 was entered. The syndrome bits 
will be the internally generated syndromes if DES is low 
(mode 6A), or external syndromes input on the syndrome 
110 port if DES is high (mode 6B). The external syndromes 
could be obtained from an error loggerlsyndrome injector 
unit - this is an. erro'r logger with the capability of 
injecting syndromes back to the DPB400. Therefore, by 
being able to read the externally stored syndromes, the 
microprocessor can monitor or store the syndromes 
whenever needed. 

Mode 2 transfers system data from the higher byte into 
CIL, instead of DIL, to simulate check bits. This can be 
used in three ways. First, as shown in Figure 5b, the 
simulated check bits can be latched in CIL by taking 
CSLE low. If the DPB400 is now set to normal read, mode 
4, and new data is presented then, provided DLE is high 
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and CSLE Is kept low, the DPB400 will perform a normal 
read operation as if it were reading memory check bits. 
The results of this simulated read· may be checked by 
enabling DOL to see if an error (if inserted) was corrected. 
Or as a further check, by entering mode 6, the predicted 
generated syndromes and error flags may be checked. 
Second, also while in mode 2, the simulated check bits 
appear at the check bit port (from the data bus higher 
byte) available to be written to the check bit portion of 
memory as shown in Figure 4c. OLE is set high before 
the original simulated check bits are removed and then 
memory data is subsequently placed on the data bus. A 
write to memory will now write known data and simu· 
lated check bits to the selected location. By writing known 
data to the memory check bits in mode 2, and then read· 
ing the memory check bits in mode 6, each check bit in 
each location can be validated. Third, it is possible in 
mode 2 with DES low to transfer data from the higher 
byte to the syndrome 110 port, also shown in Figure 5c. 
But first the generated check bits must be all low. This is 
attained by previously loading all "1"s into DIL in an 
earlier cycle. This is useful when using an error logger in 
conjunction with the DPB400 to feed the syndrome word 
into the logger whenever an error occurs. 

Error Logging with Syndrome 
Injection Capability 

An important application of the dedicated syndrome 110 
port is for error logging. This is because the internally 
generated syndromes derived during reading are avail· 
able on this port, provided DES is set low. These syn· 
dromes indicate the exact location of a single error, 
whether it is in the data bits or check bits; they are 
therefore useful to be stored for error logging. Every time 
an error occurs when indicated by error flag AE, the 
syndromes corresponding to this error can be logged. 

The syndrome word can be fed from SOL via the 
Syndrome Output Buffer onto the external syndrome 
bus. An Error Logger connected to this bus, as shown in 
Figure 6, will store the syndrome word in the same loca· 
tion as the corresponding address of each error that 
occurs. An intelligent error logger will differentiate 
between new errors and ones that have occurred pre· 
viously, by logging only new errors and ignoring ones 
that have already occurred. An easy way to determine 
this would be to compare the incoming memory address 
with the address of. errors contained in the logger. If a 
match is not found and an error occurs, the new address 
and corresponding syndromes are logged. If a match is 

l> 
Z 
• W 

0 
(7) 



found, then whether an error occurs or not, no further 
action Is necessary .. Tag bits may be provided to indicate 
whether the error is hard or soft. 

For example, it an error has already been logged at a 
particular address and that address is re-written to, then 
if the error repeats subsequently, it is a hard error, and if 
not, It Is a soft error. So, If a tag bit is set when a write 
occurs to a previously logged address and a subsequent 
error Is detected at that address, a second tag bit is set 
Indicating a hard error. A better approach would be to 
have the OP8400 correct and rewrite to the same location 
all In the same cycle, as soon as a singie error is detec
ted. The first error detected In a location is classified as a 
soft error until It recurs, and if an error does recur, a tag 
bit Is set to indicate a hard error. It Is assumed here that 
multiple soft errors wllI.not occur In the same location. 

Now that the error logger contains error information, it is 
necessary for the microprocessor to retrieve it. The 
OP8400 makes this easy, because the external syndrome 
bus data can be transferred to the data bus as described 
for operation in mode 6. If the error logger is made 
capable of outputting stored syndromes, and subse
quently outputting the corresponding address one byte 
at a time, then all the relevant information can be 
retrieved by the microprocessor. The user may choose to 
store this in nonvolatile memory in the event of a power 
failure. When power returns, it will be desirable to 
restore this information back to the error logger, and this 
can be achieved by first loading OIL with all "1"s to create 
all generated check bits low. Now the addresses and 
syndromes can be loaded from the higher byte of the 
microprocessor through the syndrome I/O port one byte 
at a time, with OP8400 in mode 2, to the error logger. 

SYSTEM 0-7 8-15 

7,8 

DO 

ill LG G 
1,0 

DP8400 

MEMORY 

7,8 
C • ;' • 

Figure Sa. Read Internal Generated Syndromes and Check Bit Port (Mode 6A) or 
Read Syndrome Port and Check Bit Port (Mode 6B) 
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Figure Sb. Diagnostic Read - Compare Simulated Check Bits with 
Check Bits Generated from Data Stored In Previous Cycle 
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Figure 5c. DP8400: Mode 2 
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Figure 6. Error Logger Connected to DP8400 Syndrome Port 

Correcting Double Errors 
Using the Error Logger 

It is possible to take the error logging function one stage 
further, As described so far, the error logger has been 
storing single errors (data bit or check bit). What if a 
double error is detected? If it is detected without any 
previous history at that address, one solution would be 
to perform a Double Complement to attempt to correct 
both errors. If this is not done, no useful information can 
be obtained. If both errors are corrected, the error logger 
records the syndromes of both, and tags whether they 
were both hard, or one hard and one soft. But, if there Is a 
previous history at this address of a single error, then it 
is fair to assume that the second error has subsequently 
occurred. In this case, if the error logger could be made 
to inject the syndromes of the first error into the DP8400, 
the DP8400 would correct this error so that its DOL 
would then contain data with one error (if both errors are 
data bit errors). It is necessary at this point to wrap
around DOL back to DIL and allow the DP8400 to correct 
the second error. This approach is much faster than the 
Double Complement approach and at the same time 
offers full error logging capability. 
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Any Double Error Correction Using 
The Double Syndrome Decode Approach 

The data sheet shows how the DP8400 can perform 
double error correction using the Double Complement 
Approach, provided at least one of the errors was hard. 
For very large memories, this may not be adequate, as 
some systems will require total double error correction 
capability-quickly, without having to wait two addi
tional memory cycles. Some of these systems will also 
required triple error detect capability. Fortunately, the 
matrix of the DP8400 has been configured to allow both 
of these capabilities. Most modern error detection/ 
correction matrices use a modified version of 
Hamming's original code. The Hamming .code allows 
single errors to be corrected, however, two errors may 
not be detected as such. For 16 data bits, five check bits 
are required. Modified Hamming codes allow double 
error detect capability, as well, by arranging that the 
Exclusive-OR of the syndrome words of any two bits in 
error produces an even parity syndrome word. A parity 
check on the syndrome bus will, therefore, indicate two 
errors (or no error, but in this case, the Any Error flag will 
be inactive). For 16 data bits, six check bits are required 
for single/doub'le error detect and Single error correction 
capabilities. 
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The DP8400 has a matrix that goes one step further by 
using a version of the Nelson code. This costs no addi· 
tional on-chip gates to those required for a Modified 
Hamming code. To be able to correct any two errors, it Is 
necessary to be able to determine their location, and no 
present version of the Modified Hamming code is able to 
do this. There are matrices that do exist that can generate 
12 check bits from 16 data bits (or 14 check bits from 32 
data bits) for writing, and then generate 12 (or 14) syn
drome bits when reading, so that the location of both 
errors can be determined and corrected. But, because 
most applications do not require this degree of integrity 
and associated expense, they are not very popular. It 
would be ideal If two DP8400s could be configured as in 
Figure 7a, with each generating a different set of check 
bits and a different set of syndrome bits so that the 
double syndrome word could be unique and decodable for 
any two bits in error. Fortunately, National Semiconduc
tor has achieved this by incorporating a feature called the 
Rotational Syndrome Word Generator, which uses rotated 
data to the secondary DP8400. 

The primary DP8400 generates check bits when writing, 
and syndrome bits when reading, as in a'normal 16-bit 
system. But the data port of the secondary DP8400 re
ceives data shifted by a number of bits, usually one bit. 
In other words, for this secondary chip, system data bit 0 
connects to 001, system data bit 1 to 002, etc. Each 
DP8400 has its own dedicated six memory check bits, 
which are obviously different from each other due to the 
data shifting on the secondary DP8400. The Nelson code 
is such that during a read, not only does each DP8400 
generate a different set of syndrome bits, but the double 
syndrome word (comprising 12 bits for 16 data bits) is 
unique for any two bits in error. It is necessary to be able 
to output these syndromes as they occur and to do this, 
OES of both chips is set low during the time memory data 
is valid. 

Now that we have a unique double syndrome word for 
any two bits in error, it is necessary to decode it to cor
rect both errors. The easiest way to do this is to connect 
the double syndrome word to the address inputs of a 
registered PROM (a PROM with latchable data out) as 
shown in Figure 7b. In this example, 12 syndrome bits re
quire 4k addressing capability, and 32k registered 
PROMs will be made available soon. Some of the ad
dresses of the RPROM will be used for double errors and 
each address will be unique for-any two bits in error. The 
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corresponding data out could, therefore, contain one of 
the syndrome words. Double errors may be caused by 
two data bit errors, a data bit and primary check bit error, 
a -data bit and secondary check bit error, a primary and 
secondary check bit error, or two errors in either primary 
or secondary check bits. In these cases, if the RPROM 
address stores the syndrome word for one of the two 
errors, this will be available at the output of the RPROM 
when enabled. 

First of all, this data must be latched In the RPROM 
register, and then the OES input to each DP8400 must be 
set high to deactivate the two syndrome output buffers. 
Next, the RPROM data must be enabled onto the primary 
syndrome bus so the primary DP8400 can enter this syn
drome word, representing one of the two bits in error 
with CSLE high. At the same time, the primary DP8400 
must be set to mode 7 so that the syndrome word appears 
on the internal syndrome bus, replacing the generated 
syndromes. If OLE is now set from low to high, DOL will 
contain either one or no error, depending on where the 
two errors were located. In other words, the DP8400 has 
just corrected one of the errors. By setting OLE low, then 
disabling memory and enabling OBO and OB1 of the pri
mary DP8400, this data is output on the data bus and 
back into the OIL with OLE high. There is now only one 
data error, and this can be corrected by setting the 
DP8400 to normal read, mode 4. 

Thus, both errors have been corrected at a fairly fast rate. 
For example, for a 50ns RPROM, the total time to gener
ate double syndromes, feed back a one-error syndrome 
word to the primary DP8400, correct it, wraparound, and 
correct again, may take less than 120ns total. 

Only a few of the addresses in the RPROM are required 
for double errors. Some double syndrome words repre
sent single errors and triple errors. All single bit errors 
also produce a unique double syndrome word different 
from all double bit errors. 

On 
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In fact, nearly all triple bit errors produce unique double 
syndrome words different from single and double bit er
rors. Those that do not produce unique double syndrome 
words, duplicate double syndrome words of other single, 
double, and triple bit errors; however, these comprise 
only about 5 percent of the total. We can say, therefore, 
that this approach will correct not only all double bit er
rors, but will detect 95 percent of all triple bit errors. Note 
that with error correction systems utilizing the modified 
Hamming code, the majority of triple bit errors are 
interpreted as single bit errors and falsely corrected as 
such. It is up to the designer to determine the chances of 
three errors occurring in a memory location, and the 
(likely) consequences that they will be falsely corrected. 
If this condition is undesirable, then the Double Syn
drome Decode Method offers greatly enhanced integrity; 
in fact, if the three errors detected do have a unique 
double syndrome word, they can be corrected. As stated, 
no presently used Modified Hamming code offers a 
unique double syndrome word for multiple errors; this is 
only possible with a Nelson code. This example was 
largely for 16 data bits, but the idea will work for other 
data widths. 

In the 16·bit example, the RPROM has to output only six 
bits representing the syndrome bits of a bit in error. This 
leaves two spare bits which can be used as flags, and the 
user can program his RPROM accordingly. One solution 
is to use these flags to indicate the type of action 
required - whether to correct at all, correct once, or cor
rect twice by wrapping around. 

Block Diagram of the DP8400 

This Application Note discusses first the single error 
correction, showing a simplified. block diagram of the 
chip for both a write cycle to generate check bits, and a 
read cycle to detect errors and correct single bit errors. 
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The most important requirement when accessing mem
ory is that these operations be performed with minimal 
memory delays. The DP8400, therefore, has been struc
tured Internally to minimize series propagation delays 
through the Chip. A full block diagram of the DP8400 Is 
shown, and first impressions are that there might be ex
cessive delays In the various paths due to the additional 
blocks that have been added to the basic functional 
block diagram. In fact, this is not the case, because the 
DP8400 has been configured in bipolar Schottky logic 
and uses the AND-OR·INVERT gate in many of the blocks. 
This type of gate structure is used in multiplexers, Exclu
sive-OR gates and fall-through latches. It is pOSSible, 
therefore, to combine these functions into one wide 
gate, reducing the propagation delays through some of 
these blocks to that of one gate. For example, the check 
bit output latch COL receives its input from an Exclu
sive-OR gate followed by a multiplexer. These three 
functions can be combined into one wide gate, and this 
greatly reduces the time taken to generate check bits. 

The DP8400 - A Versatile Error Checkerl 
Corrector for All Applications 

It was shown earlier how the DP8400 was able to detect 
single and double errors, and correct single errors. For 
8-and 16·bit systems, these CQuid easily be accomplish
ed with a minimum of extra circuitry. The DP8400 can 
also be used in complex high integrity systems. In fact, 
investigations are still progressing as to its immense 
capabilities. It is the only error correction circuit capable 
of these features, and yet it sti II provides very fast through
put. For these reasons, the DP8400 should become the in
dustry standard error correction chip for the foreseeable 
future. 
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DP8400s in 64-Bit Expansion 

The purpose of this Application Note is to provide mem-
ory designers with detailed information on the DP8400 
parallel expansion method. This method allows fast 
check bit generation, error detection, and e~ror correc-
tion. A thorough understanding of the 16·bit Implementa-
tion is a prerequisite. Included in this note are the 
following: error correction expansion matrix; detailed 
steps for check bit generation, error detection and error 
correction; an example of a single error correction; and 
the detailed wiring diagram for the 64-bit configuration. 

The Error Correction Expansion Matrix 

For a 16-bit word, the DP8400 reads data between the 
processor and memory, with its 16-bit bidirectional data 
bus connected to the memory data bus. The DP8400 
uses an encoding matrix to generate six check bits from 
the 16 bits of data. This 16-bit matrix contains 16 unique 
syndrome patterns corresponding to each error location 
which allows the DP8400's Data Error Decoder (OED) to 
identify the data error location. 

The DP8400 is easily expandable to other data config-
urations. For a 32-bit data word with seven check bits, 
two DP8400s are used. Three DP8400s can be used for 48 
bits, four DP8400s for 64 bits, and five DP8400s for 80 
bits, ali' with eight check bits. In order to expand the 
DP8400, additional check bits are required to provide the 
unique characteristic of the single data error syndrome. 
For expansion beyond 24 bits, check bits 6 and 7 (C6 and 
C7) are used. Note that these check bits can be configur-
ed to be always either zero or word parity, depending on 
the input voltage level of the Expansion Pin (XP). By re-
arranging all eight check bits (CO- C7) of each DP8400, 
we can obtain many different matrices that meet the 
above requirement. One of these is shown in Table 1. For 
illustration, this matrix will be used throughout this 
application note to clarify the E2C2 expansion concept. 

Check Bit Generation, Error Detection 
And Error Correction 

Check Bit Generation (Figure 1) 

In the Check Bit Generation mode, all four DP8400s are 
set to mode 0, normal write. The 64 bits of data from the 
system data bus are enabled Into the Data Input Latches 
(OIL) of each DP8400. The individual Check Bit Genera-
tors (CG) of the four DP8400s then produce eight parity 
bits, or partial check bits, derived from the input data. 
(Note that all the syndrome input latches should be 
cleared so that only the partial check bits will pass 
through the Check Bit Output Latches/Buffers (COL and 
COB)). In the normal write mode, the COBs are always 
enabled onto each check bit port. This allows the partial 
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Table 1 •. Data Bit Error to Syndrome·Generate 
Matrix, 64·Blt Configuration 

The partial code of device 0: 

Error Locations (Data Bit Numbers) 

0 1 23 4 5 6 7 8 9 10 11 12 13 14 15 

0 0 1/ 1 1 1 1 1 0 1 1 1 0 1 1 1 CO 
0 0 0 1 0 0 1 0 1 1 0 1 0 1 1 1 C1 
1 0 0 1 1 0 0 0 1 f 0 1 0 1 1 1 1 C2 
0 1 1 0 0 0 0 1 1 1 1 0 1 0 1 1 C3 
1 1 o 0 0 1 0 1 1 0 0 1 0 1 0 1 C4 
1 1 l' 0 1 1 1 0 1 0 0 0 1 1 1 o C5 
0 0 o 0 0 0 0 0 o 0 0 0 0 0 0 o C6 
0 0 o 0 0 0 0 0 o 0 0 0 0 0 0 o C7 

The partial code of device 1: 

16 17 18 192021 22232425262728293031 

o 0 0 1 o 0 1 0 1 1 0 1 0 1 1 1 C1 
1 1 1 0 1 1 1 0 1 0 o 0 1 1 1 o C5 
o 0 0 0 o 0 0 0 0 0 o 0 0 0 0 o C6 
1 1 0 0 0 1 0 1 1 0 0 1 0 1 0 1 C4 
0 1 1 0 o 0 0 1 1 1 1 0 1 0 1 1 C3 
1 0 0 1 1 0 0 0 1 0 1 0 1 1 1 1 C2 
o 0 1 1 1 1 1 1 0 1 1 1 0 1 1 1 CO 
o 0 0 0 0 0 0 0 0 0 o 0 0 0 0 o C7 

The partial code of device 2: 

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 

O 0 0 o 0 0 0 0 0 000 0 o 0 o C6 . 
0 1 1 o 0 0 0 1 1 1 1 0 1 0 1 1 C3 
1 1 1 0 1 1 1 0 1 0 o 0 1 1 1 o C5 
1 1 0 o 0 1 0 1 1 0 0 1 0 1 0 1 C4 
1 0 0 1 1 o 0 0 1 0 1 0 1 1 1 1 C2 
o 0 0 o 0 o 0 0 0 0 o 0 0 o 0 o C7 
o 0 0 1 o 0 1 0 1 1 0 1 0 1 1 1 C1 
o 0 1 1 1 1 1 1 0 1 1 1 0 1 1 1 CO 

The partial code of device 3: 

~~~~~~~~~~~~~~~~ 

1 1 000 1 0 1 1 0 0 1 0 1 0 1 C4 
1 1 1 0 1 1 1 0 1 0 0 0 1 1 1 o C5 
0 1 1 o 0 0 0 1 1 1 1 0 1 0 1 1 C3 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 C6 
1 0 0 1 1 0 0 0 1 0 1 0 1 1 1 1 C2 
0 0 1 1 1 1 1 1 0 1 1 1 0 1 1 1 CO 
0 0 0 1 0 0 1 0 1 1 0 1 0 1 1 1 C1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 C7 
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check bits to be combined externally in the eight 
74S280s' parity generators/checkers to produce eight 
composite check bits. Table 2 shows how these check 
bits are generated. 

Table 2. Composite Check Bit Generation 

Ccomp.O = C(O)O $ C(1)1 EfJ C(2)6 EfJ C(3)4 
Ccomp.1 = C(0)1 EB C(1}5 EfJ C(2)3 $ C(3)5 
Ccomp.2 = C(0}2 EB C(1}6 EfJ C(2)5 EfJ C(3}3 
Ccomp.3 = C(0}3 EB C(1}4 EB C(2}4 EfJ C(3}6 
Ccomp.4 = C(0}4 $ C(1}3 $ C(2}2 EfJ C(3}2 
Ccomp.5 = C(0}5 EfJ C(1}2 EfJ C(2}7 $ C(3)0 
Ccomp.6 = C(0}6 EfJ C(1}0 EfJ C(2}1 EB C(3}1 
Ccomp.7 = C(0)7 $ C(1)7 EfJ C(2)0 EfJ C(3)7 

Notes: 
Ccomp: composite check bit. 
C(X)N: the partial check bit N of device X. 
(Refer to Table 1 for clarification.) 

To aid in fast error detection during memory read cycles, 
these composite check bits are complemented and 
written into memory along with the system data. If the 
system data has vacated the data bus, the Output En
ables (OBO andOB1) must be set low so that the original 
data word with its eight composite check bits can be 
written into memory. 

Detection Mode (Figure 2) 

In the Detection mode, again all the DP8400s are set to 
mode 0, normal write, then the partial check bits derived 
from the memory data bits are generated in a manner 
similar to that described for the check bit generation 
mode. These partial check bits are then associatively 
compared with the memory check bits in the eight 
74S280s to produce eight external Composite Syndrome 
bits. As explained in the check bit generation mode, the 
composite check bits are complemented before being 
written into memory. This shows why complemented 
Composite Syndrome bits are produced instead of true 
composite syndromes. Then, if any bits on the Compos· 
ite Syndrome bus go low, this will cause the 74S30 NAND 
gate togo high, giving the Any Error indication. If there is 
no error, all Composite Syndrome bits remain high. 
These Syndrome bits are also latched into the 74ALS533 
Octal D·type Transparent Latch (with inverted output). 
The composite syndromes are then fed into the syn· 
drome ports of the DP8400s in different combinations 
for each; for error·type determination and/or error 
correction. 

Correction Mode: (Figure 3) 

Upon receiving the Any Error indication during the 
detection mode, it takes an additional step to determine 
the error type andto correct a single data error. All the 
DP8400s should be set to mode 7B (which is mode 7 with 
OES high), this mode enables the external syndromes 
directly to the Syndrome Generator (SG) and then the 
Data Error Decoder (DED) of each chip. For a single data 
error, the input syndrome will be unique for that error 
location; consequently, only one DP8400 can decode 
that error location and correct that bit. The other three 
do not indicate an error and do not change their data 
output latch contents. This corrected data can be output 

. to the system data bus by means of OBO and OB1. The 
DP8400 that decodes the data error location will indicate 
a single data error, while all others indicate a check bit 
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error. If there was a single check bit error or a double bit 
error, then all the DP8400s will indicate a check bit error or 
a double bit error, respectively, through their error flags. 

An Example of a Single Data Error Correction 

Assuming all zero data is to be written into memory, we 
obtain the following set of partial check bits for all 
DP8400s: 

CO = 0 
C1 = 0 
C2 = 1 
C3 = 1 

C4 = 0 
C5 = 0 
C6 = 0 
C7 = 0 

Note that each DP8400 contains the basic 16-bit matrix 
(CO-C5). Therefore, the first six partial check bits are the 
same for all devices; only C6 and C7 are different. With 
the 64-bit configuration using the above 64-bit matrix, 
C6 = C7 = 0 (by connecting XP directly to Vce) for the 
devices 0, 1, and 2; and C6 = C7 = word parity (by leavi ng 
XP pin floating) for the device 3. However, with all zero 
data, word parity is also zero (even parity). Therefore, the 
above partial check bits are obtained. 

Using the formulas given in Table 2, the composite 
check bits are as follows: 

Ccomp. 0 = 0 Ef) 0 Ef) 0 $ 0 = 0 
Ccomp. 1 = 0 $ 0 $ 1 $ 0 = 1 
Ccomp. 2 = 1 $ 0 $ 0 EB 1 = 0 
Ccomp. 3 = 1 $ 0 EfJ 0 Ef) 0 = 1 
Ccomp. 4 = 0 EB 1 $ 1 EB 1 = 1 
Ccomp. 5 = 0 $ 1 $ 0 $ 0 = 1 
Ccomp. 6 = 0 EB 0 EfJ 0 EfJ 0 = 0 
Ccomp. 7 = 0 EB 0 EfJ 0 EB 0 = 0 

Note that these composite check bits are complement
ed before they are written into memory. Thus, the 
memory check bits read later from memory are 1100 
0101. 

If an error has occurred in the data position 35 which is 
bit 3 of device 2, then the partial check bits C(3)N produc· 
ed during the detection mode are as follows: 

C(3)0= 1 
C(3)1 = 1 
C(3)2=0 
C(3)3= 1 

C(4}=0 
C(5)=0 
C(6)=0 
C(7)=0 

The partial check bits of other devices are unchanged. 
Consequently, the newly generated composite check 
bits (Ccomp) and the total syndrome bits are: 

Newly Generated 
Composite Memory Composite 

Bit # Check Bits Check Bits Syndrome 

0 0 EB 1 1 
1 1 EB 0 1 
2 0 EB 1 1 
3 1 EB 0 1 
4 0 EB 0 0 
5 1 EB 0 1 
6 1 tt> 1 0 
7 1 EB 1 0 
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The composite syndrome 1101 0000 is that of the error 
location 35. Since the syndrome is unique and fed reo 
ordered to each DP8400, only device 2 will recognize this 
syndrome pattern and complement its data bit 3. Then 
the corrected data can be output to the system data bus 
when 080 and 081 of all four DP8400s go low. Devices 0, 

MODE -~ 0 (NORMAL WRITE) I 
_~~ ____ ~ ______ -JI 

SYSTEM DATA ENABLE - ~ ~ 
I 

i-i--

OLE 

CSLE 

MEMORY CHECK BIT OUT I I 

WRITE AND DETECT -~)J I I 
~Ir 111----~I--------~~-

CORRECT_~II I 
r+------~------------H---

,,,""""""""M - !l,,-------.:..! __________ ---'~ 
DATA BUS '\ SYSTEM DATA 

E2C2CBBUS - f-e< GENERATED PARTIAL CHECK BITS >--
t I 

COMPOSITE CB BUS --++-{;'l~w,f%i 0 COMPOSITE CB TO MEMORY 

COMPOSITE SYNDROME BUS - ~ 1 
--~I ~----41----------~---

AE_IIIIE 

I I I 
OP8400·S:AE.EO.El_ 

Figure 6A. E2C2 64·Bit Parallel Expansion 
Memory Write Cycle 

1, and 3 all output the same data they received from 
memory. Only device 2 changes Its (erroneous) data. 
Refer to Figure 6 below for the timing diagrams of a 
memory write and memory read cycle (detect then cor· 
rect); 

-I,-----~Ir--~~ o (NORMAL WRITE) 78 -

I I 

I L 
I I 

I 

I 

I I I 

-~ I I I 
_;~I~-------H---!I I 'r 
--i,---~:I ======~!~~~:-I-_-_-_-_---;-!II II 

I 1-7---1 -----ll I 
---'c" 

4------~~~~----~I------------~1 
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---+-i-
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Figure 6B. E2C2 64·Bit Parallel Expansion 
Memory Read Cycle (Detect Then Correct) 
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ERROR CORRECTION 
THEHARDWAV 
A double complement correct cycle in an ECC system forms a 
sophisticated double-bit error correction and management 
system 

by Bob Nelson 

The use of parity, the most common error detection 
method, can be expanded from simple error detec
tion in data words to the correction of single-bit 

errors by means of a double complement correct cycle. 
The double complement method can also be used to 
advantage in combination with error checking and cor
rection systems to detect and correct hard and soft com
binations of double-bit errors, provided no more than 
one of such errors is soft. In addition, this technique 
points the way to more sophisticated double-bit error 
correction and error management systems. 

A parity bit is assigned a value of 1 or 0 on the basis 
of the number of Is in the data word. The value of the 
parity bit depends on whether the parity system chosen 
is odd or even. Thus, in an odd parity system, the sum 
of the Is in the data word and the parity bit will always 
be odd, whereas in an even parity system, the sum of the 
1 s in the data word and the parity bit will always be even 
(Fig 1). All examples in this discussion, except for those 
in Fig 1, use odd parity. A single parity bit can be used 
to detect a single-bit error occurring during a memory 
read cycle, and the technique can be expanded to pro
vide even further error handling. 

Parity error detection· a'nd correction 
During a memory write, the parity bit which is created 
as a result of the data is written to the memory along 
with the data word for storage. When a read cycle oc
curs, parity generation is again performed on the data 
word, creating a new parity bit, which is then compared 
with the original parity bit read from memory. If a dif
ference exists between the two parity bits, an error has 
occurred. Although this error cannot be located with the 
information given, and may have occurred in any bit 10-

Bob Nelson is responsible for digital systems 
applications and new product definition at National 
Semiconductor Corp, 2900 Semiconductor Dr, Santa 
Clara, CA 95051. His engineering career began at the 

. Burroughs Corp, where he worked on semiconductor 
memory systems and system interface design for large 

. mainframe computers. Mr Nelson completed his basic 
engineering studies at Citrus College, Azusa, Calif, 
following undergraduate work at Pasadena City 
College. 

Published in Computer Design, December, 1981. 
Reprinted by permission. 

Number 
Data Word Parity of 1s System 

10001010 1 4 even 
10001010 0 3 odd 
01101001 1 5 odd 

Fig 1 Odd and even parity. Value of parity bit is generated 
to satisfy chosen parity system (even or odd) so that sum of 
all Is, including parity bit, will conform to even or odd 
parity system 

cation in the data word or even in the parity bit, if it is a 
hard error, its location can be determined through the 
use of additional memory cycles. 

If an error is detected during a memory read cycle, a 
~~mple procedure called the double complement method 
will determine if the error is hard, and, if so, correct it. 
The method includes a routine during which the suspect 
data and parity bit are complemented and presented to 
the same location in memory for a write cycle. Follow
ing the write, a read cycle is performed, and if the error 
is a hard error, the memory will repeat it by providing 
the data with the error bit complemented again. After a 
second complement, the data will be correct. At the end 
of such a correct cycle the memory contains the comple
mented data, and one additional write cycle must be 
performed to restore the data in memory (Fig 2). 

During a double complement correct cycle involving a 
data word containing an even number of bit locations, 
the parity test is performed after the second read and 
before the second complement. If the error is hard, a 
parity error will once again be detected following the 
second read. If the error is soft, a parity error will not 
result following the second read. For data words con
taining an odd number of bit locations, parity testing 

1 st write 11010011 0 original data 
1 st read 11010111 0 PE (parity error) 

0 __ 0 00101000 1 data are complemented 
2nd write 00101000 1 complemented data 
2nd read 00101100 1 PE (parity error) 

0--0 11010011 0 data are complemented 

lhard error location 

Fig 2 Hard error correction with parity. Single parity bit 
can be used to correct single-bit hard error with double 
complement method. On each memory read, original parity 
bit is read and new parity check is done on bits in data 
word. New parity bit is then compared with that read for 
validity 
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Even Odd 

1st write 1010 1 10100 
1 st read 1011 1 PE 10110 PE 
·0-0 0100 0 01001 0 PE 

2nd write 0100 0 01001 0 
2nd read 0101 0 PE 01011 0 

'0--0 101~ ~O 1 

errors 

(a) 

Hard Soft 

1 st write 1001 1 1001 1 
1 st read 1011 1 PE 1011 1 PE 
0__..0 0100 0 0100 0 

2nd write 0100 0 0100 0 
2nd read 0110 0 PE 0100 0 0 __ 0 1001 1 1011 1 PE 

Lerrors~ 
(b) 

Fig 3 Even/odd word and hard/soft parity errors. Data 
words with even number of bits do not yield parity error on 
second read (a), nor soft error (b). Hard error, however, . 
will be corrected 

must be performed at different times during the correct 
cycle. In both cases, a double complement correct cycle 
can determine the type of error and, if it is hard, correct 
it (Fig 3). 

. If the bit in error is hard, the double complement cor
rect can also be used to determine the.bit's location in 
the data word. To do this, the data word and parity 
must be stored in a register when an error is detected. At 
the conclusion of the hard error correcting cycle, the 
location of the failing bit is determined by comparing 
the correct data with the contents of the register (Fig 4). 

Thus, the use of a single parity bit not only makes it 
possible to deduce the error type, but also to locate and 
correct hard errors. This technique is useful for low cost 
terminal and word processing systems since, where retry 
is acceptable, the small amount of additional hardware 

... the double complement 
method .. . also points the way to more 
sophisticated double-bit error 
correction and error management 
systems. 

required can often eliminate the cost of an unscheduled 
service call. If a hard error can be detected, a double 
complemt'nt correct cycle will correct it, and the tech-

1st write 
1 st read 
0_0 

2nd write 
2nd read 
0--0 

1010 1 
1011 1 PE, O~EG 
0100 0 
0100 0 
0101 0 PE 
1010 1 compare with REG 

Lerror location .. 

1011 1 
I 

(+) 

I 
1010 1 

0001 0 

FI14 Locatlnl hard errors with parity. Use of register for 
temporary storale enables double complement cycle to 
locate slnaJe hard error 

nique combined with an error checking and correction 
(ECC) system can also provide extended error correction 
capability when hard errors are involved. 

ECC and double complement 
The double complement method in combination with an 
ECC system can correct additional errors, both hard and 
soft. The ECC system under discussion here uses the 
code implemented by National Semiconductor in the 
DP8400 ECC device (Fig 5) to perform I-bit error correc
tion and 2-bit error detection. In an ECC system for 
16-bit data words, such as the one discussed here, six 
parity bits are generated. Each of the parity bits is 
assigned a value as a function of the sum of the Is in a 

1 
o 1 234 5 6 7 8 9 0 

1 1 1 1 
234 5 

MSB LSB error locations 

o 0 1 1 1 
00010 
1 0 0 1 1 
o 1 100 
1 1 0 0 0 
1 1 1 0 1 

1 1 0 1 1 1 0 1 1 1 
o 1 0 1 1 0 1 0 1 1 1 
000 1 0 1 0 1 1 1 1 
o 0 1 1 1 1 0 1 0 1 1 
10110010101 
1 101 000 1 1 1 0 

LSB 0 
I 1 

syndrome 2 
words 3 

I 4 
MSB 5 

Fig 5 Check bit generator for data words. Code used is 
that implemented in National Semiconductor's DP8400 ECC 
device 

unique combination of selected bits in the data word . 
Partial word parity bits in an ECC system are referred to 
as check bits. For simplicity, odd parity will be used in 
the examples, although in most ECC systems, including 
those implemented with the DP8400, a combination of 

1 1 1 1 1 1 
o 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 

o 0 0 o 0 1 0 0 0 1 0 0 0 0 0 O~dataword 

1 1 o· LSB 0=1 
0 0 0 1 0 0 1 0 1 1 0 1 0 1 1 1 I 1 = 0 
1 0 0 1 1 0 0 0 1 0 1 0 1 1 1 1 check 2 = 1 
0 1 1 o 0 0 0 1 1 1 1 0 1 0 1 1 bits 3 = 0 
1 1 0 o 0 1 0 1 1 o 0 1 0 1 0 1 I 4 = 0) 
1 1 1 o 1 1 , 0 1 o 0 0 1 1 1 0 MSB 5 = 0 

Fig 6 Error check bits are generated by presenting the data 
word to ECC code matrix and noting corresponding Is. In 
first row, bits 5 and 9 correspond with Is in matrix. Thus, 
to maintain odd parity LSD of check bits is set to. 1 

odd and even parity is used to improve memory diag
nostic capabilities. 

An ECC code forms a matrix (Fig 6) to which a data 
word can be presented for the generation of check bits. 
Given a data word, such as 0000010001000000, and the 
uppermost horizontal row of the matrix in Fig 7, check 
bit 0 is to be assigned a value based on the sum of cor
responding Is in that row and the data word. Using odd 
parity, the corresponding Is in locations 5 and 9 dictate 
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Write 00000100010000000 000101 
Read 00000100010100000 000101 error in 11 
Generate 00000100010100000 010110 new check bits 
XOR che~k bits , . 010011 

L-- syndrome bits 

Fig 7 Generating syndromes for locating error. Syndrome 
word is result of exclusive OR (XOR) of error cbeck bits. 
No-error condition would result in syndrome word of all Os 

a value of 1 for the parity bit. For check bit I, the 
selected location of correspondence is 9 only. Check bit 
1 is assigned a value of 0 for odd parity. The complete 
set of check bits for this particular word is 000101 
(05 HEX). 

After check bit generation, the data and check bits go . 
to the memory. During the read a new set of check bits 
are generated and compared against the check bits read 
from memory. The results of this check bit compare, an 
exclusive OR (XOR) function, are the syndromes (Fig 7). 
The single error indicating syndrome word is unique and 
is interpreted by the syndrome decoder to indicate the 
column in the matrix corresponding to the error loca
tion. The matrix or code is therefore a check bit genera
tor for data, but a syndrome generator for error 
locations. 

The ... method in combination with an 
ECC system can correct additional 
errors, both hard and soft. 

An Eee system implemented with the DP8400 can, at 
minimum, detect 100070 of 2-bit errors; all of these er
rors are correctable if no more than one of them is soft. 
The device has complement write and read modes to al
low the double complement correct technique to be used 
with no additional hardware, and other Eee devices can 
be used with additional components to implement the 
function. 

In Fig 8, a soft error exists in location 5 and a hard er
ror in location 9. During a memory read, the generated 

The matrix or code is ... a check bit 
generator for data, but a syndrome 
generator for error locations. 

syndromes are the XOR of the single error that indicates 
syndrome words representing the error locations. 
110001 (+) 001011 = 111010 [31 (+) OB = 3A HEX] • 
Since a double error is indicated-an even number of ls 
in the syndrome word-the data and check bits are com
plemented and placed in the output registers for presen
tation to the memory. After the memory write and 
subsequent read, the new data are complemented and 
stored in the data input latch. The error in location 5 
remains in the data. A new set of check bits is generated 
from the data in the data input latch and compared with 
that in the check bit input latch, producing the :;yn
drome word 110001 (31 HEX), which corrects the 
remaining error. 

A detected double-bit error followed by a double r__--------------------'" . complement correct cycle is properly reported as to ini

1 st write 
1 st read 
0--0 

2nd write 
2nd read 
0--0 

5 9 
0000000000000000 110011 original data 
0000010001000000 110011 2 errors 
1111101110111111001100 complement 
111110111 0111111 001 roo 
1111101111111111001100 hard error fixed 
0000010000000000 110011 complement 

t 
000010 new check bits 

'-------fiOOOi syndromes for 
bit 5 

Fig 8 Correction of bard and soft errors. In tbe case of 
data word witb one bard and one soft error, double 
complement metbod bas corrected bard error and 
determined existence of soft error, wbicb is tben located by 
syndrome word and can be corrected 

The check bits, or partial word parity bits, generated 
by modified Hamming codel' and the code used in the 
DP8400, are also capable of providing complete error 
reporting. Since the single error reporting syndrome 
words contain an odd number of Is and the total num
ber of Is is greater than one, 2-bit errors can easily be 
distinguished from a I-bit or detectable triple-bit error. 
The DP8400 monolithic Eee device performs this error 
determination by counting the number of 1 s in the error 
indicating syndrome words. When no error exists, the 
syndrome word contains no Is, and when a single check 
is in error, a single 1 is present in the syndrome word. 
When an odd number of data bits are in error, the num
ber of Is in the syndrome word is odd and greater than 1 
(3 or 5 in this example); if an even number of bits are in 
error, the syndrome word contains an even number of 
Is greater than 0 (2, 4, or 6). 

tial error type. If the detected errors were both soft, for 
example, no change would occur in the data or check 
bit, and the Eee device error flags would again report a 
double-bit error. If, after the second read and comple
ment, the error flags still report a single-bit error, the 
hard error (of a hard and soft combination) has been 
corrected and only the soft error remains. Of course, the 
single remaining error will be corrected in the normal 
manner by the Eee device. In the case of a double hard 
error, the error flags will report a no-error condition 
following the second read cycle, indicating that both er
rors were corrected and that the data are valid. 
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-Ii SPECIAL REPORT ON MEMORY SYSTEMS DESIGN 

SIMPLIFICATION OF 2·81T 
ERROR CORRECTION 
Bit by bit, errors can be detected and eliminated through 
the use of an error matrix 

by Bob Nelson 

A computer-generated code, which generally obeys the 
rules attributed to the Hamming code and many of 

. its variations, can be used to extend error detection 
and error correcting effICiency in an error checking and 
correction system. Such a code has been implemented 
by National Semiconductor on the DP8400, an expand
able error checking and correction device packaged in 
a 48-pin dual inIine package. The DP8400 can be used in a 
minimum hardware implementation of a 2-bit error cor
rection system which will serve as an introduction to the 
rotational syndrome word generator, and also lead the 
way to expanding the error correcting capabilities even 
furlher. 

Syndrome words 
The code used in an error checking and correction (ECC) 
system designed to correct I-bit errors and detect 2-bit 
errors for 16-bit data words may be viewed as a 16 x 6 
matrix (Fig 1). The matrix describes the error locations 
and the syndrome bit positions so that the upper left bit 
of the matrix defines the least significant bit (LSB) for 
both the error locations and the syndrome bit locations. 
Each vertical column of the matrix contains the syn
drome word (syndrome bits) for that error location in 

Bob Nelson is responsible for digital systems 
applications and new product definition at National 
Semiconductor Corp, 2900 Semiconductor Dr, Santa 
Clara, CA 95051. His engineering career began at the 
Burroughs Corp, where he worked on semiconductor 
memory systems and system interface design for large 
mainframe computers. Mr Nelson completed his basic 
engineering studies at Citrus College, Azusa, Calif, 
following undergraduate work at Pasadena City 
College. 

Published in Computer Design. January. 1982. 
Reprinted by permission. 

the data word. For any number of errors, the syndrome 
word generated by presenting the data word to the mao. 
trix is· the exclusive OR (XOR) of the syndrome words 
defined by the error positions. To correct an error, the 
location of the error must be uniquely identified, and 
thus the 16 vertical columns must each be unique. A 
modified Hamming code generates a unique syndrome 
word for every possible data bit error location and 
hence may be referred to as a syndrome word generator. 

Using syndrome words containing an odd number of 
1 s is the most common "modification" to the Hamming 
code. By ensuring that the syndrome words (vertical col
umns in the matrix) contain either three or five Is, all 
applicable error conditions may be defined by counting 
the syndromes. The absence of a syndrome (ie, a syn
drome containing all Os and no Is) indicates no error; an 
odd number greater than one (3 or $ in this case) defines 
the location of a single-bit error. Any simultaneous 
double error will provide a syndrome word containing 
an even number of Is greater than zero, while a single 1 
in the syndrome word is indicative of a failure in the 
check bit portion of memory. 

The rotational syndrome word generator described 
here also contains an odd number of Is in each syn
drome word. One additional characteristic common to 
both the Hamming code and most of its modified ver
sions is that byte parity is an integral part of the matrix 
itself. However, the code implemented in the DP8400 ECC 
device and discussed here does not consider byte parity, 
or word parity, as a part of the code itself. 

A 2-bit error correction system may be implemented 
in either of two ways. A code designed to allow 2-bit 
error correction may be used, or an existing single-bit 
error correct code may be extende!;l by adding a second, 
different code which wiIl ensure that each syndrome 
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1 1 1 1 1 
o 1 234 5 6 7 a 9 0 2 3 4 5 

LSB error locations MSB 

001 1 1 1 1 101 1 101 1 LSB 
000 1 001 0 10101 1 I 
1 .0 0 1 1, 0 0 0 o 1 0 1 1 1 syndrome 
o 1 1 0 0 0 0 1 110101 1 words 
1 1 0 0·' 0 1 0 1 00101 0 1 I 
1 1 1 0 1 1 1 0 000 1 1 1 0 MSB 

Fig 1 DPI400 generates unique s)'IIdrome word to indicate 
single-bit error position. Generated s)'IIdrome word 
containing all Os means tbere is no error in data word. 

0 
1 
2 
3 
4 
5 

word generated' for any two error locations will be 
unique. Thus, a secondary, and different, 16 x 6 matrix 
connected to the primary matrix to form a 16 x 12 
matrix will allow double-bit error correction if the XOR 
of the two 12-bit syndrome words produces a unique 
word for any two error locations. 

Second matrix 
The definition of an Eee matrix requires specifying a 
correspondence between error'locations and syndrome 
words that defines the error location for each set of 
single-error syndromes. If a matrix is resequenced such 
that any error location c'orresponds to a syndrome word 
different from the original (primary) matrix, a second 
matrix has been created. For a 16-bit Eee matrix, 16!, 
or 2.092279 x 10A13, different codes exist. If a second 
code exists such that when it is combined with the first 
code (each containing the same syndrome words, but in 
a different sequence), a unique, larger syndrome word is 
generated for any two error locations, then an expand
able code has been created (Fig 2). 

The matrix, or code, used in the DP8400 device is 
defined such that if a second matrix, identical to the 
first but shifted by one bit position, is combined with 
the first, it would form just such a larger matrix. This 
matrix is fully rotational in that the secondary matrix 
need only be rotated, or shifted one error bit position to 
the left or right with respect to the primary matrix, to 
form larger, unique syndrome words regardless of the 
assigned correspondence of the primary matrix. 

1 1 1 1 1 1 
o 1 234 5 6 7 a 9 0 1 234 5 

LSB error locations MSB 

0011111101 10111 
0001001011010111 
100 1 1 000 1 0 1 0 1 1 1 1 
0110000111101011 
1 1 000 1 0 1 100 1 0 1 0 1 
1 1 101 1 101 000 1 1 1 0 
0111111011101110 
Q 0 1 001 0 1 101 0 1 1 1 0 
001 1 000 1 0 1 011 111 
1100001111010110 
1 000 1 0 1 100 1 0 1 011 
1 1 0 1 1 10 1 0 0 0 1 1 1 0 1 

LSB 

I 
syndrome 

words 

I 
MSB 

o 
1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 

Fig 2 Code in DPMIO can be expanded by adding second 
device witb code sbifted by one bit position. Note tbat 
bottom six blu 0' eacb column are identical to top six bits 
In column to immediate rigbt. 

Implementation of this code in the DP8400 allows the 
data word size to be extended beyond 80 bits, using one 
device for each additional 16-bit word or portion 
thereof. The code function as a rotational syndrome 
word generator exists for all these defined wqrd widths 
(Fig,3). 

In addition to the rotational synd~ome word genera
tor, the DP8400 has two important features that permit 
an easy implementation of a 2-bit error correction 
system. During a memory read, the error indicating syn
dromes can be accessed directly by outputting them to 
the syndrome input/output (I/o) ports; syndrome can 
also be presented to the syndrome I/O ports to be XORed 
with the internally generated syndromes inside the 
DP8400. The internal syndrome decoder is provided with 
the result. ~ 

Error locations I 0 and 1 
produce 

HEX syndrome word- E34 (+) A7a = 44C 
but 

Error locations 2 and 4 
produce 

HEX syndrome word-1E9 (+) C65 = DaC 

Fig 3 Unique s)'IIdrome Is produced for eacb pair of error 
locations wblcb is XOR of tbe locations. Tbat s)'IIdrome can 
be decoded to identify pair in error. 

If, for example, the internally generated 2-bit error 
syndromes are XORed with externally provided syn
dromes, representing one of the bits in error, the 
resulting syndromes representing the unknown error 
will be presented to the internal syndrome decoder. 
Once the unknown error is corrected, the data can be 
output to the data bus. The apparently correct data 
return zero syndromes (those containing aliOs) which, 
when xORed with the syndromes being injected, pro
duce the syndromes representing the unknown error and 
present them to' the syndrome decoder. This second 
error can then be corrected. 

Using syndrome words containing an 
odd number of Is is the most co.mmon 
"modification" to the Hamming code. 

As described, the DP8400 is implemented for a 16-bit 
system. This "primary" Eee device will provide at its 
syndrome I/O pins the primary, or least significant six, 
syndrome ,bits of an extended matrix Eee system. A 
"secondary" Eee device is interfaced to the memory 
system with the data pin-to-system data bit correspon
dence rotated' by one bit position, thus producing the 
extended matrix just described. The second device re
quires a second set of check bits; these secondary, or 
most significant six, syndrome bits are provided by the 
second DP8400. 

The resulting 12-bit syndrome word can be externally 
decoded to provide the syndromes to be injected to 
effect 2-bit error correction. In system use, the exter
nally decoded syndromes will be stored in a register. 
After the syndrome I/O port of the primary Eee device 
has been "turned around," the register outputs are 
enabled to allow syndrome injection. 
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Each of the DP8400 devices provides a set of error 
flags. Since each device maintains an independent check 
bit field in memory, errors occurring within a given 
check bit field are easily and quickly determined. If the 
errors, regardless of number, are confined solely to the 
check bit field of one of the devices, a no-error condi
tion will be indicated. 

The syndrome word generated by this system is unique 
for any combination of 2-bit data errors; both devices 
see an even number, greater than zero, of Is in the syn
drome word (Fig 4). For 2-bit errors involving one data 
bit and one check bit in either the primary or secondary 
check bit fields, the DP8400S report an even, greater than 
zero, and odd number of Is in the syndromes; again, the 
syndromes are unique. The remaining type of 2-bit 
error, that in which both errors occur in either the 

Location/Error Syndromes Location/Error Syndromes 
Data Sec Prim Sec Prim Data Sec Prim Sec Prim 

2 0 0 even even 1 0 1 odd even 
1 1 1 even even 2 1 0 odd even 
1 0 0 odd odd 0 1 2 odd even 
0 1 1 odd odd 1 1 0 even odd 
3 0 0 odd odd 2 0 1 even odd 
1 0 2 odd odd 0 2 1 even odd 
1 2 0 odd odd 

Fig 4 Number and type of errors can be determined by 
looking at combination of even or odd numbers of Is in tbe 
primary and secondary cbeck bit fields. 

primary or secondary check bit fields, produces its own 
unique syndrome word. However, since one DP8400 
reports an even number of Is in its syndrome word and 
the other reports all Os, the data are known to be valid. 
In addition, in this particular 2-bit error correct system, 
nl!arly half of the 3-bit errors result in unique syndrome 
words and are therefore correctable as well. 

Decoding the syndromes 
A programmable read only memory (PROM) or electri
cally programmable read only memory (EPROM) is 
required as an external syndrome decoder for this 2-bit 
error correction system. The PROM address inputs are 
provided by the 12 syndrome bits generated by the two 
ECC devices. The least significant six bits of the PROM 
output byte provide; when required, the syndrome bits 
for subsequent injection into the primary DP8400. The 
remaining two bits of the PROM output byte provide 
flags defining the type of error and the contents of the 
six LSBs of the PROM output byte [Fig 5(a)]. 

The DP8400's error flags provide initial error deter
mination; if an error that is not a single-bit error occurs, 
the external syndrome decoder will provide further error 
determination. Some types of error do not require syn
drome injection and are referred to as "zero-pass" cor
rectable errors. An example of such an error is one with 
a data bit and a secondary check bit in error. This type 
of error is corrected by the primary ECC device. An 
error type that requires "one-pass" correction is one 
with two data bits in error. In this case, syndromes rep
resenting a known error are injected into the DP8400, 

allowing correction of the unknown error. The re
maining single error is then corrected. 

The remaining error type, the "two-pass" error, can 
sometimes be a correctable 3-bit error. The syndromes 
representing a 2-bit error condition are injected, 
allowing correction of one error. The remaining 2-bit 
error produces a new set of syndromes which requires 
external (second-pass) decoding to produce a set of 

MSB LSB 
7 6 5 4 3 2 1 0 

o 0 X X X X X X 
o 1 X X X X X X 
o X X X X X X X 
lOX X X X X X 
llXXXXXX 
1 X X X X X X X 

MSB LSB 
7 6 5 4 3 2 1 0 

X X X X X X ,. 
X X X X X 1 X 
X X X X 1 X X 
X X 0 0 X X X 
X X 0 1 X X X 
X X lOX X X 
X X 1 1 X X X 
lOX X X X X 
llXXXXX 

1 pass correctable 
2 pass correctable 
bits 0 to 5 = syndromes 
not correctable 
o pass correctable 
bits 0 to 5 < > syndromes 

(a) 

primary check bit(s) in error 
secondary check bit(s) in error 
data bit(s) in error 
1 bit in error 
2 bits in error 
3 bits in error 
4 or more bits in error 
output data from secondary ECC 
output data from primary ECC 

(b) 

Fig 5 When a PROM is used as external syndrome decoder, 
its output byte can supply additional data abollt tbe error 
and bow It is to be most efficiently corrected. 

SYSTEM ____________ ,"\ 

DATA 
BUS --~c__--_...,..__-__,O/ 

ENABLE 

SYSTEM 
MEMORY 

NON-SYNDROME 
L..----=-~:-::-:--:--_ ERROR DATA 

Fig 6 A 2-b1t ECC system can be Implemented wltb two 
DPI4OO8, a 4k-byte PROM for external syndrome decoding, 
and a register for temporary storage of syndromes error 
data. Note tbat tbe altered sequence of the lines from tbe 
secondary DPNIO reOects tbe bit rotation needed to expand 
tbe unique matrix. 
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3000 ' •••••••••••• * •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
3010 'DC16AROM.BAS' Bob Nelson - Sunnyvale CA - 9/15/81 
3020 '... This program generates the syndrome decoder ROM code for 
3030 '... use in implementing a primary syndrome injection two bit 
3040 '... correction code generated by a single bit left rotation .** 
3050 '... of the secondary matrix. The primary is a Rotational 
3060 , ••• ' Syndrome Generator as defined by National Semiconductor 
3070 '... in the DP8400. The LPRINT routine ma~ be replaced with a 
3080 '... FILE generator or OUTP routine to facilitate the use of a 
3090 '... PROM/EPROM programmer ..•••.........................•..•.. 
3100 ' •••••••••••••••••••••••••• ****.*.***.**.* •• ** •• * ••••• * •• * ••• **.**.*.*** 
3110 ' 
3120 DEFINT A-Z:DIM SYND(16), PRI(16), ROM(4096,1) 
3130 READ A:B=A:FOR C=O TO 14:READ D:SYND(C)=D·64+A:PRI(C)=A:A=D 
3140 NEXT:SYND(15)=B*64+A:PRI(15)=D 
3150 DATA 52,56,41,7,37,49,35,25,62,11,13,19,44,55,47,31: 'NSC 80F/2 MATRIX 
3160 ROM(0,1)=224:FOR A=l TO 4095:ROM(A,1)=184:NEXT 
3170 FOR A=O TO 13:FOR B=A+1 TO 14:FOR C=B+l TO 15 
3180 AD=SYND(A) XOR SYND(B) XOR SYND(C):AE=PRI(A) XOR PRI(B) 
3190 IF ROM(AD,1)=184.THEN ROM(AD,1)=AE+64 ELSE ROM(AD,1)=183 
3200 NEXT:NEXT:NEXT 
3210 FOR A=O TO 14:FOR B=A+l TO 15 
3220 AD=SYND(A) XOR SYND(B):ROM(AD,l)=PRI(A) 
3230 FOR C=O TO 5:P=2 AC 
3240 IF (AD AND P)=O THEN AE=AD+P ELSE AE=AD-P 
3250 IF (PRI(A) AND P)=O THEN AF=PRI(A)+P+64 ELSE AF=PRI(A)-P+64 
3260 IF ROM(AE,I)=184 THEN ROM(AE,l)=AF ELSE ROM(AE,1)=183 
3270 NEXT \ 
3280 FOR C=O TO 5:S=64*2 AC 
3290 IF (AD AND S)=O THEN AE=AD+S ELSE AE=AD-S 
3300 IF ROM(AE,1)=184 THEN ROM(AE,l)=PRI(A) ELSE ROM(AE,1)=183 
3310 NEXT:NEXT:NEXT 
3320 FOR A=O TO 15:AD=SYND(A):ROM(AD,I)=228 
3330 FOR'B=O TO 5:P=2 AB 
3340 IF (AD AND P)=O THEN AE=AD+P ELSE AE=AD-P 

~~~~ ~g:r~:B!i=;g55:P=2AC 
3370 IF (AE AND P)=O THEN AF=AE+P ELSE AF=AE-P 
3380 IF ROM(AF,1)=184 THEN ROM(AF,l)=213 ELSE ROM(AF,1)=183 
3390 NEXT:NEXT 
3400 FOR B=O TO 5:S=64*2 AB 
3410 IF (AD AND S)=O THEN AE=AD+S ELSE AE=AD-S 
3420 ROM(AE,1)=238 
3430 FOR C=B+1 TO 5:S=64*2 AC 
3340 IF (AE AND S)=O THEN AF=AE+S ELSE AF=AE-S 
3450 IF ROM(AF,1)=184 THEN ROM(AF,1)=245 ELSE ROM(AF,I)=183 
3460 NEXT:NEXT 
3470 FOR B=O TO 5:P=2 AB:FOR C=O TO 5:S=64·2 AC 
3480 IF (AD AND P)=O THEN AE=AD+P ELSE AE=AD-P 
3490 IF (AD AND S)=O THEN AE=AE+S ELSE AE=AE-S 
3500 FOR 0=0 TO 5:E=2 AD 
3510 IF ROM(AE,l)=D THEN ROM(AE,1)=183:GOTO 3540 
3520 IF ROM(AE,1)=184 THEN ROM(AE,l)=P 
3530 NEXT D 
3540 NEXT C:NEXT B:NEXT A 
3550 FOR A=O TO 5:FOR B=O TO 5 
3560 AD=2 AA+64*2 AB:ROM(AD,1)=235 
3570 FOR C=A+1 TO S:AE=AD+2 AC 
3580 IF ROM(AE,1)=184 THEN ROM(AE,1)=243 ELSE ROM(AE,1)=183 
3590 NEXT 
3600 FOR C=B+l TO 5:AE=AD+64·2 AC 
3610 IF ROM(AE,1)=184 THEN ROM(AE,1)=243 ELSE ROM(AE,1)=183 
3620 NEXT:NEXT:NEXT 
3630 FOR A=O TO 5:AD=2 AA:ROM(AD,1)=225 
3640 FOR B=A+1 TO 5:AE=AD+2 AB:ROM(AE,1)=233 
3650 FOR C=B+l TO 5:AF=AE+2 AC 
3660 IF ROM(AF,1)=184 THEN ROH(AF,1)=241 
3670 NEXT:NEXT:NEXT 
3680 FOR A=O TO 5:AD=64*2 AA:ROM(AD,1)=226 
3690 FOR B=A+1 TO 5:AE=AD+64*2 AB:ROM(AE,1)=234' 
3700 FOR C=B+1 TO 5:AF=AE+64*2 AC 
3710 IF ROM(AF,1)=184 THEN ROM(AF,1)=242 
3720 NEXT:NEXT:NEXT 

'300' - 560 

'200 - 120 

'201 - 720 

'210 - 720 

'100 -
'101 -

16 
96 

'102 - 240 

'110 - 96 

'120 - 240 

'111 - 596 

, 011 - 36 

'012 - 90 

'021 - 90 

'001 - 6 
'002 15 
'003 - 20 

'010 - 6 
'020 - 15 
'030 - 20 

3730 B=O:C=O:FOR A=O TO 4095:H$=HEX$(ROM(A,1)): 
3740 B=B+1:C=C+1:IF LEN(H$)=l THEN H$="O"+H$ . 
3750 LPRINT USING "\ \., :H$: : IF C< >16' THEN 3770 

'LPRINT ARRAY 

3760 C.O:LPRINT" ":HEX$(A) 
p"ln IF B< >256 THE:~ 3790 
3780 B=O:LPRINT:LPRINT 
3790 NEXT 
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1000 ' •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
1010 '... 'DC16AMAP.BAS' Bob Nelson - Sunnyvale CA - 9/15/81 ••• 
1020 '... This program generates the syndrome maps for a primary 
1030 '... syndrome injection implementation of a 16 bit word two 
1040 '... bit error correct system utilizing a Rotational Syndrome 
1050 word Generator as implemented in the DP8400 by National 
1060 '... Semiconductor. These maps are based on single bit left 

... 
* •• 
*.* 

1070 '... rotation of the secondary matrix. The 'c' and 'd' notes 
1080 '... i~ the maps denote non-correctable and non-detectable 
1090 '... three bit erro~ conditions.............................. • •• 
1100 ' •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

1110 ' 
1120 DEFINT A-Z:DIM SYND(16),PRI(16),ROM(1132,1):P$="PRIMARY":S$="SECONDARY" 
1130 READ A:B=A:FOR C=O TO 14:READ D:SYND(C)=D·64+A:PRI(C)=A:A=D 
1140 NEXT:SYND(15)=B·64+A:PRI(15)=D 
1150 DATA 52,56,41,7,37,49,35,25,62,11,13,19,44,55,47,31: 'NSC 80F/2 MATRIX 
1160 LPRINT "ONE DATA ERROR SYNDROME MAP":LPRINT 
1170 FOR A=O TO 15:LPRINT USING"U":A::LPRINT" "::NEXT:LPRINT:LPRINT 
1180 FOR A=O TO 15: LPRINT HEX$(SYND(A)):" "::NEXT:LPRINT 
1190 FOR A=l TO 4:LPRINT:NEXT 
1200 LPRINT"TWO DATA ERROR CORRECT SYNDROME MAP":LPRINT 
1210 FOR A=l TO 15: LPRINT USING"U" :A:: LPRINT" ": :NEXT: LPRINT: LPRINT 
1220 FOR A=O TO 14:FOR B=A+1 TO 15:AD=SYND(A) XOR SYND(B) '200 - 120 
1230 ROM(X,l)=AD:H$=HEX$(AD):IF LEN(H$)=2 THEN H$="O"+H$ 
1240 LPRINT H$:" ";:X=X+l:NEXT B:LPRINT USING"#!II1":A 
1250 LPRINT TAB((A+l)·5+1)::NEXT A:FOR A=l TO 4:LPRINT:NEXT 
1260 FOR A=O TO 5:S=64·Z~A:FOR B=O TO 5:P=2~B:FOR C=O TO 15 
1270 AD=SYND(C):IF (AD AND P)=O THEN AD=AD+P ELSE AD=AD-P 
1280 IF (AD AND S)=O THEN AD=AD+S ELSE AD=AD-S 

'111 - 576 

1290 ROM(X,1)=AD:X=X+1:NEXT:NEXT:NEXT:A$=" " 
1300 LPRINT"ONE DATA, ONE PRI, ONE SEC CHECK ERROR SYNDROME MAPS":LPRINT 
1310 LPRINT:X=120.:FOR A=O TO 5:LPRINT"SECONDARY CHECK BIT":A:LPRINT 
1320 FOR F=O TO 15:LPRINT USING"##":F::LPRINT" "::NEXT F:LPRINT:LPRINT 
1330 FOR B=O TO 5:FOR C=O TO 15:FOR E=O TO 119 
1340 IF ROM(E,l)=ROM(X,l) THEN A$="d":EO=EO+l:GOTO 1370 ELSE NEXT E 
1350 FOR D=120 TO 695:IF D=X THEN D=D+1 
1360 IF 'ROM(D,l)=ROM(X,l) THEN A$="c":E2=E2+1 ELSE NEXT D 
1370 H$=HEX$ (ROM(X,l)):IF LEN(H$)=2 THEN H$="O"+H$ 
1380 LPRINT H$:A$: :X=X+1:A$=" ":NEXT C:LPRINT USING"####":B 
1390 NEXT B:LPRINT:LPRINT:NEXT A 
1400 LPRINT"576 ONE DATA, ONE PRI, ONE SEC CHECK errors are possible." 
1410 LPRINT EO;"TWO DATA errors are not detectable.":LPRINT E2; 
1420 LPRINT "ONE DATA, ONE PRI, ONE SEC CHECK errors are not correctable." 
1430 LPRINT 100·((576-EO)/576):"PERCENT DETECT - ": 
1440 LPRINT 100·((576-EO-E2)/576:"PERCENT CORRECT" 
1450 FOR A=l TO 4:LPRINT:NEXT:EA=EO:EO=0:EC=E2:E2=0 
1460 X=O:FOR A=O TO 15:AD=SYND(A):ROM(X,1)=AD:X=X+1:NEXT 
1470 FOR A=O TO 5:P=2~A:FOR B=O TO 5:S=64·2~B 
1480 AD=P+S:ROM(X,l)=AD:X=X+l:NEXT:NEXT 

'100 -
'011 -

16 
36 

1490 FOR A=O TO 15:FOR B=A+l TO 15:FOR C=B+1 TO 15 
1500 AD=SYND(A) XOR SYND(B) XOR SYNDIC) 

'300 - 560 

1510 ROM(X,1)=AD:X=X+1:NEXT:NEXT:NEXT 
1520 FOR A=O TO 5:PO=2~A:FOR B=A+l TO 5:P1=2~B '102 - 240 
1530 FOR C=O TO 15:AD=SYND(C):IF (AD AND PO)=O THEN AD=AD+PO ELSE AD=AD-PO 
1540 IF (AD AND P1)=0 THEN AD=AD+P1 ELSE AD=AD-Pl 
1550 ROM(X,l)=AD:X=X+l:NEXT:NEXT:NEXT 
1560 FOR A=O TO 5:S0=64·2~A:FOR B=A+1 TO 5:S1=64·2~B '120 - 240 
1570 FOR C=O TO 15:AD=SYND(C):IF (AD AND SO)~O THEN AD=AD+SO ELSE AD=AO-SO 
1580 IF (AD AND 51)=0 THEN AD=AD+Sl ELSE AD=AD-51 
1590 ROM(X,1)=AD:X=X+1:NEXT:NEXT:NEXT 
1600 LPRINT"THERE DATA BIT ERROR SYNDROME MAPS":LPRINT:LPRINT 
1610 X=52:A$=" ":FOR A=O TO 13:LPRINT"OATA bit":A:LPRINT 
1620 FOR D=A+2 TO 15:LPRINT USING"##";D;:LPRINT" ";:NEXT:LPRINT:LPRINT 
1630 FOR B=A+1 TO 14:FOR C=B+1 TO 15:FOR E=16 TO 51 
1640 IF ROM(E,l)=ROM(X,l) THEN A'$="d ":EO=EO+1:GOTO 1690 ELSE NEXT E 
1650 FOR F=612 TO 1091 
1660 IF ROM(F,l)=ROM(X,l) THEN A$;="c ":E1=E1+1:GOTO 1690 ELSE NEXT F 
1670 FOR G=52 TO 611:IF G=X THEN G=G+1 
1680 IF ROM(G,l)=ROM(X,l) THEN A$="c ":E2=E2+1 ELSE NEXT G 
1690 H$=HEX$(ROM(X,l)):IF LEN(H$)=2 THEN H$="O"+H$ 
1700 LPRINT H$;A$: :X=X+1:A$=" ":NEXT C:LPRINT USING "U#":B 
1710 LPRINT TAB((B-A).5+1)::NEXT B:LPRINT:LPRINT:NEXT A 
1720 LPRINT"560 THREE DATA BIT errors are possib1e.":LPRINT EO: 
1730 LPRINT"ONE PRI, ONE SEC CHECK errors are not detectab1e.":LPRINT E1: 
1740 LPRINT"ONE DATA, TWO PRIor TWO SEC CHECK errors are not correctable." 
1750 LPRINT E2:"THREE DATA BIT errors are not correctable." 
1760 LPRINT 100· ( (560-EO )/560) ;" PERCENT DETECT - "i 
1770 LPRINT 100*((560-EO-E1-E2)/560):"PERCENT CORRECT" 
1780 FOR A=l TO 4:LPRINT:NEXT A:EA=EA+EO:EB=EB+E1:EC+EC+E2 
1790 LPRINT"ONE DATA, TWO PRIMARY CHECK ERROR SYNDROME MAPS":LPRINT:LPRINT 
1800 A$=" ":EO=0:E1=0:E2=0:FOR A=O TO 4:LPRINT"PRIMARY check bit"iA:LPRINT 
1810 FOR F=O TO 15:LPRINT USING "#II":F::LPRINT" "i:NEXT F:LPRINT:LPRINT 
1820 FOR B=A+1 TO 5:FOR C=O TO 15:FOR E=852 TO 1091 
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Ci5 
2120 
2130 
2140 
2150 
2160 
2170 
2180 
2190 
2200 
2210 
2220 
2230 
2240 
2250 
2260 
2270 
2280 
2290 
2300 
2310 
2320 
2330 
2340 
2350 
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2370 
2380 
2390 
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2440 
2450 
2460 
2470 
2480 
2490 
2500 
2510 
2520 
2530 
2540 
2550 
2560 
2570 
2580 
2590 
2600 
2610 
2620 
2630 

FOR F=52 TO 611 
IF ROM(F,l)=ROM(X,l) THEN A$="c":E2=E2+l:GOTO 1860 ELSE NEXT F 
IF ROM(E,l)=ROM(X,l) THEN A$="c":E1-El+l ELSE NEXT E 
H$=HEX$(ROM(X,l)):IF LEN(H$)=2 THEN H$="O"+H$ 
LPRINT H$;A$;:X=X+l:A$=" ":NEXT C:LPRINT USING "II##II";B 
NEXT 13:LPRINT:LPRINT:NEXT A 
LPRINT"240 ONE DATA, TWO PRIMARY CHECK errors are possible." 
LPRINT El;"ONE DATA, TWO SECONDARY CHECK errors are not correctable." 
LPRINT E2;"THREE DATA BIT errors are not correctable." 
LPRINT"lOO PERCENT DETECT - ";100*((240-El-E2)/240);"PERCENT CORRECT" 
FOR A=l TO 4:LPRINT:NEXT A:'EB=EB+E1+E2:El=0:E2=0 
LPRINT"ONE DATA, TWO SECONDARY CHECK ERROR SYNDROME MAPS":LPRINT 
LPRINT:FOR A=O TO 4:LPRINT"SECONDARY check bit";A:LPRINT 
FOR F=O TO l5:LPRINT USING "U";F;:LPRINT" ";:NEXT F:LPRINT:LPRINT 
FOR B=A+l TO 5:FOR C=~ TO l5:FOR E=612 TO 851 
FOR F=52 TO 611 
IF ROM(F,l)=ROM(X,l) THEN A$="c":E2=E2+1:GOTO 2010 ELSE NEXT F 
IF ROM(E,l)=ROM(X~l) THEN A$="c":E1=El+l ELSE NEXT E 
H$=HEX$(ROM(X,l)):IF LEN(H$)=2 THEN H$="O"+H$ , 
LPRINT H$;A$;:X=X+l:A$=" ":NEXT C:LPRINT USING "##II#";B 
NEXT B:LPRINT:LPRINT:NEXT A' 
LPRINT"240 ONE DATA, TWO SECONDARY CHECK errors are possible." 
LPRINT El;"ONE DATA, TWO PRIMARY CHECK errors are not correctable." 
LPRINT E2;"THREE DATA 13IT errors are not correctable." 
LPRINT"lOO PERCENT DETECT - ";100*((240-E1-E2)/240);"PERCENT CORRECT" 
FOR A=l TO 4:LPRINT:NEXT A:EB=EB+E1+E2:A$=" ":CO=1:C1=64 
IF W=l THEN P$="SECONDARY":S$="PRIMARY":CO=64:Cl=1 
X=O:FOR A=O TO 15:AD=SYND(A):FOR 13=0 TO 5:P=CO*2 AB '101/110 - 96 
IF (AD AND P)=O THEN AE=AD+P ELSE AE=AD-P 
ROM(X,1)=AE:X=X+l:NEXT 13:NEXT A 
FOR A=O TO 5:S=Cl*2 AA:FOR 13=0 TO l5:FOR C=B+l TO 15 '210/201 - 720 
AD=SYND(B) XOR SYND(C):IF (AD AND S)=O THEN AE=AD+S ELSE AE=AD-S 
ROM(X,l)=AE:X=X+l:NEXT C:NEXT B:NEXT A 
FOR A=O TO 5:AD=Cl*2 AA:FOR 13=0 TO 4:AE=AD+CO*2 AB '012/021 - 90 
FOR C=B+l TO 5:ROM(X,1)=AE+CO*2 AC:X=X+l:NEXT:NEXT:NEXT 
A$=" ":LPRINT"TWO DATA, ONE ";:LPRINT S$; 
LPRINT" CHECK ERROR SYNDROME MAPS":LPRINT:LPRINT 
X=96:EO=0:E1=0:E2=0:FOR A=O TO 5:LPRINT S$; 
LPRINT" check bit";A:LPRINT 
FOR F=l TO 15:LPRINT USING"U";F;:LPRINT" ';;:NEXT F:LPRINT:LPRINT 
FOR B=O TO 14:FOR C=B+l TO l5;FOR D=O TO 95 
IF ROM(D,l)=ROM(X,l) THEN A$="d ":EO=EO+1:GOTO 2280 ELSE NEXT D 
FOR G=96 TO 8l5:IF G=X THEN G=G+l 
IF ROM(G,l)=ROM(X,l) THEN A$="c ":E2=E2+1:GOTO 2280 ELSE NEXT G 
FOR E=816 TO 905 
IF ROM(E,l)=ROM(X,l) THEN A$="c ":E1+El+1 ELSE NEXT E 
H$=HEX$(ROM(X,l)):IF LEN(H$)=2 THEN H$="O"+H$, 
LP~INT H$;A$;:X=X+l:A$=" ":NEXT C:LPRINT USING"IIII#II";B 
LPRINT TAB((B+l)*5+l);:NEXT B:LPRINT:LPRTNT:NEXT A 
LPRINT"720 TWO DATA, ONE ";:LPRINT MID$(S$,1,3); 
LPRINT" CHECK errors are possible." 
LPRINT EO;"ONE DATA, ONE ";:LPRINT MID$(P$,1,3); 
LPRINT" CHECK errors are not detectab1e.":LPRINT E1;"TWO "; 
LPRINT MID$(P$,1,3);:LPRINT", ONE ";:LPRINT MID$(S$,1,3); 
LPRINT" CHECK errors are not correctable." 
LPRINT E2;"TWO DATA, ONE ";:LPRINT MID$(S$,1,3); 
LPRINT" CHECK errors are not correctable." 
LPRINT 100*((720-EO)/720);"PERCENT DETECT - "; 
LPRINT 100*( (720-EO-E1-E2 )/720); "PERCENT CORRECT" 
FOR A=l TO 4:LPRINT:NEXT:EA=EA+EO:EB=EB+E1:EC=EC+E2 
LPRINT"TWO ";:LPRINT MID$(P$,1,3);:LPRINT", ONE ";:LPRINT MID$(S$,1,3); 
LPRINT" CHECK ERROR SYNDROME MAPS":LPRINT:LPRINT 
X=8l~:EO=0~El=0:E2=0:FOR A~O TO 5:LPRINT S$; 
LPRINT" check bit";A:LPRINT 
FOR F=l TO 5:LPRINT USING "IIII";F;:LPRINT" ";:NEXT F:LPRINT:LPRINT 
FOR 13=0 TO 4:FOR C=B+l TO 5 
FOR D=96 TO 8l5:IF ROM(D,1)=ROM(X,1) THEN A$="c ":E1=E1+1 ELSE NEXT D 
H$=HEX$(ROM(X,l)):IF LEN(H$)=2 THEN H$="O"+H$ 
LPRINT H$;A$;:X=X+l:A$=" ":NEXT C:LPRINT USING"III1";B 
LPRINT TAB((B+l)*5+l);:NEXT B:LPRINT:LPRINT:NEXT A:LPRINT"90 TWO "; 
LPRINT MID$(P$,1,3);:LPRINT", ONE ";:LPRINT MID$(S$,1,3); 
LPRINT" CHECK errors are possible.": LPRINT, E1; "TWO DATA, ONE"; 
LPRINT MID$(S$,1,3);:LPRINT" CHECK errors are not correctable." 
LPRINT"lOO PERCENT DETECT - ";l00*((90-El)/90);"PERCENT CORRECT" 
FOR'A=l TO 4:LPRINT:NEXT A:EA=EA+EO:EB=EB+El:EC=EC+E2 
IF W=O THEN W=l:GOTO 2090 
FOR A=l TO 4:LPRINT:NEXT 
LPRINT"3290 THREE BIT ERRORS (all types) are possible." 
LPRINT EA;"of these errors cannot be detected." 
LPRINT EB+EC;"pf these errors cannot be located." 
LPRINT 100*((3290-EA)/3290);"PERCENT DETECT - "; 
LPRINT 100*((3290-EA-EB-EC)/3290);"PERCENT CORRECT" 
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single-bit error syndromes. The error status at this point 
is that of a "one pass" error, and correction proceeds 
accordingly. 

When a zero-pass error or a noncorrectable error 
occurs, the six LSBS from the PROM provide additional 
information. For example, a hexadecimal coded output 
from the PROM [Fig 5(b)) defines a 2-bit error in which 
one bit in error is a data bit and the other a primary 
check bit. The primary ECC device detects a 2-bit error 
while the secondary device detects only the data bit in 

Some types of error do not require 
syndrome injection and are referred to 
as Hzero-pass" correctable errors. 

error. Bit 5 of the PROM output directs the secondary 
device to output corrected data to the system. In most 
cases, bit 5 is a I, and corrected data are output from 
the primary ECC device. Bits 0 through 4 of the PROM 
output define the error type and the number of bits in 
error (Fig 6) when the MSB (bit 7) is a 1. When the MSB is 
a 0, syndromes are required for correction, and bits 0 
through 5 represent those syndromes. 

The first of the two programs provided here is called 
"DC16AROM.BAS," and is a listing in hexadecimal 
representing the contents of the syndrome decoding 
PROM. The file may be presented to an output port for 
loading a p'ROM programmer if minor program changes 
are made. The second program, called "DC16AMAP.BAS," 
generates all the required syndrome maps, which 
include flags for all correctable 3-bit errors. These 
programs were written in Microsoft Basic and are 
compilable. 
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EFFORTLESS ERROR 
MANAGEMENT 
Basic application of error management techniques is 
based on error history, including the double complement 
error correction cycle 

by Bob. Nelson 

. 
hen implemented only in hardware, error 
management is generally limited'to simple error 
logging. In most systems, error logging hardware 

is designed to capture the location of one error and use 
this information for maintenance purposes. In more 
sophisticated systems, however, software extends the 
error management function: after hardware obtains . 
error information, data are accumulated on disk to 
expand storage capacity for information relating to 
error locations. Beyond the error information storage 
function of error management, which is useful for 
maintenance, some systems implement a correction pro
cedure based on error history. If two errors occur in a 
memory word where an error has previously occurred, it 
is likely that both errors can be corrected. The basic 
error management system described in this article will 
provide a high correction rate for all 2-bit errors, except 
when two soft errors simultaneously occur in a memory 
word with no error history. 

Error managament system 
The error management system comprises the central 
processing unit (cpu), the system memory, an error 
checking and correction (ECC) device, and an error 
management. unit (EMU). The cPU is a 16-bit machine 

Bob Nelson is responsible for digital systems 
applications and new product definition at National 
Semiconductor Corp, 2900 Semiconductor Dr, Santa 
Clara, CA 95051. His engineering career began at the 
Burroughs Corp, where he worked on semiconductor 
memory systems and system interface design for large 
mainframe computers. Mr Nelson completed his basic 
engineering studies at Citrus College, Azusa, Calif, 
following undergraduate work at Pasadena City 
College. 

Published in Computer Design, February, 1982. 
Reprinted by permission. 

and requires commensurate memory. Actual memory, 
including the six check bits that the ECC device requires, 
is 22 bits wide. The ECC device is based on the DP8400 
monolithic ECC unit manufactured by National Semi
conductor. The EMU is a hypothetical device that can be 
implemented in hardware, partially or'entirely, depending 
on system requirements. 

The DP8400 provides several functions and features 
that allow easy implementation of a minimum hardware 
error management system. Error indicating syndrome 
words must be available to the EMU directly and syn
drome injection capability must exist. (See' 'Simplifica
tion of 2-Bit Error Correction," Jan 1982, pp 127-136, 
for a discussion of the DP8400's syndrome input/output 
ports.) The DP8400 also provides the hardware required 
to perform a double complement correct cycle. Error 
flags must be provided to discriminate between 2-bit 
and detectable 3-bit errors; the DP8400 provides three 
such flags to include this function. 

Vertical columns in the matrix shown in Fig 1 repre
sent the single data bit error indicating syndrome 
words. A double data bit error syndrome word results 
from .exclusive oRing (XOR) the two single-bit error 
indicating syndrome words that correspond to the 
bit locations in error. A detectable triple data bit SyI)
drome word is anyone of the ten syndrome words, not 
included as part of the matrix, which contains either 
three or five Is. Syndrome words that represent check 
bit errors contain Is in the syndrome word bit positions 
corresponding to the check bits in error, and Os in the 
remaining bit positions. :An error condition involving 
the data and check bit fields provides a syndrome word 
that represents the data bit(s) in error, xORed with a 
syndrome word representing the check bit(s) in error. 

Error management unit 
The EMU is memory intensive and uses memory in the 
form of an associative stack. Three fields constitute 
each of the 16 words in the stack: the 8-bit address field, 
which is the associative portion of the word; the 2-bit 
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1 1 1 1 1 
a 1 234 5 6 7 8 9 a 2 3 4 5 

LSB error locations MSB 

a a 1 1 1 1 1 1 a 1 1 a LSB a 
a a a 1 a a 1 a 1 1 a a I 1 
100 1 1 a a a 1 a 1 a 1 1 syndrome 2 
a 1 1 a a a a 1 1 1 10101 words 3 
1 1 a a a 1 a 1 1 a a 1 a 1 a 1 I 4 
1 1 1 a 1 1 1 a 1 a a a 1 1 1 a MSB 5 

Fig 1 DPI400 syndrome word generator. Presenting errors to 
unique matrix produces syndrome words. 

tag field; and the 6-bit syndrome field (Fig 2). The pointer 
addresses the stack. The EMU also contains a syndrome 
comparator, a temporary syndrome register, and a tag 
bit attribute register and comparator. The EMU 
monitors most ECC flags and provides flags of its own 
both to the ECC device and to the cpu; monitoring the 
memory address and comparing that address to the 

address I ~~t~ I syndromes I 
Word a 7 6 5 4 3 2 1 a 1 a 5 4 3 2 1 a 

Word 1 5 . 7 6 5 4 3 2 1 a 1 a 5 4 3 2 1 a 

Fig 1 Associative stack organization. Of 16-bit address, 
'eight address bits are most significant bits. Tag bits indicate 
type of error, and syndrome bits contain syndrome word. 

stack's address field is a major function of the EMU. 
, When the "stack full" flag is off, however, the number 
of words in the match area is limited by the location of 
the stack pointer. If a match occurs, ie, if the current 
memory address is an address at which an error occurred 
previously, the information obtained froq! the previous 
error can be used to correct more than one error bit. 
Each EMU function will be defined in a subsequent sec
tion of this article. 

Single·bit error: first occurrence 
Absence of a match, accompanied by single-bit error 
indicating flags, defines the first occurrence of such an 

Tag Bits Information Status 

error in the current 
address. The error may 
be in the data bit or check 

00 
01 
10 
11 

soft single·bit error bit field of memory. Er-
firm single·bit error ror address, tag bits (Fig 
hard single· bit error 3), and single-bit error 
hard double·bit error indicating syndrome 

Fig 3 Tag bit field of stack 
Indicates error type for more 
efficient processing by error 
management system. Tag bit 
field could be extended in 
other systems to provide more 
error information. 

word are stored in the 
EMU stack. Tag bits are 
assigned a value of 00, 
indicating a soft single-bit 
error. The stack pointer is 
then incremented and the 
ECC device corrects 

the single-bit error in the usual way. Stored syndromes 
contain an odd number of Is. In Fig 4, data bit S fails at 
memory address 52 HEX, check bit 3 fails at address 45 
HEX, and data bit 9 fails at address C7 HEX. Since the 
errors have not occurred previously at these addresses, 
they are given a tag bit value of 00. Logging errors 
should not impact the speed or function of the ECC 
system in performing single-bit error correction. 

Double·bit error: first occurrence 
When a double-bit error occurs at an address with no 
error history, the EMU exercises the only available 
option, a double complement correct cycle. As the ECC 
device enters the complement write mode, the syndrome 
word that represents the double-bit error condition is 
stored in the temporary syndrome register. ,Then the 
ECC system performs a double complement correct cycle 
to generate a second set of error flags. If two soft errors 
caused the initial indication of a 2-bit error, the second 
set of error flags will also indicate two errors and repre
sent a non correctable condition. Any double-bit error 
situation other than that of two soft errors will produce 
error flags that indicate a correctable condition at the 
conclusion of the double complement correct cycle. 

One hard and one soft 
Error flags produced after the second complement of 
the double complement corre<:t cycle indicate a single 
error if the initial error condition was one hard and one 
soft. At that point, the hard error will have been "cor
rected" and the remaining soft error indicated. The ECC 
device will generate a new single-bit error indicating syn
drome word, which the EMU will XOR with the previ
ously stored double-bit error indicating syndrome word. 
The result, which is the single-bit hard error indicating 
syndrome word, is stored in the stack. 

To identify the bit as a single hard error, the tag bit 
field is set to a value of 10. After the error information 
is stored, the stack pointer is incremented. The ECC 
device corrects the single error in the usual manner. The 
remaining soft error may be either a check bit error or a 
data bit error. Fig 5 illustrates a soft error in data bit 
location 2 and a hard error in data bit location 11. A 
double complement cycle corrects the error in location 
11. Representing the soft error, a new syndrome word is 
then XORed with the original syndrome word to produce 

I error address I ~~t~ I syndromes I 
Word a 1 a 1 a a a 1 a a a 1 1 a a 0 1 data bit 5 
Word 1 a 1 a a a 1 0 1 a a a a 1 a 0 a check bit 3 
Word 2 1 1 a 0 a 1 1 1 a a a a 1 a 1 1 data bit 9 
Word 3 X X X X X X X X X X X X X X X X 

Word 15 X X X X X X X X X X X X X X X X 

Fig 4 Logging errors on EMU stack. Single-bit errors 
occurring at addresses with no previous error history receive 
tag bit vaiue of 00. 
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1st error 0010000000010000 111010 
D ~ 0 1101111111101111 000101 

2ndread 1101111111111111000101 
B ~ D 0010000000000000 111010 

2 and 11 
complement 
11 corrected 
complement 

i ... ______ 101001 new syndromes 

L 010011 2 + 11 XOR 2 = 11 

la) 

I error address I ~~t~ I syndromes I 
Word 3 0 0 1 1 0 1 1 0 1 0 1 0 1 0 0 1 data bit 2 
Word 4 0 1 1 0 1 1 0 1 1 0 0 1 0 0 0 0 check bit 4 

Ib) 

Fig 5 After correcting bard error in bit position 11 (a), 
system stores hard error syndrome on associative stack (b) 
and sets tag bit field to indicate single-bit hard error. 

I error address I ~~t~ I syndromes I 
Word 0 1 0 1 0 0 0 1 0 0 0 1 1 0 0 0 1 data bit 5 
Word 1 0 1 0 0 0 1 0 1 0 0 0 0 1 0 0 0 check bit 3 
Word 2 1 1 0 0 0 1 1 1 0 0 0 0 1 0 1 1 data bit 9 
Word 3 0 0 1 1 0 1 1 0 1 0 1 0 1 0 0 1 data bit 2 
Word 4 0 1 1 0 1 1 0 1 1 0 0 1 0 0 0 0 check bit 4 
Word 5 1 0 0 0 0 1 0 0 1 1 1 0 1 0 0 0 2 hard 
Word 6 X X X X X X X X X X X X X X X X 

Word 1 5 X X X X X X X X X X X X X X X X 

Fig 6 Contents of EMU'S stack containing initial occurrence 
of eacb error type. 

the syndrome word that represents the hard error. These 
hard error syndromes are stored as shown in Fig 6, 
which also shows the storage of a hard check bit error at 
address 60 HEX. 

Two hard 
An ECC "no-error" flag, following a double comple
ment correct cycle, indicates an initial error condition of 
two hard errors. Data following the second complement 
are correct; since no error exists, a syndrome word of all 
zeros is generated. The EMU will store the error address, 
the tag bits, and the contents of the temporary register. 
Tag bits will be given a value of II, indicating a double
bit hard error. The stored syndrome word is then XORed 
with the contents of the temporary syndrome register 
and the new syndrome word from the ECC device (as 
with a one soft/one hard error condition), and the stack 
pointer is incremented. In this example, the information 
obtained from a double-bit hard error at address 84 
HEX, including a syndrome word of 101000, is stored. A 
2-bit error indicating syndrome word provides no infor
mation regarding the location of the errors. Errors in 
data bit locations 13 and IS, for example, produce the 
stored syndrome word as would errors in check bit loca
tions 3 and S. Fig 6 illustrates the contents of the 
associative stack portion of the EMU following the first 
occurrence of each type of error discussed. Word S in 
the stack represents the double-bit hard error. 

Logging the errors 
As errors occur at new addresses, error data are stored 
in the stack and the stack pointer is incremented. When 
information is entered in stack word 15 a "stack full" 
flag is set. The stack full flag directs the pointer to the 
lowest word address location in the stack containing the 
value 00 in the tag bit field. After storing data, the stack 
pointer goes to the next highest word address location 
that contains aOO in the tag bit field. The stack contains 
the most recent error addresses at which single-bit soft 
errors occurred and all addresses at which firm or hard 
errors occurred. When no tag bit field contains 00, the 
"overflow" flag is provided and no additional stack 
storage occurs. However, logged error information is 
available to the system. One of the DP8400modes, for 
example, allows data to be provided to the syndrome 
input/output ports and output through the data input! 
output ports, a capability that allows the error informa
tion to be dumped to the system disk for an additional 
level of storage". In another mode, the DP8400 can inter
nally transfer data from the data input to the syndrome 
output, allowing the stack to be loaded from the system 
disk via the data bus. 

Error locations are stored in real time by the logging 
procedure. Error resolution is defined by the correspon
dence of the memory address bits to the EMU address 
inputs. The EMU described here has eight address inputs 
that allow chip level error resolution in a 1M-byte memory 
system when 64k-bit dynamic random access memories 
are used. Since the EMU does not monitor the least signi
ficant eight memory address lines, error information
specifically the address and syndromes as stored in the 
EMu-represents a memory chip location. If a "read 
error" match occurs, only the tag bits and/or the stored 
syndrome word may be updated. Therefore, each unique 
error address can exist in a single stack location. Each 
stored word location defines one defective bit (chip) loca
tion if the syndrome word indicates a single-bit error. In 
some cases, the error information will represent two hard 
errors, which normally cannot be located. 

Relocating the errors 
In response to' new error information, it may be 
desirable to change the error locations as defined by the 
syndrome words stored in the EMU. If a single-bit error 
is accompanied by an address match and tag bits repre
senting a stored single-bit soft error, but if the syndrom'e 
comparison indicates that a different bit is in error, the 

syndrome field of the 
matching stack word 
should be changed to 

Stored Erro~ Tags Detected Error the new syndrome 

1 bit, firm 
1 bit, hard 
1 bit, soft 
1 bit, soft 
1 bit, firm 
1 bit, hard 

01 1 soft, 1 hard 
10 1 soft, 1 hard 
00 1 soft, 1 hard 
00 2 soft 
01 2 hard 
10 2 hard 

Fig 7 Errors for syndrome 
injection in order of 
probability. Syndrome 
injection in the DP8400 allows 
faster correction tban double 
complement method. 
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word. The ECC will 
correct the single-bit 
error in the normal 
manner, and the most 
recent soft error 
information for that 
memory address will 
be maintained. Previ
ous soft error infor
mation can be off
loaded to a secondary 
storage device prior to 
the update. 



Maintenance help 
Maintenance tools are a by-product of the EMU system. 
During the ECC procedure, error locations are identified 
and error types determined. EMU generated flags, which 
are provided when the stack contents reach a defined 
level, allow the error information to be offloaded to the 
system disk and the EMU to be cleared and reloaded with 
selected error information from disk. After the error 
information is loaded on disk, the system can be 
powered-down for maintenance. Following system 
power-up, suspect information about error location 
may be written to the EMU. This extended logging 
capability is part of the total error management system. 

Redefinition 
When a single-bit error occurs in a location at which a 
single-bit error has occurred previously, and the stored 
syndrome word is the same as the single-bit error indi
cating syndrome word generated by the ECC device, it 
may be necessary to redefine the error type. If the match 
provides tag information indicating a soft error (tag 
field = (0), the tag field will be changed to 01 to indi
cate a single-bit firm error. Such a redefinition is valid. 
For instance, a firm error may be an unproved hard 
error or an error-prone memory device sensitive to 
alpha particles, system noise, or both. Such an error can 
be treated as either a soft error or a hard error, or be ' 
given a definition based on the present error. For the 
purpose of this discussion, a firm error will be treated as 
a hard error. 

With ... double complement correct 
cycles, 1000/0 of 2-bit errors can be 
~orrected when ... one of the errors is 
hard, regardless oj. .. error history. 

Although a soft error can occur in any given location 
within a chip, a second soft error is most likely to occur 
within the same chip. Error-prone chips are identified 
and tagged as firm error locations. In the EMU, both the 
syndromes and the address field are compared, pro
viding higher error resolution within a word. In this 
EMU, the tag bit field is updated and the syndrome field 
is rewritten (if the second error is not in the same chip, 
the most recent single-bit error location in that word will 
be stored). The ECC device corrects the single-bit error 
in the normal manner. 

Double·bit error: subsequent occurrence 
When a double-bit error occurs and the EMU obtains a 
match, the contents of the tag bit field dictate the pos
sible courses of action (Fig 7). If the tag bits are 11, for 
example, a double complement correct cycle is the only 
option. If the tag bits indicate a single-bit hard error 
location, a double complement correct cycle could be 
implemented. On the. other hand, it is reasonable to 

assume that the stored syndrome word represents one of 
the two present error locations; in that case the error can 
be corrected without additional memory cycles. 

One hard-one loft, one hard 
If a match is obtained, tag bits are 10, and a 2-bit error 
has been detected, it is most likely that one error is soft 
and the other hard. Syndrome injection will obtain the 
fastest correction. The syndrome word in the stack, 
which usually represents the hard error location, is 
presented to the DP8400. There it is xORed with the inter
nally generated syndrome word to provide the resulting 
soft error syndrome word, which is then presented to 
the syndrome decoder. After the ECC device corrects the 
soft error, it generates new check bits and zero syn
dromes. xoRing the new syndromes with the still
injected hard error syndrome word, the unit decodes the 
hard error location and corrects the second error. This 
procedure allows correction of 2-bit errQrs without 
additional memory cycles, once the location of the hard 
error has been determined. Although a firm error is 
treated as a hard error, it must be given special consid
eration during system maintenance. 

One soft-one soft, one hard 
If a 2-bit error is detected and a match obtained with a 
tag of 01, the highest probability is that one error is soft 
and one is hard. The syndrome word from the stack is 
injected into the DP8400, where it is xORed with the inter
nally generated syndrome word, providing the result to 
the syndrome decoder. Correcting the soft error, the 
ECC device. generates new check bits and syndromes, 
XORS the new syndromes with the still-injected hard 
error syndrome word provided by the EMU, decodes the 
known error location, and corrects it. When the loca
tion of one error has been determined, this procedure 
allows high speed correction of 2-bit errors without 
additional memory cycles. 

One soft-two soft 
If a match is obtained, tag bits are 01, and a 2-bit error 
is detected, both errors are probably soft and can be 
corrected by syndrome injection. The syndrome word in 
the stack (which often represents one of the soft error 
locations) is presented to the DP8400, where it is xORed 
with the syndrome word, generated internally to provi~e 
the unknown soft error syndrome word to the syndrome 
decoder. Correcting the soft error, the ECC device 
generates new check bits and zero syndromes. xoRing 
the new syndromes with the still-injected "known" soft 
error indicating syndrome word, it decodes the error 
location and corrects the second error. Thus, two soft 
errors can be corrected if the location of one is known. 

One firm or hard-two hard 
If two hard errors occur at an address where a single-bit 
hard error, has been recorded previously, syndrome 
injection will usually accomplish the correction. The 
syndrome word in the stack, which most likely repre
sents one of the hard error locations, is presented to the 
DP8400 where it is xORed with the internally generated 
syndrome word, providing the result to the syndrome 
decoder. The ECC device corrects the first error and 
generates new check bits and zero syndromes. xoRing 
the new syndromes with the still-injected "known" 
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error indicating syndrome word, the unit corrects the 
second error. This procedure allows high speed correc
tion of two hard errors when the location of one is 
known. 

Double complement . 
The double complement error correction cycle is effec
tive for locating hard errors in an error management 
system. This technique is effective when speed of error 
correction is of less concern than system integrity. Use 

of the double com-
Stored Error Tags Detected Error plement correct 

cycle following the 
1 bit, soft 
1 bit, firm 
1 bit, hard 

00 
01 
10 

2 hard 
2 soft 
2 soft 

F1g 8 Errors for double 
complement correction. When 
speed is of less priority, 
double complement method 
allows more preCise error 
detection, logging, and 
correction. 

detection of every 
error enhances 
error determina
tion and correc
tion. Immediate 
determination of 
single-bit hard 
errors improves the 
possibility that 
double-bit errors 

in the same defined address can be corrected. The next 
level of error detection and correction efficiency, using 
the double complement correct cycle for each detected 
error, includes those error types noted in Fig 8: 
One soft-two hard 
A no-error indication from the ECC device following the 
double complement correct cycle will complete the defi
nition of the error type-defined as a 2-bit error by the 
syndrome word stored in the temporary syndrome regis
ter-as a 2-bit hard error. If a match occurs but the tag 
bit field indicates a single-bit soft error, the tag bit field 
.can be changed to 11, indicating two hard errors, and 
the syndrome field replaced .with the contents of the 
temporary syndrome register. Error information can be 
offloaded to a secondary storage device before. this 
update. . . 

One firm or hard-two soft 
If the ECC device generates error flags indicating a 
double-bit error at the conclusion of the double comple
ment correct cycle, the 2-bit error that instigated the 
cycle remains and contains two soft errors. Since the only 
recorded error at the current memory location is hard, 
the errors are not recoverable and system operation ter
minates. In some systems,· a firm error may be defined 
as a soft err9r, and data may be recovered. When off
loading of soft errorsJs practiced, the disk or other 
storage mechanism can be interrogated for prior mem
ory errors at the current address. These soft errors can 
be corrected if proper information is available. 

Two herd-double error 
When a match occurs and the tag bits indicate that an 
earlier 2-bit error has been recorded for the present 
memory. address, ECC device's error flags identify the 
error type after the double complement correct cycle. If 
the present error is soft, system operation must be ter
minated-assuming that no additional relevant infor
mation regarding errors at this address is available from 
other sources. If the second set of error flags indicates 
that the present error is a 2-bit hard error, the errors can 
be corrected. Comparing the syndrome words in the 
temporary syndrome register and the stack will provide 
additional information. If the syndrome words do not 
match, three or four hard errors exist and system opera
tion must be terminated. 

Locating two hard errors 
When the presence of two hard errors has been deter
mined, a subsequent access at the same address will 
most likely indicate a single-bit error. If the single-bit 
error is in one of the two locations that had defined the 
previous 2-bit hard error, adequate information is 
available to locate the other error. The temporary syn
drome register will store the single-bit error indicating 
syndrome word. Data are corrected by the double com
plement correct cycle, and the syndrome word in the 
stack can be replaced by the contents of the temporary 
syndrome register. The double-bit hard error indicating 
syndrome word can be offloaded and the word replaced. 
The new word will then be offloaded and xORed with 
the first syndrome word, keeping the result in the sec
ondary storage element. Secondary storage is available 
for interrogation if additional errors occur in the same 
address. In more sophisticated error management sys
tems, additional tag bits are made available in the EMU 
stack. One of these tag bits can be used to indicate that 
additional error information exists in secondary storage 
for that error address. 

Summary 
The simplified error management system presented here 
allows correction of double-bit errors if one of the 
errors has previously occurred. With the use of double 
complement correct cycles, 100% of 2-bit error correc
tion is provided when at least one of the errors is hard, 
regardless of previous error history. Enhanced error 
logging is provided with error type determination capa
bility. Maintenance aids are provided through· the 
DP8400's bidirectional data transfer capability between 
the syndrome input/output and data input/output ports. 
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Dynamic Memory Support 
PRELIMINARY 

DP84300 Programmable Refresh Timer 

General Description 
The DPB4300 programmable refresh timer is a logic device 
which produces the desired refresh clock required by all 
dynamic memory systems. 

Additional circuitry has been included in the device to 
minimize logic required by memory systems to perform 
refresh control. 

Features 

• One chip solution to produce RFCK timing for the 
DPB40B and DP8409 dynamic RAM controllers 

• Programmable refresh clock timer allows for a maxi
mum refresh period with most system clocks 

• Timing is completely synchronous with the input 
clock, preventing race conditions present in some 
memory controllers 

• Includes a refresh request output, simplifying the 
design of refresh logic in discrete controllers 

Connection Diagram Block Diagram 

Dual-In-Llne Package 

CLOCK 24 Vee 

A 23 iIA 

INPUTS A-H -+ PROGRAMMABLE OUTPUTS 
22 ilB COUNTER QA-OH 

21 QC 

20 ifij 

19 DE FORCED 
REFRESH RFRQ 
REQUEST 

1B OF 
REFRESH LOGIC 

G 17 ifG 

H 16 iffi 

RFSH 15 RFRQ 

CE 14 RFCK 

GND 13 DE REFRESH RFCK 

TOP VIEW 

Order Number DP84300N-3 
See NS Package N24C FIGURE 1 
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Recommended Operating 
Conditions (Commercial) 

Min Typ Max Units 

Vee, Supply Voltage 4.75 5.00 5.25 V 
10H, High Level Output Current -3.2 rnA 
10L, Low Level Output Current 16 rnA 
TA, Operating Free Air 
Temperature 0 75 °C 

Electrical Characteristics over recommended operating temperature range 

Symbol Parameter Conditions Min Typ Max 

VIH High Level Input Voltage 2 

VIL Low Level Input Voltage 0.8 

Vie Input Clamp'Voltage Vee = Min, 11= -18 rnA -1.5 

VOH High Leve.1 Output Voltage Vee=Min, VIH =2V, VIL =0.8V, 10H=Max 2.4 

VOL Low Level Output Voltage Vee=Min, VIH =2V,VIL =0.8V, 10L=Max 0.5 

10zH Off-State Output Current Vee=Max, VIH =2V, Vo=2.4V, VIL =0.8V 100 
High Level Voltage Applied 

10ZL Off-State Output Current Vee=Max, VIH =2V, Vo=0.4V, VIL =0.8V -100 
Low Level Voltage Applied 

II Input Current at Vee=Max, VI=5.5V . 1.0 
Maximum Input Voltage 

IIH High Level Input Current Vee= Max, VI = 2.4V 25 

IlL Low Level Input Current Vee= Max, VI=0.4V -250 

los Short Circuit Outp,ut Current Vee= Max -30 -130 

lee Supply Current Vee= Max 150 180 

DP84300-3 Switchi~g Characteristics over recommended ranges of temperature and Vee 

Commercial 

Symbol Parameter 
Conditions TA=OoC to +75°C 

RL=6670 Vcc=5.0V±5% 

Min Typ Max 

tpD Clock to Output 15 25 

tpzx Pin 13 to Output Enable 
CL=45 pF 

15 25 

tpxz Pin 13 to Output Disable CL=5 pF 15 25 

tpzx Input to Output Enable CL =45 pF 25 35 

tpxz _ Input to Output Disable CL=5 pF 25 35 

tw Width of Clock I High 25 

I Low 25 

tsu Set-UpTime 35 

tH Hold Time 0 -15 
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Units 

V 

V 

V 

V 

V 

p.A 

p.A 

rnA 

p.A 

p.A 

rnA 

rnA' 

Units 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 



Mnemonic Description 

INPUT SIGNALS 

CLOCK 

A-H 

Provides a time base for the programmable 
divider. 
Program inputs A through H. These inputs 
select the number of clock cycles that will 
produce one refresh period. These inputs. 
are binary encoded, with input A the LSB, 
and H the MSB. Additionally, all zeros pro
duce the maximum count of 256, and an 
input of one will reset the counter to one. 

REFRESH This input is used to reset the refresh request 
output (RFRO). 

OE Output enable. Places the outputs in 
TRI-STATE~ . 

CE Counter enable. This input, when low, 
enables the timer clock and, when high, 
stalls the timer. 

OUTPUT SIGNALS 

RFCK 

Refresh timer outputs OA through OH. Timer 
starts at programmed input and counts 
down to one. 
Refresh request. This output goes low on the 
rising edge of the refresh clock (RFCK). The 
first input clock edge afterthe REFRESH in
put is set low clears this output. 
Refresh clock. The period of the clock is 
determined by setting conditions on input 
pins A through H. This output is low for 20, 
clocks, and high for the remainder of the 
period. 

Functional Description 
The DP84300 block diagram is shown in Figure 1. This cir
cuit is basically an 8-bit programmable counter. The user 
selects 'the number of input clock cycles required per 
refresh period and sets the binary equivalent on inputs A 
through H. A signal of that period is produced at the 
refresh clock (RFCK) output. This output stays low for 20 
clock cycles, and goes high for the balance of the period. 

CE 

OM74S74 

,-HI OP84300 RFCK 

When used with the DP8409 dynamic RAM controller, this 
duty cycle allows the DP8409 the maximum probability to 
perform a hidden refresh, while still allowing ample time 
for the DP8409 to perform a forced refresh when needed. 

An additional output is provided to ease the design of 
systems that don't use the DP8409. This output is called 
refresh request (RFRO). Refresh request becomes true at 
the rising edge of refresh clock, and becomes false on the 
first rising edge of the input clock after a refresh. 

In systems where a divisor of more than 256 is needed, an 
expansion input (CE) has been provided. When this input 
is high, all counter-related timing is suspended. This ex
cludes actions due to the REFRESH input. The circuits in 
Figures 2a and 2b show how to expand the range of the 
timer by 2x or by up to 4096 clock cycles. Figures 3a and 3b 
show two typical applications using the DP84300. 

By using the clock enable input, it is also possible to 
change the duty cycle of the refresh clock. The circuits In 
Figures 4a and 4b show how this may be done. 

To reset the counter to a known state, select an input 
divisor of one. On the next clock edge the counter will 
reset to one. On the next clock edge whatever input 
divisor that is present on input A-H will be loaded into 
the counters. 

TABLE I. DIVIDER CONSTANTS FOR GENERATION OF A 
15.5 P.s CLOCK 

CPU Clock Divisor Actual Period % Chance of 
Frequency Input of Output Hidden Refresh 

2 MHz 31 15.5 P.s 35% 
3MHz 46 15.3 P.s 56% 
4 MHz 62 15.5 P.s 67% 

5MHz 77 15.6 P.s 74% 
6 MHz 93 15.5 P.S 78% 
7 MHz 109 15.6 P.s 81% 
8 MHz 124 15.5 P.s 83% 

9 MHz 140 15.6 P.s 85% 

10 MHz 155 15.5 P.s 87% 

HI-------ICE 

MOGMM'I 
DP84300 RFCK 

CLOCK >-..... ------------11> CLOCK >-..... ------------1> 
Period of RFCK = 2x program Input 

FIGURE 2a. Expansion of Clock Divisor by 2x 

TRI·STATE'" Is a registered trademark of National Semiconductor Corp. 
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Period of RFCK 2 = program A x program B 

RFCK Is low for 20x program 1 clocks 

Maximum period of RFCK Is 4096 clocks 

FIGURE 2b. Typical Expansion for the DP84300 
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~ Functional Description (Continued) 

III:t 
CO a. 
C 

ADDRESS 

CPU DP84300 

CLOCK >---._-------' 

DATA 

MEMORY 
CONTROLLER 

FIGURE 3a. Dynamic Memory System Using DP84300 

8086 
CPU 

DP84300 

CLOCK >---+--------' 

ADDRESS 

DATA 

DP84332 DP8408 MEMORY 

FIGURE 3b. 8086 System Using Dynamic RAMs DP8408, DP84300, and DP84332 

DM74LS74 

DP84300 

CLOCK r.---r-----jr----t.C~L~OC:!K __ J CLOCK r"'--'---I---1.£!~~_.J 

FIGURE 4a. Circuit for Extending RFCK Low to 40 Clocks FIGURE 4b. Circuit for Extending RFCK High by 2x 
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Timing Diagrams 

RFCK I· 

Qii 

OF 

DE 

Qii 

QC 

OOJ 

OA 

RFCK 

RFSH 

Refresh Timer Outputs 

20 CloCKS-------.... ,~o----N-20 ClOCKS-j 

Jl.Jln 

'~~------------

II 
\~-----t: 

'(~,------------_'_I----------------

II 

\'---_----t_-----I 
'J \,,--_:s-L 
JI------.....f_---..!,u---L 

REFRESH REQUEST (RFRQ) Output Timing 

REFRESH RESETS RFRO \'"'----
~ __ ~~ ______________ ~7 
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Dynamic Memory Support 
PRELIMINARY 

DP84312 Dynamic RAM Cont'roller Interface Circuit 
for the NS16032 CPU 

General Description 
The DP84312 dynamic RAM controller interface'is a Pro
grammable Array Logic (PAL)" device which allows for 
easy interface between the DP8409 dynamic RAM Con
troller and the NS16032 microprocessor. . 

Using timing signals from the NS16201 timing and control 
unit and the NS16032, the DP84312 supplies all control 
signals needed to perform memory ,read, write, byte write, 
and refresh. . 

• PAL is a registered trademark of Monolithic Memories, Inc. 

Connection Diagram 

Features 
• Low parts count memory system 
• Allows the DP8409 to perform hidden refresh 
• Allows for the Insertion of wait states for slow dynamic 

RAMs' 

• Supplies independent CASs for byte writing 
• Possibility of operation at 8MHz with no wait states 
• 20-pln 0.3 Inch wide package 
• Standard National Semiconductor PAL part 

(DMPAL 16R6) 

• PAL logic equations can be modified by the user for 
his specific application and programmed into any of 
the PALs in the National Semiconductor PAL family, 
including the new high speed PALs . 

Dual·ln·Line Package 

CLK- 1 U 20 ~Vcc 

liASiN- 2 19 ~liFSH 

RFRQ'- 3 18 ~CASH 

HBt- 4 17~mL 

AO- 5 16~NC 

WAffiN- 6 15 -NC 

CTTL- 7 14~NC 

CS-8 13~NC 

"'WAi'i1- 9 12 ~"WAif 

GND- 10 11~GND 

TOP VIEW 

Order Number DP84312N·3 
See NS Package N20A 
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Recommended Operating 
I 

Conditions (Commercial) 

Min Typ Max Units 

Vee, Supply Voltage 4.75 5.00 5.25 V 

10H' High Level Output Current -3.2 mA 
10L' Low Level Output Current 24 mA 

(Note 2) 

TA, Operating Free Air 
Temperature 0 75 °C 

Electrical Characteristics over recommended operating temperature range 

Symbol Parameter Conditions Min Typ Max Units 

VIH High Level Input Voltage 2 V 

VIL Low Level Input Voltage 0.8 V 

Vie Input Clamp Voltage Vee= Min, II = -18 mA -1.5 V 

VOH High Level Output Voltage Vee=Min, VIH =2V, VIL =0.8V, 10H=Max 2.4 V 

VOL Low Level Output Voltage Vee= Min, VIH =2V, VIL =0.8V, 10L= Max 0.5 V 

10lH Off·State Output Current Vee=Max, VIH =2V, Vo=2.4V, VIL =0.8V 100 p.A 
High Level Voltage Applied 

lOlL Off·State Output Current Vee=Max, VIH =2V, Vo=0.4V, VIL =0.8V -100 p.A 
Low Level Voltage Applied 

II Input Current at Vee=Max, VI = 5.5V 1.0 mA 
Maximum Input Voltage 

IIH High Level Input Current Vee=Max, VI=2.4V 25 p.A 

IlL Low Level Input Current Vee = Max, VI=0.4V -250 p.A 

los ' Short Circuit Output Current Vee= Max -30 -130 mA 

lee Supply Current Vee = Max 150 225 mA 
(Note 1) 

DP84312·3 Switching Characteristics over recommended ranges of temperature and Vee 

Commercial 

Symbol Parameter 
Conditions TA=O°C to +75°C 

Units 
RL = ssm Vcc=5.0V:!:.5% 

Min Typ Max 

two WAITIN to WAIT Delay CL=45 pF 25 40 ns 

tpo Clock to Output CL=45 pF 15 25 ns 

tpzx Pin 11 to Output Enable CL=45 pF 15 25 ns 

tpXl ' Pin 11 to Output Disable " CL=5 pF 15 25 ns 

tw Width of Clock I High 25 ns 

I Low 25 ns 

tsu Set·Up Time 40 ns 

th Hold Time 0 -15 ns 

Note 1: lec = max at minimum temperature. 
Note 2: One output at a time; otherwise 16 rnA. 
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System Block Diagr~m 
ADO-AD15 ~~ ... _____ Aoiiio-iiA.Dliii5_ .. _________________________ • __ .. 

... 
.. 

t ~ 

NS16032 

Mm~------------__ --~~--------------~~-----'I 
ADS I 

V74S04 

DM74LS373 

.----fG 

A16-A22 AO-A15, 

10. ' 

~ AM1-AM20 

r---+ 

r---+ 

H 
DM74S139 10 3 

L....l.. PERIP ~ r--"'" A, B, G 1C1")o'ol ____ .... 

ROM 04 

~ 

DP84300 £ 
r-----+ 

WIN 

Bl 

BO 

CO-6,7 

RO-6,7 

ADS 

Ml 

RFCK 

RGCK 

M2 

~ 
cs @ DO-D15 

WR f-v./'.-+ WR 

aO-6,7 ~ AO-6,7 

@ 

RASO ~ RASO 
DP8409 MM5295-12 

MM4164-12 
@ 

RASl ~ RASl 

@ 

RAS2 f-'vv'.-+ RAS2 

@ 

RAS3 ~ RAS3 

RFI/D ~ 

RASIN CASL CASH 

1 10. , 
AO-A23 I @ @ 

A16-A231-~~-Al.6_.A2.3. ,.I--... ----... ----....... ----.... --... --... ---.. --I!-.. 
RDY PHI2 PHil AO 

iii * 'T\ J,~ 

RDY PHil 

NS16201 

NPER 

PHI2ADS I+
CTTL t------+-------------If-------..... -----------..... +--.I 

FCLK~----------------------------------------+_-.I 

NTSO ~----------------------------------------....... I 
NCWAIT 1+--------------------------------------------1 

-Note: For more than 16 RAM cl)ips, 
add buffers. 

@These outputs may need resistors. 

NC WAIT IN--+ 

FIGURE 1 

cs RFSH RFRQ CASL CASH 

CTTL 

AO 

HBE DP84312 

FCLK 

NTSO 

WAIT 

WAITIN 

Mnemonic Description CS Chip select. This input is used to determine if 
a memory cycle or a hidden refresh cycle is 
to be performed. 

INPUT SIGNALS 
ClK 

HBE, AO 

CTTl 

Clock input. This clock comes from the FClK 
output of the NS16201 timing and coptrol 
unit, and supplies timing for the internal 
logic. 

RAS input. This input is connected to the 
NTSO pin of the NS16201. This signal marks. 
the start of a memory cycle. 
Refresh request. The DP8409 requests a 
forced refresh with this input. 
Address select inputs. These inputs select 
the type of write during a write cycle, and 
select their respective CAS outputs. These 
inputs must remain stable throughout the 
memory cycle. 

This wait input allows other devices to use 
the NCWAIT line of the NS16201 clock chip. 

System clock input. This clock is used to syn
chronize the memory system to the micro
processor clock. 
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WAIT1 Insert one wait state. This input allows the 
use of slow memories with a microprocessor 
using a fast clock by inserting a wait state in 
selected memory cycles. 

Vee, GND 5.0V ± 5%. 

OUTPUT SIGNALS 

CASH, 
CASl 

Refresh. This output switches the DP8409 to 
a refresh mode. 
CAS outputs. CASH is for controlling the 
high bank of dynamic RAMs, while CASl 
controls the CAS line of the lower bank of 
RAMs. If only eight RAMs are used in each 
bank, the CAS outputs will directly drive the 
memories. For larger arrays, these outputs 
should be buffered with a high current driver, 
such as the DP84244 MOS driver. 

This output controls the insertion of wait 
states. This output is ORed with WAITIN to 
allow other devices to insert wait states. 



Functional Description 
The DP84312 detects the start of a memory cycle when 
NTSO from the NS16032 timing and control unit (TCU) 
goes low. The NTSO signal Is also used to supply RASIN to 
the DP8409 dynamic RAM controller. After the DP8409 has 
latched the row address and supplied the column address 
to the DRAMs, the DP84312 latches the column address. 
The DP84312 supplies two CAS outputs, one for the high 
byte of memory, and the other for the low byte. The ability 
to control the upper and 'lower bytes of memory separately 
is Important during a memory write cycle where one byte 
of memory Is to be written (byte write). 

By connecting WAIT1 of the DP84312 to ground, all 
selected memory cycles will have one wait state inserted. 
This allows an NS16032 operating at high CPU clock fre
quencies to use slower dynamic RAMs. 

Memory refresh may be achieved in one of two ways: hid
den or forced. Hidden refresh Is accomplished whenever a 
refresh is requested (Internal to the DP8409) and an unse
lected memory cycle occurs. With a hidden refresh, the 
DP84312 does nothing while the DP8409 performs the 
refresh. If no refresh has occurred before the trailing edge 
of refresh clock, the DP8409 will request a forced refresh. 
The DP84312 detects this request, and allows the current 
memory cycle to finish. It then outputs wait states to the 
CPU, which will hold the CPU if it requests a memory 
cycle. During this time the DP84312 has switched the 
dynamic RAM controller to the auto refresh mode, allow
Ing It to perform a refresh. At the end of the refresh cycle, 

Timing Diagrams 

the DP8409 is switched back to the auto access mode, and 
the walt is removed after a sufficient RAS precharge time. 
The total forced refresh takes four CPU clock cycles; of 
which some, none or all may be actual wait states. If the 
CPU does not req'uest a memory cycle during this refresh 
cycle, the refresh will not impact the CPU's performance. 

The DP84312 can possibly be operated at 8 MHz with no 
wait states (WAIT1 = "1") given the following conditions: 

T2 + T3 = 250 ns 
NTSO generation = 15 ns max. 
RASIN to CAS delay DP8409-2 = 130 ns max. 
External CASH,L generation using 74S02 and 

74S240 
7.5 ns (74S02) + 10 ns (74S240) - 7.5 ns (less load 
on 8409 CASline)= 10 ns max. 

Transceiver delay= 12 ns max. 
NS16032 data setup = 20 ns max. 
:. Minimum tCAC = 63 ns 

=250-15-130-10-12-20 
Minimum tRAS = 250 ns 
Minimum tRP = 250 ns 
Minimum tRAH = 20 ns _ 

The DP84312 is a standard National Semiconductor PAL 
part (DMPAL 16R6). The user can modify the PAL equa
tions to support his particular application. The DP84312 
logic equations, function table (functional test), and 
logic diagram can be seen at the end of this Data Sheet. 

1-IIDRI4--t-I ...... , --11-l-12'--~--13--'~I--14-I-IIDRI1-1 

FCLK 

CTTL 

NTSD ; L __ _ 

i L_ 

CASH, l 

DATA FROM RAM ----------------------C{ READ DATA »). _________ _ 
(READ) • _ 

DATA FR~:R~:E~ ----------c( ADDRESS H"' _____ D_A_TA_TD_B_E_W_RITT_E_N ____ .,,»).------

FIGURE 2a. Read, Write, or Hidden Refresh Memory Cycle for the NS16032-DP8409Interface 
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Timing Diagrams (Continued) 

CPU STATE l-t40Rtl-j-n-l-t2-I-tw-l-t3--I---..-t4-1 t1 OR II 

CTTL 

NTSO 

NCWAIT 

CASH, L 

DATA FROM RAM-------------------------C( VALID »)0--------

DATA FROM CPU ---------C( ADDRESS X"' ______ D_AT_A_TO_B_E_WR_IIT_E_N_TO_M_E_M_OR_Y _____ ---J) .... ---

CTTL 

i 
NTSO I __ J 

--, 
RFRO: I , 

NCWAIT 

liAS" I 
---..I 

FIGURE 2b. Read or Write Memory Cycle with One Wait 

FIGURE 2c. Forced Refresh Cycle 
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PAL16R6 
DP84312 
Interface Circuit for the NS160321DP8409 
Memory System 
CK NTSO IRFRQ IHBE AO IWAITIN CTIL ICS ISLOW 
GND IOE /WAIT ID IC IB IA ICASL ICASH IRFSH VCC 

CASH:=A-/B -/C - D -HBE - CS+ 
IA - IB - D - HBE - CS 

CASL:=A -/B -/C - D -lAO - CS+ 
IA - IB - D lAO - CS 

A :=/A -/B -/C - 10 -/NTSO - CS - SLOW+ 
B - IC - 10+ 
A -/C -/D+ 
A-B 

B :=/A -/B -/C -10 - NTSO - RFRQ - CTIL+ 
IA - B+ 
A- B - IC+ 
B-C-D 

C :=/A -/B -/C -10 - NTSO - RFRQ - CTIL+ 
IA -/B - D+ 
A-B-D+ 
B-C-IO+ 
IA - IB - C - 10 - INTSO 

D :=/A -/B - IC -/D -/NTSO - CS -/SLOW+ 
IA -/B -/C -10 -/NTSO -/CS+ 
A -/C+ 
IB - IC - D+ 
IA - a- C 

IF (VCC) WAIT = IB - IC - ID - INTSO - CS - SLOW + 
IA-B-D+ 
B - IC - 10+ 
A-B+ 
A-C-IO+ 
ICS - WAITIN 

IF(VCC)RFSH =/A- B+ 
B - IC - ID+ 
A- B - IC+ 
A-B-C 
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C\I ,... 
Function Table ('I) 

lid' CK NTSO RFRQ HBE AO WAITIN CTIL CS SLOW OE CASH CASL A B C 0 WAIT RFSH co 
c.. C H H L L H H H H L X X X X X X X X 
C C H H L L H H H H L L L L L L L L L 

C L X L L H X L H L L L L L L H L L 
C L X L L H X L H L H H L L H H L L 
C X X L L H X L H L H H L L H L L L 
C H X L L H X L H L L L L L, L L L L 
C L X L H H X L L L L L H L L L H L 
C X X L H H X L L L L L H L L H L L 
C X X L H H X L L L H L L L L H L L 
C X X L H H X L L L H L L L H H L L 
C X X L H H X L L L H L L L H L L L 
C H X L L H X H H L L L L L L L L L 
C L X L L H X H X L L L L L L H L L 
C X X L L L X H X L L L L L H H H L 
C H X L L H X H X L L L L L H L L L 
C H X L L H X H X L L L L L L L L L 
C H L X X H H X X L L L L "H H L L H 
C H X X X H L X X L L L L H H H H H 
C H H X X H H X X L L L L H L H H H 
C H H X X H L X X L L L L H L L H H 
C H H X X H H X X L L L H H L L H H 
C H H X X H L X X L L L H H L H H H 
C H H X X H H X X L L L H H H H H H 
C H H X X H L X X L L L H H H L H L 
C H H X X H H X X L L L H L H L H L 
C H H X X H X H H L L L L L L L L L 
C L H X. X L X H X L L L L L L H H L 
C L H X X L X H X L L L L L H H H L 
C L H X X L X H X L L L L L H L H L 
C L X X X H X H X L L L L L H L L L 
C H X X X H X H X L L L L L L L L L 
C H H' H H H H H H H Z Z Z Z Z Z Z Z 
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CK 
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N~ 
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24 
25 
26 
27 
28 
29 
30 
31 

AD .... 
~ 

5 ... 
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6 ... 
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~ 
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P.I 'ZI National i ~ Semiconductor 
c 

Dynamic Memory Support 
PRELIMINARY 

DP84322 Dynamic RAM Controller Interface Circuit 
for the 68000 CPU 

General Description 
The DP84322 dynamic RAM controller interface is a 
Programmable Array Logic (PAL)· device which allows 
for easy interface between the DP8409 dynamic RAM 
Controller and the 68000 microprocessor. 

The DP84322 supplies all the control signals needed to 
perform memory read, write and refresh. Logic is included 
for inserting a wait state when using fast CPUs. 

Features 
• Provides 3-chip solution for the 68000 CPU and 

dynamic RAM interface 

• Works with all 68000 speed versions 
• Possibility of operation at 8 MHz with no wait states 

• Performs hidden refresh 
• DTACK is automatically inserted for both memory 

access and memory refresh 
• Performs forced refresh using typically 4 CPU 'Clocks 
• Standard National Semiconductor PAL part 

(DMPAL16R4) 

• PAL logic equations can be modified by the user for 
his specific application and programmed into any of 
the PAL in the National Semiconductor PAL family, 
including the new high speed PAL's. 

Connection Diagram Block Diagram 

Dual-In-Line Package 

TOP VIEW 

Order Number DP84322N-3 
See NS package N20A 

'PAL is a registered trademark of Monolithic Memories, Inc. 

R/W 

WAIT 
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.. 

.. 

~ 

---+ 

... .. .. .. 

.. ... 

.. 

RASIN 
GENERATOR 

CAS 
GENERATOR 

CASU 

DTACK rt> GENERATOR 

REFRESH I 
ACCESS 

ARBITRATION 
M2 (RFSH) 

LOGIC 



Recommended Operating ., 

Conditions (Commercial) 

Min Typ Max Units 

Vee, Supply Voltage 4.75 5.00 5.25 V 
10H, High Level Output Current -3.2 mA 
10L' Low Level Output Current 24 mA 

(Note 2) 
TA, Operating Free Air 
Temperature 0 75 ·c 

Electrical Characteristics over recommended operating temperature range 

Symbol Parameter Conditions Min Typ Max Units 

VIH High Level Input Voltage 2 V 

VIL Low Level Input Voltage 0.8 V 

VIe Input Clamp Voltage Vee = Min, 11= -18 mA -1.5 V 

VOH High Level Output Voltage Vee = Min, VIH = 2V, VIL = 0.8V, 10H = Max 2.4 V 

VOL Low Level Output Voltage Vee = Min, VIH=2V, VIL=0.8V,·loL=Max 0.5 V 

10lH Off·State Output Current Vee = Max, VIH = 2V, Vo = 2.4V, VIL = O.BV .', 
100 p.A 

High Level Voltage Applied ' .. 
:.'j' .. ;. 

lOlL Off·State Output Current Vee = Max, VIH = 2V, Vo = O.4V, VIL=O.8V -100 p.A 
Low Level Voltage Applied 

II Input Current at Vee = Max, VI=·5.5V 1.0 mA 
Maximum Input Voltage 

IIH High Level Input Current Vee = Max, VI = 2.4V 25 p.A 

IlL Low Level Input Current Vee = Max, VI = 0.4V -250 p.A 

los Short Circuit Output Current Vee = Max -30 -130 mA 

lee Supply Current Vee= Max 150 225 mA 
(Note 1) 

c 

Switching Characteristics over recommended ranges of temperature and Vee 

Commercial 

Symbol Parameter 
Test Conditions TA=O°C to + 75°C 

Units 
RL=6670 Vcc=5.0V:t5% 

Min Typ Max 

tpD Input to Output 25 40 ns 

Clock to Output 
CL=45 pF 

15 25 tpD ns 

tpzx Pin 11 to Output Enable 15·, 25 ns 

tpxl Pin 11 to Output Disable CL=5 pF 15 . 25 ns 

tpzx Input to Output Enable CL='45 pF 25 40 ns 

tpxz Input to Output Disable CL=5 pF 25 40 ns 

tw Width of Clock I High 25 ns 

I Low 25 ns 

tsu Set·Up Time· 40 ns 

th Hold Time 0 -15 ns 

Nole 1: lee = max at minimum temperature. 
Nole 2: One output at a time; otherwise 16 rnA. 
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System Block Diagram 
DP84322 and DP8409 for 68000 CPU 

ADDRESS BUS ... 

1 
,. 

~ 
1 ADDRESS ~ 

DECODER ~ 

A1-A23 VCC 
AS __ L... 

DM74lS393 ~ 

68DDD 1D MHz MAX 
ClK .. 

r+ DTACK R/W 

4 cs RASIN ~ 
~ AS RFSH r----+ 
~ R/W D-

UDS UDS 1-

lDS lDS DP84322 

CAS 

r---+ RFRO DTACK I-...... WAIT CASU 

DD-D15 -r- OE CASl 

"'11>-

~ 
,.. 

Mnemonic Description 

INPUT SIGNALS 

CLOCK The clock signal determines the timing of the 
outputs and should be connected directly to 
the 68000 clock input. 

AS Address Strobe from the 68000 CPU. This in
put is used to generate RASIN to the DP8409. 

UDS, LDS Upper and lower data strobe from the 68000 
CPU. These inputs, together with AS, R/W, 
provide DTACK to the 68000. 

R/W Read/write from the 68000 CPU, when 
WAIT = O. Selects processor speed when 
WAIT = 1 ("1" = 4 to 6 MHz, "0" = 8 MHz). 

CAS Column Address Strobe from the DP8409. 
This input, together with LDS and UDS, pro
vides two separate CAS outputs for access
ing upper and lower memory data bytes. 

CS Chip Select. This input enables DTACK out
put. CS = 0, DTACK output is enabled; 
CS = 1, DTACK output is TRI-STATE®. 

WAIT 

Refresh Request. This input requests the 
DP84322 for a forced refresh. 
This input allows the necessary wait state to 
be inserted for memory access cycles. 

TRI·STATE'" Is a registered trademark 01 National Semiconductor Corp. 

RD-6, 7,8 

CD-5, 7, 8 

BD 

B1 

ADS 

cs 

RFCK 

RGCK 

WIN 

RASIN 

M2 (RFSH) 
M1 

MD 

DATA BUS 
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* ... JiI. .... 
OD-6, 7, 8 "" 7 

AD-6, 7, 8 DIN ,"'{ 
* ... RASD ,."" ~ RAS 

CASU 

CASl 
* ... ... 

WE " ....... WE DouT ,.. 

r+ AD-6, 7, 8 
.... 

IllN 
~ 

* ..... " RAS1 ,." RAS 

-'" CASU 

CASl 
Ji... DP84D9 WE DouT --,. ,. 

.~ r+ .... 
*" AD-6, 7,8 DIN ~ 

*... ... RAS2 '''''. ...... RAS 
..... CASU 

CASl .... 
WE DoUT ,. 

.~ 

~ AD-6, 7, 8 
.... 

* DIN ~ 
* ... RAS3 -"" ....... RAS 

-..- CASU 

CASl .... 
CAS ~ WE DoUT 

RFRO 
~ --,.. 

'1 DP84244 
DRAMs 

BUFFER NECESSARY IF MORE THAN ONE BANK 

"These outputs may need resistors. "'" ,. 

OUTPUT SIGNALS 

CASU, 
CASL 
DTACK 

This output provides a memory cycle start 
signal to the DP8409 and provides RAS tim
ing during hidden refresh. 
These signals are the separate CAS outputs 
needed for byte writing. 
This output is used to insert wait states into 
the 68000 memory cycles when selected and 
during a forced refresh cycle where the CPU 
attempts to access the memory. This output 
is enabled when CS input is low and TRI
STATED when CS is high. 
This output controls the mode of the DP8409. 
It always goes low for 4 CPU clock periods 
when AS is inactive and a forced refresh is re
quested through RFRQ input. This allows the 
DP8409 to perform an automatic forced 
refresh. 



Functional Description 
MEMORY ACCESS 

As a 68000 bus cycle begins, a valid address is output on 
the address bus A 1-A23. This address is decoded to pro
vide Chip Select (CS) to the OP8409. After the address 
becomes valid, AS goes low and it is used to set RASIN 
low from the OP84322 Interface circuit. Note that CS must 
go low for a minimum of 10 ns before the assertion of 
RASIN for a proper memory access. Asan example, with a 
8 MHz 68000, the address is valid for at least 30 ns before 
AS goes active. AS then has to ripple through the OP84322 
to produce RASIN. This means the address is valid for a 
minimum of 40 ns before RASIN goes low, and the decod
ing of CS should take less than 30 ns. At this speed the 
OM74LS138 or OM74LS139 decoders can be selected to 
guarantee the 10 ns minimum required by CS set-up time 
going low before the access RASiN goes low (tCSRl of the 
OP8409). This is important because a false hidden refresh 
may take place when the minimum tCSRl is not met. 
Typically RASIN occurs at the end of S2. Subsequently, 
selected RAS output, row to column select and then CAS 
will automatically follow RASIN as determined by mode 5 
of the OP8409. Mode 5 guarantees a 30 ns minimum for 
row address hold time (tRAH) and a minimum of 8 ns col
umn address set-up time (tAsd. If the system requires in
structions that use byte writing, then CASU and CASL are 
needed for accessing upper and lower memory data bytes, 
and they are provided by the OP84322. In the OP84322, LOS 
and UOS are gated with CAS from the OP8409 to provide 
CASL and CASU, therefore designers need not be con
cerned about delaying CAS during write cycles to assure 
valid data being written into memory. The 8 MHz 68000 
specifies during a write cycle that data output is valid for a 
minimum of 30 ns before OS goes active. Thus, CASL and 
CASU will not go low forat least40 ns after the output data 
becomes stable, guaranteeing the 68000 valid data is writ
ten to memory. 

Furthermore, the gating of UOS, LOS and CAS allows the 
OP84322 interface controller to support the test and set in
struction (TAS). The 68000 utilizes the read-modify-write 
cycle to execute this instruction. The TAS instruction pro
vides a method of communication between processors in 
a multiple processor system. Because of the nature of this 
instruction, in the 68000, this cycle is indivisible and the 
Address Strobe AS is asserted throughout the entire cy
cle, however OS is asserted twice for two accesses: a read 
then a write. The dynamic RAM controller and the OP84322 
respond to this read-modify-write instruction as follows 
(refer to the TAS instruction timing diagram for clarifica
tion). First, the selected RAS goes low as a result of AS 
going low, and this RAS output will remain low throughout 
the entire cycle. Then the OP84322's selected CAS output 
(CASL or CASU) goes low to read the specified data byte. 
After this read, OS goes high causing the selected CAS to 
go high. A few clocks later R/W goes low and then OS is re
asserted. As OS goes low, the selected CAS goes low 
strobing the CPU's modified data into memory, after which 
the cycle is ended when AS goes high. 

The two CAS outputs from the OP84322, however, can only 
drive one memory bank. For additional driving capability, a 
memory driver such as the OP84244 should be added to 
drive loads of up to 500 pF. 

Since this OP84322 interface circuit is designed to operate 
with all of the 68000 speed versions, a status input called 
WAIT is used to distinguish the 8 M Hz from the others. The 
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WAIT Input should be set low for 6 MHz or less allowing 
full speed of operation with no wait states. Data Transfer 
Acknowledge input (OTACK) of the 68000 at these speeds 
is automatically inserted during S2 for every memory 
transaction cycle and is then negated at the end of that cy
cle when UOS and/or LOS go high. For the 8 MHz 68000 
however, a wait state is required forevery memory transac
tion cycle. At these speeds, the WAIT Input is set high, 
selecting the OP8409's CAS output to generate DTACK 
and again DTACK is negated at the end of the cycle when 
UOS or LDS goes high. Note that OTACK output is enabled 
only when the DP8409's CS is low. Therefore when the 
68000 is accessing I/O or ROM (in other words, when the 
OP8409 is not selected), the OP84322's DTACK output 
goes high impedance logic '1' through the external pull-up 
resistor and it is now up to the designer to supply DTACK 
for a proper bus cycle. 

The following table indicates the maximum memory speed 
in terms of the DRAM timing parameters: tCAC (access
time from CAS) and tRP (RAS precharge time) required by 
different 68000 speed versions: 

Microprocessor Maximum Minimum Minimum 
Clock tCAc tRP t RAS 

8 MHz 125 ns 140 ns 220 ns 

6 MHz 90 ns 170 ns 290 ns 
4 MHz 270 ns 280 ns 450 ns 

Pin 5 (R/W input to the OP84322) is not used as R/W 
when the WAIT Input is high. Therefore, when WAIT is 
high and pin 5 is low, this is configured for the 8 MHz 
68000. The dynamic RAM controller in this configuration 
operates in mode 5 and mode 1. 

When both WAIT and pin 5 are high, this is configured 
for 4 MHz and 6 MHz 68000, allowing only two micro
processor clocks for memory refresh. Furthermore, the 
designer can use the DP8408 because the dynamic RAM 
controller now operates in mode 0 and mode 5 or mode 
6. In addition, the programmable refresh timer, DP84300, 
should be used to determine the refresh rate (RFCK) and 
to provide the refresh request (RFRO) input to the 
DP84322. The refresh timer can provide over two hun
dred different divisors. RFRO is given at the beginning 
of every RFCK cycle and remains active until M2 goes 
low for memory refresh. The DP84322 samples ~ 
when AS is high, then sets M2 low for two microproc
essor clocks, taking the DP8408 or OP8409 to the exter
nal control refresh mode. RASIN for this refresh is also 
issued by the DP84322. If a memory access is pending, 
RASIN for this access will not be given until it is delayed 
for approximately one microprocessor clock, allowing 
RAS precharge time for the dynamic RAMs. 

The following table indicates different memory speeds 
in terms of the DRAM parameters required by 4 MHz and 
6 MHz 68000: 

Microprocessor Maximum Minimum Minimum Minimum 
Clock tCAC tRAS tRP tRAH 

4 MHz 290 ns 200 ns 225 ns 20 ns 

6MHz 110 ns 125 ns 140 ns 20 ns 

DP8408, DP8409 operate in mode 6 and mode O. 



Functional Description (Continued) 

When WAIT = 1, pin 5 = 0 (8 MHz), the PAL controller 
supports read and write cycles with one inserted wait 
state, forced refresh with five wait states inserted if CS 
is valid, and hidden refresh. This PAL mode does not 
support the T AS instruction. 

When WAIT = pin 5 = 1 (4-6 MHz), the PAL controller 
supports read and write cycles with no wait states in
serted, and forced refresh with two wait states inserted 
if CS is valid. This PAL mode does not support the TAS 
instruction and only supports hidden refresh when used 
in mode 5 with the DP8409 controller. 

The DP84322 can possibly be operated at 8 MHz With no 
wait states (WAIT = "0") given the following conditions: 

FAST PAL (PAL 16R4A) 
S2 + S3 + S4 + S5 = 250 ns 
RASIN delay = 60 ns (AS low max.) 

+ 25 ns (Fast PAL delay) = 85 ns max. 
RASIN to CAS delay DP8409-2 = 130 ns max. 
External CASH,L generation using 74S02 

and 74S240 
7.5 ns (74S02)+ 10 ns (74S240) - 7.5 ns (less load 
on 8409 CAS line) = 10 .ns max. 

Transceiver delay (74LS245) = 12 ns max. 
68000 data setup into S6 = 40 ns min. 
:. Minimum tCAC = 53 ns 

= 250 - 85 - 130 - 10 - 12 + 40 
Minimum tRAS = 240 ns 
Minimum tRP = 150 ns 
Minimum tRAH = 20 ns 

REFRESH CYCLE 

Since the access sequence timing is automatically de
rived from RASIN in mode 5, RIC and CASIN are not used 
and now become Refresh Clock (RFCK) and RAS-gener
ator clock (RGCK) respectively. The Refresh Clock RFCK 
may be divided down from RGCK, which is the microproc
essor clock, using the DM74LS393 or DM74LS390. RFCK 
provides the refresh time interval and RGCK the fast clock 
for all-RAS refresh if forced refreshing is necessary:The 
DP8409 offers both hidden refresh in mode 5 and forced 
refresh in mode 1 with priority placed on hidden refresh
ing. Assume 128 rows are to be refreshed, then a 16 JAS 

maximum clock period is needed for RFCK to distribute 
refreshing of all the rows over the 2 ms period. 

The DP8409 provides hidden refreshing in mode 5 when 
the refresh clock (RFCK) is high and the microprocessor is 
not accessing RAM. In other words, when the DP8409's 
chip select is inactive because the microprocesso~ is 
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accessing elsewhere, all four RAS outputs follow RASIN, 
strobing the contents of the on-chip refresh counter to 
every memory bank. RASIN going high terminates the hid
den refresh and· also increments the refresh counter, 
preparing it for the next refresh cycle. Once a hidden 
refresh has taken place, a forced refresh will not be reo 
quested by the DP8409 for the current RFCK cycle. 

However, if the microprocessor continuously accessed 
the DP8409 and memory while RFCK was high, a hidden 
refresh could not have taken place and now the system 
must force a refresh. Immediately after RFCK goes low, 
the Refresh Request signal (RFRO) from the DP8409 goes 
low, indicating a forced refresh is necessary. First, when 
RFRO goes low any time during 82 to S7, the controller in
terface circuit waits until the end of the current memory. 
access cycle and then sets M2 (RFSH) low. This refresh 
takes four microprocessor clocks to complete. If the cur
rent cycle is another memory cycle, the 68000 will. auto
matically be put in four wait states. Alternately, when 
RFRO goes low while AS is high during SO to S1, M2 is now 
set low at S2.,Therefore, it requires an additional micro· 
processor clock for this refresh. Once the DP8409 is in 
mode 1 forced refresh, all the RAS outputs remain high un
til two RGCK trailing edges after M2 goes low, when all 
RAS outputs go low. This allows a minimum of one and a 
half clock periods of RGCK for RAS precharge time. As 
specified in the DP8409 data sheet, the RAS outputs re
main low for two clock periods of RGCK. The refresh 
counter is incremented as the RAS outputs go high. Once 
the forced refresh has ended, M2 is brought high, the 
DP8409 back to mode 5 auto access. Note that RASIN for 
the pending access is not given until it has been delayed 
for a full microprocessor clock, allowing RAS precharge 
time for the coming access. 

If the 68000 bus is inactive (Le., the 68000's instruction 
queue is .full, or the 68000 is executing internal operations 
such as a multiply instruction, or the 68000 is in halt 
state ... ) and a refresh has been requested, a refresh will 
also take place because RFRO is continuously sampled 
while AS is high. Therefore, refreshing under these condi
tions will be transparent to the microprocessor. Conse-. 
quently, the system throughput is increased because the 
DP84322 allows refreshing while the 68000 bus is inactive. 

The 84322 is a standard National Semiconductor PAL 
part (DMPAL 16R4). The user can modify the PAL equa
tions to support his particular application. The 84322 
logic equations function table (functional test), and 
logic diagram can be seen at the end of this data sheet. 



Timing Diagrams 

68000 Memory Read Cycle (Walt = 0, Pin 5 = R/W) 

CLOCK 

A1-A23 ___ --IH''' _________ VA_L_ID_A_DD_R_ES_S ________ ...I»)o----
OUTPUTS M 

FROM 
68000 

OUTPUTS 
FROM 

DP84322 

OUTPUTS 

R/W 

mU,mL 

00-08 

FROM CAS 
DP8409 

SELECTED IW OUTPUT 

O~~~ __ -----------------~---tA-C---1-4("' ____ M_EM_O_R_Y_DA_n ___ ~~_~~~-------
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~ ~ Timing Diagrams (Continued) 
~ CO 68000 Memory Read Cycle and Forced Refresh (Walt = 0, Pin 5 = R/Vi) 
C. (4 walt clock periods inserted for forced refresh) 

C 

I· DP84322 DETECTS START OF ___ ., 1-1 DP84322 CONTINUES ---I 
CYCLE, SO INSERTS REFRESH CYCLE MEMORY ACCESS CYCLE . 

CLOCK 

Al-A23 
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68000 

iJDS,m 
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iiASiN 

RFSH 
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00-08 REFRESH ADDRESS 
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DP8409 

WE 

RFRO 

DRAM 
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bel ~FF l r-
--------------------------«MEMORY DATf-Joo---
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Timing Diagrams (Continued) 

TAS Instruction Cycle (Wait = 0, Pin 5 = R/W) 

CLOCK 

ADDRESS' }-A1-A23 =:>--< 
------------------------~ 

~ 

OUTPUTS 
FROM 
6S000 

UDS, LOS 

R/Vi 

RASIN 

RFSH 
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DPS4322 
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toFF 

RASO-RAS3 SELECTED RAS OUTPUT 
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CAS 
OUTPUTS 

FROM 
DPS409 

WE 

RFRO 

DRAM 
OUTPUT 
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Timing Diagrams (Continued) 

OUTPUTS 
FROM 
68000 

OUTPUTS 
FROM 

OP84322 

OUTPUTS 
FROM 

DP8409 

Memory Read Cycle (Wait = 1, Pin 5 = 0) 

CLOCK 

A1-A23 ___ JH"' __________ A_OO_R_ES_S ___________ .,,})o----

R/W 

RASIN 

RFSH 

OTACK 
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CASU, CASL 

RASO-RAS3 SELECTEO RAS OUTPUT 

00-08 COLUMN AOORESS 

CAS 

WE 

DRAM OUTPUT -------------------------< 
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Timing Diagrams (Continued) 

Memory Read Cycle and Forced Refresh (Wait = 1, Pin 5 = 0) 

I' 
DP84322 DETECTS START DF 

CYCLE, SD INSERTS REFRESH CYCLE 
'----- DP84322 CONTINUES I 

-----• .--MEMDRY ACCESS CYCLE-

CLOCK 

AO-A15 

AS 

OUTPUTS 
FROM 
68000 

UDS, IDS 

R/W 

RASIN 

RFSH 
OUTPUTS 

FROM 
DP84322 

DlACK 

CASU, CASl 

RASO-RAS3 

00-08 

CAS 

OUTPUTS 
FROM 

DP8409 

WE 

RFRO 

DRAM 
OUTPUT 
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~ Modified System Block Diagram 

c.. 
C 

DP8408, DP8409 and 68000 Interface 

ADDRESS BUS ... * .. 

! 
II'" 

RO-6, 7, 8 00-6,7,8 .... 
-* 

~ 
RASO .. 

CO-6, 7, 8 

I ADDRESS r-+ BO * ... DECODER WE ~B1 . 
A1-A23 I I I 

AS ADS 

CS RAS1 * ... .... 
RFRO 

I 

1~2 
DP8408/9 

DP84300 

CASIN 

.. 
II'" 

AO-6, 7, 8 DIN 
..011 

I~ 
RAS 

CASU 

CASl 

-+ WE Dour 

~ AO-6, 7, 8 DIN~ 
RAS 
CASU 
CASl 

H WE Dour 

~ 

~ 
~ AO-6, 7, 8 DIN I+-~ "l"t * 

68000 ClK RAS2 * ...... ill . 
RIC -

CASU 

r- DTACK R/W WIN CASL .... 
WE Dour ...,.. 

l+cs RASIN RASIN .~ 

~ AS RFSH M2 (RFSH) ~ 4 AO-6, 7, 8 DIN .IlL 

"1"-+- R/W MODE
i 
{:-+ M1 * ...... 

*~ ~ 

- 5 OR 6 RAS3 RAS 
UDS UDS -. MO .... 

CASU 
lOS lOS 

DP84322 
CASl 

CAS .... 
CAS'- WE Dour 

---+ RFRO DTACK """" 
II'" 

"1"-' WAIT CASU DRAMs 

*OE CASl 
.1 DP84244 

00-015 I 

t BUFFER NECESSARY IF MORE THAN ONE BANK 
DATA BUS '" ,. 

'These outputs may need resistors. 
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Timing Diagrams (Continued) 

68000 Memory Read Cycle (Walt and PIn 5 = 1) 

CLOCK 

H AO-A23 ADDRESS >--C 
~----

OUTPUTS 
FROM 
68000 

UfiS/[fi! 

R/W 

mTR 

(M2)liFIDf 

OUTPUTS 
FROM 

DP84322 

DTACK 

mU,WL 

l!AS0-~3 

00-08 

OUTPUTS 
FROM 

DP8408/9 

CAS 

WE 

RFRO .~~a[ FROM 
DP84300 

DATA OUT ------------------~( MEMORY DATA »).-----
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~ ("I) Timing Diagrams (Continued) 

~ 
CO 
I::L 68000 Memory Read Cycle and Memory Refresh (Wait and Pin 5 = 1) 
C 

OUTPUTS 
FROM 
6BOOO 

OUTPUTS 
FROM 

DP84322 

OUTPUTS 
FROM 

DPB40B/9 

O~~T { 
FROM 

DPB4300 

UOS/LDS 

R/W 

liASiN 

M2 (RFSHj 

DTACK 

CASU, CASL 

RASO-RAS3 

DO-DB 

CAS 

WE 

iWiiQ 

DATA OUT 

I DP84322 DETECTS START DF I DPB4322 CDNTINUES I 
--CYCLE, SD INSERTS REFRESH CYCLE-"·---MEMDRYACCESS CYCLE---~· 

MEMORY DATA 
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Function Table 
CK AS UOS LOS R 

C H L L H 
C H L L H 
C H L H H 
C H H L H 
C H H H H 
C L L H H 
C L. L H H 
C L H H H 
C L H H L 
C L. L H L 
C H H H L 
C H H H L 
C H H H L 
C L H L L 
C L H L L 
C L H L L 
C L H L L 
C L H L L 
C L H L L 
C H H H L 
C H H H L 
C H H H L 
C L L L L 
C L L L L 
C L L L L 
C L L L L 
C L L L L 
C H H H L 
C· H H H L 
C H H H H 
C H H H H 
C L L H H 
C L L H H 
C L L H H 
C H H H H 
C H H H H 

PAL 16R4 
DP84322 
Dynamic RAM Controller Interface for the 
MC68000-;,DP8409 Memory System 
CK lAS IUDS ILDS R IRFRO ICAS ICS WAIT GND 
IOE ICL ICU IC IB IA IRFSH IDTACK IRASIN VCC 

IF (VCC) RASIN = AS - IRFSH -/A+ 
RFSH - R - A - WAIT 

IF (CS) DTACK = IR - CAS - WAIT + 
UDS -/A -/B -/WAIT+ 
LOS - IA - IB - /WAIT + 
AS - IR - IA - IB - IWAIT + 
AS -/RFSH - R -/A-/B - WAIT 

RFSH : = lAS - RFRO + 
RFSH - IR - IC - WAIT + 
RFSH - R - IA - WAIT + 
RFSH -/C -'/WAIT 

A '- RFSH 

B' - A 

C'_· B 

IF (VCC) CU = UDS - CDS 

IF (VCC) CL = LOS - CAS 

RFRQ CAS CS WAIT OE 

H H H L L 
H L H L L 
H L H L L 
H L H L L 
H H H L L 
H H L L L 
H L L L L 
H L L L L 
H L L L L 
H L L L L 
H H L L L 

'L H L L L 
L H L L L 
H H L L L 
H H L L L 
H H L L L 
H H L L L 
H L L L L 
H L L L L 
H L L L L 
L H L H L 
L H L H L. 
H H ·L H L' 
H H L H L 
H H L H L 
H H L H L 
H L L H L 
H L L H L. 
H H H H L 
L H L H L 
L H. L H L. 
H .H L H L 
H H L H L 
H L L H L 
H L 'L H L 
H H L H H 
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CL 

H 
L 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 

CU C 

H X 
L X 
L X 
H X 
H H 
H H 
L H 
H H 
H H 
L H 
H H 
H H 
H H 
H H 
H L 
H L 
H L 
H L 
H H 
H H 
H H 
H H 
H H 
H L 
H L 
H L 
L L 
H H 
H H 
H H 

_ H H 
H H 
H L 
L L 
H H 
H Z 

B 

X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
L 
L 
L 
H, 
H 
H 
H 
H 
L 
L 
L 
L 
H 
H 
H 
H 
H 
L 
L 
H 
H 
Z 

A RFSH DTACK RASIN 

X X X H 
X X X H 
X X X H 
X X· X H 
H H Z H 
H H L L 
H H L L 
H H H L 
H H L L 
H H L L 
H H H H 
H L H H 
L L H H 
L' L H" H 
L L H H 
L H H H 
H H H L 
H H L L 
H H L L 
H H H H 
H L H H 
L L H H 
L L H H 
L L H H 
L H H H 
H. H H L 
H' H L .L 
H H L H 
H H Z H 
H L H H 
L L H L 
L H H H 
H H H L 
H H L L 
H H H H 
Z Z H H 



DP84322 Logic Diagram PAL16R4 
CLOCK INPUTS (0-31) 

1 01 Z 3 4517 1111011 12131415 181711111 20212223 24252127, 21283031 -0 
1 -

~ 2 -
3 a. RASIN 
4 
5 

a. 19 
6 a. 
7 tto .... 
~ .... 

c .-.--
2 .. ... 

a ...-
9 """ ~ 10 t-

OTACK 11 t-~ 12 
13 - 18 
14 
15 H+ .... 

UOS .... .... 
3 

~ c'l---.. .... 
16 ~ 

17 I-

18 .... 

~~ 
19 t:~ 
20 
21 ~ 

22 ~ 

23 ~ 

LOS .... 
.... 

"'" 
~ .£ 

4 .. .... 
24 -
25 
26 

~ ~ 
27 
28 ~ 16 
29 
30 
31 ~ 

Riw .... .... 
> 'Z 

5 .. .... 
32 ~ 

33 
34 

~ ~ 
35 '" 36 --" 37 

15 

3B 
39 

RFRQ .... .... 
> 4C 

6 ... .... 
40 .-
41 ~ 
42 

~ 

lDl ~ 
43 
44 14 45 
46 
47 

CAS .... ..... 
.> ~ 

7 .. ... 
48 

~ 

49 ;~~ 50 CASU 51 
'*" ""-52 

53 ~~ 13 
54 ~ 
55 ~ 

Cs .... .... 
~ 7J---

8 .. .... 
56 

.-

57 
t- g 58 ~ CASL 59 ~ 60 

61 ~r- 12 
62 ~ 
63 ~ 

WAIT .... .... 
~ ~ ~'I---

9 .. ..... 11 
01 23 4567 891011 12131415 16171819 20212223 24252627 28293031 
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~National 
D Semiconductor 

Dynamic Memory Support 
PRELIMINARY 

DP84332 Dynamic RAM Controller Interface Circuit for the 
8086 and 8088 CPUs 

General Description 
The OP84332 dynamic RAM controller Interface Is a Pro· 
grammable Array Logic· (PAL) device which allows for 
easy Interface between the OP8408 dynamic RAM con· 
troller and the 8086 and 8088 microprocessors. No walt 
states are required for memory access. Memory refresh· 
ing may be hidden (no wait states) or forced (up to three 
wait states). 

The OP84332 supplies all the control signals needed to 
perform memory read, write, and refresh. Logic Is also 
included to insert a wait state when using slow memory. 

Connection Diagram 

Dual·ln·Llne Package 

CLOCK Vee 

AD NC 

BHE NC 

cs NC 

ALE RFSH 

RFCK ROY 

AWAIT CASH 

RFRO CASL 

NC RASIN 

GND iiE 

TOP VIEW 
TLlF/5000·' 

Order Number DP84322N·3 
NS Package Number N20A 

·PAL Is a registered trademark of Monolithic Memories, Inc. 

Features 
• Low parts count controller for the OP8408/0P8409 
• Works with 8086 systems configured in min or max 

mode 
• Performs hidden refresh using the OP8408 dynamic 

RAM controller 

• Compatible with both the 8086 and 8088 
microprocessors 

.. Capable of working at all CPU clock frequencies up to 
8 MHz 

• Standard National Semiconductor PAL part 
(OM PAL 16R8) 

• PAL logic equations can be modified by the user for 
his specific application and programmed into any of 
the PALs in the National Semiconductor family, in· 
cluding the new high speed PALs. 

Block Diagram 

BHE mH 
AO 

CASL 

AWAIT--+ RASIN 

RDY1 

cs 
ALE 

RFRO 
RFCK 

RFSH 

TLlF/5000·2 
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C\I 
C") 
C") 
~ 
00 
a.. 
C 

Recommended Operating 
Conditions (Commercial) 

Min Typ Max Units 

Vee, Supply Voltage 4.75 5.00 5.25 V 
IOH' High Level Output Current -3.2 mA 
IOL' Low Level Output Current 24 mA 

(Note 2) 
T A, Operating Free Air 
Temperature 0 75 °C 

Electrical Characteristics over recommended operating temperature range 

Symbol Parameter Conditions Min Typ Max 

VIH High Level Input Voltage 2 

VIL Low Level Input Voltage 0.8 

Vie Input Clamp Voltage Vee= Min, 11= -18 mA -1.5 

VOH High Level Output Voltage Vee = Min, VIH = 2V, VIL = 0.8V, 10H = Max 2.4 

VOL Low Level Output Voltage Vee=Min, VIH =2V, VIL =0.8V, 10L=Max 0.5 

10ZH Off-State Output Current Vee= Max, VIH = 2V, Vo= 2.4V, VIL =0.8V 100 
High Level Voltage Applied 

10ZL Off-State Output Current Vee=Max, VIH =2V, Vo=O.4V, VIL =0.8V -100 
Low Level Voltage Applied 

II Input Current at Vee= Max, VI=5.5V 1.0 
Maximum Input Voltage 

IIH High Level Input Current Vee= Max, VI=2.4V / 25 

IlL Low Level Input Current Vee=Max, VI=0.4V -250 

los Short Circuit Output Current Vee= Max -30 -130 

lee Supply Current Vee= Max 150 225 
(Note 1) 

DP84332·3 Switching Characteristics over recommended ranges of temperature and Vee 

Symbol Parameter 

tpD Clock to Output 

t pzx Pin 11 to Output Enable 

tpxz Pin 11 to Output Disable 

tw Width of Clock l 
j 

tsu Set-Up Time 

tH Hold Time 

Note 1: ICC = max at minimum temperature. 

Note 2: One output at a time; otherwise 16 mAo 

High 
Low 

Commercial 
Conditions TA=O°C to + 75°C 
RL=6670 Vee = 5.0V ± 5% 

Min Typ Max 

CL=45 pF 15 25 

CL=45 pF 15 25 

CL= 5 pF 15 25 

25 
25 

40 

0 -15 
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Units 

V 

V 

V 

V 

V 

p.A 

p.A 

mA 

p.A 

p.A 

mA 

mA 

Units 

ns 

ns 

ns 

ns 
ns 

ns 

ns 



· System Block Diagram 
Interfacing the DP8408 to an 8086 System 

... ADDRESS BUS .. 
.... t " * ~ .... 

00-6,7 ,. AO-6,7 

" .... * 
ADDRESS I " 

RO-6,7 RAS 3 RAS 16k, 

PORT DM74lS139 CAS 64k 
.... 

CO-6, 7 WE 
.... 

" '(l -)Y)f .... 
B1 

BO 

~ 
....... 

ALE ADS " * cs RAS 2 16k, 
64k 

~ 
...L 
.... ..... 10- DP84300 1+ DP8408 

r-+ .... 

8086 ClK 
10 MHz MAX 

* " 8284A 
~S04 

RAS 1 16k, 
64k 

~ 
ASYNC DTIA WIN ..... 

.... 

~ I-1+ RASIN ~ .... 
RFRO 

" * ~ RDY1 RAS 0 16k, 

r+ AEN1 64k 

LATCHED{~ DP84332 M2 
MO WE * ..... 

BHE 
(RFSH) M1 .... 

AWAIT t 1 1 CASH CASl DRAMs 
DATA CONTROL 
PORT 'O'=NOWAIT+ CASH P!. ... .... '1' = ONE WAIT CASL .1 DP84244 

SEE TABLE I 

~iiE 
For CK$8 MHz M1 = '0', MO = '1' 

.... " 
DATA BUS 

Mnemonic Description 

INPUT SIGNALS 

CLOCK 

AO, BHE 

ALE 

RFCK 

AWAIT 

The CLOCK signal determines the timing of 
the outputs and shoutd be connected directly 
to the 8086 clock. 

These inputs come from the 8086 CPU. They 
must remain stable during the memory cycle 
for proper operation of the CAS outputs. 
Chip enable. This input is used to select the 
memory and enable the hidden refresh logic. 
Address latch enable. This input is used to 
indicate the beginning of a memory cycle. 
Refresh clock. The period of this input deter
mines the refresh interval. The duty cycle of 
this clock will determine the length of time 
that the circuit will attempt a hidden refresh. 

When connected to Vcc, the DP84332 will in
sert an extra wait state in selected memory 
cycles. 

Refresh request. This input' requests the 
DP84332 to perform a refresh. The state of 
the RFCK input will determine what type of 
refresh will be performed. 
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For CK>8 MHz M1 = '1', MO= '0' 
.... " 

"These outputs may need resistors. 

OUTPUT SIGNALS 

CASH, 
CASL 

RDY 

RFSH 

This output provides a memory cycle start 
signal to the DP8408, and provides RAS tim
ing during refresh. 
These signals are the separate CASs needed 
for ~ writing. Their presence is controlled 
by BHE and AO respectively. 
This output is used to insert a wait state Into 
the 8086 memory cycles when selected and 
during a forced refresh cycle where the 8086 
attempts to access the memory. The 8284A 
clock circuit should be configured so that 
ASYNC is enabled. . 

This output controls the mode of the DP8408 
dynamic RAM controller. When low, it 
switches the DP8408 into an all RAS refresh 
mode. This signal is also used to reset the 
refresh request logic. 



Functional Description 
A memory cycle starts when chip select (CS) and address 
latch enable (ALE) are true. RASIN is supplied from the 
DP84332 to the DP8408 dynamic RAM controller, which 
then supplies a RAS signal to the selected dynamic RAM 
bank. After the necessary row address hold time, the 
DP8408 switches the address outputs to the column ad· 
dress. The DP84332 then supplies the required CAS sig· 
nals (CASH, CASL) to the RAM. For byte operations, only 
one CAS will be activated. To differentiate between a read 
and a write, the DTt'R signal from the CPU is inverted and 
supplied by the DP8408 to the memory array. 

A refresh cycle is started by one of two conditions. One is 
when a refresh is requested (RFRQ is true), refresh clock 
(RFCK) is high, and a non·selected memory cycle is 
started (CE is not true, ALE is high). This is called hidden 
refresh because it is transparent to the CPU. In this case, 
the address supplied to the memories comes from the reo 
fresh counter in the DP8408, and no CAS signals are 
generated from the DP84332. The second form of refresh 
occurs when a refresh is requested, refresh clock is low, 
and there is no memory cycle in progress. This is called 
-forced refresh, because the CPU will be forced to wait duro 
ing the next memory cycle to allow for the refresh to be 
performed. In this case, a refresh is performed as before, 
but any attempt to access memory.is delayed by wait 
states until after the refresh is finished. In either case, the 
refresh request is cleared by the refresh line (RFSH) which 
also goes to the DP8408. 

In a standard memory cycle, the access can be slowed 
down by one clock cycle to accommodate slower memo 
ories. This extra wait state will not appear during the hid· 
den refresh cycle, so faster devices on the CPU bus will 
not be affected. 

With higher speed systems, memory speed requirements 
will affect the performance of the system. Table I shows 
memory speed requirements at three different CPU clock 
speeds. 

TABLE I. MEMORY SPEED REQUIREMENTS 

CPU 
Clock 

Frequency 

8 MHz 
5 MHz 

No Wait 
States 

:5105 ns 
:5170 ns 

tCAC 

1 Walt 
State 

:5223 ns 
:5370 ns 

:530 ns 
:530 ns 

tCAe = access time from CAS Including delay through buffers (DP84244) 

tRAH = row address hold time from RAS 
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System Description 
For memory operation, the DP84332 can be directly con· 
nected between the control signals from the CPU chip set 
and the DP8408 dynamic RAM controller. Each CAS output 
of the DP84332 is capable of driving eight memory 
devices. If additional drive is required, a DP84244 buffer 
can be used to increase the fanout to the full capabilities 
of the DP8408 (eight memories per output of the DP84244). 

The 84332 is a standard National Semiconductor PAL 
part (DMPAL 16R8). The user can modify the PAL equa· 
tions to support his particular application. The 84332 
logic equations, function table (functional test) and 
logic diagram can be seen at the end of this data sheet. 

Refresh Request Logic. 
To generate the refresh request for the DP84332, external 
Circuitry is required. Figure 1 shows how this can be im· 
plemented, using standard SSI and MSI logic. A 
DM74LS393 counter is used to time the period between 
refresh cycles, while the DM74LS74 flip·flop is used to 
record the need of a hew refresh. A better solution is to use 
the 24'pin DP84300 programmable refresh timer, as shown 
in Figure 2. This part allows a maximum amount of time for 
a hidden refresh to occur before lowering the refresh clock 
output, and implements the refresh request logic. 

SYSTEM 
CLOCK 

_------+ RFCK 

"0'':'" D a r---+ mill 
DM74LS74 

DIVIDER J.-_ ...... "7 
....~-......I 

FIGURE 1. Using a Flip.Flop and a Counter for 
Refresh Request Logic 

SYSTEM ----C>'" 
CLOCK 

CON~~~~~--IIIIIIjH 
RFSH~~---t 

f---+ RFCK 

DP84300 

FIGURE 2. Using the DP84300 Refresh Counter for 
Refresh .Request Logic 



Timing Diagrams 
Read Timing 

1----11----1----12--------13--------14----

PClK I I I I 

f 
ADDRESS 

\. 1 DATA READ 
\. / '-

ADO-IS 

\-'SU-1-111-/ 

ALE (-!su- I 

Ipo-H IPD-l=J 

I 

IPD-f.--I IPD-H 

RAM ADD ------~( ROW ADDRESS L,' ________ C_Ol_U_MN_A_D_DR_ES_S _________ >-
Write Timing 

1----11--------12----,1-----131----,1-----14----

PClK I I J l 
I 

/ '-
'-

ADDRESS WRITE DATA 
/ 

ADO-IS 

"r- 'SU- _IH-/ 

ALE I-tSU ..... I 

OTt!! / \ 

I 
IPD-H IJ'I)-H 

I 

tPD-f.--1 Ipo-t=I 

RAM ADD ------~( ROW ADDRESS X,, __________ CO_l_UM_N_A_D_DR_ES_S _________ >-
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Timing Diagrams (Continued) 

Memory Cycle with 1 Wait State 

·1_t1_1~12_1_13_. I-IW-I-IH-I 
PClK 

ALE 

RASIN 

m 

CAS 

iffii IpD 

DATA ---------------------------« READ DATA VALID }---

Forced Refresh 

1-00

•

14-1 
PClK 

RFCK 

ALE 

RFSH· 

RAM ADD 

RDY 

~---------~---------~------~ 
WAIT STATES DUE TO ALE 
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Timing Diagrams (Continued) 

Transparent Refresh 

11---------12 ----I 13----1 

PCLK\ II 11-
ADO-IS / ADDRESS '-

'- / 

J-.tsu -

ALE I-ISU-+ I 

/ 

RFCK 

Ipo-.-l Ipo-=:I 
IPo---l. Ipo --I 

RAM ADD -----------«"" _______ RE_FR_ES_H_AD_D_RE_SS _______ )~------

7-173 



16R8 
OP84332 
Dynamic RAM Controller Interface for the 8086-8408 System 
CK AO IBHE ICS ALE RFCK WAIT IRFRO NC GNO IOE IRASIN ICA ICB 
ROY IRFSH IA IB IMRO VCC 

MRO:= IRASIN ./CA ./CB. ROY ./RFSH ./A ./B ./MRO. RFRO. CS. ALE ·/RFCK+ 
MRO. RASIN+ 
RASIN • ICA • ICB • ROY • RFSH • IA • IMRO • CS • ALE 

Bo- RASIN ./CA ./CB. RFSH ./A ./B+ 
RASIN • ICA • ICB. IROY • IRFSH • IA • IB • WAIT + 
RASIN • ROY • IRFSH • A • IB 

A- - RASIN • IqA • ICB • ROY • IRFSH • IA • IB • IWAIT + 
RASIN • ROY • IRFSH • IA • B + 
RASIN • ROY • IRFSH • A • IB 

RFSH: = IRASIN • ICA • ICB • ROY • IRFSH • IA • IB • IMRO • RFRO • ICS • ALE • RFCK + 
IRASIN • ICA • ICB • ROY • IRFSH • IA • IB • IMRO • RFRO • IRFCK + 
RASIN • ICA • ICB • RFSH • IA • IB 

IROY:= IRASIN ·/CA ·/CB· ROY. IRFSH ./A ./B. MRO. RFRO. CS. ALE ·/RCFK+ 
RASIN • ICA • ICB • ROY • RFSH • IA • IMRO • CS • ALE + 
IRASIN • ICA • ICB • ROY • IRFSH • IA • IB • IMRO • IRFRO • CS • ALE • WAIT + 
IRASIN • ICA. ICB • IROY • IRFSH • IA • IB • MRO • IRFRO • WAIT + 
RASIN • ICA • ICB • IROY • RFSH • IA+ 
IRASIN • ICA • ICB • ROY • IRFSH • IA • IB • IMRO • RFRO • CS • ALE • RFCK • WAIT 

CB:= RASIN ./CA ./CB ./RFSH ·/A ·/B. BHE+ 
RASIN • CB • ROY • IRFSH • IA • B • WAIT + 
RASIN • CB • ROT • IRFSH • A • IB 

CA: = RASIN • ICA • ICB • IRFSH • IA • IB • lAO + 
RASIN • CA • ROY • IRFSH • IA • B • WAIT + 
RASIN • CA • ROY • RFSH • A • IB 

RASIN:=/RASIN ·/CA ./CB. ROY. IRFSH ./A. lB. IMAO ./RFAO. CS. ALE+ 
IRASIN • ICA· ICB • lADY • IRFSH • IA • IB • MAO • IRFAO+ 
AASIN • ICA • ICB • IAFSH • IA • IB + 
AASIN • AOY • IAFSH • IA • B • WAIT + 
IRASIN • ICA • ICB • AOY • IRFSH ·/A • IB • IMAO • AFAO • ALE. RFCK+ 
IRASIN • ICA. ICB • ROY • IRFSH • IA • IB • IMAO • AFRO • IAFCK+ 
AASIN • ICA • ICB • AFSH • IA • IB + 
AASIN • ROY • IRFSH • A • IB 
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Function Table 
CK AO BHE CS ALE RFCK WAIT RFRQ OE RASIN CA CB ROY RFSH A B MRQ 
C L L H L H L H L X X X X X X X X 
C L L H L H L H L H H H H H H H H 
C X X L H X L H L L H H H H H H H 
C L H L L X L H L L L H H H L H H 
C L H L L X L H L L L H H H L L H 
C X X H L H L' H L H H H H H H H H 
C X X L H X H H L L H H L H H H H 
C H H L L X H H L L H H H H H L H 
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Interfacing the DP8408/09 
To Various Microprocessors 

National Semiconductor 
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Chuck Ph am 
June 1982 

High storage density and low cost have made dynamic cessing the low and high byte of m~mory. Note that DS 
RAMs the designer's choice in most memory applica· from the Z8000 is also gated with the DP8408's CAS out· 
tions. However, the major drawback of dynamic RAMs _ put to generate CASL and CASH. This guarantees the 
is the complex timing involved. First, a RAS must occur valid data from the Z8000 being written into memory duro 
with the row address previously set up on the multi· ing memory write cycles. Refer to Figure 3 for the de· 
plexed address bus. After the row address has been tailed memory transaction cycle timing. 
held for some minimum time after RAS (namely the row 
address hold time of the dynamic RAMs, tAAH), the The following formula allows the designer to determine 
column address is set up and then CAS occurs. In addi. the proper memory speed in terms of tCAC (access time 
tion, refreshing must be done periodically to keep all from CAS): 
memory cells charged. tCAC max. = 3 x tec - tdc(MR) - tAICL - tCASdly-

With the introduction of the DP8408 Dynamic RAM Con· 
troller/Driver, the above complexities are simplified. The 
DP8408 is housed in a 48'pin package with eight multi· 
plexed address outputs (QO-7) and six control outputs 
(RASO-3, CAS, WE). It consists of two 8-bit address 
latches and an 8-bit refresh counter. All the output 
drivers are capable of driving 500pF loads. 

The following discussion demonstrates a typical appll· 
cation of the DP8408 Dynamic RAM Controller/Driver in 
Z8000™. and Z801!>·based systems. The DP8408 
basically has six modes of operation: Externally Con· 
trolled Refresh, Externally Controlled AII·RAS Write, Ex· 
ternally Controlled Access, Auto Access (slow tAAH), 
Auto Access (fast tAAH) and Set End of Count. 

The DP8408, operating in the auto access mode, requires 
only RASIN to initiate a memory access cycle because 
all the dynamic RAM's control signals are automatically 
delayed from this input. (Refer to Figure 1 for the auto 
access timing sequence.) 

In the following applications, the DP8408 operates in 
either mode 5 or mode 6 Auto Access and mode 1 or 2 
Externally Controlled Refresh to provide minimum addi· 
tional logic. . 

The DP8408 and Z8000 Interface 

Memory Access Cycle: 

Figure 2a shows the detailed block diagram of the Z8000 
and the DP8408 interface. Consider a memory cycle of 
the Z8000; first, the memory address is output on the 
Address and Data multiplexed bus (ADO-15) during T1 
and is latched to the DP8408 by AS. Simultaneously, 
MREQ goes low and is used to provide RASIN to initiate 
a memory transaction cycle. Then the selected RAS out· 
put, row address hold time (tAAH), column address set up 
time (tAsd and CAS output will follow RASIN as deter· 
mined by the auto access modes. A maximum of one 
wait state is required for 6MHz and 10MHz CPUs. This 
wait state is automatically inserted by the CAS output of 
the DP8408. For systems using byte·writing, the 
DM74S158 provides two separate CAS outputs for ac· 

PAL Is a registered trademark of Monolithic Memories, Inc. 
zeo and Z80A are registered trademarks of Zilog Corp. 
Z8000 Is a trademark of Zilog Corp. 

tsDA(C) - 15. 

The Z8000 parameters: 

teC: clock cycle time • 
tsDA(C): read data to clock t set up time 

tdc(MR): clock to MREQ delay 

The DP8408, 74S158 and 74LS245 parameters: 

tAICL: RASIN to CAS delay 
tCASdly: the propagation delay of .the 74S158 

15ns: the propagation delay of the 74LS245 
(at 50pF load) 

For the 10MHz CPU and the DP8408: 

tCAC max. =300-40-131-14 -10-15 = 90ns. 

• t A1CL max. (mode 6) = 131 ns at 15 pF load. 

• tCASdly max. = 14ns at 50pF load. 

Since MREQ is connected directly to RASIN, tAP (RAS 
precharge time) and tAAS (RAS pulse width) are deter
mined by MREQ high and low, respectively. 

Memory Refresh Cycle: 

The Z8000 CPU contains a refresh rate counter for 
automatic memory refresh. This counter should be pro· 
grammed during the processor initialization to deter
mine the refresh rate. Since memory refresh is auto
matically inserted by the Z8000, there is no additional 
refresh arbitration logic allowed. The CPU's STATUS 3 
(ST3) output can be directly connected to the M2 (RFSH) 
pin of the DP8408. During the memory refresh cycle, ST3 
goes low, setting the DP8408 in the external control 
refresh mode (mode 2). Then all four RAS outputs will 
follow MREQ to strobe the DP8408's refresh address to 
all memory banks (the Z8000 refresh address is ignored). 
As MREQ goes high again, the DP8408 increments its re
fresh counter, preparing it for the next refresh cycle. 
Refer to Figure 4 for the refresh cycle timing. Note that 
ST3 also goes low during the internal cycle, I/O refer
ence cycle and· interrupt acknowledge cycle, but the 
memory will not be refreshed because MREQ is not ac· 
tive during these cycles. The DP8408 on-chip refresh 
counter will not be incremented when M2 goes low un
less MREQ is inserted. 

7-177 

l> 
Z 
W o 
CD 



en 
o 
~ • 
Z 
<t 

L.,.. WAIT 

ST3 

R/W 
MREQ 

AS 4 S04 

I 
SNO-6 nr ~LY ~~gm~~ 

"'----

os 
Z8001 

or Z8002 B/W 

AD8-15 

ADO-7 ... , 
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Figure 2a. Z8000 and DP8408 Interface 
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(9) CASL (BANKD) 

AD 

(14) 

(12) CASL (BANK1) 

B/W 

CAS 

Figure 2b. CASH and CASL Decoder 

When the processor is in either halt state (by executing 
the privileged HALT instruction) or single-stepping 
mode (when STOP input is low), it introduces memory 
refresh cycles. However, care should be taken when the 
CPU is in either a WAIT state or a Bus Acknowledge 
cycle, that th~ dynamic RAM refresh will not take place. 
If these conditions occur over a long period of time, a 
burst refresh is recommended. This can be done by tog
gling RASIN while keeping M2 low, until all the rows of 
the dynamic RAM have been refreshed, then the CPU 
can resume its operations. 

The DP8408 and Z80A@ Interface 

Instruction Fetch Cycle: 

Figure 5 shows the detailed interconnections between 
the DP8408, the Z80® and the Dynamic RAMs. Figure 6 
shows the timing during an M1 cycle (op code fetch). The 
program counter is output on the address bus at the 
beginning of the M1 cycle. One-half clock later, MREQ 
goes active. This input is used to provide RASIN to the 
DP8408 to access the dynamic memory. Subsequentiy, 
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the selected RAS output, Row to Column Select and then 
CAS output will automatically follow RASIN as deter
mined by the Auto Access modes of the DP8408. The RD 
line also goes active to indicate a memory read cycle is 
in progress. After tCAC (access time from CAS), read data 
becomes valid. This data is sampled on the rising edge 
of T3, then both MREQ and RD go inactive. Immediately 
following this, RFSH goes low, putting the DP8408 in the 
Externally Controlled Refresh mode. The MREQ goes 
active causing all four RAS outputs to go active to 
perform a refresh to all the banks of the dynamic RAMs. 
Note that during memory refresh cycles, the refresh 
address from the CPU is output on the address bus. 
However, the contents of the DP8408 on-chip refresh 
counter are used instead to provide the row address to 
the dynamic memory array. Since the Z80 provides only a 
7-bit refresh address, it is an advantage to use the 
DP8408 8-bit refresh counter to support 64k dynamic 
RAMs direct.!Y:....I!!.e DP8408 refresh counter is incre
mented as MREQ returns high, ending the memory 
refresh. The RFSH goes inactive returning the DP8408 
back to the Auto Access mode, preparing it for the next 
access cycle. 
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Figure 4. Memory Refresh Cycle 
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Figure 5. DP8408 and Z80A Interface 

7·181 

MODE 6 

:J> 
Z 
W o 
CO 



en 
0 
C") 
• 

Z 
<C 

I~ 
T1 

1 .... -----M1 CYCLE -------l~ ... I ... ~f-----~~~~~S~P~~~~O:E~~~-----l ..... 1 

n n " 

~I Ii--~ 
I I I 

AO-15 =x -_====:=======X~ ____ ~ ____ ~~ Z80 PROGRAM COUNTER • _ "---

I 
MREO 

RD 

RFSH 

,WAIT 

DO-7 

RASO-3 

00-7 

CAS (74S00) 

I 
NO WAIT STATE IS NECESSARY 

I 

DP8408 RFSH ADDRESS N 

Figure 6. Z80A Op Code Fetch Cycle Showing 
Memory Refresh 

7·182 

I 



Memory Access Cycle: 

Figure 7 shows the timing of the memory read and 
memory write cycle other than for the M1 op code fetch 
cycle. Similar to the op code fetch cycle, MREQ Is used 
to provide RASIN. MREQ goes active after the address 
to the memory has had time to stabilize. Again, RAS out
put, Row to Column Select and then CAS output will 
automatically follow RASIN to access the specified 
memory location. For a memory read cycle, both MREQ 
and RO go active, and as a result, WIN remains high 
(refer to Figure 5), which allows a memory read opera
tion to occur. On the other hand, only MREQ goes active 
during a write cycle, which forces WIN low, Indicating 
an early write cycle. It should be noted that the CAS 
output to the memory array will not go low until WR 
goes low during memory write cycles as this guarantees 
the valid CPU data will be written Into memory. 

It Is worth mentioning that the Z80 CPU provides power
ful block transfer Instructions. An example is the LOIR 
(load, Increment and repeat); using only this Instruction, 
the programmer can move any block of data from the 

T1 T2 T3 

CLOCK 

location pointed to by the 0 and E registers. This opera
tion Is repeated until the byte coun~er (B and C 
registers) reaches zero. Thus, this single Instruction can 
move any block of data from one location to any other. 
Due to the fact that this instruction Is refetched after 
each data byte transfer, the memory refresh cycle 
always takes place even though a transfer of up to 64k 
bytes of data may be performed. Furthermore, when the 
CPU has executed the software HALT Instruction and is 
waiting for an interrupt before normal CPU operations 
can resume, the CPU executes NOP Instructions to 
maintain memory refresh activity. ' 

However, care should be taken when the CPU is In either 
WAIT state or a Bus Acknowledge cycle, the dynamic 
RAM refresh will not take place. If these conditions 
occur long enough, a burst refresh Is recommended, 
and It can be done by toggling RASIN while keeping M2 
low until all the rows of the dynamic RAM have been 
refreshed before the CPU can resume Its operation. 

T1 T2 T3 

1 1 1 

AD-15 ~ MEMORY ADDRESS X MEMDRYADORESS C 1 ~--~----~----~I ~--~----~----~I 

I ~L...t--i-----i---01~ 1 J~I ---+-I ----'....---:--, -
lio ---:--1 -----.! ! ~r-+--i'I--e+! -+-1 --i---+-i-

I
-

1 1 1 lit, I 1 

~ 1 1 1 1 1 1 1 

1 1 1 1 1 1 I 

Figure 7. Z80A Memory Read and Memory Write Cycle 
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The fol!owing formulas allow designers to select the 
appropriate dynamic memory, based on different CPU 
and DP8408 speed versions, to allow the CPU full speed 
of operation: 

max. tCAC: 1.5 x tCmin - tDL,(MR) - tRICL
tCASDLY"': ts,(D) 

min. tRP: tw(M RH) = tw(~H) + tf - 20 

min. tRAS: tw(MRL) - 20 = tc - 50 

Dynamic RAM Parameters: 

tCAC: access time from CAS 

tRP: RAS precharge time 

tRAS: RAS pulse width 
Z80 Parameters: 

tc: clock period 

tw(~H): clock pulse width, clock high 

tf: clock fall time 

tDL,(MR): MREQ delay from falling edge of clock, 
MREQ low 

ts,(D): Data set up time to rising edge of 
clock during M1 cycle 

DP8408 and 74S00 Parameters: 

tRICL: RASIN to CAS output delay 

tCASDLY: propagation delay of the two 74S00 
NAND gates . 

For example, if the Z80A (4MHz) and the DP8408 are 
used, then: 

max. tCAC: 1.5(250) - 85 -132 -13 - 50 = 95ns 

. min. tRP: 110+20-20=110ns 

min. tRAS: tc - 50 = 200ns 

tRICL max. 
(mode 6): 132ns at 15pF load 

tCASDLY max.: 13ns at 50pF load 

,Therefore, in this case, the designer should choose a 
dynamic memory which has maximum tCAC of 95ns, 
minimum tRP of 110ns and minimum tRAS of 200ns. 

DP8409 and MC68B09E Interface 

DP8409 Overview: 

The DP8409 Dynamic RAM Controller/Driver is designed 
to control all multiplexed-address dynamic RAMs. It con
sists of two 9-bit address latches and a 9-bit refresh 
counter, thus allowing control of all 16k, 64k, and the 
coming generation 256k dynamic RAMs. More important, 
all the DP8409 outputs are capabie of driving 500pF 
loads. 

The DP8409 basically has eight modes of operation: 
Externally Controlled Refresh, Automatic Forced 
Refresh, Internal Auto Burst Refresh, All RAS Auto 
Write, Externally Controlled Access, Auto Access (slow 
tRAH and with hidden refreSh), Fast Auto Access (fast 
tRAH) and Set End of Count. Of all these modes, Auto 
Access (mode 5) and Auto Forced Refresh (mode 1) are 
the most popular and will be used throughout this 
application. Mode 5 requires only RASIN to initiate a 
memory access cycle, because all the dynamic RAM's 
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control signals are automatically delayed from this 
input, as shown in Figure 1. To attain maximum system 
throughput, it is obviously advantageous to perform 
refreshes without interrupting the system. The DP8409 
can do this by monitoring the CS input to see if it is 
high. If CS is high, the RAMs are not being accessed. If 
CS is high for one cycle, the DP8409 performs a hidden 
refresh during this cycle, and stops in time for the 
system to start another access. But if a hidden refresh 
does not occur in a specific time slot, a refresh must be 
forced and this can be done by using Mode 1, Automatic 
Forced Refresh. 

To perform automatic forced refresh, the DP8409 must 
receive two clock signals: the refresh period clock, 
RFCK, and RGCK, the RAS-generator clock; RGCK can 
be the microprocessor clock. It takes approximately 
four RGCK clock periods to perform this automatic 
forced refresh. The DP8409 gives preference to hidden 
refresh using RFCK as a level reference. The refresh 
time slot commences as RFCK goes high. If CS goes 
high while RFCK is high, the refresh counter is enabled 
in the address outputs. All four RAS outputs follow 
RASIN; so to perform a hidden refresh, RASIN must be 
set low and the refresh counter gets incremented as 
RASIN goes high. The DP8409 allows only one such 
hidden refresh to occur with a clock cycle of RFCK to 
minimize power consumption. 

If a hidden refresh does not occur the DP8409 must 
force a refresh before RFCK begins a new cycle on a 
low-to-high transition. Therefore, as RFCK goes low 
(and a hidden refresh has not occurred), RF I/O (Refresh 
Request) goes low, requesting that a refresh be per
formed. When the system acknowledges the request, it 
sets M2 low, and prevents further access to the DP8409. 
Then two RGCK negative edges after M2 has gone low, 
all four RAS outputs go low and and remain low for two 
RGCK clock periods. After all four RAS outputs have 
gone low, M2 can go high any time to end the Automatic 
Forced Refresh. The DP8409 allows only one automatic 
refresh to occur within a clock cycle o~ RFCK. 

Memory Access: 

The MC68B09E starts a memory access cycle when E 
goes low, then the memory address becomes valid on 
the Address Bus AO-15. This address is decoded to 
provide Chip Select (CS) to the DP8409. Then Q goes 
high and sets RASIN low from the PAL® Control Logic 
as shown in Figure 12. Note that CS must go low for a 
minimum of 10ns before the assertion of RASIN for a 
proper memory access. This is important because a 
false hidden refresh may take place when this 10 ns 
minimum setup time is not met. RASIN goes low initiat
ing the auto access sequence as shown in Figure 1. 
Mode 5 guarantees a 30ns minimum for row address 
hold time and a minimum of 8ns column address set up 
time. RASIN remains low until E goes low at the end of 
the current access cycle. Using the 16R6 A-1 Program
mable Array Logic (25ns PAL), the maximum access 
time from CAS of the selected dynamic RAM is deter
mined as follows: 

Max.tcAC: 3x125-25-160-40=150 ns 8409 
tCAC: 3x125-25-130-40=180 ns 8409-2 

Q high to 
E low: 3 x 125 ns (8 MHz clock) = 375 ns 



Q high to 
RASIN low: 25ns (16R6 A-1 PAL Parameter) 

RASIN to CAS 
Output low: 160 ns (DP8409's tRICL, Mode 5, at 

500pF load) 
130 ns (DP8409-2's tRICd 

Read data setup 
time (before E 

going low): 40ns 

Memory Refresh: 

As described above, RASIN goes active when Q andlor E 
are high. This scheme, therefore, maximizes chances for 
hidden refresh because CS is high during nondynamic 
memory cycle. For example, when the CPU is executing 
internal operation or the CPU is accessing ROM or 110, 
CS is high during these times. The DP8409 therefore per
forms a hidden refresh as RASIN goes low, assuming 
that RFCK is high. 
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1 0 Mo I 

I 
--. 

M1 0 1 --. 
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Y j 
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r-- D Ot---- VCc-r: 

lS74 
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A8-15 lIo. 
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ADo-7 "'- -'" 
... ... "", .. 

... "'II,. 
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Mo 

M1 

M2 

CASIN 

Ric 

RASIN 

WIN 

cs 

Co-7 

Bo 
B1 

ADS 

RO-7 

However, if no hidden refresh occurs 'while RFCK was 
high, RF 110 goed low Immediately after the RFCK high·to
low transition requests a forced refresh. The PAL Control 
Logic samples RF 110, when E and Q are high and low 
respectively, to set M2 (RFSH) low, as shown in Figure 13. 
Once M2 has gone low, a forced refresh automatically 
occurs (as described in the DP8409 Overview). M2 remains 
low for four system clock periods to allow for this forced 
refresh. If the current microprocessor cycle is a non
dynamic memory cycle (CS is high), this refresh is trans
parent to the microprocessor and STRETCH remains high 
(E and Q are not stretched). Nevertheless, if the current 
cycle is a dynamic memory access cycle, STRETCH goes 
low stretching E and Q for a maximum of four system 
clocks. RASIN for the pending access will be issued a full 
system clock after M2 has gone high; this is to allow some 
RAS prechargetimeforthedynamic RAM.Afterthis, mem
ory will be accessed in the manner as described in the 
Memory Access Cycle. 
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Figure S. NSCSOO and DPS40S Interface 
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Memory Systems with ECC 
Using the DP8400 

This brief explains how a memory system can easily per
form single error correction, double error detection, auto 
accessing and refreshing of memory, and byte writing. 

Figure 1 shows the NS16032 with DP8409, DP8400, and a 
2-PAL® (Programmable Array Logic) controller. The 
memory cycle for the NS16032 starts at the CPU clock 
cycle where the address strobe goes active. At the 
middle of this clock cycle, the 74ALS02 latch is set, pro
viding RASIN to the DP8409 Dynamic RAM Controller, 
which starts its Auto Access cycle. The latch output Is 
also sent to the two PAL controllers, indicating that a 
memory cycle has started. On the next PAL clock cycle 
(50ns later), the PAL will enter one of five memory cycles: 
Read, Byte-Write, Word-Write, or Cycle Inhibit. 

For a read cycle, one wait state will be needed, so the 
controller pulls the NCWAIT line low for one CPU clock 
cycle. Three CPU clock cycles after RASIN, the correct
ed data is latched at the output of the DP8400, the 
memory buffers are disabled, and the DP8400's output 
buffers are enabled. ·At the beginning of the fifth CPU 
clock cycle, the CPU latches the data from the data bus, 
and the PAL deactivates all control signals, resets the 
74ALS02 latch, and outputs an interrupt to the CPU if a 
double error is detected. This allows the CPU to grace
fully crash or perform a memory test on the system. 

In a byte-write cycle, the data must first be read from 
memory to be corrected if necessary. The new byte to be 
written, along with the byte that remains unchanged, will 
then be written to memory with the new checkbits. 

The byte-write memory cycle needs two wait states, so 
the PAL controller first pulls the NCWAIT line low for two 
CPU clock cycles. Three CPU clock cycles after RASIN is 
activated, corrected data is latched at the output of the 
DP8400. Also at this time the memory buffers are dis
abled, the new byte from the CPU and the unaddressed 
memory byte from the DP8400 are enabled onto the Inter
nal data bus, creating a new word of data. A half of the 
CPU clock cycle after the new data is enabled, it is 
latched into the DP8400, the mode of which has been 
changed to generate check bits. A half of the CPU clock 
cycle after the data has been latched into the input of the 
DP8400, the data is again latched at the output to the 
DP8400 along with the newly generated check bits. Also 
at this time, a write strobe is generated by the PAL. At 
the end of the write strobe, the PAL outputs a reset 
pulse, resetting the 74ALS02 latch. If a double bit error 
occurred during the read portion of the memory cycle, 
then the interrupt will be triggered. 

PAL is a registered trademark of MonOlithic Memories, inc. 

National Semiconductor 
Application Brief #2 
Brian Edem 
June 1982 

For a word-write cycle, no walt states are used. The 
buffer from the CPU Is enabled, the DP8400 Is put Into a 
write mode, and the DP8409 is instructed to write mem
ory. After CAS has occurred, the PAL controller resets 
the 74ALS02 latch. 

During any memory cycle that the dynamic RAM is not 
selected, the controller effectively performs a cycle 
inhibit, allowing the DP8409 to perform a refresh if 
needed. One CPU clock cycle after the cycle starts, the 
74ALS021atch is cleared. The DP8409wili use this short 
RASIN strobe to generate an AII-RAS strobe if a hidden 
refresh is pending. 

If a hidden refresh has not occurred in the allocated time 
(period of RFCK high), a forced refresh will be requested. 
The PAL controller will wait for the end of the current 
memory cycle, and immediately request a cycle hold, 
and then switch the DP8409 to the auto refresh mode. 
While the NS16201 is in the cycle hold state, NTSO will 
stay high, preventing the start of another memory cycle. 
After sufficient time has been allowed for the DP8409 to 
perform a forced refresh, the PAL controller will remove 
the cycle hold. 

Figure 2 shows how, using the 68000, DP8409 and DP8400, 
and a controller, the same functions can be performed 
with a memory system controlled by a 68000 micro
processor. Timing for the 68000 system is similar to that 
for the NS16000, except for forced refresh and the 
generation of RASIN. The 68000 does not have a feature 
equivalent to cycle hold, so DTACK (Data Acknowledge) 
must be delayed if a memory cycle is requested during a 
forced refresh. 
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TEMPERATURE RANGE 

Section 8 
Microprocessor 
Support 

DESCRIPTION 
- 55°C to + 125°C O°C to + 70°C 

DP8212M DP8212 8·Bit Input/Output Port 
*DP8216M DP8216 4·Bit Bidirectional Bus Transceiver 
* DP8226M DP8226 4·Bit Bidirectional Bus Transceiver 

DP8224 Clock Generator and Driver 

* DP8228M DP8228 System Controller and Bus Driver 

* DP8238M DP8238 System Controller and Bus Driver 
NS16201 NS16000 Timing Control Unit 

PAGE 
NUMBER 

8·4 
8·11 
8·11 
8·16 
8·22 
8·22 

Microprocessor 

• Also available screened in accordance with MIL-STD-883 Class B. Refer to National Semiconductor's "The Reliability Handbook". 





MICROPROCESSOR SUPPORT CIRCUITS 

DESCRIPTION 
GENERAL 8080 PART NUMBER 

PURPOSE CPU O°C to +70°C -55°C to +125°C 

8-Bit I/O Port • .' DP8212 DP8212M 

4-Bit Parallel Receiver/Driver • • DP8216, DP8216M, 
DP8226 DP8226M 

Clock Generator/Driver • DP8224 

System Controller/Bus Driver • DP8228, DP8228M, 
DP8238 DP8238M 

8-Bit 48 mA Bus Transceiver • DP8303 DP7303 

8-Bit 48 mA Bus Transceiver • DP8304B DP7304B 

8-Bit 48 mA Bus Transceiver • DP8307 DP7307 

8-Bit 48 mA Bus Transceiver • DP8308 DP7308 

CRT Controller • • DP8350 

CRT Controller • • DP8352, 

CRT Controller • • DP8353 

Octal D-Type Latch • MM74C373 MM54C373 

Octal D-Type Flip-Flop • MM74C374 MM54C374 

16-Key Encoder" • MM74C922 MM54C922 

20-Key Encoder • MM54C923 MM54C923 

Octal Transparent 0 Latch • DM74LS373 DM54LS373 

Octal Edge-Triggered 0 Flip-Flop • DM74LS374 DM54LS374 
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~National' 
~ Semiconductor 

Microprocessor Support 

DP8212/DP8212M 8-Bit Input/Output Port 

General Description Features 

• 8-Bit Data Latch and Buffer The DP8212/DP8212M is an 8-bit input/output port 
contained in a standard 24-pin dual-in-line package_ The 
device, which is fabricated using Schottky Bipolar tech
nology, is part of National Semiconductor's N8080A 
microcomputer family. The DP8212/DP8212M can be 
used to implement latches, gated buffers, or multi
plexers. Thus, all of the major peripheral and input/ 
output functions of a microcomputer system can be 
implemented with this device. 

• Service Request Flip-flop for Generation and Control 
of Interrupts 

• O.25mA Input Load Current 

• TRI-STATE TTL Output Drive Capability 

• Outputs Sink 15mA 

• Asynchronous Latch Clear 

• 3.65V Output for Direct Interface to INS8080A 
The DP8212/DP8212M includes an 8-bit latch with 
TR I-ST ATE® output buffers, and device selection and 
control logic. Also included is a service request flip-flop 
for the generation and control of interrupts to the 
microprocessor. 

• Reduces System Package Count by, Replacing Buffers, 
Latches, and Multiplexers in Microcomputer Systems 

N8080A Microcomputer Family Block Diagram 
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Absolute Maximum Ratings Operating Conditions 
MIN MAX UNITS 

Storage Temperature ,-65°C to +160°C Supply Voltage (VCC) 
All Output or Supply Voltages -0.5V to +7V DP8212M 4.50 5.50 VDC 
All Input Voltages -1.0V to 5.5V DP8212 4.75 5.25 VDC 
Output Currents 125mA Operating Temperature (T A) . 

at 25°C Maximum Power Dissipation DP8212M -55 +125 °c 
Cavity Package 1903 mW DP8212 0 +75 °c 
Molded Package 2005 mW 

·Derate cavity package 12.7 mWtC above 25°C; derate molded 
package 16.0 mWtC above 25°C. 

Note: Maximum ratings indicate limits beyond which permanent damage may occur. Continuous operation at these limits is not intended and 
should be limited to those conditions specified under dc electrical characteristics. 

Electrical Characteristics (Min ~ T A ~ Max, Min ~ VCC ~ Max, unless otherwise noted) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

IF Input Load Current, 
VF = 0.45V -0.25 mA 

STB, OS2, CLR, Oil-DiS Inputs 

IF Input Load Current, MO Input VF = 0.45V -0.75 mA 

IF Input Load Current, OSl Input VF = 0.45V -1.0 mA 

IR I nput Leakage Current 
VR = VCC Max 10 JlA 

STB, OS2, CLR, Oil-DiS Inputs 

IR Input Leakage Current, MO Input VR = VCC Max 30 JlA 

IR Input Leakage Current, OSl Input VR = VCC Max 40 JlA 

Vc Input Forward Voltage Clamp IC= -5 mA -1 V 

VIL Input "Low" Voltage OPS212M O.SO V 

OPS212 0.S5 V 

VIH Input "High" Voltage 2.0 V 

VOL Output "Low" Voltage IOL= 10mA OPS212M 0.45 V 

10L = 15 mA OPS212 0.45 V 

VOH Output "High" Voltage 10H = -0.5 mA OPS212M 3.40 4.0 V 

10H = -1.0 mA OPS212 3.65 4.0 V 

ISC Short·Circuit Output Current Vo = OV, V CC = 5V -15 -75 mA 

1101 Output Leakage Current, High 
Vo = 0.45VNCC 

Impedance State 
Max 20 JlA 

ICC Power Supply Current OPS212M 90 145 mA 

OPS212 90 130 rnA 

Capacitance * 
F = lMHz, VBIAS = 2.5V, VCC = 5V, T A =: 25°C. 

SYMBOL PARAMETER MIN TYP MAX UNITS 

CIN OSl, MO Input Capacitance 9 12 pF 

CIN OS2, CLR, STB, 0.ll-0IS Input Capacitance 5 9 pF 

COUT DO 1-00S Output Capacitance S 12 pF 

·This parameter is sampled and not 100% tested. 
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Switching Characteristics 
(Min ~ TA ~ Max, Min ~ VCC ~ Max) 

SYMBOL PARAMETER CONDITIONS 

tpw Pulse Width 

tPD Data to Output Delay (Note 5) 

tWE Write Enable to Output Delay (Note 5) 

tSET Data Set·Up Time 

tH Data Hold Time 

tR Reset to Output Delay (Note 5) 

ts Set to Output Delay (Note 5) 

tE Output Enable/Disable Time (Note 6) 

tc Clear to Output Delay (Note 5) 

Switching Conditions 

Conditions of Test: 

1. Input Pulse Amplitude = 2.5V. 

2. Input Rise and Fall Times = 5ns. 

3. Between 1 V and 2V Measurements made at 1.5 V 
with 15mA & 30pF Test Load. 

4. CL includes jig and probe capacitance. 

5. CL = 30 pF. . 

6. CL = 30 pF except for DP8212M tE(DISABLE) CL = 5 pF 

Test Load 
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-= 
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DP8212M DP8212 
UNITS 

MIN MAX MIN MAX 

40 30 ns 

30 30 ns 

50 40 ns 

20 15 ns 

30 20 ns 

55 40 ns 

35 30 ns 

50 45 ns 

65 55 ns 

.• 

Alternate Test Load 
(Refer to Timing Diagram) 
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Timing Diagram 
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Logic Diagram 
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DATA LATCH 

DATA LATCH 
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DATA IN 
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CLR '"'\... resets data latch to the output low state. 

DEVICE SELECT 

The data latch clock is level sensitive, a low level clock 
latches the data. 

Logic Table B 

STB Q* 

o RESET 0 

o o o 
o o 

1 RESET o o 
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"Internal Service Request flip·flop. 

Functional Pin Definitions 
The following describes the function of all the OP8212/ 
OP8212M input/output pins. Some ·of these descriptions 
reference internal circuits. 

INPUT SIGNALS 

Device Select (OS1, OS2): When 051 is low. and 052 is 
high, the device is selected. The output buffers are enabled 

(OS, .OSZ) 

0>01, DO' I:I> 

O>0IZ DOl CI> 

OOJ D:> 

QI>·OIS 005 [D 

rn:>. DiS DOS [I!> 

DI> DiS ODS rn:> 

8-8 

and the service request flip-flop is asynchronously reset 
(cleared) when the device is selected. 

Mode (MO): When high (output mode), the output buffers 
are enabled and the source of the data latch clock input is 
the device selection logic (051' 052). When low (input 
mode), the state of the output buffers is determined by the 
device selection logic (051 . 052) and the source of the 
data latch clock input is the strobe (STB) input. 



Functional Pin Definitions (Continued) 

Strobe (STB): Used as data latch clock input when the 
mode (MO) input is low (input mode). Also used to synch
ronously set the service request flip-flop, which is negative 
edge triggered_ 

Data In (011 - DiS): Eight-bit data input to the data latch, 
which consists of eight Ootype flip-flops. Incorporating a 
level sensitive clock while the data latch clock input is high, 
the Q output of each flip-flop folfows the data input. When 
the clock input returns low, the data latch stores the data 
input. The clock input high overrides the clear (ClR) 
input data latch reset. 

Clear (ClR): When low, asynchronously resets (clears) 
the data latch and the service request flip-flop_ The service 
request flip-flop is in the non-interrupting state when reset. 

OUTPUT SIGNALS 

Interrupt (lNT): Goes low (interrupting state) when either 
the service request flip-flop is synchronously set by the 
strobe (STB) input or the device is selected. 

Data Out (001 ..:. DOS): Eight-bit data output of data 
buffers, which are TR I-STATE, non-inverting stages. These 
buffers have a common control line that either enables the 
buffers to transmit the data from the data latch outputs or 
disables the buffers by placing them in the high-impedance 
state. 

Applications in Microcomputer Systems 
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Applications in Microcomputer Systems (Continued) 

Interrupting Input Port 
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DP8216/DP8216M, DP8226/DP8226M 
4-Bit Bidirectional Bus Transceivers 

General Description 
The DP8216/DP8216M and DP8226/DP8226M are 
4-bit bidirectional bus drivers for use' in bus oriented 
applications. The non-inverting DP8216/DP8216M and 
inverting DP8226/DP8226M drivers are provided for 
flexibility in system design. 

Each buffered line of the four-bit driver consists of two 
separate buffers that are TRI-STATE® to achieve direct 
bus interface arid bidirectional capability. On one side 
of the driver the output of one buffer and the input of 
another are tied together (DB); this side is used to inter-. 
face to the system side components such as memories, 
I/O, etc., because its interface is TTL compatible and it 
has high drive (50 mAlo On the other side of the driver 
the inputs and outputs are separated to provide maximum 
flexibility. Of course, they can be tied together so that 
the driver can be 'used to buffer a true bidirectional bus. 
The DO outputs on this side of the driver have a special 
high voltage output drive capability sothat direct inter
face to the 8080 type CPUs is achieved with an adequate 
amount of noise immunity. 

The CS input is a device enable. When it is "high" the 
output drivers are all forced to their high-impedance 
state. When it is a "low" the device is enabled and the 
direction of the data flow is determined by the D I EN 
input. 

Logic and Connection Diagrams 

DP8216/DP8216M DP8226/PD8226M 

DID DID 

DBO 
DOD 000 

011 011 

OB, 
00, 00, 

012 OIZ 
OBZ 

OOz 
ODZ 

Oil 
OIJ 

DBl 
DOl 

OOJ 

OlEN 

ES OlEN 
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The DIEN input controls the direction of data flow, 
which is accomplished by forcing one of the pair of 
buffers into its high-impedance state and allowing the 
other to transmit its data. A simple two-gate circuit is 
used for this"function. 

Features 
• Data bus buffer driver for 8080 type CPUs 

• Low input load current - 0.25 mA maximum 

• High output drive capability for driving system data 
bus - 50 mA at 0.5 V 

• Power up-down protection 

• DP8216/DP8216M have non-inverting outputs 

• DP8226IDP8226M have inverting outputs 

• Output high voltage compatible with direct interface 
to MaS 

• TRI-STATE outputs 

• Advanced Schottky processing 

• Available in military and commercial temperature 
ranges 

Dual-In-Line Package 
DBO 

OB, DATA OUTPUT DOD Z 15 iTIDI rD~~~J~I~~W:TRDL) 

BIDIRft~~~~~ OBO J 14 OOJ DATA OUTPUT 

OBZ 
DATA INPUT DID 4 lJ OBJ gl~1~tCUT~ONAl 

DATA OUTPUT 00, 5 12 OIJ DATA INPUT 

BIOIR~t~M~~ OB, 6 11 OOz DATA OUTPUT 

OBJ 
DATA INPUT 011 1 10 OBZ gi11~tCUT~ONAl 

9 OIZ DATA INPUT 

cs 

Order Number DP8216J, DP8216N, DP8226J, 
DP8226N, DP8216MJ or DP8226MJ 

See NS Package J16A or N16A 



Absolute Maximum Ratings (Note 1) Operating Conditions 
Min Max Units Min Max Units 

All Output and Supply Voltages -0.5 +7.0 V Supply Voltage, VCC 

All Input Voltages -1.0 +5.5 V DP8216M,DP8226M 4.5 5.5 V 

Output Currents 125 mA 
DP8216,DP8226 4.75 5.25 V 

Storage Temperature -65 +150 °c Temperature, T A 

* 
DP8216M,DP8226M -55 +125 °c 

Maximum Power Dissipation at 25°C DP8216,DP8226 0 +70 °c 
Cavity Package 1509 mW 

Molded Package 1476 mW 

Lead Temperature (soldering, 10 seconds) +300 °c 

*Oerate cavity package 10.1· mW/o C above 25° C; derate molded package 11.8 mWr C 
above 25°C. 

Electrical Characteristics DP8216,DP8226 VCC = 5 V ± 5% (Notes 2, 3, and 4) 

Parameter Limits I 
Symbol ' Description Conditions Min Typ Max Units 

DRIVERS 

VIL Input Low Voltage 0.95 V 

VIH Input High Voltage 2 V 

IF I nput Load Current VF = 0.45V -0.03 -0.25 mA 

IR Input Leakage Current VR = 5.25V 10 I1A 

Vc Input Clamp Voltage IC = -5mA -1.2 V 

VOLl Output Low Voltage 10L = 25mA 0.3 0.45 V 

DP8216 10L = 55mA 
VOL2 Output Low Voltage 0.5 0.6 V 

DP8226 10L = 50mA 

VOH Output High Voltage 10H = -10mA 2.4 3.0 V 

ISC Output Short Circuit Current VCC = 5.0V -30 -75 -120 mA 

1101 Output Leakage Current TRI·STATE Vo = 0.45V/5.5V 100 I1A 

RECEIVERS 

VIL Input Low Voltage 0.95 V 

VIH Input High Voltage 2 V 

IF Input Load Current VF = 0.45 V -0.08 -0.25 mA 

Vc Input Clamp Voltage IC = -5mA -1.2 V 

VOL Output Low Voltage 10L = 15mA 0.3 0.45 V 

VOHl Output High Voltage 10H = -1 mA ·3.65 4.0 V 

ISC Output Short Circuit Current VO~OV -15 -35 -65 mA 

1101 Output Leakage Current TRlcSTATE Vo = 0.45 V/5.5 V 20 I1A 

CONTROL INPUTS (CS, OlEN) 

VIL Input Low Voltage 0.95 V 

VIH Input High Voltage 2 V 

IF Input Load Current VF=0.45V -0.15 -0.5 mA 

IR Input Leakage Current VR = 5.25V 20 I1A 

ICC Power Supply Current 
DP8216 95 130 mA 
DP8226 85 120 mA 
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Electrical Characteristics DP8216M, DP8226M VCC = 5V ±10% (Notes 2, 3 and 4) 

Parameter Limits I 
Symbol Description Conditions Min Typ Max 1 Units 

DRIVERS 

VIL Input Low Voltage 
DP8216M 0.95 V 

DP8226M 0.90 V 

VIH Input High Voltage 2 V 

IF Input Load Current VF = 0.45 V -0.08 -0.25 mA 

IR I nput Leakage Current VR = 5.5V 40 J..lA 

Vc Input Clamp Voltage Ic=-5mA -1.2 V 

VOL 1 Output Low Voltage 10L = 25mA 0.3 0.45 V 

VOL2 Output Low Voltage IOL=45mA 0.5 0.6 V 

VOH Output High Voltage 10H = -5mA 2.4 3.0 V 

ISC Output Short Circuit Current VCC = 5.0V -30 -75 -120 mA 

1101 Output Leakage Current TRI·STATE Vb = 0.45 V /5.5 V 100 J..lA 

RECEIVERS 

VIL Input Low Voltage 
DP8216M 0.95 V 
DP8226M 0.9 V 

VIH Input High Voltage 2 V 

IF Input Load Current VF = 0.45V -0.08 -0.25 mA 

Vc Input Clamp Voltage Ic=-5mA -1.2 V 

VOL Output Low Voltage 10L = 15mA 0.3 0.45 V 

VOrl 1 Output High Voltage 10H = -0.5mA 3.4 3.8 V 

VOH2 Output High Voltage IOH=-2mA 2.4 V 

ISC Output Short Circuit Current VCC = 5.0V -15 -35 -65 mA 

1101 Output Leakage Current TRI·STATE Vo = 0.45 V /5.5 V 20 J..lA 

CONTROL INPUTS (CS, DIEN) 

VIL Input Low Voltage 
DP8216M 0.95 V 
DP8226M 0.9 V 

VIH Input HighVoltage 2 V 

IF Input Load Current VF=0.45V -0.15 -0.5 mA 

IR I nput Leakage Current VR ,= 5.5V 80 J..lA 

ICC Power Supply Current 
DP8216M 95 130 mA 
DP8226M 85 120 mA 
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Switching Characteristics (Notes 2, 3, and 4) 

Parameter Limits 

Symbol Description Conditions Min Typ Max Units 

DP8216M, DP8226M, VCC = 5V ±10% 

tPD 1 I nput to Output Delay, DO Outputs CL = 30pF, Rl = 300n, 15 25 ns 
R2 = 600n 

tpD2 Input to Output Delay, DB Outputs CL = 300pF, Rl = 90n, 
DP8216M R2 = 180n 19 33 ns 
DP8226M ,16 25 ns 

tE Output Enable Time DO Outputs: CL = 30pF, 
DP8216M Rl = 300n/l0kn, 42 75 ns 
DP8226M R2 = 600n/l kn 36 62 ns 

DB Outputs: CL = 300pF, 
Rl = 90n/l0kn, 
R2 = l80n/l kn 

tD Output Disable Time DO Outputs: CL = 5 pF, 
DP8216M Rl = 300n/l0kn, 16 40 ' ns 
DP8226M R2 = 600 nil kn 16 38 ns 

DB Outputs: CL = 5pF, 
Rl = 90n/l0kn, 
R2 = 180n/l kn 

DP8216, DP8226 V CC = 5.0 V ± 5% 

tPD 1 I nput to Output Delay, DO Outputs CL = 30pF, Rl = 300n, 15 25 ns 
R2 = 600n 

tpD2 Input to Output Delay, DB Outputs CL = 300pF, Rl = 90 n, 
DP8216 R2 = 180n 20 30 ns 
DP8226 16 25 ns 

tE Output Enable Time DO Outputs: CL = 30pF, 
DP8216 R 1 = 300n/l0 kn, 45 65 ns 
DP8226 R2 = 600n/l kn 35 54 ns 

DB Outputs: CL = 300pF, 
R 1 = 90n/l0 kn, 
R2 = 180n/l kn 

tD Output Disable Time DO Outputs: CL = 5pF, 20 35 ns 
R 1 = 300n/l0 kn, 
R2 = 600n/l kn 

DB Outputs: CL = 5 pF, 
Rl = 90n/l0kn, 
R2 = 180n/l kn 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for 
actual device operation. 
Note 2: Unless otherwise specified, minImax limits apply across the -550 C to +12~C temperature range for the DP8216M and DP8226M 
and across the 0° C to +700 C temperature range for the DP8216 and DP8226, All typical values are given for V CC = 5 V and T A = 25" C. 
Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless 
otherwise specified. 
Note 4: Only one output at a time should be shorted. 
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Test Conditions Test Load Circuit 

Vee 
Input pulse amplitude of 2.5 V. ~ 
I nput rise and fall times of 5.0 ns between 1.0 V and 2.0 V. 
Out~ut loading is 5.0 mA and 10 pF. 
Speed measurements are made at 1.5 V levels. 

Switching Time Waveforms 

,---------------------------- 3V 

INPUTS _______________ ..;¥' ..... S_v _________________________ OV 

['''-I 
~Mxm _______ oJ)(sv I ¥sv :: 

~'E--1 ~'D~~ 'DH 

OUTPUTS __________________ _.Jx .... ~S_v ____ _.J;; t + 
--t- VOL 

O.SV 

Capacitance T A = 25°C 

Limit 
Symbol Parameter Min. Typ. Max. Unit 

CIN Input Capacitance ,4 6 pF 

COUT Output Capacitance 
DO Outputs 6 10 pF 
DB Outputs 13 18 pF 

Note: This parameter is periodically sampled and is not 100% 
tested. Condition of measurement is f = 1 MHz, VSIAS = 2.5V, 
VCC = 5.0V,a'nd TA = 25°C. 

8-15 



~' 

C\I 
co 
c.. 
c 

~National 
D Semiconductor 

Microprocessor Support 

DP8224 Clock Generator and Driver 

General Description 
The DP8224 is a clock generator/driver contained in a 
standard, 16-pin dual-in-line package. The chip, which is 
fabricated using Schottky Bipolar technology, generates 
clocks and timing for National Semiconductor's N8080A 
microcomputer family. 

Included in the DP8224 is an oscillator circuit that is 
controlled by an external crystal, which is selected by 
the designer to meet a variety of system speed require
ments. Also included in the chip are circuits that provide: 
a status strobe for the DP8228 or DP8238 system con
trollers, power-'on reset for the I NS8080A microproces
sor, and synchronization of the READY input to the 
INS8080A. 

Features 
• Crystal-Controlled Oscillator for Stable System, 

Operation 

• Single Chip Clock Generator and Driver for I NS8080A 
Microprocessor 

• Provides Status Strobe for DP8228 or DP8238 System 
Controllers 

• Provides Power-On Reset for I NS8080A MiCro
processor 

• Synchronizes READY Input ,to INS8080A Micro
processor 

• Provides Oscillator Output for Synchronization' of 
External Circuits 

• Reduces System Component Count 

N8080A Microcomputer Family Block Diagram 

RESET IN 
(POWER ON) 

READY IN 

OPB224 

READY 
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INSBOBOA 
MICROPROCESSOR 

ROM. 

RAM. 

PARALLel 
1/0 

INTERFACE 

SERIAL 
1/0 

INTERFACE 

EXTENDED 
CAPABILITY 



Absolute Maximum Ratings (Note 2) Operating Conditions 
MIN MAX UNITS 

Supply Voltage Supply Voltage 

VCC 7V Vec 4.75 5.25 V 

VDD 15V VDD 11.4 12.6 V 

Input Voltage -1V to +5.5V Temperature (T A) 0 +70 °c 
Storage Temperature Range -65°C to +150°C 
Maximum Power Dissipation 

. at 2SoC 
Cavity Package 1S09 mW 
Molded Package 1476 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

-Derate cavity package 10.1 mWtC above 2SoC; derate molded 
package 11.8 mW/o C above 2So c. 

Electrical Characteristics (Note 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

IF Input Current Loading VF: 0.45V -0.25 mA 

IR Input leakage Current VR: 5.25V 10 pA 

Vc Input Forward Clamp Voltage IC: -5 mA -1.0 V 

Vil Input "low" Voltage VCC: 5V 0.8 V 

VIH Input "High" Voltage RESIN Input 2.6 V 

All Other Inputs 2.0 V 

VIH-Vll RESIN Input Hysteresis VCC: 5V 0.25 V 

VOL Output "low" Voltage 

(¢1, ¢2), Ready, Reset, 
IOl: 2.5 mA 

STSTB 
0.45 V 

Osc., ¢2 (TTL) IOl: 10 mA 0.45 V 

Osc., ¢2 (TTL) IOl: 15 mA 0.45 V 

VOH Output "High" Voltage 

¢1, ¢2 IOH: -100 pA 9.4 V 

Ready, Reset IOH: -100pA 3.6 V 

Osc., ¢2 (TTL). STSTB IOH: -1 mA 2.4 V 

ISC Output Short·Circuit Current 

(All low Voltage Outputs VO: OV, VCC: .5V -10 -60 mA 

Only), (Note 1) 

ICC Power Supply Current 115 mA 

100 Power Supply Current 12 mA 

Note 1: Caution - </>1 and </>2 output drivers do not have short circuit protection. 
Note 2: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 3: Unless otherwise specified min/max limits apply across the O°C to +70°C range for the DP8224. All typical values are for T A = 25°C, 
VCC = SV, and VDD = 12V. 

Crystal Requirements· 
Tolerance 0.005% at O°C to +70°C Equivalent Resistance 75n to 20n 

Resonance Fundamental * * Power Dissipation (Min) 4mW 

load Capacitance 20 pF to 30pF 

*It is good design practice to ground the case of the crystal 
**With tank circuit, use 3rd overtone mode 
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Switching Characteristics (Note 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

2tCY 
t</>l ¢1 Pulse Width --- - 20 ns 

9 

5tCY 
t</>2 ¢2 Pulse Width ---35 ns 

9 

tD1 ¢1 to </>2 Delay 0 ns 
Cl = 20 pF to 50 pF 

2tCY' 
tD2 ¢2 to ¢1 Delay ---14 ns 

9 

2tCY 2tCY 
tD3 ¢1 to 1>2 Delay -- --+20 ns 

9 9 
". 

tr ¢l and ¢2 Rise Time 20 ns 

tf ct>1 and ¢2 Fall Time 20 ns 

tDct>2 ¢2 to </>2 (TTL) Delay ¢2 TTL. Cl ~ 30 pF, -5 15 ns 

R1 = 30an, R2 = 6aOn 
--

6tCY 6tCY tDSS ¢2 to STSTB Delay 
--~30 ns 

,9 9 

STSTB Pulse Width 
tCY 

tpw --15 ns 
STSTB, Cl = 15 pF 9 

R1 = 2 kn,R2 = 4 kn 4tCY 
tDRS RDYIN Set-Up Time to Status Strobe 50--- ns 

9 

tDRH RDYIN Hold Time After STSTB 
4tCY -- ns 

9 

tDR READY or RESET to </>2 Delay Ready and Reset, Cl = 1 a pF, 4tCY 
R1 = 2 kn, R2 = 4 kn 

---25 ns 
9 

tCLK ClK Period tCY ns 

9 

fMAX Maximum Oscillating Frequency 27 MHz 

CIN Input Capacitance VCC = 5V, VDD = 12V, 8 pF 

VBIAS = 2,5V, f = 1 MHz 

-

Test Circuit 
Vee 

~ 
Rl 

INPUT 

I" 
> 

R2 I 

"*" GND GND 

8-18 



ICY Waveforms 
IR -- ~ 14>1 .. -.J r-- IF 

-~ 
4>1 ---------"1 \~ 

~----------------------------------------~ 

4>2 
1¢2 

~)J; 102 

-- I-:==. to¢2 104>2-

4>2 (TTL) _______________________ --;1,,/1 t 

I 
SYNC I 

lOSS tJ 
I 

(FRoM8080AI :i=l tpw __ 

-----------------------------+-----------
STSTB 

. tORS-II--____ toRH ----~·I 

I 

OR~~~:~ • - - - ________________ ...11,1\--__ -_-_-_-__ -_-_-__ -_-_--+_-_-_-__ -_-_-_-__ -_-_-_-__ -_-_-__ -_-_-_-__ -_-_-_-__ -_-_. 
-toR-

. ---------- ------------ - ........... J.,.-----------4------------------------------
READY OUT ) 

-toR~ 

RESET OUT 

VOLTAGE MEASUREMENT POINTS: ct>1, ct>2 Logic "0" = 1.0V, Logic "1" = B.OV. All other signals measured at 1.5V. 

Switching Characteristics (For tCY = 4~8.28 ns) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

t¢l ¢1 Pulse Width 89 ns 

t¢2 ¢2 Pulse Width 236 ns 

tDl Delay ¢1 to ¢2 0 ns 

tD2 Delay ¢2 to ¢1 95 ns 

tD3 Delay ¢1 to ¢2 Leading Edges 109 129 ns 

tr Output Rise Time ¢1 and ¢2 Loaded to CL = 20 to 50 pF 20 ns 

tf Output Fall Time Refldy & Reset Loaded to 2 mA/l0 pF 20 ns 

toss ¢2 to STSTB Delay All Measurements Referenced to 1.5V 296 326 ns 

¢2 to ¢2 (TTL) Delay 
unless Specified Otherwise 

tD¢2 -5 15 ns 

tpw Status Strobe Pulse Width 40 ns 

tORS RDYIN Set-Up Time to STSTB -167 ns 

tDRH RDYIN Hold Time after STSTB 217 ns 

tOR READY or RESET to ¢2 Delay 192 ns 

fMAX Oscillator Frequency 18.432 MHz 
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Functional Pin Definitions 
The following describes the function of all of the 
DP8224 input/output pins. Some of these descriptions 
reference internal circuits. 

INPUT SIGNALS 

Crystal Connections (XTAL 1 and XTAL 2): Two inputs 
that connect an external crystal to the oscillator circuit 
of the DP8224. Normally, a fundamental mode crystal 
is used to determine the basic operating frequency 
of the oscillator. However, overtone mode crystals 
may also be used. The crystal frequency is 9 times 
the desired microprocessor speed (that is, crystal fre
quency equals 1/tCY x 9). When the crystal frequency 
is above 10 MHz, a selected capacitor (3 to 10 pF) 
may have to be connected in series with the crystal 
to produce the exact desired frequency. Figure A. 

Tank: Allows the use of overtone mode crystals with 
the oscillator circuit. When an overtone mode crystal is 
used, the tank input connects to a parallel LC network 
that is ac coupled to ground. The formula for determin· 
ing the resonant frequency of this LC network is as 
follows: 

F= __ 1_ 

2rrVLC: 

Synchronizing (SYNC) Signal: When high, indicates the 
beginning of a new machine cycle. The INS8080A 
microprocessor outputs a status word (which describes 
the current machine cycle) onto its data bus during the 
first state (SYNC interval) of each machine cycle. 

Reset In (RESIN): Provides an automatic system reset 
and start-up upon application of power as follows. The 
RESIN input, which is obtained from the junction of 
an external RC network that is connected between Vee 
and ground, is routed to an internal Schmitt Trigger 
circuit. This circuit converts the slow transition of the 
power supply rise into a sharp, clean edge when its input 
reaches a predetermined value. When this occurs, an 
internal D-type flip-flop is synchronously reset, thereby 
providing the RESET output signal discussed below. 

Logic and Connection Diagrams 

[II> XTALI 

[[> XTAL2 

[D TANK ------' 

U> SYNC -------+---t..._ ... ~ 

IT> RESIN ----I ~----!f-t 

0:> RDYIN -------+-4 

OSC 

<1>1 

<1>2 

For manual system reset, a momentary contact switch 
that provides a low (ground) when closed is also con
nected to the RESIN input. 

Ready In (RDYIN): An asynchronous READY signal 
that is re-clocked by a D-type flip-flop of the DP8224 to 
provide the synchronous READY output discussed 
below. 

+5 Volts: Vee supply. 

+12 Volts: Voo supply. 

Ground: 0 volt reference. 

OUTPUT SIGNALS 

Oscillator (OSC): A buffered oscillator signal that can 
be used for external timing purposes. 

¢1 and r/>2 Clocks: Two non-TTL compatible clock phases 
that provide nonoverlapping timing references for 
internal storage elements and logic circuits of the 
I NS8080A microprocessor. The two clock phases are 
produced by an internal clock generator that consists 
of a divide-by-nine counter and the associated decode 
gating logic. Figure B. . 

r/>2 (TTL) Clock: A TTL r/>2 clock phase that can be used 
for external timing purposes. 

Status Strobe (STSTB): Activated (low) at the start of 
each new machine cycle. The STSTB signal is generated 
by gating a high·level SYNC input with the r/>lA timing 
signal from the internal clock generator of the DP8224. 
The STSTB signal is used to clock status information 
into the status latch of the DP8228 system controller 
and bus driver. 

Reset: When the RESET signal is activated, the content 
of the program counter of the I NS8080A is cleared. 
After RESET, the program will start at location 0 in 
memory. 

Ready: The READY signal indicates to the INS8080A 
that valid memory or input data is available. This signal 
is used to synchronize the INS8080A with slower 
memory or input/output devices. 

OD Dual-ln:Line Package 

RESET 16 vee 

RESIN 15 XTAL 1 

m> ROYIN 14 XTAL 2 

ill> READY DP8224 13 TANK 

¢2 (TTL) IT> SYNC 12 OSC 

¢2 (TTL) 11 <1>1 

STSTB IT> mfB 10 <1>2 

GND VDD 

TOPVIEW 

RESET D> Order Number DP8224J or DP8224N 
See NS Package J16A or N16A 

READY IT> 
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F = __ 1_ 
2rrv'TC 

USED ONLY 
FOR OVERTONE 

CRYSTALS 

13 14 

DP8224 

15 

11 

10 

3-10pF 
(ONL Y NEEDED 
ABOVE 10MHz) 

22 

15 

23 

12 

INS8080A 
CPU 

..... --il .. RESET 
19 

-'---1 SYNC 

STSTB (TO 8228 PIN 1) 

Figure A. DP8224 Connection Diagram 

1 UNIT = __ 1 __ 
OSC. FREn. 

¢2-----i 

EXAMPLE: (8080 tCY = 500 ns) 
OSC = 18mHz/55ns 
¢1 = 110ns(2x55ns) 
¢2 = 275 ns (5 x 55 ns) 
¢2 - ¢1 = 110 ns (2 x 55 ns) 

Figure B. DP8224 Clock Generator Waveforms 
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~National 
~ Semiconductor 

Microprocessor Support 

DP82281DP8228M, DP82381DP8238M 
System Controller and Bus Driver 
General Description 
The DP8228/DP8228M, DP8238/DP8238M are 
system controller/bus drivers contained in a standard, 
28-pin dual-in-line package; The chip, which is fabri
cated using Schottky Bipolar technology, generates all 
the read and write control signals required to directly 
interface the memory and input/output components of 
National Semiconductor's INS8080A microcomputer 
family. The chip also provides drive and isolation for 
the bidirectional data bus of the INS8080A micro
processor. Data bus isolation enables the use of slower 
memory and input/output components in a system, 
and provides for enhanced system noise immunity. 

A user-selected single-level interrupt vector (RST 7) is 
provided by the device for use in the interrupt structure 
of small systems that need only one basic vector. No 
additional components (such as an interrupt instruction 
port) are required to use the single, interrupt vector in 
these systems. The devices also generate an Interrupt 
Acknowledge (I NTA) control signal for each byte of a 
multi byte CALL instruction when an interrupt is 

acknowledged by the INS8080A. This feature permits 
the use of a multilevel priority interrupt structure in 
large, interrupt-driven systems. 

Features 

• Single Chip System Controller and Bus Driver for 
INS8080A Microcomputer Systems 

• Allows Use of Multibyte CALL Instructions for 
Interrupt Acknowledge 

• Provides User-Selected Single-Level Interrupt Vector 
(RST 7) 

• Provides Isolation for Data Bus 

• Supports A Wide Variety of System Bus Structures 

• Reduces System Component Count 

• DP8238/DP8238M Provides Advanced Input/Output 
Write and Memory Write Control Signals for Large 
System Timing Control 

N8080A Microcomputer Family Block Diagram 

II. 
r 

<1>1 & ¢2 CLOCKS ~ ROMs 

DPB224 CONTROL SIGNALS r+ CLOCK (RESET & READY) 
GENERATOR 

& 
INSBOBOA DRIVER SYNC 

MICROPROCESSOR 

~ 
WAIT ....-

~ HOLD ~ RAMs 

~~rJ~Q~ --I~ 
... ~ 

07 - DO A15-AO ~ 
I~ 

PARALLEL ,.. I/O ,.. INTERFACE CONTROL -I .... SIGNALS ~ (Wll,DBIN, 
& HLDA) BIDIRECTIONAL 

~ -BUS DRIVER 

r-+ 
1 t 1-+ SERIAL 

~ I/O 
INTERFACE 

'" ,.. 
~ -I .... I-~ r------, 

mfii SYSTEM I OPTIONAL I 
CONTROLLER I BUFFERS/ I r-+ LOGIC I DECODERS I 

BTISEN L-TC--J DPB22B/DPB22BM, ADDRESS _=I~ 
EXTENDED 

DPB238/DPB23BM BUS (16) CAPABILITY 

DATA BUS (8) r 

CONTROL (5) 

8-22 



Absolute Maximum Ratings Operating Conditions 
MIN MAX UNITS 

Storage Temperature -65°C to +150°C Supply Voltage (VCC) 
Supply Voltage, VCC -0.5V to +7V DP8228M, DP8238M 4.50 5.50 VDC 
Input Voltage -1.5V to +7V DP8228,DP8238 4.75 5.25 VOC 
Output Current 100mA Operating Temperature (T A) 
Maximum Power Dissipation * at 25°C DP8228M, DP8238M -55 +125 °c 

Cavity Package 2179 mW DP8228, DP8238 0 +70 °c 
Molded Package 2361 mW 

*Derate cavity package 14.5 mWt C above 25° C; derate molded 
package 18.9 mWt C above 25° C. 

Note: Maximum ratings indicate limits beyond which permanent damage may occur. Continuous operation at these limits is not intended and 
should be limited to those conditions specified under DC electrical charact~ristics. 

Electrical Characteristics 
(Min ~ TA ~ Max, Min ~ Vee ~ Max, unless otherwise noted) 

PARAMETER CONDITIONS MIN. 
TYP 

MAX UNITS 
(Note 1) 

Vc Input Clamp Voltage, All Inputs VCC = Min, IC = -5 mA 0.6 -1.0 V 

IF Input Load Current VCC = Max , 
STST8 VF = 0.45V for DP8228,DP8238 500 IlA 
D2 and D6 VF = 0.40V for DP8228M, DP8238M 750 IlA 
DO, D1, D4, D5 and D7 250 IlA 
All Other Inputs 250 IlA 

IR I nput Leakage Current VCC = Max, VR = VCC 

080-087 20 IlA 
All Other Inputs 100 IlA 

VTH Input Threshold Voltage, VCC'" 5V 0.8 2.0 V 

All Inputs 

ICC Power Supply Current DP8228, DP8238 160 190 rnA 
VCC = Max 

DP8228M, OP8238M 160 210 rnA 

VOL Output Low Voltage 

00-07 OP8228M, OP8238M 0.50 V 
VCC = Min, 10L = 2 rnA 

DP8228, OP8238 0.45 V 

All Other Outputs DP8228M, DP8238M 0.50 V 
VCC = Min, 10L = 10 rnA 

OP8228, OP8238 0.45 V 

VOH Output High Voltage 

00-07 OP8228M, OP8238M 3.3 3.8 V 
VCC= Min,IOH= -101lA 

OP8228, OP8238 3.6 3.8 V 

All Other Outputs VCC = Min, 10H = -1 rnA 2.4 3.8 .V 

lOS Short Circuit Current, All Outputs VCC=5V,VO=OV 15 90 rnA 

10(OFF) OFF State Output Current VCC = Max, Vo = VCC 100 J.1A 
All Control Outputs VCC = Max, Vo = 0.45V -100 IlA 

liNT INTA Current (See Test Conditions, Figure 3) 5 rnA 

Note 1: Typical values are for T A = 25°C and typical supply voltages. 

Capacitance 
VBIAS = 2.5V, Vee = 5.0V, TA = 25°e, f;= 1 MHz. 

PARAMETER MIN 
TYP 

MAX UNITS 
(Note 1) 

CIN Input Capacitance 8 12 pF 

COUT Output Capacitance Control Signals 7 15 pF 

I/O I/O Capacitance (0 or 08) 8 15 pF 

This para~eter is periodically sampled and not 100% tested. 
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Switching Characteristics 
(Min::; VCC::; Max, Min::; TA::; Max) 

PARAMETER 
..... 

tpw Width of Status Strobe 

tss Set·Up Time, Status Inputs 00-07 

tSH Hold Time, Status Inputs 00-07 

tDC Delay from STSTS-to Any Control 

Signal 

tRR Delay from DBIN to Control 

Outputs 

tRE Delay from DB IN to Enable/ 

Disable 8080 Bus 

tRD Delay from System Bus to 8080 

Bus during Read 

tWR Delay from WR to Control Outputs 

tWE Delay to Enable System Bus 

DBO-DB7 after STSTB 

two Delay from 8080 Bus 00-07 to 

System Bus DBO-DB7 during Write 

tE Delay from System Bus Enable to 

System Bus DBO-DB7 

tHO HLDA to Read Status Outputs 

tDS Set·Up Time, System Bus Inputs 

to I;lLDA 

tDH Hold Time, System Bus Inputs 

to HLDA 

Test Conditions 

Vee 

.. ~ 4kn 
~ 

OUTPUT OUTPUT 
PIN PIN 

I"" 
FIGURE 1. Test Load 

CONDITIONS 

(Figure 2) 

(Figure 2) 

(Figure 1) 

I 

(Figure 1) 

(Figure 2) 

(Figure 2) 
, 

(Figure 2) 

(Figure 2) 

(Figure 2) 

100

" 
GND 

FIGURE 2. Test Load 
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DP8228M, DP8228, 
DP8238M DP8238 UNITS 

MIN MAX MIN MAX 

25 22 ns 

8 8 ns 

5 5 ns 

20 75 20 60 ns 

30 30 ns 

45 45 ns 

45 30 ns 

5 60 5 45 ns 

30 30 ns 

5 40 5 40 ns 

30 30 ns 

25 25 ns 

10 10 ns 

20 20 ns 

Vee J +12 V 

~ 
lkn±10%:~ .: 500n . 

I 
DP8228/8238 

liNT ~'1kn 

GND 

-===-

23 
INTI\:= 

FIGURE 3. INTA Test Circuit (For RST 7) 



Timing Diagram 

¢1 

¢2 
STATUS STROBE ____ .;;;-=;:W:;:-::;;.. ________ __ 

8080 DATA BUS _______ lC~+-I--_X'l'_--------------

DBIN ___ I_ss_~_~_I+I+_+_~..;;,SH~I ... t---.lp.......,......---------
-tRRI.~ _______ _ 

1~N---4---4-~ 
IDc_II+· 1'-+-----------

HLDA l.. 
INTA, iliA, MEMR " -j l~;;;.t..:..:H.:;.D--------

DURING HLDA IDs-f--I_I-IOH 

SYSTEM BUS DURING READ ::::::::::~:: x x :::::::::::= 
. ~IRD IRE 

INS8080A BUS DURING READ --------f- f--- -------------
IRE-

INS8080A BUS DURING WRITE ::::::::: :~I ...... -j;--.....,..IW"""O---------

SYSTEM BUS DURING WRITE ... -------- < ¥ ...... ________ _ 
-twE"'-

SYSTEM BUS ENABLE \. J 
-I~I-

SYSTEM 8USOUTPUTS ---------------<t--r--------------

VOLTAGE MEASUREMENT POINTS: DO - D7 (when outputs) Logic "a" = 0.8 V. Logic "'" = 3.0 V. All other signals measured at '.5 V. 

* Advanced IIOW MEMW for 8238 only. 

Functional Pin Definitions 
The following describes the function of all of the 
OP8228/0P8228M, OP8238/0P8238M pinouts, Some 
of these descriptions reference internal circuits. 

INPUT SIGNALS 

Status Strobe (STSTB): Activated (low) at the start of 
each new machine cycle. The STSTB input is used to 
store a status word (refer to chart) from the INS8080A 
microprocessor into the internal status latch of the 
DP8228, OP8238. The status word is latched when the 
STSTB returns to the high state. The INS8080A outputs 
this status word onto its data bus during the first state 
(SYNC interval) of each machine cycle. 

Data Bus In (OBIN): When high, indicates that the 
INS8080A da.ta bus is in the input mode. The OBIN 
signal is used to gate data from memory or an input/ 
output device onto the data bus. 

Write (WR): When low, indicates that the data on the 
INS8080A data bus are stable for WRITE memory or 
output operation. 

Hold Acknowledge (HLDA): When high, indicates that 
the INS8080A data and address buses will go to their 
high impedance state. When in the data bus read mode, 
OBIN input in the high state, a high HLOA input will 
latch the data bus information into the driver circuits 
and gate off the applicable control signal I/OR, MEMR, 
or INTA (return to the output high state). 

Bus Enable (BUSEN); Asynchronous OMA input to the 
. internal gating array. When low, normal operation of the 

internal bidirectional bus driver and gating array occurs. 
When high, the bus' driver and gating array are driven 
to their high impedance state. 

Vee Supply: +5 volts. 

Ground: 0 volt reference. 
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OUTPUT SIGNALS 

Memory Read (MEMR): When low, signals data to be 
loaded in from memory. The M EM R signal is generated 
by strobing in status word 1, 2, or 4. (Refer to status 
word chart.) 

Memory Write (MEMW): When low, signals data to be 
stored in memory. The MEMW signal is generated for 
the OP 8238 by strobing in status word 3 or 5. (Refer to 
status word chart.) For the OP8228, the MEMW signal 
is generated by gating a low·level WR input with the 
strobed in status word 3 or 5. 

Input/Output Read (I/OR): When low, signals data to be 
loaded in from an addressed input/output device. The 
I/OR signal is generated by strobing in status word 6. 

Input/Output Write (/JOW): When low, signals data to 
be transferred to an addressed input/output device. The 
I/OW signal for the OP8238 is generated by strobing in 
status word 7. For the OP8228 the I/OW signal' is 
generated by gating in a low·level WR input with the 
strobed in status word 7. 

Interrupt Acknowledge (I NT A): When low, indicates that 
an interrupt has been acknowledged by the I NS8080A 
microprocessor. The I NTA signal is generated by strobing 
in status word 8 or 10. 

Single Level Interrupt (RST 7): When the INTA output 
is tied to 12 V through a 1 kD resistor, strobing in status 
word 8 or 10 will cause the CPU data bus outputs, when 
active, to go to the high state . 

INPUT/OUTPUT SIGNALS 

CPU Data (Dr Do) Bus: This bus comprises eight 
TRI·STATE input/output lines that connect to the 
INS8080A microproc~ssor. The bus provides bidirec· 
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Functional Pin Definitions (Continued) 

tiona I communication betwee~ the CPU, memory, and System Data (DB7 - DBo) Bus: This bus comprises eight 
input/output devices for instructions and data transfers. TRI-STATE input/output lines that connect to the 
A status word (which· describes the current machine memory and input/output components of the system. 
cycle) is also outputted on this data bus during the first The internal bidirectional bus driver isolates the 
microcycle of each machine cycle (SYNC = logic 1). DB7 - DBo Data Bus from the D7 - Do Data Bus. 

Status Word Chart 

Status 
M:lchine Cycle Word D7 

Instruction Fetch 

Memory Read 2 

Memory Write 3 0 

Stack Read 4 

Stack Write 5 0 

Input Read 6 0 

Output Write 7 0 

I nterrupt Acknowledge 8 0 

Halt Acknowledge 9 

Interrupt Acknowledge While Halt 10 0 

Block and Connection Diagrams 

00--' 
01~ 

Oz--. 
OC:~A 03~ 
BUS 04--' 

05--' 

06--' 
07~ 

BIDIRECTIONAL 
BUS DRIVERS 

STSTB--• ._----------------------~y 
OBIN --._--------------------------1 
WR~~------------------------~OOI 

HlOA~._----------------------~ 

06 D5 

0 

0 0 

0 0 

0 0 

0 0 

0 

0 0 

0 

0 0 

0 

SYSTEM DATA BUS 

...... ----.... 

8-26 

Data Bus Bit Control 

D4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

03 D2 D, DO Signal 

0 0 0 MEMR 

0 0 0 MEMR 

0 0 0 0 MEMW 

0 0 MEMR 

0 0 .0 MEMW 

0 0 0 I/OR 

0 0 0 0 I/OW 

0 0 INTA 

0 0 (none) 

0 INTA 

Dual-In-Line Package 

STSTB VCC 

HlOA IIOW 

WR MEMW 

OBIN IIOR 

OB4 MEMR 

04 INTA 

OB7 BUSEN 

07 06 

OB3 OBG 

03 05 

DBZ DBS 

OZ 01 

DBO 13 16 OBI 

GNO 14 15 DO 

Order Number DP8228J, DP8228MJ, DP8228N, 
, DP8238J, DP8238MJ or DP8238N 

. See NS Package J28A or N28A 
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~National 
~ Semiconductor 

Data Communications Support. 

DP8340 Serial Bi-Phase Transmitter/Encoder 

General Description 
The DP8340 generates a complete encoding of parallel 
data for high speed serial transmission which conforms 
to the protocol as defined by the IBM 3270 information 
display system standard. The DP8340 converts parallel 
input data into a serial data stream. Although the IBM 
standard covers bi-phase serial data transmission over a 
coax line, the DP8340 also adapts to general high speed 
serial data transmission over other than coax lines, at 
frequencies either higher or lower than the IBM standard. 

The DP8340 and its complementary chip, the DP8341 
(receiver/decoder) have been designed to provide maxi
mum flexibility in system designs. The separation of the 
transmitter/receiver functions provides convenient addi
tion of more receivers at one end of a bi-phase line with
out the need of unused transmitters. This is specifically 
advantageous in control units where typical bi-phase 
data is multiplexed over many bi-phase lines and the 
number of receivers generally exceeds the number of 
transmitters. ' 

Connection Diagram 

01" 

01 ,0 

Dig 

018 

017 

016 

015 

014 

013 

012 10 

ClK OUT 11 

GNO 12 

Features 
• Ten bits per data byte transmission 

• Single-byte or multi-byte transmission 

• Internal parity generation (even or odd) 

• Internal crystal controlled' oscillator used for the 
generation of all required chip timing frequencies 

• Clock output directly drives receiver (DP8341) clock 
input 

• Input data holding register 

• Automatic clear status response feature 

• Line drivers at data outputs provide easy interface to 
bi-phase coax line or general transmission lines 

• <2ns driver output skew 

• Bipolar technology provides TTL input/output com-
patibility 

• Data outputs power up/down glitch free 

• Internal power up clear and reset 

• Single +5V power supply 

VCC 

REG lOAD 

REG FUll 

AUTO RESPONSE 

TRANSMITTER ACTIVE 

PARITY CRT 

EVEN/ODD 

DATA OUT 

16 DATA OUT 

15 DATA DELAY 

14 X2 

13 Xl 
TUF5251-1 

FIGURE 1. Pin-Out Diagram 

Order Number DP8340J or DP8340N 
See NS Package J24A or N24A 
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! Block Diagram 
CO 
Q. 
C 

PARITY 
CLOCK 

OUTPUT 
CONTROL I TRANSMITIER EVENIOOO REGISTER AUTO 

RESET ACTIVE PARITY LOAD RESPONSE 

CONTROL LOGIC ::J .... VII\I-l~~ X2 
EXTERNAL I CRYSTAL 

CRYSTAL c::::::J I OSCILLATOR 
18.867 MHz -r:---J.- Xl 

. I ~------~ ~------~~------~ 

REGISTERS 
FULL· 

:TTAA ) u"." SERIAL 
OUTPUTS 

DATA 
DELAY 

TUF5251-2 

FIGURE 2. DP8340 Serial BI·Phase Transmitter/Encoder Block Diagram 

Block Diagram 
Functional Description 
Figure 2 is a block diagram of the DP8340 Bi·Phase 
Transmitter/Encoder. The transmitter/encoder contains 
a crystal oscillator whose input is a crystal with a 
frequency eight (8) times the data rate. A Clock Output 
is provided to drive the DP8341 'receiver/decoder Clock 
Input and other system components at the oscillator 
frequency. Additionally, the oscillator drives the control 
logic and output shift register/format logiC blocks. 

Data is parallel loaded from the system data bus to the 
transmitter/encoder's input holding register. This data 
Is in turn loaded by the transmitter/encoder to its output 
shift register if this register was empty at the time of the 
load. During this load, message formatting and parity 
are generated. The formatted message is then shifted 
out at the bit rate frequency to the TIL to Bi·Phase 
block which generates the proper data bit formatting. 
The three data outputs, DATA, DATA, and DATA DELAY 
provide for flexible Interface to the coax line with a 
minimum of external components. 

The Control Logic block interfaces to all blocks to insure 
proper chip operation and sequencing. It controls the 
type of parity generation through the Even/Odd Parity 
Input. An additional feature provided by the transmitter/ 
encoder is generation of odd parity and placement in bit 
10 pOSition while still maintaining even or odd parity in 
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the bit 12 position. This is the format of data word bytes 
and other commands in the 3270 Standard. The Parity 
Control input is the pin which controls when this 
operation is in effect. 

Another feature of the transmitter/encoder is the internal 
TI/AR (Transmission Turnaround/Auto Response) cap
ability. After each Write type message from the control 
unit in th~ 3270 Standard, the receiving unit must 
respond with clean status (bits 2 through 11). With the 
transmitter/ .encoder this function is accomplished 
simply by forcing the Auto-Response input to the Logic 
"0" state. 

Operation of the transmitter/encoder is automatic. 
After the first data byte is loaded, the Transmitter Active 
output is set ~nd the transmitter/encoder immediately 
formats the input data and serially shifts It out its data 
outputs. If the message' is a multi-byte message, the 
internal format logic will modify the message data 
format for multi byte as long as the next byte is loaded 
to the input holding register before the last data bit of 
the previous data byte Is transferred out of the internal 
output shift register. After all data is shifted out of the 
transmitter/encoder the Transmitter Active output will 
return to the inactive state. 



Detailed Pinl Functional Description 

Crystal Inputs X1 and X2 

The oscillator is controlled by an external, parallel reso
nant crystal connected between the X1 and X2 pins. Nor
mally, a fundamental mode crystal is used to determine 
the operating frequency of the oscillator; however, over
tone mode crystals may be used. 

Crystal Specifications (Parallel Resonant) 

Type AT-cut crystal 
Tolerance 0.005% at 25°C 
Stability 0.01 % from O°C to +70°C 
Resonance Fundamental (Parallel) 
Maximum Series Resistance Dependent on Frequency 

(For 18.867 MHz, 50Q) 
Load CapaCitance 15pF 

R C 
TO PIN X2 --..vv\---,..-p---- VCC 

PIN (14) -L ..--
CJ CRYSTAL 

FRED R C 

<20MHz 500Q 30pF :1:10% 

..... 
___ T.... SEE (FIG. 16) 

TO PIN Xl _ 
PIN (13) TUF5251·3 

>20MHz 120Q 15pF :1:10% 

FIGURE 3. Connection Diagram 

If the DP8340 transmitter is clocked by a system clock 
(crystal oscillator not used), pin 13 (X1 input) should be 
clocked directly using a Schottky series (748) circuit. 
Pin 14 (X2 input) may be left open. The clocking frequency 
must be set at eight times the data bit rate. Maximum 
input frequency is 28 M Hz. For the IBM 3270 Interface, 
this frequency is 18.867 MHz. At this frequency, the 
serial bit rate will be 2.358 Mbits/sec. 

Clock Output 

The Clock Output is a buffered output derived directly 
from the crystal oscillator blOCK and clocks at the oscilla
tor frequency. It is designed to directly drive the DP8341 
receiver/decoder Clock Input as well as other system 
components. 

Registers Full 

This output is used as a flag by the external operating 
system. A logic "1" (active state) on this output indicates 
that both the internal output shift register and the input 
holding register contain active data. No additional data 
should be loaded until this output returns to the logic "0" 
state (inactive state). 

Transmitter Active 

This output will be in the logic "1" state while the trans
mitter/encoder is about to transmit or in the process of 
transmitting data. Otherwise, it will assume the logic "0" 
state indicating no data presently in either the input 
holding or output shift registers. 

Register Load 

The Register Load input is used to load data from the 
Data Inputs to the input holding register. The loading 
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function is edge sensitive, the data present during the 
logic "0" state of this input is loaded, and the input data 
must be valid before the logic "0" to logic "1" transition. 
It is after this transitiop that the transmitter/encoder 
begins formatting of data for serial transmission. 

Auto Response (TT/AR) 

This input provides for automatic clear data transmis
sion (all bits in logic "0") without the need of loading all 
zero's. When a logic "0" is forced on this input the trans
mitter/encoder immediately responds with transmission 
of "clean status". This function is necessary after the 
completion of each write type command and in other 
functions in the 3270 specification. In the logic "1" state 
the transmitter/encoder transmits data entered on the 
Data Inputs. 

Even/Odd Parity 

This input sets the internal logic of the DP8340 trans
mitter/encoder to generate either even or odd parity for 
the data byte in the bit 12 position. When this pin is in 
the logic "0" state odd parity is generated. In the logic 
"1" state even parity is generated. This feature is useful 
when the control unit is performing a loop back check 
and at the same time the controller wishes to verify prop
er data transmission with its receiver/decoder. 

Parity Control/Reset 

Depending on the type of message transmitted, it is at 
times necessary in the IBM 3270 specification to gen
erate an additional parity bit in the bit 10 position. The 
bit generated is odd parity en the previous eight (8) bits 
of data. When the Parity Control input is in the logic "1" 
state the data entered at the Data Bit 10 position is 
placed in the transmitted word. With the Parity Control 
input in the logic "0" state the Data Bit 10 input is ignored 
and odd parity on the previous data bits is placed in the 
normal bit 10 position while overall word parity (bit 12) is 
even or odd (controlled by Even/Odd Parity input). This 
eliminates the need for external logic to generate the 
parity on the data bits. 

Truth Table 

Parity Control Input Transmitted Data Bit 10 

Logic "1~' Data entered on Data Input 10 

Logic "0" Odd Parity on S-bit data byte 

When this input is driven to a voltage that exceeds the 
,power supply level (7V to 13V) the transmitter/encoder 
is reset. 

Serial Outputs - DATA, DATA, and DATA DELAY 

These three output pins provide for convenient applica
tion of data to the Bi-Phase Coax line (see Figure 15 for 
application). The Data outputs are a direct bit represen
tation of the Bi-Phase data while the DATA DELAY 
output provides the necessary increment to clearly 
define the four (4) DC levels of the pulse. The DATA and 
DATA outputs add flexibility to the DP8340 transmit
ter/encoder for use in high speed differential line driving 
applications. 



Functional Timing Waveforms - Message Format 
Single Byte Transmission 

t 
TRANSMISSION 

START 

TA--.J 

i 
TRANSMISSION 
TERMINATION 

22 L 

REGFULL~~ ___________ ~?~ 

DATA ___ ..I ~ 
I \ \ \ \ 

DATA 

\\ '\ \ \ I 
~ 

1 
CODE VIOLATION 1 I 0 )) 1 1 1 1 0 11 0 1 

SYNC BIT (( BIT BIT BIT BIT 
BIT 2 9 10 11 12 

DATA DELAY 

11 11 11 11 11 

'----STARTING SEQUENCE---I 

TLlF5251-4 

FIGURE 4. Overall Timing Waveforms for Single Byte 

Multl·Byte Transmission 
SYNC BIT PARITY 
BYTE 2 BYTE X 

u 2? 

TA----1 

DATA ___ ....I ~~ 
I \ \ I 

DATA 

IIIIIII II~~ 
~~ 

. 11 11 11 11 11 1 CODEVIOLATION siNcl B~T (2 B~T \sY1cl B~T B~T 1 j 
BIT 2 12 BIT 2 12 

I----STARTING SEQUENCE -s~~8~~~E 

DATA DELAY 

TUF5251-5 

FIGURE 5. Overall Timing' Waveforms for Multl·Byte 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Supply Voltage, Vcc 7V 
Input Voltage 5.5V Supply Voltage, {Vcd 
Output Voltage 5.25V Ambient Temperature, TA 
Storage Temperature Range -65DC to 150DC 
lead Temperature (soldering, 10 seconds) 300DC 
Maximum Power Dissipation· at 25°C 

Cavity Package 2237mW 
Molded Package 2500mW 

* Derate cavity package 14.9 mWrC above 25'C; derate molded package 
20 mWrC above 25'C. 

! Electrical Characteristics (Notes 2 and 3) 

Symbol Parameter Conditions Min. Typ. 

VIH logic "1" Input Voltage (All Inputs 2.0 
Except X1 and X2) 

VIL logic "0" Input Voltage (All Inputs I 

Except X1 and X2) 

VCLAMP Input Clamp Voltage (All Inputs Except 
liN = -12mA -O.B 

X1 and X2) 

IIH' logic "1" Input Current Vcc= 5.25V 
0.3 Register load Input VIN =5.25V 

All Others Except X1 and X2 0.1 

IlL Logic "0" Input Current Vcc=5.25V, -15 
Register load Input VIN =0.5V 

All Inputs Except X1 and X2 -5 

VOH1 logic "1" All Outputs Except ClK OUT, 10H =-100",A 3.2 3.9 
DATA, DATA, and DATA DELAY 10H =-1 mA 2.5 3.4 

VOH2 Logic "1" for CKl OUT, DATA, , 10H =-10mA 2.6 3.0 
DATA and DATA DELAY Outputs 

VOL1 logic "0" All Outputs Except ClK OUT, 
IOL=5mA 0.35 

DATA, DATA, and DATA DELAY 

VOL2 logic "0" for ClK OUT, DATA, 
IOL=20mA 0.4 

DATA and DATA DELAY Outputs 

IOS1 Short Circuit Current for All Outputs 
Except ClK OUT, DATA, DATA, and Vour=OV -10 -30 
DATA DELAY Note 4 

IOS2 Short Circuit Current for DATA, Vour=OV -50 -140 
DATA, and DATA DELAY Outputs Note 4 

IOS3 Short Circuit Current for ClK OUT Note 4 -30 -90 

Icc Power Supply Current Vcc=5.25V 170 

Timing Characteristics Oscillator Frequency = 1B.B67 MHz (Notes 2 and 3) 

Symbol Parameter Conditions Min. Typ. 

tpd1 REG lOAD to Transmitter Active (TA) load Circuit 1 60 Positive Edge Figure 7 

tpd2 REG lOAD to REG FUll; Positive Edge load Circuit 1 45 
Figure 7 

tpd3 Register Full to TA; Negative Edge load Circuit 1 40 
Figure 7 

tpd4 Positive Edge of REG lOAD to load Circuits 1 & 2 50 
Positive Edge of DATA Figure 9 

tpd5 REG lOAD to DATA; Positive Edge load Circuits 1 & 2 380 
Figure 9, Note 6 

tpd6 REG LOAD to DATA DELAY; Positive Edge load Circuits 1 & 2 160 
Figure 9, Note 6 
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Min. 
4.75 

0 

Max. 

O.B 

-1.2 

120 

40 

-300 

. -100 

0.5 

0.6 

-100 

-250 

-200 

250 

Max. 

90 

75 

70 

80 

475 

250 ' 

Max. Units 
5.25 V 
+70 DC 

Units 

V 

V 

V 

",A 

",A 

",A 

",A 

V 

V 

V 

V 

V 

mA 

mA 

mA 

mA 

Units 

ns 

ns 

ns 

ns 

ns 

ns 
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o 
~ Timing Characteristics (Continued) Oscillator Frequency = 18.867MHz(Notes 2 and 3) 

CO c.. 
C 

Symbol Parameter Conditions Min. Typ. Max. Units 

tpd7 Positive Edge of DATA to Negative Edge Load Circuit 2 100 115 ns 
of DATA DELAY Figure 9, Note 6 

tpd8 Positive Edge of DATA DELAY to Negative Load Circuit 2 110 125 ns 
Edge of DATA Figure 9, Note 6 

tpd9, Skew between DATA and DATA Load Circuit 2 2 6 ns 
tpd10 Figure 9 

tpd11 Negative Edge of Auto Response to Load Circuit 1 70 110 ns 
Positive Edge of TA Figure 10 

tpd12 Maximum Time Delay to Load Second Byte Load Circuit 1 4xT-50 ns 
After Positive Edge of REG FULL Figure 8, Note 6 

tpd13 X1 to CLK OUT; Positive Edge Load Circuit 2 21 30 ns 
Figure 13 

tpd14 X1 to CLK OUT; Negative Edge Load Circuit 2 .23 33 ns 
Figur.e 13 

tpd15 Negative Edge of AR to Positive Load Circuit 1 45 75 ns 
Edge of REG FULL Figure 10 

tpd16 Skew between TAand REG FULL during Load Circuit 1 50 80 ns 
Auto Response Figure 10 

tpd17 REG LOAD to REG FULL; Positive Edge Load Circuit 1 45 75 ns 
for Second Byte Figure 14 

tpW1 REG LOAD Pulse Width Figure 12 40 ns 

tp'W2 . First REG FULL Pulse Width (note 5) Load Circuit 1 8xT+60 8xT+100 ns 
Figure 7, Note 6 

tpw3 REG FULL Pulse Width Prior to ·Ending Load Circuit 1, 5xB ns 
Sequence(Note 5) Figure 7, Note 6 

tpw4 Pulse Width for Auto Response Figure'10 40 ~ ns 

ts Data Setup Time prior to REG LOAD Figure 12 15 25 ns 
Positive Edge. Hold Time (tH) = 0 ns 

tr1 Rise Time for DATA, DATA, and DATA Load Circuit 2 7 13 ns 
DELAY Output Waveform Figure 11 

tf1 Fall Time for DATA, DATA, and DATA Load Circuit 2 5 11 ns 
DELAY Output Waveform Figure 11 

tr2 Rise Time for TA and REG FULL Load Circuit 1 20 30 
., 

ns 
Figure 15 

tf2 Fall Time for TA and REG FULL Load Circuit 1 15 25 ns 
Figure 15 

fMAX Data Rate Frequency Note 7 DC 3.5 Mbits/s 
(Clock Input must be 8X this Frequency) 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: Unless otherwise specified, min./max. limits apply across the O·C to +70·C temperature range and the 4.75V to 5.25V power supply range. All 
.typical values are for TA = 25·C and Vee = 5,OV. 
Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, 
unless otherwise specified. All values shown as max. or min. are so classified on absolute basis. 
Note 4: Only one output should be shorted at a time. 
Note 5: T = 1/(Oscillator Frequency), unit for T should be ns. B = 8T 
Note 6: Oscillator Frequency Dependent. 
Note 7: For the IBM 3270 Interface, the data rate frequency is 2.358 Mbits/s. 
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Vee Vee 

Load Circuit 1 Load Circuit 2 
TLIF5251-6 

FIGURE 6. Test Load Circuits 

Timing Waveforms 

__ --------~~------------------3V 
50% 

"","""---VOL 

REG FULL 

REG FULL 

DATA 

DATA DELAY 

TUF5251-7 

FIGURE 7. Timing Waveforms for Single Byte Transfer 

~~Fu;' 
3V 

50% /}.:~-. _t~Pd12 VOH 

________ oJ. VOL 

WINDDW 
- TD LOAD MULTI-BYTE DATA -

17
'
12 x B TUF5251-B 

FIGURE 8. Maximum Window to Load Multl·Byte Data 

I ' "05---.... 1 

tpd7- _~d'f. 
50% 

VOL 

FIGURE 9. Timing Waveforms for Three Serial Outputs 

9·9 

3V 

VOL 

VOH 

TUF5251-9 
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o 
~ Timing Waveforms (Continued) 

CO 
D. 
C 

TA 

REG FULL 

~J~------~~-----------------------3V 
50% 

-OV 

___ -..:.. __ ....Jt·~n 
_-_I ----J1 'pO" 

50% 

VOL 

l~OH 

,.,,- t;" 22 
50% 

VOL 

TUF5251-10 

FIGURE 10. Timing Waveforms for Auto·Response 

[-

IPW1i 3V 

REG lOAO i 50
% ;( 

I 10v 
I-IS- !r=IH=ons 

3V 
DATA OR PARITY A( A( CONTROL 

OV 
TUF5251-12 

FIGURE 12. Register Load Waveform Requirement 

10% 10% 
I'----VOL 

TUF5251-11 

FIGURE 11. Output Waveform for DATA, DATA, DATA 
DELAY (Load Circuit 2) 

X1 

OV 

ClK OUT 

VOL 
TUF5251-13 

FIGURE 13. Timing Waveforms For Clock Pulse 

r----------------------3V 
REG LOAD 

TA 

REG FULL 

50% 
OV 

FIGURE 14. Timing Waveforms For Two Byte Transfer 

TlIF5251-15 

VOL 

TlIF5251-14 

FIGURE 15. Rise and Fall Time Measurement for TA and REG Full 
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Typical Applications 

~ 

FIG.3 

J-oVCC 

IPARITY CONTROL .---...... __ .-&.-....., 

AUTO RESPONSE 

REG FULL 

ERROR 

OUTPUT CONTROL 

OUTPUT ENABLE 

REG READ 

I RECEIVER ACTIVE 

DP8340 
TRANSMITTER! 

ENCODER 

'" <..> 
Q ... 

TRANSMITTER 
ACTIVE 

RECEIVER 
DISABLE 

r--""""""---ol.-....... ....., 

+IN 

DP8341 
RECEIVER! 
DECODER -IN 

• 
BI·PHASE 1:1:1 PULSE 

INPUT 
TRANSFORMER 
FIG. 17 

TUF5251-16 

FIGURE 16. Typical Application For IBM 3270 Interface 

DATA 
DELAY 

TRANSMITTER 
ACTIVE 

GNO 

R1 
150 

+IN

J
5

• 

CONNECT TO 
OP8341 
RECEIVER 

-IN 
6 

Notes: 1) Resistance values are In ohms, ± 5%, '/. W 

90Q COAX 

&
3 (RG62A/U) 

R6 
120, 

TUF5251-17 

2) Tl Is a 1 :1:1 pulse transformer, LMIN = 500",H for 18MHz system clock 
Pulse Engineering Part No. 5763 
Technitrol Part No. llLHA or equivalent transformers 

3) Crystal manufacturer Midland Ross Corp. NEL Unit Part No. NE·18A 
@ 18.867MHz. 

FIGURE 17. Translation Logic 
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~ 
('I) ~ National 
~ D Semiconductor 

Data Communications Support 

DP8341 Serial Bi·Phase Receiver/Decoder 

General Description 
The DP8341 provides complete decoding of data for 
high speed serial data communications. In specific, the 
DP8341 recognizes serial data that conforms to the IBM 
3270 Information Display System Standard and converts 
it into ten (10) bits of parallel data. Although this stand
ard covers Bi-Phase serial data transmission over a 
coax line, this device easily adapts to generalized high 
speed serial data transmission on other than coax lines 
at frequencies either higher or lower than the IBM 3270 
standard. 

The DP8341 receiver and its complementary chip, the 
DP8340 transmitter, are designed to provide maximum 
flexibility in system designs. The separation of trans
mitter and receiver functions allows addition of more 
receivers at one end of the Bi-Phase line without the 
necessity of adding unused transmitters. This is advan
tageous specifically in control units where typically Bi
Phase data is multiplexed over many Bi-Phase lines and 
the number of receivers generally outnumber the number 
of transmitters. The separation of transmitter and re
ceiver function provides an additional advantage in flex
ibility of data bus organization. The data bus outputs of 
the receiver are TRI-STATE®, thus enabling the bus con
figuration to be organized as either a common transmitl 
receive (bi-directional) bus or as separate transmit and 
receive busses for higher speed. 

Connection Diagram 

RECEIVER DISABLE 

+AMPLIFIER INPUT 

-AMPLIFIER INPUT 

DATA (TTL) 

DATA CONTROL 

CLOCK 

RECEIVER ACTIVE 

ERROR 

REGISTER READ 

DATA AVAILABLE 10 

OUTPUT CONTROL 11 

GND 12 

Features 
• DP8341 receives ten (10) bit data bytes and conforms 

to the IBM 3270 Interface Display System Standard 

• Separate receiver and transmitter provide maximum 
system design flexibility 

• Even parity detection 

• High sensitivity input on receiver easily interfaces to 
coax line 

• Standard TTL data input on receiver provides gener
alized transmission line interface and also provides 
hysteresis 

• Data holding register 

• Multi-byte or single byte transfers 

• TRI-STATE receiver data outputs provide flexibility 
for common or separated transmitlreceive data bus 
operation. 

• Data transmission error detection on receiver provides 
for both error detection and error type definition 

• Bi-polar technology provides TTL inputloutput com
patibility with excellent drive characteristics 

• Single +5V power supply operation 

TRI·STATE~ is a registered trademark of National Semiconductor Corp. 

24 VCC 

23 0011 

22 D01D 

21 009 

2D DOa 

19 007 

18 006 

17 DDs 

16 004 

1S 003 

14 002 

13 OUTPUT ENABLE 

TUF523B-l 

FIGURE 1. Pin·Out Diagram 

Order Number DP8341J or DP8341N 
See NS Package J24A or N24A 
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Block Diagram 

CLOCK ---------, 

CON~:~~ -------. 

AMPLIFIER 
(INPUT) 

1-------------_ :~~fJ~ER 

DATA 
AVAILABLE 

ERROR OUTPUT PARALLEL OUTPUT DATA 
TUF5238-2 

FIGURE 2. DP8341 Serial Bi·Phase ReceiverlDecoder Block Diagram 

Block Diagram Functional Description 
Figure 2 is a block diagram of the bp8341. This chip is 
essentially a serial in/parallel out shift register. However, 
the serial input data must conform to a very specific for
mat (see Figures 3.:.5). The message will not be recognized 
unless the format of the starting sequence is correct. 
Deviations from the format in the data, sync bit, parity 
or ending sequence will cause an error to be detected, 
terminating the message. 

Data enters the receiver through the differential input am
plifier or the TTL Data input. The differential amplifier is a 
high sensitivity input which may be used by connecting it 
directly to a transformer coupled coax line, or other trans· 
mission medium. The TTL Data input provides 400 mV of 
hysteresiS and recognizes TTL logic levels. The data then 
enters the demodulation block. 

The data demodulation block samples the data at eight 
(8) times the data rate and provides signals for detecting 
the starting sequence, ending sequence, and errors. 
Detection of the starting sequence sets the Receiver 
Active output high and enables the input shift register. 

As the ten bits of data are shifted into the shift register, 
the receiver will verify that even parity is maintained on 
the data bits and the sync bit. After one complete data 
byte is received, the contents of the input shift register 
is parallel loaded to the holding register, assuming the 
holding register is empty, and the Data Available output 
is set. If the holding register is full, this load will be 
delayed until that register has been read. If another data 
byte is received when the shift register and the holding 

9-13 

register are full a Data Overflow Error will be detected, 
terminating the message. Data is read from the holding 
register through the TRI-STATE Output Buffers. The 
Output Enable input is the TRI-STATE control for these 
outputs and the Register Read input signals the 
receiver that the read has been completed. 

When the receiver detects an ending sequence the Re
ceiver Active output will be reset to a logic "0" indicating 
the message has been terminated. A message wi" also 
terminate when an error is detected. The Receiver Active 
output used in conjunction with the Error output allows 
quick response to the transmitting unit when an error 
free message has been received. 

The Error Detection and Identification block insures that 
valid data reaches the outputs of the receiver. Detection 
of an error sets the Error output to a logic "1" and resets 
the Receiver Active output to a logic "0" terminating the 
message. The error type may be read from the data bus 
outputs by setting the Output Control input to logic "0" 
and enabling the TRI-STATE outputs. The data bit out
puts have assigned error definitions (see error code 
definition table). The Error output wi" return to a logic 
"0" when the next starting sequence is received, or 
when the error is read (Output Control to logic "0" and a 
Register Read performed). 

The Receiver Disable input is used to disable both the 
amplifier and TTL Data receiver inputs. It wi" typically be 
connected directly to the Transmitter Active output of the 
DP8340transmittercircuit (see Figure 12). 

C 
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CO 
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Detailed Functional Pin Description 
Receiver Disable 

This input is used to disable the receiver's data inputs. 
The Receiver Disable input will typically be connected to 
the Transmitter Active output of the DP8340. However, at 
the system controller it is necessary for both the trans
mitter and receiver to be active at the same time in the 
loop-back check condition. This variation can be 
accomplished with the addition of minimal external 
logic. 

Truth Table 

Receiver Disable Data Inputs 

Logic "0" Active 

Logic "1" Disabled 

Amplifier Inputs 

The receiver has a differential input amplifier which 
may be directly connected to the transformer coupled 
coax line. The amplifier may also be connected to a 
differential type TTL line. The amplifier has 20 mV of 
hysteresis. 

Data Input 

This input can be used either as an alternate data input 
or as a power-up check input. If the system designer 
prefers to use his own amplifier, instead of the one pro
vided on the receiver, then this TTL input may be used. 
Using this pin as an alternate data input allows self-test 
of the peripheral system without disturbing the trans
mission line. 

Data Control 

This input Is the control pin that selects which of the 
Input~ are used for data entry to the receiver. 

Truth Table 

Data Control Data Input To 

Logic "0" Data Input 

Logic "1" Amplifier Inputs 

Note:This input is also used fortesting. When the inut voltage is raised to 
7.5 V the chip resets. 

Clock Input 

This input Is the internal clock of the receiver. It must be 
set at eight (8) times the line data bit rate. For the IBM 
3270 Standard, this frequency is 18.87 MHz or a data bit 
rate of 2.358 MHz. The crystal-controlled oscillator pro-
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vided in the DP8340 transmitter also operates at this 
frequency. The Clock Output of the transmitter is de
signed to directly drive the receiver's Clock Input. In 
addition, the receiver is designed to operate correctly to 
a data bit rate of 3.5 MHz. 

Receiver Active 

The purpose of this output is to inform the external sys
tem when the DP8341 is in the process of receiving a 
message. This output will transition to a logic "1" state 
after the receipt of a valid starting sequence and 
transition to logic "0" when a valid ending sequence is 
received or an error is detected. This output combined 
with the Error output will inform the operating system of 
the end of an error free data transmission. 

Error 

The Error output transitions to a logic "1" when an error 
is detected. Detection of an error causes the Receiver 
Active and the Data Available outputs to transition to a 
logic "0". The Error output returns to a logic "0" after 
the error register has been read or when the next starting 
sequence is detected. 

Register Read 

The Register Read input when driven to the logic "0" 
state signals the receiver that data in the holding regis
ter is being read by the external operating system. The 
data present in the holding register will continue to re
main valid until the Register Read input returns to the 
logic "1" condition. At this time, if an additional byte is 
present in the input shift register it will be transferred to 
the holding register, otherwise the data will remain valid 
in the holding register. The Data Available output will be 
in the logic "0" state for a short interval while a new 
byte is transferred to the holding register after a regis
ter read. 

Data Available' 

This output indicates the existence of a data byte within 
the output holding register. It may also indicate the 
presence of a data byte in both the holding register and 
the Input shift register. This output will transition to the 
logiC "1" state as soon as data is available and return to 
the logiC "0" state after each data byte has been read. 
However, even after the last data byte has been read and 
the Data Available output has assumed the logic "0" 
state, the last data byte read from the holding register 
will remain until new data has been received. 



Output Control 

The Output Control input determines the type of infor' 
mation appearing at the data outputs. In the logic "1" 
state data will appear, in the logic "0" state error codes 
are present. 

Truth Table 

Output Control Data Outputs 

Logic "0" Error Codes 

Logic "1" Data 

Output Enable 

The Output Enable input controls the state of the TRI· 
STATE Data outputs. 

Truth Table 

TRI·STATE® 
Output Enable Data Outputs 

Logic "0" Disabled 

Logic "1" Active 

Data Outputs 

The DP8341 has a ten (10) bit TRI·STATE data bus. Seven 
bits are multiplexed with error bits. The error bits are de· 

Message Format 

Single Byte Transmission 

t 

TRANSMISSION 
START SEQUENCE 

TRANSMISSION 
START 

Multl·Byte Transmission 

fined in the table below. The Output Control Input Is the 
multiplexer control for the Data/Error bits. 

Error Code Definition 

Data Bit Error Type 

002 Data Overflow (Byte not removed from 
holding register when it and the input shift 
register are both full and new data Is 
received) 

003 Parity Error (Odd parity detected) 

004 Transmit Check conditions (existence of 
errors on any or all of the following data 
bits: 003, DOS, and 006 

DOS An invalid ending sequence 

006 Loss of mid·bit transition detected at other 
than normal ending sequence time 

007 New starting sequence detected before 
data byte in holding register has been read 

008 Receiver disabled during receiver active 
mode 

t 
TRANSMISSION 
TERMINATION 

SYNC BIT PARITY 
rBYTE 2 BYTE X 

TUF5238-3 

FIGURE 3. IBM 3270 Message Format 
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~ 
('I) Message Format 
co 
a.. 
c 

DATA 

LINE QUIESCE I CODE I I D20 D3
0 

D40 D5
0 

D6
0 

Dl DaD Dgo ~~ ~~ I I ENDING I 
VIOLATION. DATA • SEQUENCE 

"~ Mrun 

I RECEIVER ACTIVE _________ ---' 

DATA AVAILABLE _____________________ --J 

REGISTER -----------------------------,1 r--
READ U 

TLlF5238-4 

FIGURE 4A. Single Byte Message 

DATA'~~r1l- ~~ 

I CODE I I I I \ ENDING \, LINE QUIESCE VIOLATION 1-151 BYTE--2nd BYTE- ••• -LAST BYTE- SEQUENCE, 

RECEIVER ACTIVE _________ --1 

n r"· u DATA AVAILABLE ________________ ....... 

U LJ REGISTER ------------------. 
READ 

FIGURE 4B. Multi·Byte Message 

DATA 

LINE QUIESCE I VIOCL~~~ON I---CORRECT DATA BYTE ---•• 1 
L ERROR DETECT~D 

RECEIVER ACTIVE _________ ____ 

DATA AVAILABLE ______________________ .......J 

ERROR 
-------------------------~~----------~------~ 

REGISTER -------------------------------......,U 
READ 

OUTPUT 
CONTROL 

FIGURE 5. Message with Error 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Supply Voltage, Vee 7V Min. Max. Units 
Input Voltage +5.5V Supply Voltage, (Vee) 4.75 5.25 V 
Output Voltage 5.25V Ambient Temperature, (TA) 0 +70 °C 
Storage Temperature Range -65°C to 150°C 
Lead Temperature (soldering, 10 seconds) 300°C 
Maximum Power Dissipation* at 25°C 

Cavity Package 2040mW 
Molded Package 2237mW 

* Oerate cavity package 13.6 mW/oe above ;15°e; derate molded package 
17.9 mW/oe above 25°C. 

Electrical Characteristics (Notes 2, 3, and 5) 

Symbol Parameter Conditions Min Typ Max Units 

VIH Input High Level 2.0 V 
VIL · Input Low Level 0.8 V 

VIH-VIL Data Input Hysteresis (TTL, Pin 4) 0.2 0.4 V 

VCLAMP Input Clamp Voltage liN = -12mA -0.8 -1.2 V 

IIH Logic "1" Input Current Vec = 5.25V, VIN = 5.25V 2 40 IJ.A 

IlL Logic "0" Input Current VCC = 5.25V, VIN = 0.5V -20 -250 IJ.A 

VOH Logic "1" Output Voltage IOH=-1OO IJ.A 3.2 3.9 V 
IOH=-1 mA 2.5 3.2 V 

VOL Logic "0" Output Voltage IOL=5mA 0.35 0.5 V 

los Output Short Circuit Current Vec = 5V, Your = OV -10 -20 -100 mA 
(See Note 4) 

loz TRI-STATE® Output Current Vcc = 5.25V, Vo = 2.5V -40 1 +40 IJ.A 
Vee = 5.25V, Vo = O.5V -40 -5 +40 IJ.A 

AHys Amplifier Input Hysteresis 5 20 30 mV 

Ice Power Supply Current Vee =5.25V 160 250 mA 

Timing CharacteristicS (Notes 2, 6, 7, and 8) 

Symbol Parameter Conditions Min Typ Max Units 

T01 Output Data to Data Available Positive 
Edge 5 20 40 ns 

T02 Register Read Positive Edge to Data 
Available Negative Edge 10 25 45 ns 

T03 Error Positive Edge to Data Available 
Negative Edge 10 30 50 ns 

T04 Error Positive Edge to Receiver Active 
Negative Edge 5 20 40 ns 

T05 Register Read Positive Edge to Error 
Negative Edge 20 45 75 ns 

. T06 Delay from Output Control to Error Bits 
from Data Bits 5 20 50 ns 

T07 Delay from Output Control to Data Bits 
from Error Bits 5 20 50 ns 

T08 First Sync Bit Positive Edge to Receiver 3.5*T ns Active Positive Edge +70 

T09 Receiver Active Positive Edge to First Data 
Available Positive Edge 92*T ns 

To 10 Negative Edge of Ending Sequence to 11.5*T 
Receiver Active Negative Edge +50 ns 

T011 Data Control Set-up Multiplexer Time Prior 
to Receiving Data through Selected Input 40 30 ns 
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Timing Characteristics (Cont'd) (Notes 2, 6, 7, and 8) 

Symbol Parameter 

TpW1 Register Read (Data) Pulse Width 

Ts 

TZE 

Register Read (Error) Pulse Width 

Data Available Logic "0" State between 
Data Bytes 

Output Control Set-up Time Prior to 
Register Read Negative Edge 

Output Control Hold Time After the 
Register Read Positive Edge 

Delay from Output Enable to Logic "1" or 
'Logic "0" from High Impedance State 

Delay from Output Enable to High Imped
ance State from Logic "1" or Logic "0" 

Data Bit Frequency (Clock Input must be 
8x the ~ata Bit Frequency) 

Conditions 

Load Circuit 2 

Load Circuit 2 

Min 

40 

40 

25 

o 

o 

DC 

Typ Max Units 

30 ns 

30 ns 

45 ns 

-5 ns 

-5 ns 

25 35 ns 

25 35 ns 

3.5 MBits/s 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to Imply that the 
device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified, mln./max. limits apply across the O'C to + 70'C temperature range and the 4. 75V to 5.25V power supply range. All typical 
values are for TA = 25'C and Vee = 5.0V. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, 
unless otherwise specified. All values shown as max. or min. are so classified on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Input characteristics do not apply to amplifier Inputs (pins 2 & 3). 

Note 6: Unless otherwise specified, all AC measurements are referenced to the 1.5V level of the input to the 1.5V level of the output and load circuit 1 is used. 

Note 7: AC tests are done with Input pulses supplied by generators having the following characteristics: loUT = 50Q and Tr .. 5ns, T, .. 5ns. 

Note 8: T = 11 (clock input frequency), units for "T" should be ns. 

Vee Vee 

:~ R1 =1k 
... 

........ -11 ...... ~' 
-:.. 

r15PF ~, 
-:.. 
~, 
-:.. 

-=- -:.: 

Load Circuit 1 Load Circuit 2 
TUF5238-7 

FIGURE 6_ Test Load Circuits 
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Timing Waveforms 

OUTPUT Y \l 
ENABLE --.II i\ 

-j 1-TZE -I '----I-T-EZ -

002-0011 ex )' 
OUTPUTS ----- >-------

(OUTPUT CONTROL = HI) _I '-----------------
I-TDl 

\ 1_~T-D-2 -------
i tPW11' REGISTER ------------------'\\1 Vr-----------

R~D ~ 
TUfS238-8 

FIGURE 7. Data Sequence Timing 

DATA \ AVAILABLE 

I-TD3-1-

RECEIVER '\ ACTIVE 

-TD4-1 

'l ERROR t 
I-T05-1 

REGISTER \ ;: READ 

TS -I I-T,.,-I-TH-I 
OUTPUT \ ;: CONTROL aI ~TD6-1 I_TD7l 

002-008 DATA BITS X ERROR BITS X DATA BITS 

TUfS238-9 

FIGURE 8. Error Sequence Timing 

I 1 I 1 I 1 I VIJ~~ON I 1 I DATA I 0 I MCV I MCV I 
~---((}2--SLJ 

-I I-TD8 I .. TD101 
RECEIVER _____________ ...I.----r'~2 --------.,I~ ___ _ 

ACTIVE !'-

I-T09-1 
DATA r-----------AVAILABLE _______________ -{(,~ 

TUFS238-10 

FIGURE 9. Message Timing 
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~ 
('I) Timing Waveforms (Continued) 
CO 
a.. 
C 

..- BT±(T-25ns)- T= 
CLOCK INPUT FREQUENCY 

4T±(T-25ns)-

----I----\----+-----\-------It---- VIN-

____ -40mV MIN. VIN+ 
-1.3V MAX. 

TUF5238-11 

FIGURE 10. Data Waveform Constraints: Amplifier Inputs 

-ST±(T-25ns)-
T= 

CLOCK INPUT FREQUENCY 
4T ± (T - 25 ns)--

Note: ITr - Tfl " 10ns 
TLIF5238-12 

FIGURE 11. Data Waveform Constraints: Data Input (TTL) 



Typical 'Applications 

~ 

IPARITY CONTROL 

AUTO RESPONSE 

REG LOAD 

REG FULL 

DATA 
AVAILABLE 

ERROR 

OUTPUT CONTROL 

OUTPUT ENABLE 

REG READ 

I RECEIVER ACTIVE 

I 
DP8340 

TRANSMITTER! I 
ENCODER I 

TRANSMITTER 
ACTIVE 

'" 

[jj ~:::"U 
L....---JI I. 

u 
C .... 
u 

RECEIVER 
DISABLE 

+IN 

DP8341 BI·PHASE 
RECEIVER! INPUT 
DECODER -IN 

Note 1: Crystal manufacturer Midland Ross Corp. 
NEL Unit Part No. NE18A @ 18.867MHz 

I 
I 
I 

1:1:1 PULSE 
TRANSFORMER 
FIG.14 

TUF5238-13 

FIGURE 12. Typical Application for IBM 3270 Interface 

Vee ---...... -----1t------... -

VIN+ 

VIN- ------+----.... 

TUF5238-14 

FIGURE 13. Equivalent Circuit for DP8341 Input Amplifier 
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~ 
C"') Typical Applications (Continued) 
CO 
a.. 
C 

IDEAL 
WAVEFORM 
AT TRANSMITTER 
END OF CABLE 

DATA 
DELAY 

+5V 

__ .!1~_ 
I DS3487 I 

1 A A 
Rl 
150 

90Q COAX 
(RG62A/U) 

R5 
150 5 • 

. +IN

J 
[t

3 

R6 
120 

TRANSMITTER 
ACTIVE 

I 2 

I 
L--~8-.J 

GND 

Notes: 1) Resistance values are in ohms, ± 5%, 1/0 W 

CONNECT TO 
DP8341 
RECEIVER 

-IN 
6 

2) Tl Is a 1:1:1 pulse transformer, LMIN = 500",H for 18MHz system clock 
Pulse Engineering Part No. 5762 
Technitrol Part No. 11 LHA or equivalent transformers 

FIGURE 14. Translation Logic 

TUF5238-15 

• TO MAINTAIN lOSS AT 95% OF IDEAL SIGNAL, 
. SELECT TRANSFORMER INDUCTANCE SUCH THAT: 

l(MIN)= 10,000 
'ClK 

EXAMPLE: 

10,000 l= 
18.87 x 106 

'ClK = SYSTEM CLOCK 
FREQUENCY 
(e.g., 18.87MHz) 

--+-l(MIN)= 530l'H 

Notes: 1) Less inductance will cause greater amplitude 
attenuation 

2) Greater inductance may decrease signal rise 
time slightly and increase ringing, but these 
effects are generally negligible. 

TUF5238-16 

FIGURE 15. Transformer Selection 
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~National 
~ Semiconductor 

Data Communications Support 

DP8342 High-Speed Serial Transmitter/Encoder 
General Description 
The DP8342 generates a complete encoding of parallel 
data for high speed serial transmission. It generates a 
five bit starting sequence, three bit code violation, fol· 
lowed by a syn bit and eight bit per byte of data plus a 
parity bit. A three-bit ending code signals the termination 
of the transmission. The DP8342 adapts to generalized 
high speed serial data transmission as well as the coax 
lines at a maximum data rate of 3.5 MHz. 

The DP8342 and its complementary chip, the DP8343 
(receiver/decoder) have been designed to provide maxi
mum flexibility in system designs. The separation of the 
transmitter/receiver functions provides convenient addi· 
tion of more receivers at one end of a bi·phase line with· 
out the need of unused transmitters. This Is specifically 
advantageous in control units where typical bi-phase 
data is multiplexed over many bi-phase lines and the 
number of receivers generally exceeds the number of 
transmitters. 

TRI-STATE~ Is a registered trademark of National Semiconductor Corp_ 

Connection Diagram 

OUTPUT ENABLE 

BYTE CLK 

BITB 

BIT7 

BIT 6 

BIT 5 

BIT 4 

BIT3 

BIT 2 

BIT 1 10 

CLK DUT 11 

GND 12 

Features 
• Eight bits per data byte transmission 

• Single·byte or multi·byte transmission 

• Internal parity generation (even or odd) 

• Internal crystal controlled oscillator used for the 
generation of all required chip timing frequencies 

• Clock output directly drives receiver (DP8343) clock 
Input 

• Input data holding register 

• Automatic clear status response feature 

• Line drivers at data outputs provide easy interface to 
bi·phase coax line or general transmission media 

• <2ns driver output skew 

• Bipolar technology provides TTL input/output com· 
patibility 

• Data outputs power up/down glitch free 

• Internal power up clear and reset 

• Single +5V power supply 

24 VCC 

23 REG LOAO 

22 REG FULL 

21 AUTO RESPONSE 

20 TRANSMITTER ACTIVE 

19 RESET 

18 EVEN/ODD 

17 DATA OUT 

16 DATA OUT 

15 DATA DELAY 

14 X2 

13 Xl 

TUF5236-1 

FIGURE 1. 

Order Number DP8342J or DP8342N 
See NS Package J24A or N24A 
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Block Diagram 

CLOCK 
VCC OUTPUT 

.lCEXT 

.p!v+EXT I 
X2 

EXTERNAL I CRYSTAL 
CRYSTAL c=J I OSCILLATOR 

L_--J-X1 I L..-__ ----I 

REGISTERS 
FULL 

TRANSMITTER 
ACTIVE 

CONTROL LOGIC 

EVEN/ODD 
PARITY 

BYTE CLOCK 

DATA' 

DATA 
DELAY 

OUTPUT ENABLE 

TUF5236-2 

FIGURE 2_ 

Functional Description 
Figure 2 is a block diagram of the DP8342 Bi-Phase Trans
mitter/Encoder. The transmitter/encoder contains a 
crystal oscillator whose input is a crystal with a fre
quency eight (8) times the data rate. A Clock Output is 
provided to drive the DP8342 receiver/decoder Clock 
Input and other system components at the oscillator 
frequency. Additionally, the oscillator drives the control 
logic and output shift register/format logic blocks. 

Data is parallel loaded from the system data bus to the 
transmitter/encoder's input holding register. This data is 
in turn loaded by the transmitter/encoder to its output 
shift register if this register was empty at the time of the 
load. During this load, message formatting and parity are 
generated. The formatted message is then shifted out at 
the bit rate frequency to the TTL to Bi-Phase block which 
generates the proper data bit formatting. The 
data outputs, DATA, DATA, and DATA DELAY provide for 
flexible interface to the transmission medium with little 
or no external components. 

The control Logic block interfaces to all blocks to insure 
proper chip operation and sequencing. It controls the 
type of parity generation through the Even/Odd Parity 
input. An additional feature provided by the transmitter/ 
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encoder is the Reset and Output-TRI-STATE® capability. 
Another feature of the DP8342 is the Byte Clock output 
which keeps track of the number of bytes transferred. 

The transmitter/encoder is also capable of internal TT/AR 
(Transmission Turnaround/Auto Response). When the 
Auto-Response (AR) input is forced to the logic "0" state, ' 
the transmitter/encoder responds with clean status (all 
zeros on data bits). 

Operation of the transmitter/encoder is automatic. After 
the first data byte is loaded, the Transmitter Active output 
is set and the transmitter/encoder immediately formats 
the input data and serially shifts it out its data outputs. 
If the message is a multi-byte message, the internal format 
logic will modify the message data format for multibyte 
as long as the next byte is loaded to the input holding 
format logic will modify the message data format for 
multibyte as long as the next byte is loaded to the input 
hiding register before the last data bit of the previous 
data byte is transferred out of the internal output shift 
register. After all data is shifted out of the transmitter/ 
encoder the Transmitter Active output will return to the 
inactive state. 



Detailed Pin/Functional Description 

Crystal Inputs X1 and X2 

The oscillator is controlled by an external, parallel reso
nant crystal connected between the X1 and X2 pins. Nor
mally, a fundamental mode crystal is used to'determine 
the operating frequency of the oscillator; however, over· 
tone mode crystals may be used. 

Crystal Specifications (Parallel Resonant) 

Type <20MHzAT·cut or>20MHz BT'cut 
Tolerance 0.005% at 25°C 
Stability 0.01 % from O°C to +70°C 
Resonance 
Maximum Series Resistance 

Load Capacitance 

Fundamental (Parallel) 
Dependent on Frequency 

(For 20 MHz, 50Q) 
15pF 

Connection Diagram 

R C 
TO PIN 22 ~ L---- VCC 

PIN (14) ...L _ r-
[=::J CRYSTAL 

.... t----.T .... (FIG. 18) 
TO PIN X1 _ 

PIN (13) TUF5236-3 

If the DP8342 transmitter is clocked by a system clock 
(crystal oscillator not used), pin 13 (X1 input) should be 
clocked directly using a Schottky series (74S) circuit. 
Pin 14 (X2 input) may be left open. The clocking frequency 
must be set at eight times the data bit rate. Maximum 
input frequency is 28 MHz. 

Clock Output 

The Clock Output is a buffered output derived directly 
from the crystal oscillator block and clocks at the oscilla
tor frequency. It is designed to directly drive the DP8343 
receiver/decoder Clock Input as well as other system 
components. 

Registers Full 

This output is used as a ttag by the external operating 
system. A logic "1" (active state) on this output indicates 
that both the internal output shift register and the input 
holding register contain active data. No additional data 
should be loaded until this output returns to the logic "0" 
state (inactive state). 

Transmitter Active 

This output will be in the logic "1" state while the trans,., 
mitter/encoder is about to transmit or in the process of 
transmitting data. Otherwise, it will assume the logic "0" 
state indicating no data presently in either the input 
holding or output shift registers. 
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Register Load 

The Register Load input is used to load data from the 
Data Inputs to the input holding register. The loading 
function is level sensitive, the data present during the 
logic "0" state of this input is loaded, and the input data 
must be valid before the logic "0" to logic "1" transition. 
It is after this transition that the transmitter/encoder 
begins formatting of data for serial transmission. 

Auto Response (TT/AR) 

This input provides for automatic clear data transmis· 
sion (all bits in logic "0") without the need of loading all 
zero's. When a logic "0" is forced on this input the trans
mitter/encoder immediately responds with transmission 
of "clean status". When this input is in the logic "1" 
state the transmitter/encoder transmits data entered on 
the Data Inputs. 

Even/Odd Parity 

This input sets the internal logic of the DP8342 trans
mitter/encoder to generate either even or odd parity for 
the data byte in the bit 10 position. When this pin is in 
the logic "0" state odd parity is generated. In the logic 
"1" state even parity is generated. This feature is useful 
when the control unit is performing a loop back check 
and at the same time the controller wishes to verify 
proper data transmission with its receiver/decoder. 

Serial Outputs - DATA, DATA, and DATA DELAY 

These three output pins provide for convenient applica
tion of data to the Bi-Phase transmission line. The Data 
outputs are a direct bit representation of the Bi-Phase 
data while the Data Delay output provides the neces
sary increment to clearly define the four (4) DC levels 
of the pulse. The DATA and DATA outputs add flexi
bility to the DP8342 transmitter/encoder for use in high 
speed differential line driving applications. The typical 
DATA to DATA skew is 2ns. 

RESET 

When a logic "0" is forced on this input, all outputs 
except Clock Output are latched low. 

Output Enable 

When a logic "0" is forced on this input the three serial 
data outputs are in the high impedance state. 

Byte Clock 

This pin registers a pulse at the end of each byte trans
mission. The number of pulses registered corresponds 
to the number of bytes transmitted. 



Message Format 
Single Byte Transmission 

i 

TRANSMISSION 
START SEQUENCE 

TRANSMISSION 
START 

Multl·Byte Transmission 

t 
TRANSMISSION 
TERMINATION 

FIGURE 3. 

Functional Timing Waveforms 

RtGLlI1iD --U 22 

22 L 

REG FULL ----r'--------------tl~ 

BYTECLOCK ---:...I-------------2.2~ ..... II r--I n I I ..... 

DATA __ ""':'...1 - LJ LW L!...J L---

DATA 

DATA DELAY 

II I I I I I 
II I I I I 

BIT 
1 

~ 
~ 

11 1 0 11 0 1 
BIT BIT 
7 8 PARITY 

11 11 11 11. 11 ICODEVIOLATIONr~~CI 0 

-STARTING SEQUENCE- ---'"V"'---I-s~~8~~~E-
8 BIT + PARITY 

FIGURE 4. Overall Timing Waveforms for Single Byte 
TUF5236-5 

2( 

TA-.J 

DATA __ .....:.I...I 

22 L 

~~ 
II I I I I 

I~~ 
DATA 

'11 I I I I 
~~ 

I"" VIOlATION 'JI~i', \ ~i~cli i lD 1 
BIT 2(PARITY BIT 2?PARITY ENDING 

-STARTING SEQUENCE- ~~ SEQUENCE. 

11 11111111 
DATA DELAY 

8 BIT + PARITY 8 BIT + PARITY 
TUF5236-6 

FIGURE 5. Overall Timing Waveforms for Multl·Byte 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Supply Voltage, Vcc 7V Min. Max. Units 
Input Voltage 5.5V Supply Voltage, (Vccl 4.75 5.25 V 
Output Voltage 5.25V Ambient Temperature, TA 0 +70 °C 
Storage Temperature Range. -65°C to +150°C 
Lead Temperature (soldering, 10 seconds) 300°C 
Maximum Power Dissipation" at 25°C 

Cavity Package 2237mW 
Molded Package 2500mW 

* Derate cavity package 14.9 mWI'C above 2S'C; derate molded package 
20 mW/'C above 2S·C. 

Electrical Characteristics (Notes 2 and 3) 

Symbol Parameter Conditions Min Typ Max Units 

VIH logic "1" Input Voltage (All Inputs 
Except X1 and X2) . Vcc=5V 2.0 V 

VIL logic "0" Input Voltage (All Inputs 
Except X1 and X2) Vcc=5V 0.8 V 

VCLAMP Input Clamp Voltage (All Inputs Except 
X1 and X2) liN =-12mA -0.8 -1.2 V 

IIH logic "1" Input Current 
Vcc= 5.25V 

Register load Input 
VIN =5.25V 

0.3 120 p.A 

All Others Except X1 and X2 0.1 40 p.A 

IlL logic "0" Input Current 
Vcc=5.25V 

Register load Input 
VIN =0.5V 

-15 -300 p.A 

All Inputs Except X1 and X2 -5 -100 p.A 

VOH1 logic "1" All Outputs Except ClK OUT, IOH = -100p.A 
DATA, DATA, and DATA DELAY Vcc=4.75V 3.2 3.9 V 

IOH =-1 mA 2.5 3.4 V 

VOH2 logic "1" for CKl OUT, DATA, . Vcc = 4.75V, 
DATA and DATA DELAY Outputs IOH =-10mA 2.6 3.0 V 

VOL1 logic "0" All Outputs Except ClK OUT, Vcc=4.75V 
DATA, DATA, and DATA DELAY IOL=5mA 0.35 0.5 V 

VOL2 logic "0" for ClK OUT, DATA, Vcc= 4.75V 
DATA and DATA DELAY Outputs IOL=20mA 0.4 0.6 V 

los1 Output Short Circuit Current for All Except 
ClK OUT, DATA, DATA, and DATA Note 5 
DELAY Outputs Vour= OV -10 -30 -100 mA 

IOS2 Output Short Circuit Current DATA, Note 5 
DATA, and DATA DELAY Outputs Vour=OV -50 -140 -250 mA 

IOS3 Output Short Circuit Current for ClK OUT Note 5 
Vour=OV -30 -90 -200 mA 

Icc Power Supply Current Vcc= 5.25V 170 250 mA 

Timing Characteristics Vcc=5V±5%, TA=O°C to 70°C, Oscillator Frequency=28MHz (Notes 2 and 3) 

Symbol Parameter Conditions Min Typ Max Units 

tpd1 REG lOAD to Transmitter Active (TA) load Circuit 1 60 90 ns 
Positive Edge Figure 6 

tpd2 REG lOAD to Register Full; load Circuit 1 45 75 ns 
Positive Edge Figure 6 

tpd3 TA to Register Full; load Circuit 1 40 70 ns 
Negative Edge Figure 6 

tpd4 Positive Edge of REG lOAD to load Circuit 2 
50 80 ns 

Positive Edge of DATA Figure 9 

tpd5 REG lOAD to DATA; load Circuit 2 280 380 ns 
Positive Edge Figure 9 

tpd6 REG lOAD to DATA DELAY; load Circuit 2 150 240 ns 
Positive Edge Figure 9 

tpd7 Positive Edge of DATA to Negative Edge Load Circuit 2 70 85 ns 
of DATA DELAY Figure 9 
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Timing Characteristics (Continued) Oscillator Frequency = 28MHz (Notes 2 and 3) 
'-

Symbol Parameter Conditions Min Typ Max Units 

tpd8 Positive Edge of DATA DELAY to Negative load Circuit 2 
80 95 ns 

Edge of DATA Figure 9 

t pd9, Skew between DATA and DATA load Circuit 2 2 6 ns tpd10) Figure 9 

tpd11 Negative Edge of Auto Response (AR) load Circuit 1 
70 100 ns 

to Positive Edge of TA Figure 10 

tpd12 Maximum Time Delay to load Second Byte load Circuit 1 
4xT -50 ns 

After Positive Edge of REG FUll Figure 8, Note 7 

tpd13 X1 to ClK OUT; Positive Edge load Circuit 2 21 30 ns 
Figure 11 

tpd14 X1 to ClK OUT; Negative Edge load Circuit 2 23 33 ns 
Figure 11 

t pd15 Negative Edge of AR to Positive Edge of load Circuit 1 
45 75 ns 

REG FULL Figure 10 

t pd16 Skew between TA and REG FUll during load Circuit 1 
50 80 ns 

Auto Response Figure 10 

tpd17 REG lOAD to REG FUll; Positive Edge load Circuit 1 
45 75 ns 

for Second Byte Figure 7 

tpd18 REG FUll to BYTE ClK; Negative Edge load Circuit 1 
60 90 ns 

Figure 7 

t pd19 REG FUll to BYTE ClK; Positive Edge load Circuit 1 145 180 ns 
Figure 7 

tZH Output Enable to DATA, DATA, or DATA Cl=50pF 
25 45 ns Delay outputs: HiZ to High Figures 17, 17 

tZL Output Enable to DATA, DATA, OR DATA Cl=50pF 
15 30 ns Delay Outputs; HiZ to High Figures 16, 17 

tHz Output Enable to DATA, DATA, or DATA Cl =15pF 
65 100 ns Delay Outputs; High to HiZ Figures 16, 17 

tLZ Output Enable to DATA, DATA, or DATA Cl= 15pF 
45 70 ns Delay Outputs; low to HiZ Figures 16, 17 

tPW1 REG lOAD Pulse Width Figure.12 40 ns 

tpw2 First REG FUll Pulse Width (Note 6) load Circuit 1 
8xT +60 8xT +100 ns 

Figure 7, Note 7 

tpW3 REG FUll Pulse Width Prior to Ending load Circuit 1 
5xB ns 

Sequence (Note 6) Figure 7 

tPW4 . Pulse Width for Auto Response Figure 10 40 ns 

tpw5 Pulse Width for BYTE ClK load Circuit 1 
8xT +30 8xT+80 ns 

Figure 7, Note 7 

ts Data Setup Time prior to REG lOAD 
Positive Edge. Hold Time = 0 ns Figure 12 15 23 ns' 

tr1 Rise Time for DATA, DATA, and DATA load Circuit 2, 
7 13 ns 

DELAY Ou!put Waveform Figure 13 

tf1 Fall Time for DATA, DATA, and DATA load Circuit 2, 
5 11 ns 

DELAY Output Waveform Figure 13 

tr2 Rise Time for TA and REG FUll load Circuit 1 
20 30 ns 

Figure 14 

tf2 Fall Time for TA and REG FUll load Circuit 1 
15 25 ns 

Figure 14 

fMAX Data Rate Frequency 
DC 3.5 Mbits/s (Clock Input must be 8X this Frequency) 

CIN Input Capacitance - Any Input Note4 5 15 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: Unless otherwise specified, mln./max. limits apply across the O°C to +70°C temperature range and the 4.75V to 5.25V power supply range. All 
typical val ues are for T A = 25°C and Vee = 5.0V. 
Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, 
unless otherwise specified. All values shown as max. or min. are so classified on absolute basis. 
Note 4: Input capacitance is guaranteed by periodic testing. fTEST = 10kHz at 300mV, TA = 25°C. 
Nole 5: Only one output should be shorted at a time. 
Note 6: T = 1/(Oscillator Frequency). Unit for T should be in ns. B = 8T. 
Nole 7: Oscillator Frequency Dependent. 
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Timing Waveforms (Continued) 

~----------~:,~------~:~----- :~ -- 50% 

VOL 

-tpd2 tpd3 - -
- VOH 

mmD\ 

-1 TA ['''' 
--1 

REG FULL - - 50% 

_tpw3_ VOL 

BYTE CLOCK 

FIGURE 6. Single Byte Transfer 

",LOAD Y ~~2 ---na----- :~V 

TA -I J;- ',d1 ~ II }T=-50-%-- VOH 

REG FULL 

BYTE ClK 

_I ' --I - tpd17 VOL 
- tpd2 tpd3 --- --

,__----'"'\ -- VOH 

REG FULL 

DATA DELAY 

-tpw2 

-tpw5 

FIGURE 7. Two·Byte Transfer 

3V 

~
2 \ r--r..2 

\...J \ 150
% 

----J/~~~d12 \50% :: 
WINDDW 

- TO LOAD MULTI·BYTE DATA -
15'12 xB TLlF5236-9 

FIGURE 8. Maximum Window to Load Multi·Byte Data 
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VOH 
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TLlF5236-10 

FIGURE 9. Three Serial Outputs 
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~ Timing Waveforms (Continued) 
CO a.. 
C 
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AR 

__________________ 1.5Y 
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, ~l 

___ -_1_--' 1--, ,'Pd15 
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'/ , - E'Pd,'6 VOH 
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FIGURE 10. Auto·Response 
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TUF5236-12 

FIGURE 11. Clock Pulse 
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TUF5236-13 

FIGURE 12. REG LOAD 

10% 

TUF5236-15 

FIGURE 14. Rise and Fall Time Measurement 
for TA and REG FULL 

Vee 

_ _ f'" 
M'" 

1'----- VOL 

TUF5236-14 

FIGURE 13. Output Waveform for DATA, DATA, 
DATA DELAY (Load Circuit 2) 

Vee Vee 

Rl=2k 

TUF5236-16 

Load Circuit 1 Load Circuit 2 

FIGURE 15. Test Load Circuits 

-t -f' OUTPUT ENABLE 

VOH -1HZ -IZl 

DATA OUTPUTS 
VOH-O,5V HIGH Z f-YOH-O.5Y 

VOL VOl+O,5V -I 
It- VOL +D.5Y 

-I -Ill -IZH 

VOH 

VOL 

VOH 

VOL 

-=- -=- TUF5236-17 TUF5236-18 

FIGURE 16.' Load Circuit for Output TRI-STATE Test FIGURE 17. TRI·STATE Test 
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Typical Applications 

a: 
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! 

DATA 
DELAY 

TRANSMITTER 
ACTIVE 

I 
I 
I 
I RESET 
I • I AUTO RESPONS~ 
I REG LOAD I 

REG FULL 

BYTE CLOCK 

CI) 

;; 
W 
<..:I 

if 
~ 
~ 

~ DATA > 
CI) AVAILABLE 

ERROR 

I OUTPUT CONTROL 
I • 
I OUTPUT ENABLE 
I • 
I REG READ 
I • I RECEIVER ACTIVE 
I 
I 
I 

DP8342 
TRANSMITTERI 

ENCODER 

"., 
<..:I 
C 
-' 
<..:I 

DP8343 
RECEIVER I 
DECODER 

R1 
150 

R5 

TRANSMITTER 
ACTIVE 

RECEIVER 
DISABLE 

+IN 

-IN 

OPTIONAL 
INTERFACE 

LOGIC 
FIG. 19 

OPTIONAL 
INTERFACE 

LOGIC 

FIGURE 18. 

90Q COAX 
(RG62A/U) 

(lf
3 

R6 
120 

I

I 2 150 CONN:~:J:· 
DP8343 
RECEIVER 

L - - f 8" - -.J -IN 6 

GND TUF5236-20 

Notes: 1) Resistance values are in ohms, ± 5%, 'I. W 
2) T1 is a 1:1:1 pulse transformer, L=5001-lH for 18 to 28MHz system clock. 

Pulse Engineering Part No. 5762 
Technitrol Part No. 11 LHA or equivalent transformer 

3) Crystal manufacturer Midland Ross Corp. NEL Unit Part No. NE·18A @ 28MHz. 

FIGURE 19. Interface Logic for a Coax Transmission Line 
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COAX LINE (FIG. 19) 

TWISTED PAIR LINES 

FIBER-OPTIC 
MAGNETIC 
INFRARED 

RF 
ULTRASONIC 

AUDIO 
CURRENT CARRYING 

I DC TO 3.5MHz I 

TUF5236-19 

..... -----.(NOTE) 

DP8342 
TRANSMITTER! 

ENCODER 

+IN

J
5

• 

CONNECT TO 
OP8343 
RECEIVER 

-IN 
6 

90Q COAX 

~ 
Uj 

4 

TUF5236-21 

Note: Data rates up to 3.5Mbits/s at 5000ft still 2.pply. 

FIGURE 20. Direct Interface for a 
Coax Transmission Line 
(Non·IBM Voltage Levels) 
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~National . 
~ Semiconductor 

Data Communications Support 

DP8343 High-Speed Serial Receiver/Decoder 

General Description 
The DP8343 provides complete decoding of data for 
high speed serial data communications. In specific, the 
DP8343 receiver recognizes Bi-Phase serial data sent 
from its complementary chip, the DP8342 transmitter, 
and converts it into eight (8) bits of parallel data. These 
devices are easily adapted to generalized high speed 
serial data transmission systems that operate at bit 
rates up to 3.5 MHz. 

Tt)e DP8343 receiver and the DP8342 transmitter are 
designed to provide maximum flexibility in system 
designs. The separation of transmitter and re,ceiver 
functions allows addition of more receivers at one end 
of the Bi-Phase line without the necessity of adding 
unused transmitters. This is advantageous in control 
units where the data is typically multiplexed over many 
lines and the number of receivers generally exceeds the 
number of transmitters. The separation of transmitter 
and receiver function provides an additional advantage 
in flexibility of data bus organization. The data bus 
outputs of the receiver are TRI-STATE®, thus enabling 
the bus configuration to be organized as either a 
common transmit/receive (bi-directional) bus or as 
separate transmit and receive busses for higher speed. 

TRI·STATEI!l is a registered trademark of National Semiconductor Corp. 

Connection Diagram 

RECEIVER DISABLE 

+AMPLIFIER INPUT 

-AMPLIFiER INPUT 
I 

10ATA (TTL) 

DATA CONTROL 

CLOCK 

RECEIVER ACTIVE 

ERROR 

REGISTER READ 

DATA AVAILABLE 10 

DUTPUT CONTROL 11 

GND 12 

Features 
• DP8343 receives eight (8) bit data bytes 

• Separate receiver and transmitter provide maximum 
system design flexibility 

• Even parity detection 

• High sensitivity input on receiver easily interfaces to 
coax line 

• Standard TTL data input on re'ceiver provides gener
alized transmission line interface and also provides 
hysteresis 

• Data holding register 

• Multi-byte or single byte transfers 

• TRI-STATE receiver date outputs provide flexibility 
for common or separated transmit/receive data bus 
operation 

• Data transmission error detection on receiver provides 
for both error detection and .error type definition 

• Bipolar technology provides TTL input/output com
patibility with excellent drive characteristics 

• Single +5V power supply operation 

24 VCC 

23 DATA CLOCK 

22 SERIAL DATA 

21 BIT B 

20 BI17 

19 BIT6 

18 BIT 5 

17 BIT 4 

16 BIT3 

15 BIT 2 

14 BITl 

13 OUTPUT ENABLE 

TUF5237-1 

FIGURE 1. 

Order Number DP8343J or DP8343N 
See NS Package J24A or N24A 
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Block Diagram 

CLOCK --------.... 

CON~:~~ -------, 

DATA(TTL)~ 
~ MUX 

AMPLIFIER ~. + CO~~gOL 
INPUT-tr' 

RECEIVER - I 
DISABLE 

1-------------- :mJ~ER 

SERIAL DATA 

SERIAL OATA CLOCK 

DATA 
AVAILABLE 

ERROR OUTPUT PARALLEL OUTPUT DATA 

TLlF5237-2 

FIGURE 2. DP8343 Bi·Phase Receiver 

Block Diagram Functional Description 
Figure 2 is a block diagram of the DP8343 receiver. This 
chip is essentially a serial in/parallel out shift register. 
However, the serial input data must conform to a very 
specific format (see Figures 3-6). The message will not 
be recognized unless the format of the starting 
sequence is correct. Deviations from the format in the 
data, sync bit, parity or ending sequence will cause an 
error to be detected, terminating the message. 

Data enters the receiver through the differential input am· 
plifier or the TIL Data input. The differential amplifier is a 
high sensitivity input which may be used by connecting it 
directly to a transformer coupled coax line, or other trans· 
mission medium. The TTL Data input provides 400 mV of 
hysteresis and recognizes TIL logic levels. The data then 
enters the demodulation block. 

The data demodulation block samples the data at eight 
(8) times the data rate and provides signals for detecting 
the starting sequence, ending sequence, and errors. 
Detection of the starting sequence sets the Receiver 
Active output high and enables the input shift register. 

As the eight bits of data are shifted into the shift register, 
the receiver will verify that even parity is maintained on 
the data bits and the sync bit. Serial Data and Serial 
Data Clock, the inputs to the shift register, are provided 
for use with external error detecting schemes. After one 
complete data byte is received, the contents of the input 
shift register is parallel loaded to the holding register, 
assuming the holding register is empty, and the Data 
Available output is set. If the holding register is full, this 
load will be delayed until that register has been read or 
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the start of another data byte is received, in which case a 
Data Overflow Error will be detected, terminating the 
message. Data is read from the holding register through 
the TRI·STATE Output Buffers. The Output Enable input 

'is the TRI-STATE control for these outputs and the 
Register Read input signals the receiver that the read 
has been completed. ' 

When the receiver detects an ending sequence the Re
ceiver Active output will be reset to a logic "0" indicating 
the message has been terminated. A message will also 
terminate when an error is detected. The Receiver Active 
output used in conjunction with the Error output allows 
quick response to the transmitting unit when an error 
free message has been received. 

The Error Detection and Identification block insures that 
valid data reaches the outputs of the receiver. Detection 
of an error sets the Error output to a logic" 1" and resets 
the Receiver Active output to a logic "0" terminating the 
message. The error type may be read from the data bus 
outputs by setting the Output Control input to logic "0" 
and enabling the TRI·STATE outputs. The data bit out· 
puts have assigned .error definitions (see error code 
definition table). The Error output will return to a logic 
"0" when the next starting sequence is received, or 
when the error is read (Output Control to logic "0" and a 
Register Read performed). 

The Receiver Disable input is used to disable both the 
amplifier and TTL Data receiver inputs. It will typically 
be connected directly to the Transmitter Active output 
of the DP8342 transmitter circuit. 



Detailed Functional Pin Description 

Receiver Disable 

This Input is used to disable the receiver's data Inputs. 
The Receiver Disable input will typically be connected to 
the Transmitter Active output of the DP8342. However, at 
the system controller it may be necessary for both the 
transmitter and receiver to be active at the same time. 

, This variation can be accomplished with the addition of 
minimal external logic. 

Truth Table' 

Receiver Disable Data Inputs 

Logic "0" Active 

Logic "1" Disabled 

Amplifier Inputs 

The receiver has a differential input amplifier which 
may be directly connected to the transformer coupled 
coax line. The amplifier may also be connected to a dif
ferential type TTL line. The amplifier has 20 mV of 
hysteresis. 

Data Input 

This input can be used either as an alternate data input 
or as a power-up check input If the system designer 
prefers to use his own amplifier, instead of the one pro
vided on the receiver, then this TTL input may be used. 
Using this pin as an alternate data input allows self-test 
of the peripheral system without disturbing the trans
mission line. 

Data Control 

This input is the control pin that selects which of the 
inputs are used for data entry to the receiver. 

Truth Table 

Data Control Data Input To 

Logic "0" Datalnput 

Logic "1" Amplifier Inputs 

Note: This Input Is also used for testing. When the input voltage Is 
raised to 7.5V the chip resets. 

Clock Input 

This input is the internal clock of the receiver. It must be 
set at eight (8) times the line data bit rate. The crystal
controlled oscillator provided in the DP8342 transmitter 
also operates at this frequency. The Clock Output of the 
transmitter'is designed to directly drive the receiver's 
Clock Input. In addition, the receiver is designed to 
operate correctly to a data bit rate of 3.5 MHz. 

Receiver Active 

The purpose of this output is to inform the external sys
tem when the DP8343 is in the process of receiving a 
message. This output will transition to a logic "1" state 
after a receipt of a valid starting sequence and transition 
to logic "0" when a valid ending sequence is received or 
an error is detected. This output combined with the Error 
output will inform the operating system of the end of an 
error free data transmission. 

9-34 

Error 

The Error output transitions to a logic "1" when an error 
is detected. Detection of an error causes the Receiver 
Active and the Data Available outputs to transition to a 
logic "0". The Error output returns to a logic "0" after 
the error register has been read or when the next starting 
sequence is detected. ' 

Register Read 

The Register Read input when driven to .the logic "0" 
state signals the receiver that data in the holding regis
ter is being read by the external operating system. The 
data present in the holding register will continue to re
main valid until the Register Read input returns to the 
logic "1" condition. At this time, if an additional byte is 
present in the input shift register it will be transferred to 
the holding register, otherwise the data will remain valid 
in the holding register. The Data Available output will be 
in the logic "0" state for a short Interval while a new 
byte is transferred to the holding register after a regis
ter read. 

Data Available 

This output indicates, the existence of a data byte within 
the output holding register. It may also indicate the 
presence of a data byte in both the holding register and 
the input shift register. This output will transition to the 
logic "1" state as soon as data is available and return to 
the logic "0" state after each data byte has been read. 
However, even after the last data byte has been read and 
the Data Available output has assumed the logic "0" 
state, the last data byte read from the holding register 
will remain until new data has been received. 

Output Control 

The Output Control input determines the type of infor
mation appearing at the data outputs. In the logic "1" 
state data will appear, in the logic "0" state error codes 
are present. 

Truth Table 

Output Control Data Outputs 

Logic "0" Error Codes 

Logic "1" Data 

Output Enable 

The Output Enable input controls the state of the TRI
STATE Data outputs. 

Truth Table 

TRI-STATE 
Output Enable Data Outputs 

Logic "0" Disabled 

Logic "1" Active 

Data Outputs 

The DP8343 has an eight (8) bit TRI-STATE data bus. 
Seven bits are multiplexed with error bits. The error bits 
are defined in the table below. The Output Control input 
is the multiplexer control for the Data/Error bits. 



Message Format 

Single Byte Transmission 

TRANSMISSION 
START SEQUENCE 

t 
TRANSMISSION 

START 

Multi-Byte Transmission 

DATA 

LINE QUIESCE 

RECEIVER 

FIGURE 3. 

t 
TRANSMISSION 
TERMINATION 

SYNC BIT PARITY 
BYTE 2 BYTE X 

I I I 
BIT BIT BIT BIT BIT BIT BIT BIT I I ENDING I 

CODE 1 2 3 4 5 6 7 8. SEQUENCE 
VIOLATION I DATA ---+_. 

SYNC PARITY 

ACTIVE _________ ~ 

DATA r---1 AVAILABLE ___________________ --11 IL.. ___ _ 

REGISTER ---------------------.,U 
READ 

FIGURE 4A. Single Byte (8-Bit) Message 

TUF5237-4 

DATA~~~~~ 

TUF5237-3 

I CODE I I I I I ENDING LINE QUIESCE VIOLATION r-1st BYTE--2nd BYTE- ••• -LAST BYTE- SEQUENCE 

RECEIVER 
ACTIVE _________ ---1 

DATA _____________ ----InL.. ____ ..... r ... AVAILABLE • • • 

REGISTER 
READ u 

FIGURE 4B. Multi-Byte Message 
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Error Code Definition 

Data Bit 
DP8343 Error Type 

Bit 1 Data Overflow (Byte not removed from holding register when it and the input shift register are both full 
and new data is received) 

Bit 2 Parity Error (Odd parity detected) 

Bit 3 Transmit Check conditions (existence of errors on any or all of the following data bits: Bit 2, Bit 4, and Bit 
5) 

Bit 4 An invalid ending sequence 

Bit 5 Loss of mid-bit transition detected at other than normal ending sequence time 

Bit 6 New starting sequence detected before data byte in holding register has been read 

Bit 7 Receiver disabled during receiver active mode 

Serial Data Data Clock 

The Serial Data output is the serial data coming into the 
input shift register. 

The Data Clock output is the clock to the input shift·
register. 

Message Format (Continued) 

DATA 

I CODE I I L ERROR DETECTED 

LINE aUIESCE VIOLATION - CORRECT DATA BYTE- I 
RECEIVER ACTIVE _________ ....1 

DATA AVAILABLE ____________________ ---1 

ERROR _________________________ ~ 

REGISTER 
READ 

OUTPUT ---------------------------..., 

u 
CONTROL L..-__ --' 

DATA 

SERIAL 
DATA 

DATA 

FIGURE 5_ Message with Error 

CLOCK __________ --' 

FIGURE 6. Data Clock and Serial Data 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Supply Voltage, Vee 7.0V Min Max Units 
Input Voltage 5.5V Supply Voltage, (Vee) 4.75 5.25 V 

Output Voltage 5.25V Ambient Temperature, TA 0 +70 °C 
Storage Temperature Range -65°C to 150°C 
Lead Temperature (soldering, 10 seconds) 300°C 
Maximum Power Dissipation* at 25°C 

Cavity Package 2040mW 
Molded Package 2237mW 

* Derate cavity package 13.6 mW/·e above 25·e; derate molded package 
17.9 mW/·e above 25·e. 

Electrical Characteristics (Notes 2, 3, and 5) 

Symbol Parameter Conditions Min Typ Max Units 

VIH Input High Level 2.0 V 

VIL Input Low Level 0.8 V 

VIWVIL Data Input Hysteresis (TTL, Pin 4) 0.2 0.4 V 
-

VeLAMP Input Clamp Voltage liN ="-12mA -0.8 -1.2 V 

IIH Logic "1" Input Current Vee = 5.25V, VIN = 5.25V 2 40 IlA 

IlL Logic "0" Input Current Vee = 5.25V, VIN = 0.5V -20 -250 IlA 

VOH Logic "1" Output Voltage 10H =-1OOIlA 3.2 3.9 V 
10H =-1 mA 2.5 3.2 V 

VOL Logic "0" Output Voltage IOL=5mA 0.35 0.5 V 

los Output Short Circuit Current Vee = 5V, VOUT = OV -10 -20 -100 mA 
(See Note 4) 

loz TRI·STATE~ Output Current Vee = 5.25V, Vo = 2.5V -40 1 +40 IlA 
Vee = 5.25V, Vo = 0.5V -40 -5 +40 IlA 

AHYS Amplifier Input Hysteresis 5 20 30 mV 

lee Pow~r Supply Current Vee=5.25V 160 250 mA 

Timing Characteristics (Notes 2, 6, 7, and 8) 

Symbol Parameter Conditions Min Typ Max Units 

T01 Output Data to Data Available Positive 
Edge 5 20 40 ns 

T02 Register Read Positive Edge to Data 
I Available Negative Edge 10 25 45 ns 

T03 Error Positive Edge to Data Available 
Negative Edge 10 30 50 ns 

T04 Error Positive Edge to Receiver Active 
Negative Edge 5 20 40 ns 

T05 Register Read Positive Edge to Error 
Negative Edge 20 45 75 ns 

T06 Delay from Output Control to Error Bits 
from Data Bits 5 20 50 ns 

T07 Delay from Output Control to Data Bits 
from Error Bits 5 20 50 ns 

TOB First Sync Bit Positive Edge to Receiver 3.5*T ns 
Active Positive Edge +70 

T09 Receiver Active Positive Edge to First Data 
Available Positive Edge 76*T ns 

To 10 Negative Edge of Ending Sequence to 11.5*T 
Receiver Active Negative Edge +50 ns 

T011 Data Control Set·up Multiplexer Time Prior 
to Receiving Data through Selected Input 40 30 ns 

T012 Serial Data Set·Up Prior to Data Clock 
Positive Edge 3*T ns 
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Timing Characteristics (Continued) (Notes 2, 6, 7, and 8) 

Symbol Parameter 

TpW1 Register Read (Data) Pulse Width 

Ts 

TZE 

Register Read (Error) Pulse Width 

Data Available Logic "0" State between 
Data Bytes 

Output Control Set-up Time Prior to 
Register Read Negative Edge 

Output Control Hold Time After the 
Register Read Positive Edge 

Delay from Output Enable to Logic "1" or 
Logic "0" from High Impedance State 

Delay from Output Enable to High Imped
ance State from Logic "1" or Logic "0" 

Data Bit Frequency (Clock Input must be 
8x the Data Bit Frequency) 

Conditions 

Load Circuit 2 

Load Circuit 2 

Min Typ Max Units 

40 30 ns 

40 30 ns 

25 45 ns 

0 -5 ns 

0 -5 ns 

25 35 ns 

25 35 ns 

DC 3.5 MBits/s 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety' of the device cannot be guaranteed. They are not meant'to imply that the 
device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified, mln.lmax. limits apply across the O'C to +70'C temperature range and the 4.75V to 5.25V power supply range. All 
typical values are for TA =25'C and Vcc=5.0V. 

Note 3: Ail currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, 
unless otherwise specified. All values shown as max. or min. are so classified on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Input characteristics do not apply to amplifier Inputs (pins 2 & 3). 

Note 6: Unless otherwise specified, all AC measurements are referenced to the 1.5V level of the input to the 1.5V level of the output and load circuit 1 is 
used. 

Note 7: AC tests are done with Input pulses supplied by generators having the following characteristics: loUT = 50Q, Tr" 5ns, and Tf " 5ns. 

Note 8: T = 11 (clock input frequency), units for "T" should be ns. 

Test Load Circuits 

Vee 

RL= 2k . 
t ..... 

l '~~' -F-

r15PF ~r -.... 
~, 
-.... 

-= * 

Load Circuit 1 

FIGURE 7_ 
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Vee 

~ Rl =lk 

. ...... 

Load Circuit 2 
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Timing Waveforms 

OUTPUT Y \! 
ENABLE ---fl ~ 

-l 1- TZE -I '---I--T-EZ----

002-0011 ex )1 
OUTPUTS ----- )------

(OUTPUT CONTROL = HI) _I '-----------------1 I-T
Ol 

1 
1-'--T-0-2 -------

,
IPW11 

REGISTER --~-------------""~ V,......----------
REAO L-Ir TUF5237-9 

FIGURE 8. Data Sequence Timing 

OATA \ AVAILABLE 

I-T03-1 

RECEIVER ~ ACTIVE 

-T04-1 

'l ERROR t I~TD5-1 
REGISTER '\ % REAO 

TS--I 1-T'.2-1-'"-1 
OUTPUT -'\ I CONTROL 

~lD6-1 LlD7-1 
BIT1-BIT7 OATA BITS X ERROR BITS X DATA BITS 

TUF5237-10 

FIGURE 9. Error Sequence Timing 

I 1 I 1 I 1 I' VI~&~~ON I 1 I DATA I 0 I MCV I MCV I 
~---n22·--JLJ 

-I I~ TOB I.TD11 
RECEIVER _____________ .... ~';l-2 --------... ____ _ 

ACTIVE ! . 

I-TD9-1 
DATA ... ----------

AVAILABLE -----------------r2~ 
TUF5237-" 

FIGURE 10. Message Timing 

9-39 



SERIAL DATA X X 
I- T"'_I 

\ DATA CLOCK ! 
TUF5237-12 

FIGURE 11. Data Clock and Serial'Data Timing 

'-ST±(T-25ns) - T= 
CLOCK INPUT FREQUENCY 

4T±(T -25ns)-

------+-----~----~----~----_+------VIN-

TUF5237-13 

FIGURE 12. Data Waveform Constraints: Amplifier Inputs 

-ST±(T-25ns)-

T = CLOCK INPU~ FREQUENCY 
4T±(T-25ns)-

Note: ITr-T,I" 10n5 

TUF5237-14 

FIGURE 13; Data Waveform Constraints: Data Input (TTL) 

VCC------.-----.----------.--
1k 

VIN+ 

VIN- ------t------' 

TUF5237-15 

FIGURE 14. Equivalent Circuit for DP8343 Input Amplifier 
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Typical Applications 

28 MHz MAX. (NOTE 1) 

rlD~t-H--o VCC 

I 
:~ 

I \ 
Xl ... > X2 

I 
I --

RESET 
I .. 
I AUTO RESPONSE DATA 
I .. DATA OPTIONAL I REG LOAD DP8342 I TRANSMISSION I I .. TRANSMITTER/ 

'DELAY INTERFACE, 
~ MEDIUM • LOGIC 

REG FULL ENCODER om (FIG. 16) 

BYTE CLOCK COAX LINE (FIG. 16) 

TWISTED PAIR LINES 

f~ TRANSMITTER 
FIBER-OPTIC 

ACTIVE MAGNETIC 
.A 

:.:: 
u 

DATA BUS 01-08 5 INFRARED 
.... 

,l7 
u 

RF 
RECEIVER 
DISABLE ULTRASONIC 

DATA 
AVAILABLE AUDIO 

ERROR +IN CURRENT CARRYING 

IOUTPUT CONTROL DP8343 OPTIONAL I .. 
I I I OUTPUT ENABLE RECEIVER/ INTERFACE ~ DC TO 3.5 MHz 

I .. DECODER -IN LOGIC 
---I REG READ 

I .. 
I RECEIVER ACTIVE 
I 
I 

TUF5237-16 

Note 1: Crystal manufacturer Midland Ross Corp., NEL Unit Part No. NE-18A @ 28MHz 

FIGURE 15. 
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~ Typical Applications (Continued) 

n. 
C 

DATA 
DELAY 

, TRANSMITIER 
ACTIVE 

12 
I 

L"':'_fs_.J 

GND 

R1 
150 

R5 
150 5. 

+IN] 
CONNECT TO 
DPB341 
RECEIVER 

-IN 
6 

Notes: 1) Resistance values are In ohms, ±5%, V.W. 

90Q COAX 
(RGS2A/U) 

CEr
3 

RS 
120 

TUF5237-17 

2) T1 Is a 1:1:1 pulse transformer, LMIN = 500lAH for 18 MHz system clock. 
Pulse Engineering Part No. 5762 
Technltrol Part No. 11LHA or equivalent transformers. 

FIGURE 16. Interface Logic for A Coax Transmission LIne 

IDEAL ~ f1l' t±. [j~ WAVEFORM 
AT TRANSMmER 
END OF CABLE --+-1 -+-I--t---t-11----+ . L 

---.J Lr Ut-------' VIDEAl 

~~t~~~RM ----J-IL,--+----t-r'-l--f-' ---+r1==-1 l ~ 
'TTRAN'MmER ~b lr I VREAl=(95%)VIDEAl I~ . 
END OF CABLE U - =' U 

* TO MAINTAIN lOSS AT 95% OF IDEAL SIGNAL, 
SELECT TRANSFORMER INDUCTANCE SUCH THAT: 

l(MIN)= 

EXAMPLE: 

10,000 
fClK 

'ClK = SYSTEM CLOCK 
FREQUENCY 
(e.g., 1B.B7MHz) 

L= 1B.~~·0:0106 ---.L(MIN)=530jdi 

TUF5237-1e 

Notes: 1) Less Inductance will cause greater amplitude 
attenuation. 

2) Greater Inductance may decrease signal rise time 
slightly and Increase ringing, but these effects are 
generally negligible. 

FIGURE 17. Transformer Selection 
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LSI Components for 
Winchester Disk Drives 
and Controllers 

INTRODUCTION 

Designing an LSI solution for disk system data path elec
tronics requires careful examination of the total disk 
market place. The objective is to have a high performance 
solution able to handle state·of-the-art, 14-inch drives 
while still being reasonably priced for the lower perform
ance, highly cost-sensitive 5 1/4-inch market. The OEM 
Winchester disk market consists of three main device 
types: 14-inch, 8-inch and 51/4-inch. OEM supplied 14-inch 
drives range from capacities of 40 megabytes upwards to 
1 gigabyte with data rates of 10-24 megabits/second and 
access times of 25 ms. The 8-inch Winchester drives 
evolved from scaling of the 14-inch drives and are suitable 
devices for minicomputer environments. Storage capaci
ties vary from 16 megabytes to 200 megabytes with typical 
data rates of 7-9 megabits/second and typical access 
times of 30 ms. The 5 1/4-inch Winchester drive offers a 
high performance, high capacity version of the estab
lished 5 1/4-inch floppy disk. It is thus ideally suited to 
packaging in microcomputer-based systems. Initially, 
5 1/4-inch drives offered 6 megabytes of storage with typi
cal access times of 170 ms. Recently, devices have been 
announced with storage capacities of over 100 megabytes 
and access time of 30 ms. Data rates are typically 5 Mbits/ 
second, but will increase. 

National Semiconductor 
Application Note 334 
Mike Evans 
John Payne 
Tim Stout 
March 1983 

PERFORMANCE/STANDARDS SET DESIGN AIMS 

The rapid evolution of Winchester drives has pushed 
storage capacities, data rates and access times to the 
limit. The DP8460 series hard disk chip set has been 
designed to handle data rates as high as 25 megabits/ 
second to interface with the fastest drives now available. 
The chip set uses the latest bipolar and CMOS processing 
techniques as shown in Figure 1. 

The use of high density run-length-limited codes is well 
established in the 14-inch market and will migrate to the 
8·inch and 5 1/4-inch drives. A further consideration of the 
design was the ability to work with such codes. Similarly, 
as storage densities increase, the necessity for ECC (error 
checking and correcting) electronics becomes apparent. 
Specific codes have yet to become standard since some in 
use today are considered inadequate for the future. The 
hard disk chip set design was required to anticipate such 
future developments. Furthermore, the design and func
tional partitioning had to take into account existing 
standards such as SMD and ANSI X3.101 and yet allow 
flexibility in areas where standards are still emerging. 
Finally, the introduction of removable media cartridges 
places increasing emphasis on programmable format. 

TLlF/5264·1 

FIGURE 1. Two New Processes Provide Fast Data Rat~ Capability 

M2CMOS ™ is a trademark of National Semiconductor Corp. 
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FUNCTIONS COMMON TO ALL DISK SYSTEMS 

There are certain functions which aU-disk systems typi
cally perform (Figure 2). As one looks at the data path of a 
disk system during a read operation, following it from the 
recording head to the host, there emerge eight well de
fined functions that are common to all disk drives. 

These are: 
1. Select the desired head and preamplify the signal from 

it. 
2. Convert the data signal from an analog waveform into a 

sequence of digital pulses. 
3. Generate a clock and synchronized data from the dig

ital pulse train using phase-locked-loop techniques. 
4. Decode the synchronized data using the clock. 
5. Deserialize the data into byte-wide blocks and byte

align. 
6. Identify the desired sector and strip off synchroniza

tion information, addressing information, and error 
check information. 

7. Buffer the valid data from the desired sector. 
8. Transfer the data into the hosts's main storage. 

Six similar functions are required for writing the data: 
1. Transfer the data out of the host's main storage. 
2. Buffer the data. 
3. Identify the desired sector, then append synchroniza-

tion and error checking fields to the data field. 
4. Serialize the data. ' 
5. Encode the data. 
6. Select the correct recording head and drive it with the 

encoded data signal. 

L __ 

r-------
TO 

WRITE +---------+------..... 
HEAD 

FLOPPY 
EXTENSION 
INTERFACE 

L ___ _ 
SMD. ANSI X3.1D1 

INTERFACES 

A disk system is typically separated into two subsystems, 
the drive and the Qontroller. However, there is no single 
definition as to which functions are performed in which 
place, the major disk-to-controller interfaces make the 
division in different places. 

In the floppy extension interface (ST506), the drive per
forms the functions related to head selection, driving, 
preamplification, and the analog-to-digital conversion. 
Everything else is done in the controller. For the SMD and 
ANSI X3.101 interfaces the drive also performs read clock 
generation, data decoding, and data encoding. Finally, 
with the intelligent disk interface, all of the functions are 
performed by the drive except DMA, which is done by the 
controller. 

The DP8460 series will work with all of the interfaces dis
cussed above. The chips implementing the various func
tions are placed in the drive or the controller depending 
upon the particular interface used. The first chips In the 
set, the pulse detector, data separator, and disk data con
troller perform all of the·functions discussed above with 
the exception of head operations. 

The'DP8464 pulse detector converts the analog signal 
from the head preamplifier into digital pulses. The DP8460 
data separator performs read clock generation utilizing 
an internal phase-locked-loop and data signal decoding. 
The DP8466 disk data controller performs the remaining 
functions. 

DISK DATA CONTROLLER 

INTELLIGENT 
DISK 

INTERFACES 

TLlF/5264·2 

FIGURE 2. Disk Data Path Functions 
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DP8464 PULSE DETECTOR 

The pulse detector receives the analog signal from the 
read/write head amplifier and converts the peaks to digital 
pulses; It is always situated in the disk drive. The primary 
purpose of the' pulse detector is to convert the analog 
signal received from the recording head into a sequence of 
digital pulses that can be decoded by the data separator 
(Figure 3). Each flux reversal of the recording media 
represents a coded "1"; the absence of a reversal in a 
given window time represents a coded "0". 

The pulse detector sees flux reversals as signal peaks 
from the recording head, and produces digital output 

pulses coinciding with the position of the incoming signal 
peaks. 

Figure 4a is a plot of relative pulse amplitude versus bits 
per inch (or recording density). As the recording density in· 
creases, bit interaction causes the signal amplitude to 
decrease. 

Pulse shapes as received by the pulse detector are shown 
in Figure 4b. Regions 1 and 2, the ones predominantly 
associated with disk drives, are characterized by the 
analog signal returning to the baseline between pulses. 

FUTURE DISK DRIVE ELECTRONICS------------------...... -------... 

1 
PRESENT DISK DRIVE ELECTRONICS ---------------+_1 

I I 
I PASSIVE I COMPONENTS 

HEAD I I 
ELECTRONICS, I ~ I 

I I 

READ/WRITE .I\Ar DISK JlJl.I1.IL DATA 
PULSE SEPARATOR HEAD .DETECTOR SUCH AS AMPLIFIER 

OR f\/'v DPB464 ENCODED DATA DPB460 

I 

TLlF/5264·3 

FIGURE 3. Pulse Detector in a Disk System 

~ 1.00 I-----__ ~ 
~ 
::l 
~ 0.75 
..: 
w 
(I) 

~ 0.50 
> 

5 
~ 0.25 

REGION 1 

BIT DENSITY (BPI) 

FIGURE 4a. Pulse Amplitude vs Bit Density 

10·5 

REGION 1 WAVEFORM ~ 

REGION 2 WAVEFORM • .Av"'v 
TLlF/5264·11 TLlF/526H 

FIGURE 4b. Typical Waveforms 



Peak detection is complicated by the susceptibility of the 
circuitry to noise peaks during this period. The trickiest 
part of the pulse detector design is to distinguish between 
signal peaks and noise peaks. ' 

Region 11s characterized by minimal amplitude distortion 
with a prolonged return to the baseline. Drives using thin 
film media or thin film head technology or run-Iength·lim
ited codes characteristically produce such pulses. The 
region 1 detector functions by enabling the differentiator 
from a threshold comparator (Figure 5). Only if the signal 
is greater than a preset threshold will an outputpulse be 
enabled. Since noise peaks are characteristically of low 
amplitude, this approach effectively eliminates output 
pulses due to noise. 

Average signal strengths from the recording head will vary 
from track to track and even along the same track. Hence, 
use of threshold comparison and signal processing man
dates automatic gain control (AGe) circuitry to.maintain a 
constant output from the wideband amplifier. 

Region 2 is characterized by some amplitude distortion 
and a tendency for the signal to return to the baseline. 
Drives using conventional ferrite heads with MFM typi
cally produce such pulses. The pulse detector will work 
with most drives operating In regions 1 and 2. 
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~ 
~ 

CAIlC~ 
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DATA SEPARATOR 

The DP8460 data separator performs the two basic func: 
tions of read clock generation (using an internal phase· 
locked·loop) and MFM decoding (for MFM systems). It is 
usable with all of the interfaces discussed in this article. It 
receives encoded data from a pulse detector and outputs 
data and clock signals to the controller (Figure 6). A block 
di~gram of the chip is shown in Figure 7. 

FLOPPY 
PASSIVE . 

SMO OR 
EXTENSION COMPONENTS 

ANSI X3.101 
INTERFACE • INTERFACE 

I I 
READ DATA 

I I 

READ ~LOCK 
DISK ENCODED MFM I DISK 

PULSE DATA DATA 
READ;GATE 

DATA 
DETECTOR SEPARATOR CONTROLLER 
SUCH AS I SUCH AS SUCH AS 
OP8464 OP8460 MISSING CLOCK OP8466 

I 
DETECTED 

I 

• Soft-sectored disks only 
TlIF15264-6 

FIGURE 6_ Data Separator in a Hard Disk System 
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The upper half of the block diagram Is the phase-locked
loop which is the heart of the chip. The Pll may be used 
with disks employing MFM or run-length-limited codes. A 
serial data output is derived from the Incoming raw data 
that Is synchronized to the clock generated by the Pll. 
The synchronized data and clock pair then connect to an 
external data decoder for run-length-limited codes. When 
MFM encoding is used, the output connects internally to 
,the MFM decoder. 

The Pll features two user-selectable tracking rates. A 
high tracking rate is used while the Pllis locking onto the 
data stream, but once lock-on is achieved, a more stable 
and slower tracking rate is used. This offers an extremely 
quick lock-on time of less than two bytes, while allowing 
reliable operation by removing bit shift distortions when 
reading the actual data. The tracking rate. switches when 
the external SET PlllOCK signal goes active. When the 
chip is not read-enabled, the Pll tracks an external clock 
source. In a servo system, this is typically the servo clock, 
while stepper motor drives use a crystal. This allows the 
PLL to be at frequency when data decoding begins. 

Internal to the phase-locked-loop is a clock gate circuit 
which delays the data'signal by an amount equal to half of 
the window. No external delay lines are required. The delay 
is guaranteed to be within a specified narrow time slot for 
all internal sources of error combined. 

To generate the read clock, a clock multiplexer and de
glitcher are used. The ANSI X3.101 specification calls for 
only one clock between the drive and controller, which is a 
combined read clock/servo clock Signal. The SMD specifi
cation, on the other hand, specifies both clocks are to be 
on the interface simultaneously. The chip follows the 
ANSI specification so that it can work in both systems. 

When SET PLL LOCK goes active, the READ CLOCK out
put switches from external clock to the PLL clock. The 
switch back takes place when the READ GATE signal goes 
inactive. The deglitcher ensures that no short clock 
periods are ever sent to the controller as a result of the 
switch between the two clocks. 
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The other portion of the chip is a data decoder that is used 
with systems using the M FM data code. Before lock-on the 
MFM decoder assumes that every incoming pulse is a 
clock pulse and not MFM data. When SET PLL LOCK goes 
active, the phase pattern between clock pulses and data 
pulses is frozen to allow decoding of the data. The output 
of this section is sent tothecontroller as NRZ READ DATA 
along with the synchronous READ CLOCK. 

The missing clock detector monitors the incoming data 
pattern for an MFM miSSing clock violation. If there is an 
incoming address mark, and a miSSing clock is detected, 
the chip activates the signal MISSING CLOCK DETECTED. 

DISK DATA CONTROLLER 

The DPB466 disk data controller is designed to control the 
data transfer between the disk drive and the system as 
shown in Figure 8. All other functions are left to a 
microcontroller or microprocessor. The DDC interfaces to 
the data separator, on one side, and the system bus or an 
intelligent disk interface, on the other side. The primary 
data path functions are to sequence the format field, iden
tify the desired sector, serialize memory data when writing 
to disk, and to deserialize and byte-align the disk data. 
Other data path functions perform'ed are data buffering 
and DMA handling. See Figure 9 for a block diagram of the 
chip. 

It is inadequate to store data on the disk media directly as 
received from the host. Various extra fields are needed. 
The external Pll needs a preamble field in order to 
achieve lock-on. The deserializer needs a synch field to 
distinguish the end of the preamble to establish byte 
boundaries within the serial data stream. Address fields, 
called headers, are needed to identify and locate specific 
blocks of data. Error checking and correcting fields are 
typically append~d to the data, as well as various types of 
postambles and gaps. 
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FIGURE 8. Disk Data Controller in a Disk System 
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TLlF15264·9 

TLIF15264·10 

FIGURE 10. Typical Disk Formats 

The particular sequence and combination of fields used in 
storing information on the disk is called the format. There 
is ·no standard format which is used in all disk drives, but 
three popular formats are shown in Figure 10. To meet all 
the different needs of these drives, the chip is externally 
programmable. The user chooses his own preamble, synch 
pattern, address mark, postamble and gap, and the order 
of the format. This is usually performed only once, at in
itialization. During normal operations such as reading to, 
or writing from the disk, header information is written to 
the chip from the microprocessor, along with the mode of 
operation to be performed such as single or mUlti-sector, 
read, or write. Information in the status register or the error 
register may be accessed. 

The serializer converts the parallel data from memory into 
a serial bitstream and outputs it as NRZ data coincident 
with the WRITE CLOCK, to interface direct to the SMD or 
ANSI interfaces. The DOC may also be configured to out
put MFM encoded data to interface easily to the floppy ex
tension (ST506) interface. The deserializer converts the 
serial bitstream into byte-wide data for memory. The 
deserializer features a comparator which is not only used 
to perform the initial byte-boundary synchronization but is 
also used in identifying header address. 
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An internal 32-byte (16-word) FIFO buffers memory data 
transfers. This FIFO is sufficiently deep to allow extensive 
microprocessor usage during transfer operations without 
causjng overruns. The chip can be set to transfer data 8 
bits or 16 bits at a time. Direct memory access (DMA) capa
bilities are also included on-Chip. A counter provides a 
16-bit address field which can be strobed out of the I/O bus 
prior to valid data. DMA handshake and control signals 
are provided. This eliminates the need for an external DMA 
controller chip, and allows faster memory transfers. 

Cyclic redundancy check (CRC) or ECC calculations are 
made on-chip and appended to the data stream when writ
ing, or checked with the CRC/ECC appendage when read
ing. When the on·chip CRC/ECC codes are undesirable, 
external circuitry may be used. The disk data controller 
has two control pins for communication with such circuitry. 

Besides the standard features discussed above, the chip 
has a number of special features. A unique interrupt, called 
HFASM, notifies the microprocessor that the header 
failed but the sector numbered matched; this is usually a 
serious condition requiring immediate attention. If this 
condition occurs, the last header field read is stored inter
nally and is accessible to the microprocessor. Sector inter· 
locking is available for special microprocessor format 
sequencing. In multiple sector operations, checkpoint in· 
terrupts to the microprocessor are available. 
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DP8460 Data Separator 

Gener~Descriptlon 
The DP8460 Data Separator is designed for application in 
disk drive memory systems, and depending on system re
quirements, may be locate(j either in the drive or in the con
troller. It receives digital pulses from a pulse detector circuit 
(such as the DP8464 Disk Pulse Detector), if the DP8460 is 
situated in the drive, or from the Floppy Extension Interface 
if it is situated in the controller. After locking on to the fre
quency of these input pulses, it separates them into syn
chronized data and clock signals. If the input pulses are 
MFM encoded data, the data is made available as decoded 
NRZ data to be deserialized directly by a controller (such as 
the DP8466 Disk Data Controller). If a run-length-limited 
code is used, the synchronized data output is available to 
allow external circuitry to perform the da~a decoding func
tion. All of the digital input and output signals are TIL com
patible and only a single +5V supply is required. The chip is 
housed in a standard narrow 24-pin dual-in-line package 
(DIP) and is fabricated using Advanced Schottky bipolar an
alog and digital circuitry. This high speed I.C. process allows 
the chip to work with data rates up to 25Mbit/sec. There are 
three versions of the chip, each having a different decode 
window error specification. All three versions (-2,-3, -4) 
will operate from 2 to 25Mbitlsec, with respectively increas
ing window errors, as specified in the Electrical Characteris
tics Table. 

The DP8460 features a phase~lock-loop (PLL) consisting of 
a pu~~e gate, phase comparator, charge pump, buffering 
amplifIer, and voltage-controlled-oscillator (VCO). Pins are 
provided for the user to select the values of the external 
filtering components required for the pulse gate and amplifi
er, the frequency setting components required for the VCO, 
and two current setting resistors for the charge pump. The 

DP8460 has been designed to lock on to the incoming pre
amble data pattern within the first two bytes, using a high 
rate of charge pump current. Once lock-on has been 
achieved, the charge pump switches to a lower rate (both 
rates being determined by the external resistors) to maintain 
stability for the remainder of the read operation. At this time 
the READ CLOCK output switches, without glitching, from 
half the 2f-CLOCK frequency to half the VCO CLOCK fre
quency. After lock-on, with soft sectored disks, the MISS
ING CLOCK DETECTED output indicates when a missing 
clock in an address mark field occurs so the controller can 
align byte boundaries to begin deserialization of the incom-' 
ing data. 

Features 
• Operates at data rates up to 25Mbitlsec 
• Separates MFM data into read clock and serial NRZ 

data 
• 4 byte preamble-lock indication capability 
• Preamble recognition of MFM encoded "O"s or "1 "s 
• User-determined PLL loop filter network 
• PLL' charge pump has two user-determined tracking 

rates 
• External control of track rate switchover 
• No glitch on READ CLOCK at switchover 
• Synchronized data provided as an output (for RLL 

codes) 
• ORed phase comparator outputs for monitoring bit-shift 
• Missing clock detecter;j for soft sectored disks 
• Less than %W power consumption 
• Standard narrow 24-pin DIP 
• Single +5V supply 

DP8460 Simplified 
Block Diagram 
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PG2- 1 

11IsET- 2 

IRsrr- 3 

CPoUy- 4 

C1- 5 

C2- 6 

RVCO- 7 

VCOCLOCK- 8 

PHASE COMP TEST - 9 

ZEROES/li'NES PREAMBLE - 10 

MISSING CLOCK DETECTED - 11 

v 24~VCC 

231-- PG1 

22~PG3 

21 ~21·CLOCK 

20 ~ ENCODEO DATA 

19 I-- READ CLOCK 

18 ~ SET PLL LOCK 

17 ~ DELAY DISABLE 

16 ~ READ GATE 

15 I-- LOCK DETECTED 

14 I-- NR2 READ DATA 

GND - 12 131-- SYNCHRONIZED DATA L..... _____ ~ 

PIN DEFINITIONS: 

Power Supply 

24 Vcc +5V ±5% 

12 Ground 

TTL Level Logic Inputs 

16 READ GATE: This is an active high input-signal that sets 
the DP8460 Data Separator into the Read Mode. 

17 DELAY DISABLE: This input determines the delay from 
READ GATE going high to the time the DP8460 enters the 
Read Mode. If DELAY DISABLE is set high, this delay is 
within one cycle of the 2f-CLOCK signal. If DELAY DISABLE 
is set low, the delay is thirty two cycles of the 2f-CLOCK, as 
shown in Figure 1. 

18 SET PLL LOCK: This input allows the user to determine 
when the on-chip PLL will go into the low track rate. A high 
level at this input results in the PLL being in the high track 
rate. If this input is connected to the LOCK DETECTED out
put, the PLL will go into the low track rate mode immediately 
after lock is detected. 

10 ZEROES/ONES PREAMBLE: A high level on this input 
enables the circuit to recognize an All Zeros data preamble. 
A low level results in the recognition of an All Ones data 
preamble. 

20 ENCODED DATA: This input is connected to the output 
of the head amplifier/pulse-detecting network located in the 
disk drive. Each positive edge of the· ENCODED DATA 
waveform identifies a change of flux on the disk. In the case 
of MFM encoded data, the input will be raw MFM. 

21 2f-CLOCK: This is a system clock input, which is either a 
signal generated from the servo track (for systems utilizing 
servo tracks), or a signal buffered from a crystal. 

TTL Level Logic Outputs 

8 VCO CLOCK: This is the output of the on-chip VCO, 
transmitted from an Advanced Schottky-TTL buffer. It is 
synchronized to the MFM data output and, if needed, it can 
be used as the 2f-CLOCK for encoding MFM when writing to 
the disk. 

15 LOCK DETECTED: This output goes active low only af
ter both PLL Lock has occurred and the preamble pattern 
has been recognized. It remains low until READ GATE goes 
inactive. 

TOP VIEW TL/F/5182-2 

10·11 

14 NRZ READ DATA: This is the NRZ decoded data output, 
whose leading edges coincide with the trailing edge of 
READ CLOCK. 

13 SYNCHRONIZED DATA: This output is the same encod
ed data that is input to the chip, but is synchronous with the 
negative edge of the VCO CLOCK. 

11 MISSING CLOCK DETECTED: When a missing clock is 
detected, this output will be a single pulse (of width equal to 
one cycle of READ CLOCK) occurring as shown in Figure 2. 

19 READ CLOCK: This is half VCO CLOCK frequency dur
ing read mode after PLL Lock; it is half 2f-CLOCK frequency 
at all other times. A deglitcher is utilized to ensure that no 
short clock periods occur during either switch over. 

9 PHASE COMP TEST: This output is the logical "OR" of 
the Phase Comparator outputs, and may be used for the 
testing of the disk media. 

Analog Signals 

23, 22, PG1, PG3: The external capacitors and resistor of 
the Pulse Gate filter are connected to these pins. 

1 PG2: This is the Pulse Gate current supply. 

3 IRSET: The current into the rate set pin (VSE/RRate) is 
half the charge pump output current for the slow tracking 
rate. 

2 IBSET: The current into the boost set pin (VSE/Rsccst) is 
half the amount by which the charge pump current is in
creased for the high tracking rate. (IHIRATE = IRATE Set + 
ISOOST Set). 
4 CPOUT: CHARGE PUMP OUT/BUFFER AMP IN is avail
able for connection of external filter components, for the 
phase-lock-loop. In addition to being the charge pump out
put node, this pin is also the non inverting input to the op
amp of the Buffer Amplifier. 

7 RVCO: The current into this pin determines the operating 
currents within the VCO. 

5, 6 VCO C1, C2: An external capacitor connected across 
these pins sets the nominal VCO frequency. 
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Absolute Maximum Ratings 
Supply Voltage 7V 

TIL Inputs 7V 

Output Voltages 7V 

Input Current (CPOUT, IRSET, IBSET, RVCO) 2mA 

Storage Temperature - 65·C to 150·C 

Operating Conditions 

Symbol Parameter Conditions Min Typ Max 

Vee Supply Voltage 4.75 5.00 5.25 

TA Ambient Temperature 0 25 70 

IOH High Logic Level Output Current VeoClock -2000 

Others -400 

IOL Low Logic Level Output Current VeoClock 20 
Others 8 

fOATA Input Data Rate 2.0 25 

tweK Width of 2f-CLOCK, High or Low 10 

tWPD Width of ENCODED DATA Pulse, 0.25t 
High or Low (Note 2) 

VIH High Logic Level Input Voltage 2 

VIL Low Logic Level Input Voltage 0.8 

DC Electrical Characteristics Over Recommended Operating Temperature Range 

Symbol Parameter Conditions Min Typ 

VIC Input Clamp Voltage Vee = Min., II = -18mA 

VOH High Level Output Voltage Vee = Min.,IOH = Max. Vee- 2V Vee-1.6V 

VOL Low Level Output Voltage Vee = Min.,IOL = Max. 

IIH High Level Input Current Vee = Max., V, = 2.7V 

IlL Low Level Input Current Vee = Max., V, = 0.4V 

10 Output Drive Current Vee = Max., Vo = 2.125V1 -30 

Icc Supply Current Vce = Max. 

lOUT Charge Pump Output Current - IRSET = VeE/RRATE -10% 2x lRSET 
leSET = VeE/ReoOST -10% 2x(IRSET+leSET) 

1. This value has been chosen to produce a current that closely approximates one-half of the true short-circuit output current. lOS-

2. t is defined as the period of the encoded data 

" 

\ 
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Units 

V 
·C 

J.LA 

mA 

Mbitlsec 

ns 
ns 

V 
V 

Max Units 

"':1.5 V 

V 

0.5 V 

20 J.LA 

-200 J.LA 

-110 mA 

100 mA 

+10% 
mA 

+10% 



AC Electrical Characteristics Over Recommended Vcc and Operating Temperature Range. 
(All Parts unless stated otherwise) (tR = tF = 2.0ns, VIH = 3.0V, VIL = OV) 

Symbol Parameter Min Typ Max 

tREAD 
Positive READ CLOCK transitions from READ GATE set active 

16 17 
until PLL Lock sequence begins (DELAY DISABLE low) 

tREAD 
Positive READ CLOCK transitions from READ GATE set active 
until PLL Lock sequence begins (DELAY DISABLE high) 

1 1 

tDECODENRZ 
Number of READ CLOCK cycles required to output - 2 3 
each decoded MFM data bit4 

tTRANSMIT MFM 
Positive READ CLOCK transitions required to transmit 
input MFM to output 

1 2 3 

tREAD ASORT 
Number of READ CLOCK cycles after READ GATE 
set low to read operation abort 

2 

DP8460-2 2+0.6%T 

tWINDOW Variance of center of decode window from nominal7 DP8460-3 3+0.8%T 
DP8460-4 4+1.0%T 

<PLlNEARITY Phase range for charge pump output linearity2 -7T +7T 

K1 Phase Comparator - Charge Pump gain constantS 
VSE 
-
7TR 

VCONTROL Charge pump output voltage swing from nominal ±100 

Kvco (= AxK2) VCO gain constant (CtlVCO = VCO center frequency in rad/s)6 
1.4CtlC 1.6CtlC 1.8CtlC 
--- --- ---

VSE VSE VSE 

tvco VCO center frequency variation over temperature and Vcc -5 +5 

fMAXVCO VCO maximum frequency 70 

tHOLD 
Time READ CLOCK is held low during changeover 

1% 
after lock detection has occurred3 

tMFMSKEW Output skew between VCO clock and Synchronized Data 

tNRZSKEW 
Output skew between READ CLOCK, NRZ READ 
DATA and MISSING CLOCK DETECTED 

1. A sample calculation of frequency variation vs. control voltage: VIN = ±0.2V; 
wOUT 0.4 wc 2.0 we (rad/sec) 

Kveo- -- = -- --- (volt) VIN 0.2V V 
2. -1T to + 1T with respect to 2f VCO CLOCK 
3. T-clock is defined as the time required for one period of the READ CLOCK to occur. 
4. This number remains fixed after PLL Lock occurs. 
5. With respect to VCO CLOCK; IpUMP OUT - 2 ISET 

VBE 
ISET =--

RSET 
6. Although specified as the VCO gain constant. this is the gain from the Buffer Amplifier input to the VCO output. 

- 7. T is defined as the period of the incoming data stream 
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Units 

-

-

T-clock 

-

T-clock 

ns 

Radians 

Amps/rad 

mV 

rad/sec. V 

% 

MHz 

T-clock 

ns 

ns 
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External Component Selection (All Parts) 

Symbol Component 

Rveo VCO Frequency Setting Resistor 

Cveo VCO Frequency Setting Capacitor 
.-

RLF Loop Filter Resistor 

CLF1 Loop Filter Capacitor 1 

CLF2 Loop Filter Capacitor 2 

RRATE Charge Pump IRATE Set Resistor 

ReoOST Charge Pump (High Rate) leoOST Resistor 

RpG2 Delay Time Setting Resistor 

RpG1 Pulse Gate Resistor 

CPG1 Pulse Gate Capacitor C1 

CPG2 Pulse Gate Capacitor C2 

CR IRATE Bypass Capacitor 

Ce leOOST Bypass Capacitor 

10·14 

Min Typ Max Unit 

990 1010 n 
15 pF 

TBD TBD n 
20 TBD pF 

20 TBD pF 

1.2 6.5 kn 
0.4 00 kn 
0 150 kn 

TBD TBD kn 
20 TBD pF 

20 TBD pF 

1000 pF 

1000 pF 

, 
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Cpo Dp = preamble clock and preamble data bits respectively. 

L = Number of 2f-clock cycles required for VCO to lock (typically'" 20 2f-clock cycles). but determined by external component values 

At 32 + L, VCO has Just locked. 

At 64 + L, circuit has confirmed lock (has been In lock for 16 MFM clock bits). This sequence shows the MFM preamble pattern. 

FIGURE 1. Lock-on Sequence Waveform Diagram 
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• READ CLOCK and NRl READ DATA may be delayed by one VCO clock period depending on the phase of the Internal clock at activation of READ GATE Input. 

CD MISSING CLOCK DETECTED Is one READ CLOCK period ahead of the chip Issuing D8 on the NRl READ DATA output when READ CLOCK Is delayed by one VCO clock period 

CD MISSING CLOCK DETECTED Is synchronous with the chip Issuing D8 on the NRl READ DATA Output when READ CLOCK Is not delayed 

FIGURE 2. Missing Clock Detection Waveform Diagram 
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• READ CLOCK and NRZ READ DATA may be delayed by one VCO clock period with respect to Synchronized Data depending on the phase of the Internal clock at activation of READ GATE Input 

FIGURE 3. Locked-on Waveform Diagram 
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CIRCUIT OPERATION 

When the READ GATE input goes high, the DP8460 Data 
Separator enters the read mode after a period determined 
by the state of the DELAY DISABLE pin. This may be either 
one or thirty two. 2f-CLOCK cycles. Referring to Figure 1, 
once in the read mode, the phase-locked-loop reference 
signal is switched from 2f-CLOCK input to the ENCODED 
DATA input. The PLL, initially in the high-tracking rate mode, 
then attempts to lock onto the incoming encc1ed data 
stream. By careful selection of the loop filter components, 
this can be within 2 bytes. Preamble pattern recognition 
then can begin. As soon as two bytes of the selected pre
amble are detected, (the selection is determined by the ZE
ROES/ONES PREAMBLE pin) the LOCK DETECTED out
put goes low. In a typical MFM disk drive application, the 
LOCK DETECTED output is directly connected to the 
SET PLL LOCK input. With this connection, track rate se
lection, clock output switchover, and data output enabling 
will occur after four consecutive preamble bytes have been 
fed into the chip, from the time the read mode began .. 

A low level on the SET PLL LOCK causes the PLL Charge 
Pump to switch from the high to low tracking rate. At the 
same time the source of the READ CLOCK signal is 
switched from half the frequency of the 2f-CLOCK to half 
the VCO clock. The MFM decoder also becomes enabled 
and begins to output decoded NRZ data. If the preamble is 
being decoded, and it is a zeroes data preamble, the NRZ 
READ DATA output will remain low until the end of the pre
amble. It will then output NRZ data some 2f-CLOCK periods 
after the preamble field has ended, as shown in Figures 2 
and 3. 
Figure 4 shows the sequence when READ GATE goes low, 
signifying the end of a read operation. The PLL reference 
signal is switched back to half the 2f-CLOCK and the 
LOCK DETECTED output (and therefore the 
SET PLL LOCK input) goes high. The PLL then returns to 
the high tracking rate, and the output signals return to their 
initial conditions. 

CIRCUIT DESCRIPTION 

1. Read Enable and Delay: If the DELAY DISABLE input is 
connected low, then thirty two 2f-CLOCK cycles after READ 
GATE goes active, the DP8460 will go into the read mode. If 
the DELAY DISABLE input is connected high, the chip will 
go into the read mode one 2f-CLOCK cycle after READ 
GATE goes active. This feature allows the user to choose 
the time at which the PLL Lock Sequence begins and thus 
accommodates systems with short preambles. 

2. Pulse Gate, including Input Multiplexer and Data Synchro
nizer: The Input Multiplexer selects the input to the phase-· 
lock-loop. While the chip is in the bypassed mode, the PLL 
is locked on half the 2f-CLOCK frequency, but in the read 
mode, the Input Multiplexer switches to the ENCODED 
DATA signal. The VCO CLOCK then begins to synchronize 
with the ENCODED DATA signal. The Pulse Gate allows a 
reference Signal from the VCO into the Phase Comparator 
only when a ENCODED DATA bit is valid. The Pulse Gate 
utilizes a scheme which delays the incoming data by one
half the period of the 2f-CLOCK. This optimizes the position 
of the decode window and allows input jitter up to ± half the 
2f-CLOCK period, assuming no error in the decode window 
position. The decode window error can be determined from 
the specification in the Electrical Characteristics Table. 
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3. Phase Comparator: The Phase Comparator receives its 
inputs from the Pulse Gate, and is edge-triggered from 
these inputs to provide charge-up and charge-down out
puts. 

4. Charge Pump: The high speed charge pump consists of a 
switchable constant current source and sink. The charge 
pump constant current is set by connecting external resis
tors to Vcc from the charge current rate set (IRSET) and 
current boost set (IBSET) pins. Before lock is indicated, the 
PLL is in the fast tracking rate and both resistors determine 
the current. In the slow tracking rate after lock-on, only the 
IRSET resistor determines the charge pump current. The 
output of the charge pump feeds into. external filter compo
nents and the Buffer Amplifier. 

5. Buffer Amplifier: The input of the Buffer Amplifier is inter
nally connected to the charge pump's constant current 
source/sink output as well as the external Loop Filter com
ponents. The Buffer Amplifier is configured as a high input 
impedance amplifier which allows for the connection of ex
ternal PLLfilter components to the Charge Pump output pin 
CPOUT. The output of the Buffer Amplifier is internally con
nected to the VCO control input. 

6. VCO: The Voltage-Controlled-Oscillator requires a resis
tor from the RVCO pin to ground and a capacitor between 
pins C1 and C2, to set the center frequency. The VCO fre-

. quency can be varied from nominal by approximately 
±20%, as determined by its control input voltage. 

7. PLL Lock-on/Preamble Pattern Detector: To recognize 
preamble, the preamble pattern from the disk must consist 
exclusively of either data bit zeroes (encoded into .. 10 .. 
MFM clock pulses) when the ZEROES/ONES PREAMBLE· 
pin is set high, or data bit ones (encoded into .. 01 .. MFM 
clock pulses) when set low. :rhe preamble pattern must be 
long enough to allow the PLL to lock, and subsequently for 
the Preamble Pattern Detector circuit to detect· two com
plete bytes. 

Once the chip is in the read mode, the VCO proceeds to 
lock on to the incoming data stream. The Preamble Pattern 
Detector then searches for a continuous pattern of 
10101010101010101010101010101010 (16 consecutive pul
ses at the data rate) to indicate lock has been achieved. 
The LOCK DETECTED output then goes low. 

Any deviation from the above-mentioned one-zero pattern 
at any time before PLL Lock is detected will reset the PLL 
Lock Detector. The lock detection procedure will then start 
again. 

8. MFM Decoder: The MFM Decoder receives synchronized 
MFM data from the Pulse Gate and converts it to NRZ 
READ DATA. For run-length-limited codes the MFM Decod
er and Missing Clock Detector will not be used. 

9. Missing Clock Detector: This block is only required for 
soft-sectored drives, and is used to detect a missing clock 
violation of the MFM pattern. The missing clock is inserted 
when writing to soft-sectored disks to indicate the location 
of the Address Mark in both the ID and the Data fields of 
each sector. Once PLL Lock has been indicated, the Miss
ing Clock Detector circuit is enabled. MISSING CLOCK DE
TECTED will go active only if the incoming data pattern con
tains one suppressed clock bit framed by two adjacent 
clock bits. The output signal goes high for one cycle of 
READ CLOCK. 



10. Clock Multiplexer and Deglitcher: When the 
SET PLL LOCK input changes state this circuit switches 
the source of the READ CLOCK signal between the half 2f
CLOCK frequency and the half VCO CLOCK frequency. A 
deglitcher circuit is utilized to ensure that no short clock 
periods occur during either switchover. 

BIT -JITTER TOLERANCE 

The three options of the DP8460, the -4, -3 and -2 offer 
decreasing window errors (respectively) so that the parts 
may be selected for different data rates (up to 25Mbitlsec). 
The -4 part will be used in most low data rate applications. 
As an example, at the 5Mbitlsec data rate of most 5% inch 
drives, T = 200ns so that from the Electrical Characteristics 
Table, tWINDOW = (4 + (1% of 200ns» or 6ns. The chip 
therefore contributes up to 6ns of window error, out of the 
total allowable error of 50ns (half the 2f-clock period of 
100ns). This allows the disk drive to have a margin of 44ns 
of jitter on the transition position before an error will occur. 

ANALOG CONNECTIONS TO THE DP8460 

External passive components are required for the Pulse 
Gate, Charge Pump, Loop Filter and veo as shown in Fig
ure 5. The information provided here is for guidelines only. 
The user should select values according to his own system 
requirements. Phase-Locked Loops are complex circuits 
that require detailed knowledge of the specific system. Fac
tors such as loop gain, stability, response to change of sig
nal, lock-on time, etc are all determined by the external 
components. In many disk systems these factors are crit
ical, and National Semiconductor recommends the designer 
be knowledgeable of phase-locked-loops, or seek the ad
vice of an expert. Inaccurate design will probably result in 
excessive disk error rates. The phase-locked-loop in the 
DP8460 has many advantages over all but the most sophis
ticated discrete designs, and if the component values are 
selected correctly, it will offer significant performance ad
vantages. This should result in a reduction of disk error 
rates over equivalent discrete designs. 

VR8'(INT) 

TL/F/5182-8 

FIGURE 5. Phase-Locked-Loop Section 
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Pulse Gate 

There are four external components connected to the Pulse 
Gate as shown in Figur(} 6 with the associated internal com
ponents. The values of RpG1, RpG2, CPG1, and CPG2 are 
dependent on the data rate. RpG1 is proportional to the data 
rate, while RpG2, CPG1 and CPG2 are inversely proportional. 
Table I shows component values for the data rates given. 
For other data rates, use the equations RpG1 = (TBO x 
fyeo) kn, RpG2 = ((TOB I fveo) - 0.89} kn, CPG1 = (TBO I 
fyeo) pF and CPG2 = (TBO I fveo) pF, where fveo is the 
VCO frequency in MHz. As an example, at 5Mbits/sec data 
rate, fveo =10 MHz. This produces RpG1 = .,. kn, RpG2 = 
... kn, CPG1 = ... pF and CPG2 = ... pF. Components with 
5% tolerance will suffice. 

Data Rate RpG2 RpG1 CPG1 CPG2 

2Mbitlsec 16kn 

5Mbitlsec 4.7kn 

10Mbitlsec 1.9kn 

15Mbitlsec 750n 

20Mbitlsec 300n 

25Mbitlsec 0 

TABLE I. Pulse Gate Component Selection Chart 

Vee 

FIGURE 6. Pulse Gate Controls 

Charge Pump 

Resistors RRATE and ReooST determine the charge pump 
current. The Charge Pump bidirectional output current is ap
proximateiy (within ±10%) tWice the input current. In the 
high tracking rate with SET PLL LOCK high, the input cur
rent is leSET + IRSET, ie, the sum of the currents through 
ReooST and RRATE from Vcc. In the low tracking rate, with 
SET PLL LOCK low, this input current is IRSET only. 

A recommended approach would be to select RRATE first. 
The External Component Limits table allows RRATE to be 
1.2kn to 6.5kn, so,for simplicity select RRATE = 3.3kn. A 
typical loop gain change of 4:1 for high to low tracking rate 
would require ReoOST =' RRATE 13 or 1.1kn. Referring to 
Figure 7 the input current is effectively VeE I RRATE in the 
low tracking rate, where VeE is an internal voltage. This 
means that the current into or out of the loop filter is approx
imately 2 VeE I RRATE, or in this example approximately 
O.4mA. Note that although it would seem the overall gain is 
dependent on' VeE, this is not the case. The loop gain is 
altered internally by an amount inversely proportional to 
VeE, as detailed in the section on the Loop Filter. This 

,means that as VeE varies with temperature or device 
spread, the gain will remain constant for a particular fixed 
values of RRATE and ReoOST. This alleviates the need for 
potentiometers to select values for each device. The toler
ance required for these two resistors will depend on the 
total loop gain tolerance allowed, but 5% would be typical. 
Also Vcc by-pass capacitors are required for these two re
sistors. A value of 1000pF is suitable for each. 

TL/F/5182-9 
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FIGURE 7. IRATE Set and IBOOST Set 



VCO 

The value of Aveo is fixed at 1 kn ±1 % in the External 
Component Limits table. This requires a resistor more accu
rate than 1 % to allow for temperature variations. Figure 8 
shows how Aveo is connected to the internal components 
of the chip. This value was fixed at 1kn to set the VCO 
operating current such that optimum performance of the 
VCO is obtained for production device spreads. This means 
fixed value components will be adequate to set the VCO 
center frequency for production runs. The value of Cveo 
can therefore be determined from the VCO frequency fveo. 
using the equation: Cveo= 1 I (Aveo) (fveo) where fveo is 
twice the input data rate. As an example. for a 5Mbitlsec 
data rate. fveo = 10Mhz. requiring that Cveo = 100pF. The 

2k 

GNDO<IIII~-""'" 

Rvco 
1k 
±1% 

TL/Fl!l182-11 

FIGURE 8. VCO Current Setting Resistor 

capacitor tolerance also should be better than 1%. The ca· 
pacitor is connected to internal circuitry of the chip as 
shown in Figure 9. 

This equation does not cover the whole range of data rates. 
As the data rate increases' and Cveo gets smaller. the ef
fects of unwanted parasitic capacitances influence the fre
quency. As a guide the graph of Figure 10 shows approxi
mately the value of Cveo for a given data rate. 

The center frequency may be checked by applying pulses at 
the ENCODED DATA input with AEAD GATE set high. The 
input frequency should be varied above and below the cho
sen center frequency until the VCO stops tracking. Typically 
this will be 20% either side of the center frequency. 

50 

~'----4~--------------~GND 

TL/F/5182-12 

FIGURE 9. VCO Capacitor 

DATA RATE (Mbits/sec) 

TLlF/5182-13 

FIGURE 10. VCO Capacitor Value for Disk Data Rates 
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Loop Filter 

The input current into the Buffer Amplifier is offset by a 
matched current out of the Charge Pump, and even so is 
much less than the switching current in or out of the Charge 
Pump. It can therefore be assumed that all the Charge 
Pump switching current goes into the Loop Filter compo
nents RLF1 and CLF1 and CLF2. The tolerance of these com
ponents should be the same as RRATE and RBOOST, and 
will determine the overall loop gain variation. The three 
components connected to the Charge Pump output are 
shown in Figure 11. Note the return current goes to analog 
GND, which should be electrically very close to the GND pin 
itself. 

The value of capacitor CLF1 basically determines loop sta
bility-the larger the value the longer the loop takes to re
spond to an input change. If CLF1 is too small, the loop will 
track any jitter on the ENCODED DATA input and the VCO 
output will follow this jitter, which is undesirable. The value 
of CLF1 should therefore be large enough so that the PLL is 
fairly immune to phase jitter but not large enough that the 
loop won't respond to longer term data rate changes that 
occur on the disk drive. 

The damping resistor RLF1 is required to damp any oscilla
tion on the VCO. input that would otherwise occur due to 
step function changes on the input. A value of RLF1 that 
would give a phase margin of around 45 degrees would be a 
reasonable starting point. 

The main function of the capacitor CLF2 is to integrate the 
effects of the VCO frequency on the. VCO input voltage. 
Typically its value will be about one tenth of CLF1. 

tlllt 

!SWlTCHm 
IIIsn IIBsn CIWr -

GIlD 

TL/F/5182-14 

FIGURE 11. Charge Pump Out 
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FIGURE 12. Loop Respo~se Components 

Figure 12 shows the relevant phase-locked-loop blocks that 
determine system response, namely the Phase Detector, 
Filter/Buffer Amplifier, and VCO. The Phase Detector 
(Phase Comparator and Charge Pump) produces an aggre
gate output current i which is proportional to the phase dif
ference between the input signal and the VCO signal. The 
constant (K1) is VBEl1rR amps per radian. R is either RRATE 
or RRATE II RBOOST. This aggregate current feeds into or 
out of the filter impedance (Z), producing a voltage to the 
VCO that regulates the VCO frequency. The VCO gain con
stant is 0.4 CJ)VCOIVBE radians per second per volt. Under 
steady state conditions, i will be zero and there will be no 
phase difference between the input signal and the VCO. 
Any change of input signal will produce a change in VCO 
frequency that is determined by the loop gain equation. This 
equation is determined from the gain constants K1, A and 
K2 and the filter vii response. 

The impedance Z of the filter is: 

_1_11 (_1_ + R1) = 1 + sC1R1 
SC2 SC1 C2 

sC1(1 + C1 + sC2R1) 

If C2 « C1 then the impedance Z approximates to: 

1 + sC1R1 

K1AK2 1 + sC1R1 
The overall loop gain is then G(s)= -- x C (1 C R ) 

S S1 +s21 



The desired Bode plot of gain and phase is shown in Figure 
13, with -20dB/decade slope at wo for stability at unity 
gain. 

GAIN 

-elIdB/DECADE 

oca 
~DECADE 

W 

IIC,,,, wo~ l/CtR, Wvco 

-'·1 
W 

1'IIA$(,p 
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FIGURE 13. Bode Plot of Loop Response 

If the point of inflexion of the phase curve is at wo, (the loop 
natural frequency and therefore the closed loop bandwidth), 
then it can be shown that for a phase margin </>' 

1 - sin </> 
C2R1 - sec 

wo cos</> 

and C1 = K1 A K2 x 1 + WOC1 R1 F 
w02 1 + WOC2R1 

As an example, if we want the PLL to lock·on within two 
bytes of preamble in the high tracking rate mode, and the 
disk data rate is 5Mbits/sec, or one bit every 200ns. 

(Thus tveo = 10MHz) 

time to lock = 16 x 0.2,...s = 3.2,...s 

Closed loop bandwidth fo> (0.3/3.2) MHz or about 
100kHz 

(the factor 0.3 is a rule of thumb guideline derived from the 
product of rise time and bandwidth). 
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Select a bandwidth fo = 200kHz so that wo = 21T x 200kHz 

(giving a ratio of fveo / fo = 50) 

Select a phase margin </> between 30° and 70° for stability. 

Choose </> = 45° for optimum response 

_ (1 - sin 45°) _ -6 
Then C2R1 - 21T x 200 x 103 x cos 450 - 0.33 x 10 sec 

1 
and C1 R1 = -(2-1T-X-2-0-0-X-1-03":'"")-:-2x-0-.-33-X-1-0--""""6 = 1.92 x 1 0-6 sec 

To determine C1, we need to know K1, A and K2. 

VSE 
K1 = 1TR amps per radian 

In the high tracking rate, R = Uk II 3.3k = 825!l for our 
example from the Charge Pump calculations 

VSE 
So K1 = 1T x 825 amps/radian 

the Buffer Amplifier gain A is internally set to 4.0 

O.4wveo ' 
K2 = -V-- radians per sec per volt 

SE . 

0.4 X 21T x 107 
radians per sec per volt 

VSE 

SOC1 = ~ x 4.0 0.4 X 21T x 10
7 

1T x 825 x VSE x (21T x 200 x 103)2 x 

1 + (21T X 200 x 103 x 1.92 x 10-6) 
F 

1 + (21T X 200 x 103 x 0.33 x 10-6) 

The VSE in the K1 equation cancels with the VSE in the K2 
equation provided good matching is maintained on the \ 
DP8460. 

Thus C1 = 5.923 x 10-BF. Select C1 to be 0.056,...F 

1.92 x 10-6 
:. R1 = 56000 x 10-12 !l = 34.28!l. Select R1 = 33!l 

0.33 x 10-6 
33 F = 10-BF = 0.01,...F. Select C2 = 0.01,...F 
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The calculated values are only a guide, the user should then 
empirically test the loop and determine stability, lock-on 
time, jitter tolerance, etc. . 

Note that capacitor C2 affects the amount by which the 
Charge Pump switching current affects the filter voltage. 
Obviously as C2 is increased in value ripple will decrease, 
but the closer the -40dB/decade slope gets to Wo on the 
Bode plot the more unstable the loop will be. Thus if C2 is 
made too large the loop will oscillate. 

Resistor R1 determines where the low-frequency end 
-40dB/decade slope changes into the -20dB/decade 
slope. The wider the -20dB/decade slope is around unity 
gain, the more sta~le the loop becomes. If R1 is too large it 
will reduce the impact of C10 while too small a value will 
increase instability. The capacitor C1 strongly effects the re
sponse of the loop. Too high a value will slow down the 
response time, but make it less prone to jitter or frequency 
shift whereas too low a value will improve response time 
while tending to react to jitter. 

Other filter combinations may be used, other than RLF1 in 
series with CLF1, all in parallel with CLF2. For example the 
filter shown in Figure 14 will also perform similarly, and in 
fact for some systems it will yield superior performance. 

DIGITAL CONNECTIONS TO THE DP8460 

Figure 17 shows a connection diagram for the DP8460 in a 
typical application. All logic inputs and outputs are TTL com
patible as shown in Figures 15 and 16. The VCO CLOCK 
output is 74AS compatible and can therefore drive up to 40 
74AS (or 74F) inputs, or 10 74S inputs, or 100 74ALS inputs, 
or 50 of 74LS inputs. All other outputs are 74ALS compati
ble and so will drive up to 16 74AS inputs, or 4 74S inputs, or 
40 74ALS inputs or 20 74LS inputs. All inputs are 74ALS 
compatible and therefore can be driven easily from any 74 
series devices. The raw MFM from the pulse detector in the 
drive is connected to the ENCODED DATA input. The DE
LAY DISABLE input determines whether attempting lock-on 
will begin immediately after READ GATE isset or after 2 
bytes. Typically in a hard-sectored drive, READ GATE is set 
active as the sector pulse appears, meaning a new sector is 
about to pass under the head. Normally the preamble pat
tern does not begin immediately, because gap bytes from 
the preceding sector usually extend just beyond the sector 
pulse. Allowing 2 bytes to pass after the sector pulse helps 
ensure that the PLL will begin locking on to preamble, and 
will not be chasing non-symmetrical gap bits. Attempting to 
lock-on to a fixed .... 1010 .... preamble pattern speeds up 
lock-on, and after another two bytes the PLL will nominally 
have locked-on. Thus DELAY DISABLE should be set low 
for this kind of disk drive. 

r---, 
R3 

I C4~1 r C3 I 
i 

L ___ ...J 

FIGURE 14. Alternate loop Filter Configuration 

----... -----vcc 
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TL/F/5182-18 

FIGURE 15. Logic Inputs 
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FIGURE 16. Logic Outputs 
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For soft sectored drives, the controller normally will not wait 
for the index pulse before it attempts lock-on, so that READ 
GATE may go active at any time. Chances are the head will 
not be over a preamble field and therefore there is no need 
to wait 2 bytes before attempting lock-on. DELAY DISABLE" 
can therefore be set high. If a non-preamble field is passing 
by as READ GATE goes active, the DP8460 will not indicate 
lock; and no data decoding will occur nor will MISSING 
CLOCK DETECTED go active. Normally, if lock-on has not 
been achieved after a certain time limit, the controller will 
de-activate READ GATE and then try again. 

For MFM encoded disk drives, the -:-LO=C""'K-::D=-=E==T==E'""'C==T==E=D out
put will be connected back to the SET PLL LOCK input. As 
the PLL achieves lock-on,' the DP8460 will automatically 
switch to the slower tracking rate and decoded data will 
appear at the NRZ READ DATA output. Also the READ 
CLOCK output will switch from half the 2f-clock frequency to 
the disk data rate frequency. If a delay is required before the 
changeover occurs, a" time delay may be inserted between 
the two pins. 

DED 

Some drives have an all-ONES data preamble instead of all
ZEROES and the DP8460 must be set to the type being 
used before it can properly decode data. The ZEROES/ 
ONES PREAMBLE input selects which preamble type the 
chip is to lock-on to. 

If the drive uses a run-length-limited (RLL) code such as 
'2, 7', instead of MFM, the phase-locked-loop function of 
the DP8460 may still be used. Figure 18 shows how the 
DP8460 may be connected to a RLL ENDEC circuit. The 
RLL ENDEC performs encoding of NRZ data to RLL encod
ed data, and RLL encoded data back to NRZ data. The RLL 
ENDEC can use the SYNCHRONIZED DATA output of the 
DP8460 along with VCO CLOCK to lock-on to the preamble 
and then decode data. Once lock-on has been detected, 
the RLL ENDEC can set the SET PLL LOCK input of the 
DP8460 low so that the tracking rate can be changed. 

RLL
ENCO 

D lSI( PASSIVE COMPONENTS -
I 

l I 
I 

I RLL READ DATA • ENCODED VCOCLOCK 
DATA ~ 

I -+ 2I-CLOCK 
DP8460 

DATA SEPARATOR" 
I -
I ........ READ GATE SYNCHRON~ !"'"" 

I SET PlL 

I READ GATE 

I 
I CONTROLLER 

(SUCH AS OP8466) 

I LOCK DETECTED 
READ CLOCK READ CLOCK 

I ~ VCO CLOCK NRZ READ DATA READ DATA 

I --+ SYNCH MISSING CLOCK DETECTED MISSING CLOCK DETECTED 
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FIGURE 18. DP8460 with Run-length-Limited (Rll) Codes 
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APPLICATIONS OF THE DP8460 DATA SEPARATOR 

The DP8460 is the first integrated circuit to place on one 
chip a PLL with features that offer the improved speed and 
reliability required by the disk industry. Not only does the 
chip simplify disk system design, but also provides fast lock
on to the incoming preamble. Once locked on, the loop is 
set into a more stable mode. This inherent loop stability 
allows for a sizeable amount of jitter on the data stream, 
such as is encountered in many disk systems. Once in the 
stable tracking rate, the SYNCHRONIZED DATA output rep
resents the incoming ENCODED DATA and is synchronous 
with VCO CLOCK. If the disk is MFM encoded, then the chip 
can decode the synchronized data into NRZ READ DATA 
and READ CLOCK. These are available as outputs from the 
chip allowing the NRZ READ DATA to be deserialized using 
the READ CLOCK. 

The DP8460 is capable of operating at up to 25Mbits/sec 
data rates and so is compatible with a wide assortment of 
disk drives. The faster data rates of the 8-inch and 14-inch 
disk drives will mandate the selection of either the 

DP8460-3 or -2 parts with their narrower window margins 
on the incoming data stream. This will also be the case 
when 5%-inch drives achieve higher data rates. Some 8-
inch and 14-inch disk drives incorporate the functions of the 
DP8460, but use many discrete ICs. In these cases, replac
ing these components with the DP8460 will offer reduced 
P.C. board area, lower cost, and improved performance 
while simplifying circuit testing. 

Most 5%-inch and many 8-inch and 14-inch disk drives 
manufactured at present do not incorporate any of the func
tions of the DP8460. This is so primarily because the PLL 
function is difficult to design and implement, and requires 
circuitry which covers a large area of the printed circuit card. 
This is undesirable both from the drive size aspect and from 
the cost aspect (the cost includes soldering, testing, and 
adjusting the components). Consequently, most smaller 
disk drives output MFM encoded data so that the phase
locked-loop and data separation have to be performed by 
the controller. The DP8460 will therefore replace these 
functions in controller designs, as shown in Figure 19. 
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FIGURE 19. DP8460 In the Controller 
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System design criteria may now change because the 
DP8460 is a one-chip solution, requiring only a few external 
passive components with fixed values. It operates from a 
+5V supply, consumes about 0.5W, and is housed in a nar
row 24-pin package. The circuitry has been designed so that 
the external resistors and capacitors need not be adjusta
ble; the user chooses the values according to the disk drive 
requirements. Once selected, they will be fixed for that par
ticular drive type. These features make it possible to trans
fer these functions to the disk drive, as shown in Figure 20. 
Apart from a slight increase in board area, the advantages 
outweigh the disadvantages. First, the components select
ed are fixed for each type of drive and this facilitates the 
problem of interchangeability of drives. At present, control
lers are adjusted to function with each specific drive; with 
the DP8460 in the drive, component adjustment will no long
er be required. Second there is often a problem of reliability 
of data transfer. Because the MFM data is clock encoded, 
this signal is susceptible to noise, bit shift, etc. Soft errors 
will sometimes occur when the incoming disk data bit posi-

tion is outside the Pulse Gate window as it is being synchro
nized to the veo clock in the phase-loCked-loop. Obviously, 
the nearer the PLL is to the MFM source, the less chance 
there is that errors will occur. Thus placing the DP8460 in 
the drive will increase the reliability of. data transfer within 
the sysem. 

A third advantage is data rate upgrading. Most 5%-inch 
drives have 5Mbitlsec data rate because the early drives 
were made with this data rate. This meant the controllers 
had to be designed with PLLs which operate at this data 
rate. It is therefore, difficult for drive manufacturers to intro
duce new drives that are not compatible with existing con
trollers. Since no new standard data rate has emerged, they 
must continue to produce drives at this data rate to be com
patible with the controllers on the market. With the DP8460 
in the drive, and its associated components set for the 
drive's data rate, it no longer becomes a problem to in
crease the data rate, assuming the controllers digital circuit
ry can accommodate the change. This will allow the manu
facturers to increase the bit density and therefore the ca
pacity of their drives. 

r------~~~~------~ PART OF 
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FIGURE 20. DP8460 In the Disk Drive 
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DP8464 Disk Pulse Detector 
General Description 
The DP8464 disk pulse detector utilizes analog and digital 
circuitry to detect amplitude peaks of the signal received 
from the read/write amplifier fitted in the heads of disk 
drives. The DP8464 produces a TIL compatible output 
which, on the positive edge, indicates a signal peak. Elec
trically, these peaks correspond to 1 s or flux reversals on 
the magnetic medium. The signal received when reading a 
disk is therefore a series of pulses which alternate in 
polarity. The disk pulse detector must accurately deter
mine the time positions of these peaks. This task is com
plicated by variable pulse amplitudes depending on the 
media type, head position, head type, and read/write 
amplifier circuit gain. Additionally, as the bit density on 
the disk increases the amplitude decreases and signifi
cant bit interaction occurs resulting in pulse distortion. 

The graph below shows how pulse amplitude varies with 
the number of bits per inch (or recording density). The pre
dominant disk applications are associated with the first 
two regions on the graph, regions 1 and 2. Typical 
waveforms received by the pulse detector for regions 1 
and 2 operation are shown next to the graph. A region 1 
signal is characterized by the waveform returning to the 
baseline between pulses. A region 2 waveform will go from 
a tendency to return to the baseline (called shouldering) to 
almost sinusoidal at the higher frequencies. 

FUTURE DISK DRIVE ELECTRONICS 
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DETECTOR 
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Disk Support 
PRELIMINARY 

The disk pulse detector is fabricated using the advanced 
Schottky process, and has been designed to function with 
data rates up to 25 megabits/second. The DP8464 is housed 
in a standard narrow 24-pin package. Normally, it will be 
fitted in the disk drive, and its output may be directly con
nected to the DP8460 data separator. 

Features 
• Connects directly with thedisk head read/write 

amplifier . 

• Wide input signal amplitude range-from 20 mVpp to 
600 mVpp differential 

• Data rates up to 25 Mbits/sec 
• On-chip wideband differential AGC amplifier, differen

tiator, comparator gating circuitry, output pulse 
generator 

• Adjustable comparator threshold 
• Selectable attack and differentiator capacitors 

• Inputs and outputs TIL compatible 
• Output may connect directly to the DP8460 data 

separator 

• Standard narrow 24-pin dual-in-line package 

• Standard supply: 12V ± 10% 
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Functional Description 
DETECTOR OPERATION 

Region 1 is the high resolution area characterized by a 
large spread between flux reversals and a definite return 
to baseline (no signal) between these peaks. Pulses of this 
type are predominantly found in systems which use thin 
film heads, plated media and systems which utilize run
length-limited coding techniques (like the 2,7 code) which 
spread the distance between flux reversals. 

The main circuit blocks of the DP8464 are shown in Figure 1. 
The output from the. read/write amplifier is fed directly to 
the amplifier input of the DP8464. This amplifier is a high 
bandwidth amplifier with automatic gain control (AGC). 
The amplifier's output voltage is fed back via an external 
filter to an internal. fullwave rectifier and compared 
against the external voltage on the VREF pin. The AGC cir
cuit adjusts the gain of the amplifier to mak9'the peak to 

I peak differential analog output four times the voltage on 
VREF. The circuit is designed for a VREF of 1V which pro
duces constant 4V peak to peak differential output for dif
ferential input signals ranging from 20 mVpp to 300 mVpp. 

The peak detection is performed by feeding the output of 
the wideband ampl ifler through an external filter to the dlf
ferentiator. The differentiator output changes state when 
the input pulse changes direction, generally this will be at 
the peaks. However, if the signal exhibits shouldering (the 
tendency to return to the baseline) as seen In region 1 and 
the upper part of region 2, the differentiator will also re
spond to noise near the baseline. To avoid this, the signal 
is also fed to a comparator which Is used to define a level 
around the baseline. Data detection is prevented when the 
input is less than this level. The threshold for this compar
ator is externally set via the SET THRESHOLD pin. The 
comparator output feeds the hold input of the dlfferen
tiator. The output of the differentiator then drives the bi
directional one-shot. A 4 Vpp differential output voltage 
will produce a 1V fullwave rectified signal at the input of 
the comparator. Therefore, if the voltage on the SET 
THRESHOLD pin is 0.3V, the input must be larger than 
± 300 mV before the differentiator is allowed to trigger the 
one-shot. This comparator circuit thus acts as a gating 
channel to prevent any noise near the baseline from con-
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tamlnating the data. The diff output, encoded data, and 
comp out are all standard TTL outputs. The pulse width of 
the encoded data can be adjusted from 20 ns to 200 ns via 
the set pulse width. 

The timing of the gating channel with respect to the dif-
, ferentiator output is critical. If the delay through the com

parator is longer than the delay through the differentiator, 
then the window is not centered around the peak of the 
waveform and the circuit will not perform optimally. The 
correct operation is to have. the differentiator output 
switch in the middle of the comparator output waveform. 
Often, to make the differentiator less sensitive to high fre
quency noise, an RLC filter will be used in place of the dif
ferentiator capacitor. This will increase the delay time 
through the differentiator. To cancel out the effect of this 
delay, an external delay can be inserted between comp out 
and diff hold. 

Offset of the differentiator is critical to the performance of 
the circuit. Offset will cause "pulse pairing" which simply 
means that every other pulse is delayed. This happens 
because a positive offset will delay all the positive pulses. 
This obviously will ruin the encoded data. The DP8464 pro
vides two COFFSET pins for an external capacitor. This 
capacitor will bandlimit the differential signal going into 
offset adjust circuitry in the differentiator. In this way, the 
differentiator is actively corrected to eliminate the initial 
offset and drift with temperature and time. 

The wldeband ampl ifier output Is provided to allow the use 
of external filters to the differentiator and to the AGC cir
cuit. The filter to the differentlator enables the user to limit 
the bandwidth for noise considerations. The filter to the 
AGe circuit allows the user to insert a lead network to pre
vent the AGC amplifier from responding to frequency in
duced amplitude changes. 

The DP8464 has a READ/WRITE control pin which is used 
to minimize the effect on the AGe amplifier of a write-to
read transition. This allows a reduction in the size of the 
track gap on disk. This pin may be connected totheWRITE 
GATE output of the DP8466 disk data controller. 



Functional Description (Continued) 
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DP8466 Disk Data.Controlier 

General Description 
The disk data controller (DOC) performs many of the func
tions in the data path electronics of either disk controllers 
or intelligent disk drives. It interfaces between serial data 
on the disk side and the memory/microprocessor bus on 
the system side. The primary function of the chip is to cor
rectly identify the selected sector on disk and then trans
fer the sector's data to or from memory, utilizing a 32-byte 
(16-word) FIFO buffer with optional DMA control. The 
48-pin chip is fabricated using the M2CMOSTM process, 
which allows complex fUnctions to be implemented with 
high operating speeds and modest power consumption. 
Internal gate delays of 2 ns allow the DOC to function with 
data rates oyer 24 Mbits/sec, enabling it to be used with all 
sizes of Winchester and floppy disk drives. . 

The disk side of the DOC interfaces directly with drives 
compatible with the ESDI, SMD or ANSI X3.1 01 interfaces. 
If the DOC is part of a controller that interfaces directly to 
the ST506 (floppy extension interface), then the DP8460 
da~a separator may be used and its signals will, connect 
directly to the' DOC. The DOC may be part of an intelligent 
disk drive that has SCSI (SASI) or IPI or lSI compatible 
interfaces. 

Block Diagram 
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Disk Support 
PRELIMINARY 

Features 
• Useable with Winchester, floppy, optical and vertically 

recorded drives 

• Disk data rates up to 24 Mbits/sec 
• Meets requirements of all standard disk drive 

interfaces 

• User programmable format 
• Compatible with all disk drive sizes, fixed or removable 
• Compatible with hard and soft sectored drives 
• Single or multiple sector operation 
• Independent header and data operations 
• Internal CRC or ECC, or external ECC, for header and 

data ' 

• Internal ECC has programmable polynomial and 
correction span 

• Configurable for disk formatting 
• System side interfaces to memory and microprocessor 
• Easily controlled by popular 8-bit or 16-bit 

microprocessors 

• 8 or 16-bit\vide memory transfers 
• Internal data buffering with 32-byte FIFO 
• Single channel 32-bit or dual channel 16-bit DMA 

controller 
• Powerful data path diagnostics 
• Low power consumption at lower data rates and 

standby 

• Single + 5V power supply 
• Standard 48-pin DIP 
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The system side of the DOC may interface directly to the 
main system bus, or the local bus of a larger system. The 
DOC has a 16-bit 110 bus and associated microproc
essor/DMA handshake signals. The 110 bus is used both 
for disk data transfers to or from memory (user-selectable 
for 8 or 16 data bits) and for microprocessor access. The 
microprocessor may have a multiplexed or separate ad
dress and data bus. The DOC has two DMA channels avail
able for memory transfer operations. In a typical low-end 
system the DOC connects directly to the main system bus, 
and only one DMA channel is required to output memory 
addresses. The on-chip DMA issues the address on the 110 
bus, followed by the data to be transferred between the 
DOC and memory. The DOC has variable burst transfer 
length capability that allows microprocessor usage of the 
bus during transfer operations. The DOC supports a sec
ond mode of DMA capability which is ideal for intelligent 
disk drives or higher-end systems that use a buffer mem
ory. One DMA channel controls disk-memory transfers, 
and the second controls memory-system transfers. 

To be compatible with the differing needs of these disk 
drives, the DOC has been configured so that the format 

DOC Connection Diagram (48 pins) 

III 
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and mode of operation are user programmable. The user 
selects the length and pattern of the preamble, address 
mark (if required), synch, postamble, and gap of both the 
10 and data segments of the sector. At system initializa
tion, the microprocessor loads these parameters into the 
parameter RAM of the DOC. For normal transactions such 
as reading from or writing to the disk, the desired ID bytes 
must first be loaded into the DOC, followed by the disk 
drive command. The DOC can also be configured to format 
disks. 

Extensive diagnostic and interrogation features are pro· 
vided on-chip. CRC or ECC calculations are performed on 
both the ID and data segments that pass through the DOC. 
The ECC code may be an internally generated 32-bit fully 
programmable ECC code or up to 15 bytes of externally 
generated ECC code. The DOC contains status and error 
registers that can be accessed by the microprocessor. 

Control functions not in the data path electronics have 
been omitted to allow for versatility in interfacing to dif· 
ferent drive requirements. The drive control signals may 
be provided by either a dedicated microcontroller or a 
microprocessor I/O port. 
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DEVICE 

OS8906 
OS8907 
OS8908 
OS8614 
OS8615 
OS8616 
OS8617 
OS8626 
OS8629 

OS8627 
OS8628 
OS8621 
OS8622 
AN-335 

Section 11 
Frequency 
Synthesis 

DESCRIPTION 

AM/FM Oigital Phase-Locked Loop Frequency Synthesizer 
AM/FM Oigital Phase-Locked Loop Frequency Synthesizer 
AM/FM Oigital Phase-Locked Loop Frequency Synthesizer 
130/225 MHz Low Power Dual Modulus Prescalers 
130/225 MHz Low Power Oual Modulus Prescalers 
130/225 MHz Low Power Oual Modulus Prescalers 
130/225 MHz Low Power Oual Modulus Prescalers 
120 MHz Oivide-by-40 Prescaler 

120 MHz Oivide-by-100 Prescaler 
130/225 MHz Low Power Prescalers 
130/225 MHz Low Power Prescalers 
275 MHz/1.2 GHz VHF/UHF Prescaler 
500 MHz/1.2 GHz Dual Modulus VHF/UHF Prescaler 
Digital PLL Synthesis 
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Frequency Synthesizers Selection Guide' 
Product Type I Frequency Bands I Power (rnA) I Tuning Resolution 

PLLFREQUENCYSYNTHES~ERS 

OS8906 AM/FM 160 500 Hz/12.5 kHz 

058907 AM/FM 160 10 kHz/25 kHz 
058908 AM/FM 160 1 kHz, 9 kHz, 10 kHz, 20 kHz 

AN·335 Oigital 
PLL 5ynthesis 

Product Type I Divide Modulus I Power (rnA) I fMAX 

HIGH FREQUENCY PRESCALERS 
Single (Fixed) Modulus Dividers 
058626 +40 125 120 MHz 

058627 +24 7/10 130/225 MHz 

058628 +20 7/10 130/225 MHz 

058629 + 100 135 120 MHz 

058621 +64, +256 32 275 MHz, 1.2 GHz 

Dual·Modulus Dividers 
058614 + 20/21 7110 130/225 MHz 

058615 +32/33 7/10 130/225 MHz 

058616 +40/41 7/10 130/225 MHz 

058617 +64/65 7/10 130/225 MHz 

058622 + 126/128, + 252/256 32 550 MHz, 1.2 GHz 
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Frequency Synthesis 

OS8906 AM/FM Digital Phase-Locked Loop Synthesizer 
General Description 
The 058906 is a Pll synthesizer designed specifically 
for use in AM/FM radios. It contains the reference 
oscillator. a phase comparator. a charge pump. a 
120 MHz ECL/1 2 l dual modulus programmable divider. 
and a 20-bit shift register/latch for serial data entry. 
The device is designed to operate with a serial data 
controller generating the necessary division codes 
for each frequency. and logic state information for 
radio function inputs/outputs. 

The Colpitts reference oscillator for the PlL operates 
at 4 MHz. A chain of dividers is used to generate a 
500 kHz clock signal for the external controller. Ad
ditional dividers generate a 12.5 kHz reference signal 
for FM and a 500 Hz reference signal for AM/SW. 
One of these reference signals is selected by the data 
from the controller for use by the phase comparator. 
Additional dividers are used to generate a 50 Hz timing 
signal used by the controller for "time-of-day". 

Data is transferred between the frequency· synthesizer 
and the controller via a 3 wire bus system. This consists 
of a data input line. an enable line. and a clock line. 
When the enable line is low. data can be shifted from 
the controller into the frequency synthesizer. When 
the enable line is transitioned from low to high. data 
entry is disabled and data present in the shift register 
is latched. 

From the controller 22-bit data stream. the first 2 
bits address the device perm itting other devices to share 
the same bus. Of the remaining 20-bit data word. 
the next 14-bits are used for the Pll divide code. The 
remaining 6 bits are connected via latches to output 
pins. These 6 bits can be used to drive radio functions 
such as gain. mute. FM. AM. lW and SW only. These 
outputs are open collector. Bit 18 is used internally 
to select the AM or FM local oscillator input and to 
select between the 500 Hz and 12.5 kHz reference. A 
high level at bit 18 indicates FM and a low level in
dicates AM. 

The Pll consists of a 14-bit programmable 12 l div
ider. an ECl phase comparator. an ECl dual modulus 
(pIp + 1) prescaler. and a high speed charge pump. 
The programmable divider divides by (N+ll. N being 
the number loaded into the shift register (bits 1-14 
after address). It is clocked by the AM input via an 
ECl + 7/8 prescaler. or th rough a + 63/64 prescaler 
from the FM input. The AM input will work at fre
quencies up to 8 MHz. while the FM input works up 
to 120 MHz. The AM band is tuned with a frequency 
resolution of 500 Hz and the FM band is tuned with 
a resolution' of 12.5 kHz. The buffered AM and FM 
inputs are self-biased and can be driven directly by the 
VCO thru a capacitor. The ECl phase comparator pro
duces very accurate resolution of the phase difference 
between the input signal and the reference osci lIator. 

11·4 

The high speed charge pump consists of a switchable 
constant current source (-0.3 mAl and a switchable 
constant current sink (+0.3 mAl. If the VCO frequency 
is low. the charge pump will source current. and sink 
current if the VCO frequency is high. 

A separate V CCM pin (typically drawing 1.5 mAl powers 
the oscillator and reference chain to provide controller 
clocking frequencies when the balance of the Pll is 
powered down. 

Featur~s 

.• Uses inexpensive 4 MHz reference crystal 

• FIN capability greater than 120 MHz allows direct 
synthesis at FM frequencies 

• FM resolution of 12.5 kHz allows usage of 10.7 
MHz ceramic filter distribution. 

• Serial data entry for simplified control. 

• 50 Hz output for "time-of-day" reference with 
separate low power supply (VCCM). 

• 6-open collector buffered outputs for band switching 
and other radio functions. 

• Separate AM and FM inputs. AM input has 15 mV 
(typical) hysteresis. 

Connection Diagram 

Dual-In-Line Package 
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r------,r---r---., 20 BIT 18 OUT 
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. AMIN 

CAP 
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Order Number DS8906N 
See NS Package N20A 

FM/AM 
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BIT 15 OUT 

16 CHARGE PUMP 
OUTPUT 

11 
VCCM 



Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN 

Supply Voltage Supply Voltage, VCC 
(VCC1) 7V VCC1 4.75 

(VCCM) 7V VCCM . 4.S 
Input Voltage 7V Temperature, T A 0 
Output Voltage 7V 
Storage Temperature Range -uSoC to +lS0°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TVP 

VIH Logical "1" Input Voltage 2.1 

IIH Logical "1" Input Current VIN = VCCl 0 

VIL Logical "0" Input Voltage 

IlL Logical "0" Input Current Data, Clock, and ENABLE Inputs, VIN = OV -S 

IOH Logical "1" Output Current 

All Bit Outputs, SO Hz Output VOH = S.2SV 

SOO kHz Output VOH = 204V, VCCM = 4.SV 

VOL Logical "0" Output Voltage 

All Bit Outputs IOL = 5 rnA 

50 Hz Output, 500 kHz Output IOL = 250JiA 

ICCl Supply Current (VCC1) All Bit Outputs High 90 

ICCM(STANDBV) VCCM Supply Current VCCM = 6.0V, All Other Pins Open 1.5 

lOUT Charge Pump Output Current 1.2V:S: VOUT:S: VCCM - 1.2V Pump Up -0.10 -0.30 

VCCM :=;6.0V . Pump Down 0.10 0.30 

TRI-STATE® 0 

ICCM(OPERATE) VCCM Supply Current VCCM = 6.0V, VCCl = S.25V, 2.5 

All Other Pins Open 

TRI-STATE~ Is a registered trademark of National Semiconductor Corp. 

AC Electrical Characteristics Vee = 5V, TA = 25°e, tr~ 10 ns, tf~ 10 ns 

PARAMETER CONDITIONS MIN TVP 

VIN(MIN)(F) FIN Minimum Signal Input AM and FM Inputs, O°C:S: T A :s: 70°C 20 

VIN(MAX)(F) FIN Maximum Signal Input AM and FM Inputs, O°C:S: T A :s: 70°C 1000 1500 

FOPERATE Operating Frequency Range VIN = 100 mV rms AM 004 

(Sine Wave Input) O°C:S: T A :s: 70°C FM 60 

RIN (FM) AC Input Resistance, FM 120 MHz, VIN = 100 mV rms 300 

RIN (AM) AC Input Resistance, AM 2 MHz, VIN = 100 mV rms 1000 

CIN Input Capacitance, FM and AM VIN = 120 MHz 3 6 

tENl Minimum ENABLE High 625 

Pulse Width 
---

tENO Minimum ENABLE Low 375 

Pulse Width 

tCLKENO Minimum Time Before ENABLE -50 

Goes Low that CLOCK Must 

be Low 

tENOCLK MinimumTime After ENABLE 275 

Goes Low that CLOCK Must 

Remain Low 

·tCLKENl Minimum Time Before ENABLE 300 

Goes High that Last Positive 

CLOCK Edge May Occur 

tEN1CLK Minimum Time After ENABLE ~ 175 

Goes High Before an Unused 

Positive CLOCK Edge May Occur 

11-5 

MAX 

5.25 
6.0 
70 

MAX 

10 

0.7 

-2S 

SO 

-250 

0.5 

0.5 

160 

4.0 

-0.6 

0.6 

±100 

6.0 

MAX 

100 

8 

120 

10 

1250 

750 

0 

550 

600 

350 

UNITS 

V 
V 

°c 

UNITS 

V 

JiA 

V 

JiA 

JiA 

JiA 

V 

V 

rnA 

rnA 

rnA 

rnA 

nA 

rnA 

UNITS 

mV(rms) 

mV(rms) 

MHz 

MHz 

n 
n 

pF 

ns 

ns 

ns 

ns 

ns 

ns 
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co i AC Electrical Characteristics (Continued) VCC=5V,TA=25°C,tr~lOns,tf~10ns 

~ 
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PARAMETER CONDITIONS MIN TYP MAX UNITS 

tCLKH Minimum CLOCK High 275 550 ns 

Pulse Width 

tCLKL Minimum CLOCK Low 400 800 ns 

Pulse Width 

tDS Minimum DATA Setup Time, 150 300 ns 

Minimum Time Before CLOCK 

that DATA Must be Valid 

tDH Minimum DATA Hold Time, 400 800 ns 

Minimum Time After CLOCK 

that DATA Must Remain Valid 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified minImax limits apply across the O°C to +70°C temperature range for the DS8906. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Schematic Diagrams (DSa906 AM/FM PLL Typical Input/Output Schematics) 

DATA IN, 
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(HYSTERESIS) 

VCCM 
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IN 
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Timing Diagrams * 
ENABLEvsCLOCK 

3V-+.-_ 
rom 

OV 

3V------t-,..-_ 
CLOCK 

OV-----.J 

CLOCK vs DATA 

OATA 

ov ..... ~.:.;..;.;:.;o.;.~ 

3V----------r, __ ------------
CLOCK 

OV--------------J 

AM/FM Frequency Synthesizer (Scan Mode) 

ENABLE~~ ________________________ ~~--------------~r-----

DATAIN~ \L.J.\ ___ ~ 

CLOCK ~ 
I I I I I 

16 17 18 19 20 
CLOCK PULSE 

DATA BITS 
~ 

PLL ADDRESS 
1.1 BITS 1-14. N CDDE'(LSB FIRST) 

BITS 15-20. OUTPUT BITS 

1 
NEGATIVE TRANSITION ON 
ENABLE CLEARS PREVIOUS 
ADDRESS, CLOCK MUST BE 
LOW DURING TRANSITION. 

1 
POSITIVE TRANSITION ON 
rNABTI LATCHES IN NEW 
CODE IF PLLIS ADDRESSED, 

* Timing diagrams are not drawn to scale. Scale within anyone drawing may not be consistent, and intervals are defined positive as drawn. 

SERIAL DATA ENTRY INTO THE DS8906 

Serial information entry into the DS8906 is enabled by 
a low level on the ENABLE input. One binary bit is 
then accepted from the DATA input with each positive 
transition of the CLOCK input. The CLOCK input 
must be low for the specified time preceding and fol· 
lowing the negative transition of the ENABLE input. 

The first 2 bits accepted following the negative tran· 
sition of the ENABLE input are interpreted as address. 
If these address bits are not 1,1, no further information 
will be accepted from the DATA inputs, and the internal 
data latches will not be changed when ENABLE returns 
high. 

If these first 2 bits are 1,1, then all succeeding bits are 
accepted as data, and are shifted successively into the 
internal shift register as long as ENABLE remains low. 

Any data bits preceding the 20th to last bit will be 
shifted out, and are thus irrelevant. Data bits are 
counted as any bits following 2 valid (1,1) address 
bits with the ENABLE low. 

When the ENABLE input returns high, any further 
serial data input is inhibited. Upon this positive tran· 
sition of the ENABLE, the data in the internal shift 
register is transferred into the internal data latches. 

11-7 

Note that until this time, the states of the internal 
data latches have remained unchanged. 

These data bits are interpreted as follows: 

DATA BIT POSITION 

Last 
2nd to Last 
3rd to Last 
4th to Last 
5th to Last 
6th to Last 
7th to Last 
8th to Last 
9th to Last 
10th to Last 
11th to Last 
12th to Last 
13th to Last 
14th to Last 
15th to Last 
16th to Last 
17th to Last 
18th to Last 
19th to Last 
20th to Last 

DATA INTERPRETATION 
Bit 20 Output (Pin 2) 

Bit 19 Output (Pin 1) 
Bit 18 Output (FM/AM) (Pin 20) 

Bit 17 Output (Pin 19) 
Bit 16 Output (Pin 18) 
Bit 15 Output (Pin 17) 

MSB of N (2 13) 
(212) 
(211) 
(210) 

(29) 
(28) 
(27) 

(26) 
(25) 
(24) 

(23) 
(22) 
(21) 

LSB of N (20) 

Note. The actual divide code is N+1, i.e., the number loaded 
plus 1. 
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Typical Application Additional application notes are located at the back of section 11. 
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B+ 
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Logic Diagram 
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~ Semiconductor 

. Frequency Synthesis 

058907 AM/FM Digital 
Phase-Locked Loop Frequency Synthesizer 
General Description 
The DS8907 is a Pll synthesizer designed specifically 
for use in AM/FM radios. It contains the reference 
oscillator, a phase comparator, a charge pump, a 120 
MHz ECLlI 2 l dual modulus programmable divider, 
and an 18-bit shift register/latch for serial data entry_ 
The device is designed to operate with a serial data 
controller generating the necessary division codes 
for each frequency, and logic state information for 
radio function inputs/outputs. 

The Colpitts reference oscillator for the Pll operates 
at 4 MHz. A chain of dividers is used to generate 
a 500 kHz clock signal for the external controller. 
Additional dividers generate a 25 kHz reference signal 
for FM and a 10 kHz reference signal for AM. One 
of these reference signals is selected by the data from the 
controller for use by the phase comparator. 

Data is transferred between the frequency synthesizer 
and the controller via a 3 wire bus system. This consists 
of a data input line, an enable line, and a clock line. 
When the enable line is low, data can be shifted from 
the controller into the frequency synthesizer. When 
the enable line is transitioned from low to high, data 
entry is disabled and data present in the shift register 
is latched. 

From the controller 20-bit data stream, the first 2 
bits address the device permitting other devices to 
share the same bus. Of the remaining 18-bit data word, 
the next 13 bits are used for the Pll divide code . 

. The remaining 5 bits arE; connected via latches to output 
pins. These 5 bits can be used to drive radio functions 
such as gain, mute, FM, AM and stereo only. These 
outputs are open collector. Bit 16 is used internally 
to select the AM or FM local oscillator input and to 
select between the 10 kHz and 25 kHz reference. A 
high level at bit 16 indicates FM and a low level in
dicates AM. 

The Pll consists of a 13-bit programmable 12 l div
ider, an ECl phase comparator, an ECl dual modulus 
(p/p+l) prescaler, and a high speed charge pump_ The 
programmable divider divides by (N+l), N being the 
number loaded into the shift register (bits 1-13 after 
address). It is clocked by the AM input via an ECl 
-7 7/8 prescaler, or through a -7 63/64 prescaler from 

. the FM input. The AM input will work at frequencies 
up to 15 MHz, while the FM input works up to 120 
MHz. The AM band is tuned with a frequency resolution 
of 10 kHz and the FM band is tuned with a resolution 
of 25 kHz. The buffered AM and FM inputs are self 
biased and can be driven directly by the VCO through 
a capacitor. The ECl phase comparator produces very 
accurate resolution of the phase difference between the 
input signal and the reference oscillator. The high 
speed charge pump consists of a switchable constant 

TRr-STAT~ Is a registered trademark of National Semiconductor Corp. 

. current source (-0.3 mAl and a switchable constant 
current sink (+0.3 mAl. If the VCO frequency is low, 
the charge pump will source current, and. sink current if 
the VCO frequency is high. When using an AFC the 
charge pump output may be forced into TRI-STATE® 
by applying a low level to the charge pump enable input. 

A separate VCCM pin (typically drawing 1.5 mAl 
powers the oscillator and reference chain to provide 
controller clocking frequencies when the balance of 

. the Pll is powered down. 
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Features 
• Uses inexpensive 4 MHz reference crystal 

• FIN capability greater t'"Jan 120 MHz allows direct 
synthesis at FM frequencies 

• FM resolution of 25 kHz allows usage of 10.7 MHz 
ceramic filter distribution 

• Serial data entry for simplified control 

• 50 Hz output for "time-of-day" reference driven 
from separate low power VCCM 

• 5-open collector buffered outputs for controlling 
various radio functions 

• Separate AM and FM inputs. AM input has 15 mV 
(typical) hysteresis 

Connection Diagram 

BIT 17 OUT 

BIT 18 OUT 

OATA 

CLOCK 

VCCI 

AMIN 

CAP 8 
BYPASS 

FM IN 

10 
GNO 

Dual-In-Line Package 

OS8907 

TOP VIEW 

Order Number DS8907N 
See NS Package N20A 

17 CHARGE PUMP 
ENABLE 

16 CHARGE PUMP 
OUTPUT 

VCCM 



Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN 

Supply Voltage Supply Voltage, VCC 
(VCC1) 7V VCCl 4.75 
(VCCM) 7V VCCM 4.5 

I nput Voltage 7V Temperature, T A 0 
Output Voltage 7V 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP 

VIH Logical "1" Input Voltage 2.1 

IIH Logical "1" Input Current VIN = 2.7V 0 

VIL Logical "0" Input Voltage 

IlL Logical "0" Input Current Data, Clock, and ENABLE Inputs, VIN = OV -5 

IlL Logical "0" Input Current Charge Pump Enable, VIN = OV -250 

IOH Logical "1" Output Current 

All Bit Outputs, 50 Hz Output VOH = 5.25V 

500 kHz Output VOH = 2.4V, VCCM = 4.5V 

VOL Logical "0" Output Voltage 

All Bit Outputs IOL = 5 mA 

50 Hz Output, 500 kHz Output IOL = 250 J1A 

ICCl Supply Current (VCC1) All Bit Outputs High 90 

ICCM(STANDBY) VCCM Supply Current VCCM = 6.0V, All Other Pins Open 1.5 

lOUT Charge Pump Output Current 1.2V'S VOUT 'S VCCM - 1.2V Pump Up -0.10 -0.30 

VCCM ~6.0V Pump Down 0.10 0.30 

TRI·STATE@ 0 

ICCM(OPERATE) VCCM Supply Current VCCM = 6.0V, VCCl = 5.25V, 2.5 

All Other Pins Open 

AC Electrical Characteristics Vee = 5V,TA = 25°e, tr~ 10 ns, tf~ 10 n~ 

PARAMETER CONDITIONS MIN TYP 

VIN(MIN)(F) FIN Minimum Signal Input AM and FM Inputs, O°C 'S T A'S 70°C 20 

VIN(MAX)(F) FIN Maximum Signal Input AM and FM Inputs, O°C 'S T A'S 70°C 1000 1500 

FOPERATE Operating Frequency Range VIN = 100 mV rms AM 0.4 

(Sine Wave Input) 0°C'STA'S70°C FM 60 

RIN (FM) AC Input Resistance, FM 120 MHz, VIN = 100 mV rms 300 

RIN (AM) AC Input Resistance, AM 2 MHz, VIN = 100 mV rms 1000 

CIN Input Capacitance, FM and AM VIN = 120 MHz 3 6. 

tENl Minimum ENABLE High 625 

Pulse Width 

tENO Minimum ENABLE Low 
... 

375 

Pulse Width 

tCLKENO Minimum Time Before ENABLE --50 

Goes Low that CLOCK Must 

be Low 

tENOCLK Minimum Time After ENABLE 275 

Goes Low that CLOCK Must 

Remain Low 

tCLKENl Minimum Time Before ENABLE 300 

Goes High that Last Positive 

CLOCK Edge May Occur 
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MAX 

5.25 
6.0 
70 

MAX 

10 

0.7 

-25 

-450 

50 

-250 

0.5 

0.5 

160 

4.0 

-0.6 

0.6 

±100 

6.0 

MAX 

100 

8 

120 

10 

1250 

750 

0 

550 

600 

UNITS 

V 
V 

°c 

UNITS 

V 

J1A 

V 

J1A 

J1A 

J1A 

J1A 

V 

V 

mA 

mA 

mA 

mA 

nA 

mA 

UNITS 

mV(rms) 

mV (rms) 

MHz 

MHz 

n 
n 

pF 

ns 

ns 

ns 

ns 

ns 
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~ AC Electrical Characteristics (Continued) VCC = 5V, TA = 25°C, tr ~ 10 ns, tf ~ 10 ns 

CO en 
c 

,PARAMETER CONDITIONS MIN TYP MAX UNITS 

tEN1CLK Minimum Time After ENABLE 175 350 ns 
Goes High Before an Unused 

Positive CLOCK Edge May Occur 

tCLKH Minimum CLOCK High 275 550 ns 

Pulse Width 

tCLKL Minimum CLOCK Low 400 800 ns 

Pulse Width 

tDS Minimum DATA Setup Time, 150 300 ns 

Minimum Time Before CLOCK 

that DATA Must be Valid 

tDH Minimum DATA Hold Time, 400 800 ns 
Minimum Time After CLOCK 

that DATA Must Remain Valid 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -40°C to +85°C temperature range for the DS8907. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Schematic Diagrams (DS8907 AM/FM PLL Typical Input/Output Schematics) 
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Timing Diagrams * 
ENABLEvsCLOCK 

3V-+ .. --. 

ENA!U 

OV 

3V------+~~ 

CLOCK 

OV-----..1 

CLOCK vs OATA 

3V~~~~~ 

DATA 

OV~""'~"""'~ 

3V----------------+r--------
CLOCK 

OV---------..I 

AM/FM Frequency Synthesizer (Scan Mode) 

~--.~ __________________ ~~----------~r----
liw __ ---;t~ 

CLOCK Jl.Jl.Jl.JUl-
+ + + + + 14 15 16 17 18, 

DATA BITS 

CLOCK PU LSE 1 
"--,-.J 

PLL AOORESS 
1,1 BITS 1-13, +N COOE (LSB FIRST) 

BITS 14-18, OUTPUT BITS 

I 
NEGATIVE TRANSITION ON 
ENABLE CLEARS PREVIOUS 
AODRESS. CLOCK MUST BE 
LOW DURING TRANSITION. 

I 
POSITIVE TRANSITION ON 
ENABLE LATCHES IN NEW 
COOE IF PLL IS ADDRESSED. 

*Timing diagrams are not drawn to scale. Scale within anyone drawing may not be consistent, and intervals are defined positive as drawn. 

SERIAL OATA ENTRY INTO THE OS8907 

Serial information entry into the OS8907 is enabled 
by a low level on the ENABLE input. One binary 
bit is then accepted from the DATA input with each 
positive transition of the CLOCK input. The CLOCK 
input must be low for the specified time preceding 
and following the negative transition of the ENABLE 
input. 

The first two bits accepted following the negative tran
sition of the ENABLE input are interpreted as address. 
If these address bits are not 1,1, no f~rther information 
will be accepted from the OAT A inputs, and the internal 
data latches will not be changed when ENABLE re
turns high. 

If these first two bits are 1,1, then all succeeding 
bits are accepted as data, and are shifted successively 
into the internal shift register as long as ENABLE 
remains low. 

Any data bits preceding the 18th to last bit will be 
shifted out, and thus are irrelevent. Data bits are 
counted as any bits following two valid address bits 
(1,1) with the ENABLE low, When the ENABLE 
input returns high, any further serial data entry is 
inhibited. Upon this positive transition, the data in 
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the internal shift register is transferred into the internal 
data latches. Note that until this time, the states of 
the internal data latches have remained unchanged. 

These data bits are interpreted as follows: 

OATA BIT POSITION 
Last 
2nd to Last 
3rd to Last 
4th to Last 
5th to Last 
6th to Last 
7th to Last 
8th to Last 
9th to Last 
10th to Last 
11th to Last 
12th to Last 
13th to Last 
14th to Last 
15th tel Last 
16th to Last 
17th to Last 
18th to Last 

OATAINTERPRETATION 
Bit 18 Output (Pin 2) 
Bit 17 Output (Pin 1) 
Bit 16 Output (FM/AM) (pin 20) 
Bit 15 Output (Pin 19) 
Bit 14 Output (Pin 18) 
MSBof7N (212) 

(211) 
(210) 

(29) 
(28) 
(27) 
(26) 7N 

(25) 
(24) 

(23) 
(22) 
(21) 

LSB of 7N (20) 

Note. The actual divide code is N+1, ie., the number loaded 
plus 1. 
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~ Typical Application Additional application notes are located at the back of section 11. 

CO en C Electronically Tuned Radio Controller System; Direct Drive LED 
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Logic Diagram 

AM/FM PLL/Synthesizer (Serial Data 20-Pin Package) 
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Frequency Synthesis 

058908 AM/FM Digital Phase-Locked Loop 
Frequency Synthesizer 

General Description 
The OS8908 is a Pll synthesizer designed specifically 
for use in AM/FM radios. It contains the reference 
oscillator, a phase comparator, a charge pump, an opera
tional amplifier, a 120 MHz ECUI 2l dual modulus pro
grammable divider, and a 19·bit shift register/latch for 
serial data entry. The device is designed to operate with a 
serial data controller generating the necessary division 
codes for each frequency, and logic state information for 
radio function inputs/outputs. 

A 3.96 MHz pierce oscillator and divider chain generate a 
1.98 MHz external controller clock, a 20 kHz, 10 kHz, 9 kHz, 
and 1 kHz reference signals, and a 50 Hz time·of·day sig· 
nal. The oscillator and divider chain are sourced by the 
V CCM pin thus providing a low power controller clock drive 
and time-of·day indication when the balance of the Pll is 
powered down. 

The 21-bit serial data stream is transferred between the 
frequency synthesizer and the controller via a 3·wire bus 
system comprised of a data line, a clock line, and an 
enable line. 

The first 2 bits in the serial data stream address the syn· 
thesizer thus permitting other devices such as display 
drivers to share the same bus. The next 14 bits are used for 
the PlL (N + 1) divide code. The 15th bit is used internally 
to select the AM or FM local oscillator input. A high level 
on this bit enables the FM input and a low level enables the 
AM input. The 16th and 17th bits are used to select one of 
the 4 reference frequencies. The 18th and 19th bits are con· 
nected via latches to open collector outputs. These out· 
puts can be used to drive radio functions such as gain, 
mute, AM, FM, or charge pump current source levels. 

The Pll consists of a 14·bit programmable 12 l divider, an 
Eel phase comparator, an ECl dual modulus (p/p + 1) pre· 
scaler, a high speed charge pump, and an operational am· 
plifier. The programmable divider divides by (N + 1), N be
ing the number loaded into the shift register. The program
mable divider is clocked through a + 7/8 prescaler by the 
AM input or through a +63/64 prescaler by the FM input. 
The AM input will work at frequencies up to 15 MHz, while 
the FM input works up to 120 MHz. The VCO can be tuned 
with a frequency resolution of either 1 kHz, 9 kHz, 10 kHz, 
or 20 kHz.The buffered AM and FM inputs are self-biased 
and can be driven directly by the VCO through a capacitor. 
The ECl phase comparator'produces very accurate reso
lution of the phase difference between the input signal 
and the reference oscillator. The high speed charge pump 
consists of a switchable constant current source and 
sink. The charge pump can be programmed to deliver from 
75 p.A to 750 p.A of constant current by connection of an ex· 
ternal resistor from pin RpROGRAM to ground or the open 
collector bit outputs. Connection of programming resis
tors to the bit outputs enables the controller to adjust the 

loop gain for the particular reference frequency selected. 
The charge pump will source current if the VCO frequency 
is high and sink current if the VCO frequency is low. The 
low noise operational amplifier provided has a high im
pedance JFET input and a large output voltage range. The 
op amp's negative input is common with the charge pump 
output and its positive input is internally biased. 

Features 
• Uses inexpensive 3.96 MHz reference crystal 

• FIN capability greater than 120 MHz allows direct syn
thesis at FM frequencies 

• FM resolution of either 10 kHz or 20 kHz allows usage of 
10.7 MHz ceramic filter distribution 

• Serial data entry for simplified control 

• 50 Hz output for time-of-day reference driven from 
separate low powerVCCM 

• 2 open collector buffered outputs for controlling various 
radio functions or loop gain 

• Separate AM and FM inputs; AM input has 15 mV (typical) 
hysteresis 

• Programmable charge pump current sources enable ad
justment of system loop gain 

• Operational amplifier provides high impedance load to 
charge pump output and a wide voltage range for the VCO 
input 

Connection Diagram 
Dual·ln·Line Package 

BIT 18 OUT..!.. - u 
BIT 19 OUT..!. 

OATA-1. 

CLOCK...! 

AM IN...!. 

CAP 8 
BVPASS~ 

FM IN.....!!.. 

DSS90S 

~~~~~~O 
~~~:MP 

~ ~~~RGE PUMP 

rl!- RpROGRAM 

~50Hz 

14 
r--1.9SMHz 

r!Losc B 

~OSC~ 

GNO..!.!!. ~VCCM 
--------------~ 

TOP VIEW 

Order Number DS8908N 
See NS Package N20A 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Min 

Supply Voltage VCCl 4.5 
(VCC1){VCCM) 7V VCC2 VCCl + 1.5 
(VCC2) 17V VCCM 3.5 

Input Voltage 7V Temperature, TA -40 
Outputyoltage 7V 

Storage Temperature Aange -65°Cto +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics (Notes 2 and 3) 

Parameter Conditions Min Typ 

VIH Logical "1" Input Voltage 2.0 

'IH Logical "1" Input Current VIN=2.7V 0 

VIL Logical "0" Input Voltage 

IlL Logical "0" Input Current Data, Clock, and ENABLE Inputs, VIN = OV -5 

IOH Logical "1" Output Current 
All Bit Outputs, 50 Hz Output VoH =5.5V 
1.98 MHz Output VoH =2.4V, VccM =4.5V 

VOL Logical "0" Output Voltage 
All Bit Outputs IOL=5 mA 
50 Hz Output, 1.98 MHz Output IOL =250 pA 
1.98 MHz Output 'OL=20pA, TA>70°C 

IOL =20 pA, TA:570°C 

ICCl Supply Current (VCC1) All Bit Outputs High 

ICCM VCCM Supply Current V CCM = 5.5V, All Other Pins Open 2.5 

lOUT Charge Pump Output Current 3.33k:5 ApROG :5 33.3k Pump Up -20 IpROG 
lOUT Measured Between Pump Down -20 IpROG 
Pin 17 and Pin 18 TAI-STATE® 0 

IpROG = Vcc1 /2 ApRoG 

Icc2 VCC2 Supply Current VCCM = 5V, VCC1 = 5.5V, VCC2 = 15V 6.7 
All Other Pins Open 

OPYOH Op Amp Minimum High Level VCCl = 4.5V, IOH = - 750 p.A VCC2 -O.4 

OPYOL Op Amp Maximum Low Level VCC1 = 5.5V, IOL = 750 pA 

CPOSIAS Charge Pump Bias Voltage CPO Shorted to Op Amp Output 
Delta CPO = TAl-STATE 

Op Amp 'OL: 750 pA vs - 750 pA 

AC Electrical Characteristics Vec = 5V, TA = 25°C, tr :510 ns, t,:510 ns 

Parameter Conditions Min Typ 

VINlMIN)lF) FIN Minimum Signal Input AM and FM Inputs, -40°C, :5TA:585°C 20 

VIN(MAX}(F) FIN Maximum Signal Input AM and FM Inputs, -40°C:5TA:585°C 1000 1500 

FOPERATE Operating Frequency Aange VIN = 100 mV rms lAM 0.5 
(Sine Wave Input) -40°C:5TA:585°C I FM 80 

AIN{FM) AC Input Aesistance, FM 120 MHz, VIN = 100 mV rms 600 

AIN{AM) AC Input Aesistance, AM 15 MHz, VIN = 100 mV rms 1000 

CIN Input Capacitance, FM and AM VIN = 120 MHz (FM), 15 MHz (AM) 3 6 

tENl Minimum ENABLE High 625 
Pulse Width 

TRI·STATE" is a registered trademark of National Semiconductor Corp. 
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Max 

5.5 

15.0 

5.5 

+85 

Max 

10 

0.8 

-25 

50 
-250 

0.5 
0.5 
0.3 
0.4 

160 

4.0 

+20 
+20 
±250 

11 

0.6 

100 

Max 

100 

15 
120 

10 

1250 
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pA 
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V 

mA 

mA 
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AC Electrical Characteristics (Continued) Vcc= 5V, TA = 25°C, tr::; 10 ns, t f ::;10 ns 

Parameter Conditions Min Typ Max Units 

tENo Minimum ENABLE Low 375 750 ns 
Pulse Width 

tCLKENO MinimumTime Before ENABLE -50 0 ns 
Goes Low that CLOCK Must 
be Low 

tENocLK Minimum Time After ENABLE 275 550 ns 
Goes Low that CLOCK Must 
Remain Low 

tCLKENl . Minimum Time Before ENABLE 300 600 ns 
Goes High that Last Positive 
CLOCK Edge May Occur 

t W1 CLK Minimum Time After ENABLE 175 350 ns 
Goes High Before an Unused 
Positive CLOCK Edge May Occur 

tCLKH Minimum CLOCK High 275 550 ns 
Pulse Width 

\ 

tCLKL Minimum CLOCK Low 400 800 ns 
Pulse Width 

tos Minimum DATA Set-Up Time, 150 300 ns 
Minimum Time Before CLOCK 
that DATA Must be Valid 

tOH Minimum DATA Hold Time, 400 800 ns 
Minimum Time After CLOCK 
that DATA Must Remain Valid 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual 
device operation. . 

Note 2: Unless otherwise specified minimax limits apply across the -40·C to +85·C temperature range for the OS8908. 

Note 3: All currents into device pins. shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 

Schematic Diagrams (DS8908 AM/FM PLLTYpicallnput/Output Schematics) 

OATAIN.-c. 

'''''' 1 

~~~OUTPUTS - -1 50 "OUTPUT 

vee1 

~ 

: 15k 

ClOCK 

." - ... 

vee1 Vee1 

>-
~~15k 
~~ . 

4: 
-= 

• 15k 

p.-~ --
>-• ::m 

21k -= . 
~ 

-= 
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Schematic Diagrams (Continued) 

FM 
IN 

10k 

2·DIDDE 
RAIL 

DSC C .... - .... --.... -

20k 

DSCB .... - ... --1 

VCC2 

20k 

':" 
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Timing Diagrams· 
ENABLE vs CLOCK 

3V--+-.-_ 
ENABLE 

ov 

3V-------+r-~ 

CLOCK 

Ov------
CLOCK vs DATA 

3V~~~~~r-------~ ~~~~~~ 
OATA 

ov~~~~~I\-------~ 

3V------------~.---------
CLOCK 

OV--------------J 

AM/FM Frequency Synthesizer (Scan Mode) 

ENABLE---'~ _______________________ ~~ __________________ ~r--

DATA IN ~ \L.11 \?\ tL§ tL-
CLDCK 

CLOCK PULSE 1 
~ 

Pll ADDRESS 
1,1 

JUl.JLfVV1..... 
+ + + + t t 

14 15 16 17 18 19 . 
DATA BITS 

BITS 1-14, +N CODE (LSB FIRST) 
BIT 15, AM/FM SelECT BIT 

t 
BITS 16-17, REFERENCE FREQUENCY SelECT BITS t 

BITS 18-19, OUTPUT BITS 

NEGATIVE TRANSITION DN 
ENABLE CLEARS PREVIOUS 
ADDRESS. CLOCK MUST BE 
LDW DURING TRANSITIDN. 

POSITIVE TRANSITION ON 
ENABLE LATCHES IN NEW 
CODE IF PlllS ADDRESSED. 

"Timing diagrams are not drawn to scale. Scale within anyone drawing may not be consistent, and intervals are defined positive as drawn. 

Serial Data Entry into the OS8908 

Serial Informati~into the OS8908 is enabled by a 
low level on the ENABLE input. One binary bit is then ac
cepted from the DATA input with each positive transition 
of the CLOCK input. The CLOCK input must be low for the 
specified time preceding and following the negative tran
sition of the ENABLE input. 

The first two bits accepted following the negative transi
tion of the ENABLE input are interpreted as address. If 
these address bits are not 1,1, no further information will 
be accepted from the DATA inputs, and the internal data 
latches will not be changed when ENABLE returns high. 

If these first two bits are 1,1, then all succeeding bits are 
accepted as data, and are shifted successively Into the in
ternal shift register as long as ENABLE remains low. 

Any data bits preceding the 19th to last bit will be shifted 
out, and thus are irrelevant. Data bits are counted as any 
bits following two valid address bits (1,1) with the ENABLE 
low. When the ENABLE input returns high, any further 
serial data entry is inhibited, Upon this positive transition, 
the data in the internal shift register is transferred into the 
internal data latches. Note that until this time, the states 
of the internal data latches have remained unchanged, 
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These data bits are interpreted as follows: 

Data Bit Position Data Interpretation 

Last Bit 19 Output (Pin 2) 
2nd to Last Bit 18 Output (Pin 1) 
3rd to Last Ref. Freq. Select Bit(1) 17 
4th to Last Ref. Freq. Select Bit(1) 16 

5th to Last AMIFM Select Bit 15 
6th to Last (213) 
7th to Last (212) 

8th to Last (211) 
9th to Last (210) 

10th to Last (29 ) 

11th to Last (28) 

12th to Last (27) 

13th to Last (26) 

14th to Last (25) 

15th to Last (24) 

16th to Last (23) 
17th to Last (22) 
18th to Last (21) 

19th to Last LSB of -;- N (2°) 

Note 1: See Reference Frequency Select Truth Table. 

Note 2: The actual divide code Is N + 1, Ie., the number loaded plus 1. 



Truth Table REFERENCE FREQUENCY SELECTION TRUTH TABLE 

Serial Data 
Reference 
Frequency 

Bit 16 Bit 17 (kHz) 

1 1 20 

1 0 10 

0 1 9 

0 0 1 

Typical Application Additional application notes are located at the back of section 11. 

UNSWITCHED 
B+ 

Electronically Tuned Radio Controller System; Direct Drive LED 

RIS 
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+V 

CLOCK 

DATA 

...liiOPF 56 a: 

..... -~~CLOCK 

..... ----f 1.98 MHz 

..... -----150 Hz 

VCC2 

DS8908 
PLL SYNTHESIZER 
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SWITCHED B+ 
TO RADIO 
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AM/FM PLLlSynthesizer (Serial Data 20·Pin Package) 
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10 kHz 
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~National 
D Semiconductor 

Frequency Synthesis 

058614, 058615, 058616, 058617130/225 MHz Low Power 
Oual Modulus Prescalers 

General Description 
The DS8614 series products are low power dual modulus 
prescalers which divide by 20/21,32/33,40/41, and 64/65, 
respectively. The modulus control (MC) input selects divi
sion by N when at a high TTL level and division by N + 1 
when at a low TTL level. The clock inputs are buffered, pro
viding 40 mVrms input sensitivity. The two outputs provide 
the user the option to wire either a totem-pole or open
collector output structure. Additionally, the user can wire 
a resistor between the two output pins to minimize edge 
transition emissions. The outputs are designed to drive 
positive edge triggered PLLs. These products can be oper
ated from either an unregulated 6.8V to 13.5V source or 
regulated 5V ± 10% source. Unregulated operation is ob
tained by connecting Vs to the source with VREGopen. 
Regulated operation is obtained by connecting both Vs 
and VREG to the supply source. 

Logic Diagram 

The device can be used in phase-locked loop applications 
such as FM radio or other communications bands to pre
scale the input frequency down to a more usable level. A 
digital frequency display system can also be derived 
separately or in conjunction with a phase-locked loop, and 
it can extend the useful range of many inexpensive fre
quency counters to 225 MHz. 

Features 
• Input frequency: 130 MHz (-4, -3); 225 MHz (-2, std) 

• Low power: 10 mA (-4, -2); 7 mA (-3, std) 
•. Input sensitivity: 100 mVrms (-4, -3); 40 mVrms (-2, std) 

• Pin compatible with Motorola MC12015-17 prescalers 

• Unregulated/regulated power supply option 

Generalized '-;- N/N + 1 

MODULUS 
CONTROL 1 
H=+No-------~~--------~ 

L= +N+l 

SYN CLR 

Connection Diagram 

CLK eLK 

Dual-In-Line Package 

Me 

UPPER OUTPUT 

LOWER OUTPUT 

GROUND 

TOP VIEW 
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eLK 

Vs 

VREG Order Number DS8614N, DS8615N, 
DS8616N or DS8617N (-4, ·3, ·2) 

-INPUT See NS Package N08E 

+INPUT 
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Absolute Maximum Ratings (Note 1) 

Vs , Unregulated Supply Voltage 15V 

VREG, Regulated Supply Voltage 7V 

Modulu5 Control Input Voltage 7V 

Open·Collector Output Voltage 7V 

Operating Free Air Temperature Range - 30°C to + 70°C 

Storage Temperature Range - 65°Cto + 150°C 

Recommended Operating Conditions 
058614·4 
058615·4 

5ymbol Parameter Conditions 058616·4 
058617·4 

Min Max 

Vs Unregulated Supply Voltage VREG=Open 6;B 13.5 

VREG Regulated Supply Voltage Vs and VREG Shorted 4.5 5.5 

'MAX Toggle Frequency VIN = 100 mVrms 20 130 

VIN Input Signal Amplitude 100 300 

VSLW Slew Rate 20 

IOH High Level Output Current -400 

IOL Low Level Output Current 2.0 

DC Electrical Characteristics (Notes 2 and3) 

058614·4 
058615·4 

5ymbol Param'eter Conditions 058616·4 
058617·4 

Min Max 

VIH High Level MC Input Vs = 13.5V, VREG = Open 2.0 
Voltage 

VIL Low Level MC Input VREG = Vs = 4.5V O.B 
Voltage 

VOH High Level Output IOH= -0.4 mA, VREG-2 
Voltage Pins 2 and 3 Shorted 

ICEX Open·Coliector High Lower Output = 5.5V 100 
Level Output 

VOL Low Level Output VREG = 4.5V, IOL = 2 mA 0.5 
Voltage 

II Max MC Input Current Vs = 13.5V, VREG = Open, 100 

VIH=7V 

,IIH High Level MC Input VREG = 4.5V, VI H = 2.7V 20 
Current 

IlL Low Level MC Input Vs = 13.5V, VREG = Open, -200 
Current VIL=O.4V 

IS Supply Current, Vs = 13.5V, VREG = Open 10 
Unregulated Mode 

IREG Supply Current, VS=VREG=5.5V 10 
Regulated Mode 
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OS8614·3 OS8614·2 058614 
058615·3 OS8615·2 058615 

058616·3 058616·2 058616 Units 
058617·3 058617·2 058617 

Min Max Min Max Min Max 

6.B 13.5 6.B 13.5 5.5 13.5 V 

4.5 5.5 4.5 5.5 4.5 5.5 V 

20 130 225 225 MHz 

100 300 40 300 40 300 mVrms 

20 20 20 V/p.s 

-400 -400 -400 p.A 

2.0 2.0 2.0 mA 

058614·3 058614·2 058614 
058615·3 058615·2 058615 
058616·3 058616·2 058616 Units 
058617·3 058617·2 058617 

Min Max Min Max Min Max 

2.0 2.0 2.0 V 

O.B O.B O.B V 

VREG-2 VREG-2 VREG-2 V 

100 100 100 I'A 

0.5 . 0.5 0.5 V 

100 100 100 p.A 

20 20 20 p.A 

-100 -200 -100 p.A 

7 10 7 mA 

7 10 7 mA 

i 



AC Electrical Characteristics Vcc = 5V ± 10%, TA = - 30°C to 70°C 

Symbol Parameter Conditions Min Max Units 

tMODULUS Modulus Set·Up Time 
(Notes 4 and 5) 

AC Input Resistance 

Input Capacitance 

OS8614 

OS8615,OS8616 

OS8617 

VIN =100 MHz and 50 mVrms 

VIN = 100 MHz and 50 mVrms 

55 

65 ns 

75 

1.0 kO 

'3 10 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed, Except for "Operating Temperature 
Range" they are not meant to Imply that the devices should be operated at these limits. The tableof "Electrical Characteristics" provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified minImax limits apply across the - 30·C to + 70·C temperature range. 

Nota 3: All currents Into device pins are shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 

Note 4: t MODULUS = the period of time the modulus control level must be defined prior to the positive transition of the prescaler output to ensure proper 
modulus selection. ' 

Note 5: See Timing Diagrams. 

Timing Diagram 
OUTPUT 

WAVEFORM 

MODULUS CONTROL 
INPUT WAVEFORM 

+N +N+1 +N 

j L"~I" / 
The logic state of the modulus control Input just prior to the output's riSing edge will determine the modulus ratio olthe device Imme
diately following that rising edge. The pulse width difference of Nand N + 1 operation occurs during the output = HI condition. 

Typical Applications 
12V 5V 

~~ 
~~------~------~------~~ 

.~I' foF_ .... -----, 

UNREGULATED REGULATED 

3k 

MC fOUT MC fOUT 

Schematic Diagrams 
VREG VREG 

VREG 

MODULUS 1 
CONTROL o-.......... -+--I-.t~--t~ .. 

2 
UPPER OUTPUT -h LOW .. OUTPUT 
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Application Hints 

OPERATING NOTES 

The signal source is usually capacitively coupled to the in
put. At higher frequencies a 0.001ttF input capacitor (C1) is 
usually sufficient, with larger values used at the lower fre
quencies. If the input signal is likely to be interrupted, it 
may be desirable to connect a 100 kO resistor between one 
input and ground to stabilize the device. In the single
ended mode, it is preferable to connect the resistor to the 
unused input. In the differential mode, the resistor can be 
connected to either input. The addition of the 100 kO pull
down resistor causes a loss of input sensitivity, but 
prevents circuit oscillations under no signal (open circuit) 
conditions. In addition, in the"single ended mode, a capac
itor of 0.001 ttF (C2) should be connected between the 

unused input and the ground plane to provide a good high 
frequency. bypass. The capacitor should be made larger 
for lower frequencies .. 

The input waveform may be sinusoidal, but below about 
20 M Hz the operation of the circuit becomes dependent on 
the slew rate of the input rather than amplitude. A square 
wave input with a slew rate of greater than 20V/tts will per
mit correct operation down to lower frequencies, provided 
the proper input coupling capacitor is provided. 

For regulated mode operation connect Vs to VREG to en
sure proper operation (see Typical Application diagram). 
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~National Frequency Synthesis 
~ Semiconductor 
058626 120 MHz Oivide-by-40 Prescaler 
058629 120 MHz Oivide-by-100 Prescaler 
General Des~ription ,Features 
The OS8626 and, OS8629 are fixed rati 0 counters 
combining ECl and low Power Schottky technology on 
a single monolithic substrate. Both provide high fre
quency capability and TTL compatibility. A single 
5.2V ±10% supply is needed. 

• High frequency, dc-120 MHz-smail input amplitude 

• Sine wave input 30 MHz < fiN < 120 MHz 

• TTL compatible output 

• May be used with TTL input 

• Single supply operation 5.2V ±10% 

• Single ended or differential input modes 

• Positive or negative-edge triggered 

The device can be operated in a single-ended or differen
tial input mode, with the signal source typically capa
citively coupled to the input. An input amplifier is 
included to allow use of extremely small amplitude, 
high frequency signals. The output of the device is a 
square wave of frequency fOUT :; fl Nil 00 for the 
OS8629 and fOUT = flN/40 for the OS8626. The output 
is standard low Power Schottky. 

• Count down sequence avoids broadcast FM IF 
harmonics 

Logic and Connection Diagrams 

(TTlI vCC2 

OUTPUT 

(TTlI GND 2 

GND 1 
(ECl/BUFFERI 

Dual-In-Line Package 

TOP VIEW 

VCC1 (Eel/BUFFERI 

INPUT 

N = 2 DS8626 
N = 5 DS8629 

(NEGATlVE·EDGE TRIGGEREDI 

INPUT 
(POSITIVE-EDGE TRIGGEREDI 

BIAS 

Order Number DS8626N or DS8629N 
See NS Package N08A 

Typical Applications 
High Frequency-Single-Ended Input 

C1 
0,01 ~F 

5,2V 

IIN~ 7

1B 

"'TERM 5 3 

-=- ~ 0.01 ~F "J 001!-1
F 

-=-

* rTERM is the termination imped~nce 

TTL Input-dc < fiN < fMAX ' 

4,75 S; VCC S; 5,25V 

lOUT 
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Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage 7V MIN MAX UNITS 
Input Voltage 5V Supply Voltage (Vee) 4.68 5.72 V 
Output Voltage 5.5V Temperature (T A) 0 +70 °e 
Storage Temperature Range -65"e to +150o e 
Lead Temperature (Soldering, 10 seconds) 3000 e 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIN1(p,p) Input Voltage (Peak·To· Single-Ended @ 120 MHz 200 1000 mV 

Peak) 

V,N2(p-p) Input Voltage (Peak-To- Differential @ 120 MHz 100 1000 mV 

Peak) 

fSINE Input Frequency with V,N = 600 mVp-p 30 120 MHz 

Sine Wave 

fTTL Input Frequency with TTL 0 120 MHz 

Input 

dv Minimum Slew Rate of VIN = 600 mVp-p 100 V Ips . 

Square Wave Input 

VOH Logical "1" Output Voltage VCC = Min, 10H = -10 pA 2.9 V 

VCC = Min, 10H = -400 pA 2.4 V 

VCC = Min, 10H = -1.6 mA 2.0 V 

lOS Output Short-Circuit VCC = Max -10 -40 mA 

Current 

VOL Logical "0" Output VCC = Min 10L = 8 mA DS8629 0.5 V 

Voltage 10L = 1 mA DS8626 0.4 V 

ICC Supply Current VCC = Max DS8629 90 135 mA 

DS8626 80 125 mA 

ZIN Input Impedance VIN = 0.1 Vp_p to 1 Vp_p 100 200 350 n 
Freq. = 120 MHz 

Note 1: "Absol'ute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: Unless otherwise specified, min/max limits apply across the O°C to 70°C range for the OS8629 and OS8626. All typical values are for 
T A = 25°C and VCC = 5.2V. 

Note 3: All currents into device pins shown as positive, out of device pins negative, all voltage referenqld to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

-
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Application Hints 

OPERATING NOTES 

Two ground and two VCC connections are provided 
separating the ECl and buffer/amplifier stages from the 
TTL section, isolating the noise transients inherent in 
the TTL, structure. In, most cases, shorting the two 
grounds externally to a good ground plane and the 
VCC's to a wide VCC bus will provide sufficient isola
tion. All components used in the circuit layout should 
be suitable for the frequencies involved and leads should 
be kept short to minimize stray inductance. A well 
by-passed,voltagesource should be used. 

The signal source is usually capacitively coupled to the 
input: At higher frequencies a 0.01 p.F input capacitor 
(C 1) is usually sufficient, with larger values used at the 
lower frequencies. If the input signal is likely to be 
interrupted, it may be desirable to connect a 100 kn 
resistor between one input and ground to stabilize the 
device. In the single-ended mode, it is preferable to 
connect the resistor to the unused input. In the differen
tial mode, the resistor can be connected to either input. 
The addition of the 100 kn pull-down resistor causes a 
loss of input sensitivity, but prevents circuit oscillations 
under no signal (open circuit) conditions. I n addition, 
in the single ended mode, a capacitor of O.Olp.F (C2) 

Input Configuration 

11-29 

should be connected between the unused input and 
the ground plane to provide a good high frequency 
bypass. The capacitor should be made larger for lower 
frequencies. 

The input waveform may be sinusoidal, but below about 
30 MHz the operation of the circuit becomes dependent 
on the slew rate of the input rather than amplitude. 
A square wave input with a slew rate of greater than 
100 V Ip.s will, permit correct operation down to lower 
frequencies, provided the proper input coupling capaci
tor is provided. If it is desired to use a TTL input signal 
source, the unused input should have a 10 kn resistor 
added to ground and the input coupling capacitor should 
be eliminated with the TTL source dc coupled to the 
input. 

The device can be used in phase-locked loop applications 
such as FM radio or other communications bands to 
prescale the input frequency down to a more usable 
level. A digital frequency display system can also be 
derived separately or in conjunction with a phase-locked 
loop, and it can extend the useful range of many inex
pensive frequency counters to 160 MHz (typically). 

Output Configuration 
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058627, OS8628130/225 MHz Low Power Prescalers 

General'Description 
The DS8627 and DS8628 are low power fixed ratio pre
scalers which divide by 24 and 20, respectively. The inputs 
can be driven either single or double-ended and they are 
buffered, providing 40/100 mVrms input sensitivity. The 
output provided is open-collector and is capable of inter
facing with TTL and CMOS. 

separately or in conjunction with a phase-locked loop, and 
it can extend the useful range of many Inexpensive fre
quency counters to 225 MHz. 

Features 
The device can be used in phase-locked loop applications 
such as FM radio or other communications bands to pre
scale the input frequency down to a more usable level. A 
digital frequency display system can also be derived 

• Input frequency: 130 MHz (-4, -3); 225 MHz (-2, std) 

LogiC Diagrams 

+INPUT 

-INPUT 

+INPUT 

-INPUT 

Connection. Diagram 

• Low power: 10 mA (-4, -2); 7 mA (-3, std) 

• Input sensitivity: 100 mVrms (-4, -3); 40 mVrms (-2, std) 

OS8627 ( + 24) 

OS8628 ( + 20) 

pual-In-Line Package 

+INPUT 8 -INPUT 

Vee 7 NC 

NC 6 NC 

OUTPUT 5 . GND 

TOP VIEW 
TLlF/5084·3 

Order Number OS8627N or OS862SN (-4, ·3, ·2) 
See NS Package NOSE 
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Absolute Maximum Ratings (Note 1) 

VccSupplyVoltage . 7V 

VIN Input Voltage <Vcc 
Open-Collec~or Output Voltage 7V 
Operating Free Air Temperature Range - 30·C to + 70·C 

I Storage Temperature Range -65°Cto + 150·C 
i 

Recommended Operating Conditions 

OS8627·4 OS8627·3 OS8627·2 058627 

Symbol Parameter Conditions OS8628·4 OS8628·3 OS8628-2 058628 Units 

Min Max Min Max Min Max Min Max 

Vcc . Supply Voltage 4.5 5.5 4.5 5.5 4.5 5.5 4.5 5.5 V 

fMAX Toggle !=requency VIN = 100 mVrms 20 130 20 130 20 225 20 225 MHz 

VIN Input Signal Amplitude 100 300 100 300 40 300 40 300 mVrms 

VSlW Slew Rate 20 20 20 20 V/J1.s 

IOl Low Level Output Current 3 3 3 mA 

DC Electrical Characteristics (Notes 2 and 3) 

OS8627·4 OS8627·3 OS8627·2 OS8627 

Symbol Parameter Conditions 058628·4 058628·3 OS8628·2 058628 Units 

Min Max Min Max Min Max Min Max 

ICEX Open-Collector High Level Output Output = 5.5V 100 100 100 100 J1.A 

VOL Low Level Output Voltage Vcc=4.5V, 0.4 0.4 0.4 0.4 V 
IOl=3 mA 

Icc Supply Current Vcc =5.5V 10 7 10 7 mA 

AC Electrical Characteristics Vcc = 5V ± 10%, TA = - 30·C to 70·C 

Symbol Parameter Conditions Min Max Unit3 

RIN AC Input Resistance 1.0 kn 

CIN Input Capacitance 
VIN = 100 MHz and 50 mVrms 

3 10 pF 

Not. 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual 
device operation. 
Not.2: Unless otherwise specified minImax limits apply across the - 30·C to + lO·C temperature range. 
Not.3: All currents Into device pins are shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 
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Application Hints 
OPERATING NOTES 

The signal source is usually capacitively coupled to the in
put. At higher frequencies a 0.001 /tF input capacitor is 
usually sufficient, with larger values used at the lower fre
quencies. If the input signal is likely to be interrupted, it 
may be desirable to connect a 100 kO resistor between one 
Input and ground to stabilize the device. In the single
ended mode, it is preferable to connect the resistor to the 
unused input. In the differential mode, the resistor can be 
connected to either input. The addition of the 100 kO pull
down resistor causes a loss of input sensitivity, but 
prevents circuit oscillations under no signal (open circuit) 

Schematic Diagrams 

1 
+INPUT 

Typical Application 

Vee 

15k 

15k 

C3n 
0.001 p.F 

Cl 
0.001 p.F T 

fiN 

conditions. In addition, in the single ended mode, a capac~ 
itor of 0.001/tF should be connected between the unused 
input and the ground plane to provide a 'good high 'fre
quency bypass. The capacitor should be made larger for 
lower frequencies. 

The input waveform may be sinusoidal, but below about 
20 MHz the operation of.the circuit becomes dependent on 
the slew rate of the input rather than amplitude. A square 
wave input with a slew rate of greater than 20V//ts will per
mit correct operation down to lower frequencies, provided 
the proper input coupling capacitor is provided. 

OUTPUT 

-~ 
'. TL/F/5084·5 

Tl1F/5084·4 

OS86271 
OS8628 

NC 

r-lDUT 

5V C2 ":" Tl1F/5084-6 
0.1 p.F 
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058621 275 MHz/1.2 GHz VHF/UHF Prescaler 

General Description . 
The 088621 is a loW power, high speed prescaler intende'd for 
use in frequency synthesized television tuners. The device 
performs division by 64 from the VHF input and division by 
256 from the UHF Input. The VHF and UHF inputs are buf· 
fered providing 50 mVrms sensitivity at frequencies in excess 
of 275 MHz and 1.2 GHz respectively. (The VHF and UHF input 
signals can be applied either single or double-ended.) The 
TTL compatible bandswitch (BSW) Input selects the VHF In· 
puts when at a low level and the UHF Inputs when at a high 
level. The outputs are complementary ECl structures which 
have control/ed edge-transition rates to minimize spurious 
harmonic emissions. The device operates from a 5V ± 10% 
supply source. Vcc2 and GN02 power the VHF and UHF input 
stages while VCC1 and GN01 power the remainder of the cir· 
cuit, thus limiting internal feedback. . 

Logic Diagram 
Vccz 

r-----l~----_, 

Connection Diagram 
Dual·ln·Line Package 

TOP VIEW 

14 
VHF INPUT 

13 VHF INPUT 

12 Ne 

UHF INPUT 

GND2 

Features 
• Broadband operation 

• High sensitivity 

• Separate VHF and UHF Inputs 

• low power 
• Pin compatible with RCA (CA3179) and Motorola 

(MC12071) 

VeCl 

r---l~----, 
I I 
I I 
I I 4 

o 
5 OUTPUTS 

I 
I 
I 

./[)---I--OQ 

I 

L.---1~----1 
GNDl 

Logic Truth Table 

BSW 
Input 

Modulus 
Mode 

0 VHF 64 
1 UHF' 256 

Order Number DS8621 N 
See NS Package N14A 
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Absolute Maximum RaUngs (Note 1) 

VCC1 , SupplY Voltage 7V 

V CC2, SU pply Voltage 7V 

I nput Voltage 7V 

Operating Free AirTemperature Range - 30°Cto + 70°C 
Storage Temperature Range - 65°C to + 150°C 

Recommended Operating Conditions 
Symbol Parameter Conditions Min Max Units 

Supply Voltages 
VCC1 4.5 5.5 V 
VCC2 4.5 5.5 V 

fMAX Toggle Frequency 
VHF VIN = 100 mVrms 80 275 MHz 
UHF 80 1200 MHz 

VIN Input Signal 
Sensitivity 

VHF 80 MHz-275 MHz 20 500 ' mVrms 
UHF 80 MHz-450 MHz 100 500 mVrms 

450 MHz-1200 MHz 50 500 mVrms 

Input Slew Rate 
VHF 20 V/p.s 
UHF 20 V/p.s 

IOH High Level -300 p.A 
Output Current 

IOL Low Level 300 p.A 
Output Current 

DC Electrical Characteristics (Notes 2 and 3) 

Symbol Parameter Conditions Min Max Units 

VIH High Level SSW Input Voltage Vcc =5.5V 2.0 V 

VIL Low Level SSW Input Voltage Vcc=4.5V 0.8 V 

II Max High Level SSW Input Vcc =4,5V 100' p.A 
Current' VIH =7V 

IIH High Level SSW Input Current Vcc=4.5V 20 p.A 

VIH=2.7V 

IlL Low Level SSW Input Current Vcc =5.5V -100 p.A 
VIL =0.4V 

Output Voltage Range Refer to Output Load Diagram 0.75 1.6 Vp-p 

Icc Supply Current Vcc=5.5V 32.0 mA 

AC Electrical Characteristicsvcc =5v±10%, TA= -30°C to +70°C 

Parameter Conditions Min Max Units 

Output Rise/Fall Time Refer to Output Load Diagram 40 110 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range" they are not meant to imply that the devices should be operated at these limits. The tableof "Electrical Characteristics" provides conditions for actual 
device operation. 
Note 2: Unless otherwise specified minimax limits apply across the - 30·C to + 70·C temperature range. . 
Note 3: All currents Into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 
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Typicallnput/Output Schematics 

Bandswitch Buffer 

BANOSWITCH 
INPUT 

VCC2 

Output Load Diagram 

UHFIVHF Input Buffers 

INPUT 1 INPUT 2 

5V 

r--___ -,100pF 

10 ~ 100 .v •• , 

PROBE O-...... -JVv.,.~ 
:OOO~ 

PROBE o-.... -'Vvv-~ 

* Includes capacitance of probes 
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088622500 MHz/1.2 GHz Dual Modulus VHF/UHF Prescaler 

General Description 
The OS8622 is a low power broadband dual modulus pre
scaler intended for use in frequency synthesized television 
tuners. The device features separate VHF and UHF buffered 
inputs, VHF input division by126 or128, UHF input division by 
252 or 256, TTL compatible bandswitch and modulus control 
inputs, complementary ECl outputs, and 5V operation. 

The VHF and UHF inputs cover a frequency range from 
80 MHz to 1200 MHz and can be driven either single or 
double-ended. The bandswitch (BSW) input selects the 
VHF inputs when at a low level and the UHF inputs when at 
a high level. The modulus control (MC) input selects 
division by 126 or 252 when at a high level and division by 
128 or 256 when at a low level. The dual modulus feature of 
this prescaler can provide frequency resolution steps of 
3.9 kHz, 7.8 kHz, or 15.6 kHz as. shown in the table of Pos-

Logic Diagram 

sible Operating Conditions. The outputs are internally 
edge-transition controlled to minimize spurious harmonic 
emissions. The device operates from a standard 5V ± 10% 
supply source. VCC2 and GN02 power the VHF and UHF in
put stages, and VCC1 and GN01 power the remainder of the 
circuit, thus limiting internal feedback. 

Features 
• Broadband operation 
• Increased frequency resolution 

• High input sensitivity 

• Separate VHF and UHF inputs 

• low power 

VCC2 Vcel 

r---;..---L------, r----r----, 
I I I I 
I I I I 

I I I 4 
a 

5 OUTPUTS 
/t'J~-+--oO 

Connection Diagram 

Dual·ln·Line Package 

14 VHF INPUT 

UHF INPUT 

TOP VIEW 

I 
I 
I 

~--r--J 
Me GNDI 

Logic Truth Table 

BSW Me 
Input 
Mode 

0 0 VHF 

0 1 VHF 

1 0 UHF 

1 1 UHF 

Modulus 

128 

126 
256 

252 

Order Number DS8622N 
See NS Package N14A 



Absolute Maximum Ratings (Note 1) 

VCC1 , Supply Voltage 7V Operating Free AirTemperature Range -30°Cto + 70°C 
V CC2, Supply Voltage 7V Storage Temperature Range -65°Cto + 150°C 
SSW, MC Input Voltage 7V 

Recommended Operating Conditions 
Symbol Parameter Conditions Min Max . Units 

Supply Voltages 
VCC1 4.5 5.5 V 
VCC2 4.5 5.5 V 

fMAX Toggle Frequency 
VHF VIN = 100 mVrms 80 550 MHz 
UHF 80 1200 MHz 

VIN Input Signal 
Sensitivity 

VHF 80 MHz-550 MHz 50 500 mVrms 
UHF 80 M Hz-550 MHz 100 500 mVrms 

550 MHz-1200 MHz 50 500 mVrms 

Input Slew Rate 
VHF 20 V/p.s 
UHF 20 V/p.s 

IOH High Level -300 p.A 
Output Current 

IOL Low Level 300 p.A 
Output Current 

DC Electrical Character,istics (Notes 2 and 3) 

Symbol Parameter Conditions Min Max Units 

VIH High Level Input Voltage (Note 4) Vcc =5.5V 2.0 V 

VIL Low Level Input Voltage (Note 4) Vcc =4.5V 0.8 V 

II Max Input Current (Note 4) Vcc =4.5V 100 p.A 
VIH =7V 

IIH High Level Input Current (Note 4) Vcc =4.5V 20 p.A 
VIH=2.7V 

IlL Low Level Input Current (Note 4) Vcc =5.5V -100 p.A 
VIL =0.4V 

Output Voltage Range Refer to Output Load Diagram 0.75 1.6 Vp-p 

Icc Supply Current 32.0 mA 

AC Electrical Characteristicsvcc =5v±10%, TA= -30°Cto +70°C 

Symbol\ Parameter Conditions Min Max Units 

tMODULUS Modulus Set-Up Time 65 ns 

(Note 5) 

tSEL SSW Select Time 20 p's 

Output Rise/Fall Time Refer to Output Load Diagram 40 110 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual 
device operation. 
Note 2: Unless otherwise specified minimax limits apply across the - 30·C to + 70·C temperature range. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. Ali values 
shown as max or min on absolute value basis. \ 

Note 4: Applies to BSW and MC inputs. 
Note 5: t MODULUS = the period of time the modulus control level must be defined prior to the positive transition of the prescale output to ensure proper 
modulus selection. 
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Typicallnput/Output Schematics 

MODULUS 
CONTROL 

IN 

Modulus Control Buffer 

VCCl 

Bandswitch Buffer 

BANDSWITCH 
INPUT 

Vccz 

50k 

GNDz 

UHFIVHF Input Buffers Output Buffer 

INPUT 1 INPUT 2 

CAP 20--+-..... ----t----I 

CAP 1 o--4~-f-----I 

GNDZ 

Output Load Diagram 

POSSIBLE OPERATING CONDITIONS 
5V 

...-___ .., 100 pF 

10 b.. 
~100mvrms 

~OOO~ 

Reference Frequency Min Lock 
Frequency Mode Resolution Frequency· 

(kHz) (kHz) (MHz) 

15.625 VHF 31.25 124.03125 
UHF 62.5 248.0625 

7.8125 
VHF 15.625 62.015625 
UHF 31.25 124.03125 

3.90625 VHF 7.8125 31.0078 
UHF 15.625 62.015625 

PROBE o-..... -JVV\r--l 

PROBE 0-..... -JVV'v-..... 

* Frequencies obtainable using minimum continuous N code. 

* Includes capacitance of probes. 
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Timing Diagram 

OUTPUT 
WAVEFORM 

MOOULUS CONTROL 
INPUT WAVEFORM 

(VHF) + 126 (VHF) + 128 
(UHF}+252 (UHF}+256 

(VHF) + 126 
(UHF)+ 252 

The modulus control input level is sensed immediately prior to the outputlow·to·high level transition. The prescaler's modulus value 
will respond to the change in the modulus control input·level immediately after that same outputlow·to·high level transition. 
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I. System Concepts 

INTRODUCTION 

Digital tuning systems are fast replacing the conventional 
mechanical systems in AM/FM and television receivers. 
The desirability of the digital approach Is mainly due to the 
following features: 

• Precise tuning of station frequencies 
• Exact digital frequency display 
• Keyboard entry of desired frequency 
• Virtually unlimited station memory 
• Up/down scanning through the band 
• Station "search" (stop on next active station) 
• Power on to the last station 
• Easy option for time-of-day clock 

In addition, recent developments in large scale integrated 
circuit technology and new varactor diodes for the AM 
band have made the cost-benefit picture for digital tuning 
very attractive. System partitioning is extremely important 
in optimizing this cost-benefit pic~ure, as will be discussed. 

Tom Mills 
Keith Mueller 
April 1983 

SYSTEM DESCRIPTION 

A simplified block diagram of a typical digitally tuned re
ceiver is shown in Figure 1. Notice this receiver could be 
one for AM, FM, marine radio, or television; it makes no dif
ference. The frequency synthesizer block generates the 
local oscillator frequency for the receiver, just as a conven
tional mechanical tuner WOUld. However, the phase
locked-loop (PLL) acts as an integral frequency multiplier 
of an accurate crystal controlled reference frequency 
while the mechanical type provides a continuously vari
able frequency output with no reference. Some method of 
controlling the value of the multiplier for channel tuning 
must be provided. The other RF, IF, and audio/video cir
cuitry will be the same as in the mechanical tuning 
method. 

There are many different ways to partition the frequency 
synthesizer system to perform the digital tuning function. 

FIGURE 1. Block Diagram of a Digitally Tuned Receiver 

COPS ™ is a trademark of National Semiconductor Corp. 
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PROGRAMMABLE CONTROLLER FUNCTION 

The most cost-effective application of different IC process 
technologies Is shown In Figure 2. The controller Is 
separate from the PLL. The controller can be as simple as 
a mask programmable microcontroller* or as complicated 
as a high-powered microprocessor system. It can be done 
most economically with NMOS technology because of the 
logic density possible and the small size of the RAM/ROM 
memory cells. It could also be CMOS for extremely low 
power consumption in standby mode. 

BASIC PHASE-LOCKED-LOOP FUNCTION 

The DS8906/7/8 series of PLLs utilize a dual-modulus fre
quency synthesis technique. The reasons for this and the 
PLL itself will now be discussed. 

Figure 3 is a diagram of the most simple phase-Iocked
loop. A particular reference frequency is generated by a 
crystal oscillator and some fixed divider, and this goes 

* Such as National's COPSTM family. 

into one side of a digital phase comparator. A voltage con
trolled oscillator (VCO) feeds directly into the other input 
of the phase comparator. The output of the phase compar
ator is an error signal which Is filtered and fed back to the 
VCO as a DC control voltage. 

In lock, the phase error must be zero, so fiN equals fREF. 
This system provides only one output frequency, that 
being equal to the reference frequency. 

Figure 4 is basically the same but now a programmable 
dlvide-by-N counter is between the veo and the phase 
comparator. The Input to the phase comparator (fiN) now 
becomes the output frequency of the veo (f OUT) divided by 
N, where N is the division code loaded into the program
mable counter. This means fOUT/N must equal fREF. Thus, 
the VCO output frequency becomes N x f REF, and f OUT can 
now be changed in integral steps of fREF by merely chang
ing N. 

FIGURE 2. System Block Diagram 

CONTROL VO'LTAGE 

TlIF/5269·3 

FIGURE 3. Basic Phase·Locked·Loop 

TlIF/5269·4 

fOUT 
fIN=-N-

fOUT 
-N-=fREF 

fOUT= N x fREF- fSTEP = fREF 

FIGURE 4. Basic PLL Frequency Synthesizer 
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In applications where the output frequency desired ex· 
ceeds the maximum clock frequency of available pro· 
grammable dividers, a common solution is to add a pre· 
scaler preceding the programmable divider, as shown, in 
Figure 5. In this case f OUT"; N (M x fREF) and so the output 
frequency step size becomes M x f REF. So, while this 
technique allows higher frequency operation, it does so at 
the expense of either increased channel spacing for a 
given reference frequency, or decreased reference fre· 
quency if a specific channel spacing is required. This 
latter limitation is often undesirable a's It can cause in· 
creased lock-on time, decreased scanning rates, and side· 
bands at undesirable frequencies. 

Figure 6 shows the basic dual·modulus scheme. Here, a 
dual·modulus prescaler is substituted for the fixed pre· 
scaler and the modulus Is controlled by programmable 
counters. The advantage to this approach Is that the step 
size Is again equal to the reference frequency while the 
prescaling stili allows the programmable counters to 
operate at lower frequencies. As in the fixed prescale tech· 
nique, only the prescaler needs to be high speed. The 
OS8906/7/8 prescale by 7/8 for AM and In asimllarfashlon 
by 63/64 In FM. 

fIN=fREF 

flN= fOUT 
NxM 

fOUT 
NXM=fREF 

fOUT=(N x M) fREF 
fOUT= N (M xfREF)-fSTEP=M xfREF 

FIGURE 5. PLL Frequency Synthesizer with Fixed Prescaler 

fOUT ' 
fIN=-N-=fREF 

fOUT= N xfREF-fSTEP=fREF 
* If fREF = fiN. then "tuned" . 

If fREF*fIN. then "not tuned" 

TLIFI5269-6 

FIGURE 6. Basic Dual·Modulus Frequency Synthesizer 
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II. Application Hints 

VOLTAGE CONTROLLED OSCILLATORS 

In all radio and television applications, the voltage con
trolled oscillator (VCO) is a varactor tuned, LC type of cir
cuit. The LC circuit is used over the various RC current 
controlled circuits because of their superior noise charac
teristics. Figure 7 shows a collection of popular VCOs 
used in radio and television tuners. The AM VCO is a 
Hartley design chosen for wide tuning range. Commonly 
used varactors will show a capacitance change of 350 pF 
at 1 V to 20 pF at 8V, which if used in a low capacitance 
oscillator circuit, can produce a tuning range approaching 
3 to 1. 

In the higher frequency ranges, above 50 MHz, Colpitts 
oscillators are used because stray circuit capacitance will 
be in parallel with desired feedback capacitance and not 
cause undesirable spurious resonances that might occur 
with the tapped coil Hartley design. The FM VCO shown is 
a grounded base design with feedback from collector to 
emitter. A UHF television oscillator is also shown. It too is 
a grounded base oscillator, but using a transmission line 
as the resonant element instead of a coil. The transmis
sion line and tuning capacitors are arranged in 7r network 
which offers improved noise characteristics over a paral
lel tuned circuit. This circuit will tune over almost an octave. 

Hartley Oscillator 

TUNING 

100k 
0.002 0.02 

I-~~-i 'l--"'-~ 

VOE""GE q 
SV321 

" "-'00 " ! 

Colpitts Oscillator 

TUNING 
VOLTAGE 

":" 470 pF 

B+ 

470 PF!t' 
...... -.01 .... - ..... 

B8609 

"'-2O"! 
PROCESS 43 

50 MHz-300 MHz veo 
Tuning range::: 2:1 

J 

50 kHz-15 MHz veo 
Tuning range::: 3:1 

5.6k 

TLlF/5269,8 

B+ 

2N4416 

TUF/5269·7 

Colpitts Oscillator 

TUNING 
B+ VOLTAGE 

500 MHz-1000 MHz veo 
Tuning range::: 1.8:1 

FIGURE 7. Typical VCO Circuits (Typical Values Shown) 
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PLL LOOP FILTER CALCULATIONS 

Andrzej Przedpelskl, In two articles published In Elec
tronic Design (#19, Sept. 13, 1978 and #10, May 10, 1978) 
explains how to calculate the three time constants associ
ated with a third order type 2 loop which is typically used 
with the OS8906/7/8 series. Figure 8 explains his method 
and shows a sample calculation. His articles illustrate 
how to calculate three time constants, and plot open loop 
gain and phase, and closed loop noise response. 

It should be noted that VCO gain, Ky, Is in terms of radians 
per second per volt, and phase detector gain, Ko, is in 
terms of amps per radian. The phase detector gain for the 
OS8906/7/8 series is ± lOUT divided by 41[". 

Figure 9 illustrates an example calculation of time con
stants, and a plot of open loop gain and phase based on 
the preceding analysis. 

REFERENCE 

j C1 
R1 

C2 10 
ev 

TUF/5289-10 

T1=R1C1 

T2=R1C2 

REFERENCES 

1 .. Manassewltsch V., "Frequency Synthesizers" (Wiley, 
New York, 1976) 

2. Rohde, A. L., "Digital PLL Frequency Synthesizers" 
(Prentice Hall, Englewood Cliffs, 1983) 

3. Egan, W.F., "Frequency Synthesis By Phase Lock" 
(Wiley, New York, 1981) 

ey 1 +sn 
10 - SC1 (1 +ST2) 

KO KV (1 +ST1) 
G(S) = NS2C1 1 + ST2 

T2 1-tan1> cos 1> 
WOcoscp 

T1=_1-
W02T2 

KO KV (-Won-1) 
C1=NW02. WOT2+1 

where 8 = desired phase margin 

WO= loop natural frequency 

• closed loop bandwidth 

Note: 058908 op amp requires C3.1000 pF for compensation. 

FIGURE 8. Third Order Type 2 Loop 

100 

80 

60 

~ 40 

~ 20 

-2D 

10 100 

Wo 

180 

160 ;! 

140 ~ 
c; 

120 IB 
"" .§ 

1000 

TL/F/5289·11 

VHF loop, running at 100 MHz, ref = 10 kHz 

KV = 2.5 MHzlV = 15.7 Mrad/sec/V 

~ KO ~ 47r = 31.8 ,.A/radian 

N =100 MHz 
10 kHz = 10,000, WO = 27r x 100 Hz 

8 = 45· (desired phase margin) 

T2=6.6x 10-4 sec 

T1 =3.84 x 10- 3 sec 

C1 =0.3,.F 

so R1 =T1/C1 =13 kO 

C2 = T2/R1 = 0.05,.F 

FIGURE 9. Example of Gain and Phase Calculation 
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DUAL~MODULUS COUNTING RANGE LIMITATIONS 

• Minimum count limitations 
• Maximum count limitations 

The DS8906/7/8 series PLLs utilize a dual-modulus count
Ing scheme internally based on a 63/64 prescale modulus 
in FM mode in order that all of the U.S. FM frequency 
assignments could be reached using a 25 kHz reference. 
The counter modulus N = 64A + 8 where 8 is the 6 least 
significant bits of N and A is the 7th and greater signifi-

. cant bits of N. . 

. N=64A+8 
N =64A+63- 8 (8=63- 8) 

1 + N =64A+63+ 1-648+638 
1 + N =64 (A+ 1-8)+638 

Loaded Value 
. of N 

3906 
3905 

·3904 
3903 

3843 
3842 
3841 
3840 
3839 

3780 
3779 
3778 
3777 

- 3776 
3775 

.-
• 

3717 
3716 
3715 
3714 
3713 

_ 3712 
3711 

A 

61 
61 
61 
60 

60 
60 
60 
60 
59 

59 
59 
59 
59 
59 
58 

58 
58 
58 
58-
58 
58 
57 

B 

61 
62 
63 
0 

60 
61 
62 
63 
0 

59 
60 
61 
62 
63 
0 

58 
59 
59 
60 
61 
63 
0 

The last equation is in the final form used Internally by the 
DS8906/7/8. The equation indicates that, if N is loaded 
Into the device, it will solve for N + 1. 

The minimum continuous N modulus (code) the equation 
dictates should occur when A = 8. 8 maximum = 63 Im
plies A = 62, 8 = 63 should be an illegal N + 1 code 
(N + 1 = 3969). However, because this is Just inside the 
lower FM band limits, extra circuitry was added to enable 
this particular code's operation. The actual minimum 
N + 1 code for these PLLs thus becomes the case when 
A = 61,8 = 61, N + 1 minimum = 3907. There are legitimate 
N + 1 codes below this 3907 value, however, they are not 
continuous. (i.e., Starting at 3907 and counting down, one 
additional code is in error every 63 codes. Thereafter, 
these erroneous codes are the cases where A < 8.) The se
quence of Illegal codes Is shown in Figure 10. 

Status 
Actual Locked 

N+1 Value 

OK 3907 
illegal 3907 
illegal 3907 

OK 3904 

OK 3844 
illegal 3844 
illegal 3844 
illegal 3844 

OK 3840 

OK 3781 
illegal 3781 
illegal 3781 
illegal 3781 
illegal 3781 

OK 3776 

OK 3718 
illegal 3718 
illegal 3718 
illegal 3718 
illegal 3718 
Illegal 3718 

OK 3712 

Tl/F/5269·12 

FiGURE 10. FM Mode Dual·Modulus Counting Below the Minimum Continuous N Code of 3906 
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Maximum code limits for these dual-modulus PLLs are 
determined by the N code bit length. The 058906 and 
058908 have a 14-bit N counter allowing 16,383 counts. 
The 058907 has a 13-bit N node length, allowing a maxi
mum N count of 8,191. See Figure 11 for table operating 
ranges of the 058906, 058907 and 058908 PLLs. . 

CONCLUSION 

The major application for the 058906/7/8 PLLs are syn
thesizers for AM-FM radios, and have been widely ac
cepted in the marketplace. Figure 12 shows the block 
diagram of such a radio. In this application the following 
performance relating to the PLL tuning system is realized. 

Product Input 

058906 • AM 
FM 

058907 AM 
FM 

058908 AM 

FM 

Ref 
(Hz) 

SOO 
12.Sk 
10k 
2Sk 
1k 
9k 
10k 
20k 
1k 
9k 

10k 
20k 

PLL Loop Bandwidth 
Reference Frequency Sidebands 

Signal-to"Nolse Ratio 
AM: 30% modulation 
FM: 22.5 kHz deviation 

Switching Speed (one channel) 

fiN (Hz) 

Min· Max 

24.Sk 8.193M 

48.837SM 120M 
490k 15M 

97.675M 120M 
49k 15M 
441k 15M 

490k 15M 
980k 15M 

3.907M 15M 

35.163M 120M 

39.07M 120M 
78.14M 120M 

TUF/5269-13 

·The minimum frequency shown is obtained when the minimum con-
tinuous N code Is utilized and It assumeS the edge rates >20V/p.s. 

FIGURE 11. Product Operating Frequency Range 

.... ---.. MM5450 LED 
COPS470VF 
MM5445 

.... _ ...... _ .. CDPS472 LCD 

MM5452 

TUFI5269-14 

FIGURE 12. AM·FM Digitally Tuned Radio System 
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Interface Cross Reference Guide ~ National Semiconductor 

DevIce National's National's 
DIrect Closest DesIgnation Replacement Replacement 

AMD 

AM26LS30DC DS3691J 
AM26LS30PC DS3691N 
AM26LS31DC DS26LS31CJ 
AM26LS31PC DS26LS31CN 
AM26LS32DC DS26 LS32ACJ DS26LS32CJ 
AM26LS32PC DS26LS32ACN DS26LS32CN 
AM26LS33DC DS26LS33ACJ DS26LS33CJ 
AM26LS33PC DS26LS33ACN DS26LS33CN 

AM26S10DC DS26S10J 
AM26S10PC DS26S10N 
AM26S11DC DS26S11J 
AM26S11PC DS26S11N 
AM26S12DC DS8838J 
AM26S12PC DS8838N 

AM2965DC DP84240J 
AM2965PC DP84240N 
AM2966DC DP84244J 
AM2966PC DP84244N 

N8T26AB DSBT26AN 
NBT26AF DSBT26AJ 
NBT2BF DS8T2BJ 
NBT28N DSBT28N 

DB212 DP8212J 
PB212 DP8212N 
DB216 DPB216J 
PB216 DPB216N 

DB224 DPB224J 
AMB224PC DPB224N 
DB226 DP8226J 
P8226 DPB226N 

AMB228PC DPB22BN 
DB228 DPB228J 
AMB23BPC DPB238N 
DB23B DPB23BJ 
DPB303J DP8303J 
DP8303N DP8303N 
DP8304BJ DP8304BJ 
DPB304BN DP8304BN 
DP8307J DPB307J 
DPB307N DPB307N 
DP830BJ DP8308J 
DP830BN DPB30BN 

DSBB38J DS8B3BJ 
DS8B3BN DS8B3BN 

The manufacturer's most current data sheets take precedence over this guide. 

12-3 



Interface Cross Reference Guide (Continued) 

Device National's National's Device 
Designation Direct Closest Designation Replacement Replacement 

FAIRCHILD 

p.A1488DC DS1488J 9636ARC 
p.A1488PC DS1488N 9636ATC 
p.A1489ADC DS1489AJ 9637ARC 
p.A1489APC DS1489AN 9637ATC 
p.A1489DC DS1489J 9640DC 
p.A1489PC DS1489N 9640PC 
p.A3680DC DS3680J 9643PC 
p.A3680PC DS3680N 9643TC 

75107ADC DS75107J 9645DC 

75107APC DS75107N 9645PC 

75107BDC DS75107J 
75107BPC DS75107N 
75108ADC DS75108J 
75108APC DS75108N 
75108BDC DS75108J 
75108BPC DS75108N 

75150RC DS75150J·8 
75150TC DS75150N 
75154DC DS75154J 
75154PC DS75154N 

75450BDC DS75450J' 
75450BPC DS75450N 

75451ARC DS75451J·8 
75451ATC DS75451N 
75451BRC DS75451J·8 
75451BTC DS75451N 

75452ARC DS75452J·8 
75452ATC DS75452N 
75452BRC DS75452J·8 
75452BTC DS75452N 

75453ARC DS75453J·8 
75453ATC DS75453N 
75453BRC DS75453J·8 
75453BTC DS75453N 

75461RC DS75461J·8 
75461TC DS75461N 
75462RC DS75462J·8 
75462TC DS75462N 

75471TC DS3611N 
75472TC DS3612N 

75491 PC DS75491N 
75492PC DS75492N 
75492APC DS75492N 

p.A8T26ADC DS8T26AJ 
p.A8T26APC DS8T26AN 
p.A8T28DC DS8T28J 
p.A8T28PC DS8T28N 

9614DC DS75114J 
9614PC DS75114N 
9615DC DS75115J 
9615PC DS75115N 
9616DC DS1488J 
9616PC DS1488N 
9617DC DS1489AJ 
9617DC DS1489J 
9617PC DS75154N 

The manufacturer's most current data sheets take precedence over this guide. 
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~ National Semiconductor 
National's 

Direct 
Replacement 

DS26S10J 
DS26S10N 

National's 
Closest 

Replacement 

DS3691J 
DS3691N 
DS3486J 
DS3486N 

DS75322N 
DS75322N 
DS3245J 
DS3245N ' 



Interface Cross Reference Guide (Continued) ~ National Semiconductor 

Device 
National's National's 

Designation 
Direct Closest 

Replacement Replacement 

INTEL 

03245 OS3245J 

08212 OP8212J 
P8212 OP8212N 
08216 OP8216J 
P8216 OP8216N 

08224 OP8224J 
08224 OP8224N 
08226 OP8226J 
P8226 OP8226N 

08228 OP8228J 
08228 OP8228N 
08238 OP8238J 
P8238 OP8238N 

08286 OP8304BJ 
P8286 OP8304BN 
08287 OP8303J 
P8287 OP8303N 

The manufacturer's most current data sheets take precedence over this guide. 
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Interface Cross Reference Guide (Continued) ~ National Semiconductor 

Device 
National's National's 

Designation 
Direct Closest 

Replacement Replacement 

MMI 

74S408N DP8408N 
74S409N DP8409N 
74S780N DP8400N 

The manufacturer's most current data sheets take precedence over this guide. 
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Interface Cross Reference Guide (Continued) ~ National Semiconductor 

Device 
National's National's 

Device 
National's National's 

De~ignation 
Direct Closest 

Designation 
Direct Closest 

Replacement Replacement Replacement Replacement 

MOTOROLA 

MMHOO26CG DSOO26CH DSOO26CG MC75125P DS75125N 
MMHOO26CL DSOO26CJ MC75127L DS75127J 
MMHOO26CN DSOO26CN MC75127P DS75127N 
MMHOO26CP1 DSOO26CN MC75128L DS75128J 
MMHOO26G DSOO26H MC75128P DS75128N 
MMHOO26L DSOO26J MC75129L DS75129J 

MC12015P DS8615N MC75129P DS75129N 

MC12016P DS8616N MC75325L DS75325J 
MC12017P DS8617N MC75491P DS75491N 
MC12071P DS8621N MC75492P DS75492N 
MC1472P1 DS3612N 

MC8T13L DS75121J 
MC1472P1 DS3632N MC8T13P DS75121N 
MC1472U DS3612J·8 MC8T14L DS75122J 
MC1472U DS3632J·8 MC8T14P DS75122N 
MC1488L DS1488J MC8T23L DS75123J 
MC1488P DS1488N MC8T23P DS75123N 
MC1489AL DS1489AJ MC8T24L DS75124J 
MC1489AP DS1489AN MC8T24P DS75124N 
MC1489L DS1489J 

MC8T26AL DS8T26AJ DS8834J 
MC1489P DS1489N MC8T26AP nS8T26AN DS8834N 
AM26LS31DC DS26LS31CJ MC8T28L DS8T28J 
AM26LS31PC DS26LS31CN MC8T28P DS8T28N 

MC26S10L DS26S10J DS8641N DS8641N 
MC26S10P DS26S10N DS8641J DS8641N 

MC3430L DS3651J 
MC3430P DS3651N 
MC3431L DS3651J 
MC3431P DS3651N 
MC3432L DS3653J 
MC3432P DS3653N 
MC3433L DS3653J 
MC3433P DS3653N 
MC3437L DS8837J 
MC3437P DS8837N 
MC3438L DS.8838J 
MC3438P DS8838N 

MC3450L DS3650J 
MC3450P DS3650N 
MC3451P DS3451N 
MC3452P DS3652N 

MC3486L DS3486J 
MC3486P DS3486N 
MC3487L DS3487J 
MC3487P DS3487N 

MC3490P DSBB87N 
MC3491P DSBB89N 
MC3494P DSB897N 

MC6BBOAL DSBT26AJ 
MC6BBOAP DSBT26AN 

MC6B89L DSBT2BJ 
MC68B9P D~8T2BN 

MC75107L DS75107J 
MC75107P DS75107N 
MC7510BL DS7510BJ 
MC75108P DS7510BN 
MC75125L DS75125J 

The manufacturer's most current data sheets take precedence over this guide. 
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· Interface Cross Reference Guide (Continued) ~ National Semiconductor . 

Device 
National's National's 

Designation 
Direct Closest 

Replacement Replacement 

SIGNETICS 

MC1488F DS1488J 
MC1488N DS1488N 
MC1489AN DS1489AN 
MC1489AF DS1489AJ 
MC1489F DS1489J 
MC1489N' DS1489N 

NE582F DS75494J 
NE582N DS75494N 

75S107F DS75107J 
75S107N DS75107N 
75S108F DS75108J 
75S108N DS75108N 
75S207F DS75207J 
75S207N DS75207N 
75S208F DS75208J 
75S208N DS75208N 

N8T13F DS75121J 
N8T13N DS75121 N 
N8T14F DS75122J 
N8T14N DS75122N 
N8T15F DS75150J·8 
N8T15N DS75150N 

N8T23F DS75123J 
N8T23N DS75123N 
N8T24F DS75124J 
N8T24N DS75124N 
N8T26AF DS8T26AJ 
N8T26AN DS8T26AN 
N8T28F DS8T28J 
N8T28N DS8T28N 

N8T34F DS8834J 
N8T34N DS8834N 
N8T37F DS8837J 
N8T37N DS8837N 
N8T38F DS8838J 
N8T38N DS8838N 
N8T380F DS8836J DS8640J 
N8T380N DS8836N DS8640N 

* DS8820AF DS8820AJ 
* DS8820AN DS8820AN 
*DS8820F DS8820J 
* DS8820N DS8820N 

* DS8830F DS8830J 
* DS8830N DS8830N 

* DS8880F DS8880J 
*DS8880N DS8880N 

The manufacturer's most cutrent data sheets take precedence over this guide. 

* Signetics has announced plans to obsolete these products. 
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Interface Cross Reference Guide (Continued) ~ National Semiconductor 

Device 
National's National's 

Designation 
Direct Closest 

Replacement Replacement 

SPRAGUE 

UDN3611H DS3611J·8 
UDN3611M DS3611 N 

UDN3612H DS3612J·8 
UDN3612M DS3612N 

UDN3613H . DS3613J·8 
UDN3613M DS3613N 

UDN3614H DS3614J·8 
UDN3614M 'DS3614N 

The manufacturer's most current data sheets take precedence over this guide. 
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Interface Cross Reference Guide (Continued) ~ National Semiconductor 
Device 

National's National's 
Device 

National's National's 

Designation 
Direct Closest 

Designation Direct Closest 
Replacement Replacement Replacement Replacement 

TEXAS INSTRUMENTS 

MC1488J DS1488J SN75189AN DS1489AN 
MC1488N DS1488N SN75189J DS1489J 
MC1489AJ DS1489AJ SN75189N DS1489N 
MC1489AN DS1489AN SN75207BN DS75207N 
MC1489J DS1489J SN75207J DS75207J 
MC1489N DS1489N SN75208BJ DS75208J 
AM26LS31CJ DS26LS31CJ SN75208J DS75208J 
AM26LS31CN DS26LS31CN SN75208N DS75208N 
AM26LS32ACJ DS26LS32ACJ DS26LS32CJ SN75325J DS75325J 
AM26LS32ACN DS26LS32ACN DS26LS32CN SN75325N DS75325N 
AM26LS33AJ DS26LS33ACJ DS26LS33CJ 
AM26LS33AN DS26LS33ACN DS26LS33CN SN75361AJG DS75361J·8 

AM26S10CJ DS26S10J 
SN75361AP 
SN75365J 

DS75361N 
DS75365J 

AM26S10CN DS26S10N SN75365N DS75365N 
AM26S11CJ DS26S11J SN75369J DSOO26CJ·8 
AM26S11CN DS26S11N SN75369N DSOO26CN 
MC3486J DS3486J SN75437ANE DS3658N 
MC3486N DS3486N SN75437NE DS3658N 
MC3487J DS3487J SN75450BJ DS75450J 
MC3487N DS3487N SN75450BN DS75450N 
SN74LS424J DP8224J SN75451BJG DS75451J·8 
SN74LS424N DP8224N SN75451BP DS75451N 

SN74S412J DP8212J SN75452BJG DS75452J·8 

SN74S412N DP8212N SN75452BP DS75452N 

SN74S428N DP8228N ' SN75453BJG DS75453J·8 

SN74S436N DS36149N SN75453BP DS75453N 

SN74S437N DS36179N SN75454BJG DS75454J·8 

SN74S438N DP8238N SN75454BP DS75454N 

SN75107AJ DS75107J SN75461JG DS75461J·8 

SN75107AN DS75107N SN75461P DS75461N 

SN75107BJ DS75107J SN75462JG DS75462J·8 

SN75107BN DS75107N SN75462P DS75462N 

SN75108AJ DS75108J SN75463JG DS75463J·8 

SN75108AN DS75108N SN75463P DS75463N 

SN75108BJ DS75108J SN75464JG DS75464J·8 

SN75108BN DS75108N SN75464P DS75464N 

SN75113J DS75113J SN75471JG DS3611J·8 

SN75113N DS75113N SN75471P DS3611N 

SN75114J DS75114J SN75472JG DS3612J·8 

SN75114N DS75114N SN75472P DS3612N 

SN75115J DS75115J SN75473JG DS3613J·8 

SN75115N DS75115N SN75473P DS3613N 
SN75474JG DS3614J·8 

SN75121J DS75121J SN75474P DS3614N' 
SN75121N DS75121N SN75477JG DS3612J·8 
SN75122J DS75122J SN75477P DS3612N 
SN75122N DS75122N 
SN75123J DS75123J SN75480N DS8880N 

SN75123N DS75123N SN75491AN DS75491N 
SN75124J DS75124J SN75491N DS75491N 
SN75124N DS75124N SN75492AN DS75492N 
SN75125J DS75125J SN75492J DS75492J 
SN75125N DS75125N SN75492N DS75492N 
SN75127J DS75127J SN75494N DS75494N 
SN75127N DS75127N N8T13J DS75121J 
SN75128J DS75128J N8T13N DS75121N 
SN75128N DS75128N N8T14J DS75122J 
SN75129J DS75129J N8T14N DS75122N 
.5N75129N DS75129N 

SN75150J DS75150J·8 
N8T23J DS75123J 
N8T23N DS75123N 

SN75150N DS75150N N8T24J DS75124J 
SN75154J DS75154J N8T24N DS75124N 
SN75154N DS75154N N8T26AJ DS8T26AJ 
SN75160N DS75160AN N8T26AN DS8T26AN' 
SN75160AN DS75160AN DS8820AJ DS8820AJ 
SN75161N DS75161AN DS8820AN DS8820AN 
SN75161AN DS75161AN 
SN75162N DS75162AN DS8830J DS8830J 

SN75162AN DS75162AN DS8830N DS8830N 

SN75182J DS8820AJ DS8831J DS8831J 

SN75182N DS8820AN DS8831N DS8831N 

SN75183J DS8830J DS8832J DS8832J 
SN75183N DS8830N DS8832N DS8832N 
SN75188J DS1488J 
SN75188N DS1488N 
SN75189AJ DS1489AJ 

The manufacturer's most current data sheets take precedence over this guide. 
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Understanding Integrated 
Circuit Package Power 
Capabilities 

INTRODUCTION 

The short and long term reliability of National 
Semiconductor's interface circuits, like any integrated cir
cuit, is very dependent on its environmental condition. 
Beyond the mechanical/environmental factors, nothing 
has a greater Influence on this reliability than the elec
trical and thermal stress seen by the Integrated circuit. 
Both of these stress issues are specifically addressed on 
every interface circuit data sheet, under the headings of 
Absolute Maximum Ratings and Recommended Operat
Ing Conditions. 

However, through application calls, it has become clear 
that electrical stress conditions are generally more under
stood than the thermal stress conditions: Understanding 
the importance of electrical stress should never be re
duced, but clearly, a higher focus and understanding must 
be placed on thermal stress. Thermal stress and its appli
cation to interface circuits from National Semiconductor 
is the subject of this application note. 

FACTORS AFFECTING DEVICE RELIABILITY 

Figure 1 shows the well known "bathtub" curve plotting 
failure rate versus time. Similar to all system hardware 
(mechanical or electrical) the reliability of interface Inte
grated circuits conform to this curve. The key issues asso
ciated with this curve are infant mortality, failure rate, and 
useful life. 

10 
EARLY LIFE 

INFANT 
MORTALITY 
(SHADED AREA) 

11 
USEFUL LIFE 

12 
WEAROUT TIME 

TL/F/52BO·l 

FIGURE 1. Failure Rate vs Time 

Infant mortality, the high failure rate from time to to t1 
(early life), is greatly influenced by system stress condi
tions other than temperature, and can vary widely from 
one application to another. The main stress factors that 
contribute to infant mortality are electrical transients and 
noise, mechanical maltreatment and excessive tempera
tures. Most of these failures are discovered in device test, 
burn-in, card assembly and handling, and initial system 
test and operation. Although Important, much literature is 
available on the subject of infant mortality in integrated 
circuits and is beyond the scope of this application note. 

National Semiconductor 
Application Note 336 
Charles Carinalli 
Josip Huljev 
March 1983 

Failure rate Is the number of devices that will be expected 
to fail In a given period of time (such as, per million hours). 
The mean time between failure (MTBF) is the average time 
(In hours) that will be expected to elapse after a unit has 
failed before the next unit failure will occur. These two 
primary "units of measure" for device reliability are in
versely related: 

MTBF . 1 
Failure Rate 

Although the "bathtub" curve plots the overall failure rate 
versus time, the useful failure rate can be defined as the 
percentage of devices that fail per-unit-time during the flat 
portion of the curve. This area, called the useful life, ex
tends between t1 and t2 or from the end of infant mortality 
to the onset of wearout. The useful life may be as short as 
several years but usually extends for decades if adequate 
design margins are used in the development of a system. 

Many factors influence useful life including: pressure, 
mechanical stress, thermal cycling, and electrical stress. 
However, die temperature during the device's useful life 
plays an equally Important role in triggering the onset of 
wearout. 

FAILURE RATES vs TIME AND TEMPERATURE 

The relationship between integrated circuit failure rates 
and time and temperature is a well established fact. The 
occurrence of these failures is a function which can be 
represented by the Arrhenius Model. Well validated and 
predominantly used for accelerated life testing of inte
grated circuits, the Arrhenius Model assumes the degra
dation of a performance parameter is linear with time and 
that MTBF is a function of temperature stress. The tem
perature dependence is an exponential function that 
defines the probability of occurrence. This results in a for
mula for expressing the lifetime or MTBF at a given tem
perature stress in relation to another MTBF at a different 
temperature. The ratio of these two MTBFs is called the 
acceleration factor F and is defined by the following 
equation: 

F = ~ = exp [E (1 1 ) 1 . X2 K f2-fl 

Where: X1 = Failure rate at junction temperature T1 
X2 = Failure rate at junction temperature T2 
T = Junction temperature in degrees Kelvin 
E = Thermal activation energy in electron volts 

(ev) 
K = Boltzman's constant 
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However, the dramatic acceleration effect of junction 
temperature (chip temperature) on failure rate is illus
trated In a plot of the above equation for three different 
activation energies in Figure 2. This graph clearly demon
strates the Importance of the relationship of junction 
temperature to device failure rate. For example, using the 
0.99 ev line, a 30 degree rise in junction temperature, say 
from 130°C to 160°C, results in a 10 to 1 increase in failure 
~a . 

~ 1000k 

~ lOOk 1--+--+--+--+--:-2IiI<---I 
Q 

~ 10k I---+---!---+----:~~~'-I ::::; 
..: 
~ 1 k 1---+---!---I4--:I'-''--I--i 

~ 
ti 100 1--+----,~7"F-t-+t-l--I 
ex: 

~ 10 l---#:;rtIC--!---+ ........ ""-+--i 
::l 
ff 

60 90 120 150 180 210 

)UNCTION TEMPERATURE (OC) 

TUF/52BO·2 

FIGURE 2. Failure Rate as a Function 
of Junction Temperature 

DEVICE THERMAL CAPABILITIES ' 

The're are many factors which affect the thermal capabil
ity of an integrated circuit. To understand these we need to 
understand the predominant paths for heat to transfer out 
of the integrated circuit package. This is illustrated by 
Figures 3 and 4. 

Figure 3 shows a cross-sectional view of an assembled in
tegrated circuit mounted into a printed circuit board. 

DEVICE LEAD 

Figure 4 Is a flow chart showing how the heat generated at 
the power source, the Junctions of the Integrated circuit, 
flows from the chip to. the ultimate heat sink, the ambient 
environment. There are two predom inant paths. The fi rst is 
from the die to the die attach pad to the surrounding pack
age material to the package lead frame to the printed cir
cuit board and then to the ambient. The second path is 
from the package directly to the ambient air. 

Improving the thermal characteristics of any stage in the 
flow chart of Figure 4 will result in an improvement in 
device thermal characteristics. However, grouping all 
these characteristics into one equation determining the 
overall thermal capability of an integrated circuitipack
age/environmental condition is possible. The equation 
that expresses this relationship is: 

TJ = TA + Po (OJA) 

Where: TJ = Die junctio'n temperature 
TA = Ambient temperature in the vicinity of the 

device 
Po = Total power dissipation (in watts) 

OJA = Thermal resistance junction-to-ambient 

0JA, the thermal resistance from device junction-to-ambi
ent temperature, is measured and specified by the manu-

, facturers of integrated circuits. National Semiconductor 
utilizes special vehicles and methods to measure and 
monitor this parameter. All interface circuit data sheets 
specify the thermal characteristics and capabilitiesof the 
packages available for'a given device under specific con
ditions-these packa'ge power ratings directly relate to 
thermal resistance junction-to-ambient or 0JA' 

Although National provides these thermal ratings, it is 
critical that the end user understand how to use these 
numbers to improve thermal characteristics in the 
development of his system using interface components. 

TUF/52BO,3 

FIGURE 3. Integrated Circuit Soldered into a Printed Circuit Board (Cross-Sectional View) 
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FIGURE 4. Thermal Flow (Predominant Paths) 
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DETERMINING DEVICE OPERATING JUNCTION 
TEMPERATURE 

From the above equation the method of determining ac
tual worst-case device operating junction temperature 
becomes straightforward. Given a package thermal char
acteristic, OJA, worst-case ambient operating tempera
ture, TA(max), the only unknown parameter is device power 
dissipation, Po. In calculating this parameter, the dissipa
tion of the integrated circuit due to its own supply has to 
be considered, the dissipation within the package due to 
the external load must also be added. The power associ
ated with the load in a dynamic (switching) situation must 
also be considered. For example, the power associated 
with an inductor or a capacitor in a static versus dynamic 
(say, 1 MHz) condition is significantly different. 

The junction temperature of a device with a total package 
power of 600 mW at 70°C in a package with a thermal 
resistance of 63°C/W is 108°C: 

TJ = 70°C + (63°C/W) x (0.6W) = 108°C 

The next obvious question is, how safe is 108°C? 

MAXIMUM ALLOWABLE JUNCTION TEMPERATURES 

What is an acceptable maximum operating junction tem
perature is in itself somewhat of a difficult question to 
answer. Many companies have established their own 
standards based on corporate policy. However, the semi
conductor industry has developed some defacto stand
ards based on the device package type. These have been 
well accepted as numbers that relate to reasonable (ac
ceptable) device lifetimes, thus failure rates. 

National Semiconductor has adopted these industry-wide 
standards. For devices fabricated in a molded package, 
the maximum allowable junction temperature is 150°C. 
For these devices assembled in ceramic or cavity DIP 
packages, the maximum allowable junction temperature 
is 175°C. The numbers are different because of the dif
ferences in package types. The thermal strain associated 
with the die package interface in a cavity package is much 
less than that exhibited in a molded package where the in
tegrated circuit chip is in direct contact with the package 
material. 

Let us use this new information find our thermal equation 
to construct a graph which displays the safe thermal 
(power) operating area for a given'package type. Figure 5 is 
an example of such a graph. The end points of this graph 
are easily determined. For a 16-pin molded package, the 
maximum allowable temperature is 150°C; at this point no 
power dissipation is allowable. The power capability at 
25°C is 1.98W as given by the following calculation: 
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The slope of the straight line between these two points is 
minus the inversion of the thermal resistance. This is 
referred to as the derating factor. 

Derating Factor = - -01 

JA 

As mentioned, Figure 5 is a plot of the safe thermal 
operating area for a device in a 16-pin molded DIP. As long 
as the intersection of a vertical line defining the maximum 
ambient temperature (70°C in our previous example) and 
maximum device package power (600 mW) remains below 
the maximum package thermal capabil ity line the junction 
temperature will remain below 150°C-the limit for a 
molded package. If the intersection of ambient tempera
ture and package power fails on this line, the maximum 
junction temperature will be 150°C. Any intersection that 
occurs above this line will result in a junc~ion temperature 
in excess of 150°C and is not an appropriate operating 
condition. 

2.4 I ~6.PIN-
t--t------1t---t- MOLDED PACKAGE-

~ 2.0 1 
z " MAXIMUM PAckAGE f--
e 1 6 ~ I~ THERMAL CAPABILITY f--
~. ~ LINE f---

~ 1.2 OPERATING" J 
~ AREA ' I'~ SLOPE= -iA-
~ 0.8 Pn=600 mW I' 
o 

1:1.. 0.4 t-t-_OP_E-rR~_~\_~~-j' 1 TA = 700C_~~I'--:!II'~_~ 
o ~~_~rll __ ~I __ ~~~~ 

25 50 75 100 125 150 175 

TEMPERATURE (0C) TlIFf5280.5 

FIGURE 5. Package Power Capability vs Temperature 

The thermal capabilities of all interface circuits are ex
pressed as a power capability at 25°C still air environment 
with a given derating factor. This simply states, for every 
degree of ambient temperature rise above 25°C, reduce 
the package power capability stated by the derating factor 
which is expressed in mW/oC. For our example-a OJA of 
63°C/W relates to a derating factor of 15.9 mW/oC. 

FACTORS INFLUENCING PACKAGE THERMAL 
RESISTANCE 

As discussed earlier, improving any portion of the two 
primary thermal flow paths will result in an improvement 
in overall thermal resistance junction-to-ambient. This 
section discusses those components of thermal resist
ance that can be influenced by the manufacturer of the 
integrated circuit. It also discusses those factors in the 
overall thermal resistance that can be impacted by the end 
user of the integrated circuit. Understanding these issues 
will go a long way in understanding chip power capabili
ties and what can be done to insure the best possible oper· 
ating conditions and, thus, best overall reliability. 



Ole Size 

Figure 6shows a graph of our 16-pin 01 Pthermal resistance 
as a function of integrated circuit die size. Clearly, as the 
chip size increases the thermal resistance decreases
this relates directly to having a larger area with which to 
dissipate a given power. 

Lead Frame Material 

Figure 7 shows the Influence of lead frame material (both 
die attach and device pins) on thermal resistance. This 
graph compares our same 16-pin DIP with a copper lead 
frame, a Kovar lead frame, and finally an Alloy 42 type lead 
frame-these are lead frame materials commonly used In 
the industry. Obviously the thermal conductivity of the 
lead frame material has a significant impact in package 
power capability. Molded interface circuits from National 
Semiconductor use the copper lead frame exclusively. 

Board vs Socket Mount 

One of the major paths of dissipating energy generated by 
the integrated circuit is through the device leads. As a 
result of this, the graph of Figure 8 comes as no surprise. 
This compares the thermai resistance of our 16-pin pack
age soldered Into a printed circuit board (board mount) 
compared to the same package placed in a socket (socket 
mount). Adding a socket in the path between the PC board 
and the device adds another stage in the thermal flow 
path, thus increasing the overall thermal resistance. The 
thermal capabilities of National Semiconductor's inter· 
face circuits are specified assuming board mount condi
tions. If the devices are placed In a socket the thermal 
capabilities should be reduced by approximateiy 5% to 
10%. 
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Air Flow 

When a high power situation exists and the ambient tem
perature cannot be reduced, the next best thing is to pro
vide air flow in the vicinity of the package. The graph of 
Figure 9 illustrates the impact this has on thermal resist
ance. This graph plots the relative reduction in thermal 
resistance normalized to the still air condition for our 
16-pin molded DIP. The thermal ratings on National 
Semiconductor's interface circuits data sheets relate to 
the still air environment. . 

Other Factors 

A number of other factors influence thermal resistance. 
The most important of these is using thermal epoxy in 
mounting ICs to the PC board and heat sinks. Generally 
these techniques are required only in the very highest of 
power applications. . 

Some confusion exists between the difference in thermal 
resistance junction-to·ambient (8J~ and thermal resist
ance junction·to-case (8Jd. The best measure of actual 
junction temperature is the junction·to-ambient number 
since nearly all systems operate in an open air environ
ment. The only situation where thermal resistance junc
tion-to-case is important is when the entire system is im
mersed in a thermal bath and the environmental tempera
ture is indeed the case temperature. This is only used in 
extreme cases and is the exception to the rule and, for this 
reason, is not addressed in this application note. 
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NATIONAL SEMICONDUCTOR PACKAGE CAPABILITIES 

Figures 10 and 11 show composite plots of the thermal 
characteristics of the most common package types in the 
National Semiconductor Interface Circuits product family. 
Figure 10 is a composite of the copper lead frame molded 
package. Figure 11 is a composite of the ceramic (cavity) 
DIP using poly die attach. These graphs represent board 
mount still air thermal capabilities. Another, and final, 
thermal resistance trend will be noticed in these graphs. 
As the number of device pins increase in a DIPthethermal 
resistance decreases. Referring back to the thermal flow 
chart, this trend should, by now, be obvious.· 

RATINGS ON INTERFACE CIRCUITS DATA SHEETS 

In conclusion, all National Semiconductor Interface Prod
ucts define power dissipation (thermal) capability. This in
formation can be found in the Absolute Maximum Ratings 
section of the data sheet. The thermal information shown 
in this application note represents average data for char
acterization of the indicated package. Actual thermal 
resistance can vary from ± 10% to ± 15% due to fluctua
tions in assembly quality, die shape, die thickness, 
distribution of heat sources on the die, etc. The numbers 
quoted in the interface data sheets reflect a 15% safety 
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margin from the average numbers found in this applica
tion note. Insuring that total package power remains under 
a specified level will guarantee that the maximum junction 
temperature will not exceed the package maximum. 

The package power ratings are specified as a maximum 
power at 25°C ambient with an associated derating factor 
for ambient temperatures above 25°C. It is easy to deter
mine the power capability at an elevated temperature. The 
power specified at 25°C should be reduced by the derating 
factor for every degree of ambient temperature above 
25°C. For example, in a given product data sheet the fol
lowing will be found: 

Maximum Power Dissipation· at 25°C 
Cavity Package 1509 mW 
Molded Package 1476 mW 

*Derate cavity package at 10 mW/oC above 25°C; derate 
molded package at 11.8 mW/oC above 25°C. 

If the molded package is used at a maximum ambient tem
perature of 70°C, the package power capability is 945 mW. 

Po @ 70°C = 1476mW - (11.8 mW/°C) x (70°C - 25°C) 
=945 mW 
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Bipolar PROMs 
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· Introduction 

GENERAL 

This generic Schottky PROM family by National Semiconductor makes available to the industry one of the widest selec
tions in sizes and organizations. Four-bit wide PROMs are provided with 256 to 4096 words in pin compatible 16 and 18 pin 
dual-in-line packages. The 8-bit wide devices range from 32 to 4096 words in a variety of packages. Being 'generic,' all 
PROMs share a common programming algorithm. 

TITANIUM-TUNGSTEN FUSES 

National's new Programmable Read-Only Memories (PROMs) feature titanium-tungsten (Ti:W) fuse links designed to 
program efficiently with only 10.5 Volts applied. The high performance and reliability of these PROMs are the result of 
fabrication by a Schottky bipolar process, of which the titanium-tungsten metalization is an integral part, and the use of an 
on-chip programming circuit. 

A major advantage of the titanium-tungsten fuse technology is the low programming voltage of the fuse links. At 10.5 Volts, 
this virtually eliminates the need for guard-ring devices and wide spacings required for other fuse technologies. Care is 
taken, however, to minimize voltage drops across the die and to reduce parasitics. The device is designed to ensure that 
worst-case fuse operating current is low enough for reliable long-term operation. The Darlington programming circuit is 
liberally designed to insure adequate power density for blowing the, fuse links. The complete circuit design is optimized to 
provide high performance over the entire operating ranges of Vee and temperature. \ . 

TESTABILITY 

The Schottky PROM die includes extra rows and columns of fusable links for testing the programmability of each chip. 
These test fuses are placed' at the worst-case chip locations to provide the highest possible confidence in the 
programming tests in the final product. A ROM pattern is also permanently fixed in the additional circuitry and coded to 
provide a parity check of input address levels. These and other test circuits are used to test for correct operation of the row 
and column-select circuits and functionality of input and enable gates. All test circuits are available at both wafer and 
assembled device levels to allow 100% functional and parametric testing at every stage of the test flow. 

RELIABILITY 

As with all National products, the Ti:W PROMs are subjected to an on-going reliability evaluation by the Reliability 
Assurance Department. These evaluations employ accelerated life tests, including dynamic high-temperature pperating 
life, temperature-humidity life, temperature cycling, and thermal shock. To date, nearly 7.4 million Schottky Ti:W PROM 
device hours have been logged, with samples in Epoxy B molded DIP (N-package) and CERDIP (J-package). Device 
performance in all package configurations is excellent. 
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Bipolar PROM Selection Guide 

Size DIP Part TAA TEA ICC Temperature 
(Bits) Organization (Pins) Number (Max) in nS (Max) in nS (Max) in mA Celsius 

256 32 x 8 DC 16 DM54S188 45 30 110 -55 to +125 
32 x 8 DC 16 DM74S188 35 20 110 o to +70 
32 x 8 TS 16 DM54S288 45 30 110 -55 to +125 
32 x 8 TS 16 DM74S288 35 20 110 o to +70 

1024 256 x 4 DC 16 DM54S387 60 30 130 -55 to +125 
256 x 4 DC 16 DM74S387 50 25 130 o to +70 
256 x 4 TS 16 DM54S287 60 30 130 -55 to +125 
256 x 4 TS 16 DM74S287 50 25 130 o to +70 

2048 512 x 4 DC 16 DM54S570 65 35 130 -55 to +125 
512 x 4 DC 16 DM74S570 55 30 130 o to +70 

I 

512 x 4 TS 16 DM54S571 65 35 130 -55 to +125 
512 x 4 TS 16 DM74S571 55 30 130 o to +70 
512 x 4 DC 16 DM54S570A 60 35 130 -55 to +125 / 

512 x 4 DC 16 DM74S570A 45 25 130 o to +70 
512 x 4 TS 16 DM54S571A 60 35 130 -55 to +125 
512 x 4 TS 16 DM74S571A 45. 25 130 o to +70 
512 x 4 TS 16 DM54S571B 50 35 130 -55 to +125 
512 x 4 TS 16 DM74S571B 35 25 130 o to +70 
256 x 8 TS 20 DM54LS471 70 35 100 -55 to +125 
256 x 8 TS 20 DM74LS471 60 30 100 o to +70 

4096 512 x 8 DC 20 DM54S473 75 35 155 -55 to +125 
512 x 8 DC 20 DM74S473 60 30 155 o to +70 
512 x 8 TS 20 DM54S472 75 35 155 -55 to +125 
512 x 8 TS 20 DM74S472 60 30 155 o to +70 
512 x 8 DC 20 DM54S473A 60 35 155 -55 to +125 
512 x 8 DC 20 DM74S473A 45 25 155 o to +70 
512 x 8 TS 20 DM54S472A 60 35 155 -55 to +125 
512 x 8 TS 20 DM74S472A 45 25 155 o to +70 
512 x 8 TS 20 DM54S472B 50 35 155 -55 to +125 
512 x 8 TS 20 DM74S472B 35 25 155 o to +70 
512 x 8 DC 24 DM54S475 75 40 170 -55 to +125 
512 x 8 DC 24 DM74S475 65 35 170 o to +70 
512 x 8 TS 24 DM54S474 75 40 170 -55 to +125 
512 x 8 TS 24 DM74S474 65 35 170 o to +70 
512 x 8 DC 24 DM54S475A 60 35 170 -55 to +125 
512 x 8 DC 24 DM74S475A 45 25 170 o to +70 
512 x 8 TS 24 DM54S474A 60 35 170 -55 to +125 
512 x 8 TS 24 DM74S474A 45 25 170 o to +70 
512 x 8 TS 24 DM54S474B 50 35 170 -55 to +125 
512 x 8 TS 24 DM74S474B 35 25 170 o to +70 
512x8 REG 24· DM77SR474 40·· 30 185 -55to +125 
512x8 REG 24· DM87SR474 35·· 25 185 o to + 70 
512x8 REG 24· DM77SR476 40·· 30 185 -55 to + 125 
512x8 REG 24· DM77SR25 40·· 30 185 -55to +125 
512x8 REG 24· DM87SR476 35·· 25 185 o to + 70 
512x8 REG 24· DM87SR25 35·· 25 185 o to + 70 
1024 x 4 DC 18 DM54S572 75 45 140 -55 to +125 
1024 x 4 DC 18 DM74S572 60 35 140 o to +70 
1024 x 4 TS 18 DM54S573 75 45 140 -55 to +125 
1024 x 4 TS 18 DM74S573 60 35 140 o to +70 
1024 x 4 DC 18 DM54S572A 60 35 140 -55 to +125 
1024 x 4 DC 18 DM74S572A 45 25 140 o to +70 
1024 x 4 TS 18 DM54S573A 60 35 140 -55 to +125 
1024 x 4 TS 18 DM74S573A 45 25 140 o to +70 
1024 x 4 TS 18 DM54S573B 50 35 140 -55 to +125 
1024 x 4 TS 18 DM74S573B 35 25 140 o to +70 

\ 

• - 24 Pin Narrow Dual Inline Package 
•• - Set up Time 
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Bipolar PROM Selection Guide 

Size DIP Part TAA TEA ICC Temperature 
(Bits) Organization (Pins) Number (Max) in nS (Max) in nS (Max) in rnA Celsius 

8192 1024 x 8 OC 24 DM77S180 75 35 170 -55 to +125 
1024 x 8 TS 24* DM77S280 75 35 170 -55 to +125 
1024 x 8 OC 24 DM87S180 55 30 170 o to +70 
1024 x 8 TS 24* DM87S280 55 30 170 o to +70 
1024 x 8 OC 24 DM77S181 75 35 170 -55 to +125 
1024 x 8 TS 24* DM77S281 75 35 170 -55 to +70 
1024 x 8 OC 24 DM87S181 55 30 170 o to +70 
1024 x 8 TS 24* DM87S281 55 30 170 o to +70 
1024 x 8 TS 24 DM77LS181 175 70 100 -55 to +125 
1024 x 8 TS 24 DM87LS181 120 50 100 o to +70 
1024 x 8 TS 24 DM77S181A 65 35 170 -55 to +125 
1024 x 8 TS 24 DM87S181A 45 30 170 o to +70 
1024 x 8 REG. 24* DM77SR181 50** 30 175 -55 to + 125 
1024 x 8 REG. 24* DM87SR181 40** 25 175 o to +70 
2048 x 4 OC 18 DM77S184 75 35 140 -55 to +125 
2048 x 4 OC 18 DM87S184 55 30 140 o to +70 
2048 x 4 TS 18 DM77S185 75 35 140 -55 to +125 
2048 x 4 TS 18 DM87S185 55 30 140 o to +70 
2048 x 4 TS 18 DM77S185A 60 30 140 -55 to +125 
2048 x 4 TS 18 DM87S185A 45 25 140 o to +70 
2048 x4 TS 18 DM77S185B 50 30 140 - 55 to + 125 
2048x4 TS 18 DM87S185B 35 25 140 o to + 70 

16384 2048 x 8 OC 24 DM77S190 80 40 175 -55 to +125 
2048 x 8 TS 24* DM77S290 80 40 175 -55 to +125 
2048 x 8 OC 24 DM87S190 65 30 175 o to +70 
2048 x 8 TS 24* DM87S290 65 30 175 o to +70 
2048 x 8 OC 24 DM77S191 80 40 175 -55 to +125 
2048 x 8 TS 24* DM77S291 80 40 175 -55 to +125 
2048 x 8 OC 24 DM87S191 65 30 175 o to +70 
2048 x 8 TS 24* DM87S291 65 30 175 o to +70 
2048 x 8 TS 24 DM77S191A 60 35 175 -55 to +125 
2048 x 8 TS 24 DM87S191A 45 30 175 o to +70 
2048 x 8 TS 24 DM77S191B 50 30 175 - 55 to + 125 
2048 x 8 TS 24 DM87S191B 35 25 175 o to + 70 
4096x4 TS 20 DM77S195A 60 30 170 -55 to + 125 
4096 x 4 TS 20 DM87S195A 45 25 170 o to + 70 
4096 x4 TS 20 DM77S195B 50 30 170 -55 to + 125 
4096 x4 TS 20 DM87S195B 35 25 170 o to + 70 

32768 4096 x8 TS 24 DM77S321 65 35 185 - 55 to + 125 
4096 x8 TS 24 DM87S321 55 30 185 o to + 70 
4096 x8 TS 24* DM77S421 65 35 185 -55 to + 125 
4096 x8 TS 24* DM87S421 55 30 185 o to + 70 

Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage (Note 2) 
Min Max Units 

-0.5 to +7.0V 
Input Voltage (Note 2) -1.2 to +5.5V Supply Voltage (Vee) 
Output Voltage (Note 2) -0.5 to +5.5V Military 4.50 5.50 V 
Storage Temperature -65 to +150C Commercial 4.75 5.25 V 
Lead Temperature (10 seconds) 300C Ambient Temperature (T tJ 

Military -55 + 125 °c 
* - 24 Pin Narrow Dual Inline Package Commercial 0 +70 °c 

** - Set up Time Logical "0" Input Voltage 0 0.8 V 
Logical "1" Input Voltage 2.0 5.5 V 

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be operated atthese values. 

Note 2: These limits do not apply during programming. For the programming ratings. refer to the programming instructions. 
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~National 
~ Semiconductor 
DM54n4S188, DM54n4S288 
(32 x 8) 256-Bit TTL PROMs 

General Description 

These'Schottky memories are organized in the popular 32 
words by 8 bits configuration. A memory enable input is 
provided to control the output states. When the device is 
enabled, the outputs represent the contents of the 
selected word. When disabled, the 8 outputs go to the 
"OFF' or high impedance state. The memories are avail
able in both open-collector and TRI-STATE® versions. , 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 

Military Commercial 

DM74S188 X 

DM74S288 X 

DM54S188 X 

DM54S288 X 

Bipolar PROMs 

Features 

• Advanced titanium-tungsten (Ti-W) fuses 

• Schottky-clamped for high speed 
Address access-22ns typ 
Enable access-1Sns typ 
Enable recovery-1Sns typ 

• PNP inputs for reduced input loading 

• All DC and AC parameters guaranteed over 
temperatu~e 

• Low voltage TRI-SAFE'M programming 

Open-
Collector TRI-STATE Package 

X N,J 

X N,J 

X J 

X J 

Block and Connection Diagram 

A4 
A3 
AZ 
AI 
AD 

08 07 06 

Z56-BIT ARRAY 
32 x 8 

MEMORY MATRIX 

05 04 

Order Number; 
DM74S188 J, DM74S288 J, 
DM54S188 J, DM54S288 J 

See NS Package J16A 

03 
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02 01 

01 1 

02 2 

03 3 

04 4 

05 

06 
07 

GND 

Order Numberi 
DM74S188 N or DM74S288 N 
See NS Package N16A 



DC Electrical Characteristics (Note 3) 

DM54S188/288 DM74S188/288 
Sym Parameter Conditions Units 

Min Typ Max Min Typ Max 

IlL Input Load Current Vee = Max, VIN = 0.45V -80 -250 -80 -2SO J-lA 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 . J-lA 

Vee = Max, VIN = 5.5V 1.0 1.0 mA 

VOL Low Level Output Voltage Vee = Min, IOL = 16mA 0.35 0.50 0.35 0.45 V 

VIL Low Level Input Voltage 0.80 0.80 V 

VIH High Level Input Voltage 2.0 2.0 V 

loz Output Leakage Current ,Vee = Max, VeEx = 2.4V SO 50 J-lA 
(Open-Collector Only) Vee = Max, VeEX = 5.5V 100 100 J-lA 

Ve Input Clamp Voltage Vee = Min, liN = -18mA -0.8 -1.2 -0.8 -1.2 V 

CI Input Capacitance Vee = 5.0, VIN = 2.0V 4.0 4.0 pF 

TA = 25C, 1MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 6.0 6.0 pF. 
T A = 25C, 1 MHz, Outputs Off 

lee Power Supply Current Vee = Max, Inputs Grounded 70 110 70 110 mA 
All Outputs Open 

TRI-STATE® Param·eters 

los Short Circuit Vo = OV, Vee = Max -20 -70 -20 -70 mA 
Output Current (Note 4) 

loz Output Leakage Vee = Max, Vo = 0.45 to 2.4V +SO +50 J-lA 
(TRI-STATE) Chip Disabled -SO -SO J-lA 

VOH Output Voltage High IOH=-2.0mA 2.4 3.2 V 

IOH= -6.SmA 2.4 3.2 V 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

DM54S188/288 DM74S188/288 
Sym Parameter JEDEC Symbol Units 

Min Typ Max Min Typ Max 

TAA Address Access Time TAVQV 22 45 22 35 ns 
TEA Enable Access Time TEVQV 15 30 15 20 ns 
TER Enable Recovery_Time TEXQX 15 35 15 25 ns 
TZX Output Enable Time TEVQX 15 30 15 20 ns 
TXZ Output Disable Time TEXQZ 15 35 15 25 ns 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee = 5.0V and TA = 25C. 

Note 4: During los measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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~National 
~ Semiconductor 
DM54n4S387, DM54n4S287 
(256 x 4) 1024-Bit. TTL PROMs 

General Description 

These Schottky memories are organized in the popular' 
256 words by 4 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 4 outputs go to the 
"OFF" or high impedance state. The memories are avail
able in both open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 

Military Commercial 

DM74S387 X 

DM74S287 X 

DM54S387 X 

DM54S287 X 

Bipolar PROMs 

Features 

• Advanced titanium-tungsten (Ti-Wl fuses 

• Schottky-clamped for high speed 
Address access-35ns typ 
Enable access-15ns typ 
Enable recovery-15ns typ 

• PNP inputs for reduced input loading 

• All DC and AC parameters guaranteed over 
temperature 

• Low voltage TRI-SAFE''' programming 

Open-
Collector TRI-STATE Package 

X N,J 

X N,J 

X J 

X J 

Block and Connection Diagram 

A7 
A6 
A5 
A4 
A3 

A2.....,...---f 
AI -----I 
AD --!----f 

ENABLE 
GATE Q4 

1024-BLT ARRAY 
32 x 34 

MEMORY MATRIX 

Q3 Q2 

Order Number; 

QI 

DM74S387 J, DM74S287 J, 
DM54S387 J, DM54S287 J 
See NS Package J16A 
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Order Number; 
DM74S387 N or DM74S287 N 
See NS Package N16A 



DC Electrical Characteristics (Note 3) 

DM54S387/287 DM74S387/287 
Sym Parameter Conditions Units 

Min Typ Max Min Typ Max 

IlL Input Load Current Vee = Max, VIN = 0.45V -SO -2SO -80 -250 JlA 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 JlA 

Vee = Max, VIN == 5.5V 1.0 1.0 mA 

VOL Low Level Output Voltage Vee = Min, 10L = 16mA 0.35 O.SO 0.35 0.45 V 

VIL Low Level Input Voltage O.SO 0.80 V 

VIH High Level Input Voltage 2.0 2.0 V 

loz Output Leakage Current Vee = Max, VeEx = 2.4V 50 50 JlA 

(Open-Collector Only) Vee = Max, VeEx = 5.5V 100 100 JlA 

Ve Input Clamp Voltage Vee = Min, liN = -1SmA -o.S -1.2 -O.S -1.2 V 

CI Input Capacitance Vee = 5.0, VIN = 2.0V 4.0 4.0 pF 
TA = 25C, 1MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 6.0 6.0 pF 

T A = 25C, 1 MHz, Outputs Off 

lee Power Supply Current Vee = Max, Inputs Grounded SO 130 SO 130 mA 
All Outputs Open 

TRI-STATE® Parameters 

los Short Circuit Vo = OV, Vee = Max -20 -70 -20 -70 mA 
Output Current (Note 4) 

loz Output Leakage Vee = Max, Vo = 0.45 to 2.4V +50 +50 JlA 

(TRI-STATE) Chip Disabl~d -50 -SO JlA 

VOH Output Voltage High 10H =-2.0mA 2.4 3.2 V 

IOH=6.5mA 2.4 3.2 V 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

DM54S387/287 DM74S3871287 
Sym Parameter JEDEC Symbol Units 

Min Typ Max Min Typ Max 

TAA Address Access Time TAVQV 35 60 35 50 ns 
TEA Enable Access Time TEVQV 15 30 15 25 ns 
TER Enable Recovery Time TEXQX 15 30 15 25 ns 
TZX Output Enable Time TEVQX 15 30 15 25 ns 
TXZ Output Disable Time TEXCR ~ 30 15 25 ns 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee = 5.0V and TA = 25G. 

Note 4: During los measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

, 
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~National 
~ Semiconductor 

Bipolar PROMs 

DM54/748570, DM54/748571; DM54/74S570A, 
DM54/748571A; DM54/748571 B 
(512 x 4) 2048·Bit TTL PROMs 
General Description 

These Schottky memories are organized in the popular 
512 words by 4 bits configuration. A memory enable input 
is provided to control the output states. When the device is 
enabled, the outputs represent the contents of the 
selected word. When disabled, the 4 outputs go to the 
"OFF" or high impedance state. The memories are avail
able in both open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 

Military Commercial 

DM74S570 X 

DM74S571 X 

DM54S570 X 

DM54S571 X 

Features 

• Advanced titanium-tungsten (Ti-W) fuses 

• Schottky-clamped for high speed 
Address access-30ns typ 
Enable access-15ns typ 
Enable recovery-15ns typ 

• PNP inputs for reduced input loading 

• All DC and AC parameters guaranteed over 
temperature 

• Low voltage TRI-SAFE'" programming 

Open-
Collector TAl-STATE Package 

X N,J 

X N,J 

X J 

X J 

Block and Connection Diagram 

AS 
A7 
A6 
AS 
A4 
A3 

DECODER 
A2 __ ~ 

Al--~ 

AD ------4 

04 

2IJ48.BIT ARRAY 
64 x 32 

MEMORY MATRIX 

03 02 

Order Number; 

01 

DM74S570 J. DM74S571 J. 
DM54S570 J. or DM54S571 J 
See NS Package Jl6A 
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Order Number; 
DM74S570 N or DM74S571 N 
See NS Package Nl6A 



DC Electrical Characteristics (Note 3) 

DM54S570/571 DM74S570/571 
Sym Parameter Conditions Units 

Min Typ Max Min Typ Max 

IlL Input Load Current Vee = Max, VIN = 0.45V -80 -250 -80 ·-250 JlA 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 JlA 

Vee = Max, VIN = 5.5V 1.0 1.0 mA 

VOL Low Level Output Voltage Vee = Min, 10L = 16mA 0.35 0.50 0.35 0.45 V 

VIL LOVY Level Input Voltage 0.80 0.80 V 

VIH High Level Input Voltage 2.0 2.0 V 

loz Output Leakage Current Vee = Max, VeEx = 2.4V 50 50 JlA 

(Open-Collector Only) Vee = Max, VeEx = 5.5V 100 100 JlA 

Ve .Input Clamp Voltage Vee = Min, liN = -18mA -0.8 -1.2 -0.8 -1.2 V 

CI Input Capacitance Vee = 5.0, VIN = 2.0V 4.0 4.0 pF 

TA = 25C, 1MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 6.0 6.0 pF 
T A = 25C, 1 MHz, Outputs Off 

lee Power Supply Current Vee = Max, Inputs Grounded 90 130 90 130 mA 
All Outputs Open 

TRI-STATE® Parameters 

los Short 'Circuit Vo = OV, Vee = Max -20 -70 -20 -70 mA 
Output Current (Note 4) 

loz dutput Leakage Vee = Max, Vo = 0.45 to 2.4V +50 +50 JlA 

(TRI-STATE) Chip Disabled -50 -50 JlA 

VOH Output Voltage High IOH=-2.0mA 2.4 3.2 V 

IOH=6.5mA 2.4 3.2, V 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

DM54S570/571 DM74S570/571 
Sym Parameter JEDEC Symbol Units 

Min Typ Max Min Typ Max 

TAA Address Access Time TAVOV 40 65 40 55 ns 
TEA Enable Access Time TEVOV 20 35 20 30 ns 
TER Enable Recovery Time TEXOX 20 35 20 30 ns 
TZX Output Enable Time TEVOX 20 35 20 30 ns 
TXZ Output Disable lime TEXOZ 20 35 20 30 ns 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

Sym Parameter JEDEC Symbol 
DM54S571A, B/570A DM74S571A, B/570A 

Units 
Min . Typ Max Min Typ Max 

TAA Address Access Time TAVQV I 571A/570A 30 60 30 45 ns 

I 5718 30 50 30 35 ns 

TEA Enable Access Time TEVQV 15 35 15 25 ns 

TER Enable Recovery Time TEXQX 15 35 15 25 ns 

TZX Output Enable Time TEVQX 15 35 15 25 ns 

TXZ Output Disable Time TEXQZ 15 35 15 25 ns 

Note 3: These limits apply over the entire operating range unless stated otherwise, All typical values are for Vee = 5.0V and TA = 25C. 

Note 4: During los measurement. only one output at a time should be grounded. Permanent damage may otherwise result. 
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~National 
~ Semiconductor 
DM54n4LS471 
(256 x 8) 2048-Bit TTL PROMs 

General Description 

These Schottky memories are organized in the popular 
256 words by 8 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 8 outputs go to the 
"OFP' or high impedance state. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 

Military Commercial 

DM74LS471 X 

DM54LS471 X 

Bipolar PROMs 

Features 

• Advanced titanium-tungsten (Ti-Wl fuses 

• Schottky-clamped for high speed 
Address access-40ns typ 
Enable access-15ns tyP. 
Enable recovery-15ns typ 

• PNP inputs for reduced input loading 

• All DC and AC parameters guaranteed over 
temperature 

• Low voltage TRI-SAFE'M programming 

oi>en-
Collector TRI-STATE Package 

X N,J 

X J 

Block and Connection Diagram 

A7 
A6 
A5 
AO 
Al 

OECODER 

A2 
A3 
A4 

ENABLE' 
BUFFER OB 07 06 

2!J48.BIT ARRAY 
32 x 64 

MEMORY MATRIX 

05 04 

Order Number; 
DM74LS471 J, 
DM54LS471 J, 
See NS Package J20B 

Q3 
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02 01 

Order Number; 
DM74LS471 N 
See NS Package N20A 

AO 

Al 

A2 

A3 

A4 

01 

02 

03 

20 v 
19 CC 

A7 
IB A6 

17 A5 
16 -

E2 
15 -

EI 
140B 

13 07 
12 
11 06 

05 



DC Electrical Characteristics (Note 3) 

DM54LS471 DM74LS471 
Sym Parameter Conditions 

Min Typ Max Min Typ Max 

I,L Input Load Current Vee = Max, Y,N = 0.45V -80 -250 -80 -250 

I'H Input Leakage Current Vee = Max, Y,N = 2.7V 25 25 

Vee = Max, Y,N = 5.5V 1.0 1.0 

VOL Low Level Output Voltage Vee = Min, 10L = 16mA 0.35 0.50 0.35 0.45 

V,L Low Level Input Voltage 0.80 0.80 

V,H High Level Input Voltage 2.0 2.0 

Ve Input Clamp Voltage Vee = Min, l,N = -18mA -D.8 -1.2 -0.8 -1.2 

C, Input Capacitance Vee = 5.0, Y,N = 2.0V 4.0 4.0 

TA = 25C, 1MHz 

Co Output Capacitance Vee = 5.0V, Va = 2.0V 6.0 6.0 
T A = 25C, 1 MHz, Outputs Off 

lee Power Supply Current Vee = Max, Inputs Grounded 75 100 75 100 
All Outputs Open 

TRI-STATE® Parameters 

los Short Circuit Va = OV, Vee = Max -20 -70 -20 -70 
Output Current I Note 4) 

loz Output Leakage Vee = Max, Va = 0.45 to 2.4V +50 +50 

(TRI-STATE) Chip Disabled -50 -50 

VOH Output Voltage High 10H = -2.0mA 2.4 3.2 

IOH=6.5mA 2.4 3.2 

AC Electrical Characteristics (With Standard Load and Operating Conditions I 

DM54LS471 DM74LS471 
Sym Parameter JEDEC Symbol 

Min Typ Max Min Typ Max 

TAA Address Access Time TAVQV 45 70 40 60 
TEA Enable Access Time TEVQV 15 35 15 30 
TER Enable Recovery Time TEXQX 15, 35 15 30 
TZX Output Enable Time TEVQX 15 35 15 30 
TXZ Output Disable Time TEXQZ 15 35 15 30 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee ~ 5.0V and T A .~ 25C. 

Note 4: During los measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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V 

V 

pF 

pF 

mA 

mA 

pA 

pA 

V 
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Units 

ns 
ns 
ns 
ns 
ns 



~National . 
D Semiconductor 

Bipolar PROMs 

DM54/74S473, DM54/74S472; DM54/74S473A, 
DM54/74S472A; DM54/74S472B 
(512 x 8) 4096·Bit TTL PROMs 

General Description 

These Schottky memories are organized in the popular 
512 words by 8 bits configuration. A memory enable input 
is provided to control the output states. When the device is 
enabled, the outputs represent the contents of the 
selected word. When disabled, the 8 outputs go to the 
"OFF" or high impedance state. The memories are avail
able in both open-collector and TRI-STATE® versions. 

PROMs are· shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 

Military Commercial 

DM74S473 X 
DM74S472 X 
DM54S473 X 

DM54S472 X 

Features 

• Advanced titanium-tungsten (Ti-W) fuses 

• Schottky-clamped for high speed 
Address access-25ns typ 
Enable access-15ns typ 
Enable recovery-15ns typ 

• PNP inputs for reduced input loading 

• All DC and AC parameters guaranteed over 
temperature 

• Low voltage TRI-SAFE"M programming 

Open-
Collector TRI-STATE Package 

X N,J 

X N,J 

X J 

X J 

Block and Connection Diagram 

AB 
A7 
A6 
A5 
AO 
Al 

A2 
A3 
A4 

[j 

QB Q7 

4096-BIT ARRAY 
64x64 

MEMORY MATRIX 

Q6 Q5 Q4 

Order Number; 
DM74S473 J, DM74S472 J, 
DM54S473 J, or DM54S472 J 
See NS Package J20B 

Q3 
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AO 

Al 

Q2 QI 

Order Number; 
DM74S473 N or DM74S472 N 
See NS Package N20A 



DC Electrical Characteristics (Note 3) 

DM54S473/472 DM74S473/472 
Sym Parameter Conditions Units 

Min Typ Max Min Typ Max 

IlL Input Load Current Vee = Max, VIN = 0.45V -80 -250 -SO -250 /-LA 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 /-LA 

Vee = Max, VIN = 5.5V 1.0 1.0 mA 

VOL Low Level Output Voltage Vee = Min, 10L = 16mA 0.35 0.50 0.35 0.45 V 

VIL Low Level Input Voltage 0.80 O.SO V 

VIH High Level Input Voltage 2.0 2.0 V 

loz Output Leakage Current Vee = Max, VeEX = 2.4V 50 50 /-LA 
(Open-Collector Only) Vee = Max, VeEX = 5.5V 100 100 /-LA 

Ve Input Clamp Voltage Vee = Min, liN = -18mA -0.8 -1.2 -0.8 -1.2 V 

CI Input Capacitance Vee = 5.0, VIN = 2.0V 4.0 4.0 pF 

TA = 25C, 1MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 6.0 6.0 pF 
T A = 25C, 1 MHz, Outputs Off 

lee Power Supply Current Vee = Max, Inputs Grounded 110 155 110 155 mA 
All Outputs Open 

TAI-STATE® Parameters 

los Short Circuit Vo =OV, Vee = Max, -20 -70 -20 -70 mA 
Output Current (Note 4) 

loz Output Leakage Vee = Max, Vo = 0.45 to 2.4V +50 +50 /-LA 
(TRI-STATE) Chip Disabled -50 -50 /-LA 

VOH Output Voltage High 'IOH = -2.0mA 2.4 3.2 V 

10H = 6.5mA 2.4 3.2 V 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

DM54S473/472 DM74S473/472 
Sym Parameter JEDEC' Symbol Units 

Min. Typ Max Min Typ Max 

TAA Address Access Time TAVQV 40 75 40 60 ns 
TEA Enable Access Time TEVQV 15 35 15 30 ns 
TER Enable Recove_1Y Time TEXQX 15 35 15 30 ns 
TZX Output Enable Time TEVQX 15 35 15 30 ns 
TXZ Output Disable Time TEXQZ 15 35 15 30 ns 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

Sym Parameter JEDEC Symbol 
DM54S473A/472A, B DM74S473A/472A, B 

Units 
Min Typ Max Min Typ Max 

TAA Address Access Time TAVQV 473A/472A 25 60 25 45 ns 

4728 25 50 25 35 ns 

TEA Enable Access Time TEVQV 473A/472A 15 35 15 30 ns 

4728 15 35 15 25 ns 

TER Enable Recovery Time TEXQX 473A/472A 15 35 15. 30 ns 

4728 15 35 15 25 ns 

TZX Output Enable Time TEVQX 473A/472A 15 35 15 30 ns 

4728 15 35 15 25 ns 

TXZ Output Disable Time TEXQZ 473A/472A 15 
i 

35 15' 30 ns 

4728 15 35 15 25 ns 
Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for vee = S,QV and T A = 2SG. 

Note 4: During lOS measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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~National 
~ Semiconductor 

Bipolar PROMs 

DM54/745475, DM54/7 4547 4; DM54/745475A, 
DM54/7 4547 4A; DM54/7 4547 4B 
(512 x 8) 4096·Bit TIL PROMs 

General Description 
These Schottky memories are organized in the popular 
512 words by 8 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 8 outputs go to the 
"OFP' or high impedance state. The memories are avail
able in both open~ollector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 

Military Commercial 

DM74S475 X 
DM74S474 X 
DM54S475 X 
DM54S474 X 

Features 
• Advanced titanium-tungsten (Ti-W) fuses 

• Schottky~lamped for high speed 
Address access-25ns typ 
Enable access-15ns typ 
Enable recovery-15ns typ 

• PNP inputs for reduced input loading 

• All DC and AC parameters guaranteed over 
temperature 

• Low voltage TRI-SAFE"" programming 

open-
Collector· TRI-STATE Package 

X N,J 

X N,J 

X J 

X J 

Block and Connection Diagram 

A8 
A7 
A6 
A5 
A4 
A3 

A2----t 
AI----t 
AO----t 

E1 
E2 
E3 
E4 

08 07 06 

Order Number: 

4006-81T ARRAY 
64x64 

MEMORY MATRIX 

05 04 

DM74S475 J, DM74S474 J, 
DM54S475 J, or DM54S474 J 
See NS Package J24A 

03 
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02 01 

Order Number: 
DM74S475 N or DM74S474 N 
See NS Package N24A 



DC, Electrical Characteristics (Note 3) 

DM54S475/474 DM74S475/474 
Sym Parameter Conditions Units 

Min Typ Max Min Typ Max 

IlL , Input Load Current Vee = Max, VIN = O.45V -80 -2SO -80 -2SO /-LA 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 /-LA 

Vee = Max, VIN = 5.5V 1.0 1.0 rnA 

VOL Low Level Output Voltage Vee = Min, 10L = 16mA 0.35 O.SO 0.35 0.45 V 

VIL Low Level Input Voltage 0.80 0.80 V 

VIH High Level Input Voltage 2.0 2.0 V 

loz Output Leakage Current Vee = Max, VeEX = 2.4V SO 50 /-LA 
(Open-Collector Only) Vee = Max, V eEX= 5.5V 100 100 /-LA 

Ve Input Clamp Voltage Vee = Min, liN = -18mA -D.8 -1.2 -D.8 -1.2 V 

CI Input Capacitance Vee = 5.0, VIN = 2.0V 4.0 4.0 pF 

TA = 25C, 1MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 6.0 6.0 pF 
T A = 25C, 1 MHz, Outputs Off 

Icc Power Supply Current Vee = Max, Inputs Grounded 115 170 115 170 rnA 
All Outputs Open 

TRI-STATE® Parameters 

los Short Circuit Vo = OV, Vee = Max -20 -70 -20 -70 rnA 
Output Current (Note 4) 

loz Output Leakage Vee = Max, Vo = 0.45 to 2.4V +so +50 /-LA 

(TRI-STATE) Chip Disabled -SO -SO /-LA 

VOH Output Voltage High IOH=-2.0mA 2.4 3.2 V 

IOH=6.5mA 2.4 3.2 V 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

DM54S475/474 DM74S475/474 
Sym Parameter JEDEC Symbol Units 

Min Typ Max Min Typ Max 

TAA Address Access Time TAVQV 40 '75 40 65 ns 
TEA Enable Access Time TEVQV 20 40 20 35 ns 
TER Enable Recovery Time TEXQX 20 40 20 35 ns 
TZX Output Enable Time TEVQX 20 40 20 35 ns 
TXZ Output Disable Time TEXQZ 20 40 20 35 ns 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

DM54S475A/474A, B DM74S475A/474A, B 
Units Sym Parameter JEDEC Symbol 

Min Typ Max Min Typ Max 

TAA Address Access Time TAVQV I 475A/474A 25 60 25 45 ns 

I 474B 25 50 25 35 ns 

TEA Enable Access Time TEVQV 15 35 15 25 ns 

TER Enable Recovery Time TEXQX 15 35 15 25 ns 

TZX Output Enable Time TEVQX 15 35 15 25 ns 

TXZ Output Disable Time TEXQZ 15 35 15 25 ns 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee = 5.0V and T A = 25C. 

Note 4: During los measurement. only one output at a time should be grounded. Permanent damage may otherwise result. 
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~National 
~ Semiconductor 

Bipolar PROMs 
PRELIMINARY 

DM77/87SR474, DM77/87SR474B (512 x 8) 4k·Bit 
Registered TTL PROM 

General Description 
The DM77/87SR474 is an electrically programmable 
Schottky TTL read-only memory with D-type, master
slave registers on-chip. This device is organized as 512 
words by 8-bits and is available in the TRI-STATE@ output 
version. Designed to optimize system performance, this 
device also substantially reduces the cost and size of 
pipelined microprogrammed systems and other designs 
wherein accessed PROM data is temporarily stored in a 
register. The DM77/87SR474 also offers maximal flexibil
ity for memory expansion and data bus control by provid
ing both synchronous and asynchronous output ena
bles. All outputs will go into the "OFF" state if the syn
chronous chip enable (GS) is high before the rising edge 
of the clock, or if the asynchronous chip enable (G) is 
held high. The outputs are enabled when GS is brought 
low before the rising edge of the clock and G is held low. 
The GS flip-flop is designed to power up to the "OFF" 
state with the application of Vee. 

Data is read from the PROM by first applying an address 
to inputs AO-A8. During the setup time the output of the 
array is loaded into the master flip-flop of the data regis
ter. During the rising edge (low to high transition) of the 
clock, the data is then transferred to the slave of the flip
flop and will appear on the output if the output is en
abled. Following the rising edge clock transition the ad
dresses and synchronous chip enable can be removed 
and the output data will remain stable. 

TRI·STATE'" Is a registered trademark of National Semiconductor Corp. 
TRI·SAFETM is a trademark of National Semiconductor Corp. 

Block and Connection Diagrams 

A8 

A7 

A6 64 WORO.6HIT 

A5 
PROGRAMMABLE FUSE ARRAY 

A4 

A3 

A2 

AI 

AD 

iNiT 

eLK 

CS 

The DM77/87SR474 also features an initialize function, 
INIT. The initialize function provides the user with an 
extra word of programmable memory which is accessed 
with single pin control by applying a low on INIT. The 
initialize function is synchronous and is loaded into the 
output register on the next rising edge of the clock. The 
unprogrammed state of the INIT is all lows, providing a 
CLEAR function when not programmed. 

PROMs are shipped from the factory with lows in ailloca
tions. A high may be programmed into any selected loca
tion by following the programming instructions. Once 
programmed, itis impossible to go back to a low. 

Features 
• On-chip, edge-triggered registers 

• Synchronous and asynchronous enables for word 
expansion 

• Programmable synchronous register INITIALIZE 

• 24-pin, 300 mil thin-dip package 

• 35ns address setup and 20ns clock to output for 
maximum system speed . 

• Highly reliable, titanium tungsten fuses 

• TRI-STATE outputs 
• Low voltage TRI-SAFETM programming 

• All parameters guaranteed over temperature 

• Pinout compatible with DM77SR181 (1 k x 8) 
Registered PROM for future expansion 

TUL5189 

A7 1. 24 VCC 

A6 23 A8 

AS 22 NC 

A4 21 G 

A3 20 IN IT (ClR) 

A2 6 DM77SR474 19 GS 
A1 18 CK 

AD 17 07 

00 16 06 

01 10 1S Os 

02 11 14 04 

GND 12 13 03 

TUL5189 

Order Number DM77SR474J, 
DM87SR474J, DM87SR474N, 

DM77SR474BJ, DM87SR474BJ 
or DM87SR474BN 

See NS Package J24F or N24C 
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DC Electrical Characteristics (Note 3) 

Symbol 
DM77SR474 DM87SR474 

Parameter Conditions 
Min. Typ. Max. Min. Typ. Max. 

Units 

IlL Input Load Current Vee = Max., VIN = 0.45V -80 -250 -80 -250 /J. A 

IIH Input Leakage Current 
Vee = Max., VIN = 2.7V 25 25 /J. A 

Vee = Max., VIN = 5.5V 1.0 1.0 mA 

VOL Low Level Output Voltage Vec = Min., 10L = 16mA 0.35 0.50 0.35 0.45 V 

VIL Low Level Input Voltage 0.80 0.80 V 
VIH High Level Input Voltage 2.0 2.0 V 

loz Output Leakage Current Vcc = Max., VCEX = 2.4 V 50 50 /J.A 

Vc Input Clamp Voltage Vcc = Min., liN = -18mA -0.8 -1;2 -0.8 -1.2 V 

CI Input Capacitance 
Vce = 5.0, VIN = 2.0V 

4.0 4.0 pF TA = 25°C, 1 MHz 

Co Output Capacitance 
Vcc = 5.0V, Vo = 2.0V 

6.0 6.0 pF TA = 25°C, 1 MHz, Outputs Off 

I Icc Power Supply Current 
Vcc = Max., Inputs Grounded 

135 185 135 185 mA All Outputs Open 

TRI·STATE Parameters 

los 
Short Circuit Vo = OV, Vcc = Max. 

-20 -70 -20 -70 mA Output Current (Note 4) 

loz Output Leakage Vcc = Max., Vo = 0.45 to 2.4 V -50 +50 -50 +50 /J.A 
(TRI·STATE) Chip Disabled 

VOH Output Voltage High 
IOH =-2.0mA 2.4 3.2 V 

IOH =-6.5mA 2.4 3.2 V 
Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc = 5.0V and TA = 25'e. 
Note 4: During los measurement, only one output at.a time should be grounded. Permanent damage may otherwise result. 

Switching Characteristics 
DM77SR474 DM87SR474 

Symbol Parameter 
Min. Typ. Max. Min. Typ. Max. 

Units 

I SR474 55 20 50 20 
tS(A) Address to ClK (High) Setup Time I SR4748 

ns 
40 20 35 20 

tH(A) Address to ClK (High) Hold Time 0 -5 0 -5 ns 

tS(l"NTf) INIT to ClK (High) Setup Time 30 20 25 20 ns 

tH(iNTf) INIT to ClK (High) Hold Time 0 -5 0 -5 ns 

tpHL(CLK) I SR474 15 30 15 27 
Delay from elK (High) to Output (High or low) I SR4748 ns 

tpLH(CLK) 15 25 15 20 

tWH(CLK) 
ClK Width (High or low) 25 13 20 13 ns 

tWL(CLK) 

tS(GS) GS to ClK (High) Setup Time 10 a 10 0 ns 

tH(GS) GS to elK (High) Hold Time 5 0 5 0 ns 

tpZL(CLK) Delay from ClK (High) to Output Active (High or low) 20 35 20 30 ns 
tpZH(CLK) . 

tpZL(G) Delay from G (low) to Output Active (High or Low) 15 30 15 25 ns 
tpZH(G) 

tpLZ(CLK) Delay from elK (High) to Output Inactive (TRI·STATE) 20 35 20 30 ns 
tpHZ(CLK) 

tpLZ(G) Delay from G (low) to Output Inactive (TRI·STATE) 15 30 15 25 ns 
tpHZ(G) 
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~National 
~ Semiconductor 

Bipolar PROMs 
PRELIMINARY 

DM77/87SR476, DM77/87SR25, DM77/87SR476B, 
DM77/87SR25B (512 x 8) 4k·Bit Registered TTL PROM 

General Description 
The DM77/87SR476 is an electrically programmable 
Schottky TTL read-only memory with D-type, master
slave registers on-chip. This device is organized as 512 
words by 8-bits and is available in the TRI-STATE® output 
version. Designed to optimize system performance, this 
device also substantially reduces the cost and size of 
pipelined microprogrammed systems and other designs 
wherein accessed PROM data is temporarily stored in a 
register. The DM77/87SR476 also offers maximal flexibil
ity for memory expansion and data bus control by provid
ing both synchronous and asynchronous output ena
bles. All outputs will go into the "OFF" state if the syn
chronous chip enable (GS) is high before the rising edge 
of the clock, or if the asynchronous chip enable (G) is 
held high. The outputs are enabled when GS is brought 
low before the rising edge of the clock and G is held low. 
The GS flip-flop is designed to power up to the "OFF" 
state with the application of Vee. ' 

Data is read from the PROM by first applying an address 
to inputs AO-A8. During the setup time the output of the 
array is loaded into the master flip-flop of the data regis
ter. During the rising edge (low to high transition) of the 
clock, the data is then transferred to the slave of the flip
flop and will appear on the output if the output is en
abled. Following the rising edge clock transition the ad
dresses and synchronous chip enable can be removed 
and the output data will remain stable. 

The DM77SR476 also features an initialize function, IN IT. 

TRI·STATE~ is a registered trademark of National Semiconductor Corp. 
TRI·SAFETM is a trademark of National Semiconductor Corp. 

Block and Connection Diagrams 

64WORO x 64BI1 
PROGRAMMABLE FUSE ARRAY 

The initialize function provides the user with an extra 
word of programmable memory which is accessed with 
single pin control by applying a low on INIT. The initialize 
function is asynchronous and is loaded into the output 
register when iNIT is brought low. The unprogrammed 
state of the INIT is all lows, which makes it compatible 
with the CLEAR function on the AM27S25. PS loads ones 
into the output registers when brought low. 

PROMs are shipped from the factory with lows in aliloca
tions. A high may be programmed into any selected loca
tion by following the programming instructions. Once 
programmed, it is impossible to go back to a low. 

Features 
• Functionally compatible with AM27S25 

• On-chip, edge-triggered registers 

• Synchronous and asynchronous enables for word 
expansion 

• Programmable asynchronous INITIALIZE (SR476 only) 

• 24-pin, 300 mil thin-dip package 

• 35ns address setup and 20ns clock to output for 
maximum system speed 

• Highly reliable, titanium tungsten fuses 

• TRI-STATE outputs 

• Low voltage TRI-SAFETM programming 

• All parameters guaranteed over temperature 

• Preset input 

A7 1. 24 VCC 

A6 23 A8 

A5 22 PS 

A4 21 if 

A3 20 INIT (CLR)* 

A2 
OM77SR476 19 Gs DM77SR25 

A1 18 CK 

AO 17 07 

00 16 06 

01 10 15 05 

02 11 14 04 

GNO 12 13 03 

* CLR only on DM77187SR25 TUL5190 

Order Number DM77SR476J, 
DM77SR25J, DM77/87SR476N, 

DM77/87SR25N, DM77SR476BJ, 
DM77SR25BJ, DM77/87SR476BN 

or DM77/87SR25BN 
See NS Package J24F or N24C 
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DC Electrical Characteristics (Note 3) 

DM77SR476, 476B DM87SR476, 476B 
Symbol Parameter Conditions DM77SR25,25B DM87SR25, 25B Units 

Min. Typ. Max. Min. Typ. Max. 

IlL Input load Current Vcc = Max., VIN = 0.45V -80 -250 -80 -250 IJA 

Vcc = Max., VIN = 2.7V 25 25 IJA 
IIH Input leakage Current 

Vcc = Max., VIN = 5.5V 1.0 1.0 mA 

VOL low level Output Voltage Vcc = Min., 10L = 16mA 0.35 0.50 0.35 0.45 ·V 

VIL low level Input Voltage 0.80 0.80 V 

VIH High level Input Voltage 2.0 2.0 V 

loz Output leakage Current Vcc = Max., VCEx = 2.4 V 50 50 IJA 

Vc Input Clamp Voltage Vcc = Min., liN =-18mA -0.8 -1.2 -0.8 -1.2 V 

CI Input Capacitance 
Vcc = 5.0, VIN = 2.OV 

4.0 4.0 pF TA = 25°C, 1 MHz 

Co Output Capacitance 
Vcc = 5.0V, Va = 2.OV 

6.0 6.0 pF TA = 25°C, 1 MHz, Outputs Off 

Icc Power Supply Current 
Vcc = Max., Inputs Grounded 

135 185 135 185 mA All Outputs Open 

TRI·STATE Parameters 

los 
Short Circuit Va = OV, Vcc = Max. 

-20 -70 -20 -70 mA Output Current (Note 4) 

loz Output leakage Vcc = Max., Va = 0.45 to 2.4 V -50 +50 -50 +50 IJA 
(TRI·STATE) Chip Disabled 

10H =-2.OmA 2.4 3.2 V 
VOH Output Voltage High 

10H =-6.5mA 2.4 3.2 V 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee = 5.0V and TA = 25°C. 
Note 4: During los measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Switching Characteristics 
DM77SR476, 476B DM87SR476, 476B 

Symbol Parameter DM77SR25,25B DM87SR25, 25B Units 

Min. Typ. Max. Min. Typ. Max. 

tS(A) Address to ClK (High) Setup Time 
I SR476, SR25 55 20 50 20 

I SR4768, SR258 20 ' 
ns 

40 20 35 

tH(A) Address to ClK (High) Hold Time 0 -5 0 -5 ns 

tpHL(CLK) Delay from ClK (High) to Output I SR476; SR25 15 30 15 27 
tpLH(CLK) (High or low) I SR4768, SR258 

ns 
15 25 15 20 

tWH(CLK) ClK Width (High or low) 25 13 25 13 ns 
tWL(CLK) 

tS(GS) GS to ClK (High) Setup Time 10 0 10 0 ns 

tH(GS) GS to ClK (High) Hold Time 5 0 5 0 ns 

tpLH(pS) Delay from PS (low) to Output (High) 20 30 20 25 ns 

tpLH(INIT) Delay from INIT (low) to Output (low or High) 20 30 20 25 ns 
tpHL(i'NIl') 

tWL(PS) PS Pulse Width (low) 15 10 15 10 ns 

tWL(iNTf) INIT Pulse Width (low) 15 10 15 10 

tS(PS) PS Recovery (High) to ClK (High) 25 10 20 10 ns fD 
tS(i"NTf) INIT Recovery (High) to ClK (High) 25 10 20 10 ns 

tpZL(CLK) Delay from ClK (High) to Active Output (High or low) 20 35 20 30 ns 
tpZH(CLK) 

tpZL(G) Delay from G(low) to Active Output (low or High) 15 30 15 25 ns 
tpZH(G) 

tpLZ(CLK) Delay from ClK (High) to Inactive Output (TRI·STATE) 20 35 20 30 ns 
tpHZ(CLK) 

tpLZ(G) Delay from G (High) to Inactive Output (TRI·STATE) 15 30 15 25 ns 
tpHZ(G) 
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~National . 
~ Semiconductor 

Bipolar PROMs 

DM54/745572, DM54/745573; DM54/745572A, 
DM54/745573A; DM54/745573B 
(1024 x 4) 4096·Bit TTL PROMs 

General Description 
These Schottky memories are organized in the popular 
1024 words by 4 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 4 outputs go to the 
"OFF" or high impedance state. The memories are avail
able in both open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 

Military Commercial 

DM74SS72 X 

DM74S573 X 

DM54S572 X 

DM54S573 X 

Features 
• Advanced titanium-tungsten (Ti-W) fuses 

• Schottky-clamped for high speed 
Address access-25ns typ 
Enable access-15ns typ 
Enable recovery-15ns typ 

• PNP inputs for reduced input loading 

• All DC and AC parameters guaranteed over 
temperature 

• Low voltage TRI-SAFE'M programming 

Open-
Collector TRI-STATE Package 

X N,J 

X N,J 

X J 

X J 

Block and Connection Diagram 

A9 
AB 
A7 
A6 
A5 
A4 

400&81T ARRAY 
64x64 

MEMORY MATRIX 

A3------~~_r--~--~~_, 

A2-----1 
AI-----I 
AO------~~-u~~~~~~ 

Ei 
f2 

Q4 Q3 Q2 QI 

Order Number; 
DM74S572 J. DM74S573 J. 
DM54S572 J, or DM54S573 J 
See NS Package-J18A 
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DC Electrical Characteristics (Note 3) 

DM54S572J573 DM745572J573 
Sym Parameter Conditions Units 

Min Typ Max Min Typ Max 

III Input Load Current Vee = Max, VIN = 0.45V -80 -250 -80 -250 J-LA 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 J-LA 

Vee = Max, VIN = 5.5V 1.0 1.0 mA 

VOL Low Level Output Voltage Vee = Min, 10l = 16mA 0.35 0.50 0.35 0.45 V 

Vil Low Level Input Voltage 0.80 0.80 V 

VIH High Level Input Voltage 2.0 2.0 V 

loz Output Leakage Current Vee = Max, VeEX = 2.4V 50 50 J-LA 

(Open-Co"ector Only) Vee = Max, VeEX = 5.5V 100 100 J-LA 

Ve Input Clamp Voltage Vee = Min, liN = -18mA -0.8 -1.2 -0.8 -1.2 V 

CI Input Capacitance Vee = 5.0, VIN = 2.0V 4.0 4.0 pF 

TA = 25C, 1MHz 

Co Output Capacitance Vee = 5.OV, Vo = 2.0V 6.0 6.0 pF 
T A = 25C, 1 MHz, Outputs Off 

Icc Power Supply Current Vee = Max, Inputs Grounded 100 140 100 140 mA 
A" Outputs Open 

TRI-STATE® Parameters 

los Short Circuit Vo = OV, Vee = Max -20 -70 -20 -70 mA 
Output Current (Note 4) 

loz Output Leakage Vee = Max, Vo = 0.45 to 2.4V +50 +50 J-LA 

(TRI-STATE) Chip Disabled -50 -50 J-LA 

VOH Output Voltage High IOH=-2.0mA 2.4 3.2 V 

IOH=6.5mA 2.4 3.2 V 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

DM545572J573 DM74S572J573 
Sym Parameter JEDEC Symbol Units 

Min Typ Max Min Typ Max 

TAA Address Access Time TAVQV 40 75 40 60 ns 
TEA Enable Access Time TEVQV 20 45 20 35 ns 
TER Enable Recovery Time TEXQX 20 45 20 35 ns 
TZX Output Enable Time TEVQX 20 45 20 35 ns 
TXZ Output Disable Time TEXQZ 20 45 20 35 ns 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

Sym JEDEC Symbol 
DM54S572A/573A, B DM74S572A/573A, B 

Parameter Units 
Min Typ Max Min Typ Max 

TAA Address Access Time TAVQV I 572A/573A 25 60 25 45 ns 

I 5738 25 50 25 35 ns 

TEA Enable Access Time TEVQV 15 35 15 25 ns 

TER Enable Recovery Time TEXQX 15 35 15 25 ns 

TZX Output Enable Time TEVQX 15 35 15 25 ns 

TXZ Output Disable Time TEXQZ 15 35 15 25 ns 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee ~ 5.0V and TA ~ 25C. 

Note 4: During los measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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JI?'A National 
D Semicond-uctor 

Bipolar PROMs 

DM77/87S180/DM77/87S181; DM77/87S181A; 
DM77/87S280/DM77/87S281; DM77/87S281A 
(1024 x 8) 8192·Bit TTL PROMs 

General Description 

These Schottky memories are organized in the popular 
1024 words by 8 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 8 outputs go to the 
"OfP' or high impedance state. The memories are avail
able in both open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 

Features 

• Advanced titanium-tungsten (Ti-W) fuses 

• Schottky-clamped for high speed 
Address access-35ns typ 
Enable access-15ns typ 
Enable recovery-15ns typ 

•. PNP inputs for reduced input loading 

• All DC and AC parameters guaranteed over 
temperature 

• Low voltage TRI-SAfE''' programming 

Open- 24-Pin 24-Pin 

DM87S180 
DM87S181 
DM77S180 
DM77S181 
DM87S280 
DM87S281 
DM77S280 
DM77S281 

A5 
A4 
A3 
A2 
Al 
AO 

Military 

X 
X 

X 
X 

Commercial Collector TRI-STATE Package 

X X N,J 
X X N,J 

X J 
X J 

X X N,J 
X X N,J 

X J 
X J 

Block and Connection Diagram 

8192-BIT ARRAY 
64 x 128 

MEMORY MATRIX 

Standard Narrow-Dip 

X 
X 
X 
X 

X 
X 
X 
X 

A6------~~_r~~~~;_~_r~~~~~-r-r~ 

A7----4 
A8----4 
A9------~~~~~~~~~-w~~~w-~~-u~ 

Ef 
E2 
E3 
E4 

08 07 

Order Number; 
DM87S180 J. DM87S181 J. 
DM77S180 J. DM77S181 J 
See NS Package J24A 

06 05 04 

Order Number: 
DM87S280 J. DM87S281 J. 
DM77S280 J. DM77S281 J 
See NS Package J24C 

03 02 01 

Order Number; Order Number: \ 
DM87S180 N or DM87S181 N DM87S280 N. or DM87S281 N 
See NS Package N24A See NS Package N24C 
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CC 
DC Electrical Characteristics (Note 3) S:S: 

,~~ 
DMnS180/181 DM87S180/181 ~~ 

Sym Parameter Conditions DMnS280'281 DM87S280/281 Units -- --0) 0) 
Min Typ Max Min Typ Max ....... ~ 

IlL Input Load Current Vee = Max, VIN = O.45V -80 -250 -80 -250 p,A en en 
IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 p,A 

~ ..... 
0) 0) 

Vee = Max, VIN = 5.5V 1.0 1.0 mA ......... 0 
VOL Low Level Output Voltage Vee = Min, IOL = 16mA 0.35 0.50 0.35 0.45 V Cc 
VIL Low Level Input Voltage 0.80 0.80 V Ss 
VIH' High Level Input Voltage 2.0 2.0 V ~~ 
loz Output Leakage Current Vee = Max, VeEX = 2.4V 50 50 p,A ~ ....... 

0)--
(Open-Collector Only) Vee = Max, VeEX = 5.5V 100 100 p,A ~O) 

Ve Input Clamp Voltage Vee = Min, liN = -18mA -0.8 -1.2 -0.8 -1.2 V en~ 
~en 

CI Input Capacitance Vee = 5.0, VIN = 2.0V, 4.0 4.0 pF 0) ..... 

TA = 25C, 1MHz 
..... 0) 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 6.0 6.0 pF 
» ......... 

T A = 25C, 1 MHz, Outputs Off C 
lee Power Supply Current Vee = Max, Inputs Grounded 115 170 115 170 mA S 

All Outputs Open ~ 
~ --

TRI-STATE® Parameters 
0) 
....... 

los Short Circuit Vo = OV, Vee = Max -20 -70 -20 -70 mA 
en ..... 

Output Current' (Note 4) 0) 

loz Output Leakage Vee = Max, Vo = 0.45 to 2.4V +50 +50 p,A 
..... 

(TRI-STATE) Chip Disabled -50 -50 p,A :? 
VOH Output Voltage High IOH=-2.0mA 2.4 3.2 V C 

IOH=6.5mA 2.4 3.2 V S 
~ 
....... --AC Electrical Characteristics (With Standard Load and Operating Conditions) 0) 
~ 

DMnS180/181 DM87S180/181 en 
Sym Parameter JEDEC Symbol DMnS280/281 DM87S280/281 Units ~ 

0) 
Min Typ Max Min Typ Max .... 0 

TAA Address Access Time TAVQV 40 75 40 55 ns 
TEA Enable Access Time TEVQV 15 35 15 30 ns 
TER Enable Recovery Time TEXQX 15 35 15 30 ns 
TZX Output Enable Time TEVQX 15 35 15 30 ns 
TXZ Output Disable Time TEXQZ 15 35 15 30 ns 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

DMnS181A DM87S181A 
Sym Parameter JEDEC Symbol Units fD Min Typ Max Min Typ Max 

TAA Address Access Time TAVQV 35 65 35 45 ns 
TEA Enable Access Time TEVQV 15 35 15 30 ns 
TER Enable Recovery Time TEXQX 15 35 15 30 ns 
TZX Output Enable Time TEVQX 15 35 15 30 ns 
TXZ Output Disable Time TEXQZ 15 35 15 30 ns 

Note 3: These limits apply over the entire operating range unless stated otherwise, All typical values are for Vee = 5,QV and TA = 25C. 

Note 4: During los measurement. only one output at a time should be grounded. Permanent damage' may otherwise result. 
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~ 

~ ~National 
~ ~ Semiconductor r-... 
~ DM77/87LS181 
~ (1024 X 8) 8192-Bit TTL PROMs 
c 

General Description 

These Schottky memories are organized in the popular 
1024 words by 8 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 8 outputs go to the 
"OFF' or high impedance state. The memories are avail
able in TRI-STATE@ versions. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 

Military Commercial 

DM87LS181 X 

DMnLS181 X 

Bipolar PROMs 

Features 

• Advanced titanium-tungsten (Ti-W) fuses 

• Schottky-clamped for high speed 
Address access-100ns typ 
Enable access-35ns typ 
Enable recovery-35ns typ 

• PNP inputs for reduced input loading 

• All DC and AC parameters guaranteed over 
temperature 

~ Low voltage TRI-SAFE"' programming 

open-
Collector TRI-STATE Package 

X N,J 

X J 

Block and Connection Diagram 

A5 
A4 
A3 
A2 
A1 
AO 

DECODER 

B192-BIT ARRAY 
64 x 128 

MEMORY MATRIX 

A6------~~_r~~~~~~_r~~--~~~~_, 

A7---~ 
A8--~ 

A9------~~_C~~~~~~-W~r;~W_~~~~ 

ET 
E2 
E3 
E4 

08 07 06 05 04 

Order Number; 
DM87LS181-J, 
or DMnLS181-J 
See NS Package J24A 

03 
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02 01 

Order Number; 
DM87LS181-N 
See NS Package N24A 



DC Electrical Characteristics (Note 3) 

DMnLS181 DM87LS181 
Sym Parameter Conditions Units 

Min Typ Max Min Typ Max 

IlL Input Load Current Vee = Max, VIN = O.45V -150 -100 IlA 

IIH Input Leakage Current Vee = Max, VIN = 5.5V 40 50 IlA 

VOL Low Level Output Voltage Vee = Min, 10L = 8mA 0.50 0.45 V 

VIL Low Level Input Voltage 0.80 0.80 V 

VIH High Level Input Voltage 2.0 2.0 V 

Ve Input Clamp Voltage Vee = Min, liN = -18mA -1.2 -1.2 V 

CI Input Capacitance Vee = 5.0, VIN == 2.0V 4.0 4.0 pF 

TA = 25C, 1MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2,OV 6.0 6.0 pF 
T A = 25C, 1 MHz, Outputs Off 

lee Power Supply Current Vee = Max, Inputs Grounded 100 100 mA 
All Outputs Open 

TRI-STATE® Parameters 

los Short Circuit VQ = OV, Vee = Max -10 -70 -10 -85 mA 
Output Current (Note 4) 

loz Output Leakage Vee = Max, Vo = 0.5 to 5.5V +50 +40 IlA 

(TRI-STATE) Chip Disabled -50 -40 IlA 

VOH Output Voltage High IOH=-1.0mA 2.4 3.2 V 

10H= 1.6mA 2.4 3.2 V 

AC Electrical Characteristics (With Specified Load· and Operating Conditions) 

DMnLS181 DM87LS181 
Sym Parameter JEDEC Symbol Units 

Min Typ Max Min Typ Max 

TAA Address Access Time TAVQV 120 100 ns 
TEA Enable Access Time TEVQV 70 50 ns 
TER Enable Recovery Time TEXQX 70 50 ns 
TZX . Output Enable Time TEVQX 70 50 ns 
TXZ Output Disable Time TEXQZ 70 50 ns 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee = 5.0V and T A = 25C. 
Note 4: During los measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

*~ 600n 

OUT 

1200n,:," J CL = 30pF 

/ 
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~ ~National 
~ ~ Semiconductor 
I'
co 

Bipolar PROMs 

~ DM77/87SR181 
~ (1024 x 8) 8k·Bit Registered TTL PROM 
c 

General Description 
The DM77/87SR181 is an electrically programmable 
Schottky TTL read-only memory with D-type, master-

. slave registers on chip. This devices is organized as 
1024-words by 8-bits and is available in t'he tri-state out
put version. Designed to optimize system performance, 
this device also substantially reduces the cost and size 
of pipelined microprogrammed systems and other 
designs whereln accessed PROM data is temporarily 
stored in a register. The DM77/87SR181 also offers maxi
mal flexibility for memory expansion and data bus con
trol by providing both synchronous and asynchronous 
output enables. All outputs will go into the "OFF" state if 
the synchronous chip enable (GS) is high before the 
rising edge of the clock, or if the asynchronous chip 
enable (G) is held high. The outputs are enabled when GS 
is brought low before the rising edge of the clock and Gis 
held low. The GS flip-flop is designed to power up to the 
"OFF" state with the application of Vee. 

Data is read from the PROM by first applying an address 
to inputs AO-A9. During the setup time the output of the 
array is loaded into the master flip-flop of the data regis
ter. During the rising edge (low to high transition) of the 
clock, the data is then transferred to the slave of the flip
flop and will appear on the output if the output is en
abled. Following the rising edge clock transition th"e ad
dresses and synchronous chip enable can be removed 
and the output data will remain stable. 
TRI"STATE~ is a registered trademark of National Semiconductor Corp, 
TRI-SAFETM Is a trademark of National Semiconductor Corp, 

Block Diagram 

AD 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

aD 01 

The DM77SR181 also features an initialize function INIT. 
The initialize function provides the user with an extra 
word 9f programmable memory which is accessed with 
single pin control by applying a lowon INIT. The initialize 
function is synchronous and is loaded into the output 
register on the next rising edge of the clock. The 
unprogrammed state of the INIT is all lows. 

PROMs are shipped from the factory with lows in aliloca
tions. A high may be programmed into any selected loca
tion by following the programming instructions. Once 
programmed, it is impossible to go back to a low. 

Features 
• On-chip, edge-triggered registers 

• Synchronous and asynchronous enables for word 
expansion 

• Programmable register INITIALIZE 

• 24-pin, 300 mil package 

• 40ns address setup and 20ns clock to output for 
maximum system speed 

• Highly reliable, titanium tungsten fuses 

• TRI-STATE® outputs 

• Low voltage TRI-SAFETM programming 

• All parameters guaranteed over temperature 

02 

64 WORD x 12S-BIT 
PROGRAMMABLE FUSE ARRAY 

S-BIT EDGE-TRIGGERED REGISTER 

03 04 05 06 07 TU5204 
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DC Electrical Characteristics (Note 3) 

Symbol Parameter Conditions 
DM77SR181 

Min. Typ. Max. 

DM87SR181 

Min. Typ. Max. 
Units 

IlL Input load Current Vcc = Max., VIN = 0.45V -BO -250 -80 -250 ~A 

Vcc = Max., VIN = 2.7V 25 25 ~A 
IIH Input leakage Current 

Vcc = Max., VIN = 5.5V 1.0 1.0 mA 

VOL Low Level Output Voltage Vcc = Min., 10L = 16mA 0.35 0.50 0.35 0.45 V 

VIL low level Input Voltage O.BO O.BO V 

VIH High Level Input Voltage 2.0 2.0 V 

loz Output leakage Current Vcc = Max., VCEX = 2.4 V 50 50 ~A 

Vc Input Clamp Voltage Vcc = Min., liN = -1BmA -O.B -1.2 -O.B -1.2 V 

CI Input Capacitance 
Vcc = 5.0, VIN = 2.0V 4.(} 4.0 pF TA = 25°C, 1 MHz 

Co Output Capacitance 
Vcc = 5.0V, Vo = 2.0V 

6.0 6.0 pF TA = 25°C, 1 MHz, Outputs Off 

Icc Power Supply Current 
Vcc = Max., Inputs Grounded 

115 175 115 175 mA All Outputs Open 

TRI·STATE Parameters 

los 
Short Circuit Vo = OV, Vcc = Max. 

-20 -70 -20 -70 mA Output Current (Note 4) 

loz Output leakage Vcc = Max., Vo = 0.45 to 2.4 V -50 +50 -50 +50 ~A 
(TRI·STATE) Chip Disabled 

VOH Output Voltage High 
10H =-2.0mA 2.4 3.2 V 

10H =-6.5mA 2.4 3.2 V 
Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee = 5.0V and TA = 25°C. 
Note 4: During los measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Switching Characteristics _. 

DM77SR181 DM87SR181 
Symbol Parameter Conditions Units 

Min. Typ. Max. Min. Typ. Max. 

tS(A) Address to ClK (High) Setup Time 50 20 40 20 ns 

tH(A) Address to ClK (High) Hold Time 0 -5 0 -5 ns 

ts(lNIT) INIT to ClK (High) Setup Time 
CL = 30pF 

35 20 30 20 ns 

tH(lNIT) INIT to ClK (High) Hold Time 0 -5 0 -5 ns 

tpHL(CLK) 
Delay from ClK (High) to Output 

15 30 15 20 ns 
(High or low) 

tWH(CLK) ClK Width (High or low) 25 13 20 13 ns 
tWL(CLK) 

tS(GS) GS to ClK (High) Setup Time 15 0 15 0 ns 

tH(GS) - GS to ClK (High) Hold Time 5 0 5 0 ns 

tpZL(CLK) Delay from ClK (High) to Active 20 30 20 25 ns 

tpZH(CLK) 
Output (High or low) 

20 30 20 25 ns 
CL =30pF 

tpZL(G) Delay from G (Low) to Active 15 30 15 25 ns 

tpZH(G) 
Output (High or low) 

15 30 15 25 ns 

tpLZ(CLK) Delay from ClK (High) to Inactive 20 30 20 25 ns 

tpHZ(CLK) 
Output (TRI-STATE) 

20 30 20 25 ns 
CL = 5pF (Note 1) 

tpLZ(G) Delay from G (High) to Inactive 15 30 15 25 ns 

tpHZ(G) 
Output (TRI-STATE) 

15 30 15 25 ns 

Note: All typical values are for Vee = 5V, TA = 25°C. 
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~National 
D Semiconductor 

Bipolar PROMs 

DM77/87S184, DM77/87S185, DM77/87S185A, 
DM77/87S185B (2048X4) 8192-Bit TTL PROMs 

General Description 
These Schottky memories are organized in the popular 
2048 words by 4 bits configuration. A memory enable input 
is provided to control the output states. When the device is 
enabled, the outputs represent the contents of the selected 
word. When disabled, the 4 outputs go to the "OFF" or high 
impedance state. The memories are available in both open
collector and TRI-STATE~ versions. 

PROMs are shipped from the factory with lows in all loca
tions. A high may be programmed into any selected location 
by following the programming instructions. 

Military Commercial 

DM87S184 X 

DM87S185 X 

DM77S184 X 

DM77S185 X 

TRI-STATE. is a registered trademark 01 National Semiconductor Corp. 

TRI-SAFETM and ST ARPLEXTM are trademarks 01 National SemiconduC!0r Corp. 

Block and Connection Diagram 

A9 
A8 
A7 
A6 
A5 
A4 

A1D------I 
A3------I 
A2------I 
Al------I 
AD------I 

04 

8192-81T ARRAY 
64x128 

MEMORY MATRIX 

03 02 

Features 
• Advanced titanium-tungsten (Ti-W) fuses 

• Schottky-clamped for high speed 
Address access-35 ns max (8 Version) 
Enable access-15 ns typ 
Enable recovery-15 ns typ 

• PNP inputs for reduced input loading 
• All DC and AC parameters guaranteed over 

temperature 

• Low voltage TRI-SAFETM programming 

Open-
Collector 

X 

X 

01 
TLlL/5279-1 

TRI-STATE 

X 

X 

A6 

A5 

A4 

A3 

AD 

Al 

A2 

Alo 

GND 

Package 

N,J 

N,J 

J 

J 

18 Vee 

17 A7 

16 A8 

15 A9 

14 01 

13 02 

12 03 

11 04 

lD E1 

TDPVIEW 
TL/L/5279-2 
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DC Electrical Characteristics (Note 3) 

Symbol Parameter Conditions 
DM77S184/185 DM87S184/185 

Units 
Min Typ Max Min Typ Max 

IlL Input Load Current Vee = Max, VIN = 0.45V -80 -250 -80 -250 ,."A 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 ,."A 

Vee = Max, VIN = 5.5V 1.0 1.0 mA 

VOL Low Level Output Voltage Vee = Min, 10L = 16 mA 0.35 0.50 0.35 0.45 V 

VIL Low Level Input Voltage 
\ 

0.80 O.BO V 

VIH High Level Input Voltage 2.0 2.0 V 

loz Output Leakage Current Vee = Max, VeEX = 2.4V 50 50 ,."A 

(Open-Collector Only) Vee = Max, VeEx = 5.5V 100 100 ,."A 

Ve Input Clamp Voltage Vee = Min,IIN = -18 mA -0.8 -1.2 -0.8 -1.2 V 

CI Input Capacitance Vee = 5.0, VIN = 2.0V 4.0 4.0 pF 
TA = 25C, 1 MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 6.0 6.0 pF 
T A = 25C, 1 MHz, Outputs Off 

lee Power Supply Current Vee = Max, Input Grounded 100 140 100 140 mA 
All Outputs Open 

TRI-STATE Parameters 

los Short Circuit Vo = OV, Vee = Max -20 -70 -20 -70 mA 
Output Current: (Note 4) 

loz Output Leakage Vee = Max, Vo = 0.45 to 2.4V -50 +50 -50 +50 ,."A 
(TRI-ST ATE) Chip Disabled . 

VOH Output Voltage High 10H = -2.0mA 2.4 3.2 V 

10H = -6.5mA 2.4 3.2 V 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

Symbol JEDEC Symbol Parameters 
DM77S184/185 DM87S184/185 

Units 
Min Typ Max Min Typ Max 

TM TAVQV Address Access Time 40 70 40 55 ns 

TEA TEVQV Enable Access Time 15 30 15 25 ns 

TER TEXQX Enable Recovery Time 15 30 15 25 ns 

TZX TEVQX Output Enable Time 15 30 15 25 ns 

TXZ TEXQZ Output Disable Time 15 30 15 25 ns 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

Symbol JEDEC Symbol Parameters 
DM77S185A/B DM87S18SAlB 

Units 
Min Typ Max Min Typ Max 

TM TAVQV I 185A Address Access Time 30 60 30 45 ns 

I 1858 25 50 25 35 ns 

TEA TEVQV Enable Access Time 15 30 15 25 ns 

TER TEXQX Enable Recovery Time 15 30 15 25 ns 

TZX TEVQX Output Enable Time 15 30 15 25 ns 

TXZ TEXQZ Output Disable Time 15 30 15 25 ns 

Note 3: These limits apply over the entire operating range unless otherwise. All typical values are for Vee = 5.0V and TA = 25C. 

Note 4: During lOS measurement. only one output at a time should be grounded. Permanent damage may otherwise result. 
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~National 
D Semiconductor 

" Bipolar PROMs 

DM77/87S190, DM77/87S191; DM77/87S290, 
DM77/87S291; DM77/87S190A, DM77/87S191 A; 
DM77/87S290A, DM77/87S291A; DM77/87S190B, 
DM77/87.S191 B; DM77/87S290B, DM77/87S291 B 
(2048 x 8) 16,384-Bit TTL PROMs 
General Description 
These Schottky memories are organized in the popular 
2048 words by 8 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the select
ed word. When disabled, the 8 outputs go to the "OFF" or 
high impedance state. The memories are available in both 
open-collector and TRI-STATE@ versions. 

PROMs are shipped from the factory with lows in all loca
tions. A high may be programmed into any selected location 
by following the 'programming instructions . 

Military Commercial 
Open-

Collector 

DM87S190 X 

DM87S191 X 

DM77S190 X 

DM77S191 X 

DM87S290 X 

DM87S291 X 

DM77S290 X 

DM77S291 X 

TAI·STATE- Is a registered trademark 01 National Semiconductor Corporation 

TRI-SAFE"" and STARPlEX"" are trademarks 01 National Semiconductor Corporation 

Block and Connection Diagrams 

AI' 
AI 
AI I'.3I4-IITMMY 
A1 121)(121 

AI .~IIATlIIX 

AS 

.u 

Q 

AZ 
AI 

AD 

E1 

EZ 

D 

X 

X 

X 

X 

Featu'res 
• Advanced tungsten CN) fuses 
• Schottky-clamped for high speed 

Address .access-35 ns max (8 version) 
Enable access-15 ns typ 
Enable recovery-15 ns typ 

• PNP inputs for reduced input loading . 
• All DC and AC parameters guaranteed over 

temperature 
• Low voltage TRI-SAFETM programming 

TRI-STATE Package 
24-Pln 24-Pln 

Standard Thln-,Dlp 

N,J X 

X N,J X 

J X 

X J X 

N,J X 

X N,J X 

J X 

X J X 

A7 24 Vee 

A6 2 23 A8 

A5 22 A9 

A4 21 AID 

A3 20 Ei 

A2 6 19 E2 

Al 7 18 E3 

AD 8 17 Q8 

16 Q7 

Q2 10 15 Q6 

14 Q5 

GND 12 13 Q4 

TOP VIEW 
TL/L/5278-1 TL/Ll5278-2 
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AC Electrical Characteristics (With Standard Load and Operating Conditions) 

DM77S190/191 DM87S190/191 
JEDEC Symbol Sym Parameter DM77S290/291 DM87S290/291 Units 

Min Typ Max Min Typ Max 

TAVQV I 191A tAA Address Access Time 35 60 35 45 ns 

I 1918 30 30 30 35 ns 

TEVQV tEA Enable Access Time 15 35 15 30 ns 

TEXQX tER Enable Recovery Time 15 35 15 30 ns 

TEVQX tzx Output Enable Time 15 35 15 30 ns 

TEXQZ txz Output Disable Time 15 35 15 30 ns 

DC Electrical Characteristics (Note 3) 

DM77S190/191 DM875190/191 
Symbols Parameter Condition DM77S290/291 DM875290/291 Units 

Min Typ Max Min Typ Max 

IlL Input Load Current Vee = Max, VIN = 0.45V -80 -250 -80 -250 j..LA 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 j..LA 

Vee = Max, VIN = 5.5V 1.0 1.0 mA 

VOL Low Level Output Voltage Vee = Min, 10L = 16 mA 0.35 0.50 0.35 0.45 V 

VIL Low Level Input Voltage 0.80 0.80 V 
...I. 

VIH High Level Input Voltage . 2.0 2.0' V <0 
loz Output Leakage Current Vee = Max, VeEX .= 2.4V 50 50 j..LA 

(Open-Collector Only) 
Vee = Max, VeEX = 5.5V 100 100 j..LA 

...I. 

.. OJ 
Ve Input Clamp Voltage Vee = Min, liN = -18 mA -0.8 -1.2 -0.8 -1.2 V 

CI Input Capacitance Vee = 5.0V, VIN = 2.0V 4.0 4.0 pF 
TA = 25°C, 1 MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 6.0 6.0 .pF 
T A = 25°C, 1 MHz, Outputs Off 

lee Power Supply Current Vee = Max, Input Grounded 120 175 120 175 mA 
All Outputs Open 

TRI-STATE Parameters 

los Short Circuit Vo = OV, Vee = Max -20' -70 -20 -70 mA 
Output Current (Note 4) 

loz Output Leakage Vee = Max, Vo = 0.45V to 2.4V -50 50 -50 50 j..LA 
(TRI-STATE) Chip Disabled 

VOH Output Voltage High 10H = -2.0mA 2.4 3.2 V 

10H = -6.5mA 2.4 3.2 V 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

DM77S191A1B DM87S191A/B 
JEDEC Symbol Sym Parameter DM77S291 AlB DM87S291A/B Units 

Min Typ Max . Min Typ Max 

TAVQV l 191A1291A tAA Address Access Time 30 60 30 45 ns 

I 1918/2918 30 50 30 35 ns 

TEVQV tEA Enable Access Time 15 35 15 25 ns 

TEXQX tER Enable Recovery Time 15 35 15 25 ns 

TEVQX tzx Output Enable Time 15 35 15 25 ns 

TEXQZ txz Output Disable Time 15 35 15 25 ns 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for VCC = 5.0V and TA = 25°C. 

Note 4: During lOS measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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~National 
~ Semiconductor 

Bipolar PROMs 
PRELIMINARY 

DM77S195AI DM87S195A, DM77S195BI DM87S195B 
(4096 x 4) 16,384-Bit TTL PROM 

General Description Features 
• Advanced tungsten (W) fuse technology 

• Schottky-clamped for high speed 
Address access-3~ ns typ 
Enable access-15 ns typ 
Enable recovery-15 ns typ 

• PNP inputs for reduced input loading 

These Schottky memories are organized in the popular 
4096 words by 4 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 4 outputs go to the OFF 
or high impedance state. The memories are available in 
TRI-STATE@ version only. 

• All DC and AC parameters guaranteed overtemperature 
PROMs are shipped from the factory with lows in aliloca
tions. A high may be programmed into any selected loca
tion by following the programming instructions. 

• Low voltage TRI-SAFETM pr~gramming 

Military Commercial 

I DM87S195A/B X 
IDM77S195A/B X 

Block and Connection Diagrams 

A11 

Al0 

A9 

A8 

A7 

AS 

A5 

1 
128 

DECODER 

A4----------------~ 

A3----------------~ 

A2--~------------~ 

A1----------------~ 

AO----------------~ 

E1 ENABLE 
E2 BUFFER 

04 

16,384-BIT ARRAY 
128x128 

MEMORY MATRIX 

03 02 

TRI-STATE" Is a registered trademark 01 National Semiconductor Corp_ 
TRI-SAFE ™ Is a trademark 01 National Semiconductor Corp_ 
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TRI-STATE Package 

X N,J 

X J 

Dual·ln·Line Package 

A8 vee 

A7 A9 

A6 A10 

A5 A11 

A4 E1 

A3 E2 

A2 01 

A1 02 

AD 03 

GND 04 

TOP VIEW 
TLlLl5247-2 

01 
TLlLl5247-1 



DC Electrical Characteristics (Note 3) 

DM77S195A/B DM87S195A/B . 

Symbol Parameter Conditions 
Max Min Max 

Units 
Min Typ Typ 

IlL Input Load Current Vee = Max, VIN =0.45V -80 -250 -80 -250 /LA 

IIH Input Leakage Current Vee = Max, VIN = 2.7V 25 25 /LA 

Vee = Max, VIN =5.5V 1.0 1.0 rnA 

VOL Low Level Output Voltage Vee = Min, 10L = 16 mA 0.35 0.50 0.35 0.45 V 

VIL Low Level Input Voltage 0.80 0.80 V 

VIH High Level Input Voltage 2.0 2.0 V 

Ve Input qlamp Voltage Vee = Min, liN = -18 mA -0.8 -1.2 -0.8 -1.2 V 

C I Input Capacitance Vee = 5.0V, VIN = 2.OV 4.0 4.0 pF 

TA =25°C, 1 MHz 

Co Output Capacitance Vee = 5.0V, Va = 2.OV 6.0. 6.0 pF 

TA=25°C,1 MHz, Outputs Off 

lee Power Supply Current Vee = Max, Inputs Grounded 170 170 rnA 
All Outputs Open 

TRI·STATE PARAMETERS 

los Short Circuit Va = OV, Vee = Max -20 -70 -20 -70 mA 

Output Current (Note 4) 

loz Output Leakage Vee = Max, Va = 0.45V to 2.4V +50 +50 /LA 
(TRI·STATE) Chip Disabled -50 -50 /LA 

VOH Output Voltage High 10H= -2.OmA 2.4 3.2 V 

IOH=6.5 mA 2.4 3.2 V 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee = 5.0V and TA = 25'e. 
Note 4: During lOS measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

AC Electrical Characteristics (with standard load and operating conditions) 

Symbol 
DM77S195A/195B DM87S195A/195B 

JEDEC Parameter Units Alternate 
Standard Min Typ Max Min Typ Max 

tAA TAVQV Address Access Time I 195A 30 60 30 45 ns 

I 1958 30 50 25 35 ns 

tEA TEVQV Enable Access Time 15 30 15 25 ns 

tER TEXQX Enable Recovery Time 15 30 15 25 ns 

tzx TEVQX Output Enable Time 15 30 15 25 ns 

txz TEXQZ Output Disable Time 15 30 15 25 ns 

\ 
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~National 
~ Semiconductor 

't 

Bipolar PROMs 
PRELIMINARY 

DM77/87S321, DM77/87S421; DM77/87S321A, DM77/87S421A 
(4096 x 8) 32,768-Bit TTL PROMs 

General Description . 
These Schottky memories are organized in the popular 
4,096 words by 8-bits configuration. Memory enable in
puts are provided to control the output states. When the 
device is enabled, the outputs represent the contents of 
the selected word. When disabled, the eight outputs go 
to the "OFF" or high impedance state. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 

The DM77/87S321 and DM77/87S421 program the same 
as all other nonregistered PROMs from National. 

TRI-STATE~ Is a registered trademark of National Semiconductor Corp_ 
TRI-SAFETM Is a trademark of National Semiconductor Corp. 

Block and Connection Diagrams 

A11 
A10 
A9 32.768-BIT ARRAY 

A8 
2S6x128 

MEMORY MATRIX 
A7 
A6 
A5 
A4 

A3 
A2 
A1 
AO 

El 
EZ 

08 07 06 os 04 ' 03 

Features 
• Advan.ced fuse technology 

• Schottky-clamped for high speed 
Address access-35 ns typo 
Enable access - 20 ns typo 
Enable recovery-20ns typo 

• PNP inputs for reduced input loading 

• All DC and AC parameters guaranteed over 
temperature 

• Low voltage TRI-SAFETM programming 

• Generic programming. 

Military Commercial TRI-STATE@ Package 

DM87S321, A X X N,J 

DM77S321, A X X J 

DM87S421, A X X N,J· 

DM77S421, A X X J. 

·Thin-Dip (0.3") package 

A7 24 Vee 
A6 23 A8 

A5 22 A9 

A4 21 A10 

A3 E1 
A2 A11 

A1 EZ 

AO 08 

01 07 

02 06 

03 OS 

GND 04 

TUL5149 

02 01 

TUL5149 
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DC Electrical Characteristics (Note 3) 

DM77S3211421 DM87S3211421 
Symbol Parameter Conditions 

Min. Typ. Max. Min. Typ. Max. 
Units 

IlL Input Load Current Vee = Max., VIN = 0.45V -80 -250 -80 -250 J.lA 

Vee = Max., VIN = 2.7V 25 25 J.lA. 
IIH Input Leakage Current 

Vee = Max., VIN = 5.5V 1.0 1.0 mA 

VOL Low Level Output Voltage Vee = Min., 10L = 12mA 0.35 0.50 0.35 0.45 V 

VIL Low Level Input Voltage 0.80 0.80 V 

VIH High Level Input Voltage 2.0 2.0 V 

Ve Input Clamp Voltage Vee = Min., liN = -18mA -0.8 -1.2 -0.8 -1.2 V 

CI Input Capacitance Vee = 5.0, VIN == 2.0V 4.0 4.0 pF 
TA = 25°C, 1MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 6.0 6.0 pF 
TA=25°C, 1MHz, Outputs Off 

lee Power Supply Current Vee =Max., 135 185 135 185 mA 
All Outputs Open 

TRI·STATE Parameters 

los Short Circuit Vo = OV, Vee = Max. -20 -70 -20 -70 mA 
Output Current (Note 4) 

loz Output Leakage Vee = Max., Vo = 0.45 to 2.4 V -50 +50 -50 +50 J.lA 
(TRI-STATE) Chip Disabled 

10H =-2.0mA 2.4 3.2 V 
VOH Output Voltage High 

10H =-6.5mA 2.4 3.2 V 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

DM77S3211421 DM87S3211421 
Symbol Parameter JEDEC Symbol 

Min. Typ. Max. Min. Typ. Max. 
Units 

TAA Address Access Time TAVQV 40 65 40 55 ns 

TEA Enable Access Time TEVQV 20 35 20 30 ns 

TER Enable Recovery Time TEXQX 20 35 20 30 ns 

Tzx Output Enable Time TEVQX 20 35 20 30 ns 

Txz Output Disable Time TEXQZ 20 35 20 30 ns 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

DM77S321A1421A DM87S321A1421A 
Symbol Parameter JEDEC Symbol 

Min. Typ. Max. Min. Typ. Max. 
Units 

~AA Address Access Time TAVQV 35 35 ns 

TEA Enable Access Time TEVQV 20 20 ns 

TER Enable Recovery Time TEXQX 20 20 ns 

Tzx Output Enable Time TEVQX 20 20 ns 

Txz Output Disable Time TEXQZ 20 20 ns 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee = 5.0V and 
TA = 25°C. 
Note 4: During los measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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Non·Registered PROM Programming Procedure 

National Schottky PROMs are shipped from the factory with all fuses intact. As a result, the outputs will be low 
\logical "0") for all addresses. To generate high (logical "1") levels atthe outputs, the device must be programmed. 
Information regarding commercially available programming equipment may be obtained from National. If it is 
desired to build your own programmer, the following conditions must be observed: 

1. Programming should be attempted only at ambient temperatures between 15 and 30 degrees Celsius. 

2. Address and enable inputs must be driven with TTL logic levels during programming and verification. 

3. Programming will occur at the selected address when Vee is at 10.5 volts, and at the selected bit location when 
the output pin, representing that bit, is at 10.5 vol.ts, and the device is subsequently enabled. To achieve these 
conditions in the appropriate sequence, the following procedure must be followed: 

a) Select the desired worc;t by applying high or low levels to the appropriate address inputs. Disable the device by 
applying a high level to one or more "active low" chip enable inputs. 

\ 

b) Increase Vee from nominal to 10.5 volts (plus or minus 0.5V) with a slew rate between 1.0 and 10.0V / ILS. Since 
Vee is the source of the current required to program the fuse as well as the lee for the device at the 
programming voltage, it must be capable of supplying 750mA at 11.0 volts. 

c) Select the ou1put where a logical high is desired by raising that output voltage to 10.5 volts (plus or minus 0.5V). 
Limit the slew rate from 1.0 to 10.0V / p.s. This voltage change may occur simultaneously with the increase in 
Vee, but must not precede it. It is critical that only one output at a time be programmed since the internal 
circuits can only supply programming current to one bit at a time. Outputs not being programmed must be left 
open or connected to a high impedance source of 20kO minimum (Remember that the outputs of the device 
are disabled at this time). 

d) Enable the device by taking the chip enable(s) to a low level. This is done with a pulse of 10p.s. The 10p.s 
duration refers to the time that the circuit (device) is enabled. Normal input levels are used and rise and fall 
times are not critical. 

e) Verify thatthe bit has been programmed by first removing the programming voltage from the output and then 
reducing Vee to 4.0 volts (plus or minus 0.2V). Verification at a Vee level of 4.0 volts will guarantee proper 
output states over the Vee and temperature· range of the programmed part. The device must be enabled to 
sense the state of the outputs. During verification, the loading of the output must be within specified IOL and 
IOH limits. Steps b, c, and d must be repeated up to 10 times or until verification that the bit has been pro
grammed. 

f) Following verification, apply five additional programming pulses to the bit being programmed. The program
ming procedure is now complete for the selected bit. 

g) Repeat steps a through f for each bit to be programmed to a high level. If the procedure is performed on an 
automatic programmer, the duty cycle of Vee at the programming voltage must be limited to a maximum of 
25%. This is necessary to minimize device junction temperatures. After all selected bits are programmed, the 
entire contents of the memory should be verified. 

Note: Since only an enabled device is programmed, it is possible to program these parts at the board level if all 
programming parameters are complied with. 
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Programming Parameters Do not test or you may program the device 

Recommended 
Sym Parameters Conditions Min Value Max Units 

Vccp Required Vcc for Programming 10.0 10.5 11.0 V 

Iccp Icc During Programming Vcc= 11V 750 mA 

VOP Required Output Voltage for 10.0 10.5 11.0 V 
Programming 

lop Output Current while VOUT= 11V 20 mA 
Programming 

IRR Rate of Voltage Change of 1.0 10.0 VIpS 

V cc or Output 

PwE Programming Pulse Width 9 10 11 pS 
(Enabled) 

Vccv Required Vcc for Verification 3.8 4.0 4.2 V 

Moc Maximum Duty Cycle for 25 25 % 
VccatVccp 

Programming Waveforms Non-Registered PROM 

T1 = 100ns min. 
T2 = 5j.1S min. T2 may be > 0 

if Vccp rises at 
the same rate or faster 
than (VOp) 

T3 = 100ns min. 
T4 = 100ns min. 
T5 = 100ns min. 

PwE is repeated for 5 
additional pulses after 
verification of VOH 
indicates a bit has been 
programmed. 

x'---_ ~ SELECTED ADDRESS STABLE 

~~1 .
;;;;/~/ ~J /,.---------.1 

-. ~T2 . -..j J.-T5 
VOP - Til 

Ijlllllili/; ,;11 
~ T3 f.-~ ~T4 

:::1fII...,,.,.,.,..,.......----LSl"--__ ..... 
~ PWE ~ -.j f.-

:: :VI//)//i//J////Z 

__________________ ~Il~ __ __ 
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Registered PROM Programming 
Procedure 
National Schottky PROMs are shipped from the factory 
with all fuses intact. As a result, the outputs will be low 
(logical '0') for all addresses. To generate high (logical '1') 
levels at the outputs, the device must be programmed. 
Information regarding commercially available program
ming equipment may be obtained from National. If it is 
desired to build your own programmer, the following 
conditions must be observed. 

1. Programming should be attempted only at ambient 
temperatures between 15°C and 30°C. 

2. Address and Enable inputs must be driven with TTL 
logic levels during programming and verification. 

3. Programming will occur at the selected address when 
Vee is at 10.5V, and at the selected bit location when 
the output pin, representing that bit, is at 10.5V, and 
the device is subsequently enabled. To achieve these· 
conditions in the appropriate sequence, the following 
procedure must be followed: 

a) Select the desired word by applying high or low lev
els to the appropriate address inputs. Disable the 
device by applying a high level to asynchronous 
chip Enable input G. GS is held low during the en
tire programming time. 

b) Increase Vee from nominal to 10.5V (±0.5V) with a 
slew rate between 1.0 and 10V//-Is. Since Vee is the 
source of the current required to program the fuse 
as well as the lee for the device at the program
ming voltage, it must be capable of supplying 
750mA at 11 V. 

c) Select the output where a logical high is desired by 
raising that output voltage to 10.5V (±0.5V). Limit 
the slew rate from 1.0 to 10V//-Is. This voltage 
change may occur .simultaneously. with the in
crease in Vee, but must not precede it. lt is critical 
that only one output at a time be programmed 
since the internal circuits can only supply pro
gramming current to one bit at a time. Outputs not 
being programmed must be left open or connected 
to a high impedance source of 20kQ minimum. 
(Remember that the outputs of the device are dis
abled at this time.) 
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d) Enable the device by taking the chip enable (G) to a 
low level. This is done with a pulse of 10/-ls. The 
10/-ls duration refers to the time that the circuit (de
vice) is enabled. Normal input levels are used and 
rise and fall times are not critical. 

e) Verify that the bit has been programmed by first re
moving the programming voltage from the output 
and then reducing Vee to 4.0V (± 0.2V). Verification 
at a Vee level of 4.0V will guarantee proper output 
states over the Vee and temperature range of the 
programmed part. Each data verification must be 
preceded by a positive going (low to high) clock 
edge to load the data from the array into the output 
register. The device must be enabled to sense the 
state of the outputs. During verification, the 
loading of the output must be within specified IOL 
and 10H limits. Steps b, c, and d must be. repeated 
up to 10 times or until verification that the bit has 
been programmed. 

f) The initialize word is programmed by setting INIT 
input to a logic low and programming the initialize 
word output by output in the same manner as any 
other address. This can be accomplished by 
inverting the A9 address input from the PROM 
programmer and applying it to the INIT input. 
Using this method, the initialize word will program 
at address 512. 

g) Following verification, apply five additional pro
gramming pulses to the bit being programmed. The 

I programming procedure is now complete for the 
selected bit. 

h) Repeat steps a through f for each bit to be pro
grammed to a high level. If the procedure is per
formed on an automatic programmer, the duty 
cycle of Vee at the programming voltage must be 
limited to a maximum of 25%. This is necessary to 
minimize device junction temperatures. After all 
selected bits are programmed, the entire contents 
of the memory should be verified. 



Programming Parameters Do not test or you may program the device 

Recommended 
Sym Parameters Conditions Min Value 

Vccp Required Vcc for Programming 10.0 10.5 

Iccp Icc During Programming Vcc= 11V 

VOP Required Output Voltage for 10.0 10.5 
Programming 

lop Output Current while VOUT= 11V 
Programming 

IRR Rate of Voltage Change of 1.0 

V cc or Output 

?wE Programming Pulse Width 9 10 
(Enabled) 

Vccv Required Vcc for Verification 3.8 4.0 

Moc Maximum Duty Cycle for 25 
Vcc at Vccp 

Programming Waveforms Registered PROM 

A~~~M~ J,--_" __ S_E_lE_CT_ED_A_D_DR_ES_S_S_TA_Bl_E ___ ..JX'-____ _ 
. I-T1-1 

VCCP - - -

VCC 1/ I 
~c~~~ 

_IT2j- -IT5~1-------
PROGR~~T~~~ VOP - /1 ~ 
~~~~ ~--~ 

- T3 1-IT41-- ~~1~~l 
~~---'I 11'----------1 ENABl~ r L.J ~ 

1-lpwE I-T6-1 
ClK n 

CLOCK 
--------------~ ~------

T1 =100ns MIN. 
T2=51ls MIN. (T2 MAY BE > 0 IF Vccp RISES AT THE SAME RATE OR FASTER THAN Vop.) 
T3=10Dns MIN. 
T4=10Dns MIN. 
T5=100ns MIN. 
T6=5Dns MIN. 
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o 
::E Standard Test Load o a: Vee 
c.. 

OUTPUT 0---... --.... ---0 ~~I~~ 

GND 

• Device input wavefonn characteristics are; . 
Repetition rate = 1 MHz 
Source impedance = son 
Rise and Fall times = 2.5ns max. 
(1.0 to 2.0 volt levels) 

• T AA is measured with stable enable Inputs. 

• TEA and TEA are measured from the 1.5 
volt level on inputs and outputs with all 

, address and enable inputs stable at appli
cable levels. 

• For IOL = 16mA, R1 = 3OO!l and R2 = 6OOI1 
for IOL = 12mA, R1 = 4OO!l and R2 = 8OO!l. 

• ·C· includes scope and jig capacitance. 

Switching Time Waveforms Non-Registered PROM 

:~~I~ _____ V_AU_D ____ .....,.. _______ _ 

'... TAA -I 
---------~~---V-A-UD---~~ 

ji'J.-~ ~m~ 
: ____ };-:::------y"-_n~ ___ _ 

ADDRESS 

OUTPUT 

ENABLE 

Switching Waveforms Registered PROM 

\-IH(A):l r: IS
(A) .. l-l

r
IH .... (A ... ) ....... .....-.:~r-r"'lr""l-------- 3V 

Ao-Ag -------------....;I~-'ttli. 1 ~".lC..lIUL.;"_IL.lC..lIUL.;IIU_ _______ !.:v 
, IS(GS)I-I-IH(GS)+-I I-'S(GS)+-H IH(GS) 

GS 1~7f'---l -_ \("'T"\S\ {fA 1 1:~70"""""0....,..-p-/7~11'---~-=== :.:V 
IS(G5) 1---'H(GS)l I I Id 

1iWliCP) Twi:(CPii twL(CP) "---r-'-I"'"T"~r-r--r---------- 3V 

CP ------- 1.5V 

~~~~~-----------OV 
I_IPHL(CP) =l 1- IPHZ(G) -I 1- IPZH(G) -\ 

00-07 
1 X~----~~--------4-,-~)....l... ___ ....L.JI~ I })-:)~)""'I::-::--"";"'I---~GEI-+-4 !:: 

-0 1-IPLH(C,p)-1 C1PLZ(G)- r-1PZL(G)-1 

\ 

3V 

f ----1.5V 

---------------------------------~ '------ov 
IS(INIT)-II:tii(lNff) .. 1 3V 

INIT \\\ f~7r-7r--_ -_ -_ -_ -_ -_ -_ -:_ --_~_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_-_ -_ -_ -_ -_-_ -_ -_ "':"'"_ -_ -_ -_-_-_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_ !:v 

Key To Timing Diagram 
WAVEFORM INPUTS OUTPUTS 

MUST BE WILL BE 
STEAOY STEADY 

MAY CHANGE WILL BE 
FROM H TO L CHANGING 

FROM H TO L 

MAY CHANGE WILL BE 
CHANGING FROM L TO H FROM L TO H 

WAVEFORM 

~ 
2I)(ff 
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INPUTS 

DON'T CARE: 
ANY CHANGE 
PERMITTED 

DOES NOT 
APPLY 

OUTPUTS 

CHANGING: 
STATE 
UNKNOWN 

CENTER LINE 
IS HIGH 
IMPEDANCE 
"OFF" STATE 



Approved Programmers for NSC PROMs 

MANUFACTURER 

DATA 1/0 
PRO·LOG 
KONTRON 
STAG 
AIM 
DIGELEC 
STARPLEX™ 

SYSTEM # 

5/17/19/29A 
M910, M980 
MPP80S 
PPX 
RP400 
UP803 

Quality Enhancement Programs For Bipolar Memory 

A+ PROGRAM* 

Guaranteed 
Test Condition LOT AOL,5 Test 

25°C 0.05 

D.C. D.C. 
Parametric Each Parametric 
And Temperature 0.05 And 
Functionality Extreme Functionality 

A.C. 25°C 0.4 A.C. 
Parametric Parametric· 

Critical 0.Q1 
Mechanical Mechanical 

Major 0.28 

Seal Fine Leak 0.4 Seal 
Tests (5 x 10--8) Tests 
Hermetic Hermetic 

Gross 0.4 

'Includes 160 hours of burn-in at 125°C. 

STARPLEX ™ Is a trademark of National Semiconductor Corp. 
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B+ PROGRAM 

Condition 

25°C 

Each 
Temperature 

Extreme 

25°C 

Critical 

Major 

Fine Leak 
(5 x 10--8) 

Gross 

Guaranteed 
LOTAOL5 

0.05 

0.05 

0.4 

0.Q1 

0.28 

0.4 

0.4 

"tJ 
:D o 
3: en 



~National 
~ Semiconductor 

Bipolar PROMs 

DM76S64/DM86S64 Bipolar Character Generator 
General Description 
The DM76S64/DM86S64 is a 64-character bipolar 
character generator with serial output designed primarily 
for the CRT display marketplace, and packaged in a 
standard 16-pin DIP. The DM76S64/DM86S64 incor
porates several CRT system level functions, as well as a 
7 x 9 or 5 x 7 row scan character font. The DM76S64/ 
DM86S64 performs the system functions of parallel 
to serbl shifting, character address latching, character 
spacing and character line spacing. These system func
tions have required extra packages in the past. 

Shifted characters can be generated by the on-chip 
subtractor. 

The clear input and the load enable input are active low. 
Load enable is synchronous with the dot clock. Both 
the lir.e clock and the dot clock are positive edge
triggered. When the address latch control signal is high, 

the character addresses "fall through" the latch. And 
when the address' latch control signal goes low, the 
character addresses are latched. 

Features 
• 64-character-row scan 

• 5 x 7 or 7 x 9 font 

• Custom fonts available with shift options 

• Serial output 

• 16-pin package 

• 35 MHz typ clock rate 

• On-chip input latches 

• On-chip shift register 

• On-chip dot blanking 

• On-chip row blanking 

• TRI-STATE® output 

7 x 9' 5x7 FONT PACKAGE 
DM76S64BWF /DM86S64BWF 
DM76S64CAE/DM86S64CAE 
Dfv176S64CAB/DM86S64CAB 
DM76S64CAH/DM86S64CAH 
DM76S64CTA/DM86S64CT A 
DM76S64CTB/DM86S64CTB 

Block Diagram 
ADDRESS LATCH 

eQIlTROl 

AS 

A4 

A3 

A2 

A1 

AD 

X 

X 

X 

X 

64 X 64 BIT 
FONT 

MATRIX 

.--...... _-_ .... ..., 
LINE 

CLOCK 

Upper Case Block letters N, J 
Shifted Lower Case Block N, J 

X Upper Case Block Letters N, J 
X Shifted Lower Case Block N, J 

ASCII Character Set N, J 
ASCII Numerals and Control N, J 

Connection Diagram 

Order Number 
DM76S64XXX * I J 

or DM86S64XXX* IJ 
See NS Package J16A 

Order Number 
DM86S64XXX* IN 

See NS Package N16A 

SERIAL 
OUTPUT 

Dual-In-Line Package 

A2 

Al 

AD 

AODRESS LATCH 4 
CONTROL 

mAR 

LINE CLOCK 

CLOCK CONTROL 

GNO 

TDPVIEW 

Logic Symbol 
ADDRESS LATCH 

CONTROL 
AD 

A1 

A2 

A3 

A4 
AS 

15 

14 

13 

Vee 

A3 

A4 

AS 

OUTPUT ENABLE 

OUTPUT 

LOAO ENABLE 

DOT CLOCK 

DOT 
CLOCK 

LOAD 
ENABLE 

OUTPUT 
ENABLE 

* alpha pattern designators 

TAI,STATE" Is a registered trademark of National Semiconductor Corp, 
LINE CLOCK 

CLOCK CONTROL 
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Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage 
Input Voltage 
Output Voltage 
Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 

-o.5V to +7V 
-1.5V to +5.5V 
-o.5V to +5.5V 

-{)5°C to +150°C 
300°C 

MIN 

Supply Voltage (VCC) 
DM76S64 4.5 
DM86S64 4.75 

Ambient Temperature (T A) 
DM76S64 -55 
DM86S64 0 

Logical "0" Voltage 0 

Logical "1" Voltage 2.0 

DC Electrical Characteristics (Note 2) 

SYM 

Co 

ICC 

PARAMETER 

Input Load Current 

Input Leakage Current 

Input Leakage Current 

Low Level Output Voltage 

Low Level Input Voltage 

High Level Input Voltage 

Input Clamp Voltage 

Input Capacitance 

Output Capacitance 

Power Supply Current 

TRI·STATE PARAMETERS 

ISC 

1HZ 

VOH 

Output Short·Circuit Current 

Output Leakage 

Output Voltage High 

CONDITIONS 

VCC = Max, VIN = 0.45V 

VCC = Max, VIN = 2.4V 

VCC = Max, VIN = 5.5V 

VCC = Min, I.oL = 16 mA 

VCC = Min 

VCC = Min 

VCC = Min, liN = -12 mA 

VCC = 5V, VIN = 2V, T A = 25°C, 

1 MHz 

VCC = 5V, Vo = 2V, TA = 25°C, 

1 MHz, Output "OFF" 

VCC = Max, All Inputs Grounded, 

Output Open 

Vo = OV, VCC = Max 

VCC = Max, Vo = 0.45 to 2.4V, 

Chip Disabled 

IOH = -2 mA 

MIN 

2.0 

-15 

2.4 

TYP 

0.35 

--o.B 

4.0 

6.0 

BO 

3.2 

AC Electrical Characteristics (Note 2) 

DM76S64 DM86S64 

MAX 

5.5 
5.25 

+125 
+70 

0.8 

5.5 

MAX 

-BOO 

40 

1 

0.45 

O.BO 

-1.5 

140 

-70 

±40 

SYM PARAMETER CONDITIONS I-------r-----r----+----~--___,---_i 

Access Time 

Dot Clock to Output 

Output Enable 

Output Disable 

Set·Up Time 

Load to Dot Clock 

Address to Load 

Clear to Load 

Control to Line Clock 

Line Clock to Load 

Address to Address Latch 

Hold Time 

Load from Dot Clock 

Address from Load 

Control from Line Clock 

Address from Address Latch 

See 

Switching 

Time 

Waveforms 

MIN 

25 

335 

335 

50 

1140 

50 

5 

o 
120 

50 
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TYP MAX MIN TYP 

25 

10 

13 

7 

54 

14 

-10 

156 

6 

-6 
-14· 

23 

3 

50 

35 

35 

20 

2BO 

2BO 

40 

950 

40 

o 
o 
100 

40 

25 

10 

13 

7 

54 

14 

-10 

156 

6 

-6 
-14 

23 

3 

MAX 

40 

30 

30 

UNITS 

V 
V 

UNITS 

mA 

V 

V 

V 

'J 

pF 

pF 

mA 

mA 

V 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

c 
s: 
~ 
0) 

en 
0) 
~ ........ 
C 
s: 
CO 
0) 

en 
0) 
~ 



AC Electrical Characteristics (Continued) (Note 2) 

DM76S64 DM86S64 
SYM PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Pulse Width 

TW1 Line Clock 50 12 40 12 ns 

TW2 Clear 50 6 40 6 ns 

TW3 Dot Clock 25 12 20 12 ns 

TW4 Load 40 8 30 8 ns 

TW5 Address Latch 50 22 ,40 22 ns 

fMAX Clock Frequency 18 35 22 35 MHz 

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 
Note 2: These limits apply over the entire operating range unless stated otherwise: All typical values are for VCC = 5V and T A = 25°C. 

Standard Test Load 
VCC 

DEVICE ()o----... - ..... --. 
OUTPUT 

Switching Time Waveforms 

lOO 

1k 

• Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
ZOUT = 50 n, tr < 5 ns and tf < 5 ns (between 
1.0V and 2.0V). 

• TOO is measured with output enable at a steady low 
level. 

~~-------------TH4------------~~ 

3V-------
ADDRESS INPUT 

OV------J 

ADDRESS 
LATCH CONTROL 

LINE CLOCK 

CLOCK CONTROL 

LOAD ENABLE 

DOT CLOCK 

OUTPUT ENABLE 

OUTPUT 

t------_t_ TS2 
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Truth Tables 

A) ADDRESS LATCH 

ADDRESS LATCH FUNCTION 
CONTROL PERFORMED 

0 Latched 

1 Fall Through 

B) OUTPUT 

OUTPUT STATE OF 

ENABLE THE OUTPUT 

1 Output Hi-Z 

0 Data Out 

C) 4-BIT LINE COUNTER 

CLOCK CONTROL LINE CLOCK 

H ...F 
X X 

L X 
H """L 

X = Don't care 

Definitions 

AO-AS: Character address_ A 6-bit code which selects 
1 of the 64 characters in the font_ 

Clear: Active low clear for mod 16 row counter, (can be 
used to truncate mod 16 counter). 

Line Clock: Clock that advances the line counter. 
Advances counter on the low-to-high transition. 

Clock Control: Enables line clock when high and 
disables line clock when low. 
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CLEAR LINE COUNTER 

H Increment line counter 

L Asynchronous clear 
resets cou nter 

H Clock inhibited 
H No change on high-to-

low clock edge 

Load Enable: Active low load command which routes 
data from the character ROM to the "D" inputs of the 
7-bit shift register. ~!, 

:::~ 10" 

Dot Clock: A low-to-high transition of the dot clock 
loads the shift register if load enable is low or shifts 
data if load enable is high. 

Output Enable: An active low output enable. When high 
the output is in the Hi-Z state. ' 

Output: A TTL TRI:STATE output buffer. 



Functional Description 

To select a character, a 6-bit binary word must be 
present at the address inputs AO-A5 when the address 
latch control is high. This address can be latched by 
bringing the address latch control signal low after a 
40 ns set-up time. When the clear input receives a low 
pulse, the counter is reset to zero. The shift register can 
be loaded (TS2 ns) after· the character is addressed. 
Data, representing 1 horizontal line of the addressed 
character, is available at the output when the load . 
enable input is brought low. As shown in Figure 1, 
valid data arrives serially at the output. Dot clock 
pulses beyond that required to shift out 1 line of the 

LlNEVJ 

CLOCK 

character will add lows to the end of character. This 
provides a horizontal spacing between characters. 

Figure 2 shows how the counter sequences through the 
rows of addressed lines with the application of clock 
pulses at the line clock input. Any additional line 
clocks beyond that required to display the character 
will put a vertical space between characters. This spacing 
can be truncated by bringing the clear input low. 
Detailed system application infomation is contained in 
application note AN-167 available from National. 

~ X C ADDRESS 

INPUT ________________ J ~-------------------------------------------------------------

DDT CLOCK 

{\ {\ 

OUTPUT / 

OUTPUT (SE~~~TE) 
_---J ~ ___ ------J '---~~ 

... 1--------- VALID DATA OUT----------il 

Note. Output goes and stays low following the leading edge of the eighth Dot-Clock pulse until Load enable is enabled again and new 
parallel data is loaded into the shift register. 

CHARACTER 
ADDRESS 

INPUT ___________________ --+~ 

LINE 
CLOCK 

CLOCK 
CONTROL 

FIGURE 1. Character Cycle 

_________________ ~~-----------------J 
DISPLAY 

FIRST LINE 
OF N CHARACTERS 

FIGURE 2. Line Cycle 
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DISPLAY 
SECOND LINE 

OF N CHARACTE RS 

DISPLAY 
THIRD LINE 

OF N CHARACTERS 



Functional Description (Continued) 

A two character display example is shown in Figure 3 
and a typical system timing waveform is shown in 
Figure 4. 

A chip select input is provided for expansion of the' 
character font. The various standard fonts are shown in 
Figures 5, 6, 7, 8, 9 and 10. Descending characters 
in the 5 x 7 fonts are shifted by virtue of their place
ment in the matrix. Descending characters in the 7 x 9 
fonts are shifted (by the on·chip line shifter/ 
counter) the number of lines indicated by the number 
in the upper left hand corner of the character drawings 
in the figures. 

Character Cycle - ROM data corresponding' to 1 
line of characters is loaded into the shift register TS2 
after the ROM is addressed. When load enable goes low, 
ROM data is allowed to be present at the D input of 

the shift register via the MUX. The first bit of the ROM 
'data is transferred to the output at the next low·to·high 
tran~ition of the dot clock. After load enable goes back 
high, the second to seventh clock pulses shift out the 
rest of the selected row of the addressed character. 
Additional clock pulses will shift out low data used 
for spacing. 

Line Cycle - The line counter is a mod 16 counter. 
A low-to-high transition of the line clock advances the 
line counter to the next count. If, for any reason, the 
counts need to be truncated, a low signal at the clear 
input resets the counter to zero. The clock control may 
be used as a line clock disable. A high signal at the line 
clock control terminal enables the counter and a low 
signal disables the line clock. 

1--....-------TWO CHARACTER CYCLE -------... ·-1 
AO~~----------------~~-----------------

At---------------------------------------------------
ASCII A2 ----, 

CODED "-'------------------...1 
ADDRESS 

INPUTS A3 ~I. __________________ ...... 

A4--.J 
A5-----------------------------------------------------

LOADLJ 
ENABLE 

DOT 
CLOCK 

u u 
CLOCK LINE OUTPUT 

CO NTROL CLOCK CLEAR ENABLE 

I 

ADDITIONAL 
LINE COUNTS 

FOR VERTICAL 
SPACE 

FIGURE 3. Example of Two Characters Display Timing 
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ci1 o 

DM76S64/DM86S64 

I • 455 ns CYCLE • I 
f------280 ns • I 

40 0 

CHARACTER _I 

-~280ns 

ADDRESS* I "'""''''''~ '-r CONTROL * r\. 
~ 280ns 

crm~ / i 

LINE CLOCK i 
~ gSOn. 

~40 100~ 
CO~~~~~~ .. 

LOAD 
ENABLE 

DOT CLOCK (22 MHz DOT RATE) 

OUTPUT ????0?0 r= 

*Shown here for operation with dynamic m~mory. For static memory operation the address latch control would be tied high and the character 
addresses would be stable between each add_ress change occurring 280 ns before the high-to-Iow transition of Load enable. 

FIGURE 4. Typical System Timing Waveform 
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Functional Description 
C 

(Continued) s: 
...-... 
0) 

en 
00 ••••• 00 00000000. 0.0000000 0 ••• 00000 ......... ......... 000000000 0.00.00.0 0) 0.00000.0 oooooDoO. 00.000000 • 000.0000 0000.0000 .000.000. 0000 •••• 0 00.00.00. 
• 0000000. DoooooOCJ. Doo.ooooo .000.0000 ooDo.oooD .000.000 • 000.0000. .00.00.00 ~ • 0000000. 00000000. 0000.0000 .0000 •• 0. 0000.0000 ••••• 000 • 000.0000. 0.00.00.0 
• 0000000. DODD DODO. 00000.000 .00000000 0000.0000 .0000000 • 000.0000. 00.00.00 • -... 
0.00000.0 00000000. 000000.00 • 00000000 0000.0000 .0000000. 000.0000. .00.00.00 C 00 ••••• 00 00000000. 0000000.0 0.0000000 0000.0000 ......... 0000 •••• 0 0.00.00.0 

......... 000000.00 000000000 000000000 00000000. ......... 000000000 - 0.0000000 s: 000000.00 00000.000 000000000 0000.0000 ......... aOO0800o. 0000 ••••• 00.000000 oooooaooo 0000.0000 OUOOLJ[JOOO 000.0.000 .00000000 .000.000. 000.00000 00.000000 
0000.0000 000.00000 00000000. 00.000.00 .00000000 .000 ••••• 000.00000 0.0000000 00 000.00000 oUoo.oooo 000000000 0.00000.0 .00000000 .0000000. 000.00000 .00000000 
00.000000 00000.000 000000000 .0000000. ......... .0000000. 0000.0000 .00000000 0) ......... 000000.00 000000000 000000000 00000000. ......... 000 •••••• 0.0000000 

......... ......... 0000.0000 000.00.00 •• 00.0000 . ........ 0000 ••••• 000000000 en 
OO.ooooDo ......... 0000.0000 000.00.00 00 ••• 0000 .0000000. 000.00000 0000.0000 0) oDo.OooOO • 00lJOOOO. 0000.0000 000.00.00 0000 •• 000 .0000000 • oOo.ODoOo 0 ••• 0 ••• 0 
0000 ••• 00 .0000000. 0000.0000 000.00.00 0000.0 •• 0 .000 ••••• 0000 ••••• .0000000. ~. 000.00000 • 0000000. DDoo.oOOO 000.00.00 0000.000. .oOo.ODo • 000.00000 .0000000. 
00.00000 0 .OOCJCoCO. [lDOO.oooo 000.00.00 oooCooo.C .000.000. 000.00000 000000000 ......... aooooooo • 0000.0000 Coo.oo.oo ooOooo.Llo ......... 000 •••••• 000000000 

ooOoo[]OO. 0000000.0 000000000 000000000 00 ••••• 00 ......... 000000000 000000000 
00000000. 000000.00 000000000 .0000000. 0.00000.0 .0000000. 000000000 000000000 
00000000. 00000.000 000000000 0.00000.0 • 0000000. .0000000. 00000000 • 000000000 
00000000. 0000.0000 000000 •• 0 00.000.00 ••••• 000. ••••• 000. ......... • •• 00 ••• 0 
oOOOo[JDO. 000.00000 00000000. 000.0.000 • 000.000. .000.000. .0000000 • 000000000 
00000000. 00.000000 000000000 0000.0000 0.00.00.0 .000.000. 000000000 000000000 ......... 0.0000000 000000000 000000000 00 ••••• 00 ......... 000000000 000000000 

• 0000000. .0000000 • 0000.00[]0 000000000 oo ••••• oC 00 ••••• 00 000000000 000000000 
0.00000.0 .0000000. 0000.0000 000000000 0.00000.0 0.00.00.0 00000000. 000000000 
00.000.00 • 0000000. 0000.0000 000000000 .0000Uoo. .000.000 • 000.000.0 .0000000. 
000.0.000 • 0000000. 0 ••••••• 0 000.00 •• 0 .000 ••••• .000.000 • DooDaD aDo .0000000. 

BBBg~~BBB .0000000. 0000.0000 00000000. .000.000. .000.000. 00000.000 0 ••• 0 ••• 0 ......... oooe.oooo 000000000 D.oO.OO.D D.OC.OC.O ODoCCo.oD 0000.0000 ......... . ........ oDOo.oOOD 000000000 DD ••••• OO OD ••••• OO ......... 000000000 

••••••• 00 •• 000000. 0.00000.0 000000000 00 ••••• 00 0.0000000 000000000 000000000 
DOOOOOO.O .c.ooooo. OC.OOD.OO OooOODOOo 0.00.00.0 .00000000 • ••••••• 0 000.0000. 
DOOOOOOO. • OO.DOOO. 000.0.000 000000000 

<t 
.00D.DOO. .DoooOOo[J .0OO[JlJlJD • 000 •• 000. 

00000000. aooO.ooo. ......... 000.00.00 .000 ••••• .0000 •• 0. 00000000. 000.0.00. 
DODO 0000. .00Do.00. 000.0.000 000000000 .0000Doo. .DoO.OOoo oDoooooo. 000.00.0. 
OOooDOO.o .00000.0. ouaooo.oo 000000000 D.DOoOC.o .00C.OOOO ODoCCoD.C 000.000 •• 
oDOoOo.oo .000000 •• 0.00000.0 000000000 00 ••••• 00 0 ••• 00000 ... ooooeoooo 000. CO 00. 

000000000 •• 00[]0[]00 000000[]00 0 •••••• 00 00 ••••• 00 000000000 000000000 000000000 
ooooo[]oOO OD.oOOOOO 000000000 .00.000.0 0.00.00.0 0000.0000 000000000 •••••••• 0 
.0000000. DOo.ooooo Do ••••• OO .000.000. 

U. .OOO.ODO. 0000.0000 00000000. oDo.oooO. 
W ......... 0000 ••••• o.oCooo.o .000.000. • •••• 000. ......... 0.0 •••••• 0000.000 • 

, .000Cooo. ooo.onoon .000CoOo. • 000.000. ~ .0000000. oOoO.oDoo OOO.Cooo. 0000.000 • e:( 
oOooDDooo oC.OCoooo 0000000[]0 • 000.000. oaOOODDac 0000.0000 000000000 DODO.Dona 
DCOOODOOO •• 0000000 000000000 o ••• oooao co ou ••••• oo oooooooou 000000000 ....... 000.0 U 

o::t o::t ......... ..00000 •• 000080000 0 •• 000 •• 0 to ......... •• 0000D •• 000000000 000000000 to 
ODOO.OODD OlJ.oOO.OO 00000[]000 .00.0.00. C/) .000.000. .0.000.0. 0000 ••••• 000.0000. C/) 

DOOO.oOOO OOO.O.ODn • 000DoOO. .000.000 • to .000.000. .oo.o.on. 000.00000 0000.00.0 to 
oooo.ooon oooo.oocn 0.00000.0 .000.000. co .OOO.OOC. .000.000. 000.00000 00000 •• 00 co 
0000.0000 oooaoaooo 00 ••••• 00 .000.000. ~ aODa.ooo. aooaoaoo. 000.00000 00000 •• 00 ~ 0000.0000 00.000.00 oOCOODOoo .00.0.00. .000.000. .0.000.0. 0000.0000 0000.00.0 ......... ..00000 •• olJDOoOOOo 0 •• 000 •• 0 e. . ........ •• 00000 •• . ........ 000.0000. e. 
0.000 •••• • ••••••• 0 ooooOOooD ••• 000000 U. 00000 •••• 00 ••••• 00 000000000 000 ••••• 0 W 
• 0000.0.0 . 00[]00000. OOooOOoDo .00.00000 ~ 0000.000 • 0.00000.0 •••••••• 0 00000000 • e:( 
• 0000.00. oOooDoo.O •• 0000000 • 000.0000 000.0000. • 0000000 • D.o.oOoO • 00000000 • U • 0000000. 0000 ••• 00 ••• 000000 • 0000.000 CO 000.0000 • • 000.000 • .000.000 • 00000 ••• 0 
• oooooon. 0000000.0 Doo.ooono • 00000.00 o::t ooo.oooe. aooooooo • aoooaooo. 00000000 • o::t 
0.00000.0 ODOOOooo. OoOOOOOeJeJ .000000.eJ to oeJOo.DoO. o.oooOeJ.O .0eJO.OOO. 00000000. to 
00 ••••• 00 •••••••• 0 OOOoOeJOOeJ .0000000. C/) OeJooo •••• 00 ••••• 00 ... O ••• eJOO.O 000 ••••• 0 C/) 

to to 
.00000000 ••• 0000eJeJ DoooeJeJOeJ. o.eJoo ••• O " •• 0000000 00 ••••• 00 000000000 000000000 " .ooOoDOoO 000 ••• 000 00000 ••• 0 .000.000. ~ 00 •• 00000 0.00000.0 0.0000000 ·000 •••• 00 ~ .000.DDDO ODoODO •• o OOOODD.O. .000.000. 0000 •• 000 .00.0.00. .000.0000 0000000.0 
• 000.0000 00000000. 0 •• 00.00. aooo.ooo • C OOOOoD •• O .000.ODo. .000.0000 oDOOooOo. C 
.000.0000 000000 •• 0 • DO •• OOO. .000.000. 

Lri 
00000000. • 00.0.00 • 0 •••••••• 0000000.0 c.O .000.0000 000 ••• 000 .00 •• 000. oaooo.oo. DOOOOoO.O O.oODOO.O 0000.0000 000 •••• 00 ......... • •• 000000 0 •• 00 ••• 0 00 •••••• 0 000000.00 00 ••••• 00 0000.0000 000000000 W W 

.0000000. • •••••• 00 0.00000.0 .0000 ••• 0 0:: ......... .000.000. 000000000 000000000 0:: 
• 0000000. 0000000.0 OD.OoO.O. .000.000. => .0000000. .000.000. 0000 •• 000 000 •••••• => .000.000. ODODoOOO. ODO.oOO.O • 000.000. .00.0.00. .00D.000 • 000.0.00. OOoDoOO.O 
• 000.000. 00000000. [][JOO.OODO .ooo.oooa ~ .000.000. o.ooaoo.o 000.0.00. ouoooooo • ~ 
• 000.000. 00000000. 0.000.000 .000.000. .00.0.00. 00.0.0.00 000.0.00. 00000000 • 
• 000.000. DOOODOC.O • 0.000.00 .000.000 • u. .0000000. 000 ••• 000 000.0.00. 00000000 • u. ......... • •••••• 00 O.OOCOO.O ••••• 00.0 ......... 0000.0000 0000 •••• 0 000 ••••• 0 

00 ••••• 00 •• 0000000 0.000 •• 00 000000.00 0000000 •• 0 •• 00.000 000000000 000000000 
0.00000.0 .00000000 0.00.00.0 000000.00 000000.00 000.00.00 ......... 0000000.0 
• 0000000. .00000000 ......... ......... 00000.000 OOD.oO.OO 0000.00.0 000.0000 • 
• 0000000. . ........ 0.00.00.0 0.0000.00 00 ••••• 00 ......... 000.0000. 000.0000 • 
• 0000000. .00000000 ......... 00.000.00 000.00000 000.00.00 000.0000. 0 ••••••• 0 ......... .00000000 0.00.00.0 000.00.00 00.000000 000.00.00 000.0000. 000.00000 
.0000000. ..0000000 00 •• 000.0 0000 ••• 00 •• 0000000 0 •• 00.000 0000 •••• 0 000.00000 

0.00000.0 0.0000.00 00.000.00 0 ••• 0 ••• 0 ......... •••••• 000 000000000 000000000 
.0000000. .0000.0.0 00.000.00 • 000.000. 00000000 • 000000.00 0000.00.0 0000.00.0 
• 0000000. .000.000. ......... • 000.000 • 00000000. 0000000.0 oou.oooo. 000.00.0 • 
.0000000. .000.000. 00.000.00 • 000.000. 00000000. ......... 000.0000 • 000.00.0 • 
• 0000000. .DOo.ooO. ......... .0000000. 00000000. 0000000.0 000.0000. 000.0.00 • 
o.OoDOo.O 0.0.0000. DO.OOo.oo • 0000000. 00000000 • 000000.00 000.0000. 000.0.00. 
00 ••••• 00 00.0000.0 00.000.00 0.00000.0 00000000. • ••••• 000 0000 •••• 0 0000.00.0 

00.000.00 0 ••• 0000. 000000000 0 •• 00000. 00000000. .000.000. 000000000 000000000 
0.0.0.0.0 .000.00.0 000000000 .00.0000. 00000000. .000.000. 0000 •••• 0 0000.0000 
.000.000. .000.0.00 •••• 00000 • 000.000 • 00000000 • • 000.000. OOO.DOoO • 000.00000 
.000.000. .000 •• 000 000000000 • 000.000. ......... • 000.000. 000.0000 • 000.00000 
.000.000. .000.0000 000000000 .000.000. 00000000. • 000.000. 000.0000 • 000.00000 ......... .000.0000 •••• 00000 .0000.00 • 00000000. .000.000. 0000.00.0 0000.0000 
.0000000. . ........ 000000000 0.0000 ••• 00000000. • 000.000. ......... 000 •••••• 

000 •••••• 00 ••••• 0. 000000000 000000000 .00000000 0000.0000 00000000. 000000000 
00.00.000 0.00000.0 OO(]OOOOOO 00000000. • 00000000 000 ••• 000 LloOO •••• O ......... 
0.000.000 .00000.0. 000000000 00000000. .00000000 00.0.0.00 DOO.O.oo. 0.0.00000 
• 0000.000 .0000.00. •••••• 00 • ......... .00000000 0.00.00.0 000.0.00. .000.0000 
0.000.000 .0000000. 000000000 0.000000. .00000000 • 000.000. 000.0.00 • .000.0000 
00.00.000 0.00000.0 000000000 00.00000. .00000000 .000.000. 000.0.00. .000.0000 
000 •••••• 00 ••••• 00 000000000 000000000 ......... .000.000. 000000 •• 0 .. 0 ••• 00000 

0 ••••• 0.0 0 ••• 00000 000000000 00 ••••• 00 ......... 00000000. 000000000 000000000 
.0000.00. .000.0000 000000000 0 •• 0000.0 .0000000. 000000 •• 0 000000000 0 ••• 00000 
.0 •••• 00. .000.0000 DOoOooOOO • 00.0000. .0000000 • 00000.000 000.00000 .000.0000 
.0.00.00. .000.0000 000000000 • 000.000. .0000000 • 000 •• 0000 ••• 000000 .000.0000 
.00 ••• 00. .000.0000 000000000 • 0000.00. .0000000 • .0.000000 •• 0000000 .000.0000 
0.00000.0 .000.0000 000000000 0.0000 •• 0 .0000000. •• 0000000 000000000 0.0.00000 
00 ••••• 00 ......... 000000000 00 ••••• 00 ......... ••• 000000 000000000 ............. 

0 0 o <t o <t 
<t J. 

'" I ::t <t 
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~ 
co Functional Description (Continued) (/) 
CO 
CO 
::2 
c 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 
""'- 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 

~ 
0 ••••• 000 000000.00 0.0000000 0 •• 000000 ••••••• 00 ••••••• 00 000 ••• 000 0.0.0.000 .00000.00 000000.00 00.000000 .00.00000 000.00000 .00.00.00 00.000.00 .0.0.0.00 

CO .00000.00 000000.00 000.00000 .00 •• 0.00 000.00000 •••• 00.00 00.000.00 0.0.0.000 .00000.00 000000.00 OOLJO.oooo .00000000 000.00000 .00000.00 00.000.00 .0.0.0.00 

(/) 0 ••••• 000 000000.00 00000.000 0.0000000 000.00000 ••••••• 00 000 ••• 000 0.0.0.000 

000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 CO 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 ••••••• 00 0000.0000 000000000 000.00000 000000.00 ••••••• 00 000 •••• 00 .00000000 I'- 0000.0000 000.00000 000000000 00.0.0000 ••••••• 00 .00.00.00 00.000000 0.0000000 000.00000 000.00000 000000.00 0.000.000 .00000000 .00 •••• 00 00.000000 0.0000000 

~ 00.000000 000.00000 000000000 .00000.00 ••••••• 00 .00000.00 00.000000 0.0000000 
••••••• 00 0000.0000 000000000 000000000 000000.00 ••••••• 00 00 ••••• 00 00.000000 

C 000000000 000000000 000.00000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000.00000 000000000 000000000 000000000 000000000 000000000 ••••••• 00 ••••••• 00 000.00000 00.0.0000 •• 0.00000 ••••••• 00 000 •••• 00 000000000 0.0000000 ••••••• 00 lJ:::JoaO::J::J':JO 00.0.0000 00 •• 00000 .00000.00 00.000000 000.00000 
00 ••• 0000 .00000.00 000.00000 00.0.0000 000 ••• 000 .00 •••• 00 000 •••• 00 0 •• 0 •• 000 0.0000000 800000.00 UUCJ.:::OCOO 008080000 000000.00 .00.00.00 DO.oOOOOO .00000.00 
••••••• 00 .00000.00 COC.CG::J~C 00.0.0000 0000 •• 000 ••••••• 00 00 ••••• 00 000000000 

000000000 OOOO:::J:::JOOO 000 O:::J:::Jc: OD OOOC:::J:::JOOO OOOO:J::JOOO 000000000 000000000 000000000 
000000000 OOOOO:JOOO OO::lO:::J:::JOOO OO:::JOOOOOO OOOO:::JOOOO 000000000 000000000 000000000 
000000.00 00000.000 ooooocooo 000000000 0 ••••• 000 ••••••• 00 000000000 000000000 
000000.00 DOOO.ODeD OOOOODOCO .OOOOO.DO .00000.00 .00000.00 000000.00 000000000 
000000.00 000.00000 0000 •• 000 0.000.000 •••• 00.00 •••• 00.00 ••••••• 00 ••• 0 ••• 00 
000000.00 00.000000 OOCOCO.cc eu.aaOOGe] .00.00.00 .00.00.00 .00000.00 000000000 
••••••• 00 C.OOOODOO OOCOOOOOO OOC.OOOOO 0 ••••• 000 ••••••• 00 000000000 000000000 

000000000 000000000 000000000 DDCOOO8LJO 000000000 000000000 000000000 000000000 
000000000 000000000 000000000 OCOOOOOOO 000000000 000000000 000000000 000000000 
.00000.00 .00000.00 000.00000 GCODOOOOO 0 ••••• 000 0 ••••• 000 00.000.00 000000000 
0.000.000 .00000.00 000.00000 lJOOOODOOO .00000.00 .00.00.00 000.0.000 .00000.00 
00.0.0000 .00000.00 O ••••• UDD [JU.O •• OOO .00 •••• 00 .00800.00 nnDoaOODD 0 •• 0 •• 000 
000.00000 ••••••• 00 000.00000 oocceo.oo .00.00.00 .00.00.00 ••••••• 00 000.00000 
••••••• 00 ••••••• 00 000.00000 [JllCCCOllllO ll ••••• OOO 0 ••••• 000 llOOOOOOOO 000000000 

000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 
000000000 000000000 000000000 OCOOOOODO OllOOOOOOO 000000000 000000000 000000000 
•••••• 000 •• 0000.00 0.000.000 000000000 « 0 ••••• 000 0.0000000 000000000 00.000.00 
000000.00 .0.000.00 00.0.0000 oOOOO:lDOO .00.00.00 .00000000 00.0 •••• 0 00 •• 00.00 
000000.00 .00.00.00 ••••••• 00 GO.O.OOOO .llO •••• OO • 000.0.00 00000000 • 00.0.0.00 
000000.00 .000.0.00 00.0.0000 OOOCGOCOO .00lJoo.00 • 00.00000 00000000 • 00.00 •• 00 
00000.000 .0000 •• 00 0.000.000 OOCOOOOOO 0 ••••• 000 0 •• 000000 0000000.0 00.000.00 

000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 
000000000 •• 0000000 00 ••• 0000 0 •••• 0000 0 ••••• 000 000000000 000000000 00 •••••• 0 
.00000.00 00.000000 O.OOO.OOQ .00.0.000 800.00.00 000.00000 000000.00 000000808 
••••••• 00 000 •••• 00 .00000.00 .00.00.00 •••• 00.00 ••••••• 00 .0 ••••• 00 000000.0 • ::r: al .00000.00 000.00000 00.000.00 000000.00 .00000.00 00.000000 000000000 .00.00.00 « 0 ••••• 000 000000000 000000000 00 •••• 000 « 000000000 •• 0000000 000000000 0 •• 000.00 

U 000000000 000000000 000000000 000000000 U 
000000000 000000000 000000000 000000000 "d" 000000000 000000000 000000000 000000000 "d" 000000000 000000000 000000000 000000000 co ••••••• 00 •• 000 •• 00 000000000 0 •• 0 •• 000 co ••••••• 00 •• 000 •• 00 000 •••• 00 00.000.00 

(I) 000.00000 00.0.0000 000000000 .00.00.00 (I) .00.00.00 .0.0.0.00 00.000000 000.0.000 co co .00.00.00 .00.00.00 00.000000 0000.0000 000.00000 000.00000 .00000.00 .00.00.00 co .00.00.00 .0.0.0.00 00.000000 000.0.000 co 000.00000 00.0.0000 0.000.000 .00.00.00 
••••••• 00 •• 000 •• 00 ••••••• 00 00.000.00 ~ ••••••• 00 •• 000 •• 00 00 ••• 0000 0 •• 0 •• 000 ~ 

000000000 000000000 000000000 C 000000000 000000000 000000000 000000000 C 000000000 
00 000000000 000000000 000000000 000000000 ~ 000000000 000000000 OOL1000000 000000000 OOOO ••• U[J u ••••• ooo 00 •••••• 0 00 •••• 000 •• 00 ••• 00 •••••• 000 000000000 ••• 000000 « 000.00.00 .00000.00 00.000.0. 000000.00 « .000.0.00 000000.00 000000000 .00.00000 000.00.00 .00.00.00 00.000.0. 0000 •• 000 .00000.00 000 ••• 000 ••• 000000 .000.0000 U 000.00.00 .00000.00 00.000.00 000000.00 U .00000.00 000000.00 000000000 .0000.000 "d" 0000 ••• 00 0 ••••• 000 000 ••• 000 00 •••• 000 "d" 0 ••••• 000 •••••• 000 000000000 .00000.00 co co 

000000000 000000000 000000000 000000000 
(I) 000000000 000000000 000000000 000000000 (I) 
co 000000000 000000000 000000000 000000000 co 000000000 000000000 000000000 000000000 

" •• 0000000 0 ••••• 000 000000000 00 ••• 0000 " .00000000 ••• 000000 0000.0.00 .000 •• 000 
~ 00 •• 00000 .0.0.0.00 .00.0000tJ 00000.000 ~ .00.00000 000 •• 0000 00000.000 .00.00.00 0000 •• 000 .00.00.00 0 •••••• 00 000000.00 .00.00000 00000 •• 00 0 •• 0.0.00 .00.00.00 C 000000.00 .0.0.0.00 000.00000 00000.000 C .00.00000 000 •• 0000 .00.00.00 0.0.00.00 0000 •• 000 0 ••••• 000 000000000 00 ••• 0000 ••••••• 00 ••• 000000 0 •• 0 •• 000 00 •••• 000 r-: cO 

OClOOOClOOO 000000000 000000000 000000000 000000000 000000000 000000000 000000000 W 000000000 000000000 000000000 000000000 W 000000000 000000000 000000000 000000000 c:: ••••••• 00 .00.00.00 000 •• 0000 00 •••• 000 c:: .00000.00 •••••• 000 0.000 •• 00 .00 ••• 000 .0.0.0.00 .00.00.00 00.0.0.00 000000.00 .00.00.00 OOOOtJo.OO 00.00 •• 00 .0.000.00 :::> .00.00.00 0.0.0.000 00.0.0.00 000000.00 :::> 
.00.00.00 000000.00 000.00000 .0.000.00 S! .0.0.0.00 00 ••• 0000 00.0.0.00 000000.00 C!l .00.00.00 000000.00 •• 00.0000 .0.000.00 ••••••• 00 000.00000 000 ••• 000 00 •••• 000 u: ••••••• 00 •••••• 000 •• 000.000 ••• 00.000 u. 
000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 

000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 00000 •• 00 0 •• 0.0000 ••••••• 00 OOOOOOOOQ 0 ••••• 000 •• 0000000 0.00.0000 0000.0000 0000.0000 000.0.000 00.000.00 00.000.00 .00000.00 .00000000 0.0.0.000 ••••••• 00 0 ••••• 000 0 •••••• 00 00.000.00 0 ••••• 000 .00000.00 ••••••• 00 ••••••• 00 0.00.0000 00.000000 000.0.000 00.000.00 00.000000 .00000.00 .00000000 0.0.0.000 00.0.0000 •• 0000000 0 •• 0.0000 000 ••• 000 000000000 ••••••• 00 •• 0000000 00.00.000 000 •• 0000 

000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 ••••••• 00 •••• 00000 00.000.00 00.00.000 0.000.000 0.00 •• 000 00.0.0000 •• 00 •• 000 000000.00 0000 •• 000 00.000.00 00.0.0.00 .00000.00 .00.00.00 ••••••• 00 .0 •• 00.00 000000.00 ••••••• 00 00.000.00 00.0.0.00 .0000tJ.oo .00.00.00 00.0.0000 .00.00.00 000000.00 0000 •• 000 00.000.00 00.0.0.00 .00000.00 .00.00.00 ••••••• 00 .00000.00 000000.00 •••• 00000 000 ••• 000 000.00.00 0 ••••• 000 0 •• 00.000 00.0.0000 .0000.000 

000000000 000000000 000000000 000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000.00 .00.00.00 000 ••• 000 00.000000 0 •• 0 •• 000 0 •• 000.00 000000000 0 •• 000.00 000000.00 .00.00.00 00.000.00 00.000000 .00.00.00 .00.0.000 ••• 000000 .00.00.00 ••••••• 00 .00.00.00 00.000.00 000.00000 

.00.00.00 .00 •• 0000 000000000 .00.00.00 000000.00 .00.00.00 00.000.00 00 ••••• 00 .00.00.00 .00.00000 ••• 000000 .00.00.00 OOClOoO.OO .00.00.00 ••••••• 00 000000000 
••••••• 00 ••••••• 00 000000000 0.00 ••• 00 

000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 • ...,rlDOOOOO 000.00000 000 •••• 00 DO ••••••• 
00 ••••• 00 0 •••• 0.00 000000000 000000000 .00000000 00 ••• 0000 00.0.0.00 00.000.00 
0.00.0000 .0000.000 000000000 000000.00 .00000000 0.0.0.000 op.o.o.OO PO.OOO.OO 
.000.0000 .000.0.00 ••••• 0.00 ••••••• 00 .00000000 .00.00.00 00.0.0.00 00.000.00 
0.00.0000 .00000.00 000000000 0.0000.00 ••••••• 00 .00.00.00 00000.000 000 ••• 000 
00 ••••• 00 0 ••••• 000 OOOOOOtJOO 000000000 

000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 ••••••• 00 00000 •• 00 000000000 000 ••• 000 
0 ••• 00.00 0 •• 000000 000000000 0 ••••• 000 .00000.00 000 •• 0000 00.000000 00.000.00 
.00 •• 0.00 .00.00000 000000000 .0.000.00 .00000.00 .0.000000 0.0000000 00.000.00 
.0 ••• 0.00 .00.00000 000000000 .00.00.00 .00000.00 •• 0000000 .00000000 00.000.00 
.00000.00 .00.00000 000000000 .000.0.00 ••••••• 00 ••• 000000 000000000 DO ••••••• 
0 ••••• 000 ••••••• 00 000000000 0 ••••• 000 

[Vi Vi N « « 
~ "f J. 

::E « 
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Functional Description (Continued) 

00 ••••• 00 oaOOOOO08 000000000 0.00.00.0 
0.00000.0 00000000_ 0000 •••• 0 a0800.oa • 
• 0000000. 00000000. 000.00008 .00800.00 
.0000000. 000000008 000800008 0.00.00.0 
• 0000000. 000000008 000.0000 • 00800.00. 
0.00000.0 000000008 000.0000. .00.00.00 
00 ••••• 00 00000000. 0000 •••• 0 0.00.00.0 ......... 000.00000 000000000 0.0000000 
00000.000 008000000 DODO ••••• 00.000000 
0000.0000 0.0000000 000800000 00.000000 
000.00000 .00(10nooo 000.00000 0.0000000 
00.000000 080000000 000800000 800000000 
0.0000000 00.000000 0000.0000 .00000000 ......... 000.00000 000 •••••• 0.0000000 ......... 000000000 DODO ••••• 000000000 
0.0000000 000000000 000800000 000080000 

C 
00.000000 ......... 000800000 0 ••• 0 ••• 0 
000 •• 0000 • 0000000. DODO ••••• .oooopao • 
008000000 • 00000008 D0080aDDD .0000000 • 
0.0000000 • 0000000. 000.00000 000000000 ......... 000000000 000 •••••• 000000000 

00000000. 0000000.0 000000000 000000000 
00000000. 000000.00 000000000 000000000 
00000000. 00000.000 00000000. 000000000 
00000000. 0000.0000 . ........ ••• 00 ••• 0 
00000000. 000.00000 .0000000. 000000000 
00000000. 00.000000 000000000 000000000 ......... 0.0000000 000000000 000000000 

.0000000. 000000000 000000000 000000000 
0.00000.0 000000000 00000000. 000000000 
00.000.00 .0000000. 000.000.0 .0000000. 
000.0.000 • 0000000. 0000.0.00 .0000000 • 
0000.0000 .0000000. 00000.000 0 ••• 0 ••• 0 
00000.000 ......... 000000.00 0000.0000 ......... 000000000 ......... 000000000 

• 00000000 •• 000000. 000000000 000000000 
• 00000000 .0.00000. 0 ••••••• 0 000.0000 • 

<I: 
•••••••• 0 • 00.0000. 0.000000. 000 •• 000 • 
• 0000000. .000.000 • 80000000. 000.0.00 • 
• 0000000. • 0000.00. 00000000 • 000.00.0 • 
00000000. • 00000.0. 0000000.0 000.000 •• 
0000000.0 .000000 •• "I:t 000000000 000.0000. 

000000000 •• 0000000 000000000 000000000 
.0000000. 00.000000 000000000 0 ••••••• 0 
.0000000. 000.00000 00000000. 0000.000. ......... 0000 ••••• 0.0 •••••• 00000.00. 
• 0000000. 000.00000 000.0000 • 00000.00. 
.0000000. 00.000000 000000000 00000.00 • 
000000000 •• 0000000 000000000 ~ 0 •••• 00.0 

« ......... •• 00000 •• OooOODOoO 000000000 I-
0000.0000 00.000.00 0000 ••••• 000.0000. U 0000.0000 000.0.000 000.00000 0000.00.0 
0000.0000 0000.0000 000.00000 00000 •• 00 <:t 
0000.0000 oooeo.ooo 000.00000 00000 •• 00 cg 
0000.0000 00.000.00 0000.0000 0000.00.0 (I) ......... •• 00000 •• ......... 000.0000 • cg 

00 
0.000 ••• 0 ......... OODOOooOO 000 ••••• 0 ~ 
.0000.00. 0000000.0 0 ••••••• 0 00000000. e • 0000.00. 000000.00 00.0.000 • 00000000. 
.0000.00. 0000 •• 000 o.oooeOD. 00000 ••• 0 ~ .0000000. 000000.00 0.000.00. 00000000. 
0.00000.0 0000000.0 0.000.00. 00000000. I-00 ••••• 00 ......... q- 00 ••• 00.0 000 ••••• 0 

U 
.00000000 ••• 000000 000000000 000 ••• 000 

<:t 
cg 

.00000000 000 •• 0000 0.0000000 OCJOOOO.oo (I) .00000000 00000 •• 00 .000.0000 O(JOoooo.o 

.000.0000 0000000 •• ~~~~:~~~~ OCJOOOOOO • to 
• 000.0000 00000 •• 00 0000000.0 " .000.0000 000 •• 0000 0000.0000 o(Joooa.oo ~ ......... • •• 000000 0000.0000 000 ••• 000 e 
.0000000. • ••••••• 0 000000000 000000000 a; .0000000. 00000000. 0000 •• 000 000 •••••• 
• 0000000. 00000000. 000.0.00. 0000000.0 w • 000.000. 00000000 • 000.0.00. 00000000. 
• 000.000. 00000000. 000.0.00 • 00000000. cc 
• 000.000. 00000000. 000.0.00 • 00000000. ......... • ••••••• 0 0000 •••• 0 000 ••••• 0 ::J 

" 00 ••••• 00 .00000000 000000000 000000000 u:: 0.00000.0 .00000000 ......... 0000000.0 
.0000000. .00000000 0000.00.0 000.0000 • 
• 0000000. . ........ 000.0000. 000.0000 • 
• 0000000. .00000000 000.0000. 0 ••••••• 0 ......... .00000000 000.0000. 000.00000 
.0000000. .00000000 0000 •••• 0 000.00000 

0.00000.0 0.000 ••• 0 000000000 000000000 
• 0000000. .000.000 • 0000.00.0 0000.00.0 
• 0000000. • 000.000 • 000.0000 • 000.00.0. 
• 0000000. • 000.000 • 000.0000. 000.00.0 • 
• 0000000. • 000.000 • 000.0000 • 000.0.00. 
0.00000.0 • 000.000. 000.0000. 000.0.00 • 
00 ••••• 00 0 ••• 000.0 0000 •••• 0 0000.00.0 

0 ••• 0 ••• 0 0 ••• 0000. 000000000 000000000 
.000.000. .000.00.0 0000 •••• 0 0000.0000 
.000.000. .000.0.00 000.0000. 000.00000 
.000.000. • 000 •• 000 000.0000 • 000.00000 
.000.000. .000.0000 000.0000 • 000.00000 ......... • 000.0000 0000.00.0 0000.0000 
• 0000000. ......... ......... 000 •••••• 

00 ••••••• 00 ••••• 0. 00000000. 000000000 
0.000.000 0.00000.0 0000 •••• 0 0 •••••••• 
• 0000.000 .00000.0. 000.0.00 • 00.0.0000 
.0000.000 .0000.00. 000.0.00. 0.000.000 
• 0000.000 .0000000. 000.0.00 • 0.000.000 
0.000.000 0.00000.0 000.0.00. 0.000.000 
00 ••••••• 00 ••••• 00 000000 •• 0 ~DO ••• oOOO 

0 •••• 000. 0 ••• 00000 000000000 000000000 fD 
.0000.00. .000.0000 000000000 OOOLJOoOOO 
.0 •••• 00. .000.0000 000.00000 00 ••• 0000 
.0.00.00. .000.0000 ••• 000000 0.000.000 
.00 ••• 00. .000.0000 •• 0000000 0.000.000 
0.00000.0 .000.0000 000000000 00.0.0000 
00 ••••• 00 ......... 000000000 ~O •••••••• 

1Y: 
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Functional Description (Continued) 

0000.000. oooo.oowo oaooooooo 0 ••• 00000 
0000 ••••• 0000.0.0. 00.000000 .000.0000 
0000.000. DoOOaO.o. 000.00000 aOO0800DO 
.00.00000 •••• 0.00. 000080000 .0000 •• 0 • 
• 0.0.0000 0000.0000 00000.000 .00000000 .oaoaoooo 0000.0000 000000.00 0 •• 000000 
oaOO.ooDo •••• 00000 000000080 000000000 

00000 ••• 0 0000.00.0 000000000 0000.0000 
0000.000. Dooo.OWO. 000000000 DOO.OWOoO 
0000.000. DOoOao.o. 000000000 ~~~g88~~g aoo.o_ •• o oa080aOO. 0000000 •• 
WO.OaOODD woaoooooo 0000000 •• .0000000 • 
• 0WO.OOOo .0.000000 000000000 000000000 
0800.0000 ••••• 0000 000000000 000000000 

00000.00. 0000.00.0 0000.0000 000000000 ooooao •• o DoOOaO.O. 000080000 ooowoaooo DoooaO.Oo ooooao.o. 0000.0000 OoOWOWoOO 
C • 000 ••••• ao •• owoO • 0000.0000 000.0.000 

.000.0000 .0.0.0000 0000.0000 000.0.000 

.000.0000 .000.0000 0000.0000 000.0.000 
0 ••• 00000 0 ••• 00000 0000.0000 000000000 

0000.0000 0000.00.0 000000000 000000000 
0000.0.00 0000.0.0. 000000000 000000000 0000.0.00 0000.0.0. 000000000 .0000000. 
.000 ••••• .0000.00. ootlO •• OOO 0.00000.0 
.0.000000 .0.000000 0000 ••• 00 00.000.00 
.0.000000 .0.000000 0000000.0 000.0.000 
••••• 0000 ••••• 0000 ~OOOOOOooo 0000.0000 

00000.000 00000.00. 0000.0000 000000000 
00000.000 00000.00. 0000.0000 000000000 
••• 00 •••• 00000.00 • 0000.0000 000000000 
OOO.O.OClO .000.0 •• 0 0 ••••••• 0 0 •• 00 •• 00 
0000 •• 000 .0.0.0000 0000.0000 0 •• 00 ••• 0 
000.00000 .0.0.0000 0000.0000 00000000. 
••• 000000 ••••• 0000 0000.0000 ~OOOOOOOOo 

0000.0000 00000.0.0 00.000.00 000000000 
0000.0.00 0000.0.0. 000.0.000 000000000 

c:( 
0000.0.00 0000.0.0. 0000.0000 000000000 
000 •••••• .00 •••••• 0 ••••••• 0 000 •• 00 •• 
000.00000 .0.0.0000 0000.0000 000 •• 00 •• 
000.00000 .0.0.0000 000.0.000 000000000 
•••• 00000 0.00.0000 OO.OOO.OI;l 000000000 

00000.000 00000 •••• 000000000 0 •••••• 00 I 00000.000 000000.00 000000000 .000.00.0 
00000 •••• 0000000.0 00 ••••• 00 .000.000. 
•••••• 000 .000.0.00 0.00000.0 .000.000. co 00.00.000 .0.0 ••••• .0000000. .000.000. 

I 
GO.OOoOOo .0.0.0000 .000000000 .000.000. I-
••••• 0000 ••••• 0000 000000000 0 ••• 00000 (.J 

'<:t 
0000.00.0 00000 •••• 000000000 0 ••• 0 ••• 0 to 
0000.0.0. 0000000.0 000000000 .000.000 • CI) 
0000.0.0. 000000.00 • 0000000. .000.000. to 0.0.0.00. .000 ••••• 0.00000.0 .000.000. co .0.0.0000 .000.0000 00 ••••• 00 .000.000. 
.0.0.0000 .000.0000 000000000 .000.000. :2: 
••••• 0000 0 ••• 00000 000000000 0 ••• 0 ••• 0 C 
00000000. 00000.0.0 000000000 •• 0000000 [0 
00000000. 0000.0.0. 000000000 .0.000000 I-00000000. 0000.0.0. •• 0000000 .00.00000 (.J 0.0.0 •••• .000 ••••• ••• 000000 .000.0000 
.0.0.0000 .0.0.0000 000.00000 .0000 •••• '<:t 
.o.o.oono .0.0.0000 000000000 .00000000 to 
••••• 0000 ••••• 0000 000000000 •• 0000000 CI) 

to 
0000.000. 0000.0000 00000.00. 00000 ••• 0 ..... 
00000.0.0 00000.000 000000 •• 0 .000.000. :2: 000000.00 000000 ••• 0 •• 000 •• 0 .000.000. 

C 0 •••••••• • 00.0.000 .00.0.00 • .000.000 • 
.U.OOoOOO • 0.0.0000 • 000.000. .000.000 • 

d .0.000000 • 0.0.0000 .00.0.00. 0.00.000 • 
0 •••• 0000 0.00.0000 O •• ooO •• C 00 •••••• 0 .... 
00000 •••• 0000.000. 0.0000.00 .0000 •• 00 W 
0000.00 •• 00000.0.0 00.00.0.0 .000.00.0 a::: 
0000.000. 000000.00 000.00.00 .00.0000. ~ • 0000 ••• 0 ......... g~g~~~g8g .00.0000. 
.[J.U.UUUO 00.000000 .00.0000. e" .0.0.0000 0.0000000 _0.000.00 .00.0000. u:: ••••• (]onO ••••• 0000 0.00000.0 •••• 000.0 

OOuOO.oOO 0000000.0 0.000 •• 00 000000.00 
00000.000 0000 ••••• 0.00.00.0 ......... 
00000 •••• 00000.0.0 0.00.00.0 0.0000.00 
• 000 •• 000 0 ••• 00 •• 0 ......... 00.000.00 
.0.0 •• 000 .000.00.0 0.00.00.0 000.00.00 
.0.0.OOOf] .000.0000 0.00.00.0 0000.0.00 
••••• 0000 ••••• 0000 00 •• 000.0 00000 •• 00 

0000.000. 00000.0.0 oO:J.o.OOO 0 ••• 0 ••• 0 
00000.0.0 0000.0.0. ~~~:~:~~~ .000.000. 
000000.00 0000.0.0. .00n.OOO. 
• 000 •• 0.0 0 ••• 0000. 000.0.000 .000.000 • 
• 0.0.000. • 000.0000 ......... .000.000 • 
• 0.0.0000 .000.0000 000.0.000 .0000000 • 
••••• 0000 ••••• 0000 000.0.000 0.000000 • 

0000.000. 00000.00. oOOOOOCOC 0 •• 00000. 
00000.0.0 0000.0.0. 000000000 .00.0000. 
000000.00 0000.00 •• ••• 000000 .000.000. 
• 00.0.0.0 0 ••• 0.00 • 000000000 .:Jllo.OOO. 
• 0.0.000. .0[J~;.000[] OOOOoOoOC .r':.-~n.ooo • 
.0.0.0000 • or! :1'l000 • •• ooooon . ':0.00 • 
0.00.0000 •••• ".JOOO 000000000 0" LJ'OO ••• 

0000 ••••• 00000000. OOOof]OOOO 000000000 
000000.00 0000 ••••• 000000000 00000000. 
000000.00 00000.00. 000000000 00000000. 
.00.00.00 0 ••• 00000 •••• 00 •• 0 ......... 
.0.0 ••••• • 000.0000 000000000 0.000000 • 
.0.0.0000 • 000.0000 000000000 00.08000 • 
0.00.0000 ••••• 0000 000000000 000000000 

0000 •••• 0 00000000. 000000000 0 ••••••• 0 
00000000. OOUooOOO. 000000000 .0.00000. 
••••• 000. 00000000 • 000000000 .00.0000. 
000.0000. 0 ••• 0 •••• 000000000 .000.000. 
00.0 •••• 0 .000.0000 000000000 .0000.00. 
0.0000000 .000.0000 000000000 .00000.0. 
••••• 0000 ••••• 0000 000000000 0 ••••••• 0 

~ 
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~National 
~ Semiconductor 

Bipolar PROMs 

DM76S128/DM86S128 Bipolar Character Generator 
General Description 
The DM76S128/DM86S128 is a 128-character bipolar 
character generator with serial output designed primarily 
for the CRT display marketplace, and packaged in a 
standard 16-pin DIP. The DM76S128/DM86S128 
incorporates several CRT system level functions, as 
well as a 7 x 9 or 5 x 7 row scan character font. The 
DM76S128/DM86S128 performs the system functions 
of parallel to serial shifting, character address latching, 
character spacing and character I ine spacing. These 
system functions have required extra packages in the 
past. 

Shifted characters can be generated by the on-chip 
adder/subtracter. 

The clear input and the load enable input are active low. 
Load enable is synchronous with the dot clock. Both 
the line clock and the dot clock are positive edge
triggered. When the address latch control signal is high, 

the character addresses "fall through" the latch. And 
when the address latch control signal goes low, the 
character addresses are latched. 

Features 
• 128 character-row scan 

• 5 x 7 or 7 x 9 font 

• Custom fonts available with shift options 

• Serial output 

• 16-pin package 

• 35 MHz typical clock rate 

• On-chip input latches 

• On-chip shift register 

• On-chip dot blanking 

• On-chip row blanking 

• Low power-400 mW typical 

7x9 5x7 FONT PACKAGE 

DM76S128CNC/DM86S128CNC 
DM76S128CND/DM86S128CND 
D M 7 6S 128COH/D M86S 128COH 
DM76S128COJ/DM86S128COJ 

Block Diagram 

LINE 
CLOCK 

AOORESS LATCH 
CONTROL 

A6 

A5 

A4 

A3 

A2 

Al 

AD 

CLEAA------------~ 

*alpha pattern designators 

x Upper and Shifted Lower Case Block N, J 
x Upper and Lower Case Block N, J 

x 

65X 12B-BIT 
FONT 

MATRIX 

OOT LOAD 
CLOCK ENABLE 

ASCII CHARACTER SET N, J 
x ASCII CHARACTE R SET N, J 

Order Number 
DM76S128XXX*/J 

or DM86S128X,XX*/J 
See NS Package J16A 

Order Number 
DM86S128XXX* IN 

See NS Package N16A 
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SERIAL 
OUTPUT 

Connection Diagram 
Dual-In-Line Package 

A2 
16 

VCC 

Al 
15 

A3 

AD 
14 

A4 

AOORESS LATCH 4 13 
A5 CONTROL 

CTIAif 
12 

A6 

LINE ClOCK 
11 

OUTPUT 

CLOCK CONTROL 
10 

LOAOENAffi 

GNO 
9 

OOT CLOCK 

TOP VIEW 

Logic Symbol 
ADORESS LATCH 

CONTROL 
AD 

Al 

A2 

A3 
A4 

A5 

A6 

OUTPUT 

OOT CLOCK 

LINE CLOCK 
CLOCK CONTROL 



co 
N ,.. 
~ co 
:E c ........ co 
N ,.. 
en 
CD 
........ 
:E 
c 

Absolute Maximum Ratings (Note 1) Operating Conditions 

MIN MAX 

Supply Voltage -D.5V to + 7V Supply Voltage (Vce) 
Input Voltage -1.5Vto +5.5V DM76S128 4.5 5.5 
Output Voltage -D.5V to +5.5V DM86S128 4.75 5.25 
Storage Temperature -B5°e to +150°C Ambient Temperature IT A) 
Lead Temperature (Soldering, 10 seconds) 300°C DM76S128 -55 +125 

DM86S128 0 +70 

Logical "0" Input Voltage (Low) 0 0.8 

Logical "1" Input Voltage (High) 2.0 5.5 

DC Electrical Characteristics (Note 2) 

SYM PARAMETER CONDITIONS MIN TYP MAX 

IlL Input Load Current VCC = Max, VIN = 0.45V -800 

IIH Input Leakage Current VCC = Max, VIN = 2.4V 40 

II I nput Leakage Current VCC = Max, VIN = 5.5V 1 

VOL' Low Level Output Voltage VCC'" Min, 10L = 16 mA 0.35 0.45 

VOH Output Voltage High 10H = -2 mA 2.4 3.2 

VIL Low Lev~1 Input Voltage VCC = Min 0.80 

VIH High Level Input Voltage VCC = Min 2.0 

Vc Input Clamp Voltage VCC = Min, liN = -12 mA -0.8 -1.5 

CIN Input Capacitance Vce = 5V, VIN = 2V, T A = 25°C, 4.0 

1 MHz 

Co Output Capacitance VCC = 5V, Vo = 2V, TA = 25°C, 6.0 

1 MHz 

ICC Power Supply Current VCC = Max, All Inputs Grounded, 100 140 

Output Open 

ISC Output Short·Circuit Current Vo = OV, VCC = Max -15 -70 

AC Electrical Characteristics 
DM76S128: TA = -55°e to +125°e, Vee = 4.5V to 5.5V. eL = 50 pF. 

DM86S128: TA = aOe to +70°C, Vee = 4.75V to 5.25V.CL = 50 pF. 

OM76S128 DM86S128 
SYM PARAMETER 

MIN TYP MAX MIN TYP MAX 

Access Time 

TOO Dot Clock to Output 25 50 25 40 

Set Up Time 

TS1 Load to Dot Clock 25 7 20 7 

TS2 Address to Load 335 54 280 54 

TS3 Clear to Load 335 14 280 14 

TS4 Control to Line Clock 50 -10 40 -10 

TS5 Line Clock to Load 
, 

1140 156 950 156 

TS6 Address to Address Latch 50 6 40 6 

Hold Time 

THl Load from Dot Clock 5 -6 0 -6 

TH2 Address from Load 0 -.14 0 -14 

TH3 Control from Line Clock 120 23 100 23 

TH4 Address from Address Latch 50 3 40 3 
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AC Electrical Characteristics (Continued) (With standard load) (Note 2) 

DM76S128 DM86S128 
SYM PARAMETER UNITS· 

MIN TYP MAX MIN TYP MAX 

TW1 Line Clock 50 12 40 12 ns 

TW2 Clear 50 6 40 6 ns 

TW3 Dot Clock 25 12 20 12 ns 

TW4 Load 40 8 30 8 ns 

TW5 Address Latch 50 22 40 22 ns 

fMAX Clock Frequency 18 35 22 35 MHz 

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for VCC = 5V and TA = 25°C. 

Standard Test Load 

Vcc 

DEVICE ('_)..-____ &-____ .. 
OUTPUT "" 

Truth Tables 

A) ADDRESS LATCH 

ADDRESS LATCH 
CONTROL 

o 
1 

FUNCTION 
PERFORMED 

Latched 
Fall Through 

• Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
ZOUT = 50 n, tr < 5 ns and tf < 5 ns (between 
1.0V and 2.0V). 

B) 4-BIT LINE COUNTER 

CLOCK CONTROL LINE CLOCK CLEAR LINE COUNTER 

H ~ H Increment line counter 

X X L Asynchronous clear 
resets counter 

L X H Clock inhibited 

H ~ H No change on high-to-
low clock edge 

X = Don't care 
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Switching Time Waveforms 

3V 

ADDRESS INPUT 

OV 
TS2 

ADDRESS 
LATCH CONTROL 

LINE CLOCK 

CLOCK CONTROL 

CLEAR 

LOAD ENABLE 

TW3 

DOT CLOCK 

OUTPUT 

Definitions 

AO-A6: Character address. A 7-bit code which selects 
1 of the 128 characters in the font. 

Clear: Active low clear for mod 16 row counter, (can be 
used to truncate mod 16 counter). 

Line Clock: Clock that advances the line counter. 
Advances counter on the low-to-high transition. 

Clock Control: Enables line clock when high and 
disables line clock when low. 

21-58 

TH4 

TH2 

TW4 

Load Enable: Active low load command which routes 
data from the character ROM to the "D" inputs of the 
7-bit shift register. 

Dot Clock: A low-to-high transition of the dot clock 
loads the shift register if load enable is low or shifts 
data if load enable is high. 

Output: A TTL BI-STATE output buffer. 



Functional Description 
To select a character, a 7-bit binary word must be· 
present at the address inputs AO-A6 when the address 
latch control is high_ This address can be latched by 
bringing the address latch control signal low after a 
40 ns set-up time. When the clear input receives a low 
pulse, the counter is reset to zero. The shift register can 
be loaded (TS2 ns) after the character is addressed. 
Data, representing one horizontal line of the addressed 
character, is available at the output when the load 
enable input is brought low. As shown in Figure 1, 
val id data arrives serially at the output. Dot clock 
pulses beyond that required to shift out one line of the 
character will add lows to the end of character. This 
provides a horizontal spacing between characters. 

Figure 2 shows how the counter sequences through the 
rows of addressed lines with the application of clock 
pulses at the line clock input. Any additional line 
clocks beyond that required to display the character 
will put a vertical space between characters. This spacing 
can be truncated by bringing the clear input low. 

A two character display example is shown in Figure 3 
and a typical system timing waveform is shown in 
Figure 4. The standard fonts are shown in Figures 5, 
6, 7 and 8. Descending characters in the 5 x 7 fonts are 

LINE ~ rfJ 
CLOCK . V 

shifted by virtue of their placement in the matrix. 
Descending characters in the 7 x 9 fonts are shifted (by 
th on-chip line shifter/counter) the number. of lines 
indicated by the number in the upper left hand corner 
of the character drawings in the figures. 

Character Cycle - ROM data corresponding to one 
line of characters is loaded into the shift register TS2 
after the ROM is addressed. When load enable goes low, 
ROM data is allowed to be present at the 0 input of 
the shift register via the MUX. The first bit of the ROM 
data is transferred to the output at the next low-to-high 
transition of the dot clock. After load enable goes back 
high, the second to seventh clock pulses shift out the 
rest of the selected row of the addressed character. 
Additional clock pulses will shift out low data used 
for spacing. 

Line Cycle - The line counter is a mod 16 counter. 
A low-to-high transition of the line clock advances the 
I ine counter to the next count. If, for any reason, the 
counts need to be truncated, a low signal at the clear 
input resets the counter to zero. The clock control may 
be used as a line clock disable. A high signal at the line 
clock control terminal enables the counter and a low 
signal disables the line clock. 

CHARACTER X C 
AOORESS INPUT _______ ..... L __________________________ _ 

u 
OOT CLOCK 

1\ 1\ OUTPUT / 

OUTPUT (SE~~~TE) 
-~ ~-------' '---------' 

1-1 o----------VALIO DATA OUT -----------11 

Note. Output goes and stays low following the leading edge of the eighth Dot-Clock pulse until Load enable is enabled again and new parallel data 
is loaded into the shift register. 

CHARACTER 
ADDRESS 

INPUT ___________ -+....1 

LINE 
CLOCK 

CLOCK 

FIGURE ,_ Character Cycle 

CONTROL ___________ -+ __________ -' 
DISPLAY 

FIRST LINE 
OF N CHARACTERS 

FIGURE 2. Line Cycle 
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DISPLAY 
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DISPLAY 
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OF N CHARACTERS 

c s: 
~ 
0') 
en ..... 
I\) 
CO ........ 
C s: 
CO 

~ ..... 
I\) 
CO 



Functional Description (Continued) 

AD 

Al---1 

AZ---1 

ADDRESS 
INPUTS A3---1 

A4 

'A5~ 

A6 

lDADE~ 

DDT ClK 

TWO 
CHARACTER 

CYCLE 
OE-HEX-13 

I 

\ 

\ 

I 

V 

\ 

\ 

\ 

I 

\..J 

CLK 
CNRl 

ADDITIONAL LINE 
CDUNTS FDR 

VERTICAL SPACE 

FIGURE 3. Example, Two Character Display Timing - DM86S128CNC 
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CHARACTER 
ADDRESS* 

AODRESS LATCH 
CONTROL* 

CLEAR 

LINE CLOCK 

CLOCK 
CONTROL 

LOAD 
ENABLE 

DOT CLOCK 

OUTPUT 

4SSnsCYCLE 

4= F4D-~4D-j 
280 ns 

- --~ ~ 

~~ 
28Dns 

I I 

~ gSDns 

~40 lDD~~ 
1-30-

I 
~~,,'\. ~j ~~ F//& 

(22 MHz DOT RATE) ,~ ~ ~4D _ ~ 
X X X Y X X X . 

VALID DDT DATA 
-I 

LOW FOR SPACE---=-------! I 

*Shown here for operation with dynamic memory, For static memory operation the address latch control would be tied high and the character 
addresses would be stable between each address change occurring 280 ns before the high-to-Iow transition of Load enable, 

FIGURE 4. Typical System Timing Waveform 
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Functional Description (Continued) 

00 ••••• 00 00000000. 0.0000000 
0.00000.0 00000000. 00.000000 
.0000000. 00000000. 000.00000 ... .0000000. 00000000. 0000.0000 
.0000000. 00000000. 00000.000 
0.00000.0 00000000. 000000.00 
00 ••••• 00 00000000. 0000000.0 

......... 000000.00 000000000 
000000.00 00000.000 000000000 
00000.000 0000.0000 000000000 

w 0000.0000 000.00000 00000000. 
000.00000 0000.0000 000000000 
00.000000 00000.000 000000000 ••••••••• 000000.00 000000000 

••••••••• . ........ 0000.0000 
00.000000 ......... 0000.0000 
000.00000 • 0000000. 0000.0000 

Q 0000 ••• 00 • 0000000. 0000.0000 
000.00000 • 0000000. [1000.0000 
00.000000 • 0000000. 0000.0000 ......... • 0000000. 0000.0000 

00000000. 0000000.0 000000000 
00000000. 000000.00 000000000 
00000000. 00000.000 000000000 ... 00000000. 0000.0000 000000 •• 0 
00000000. 000.00000 00000000. 
00000000. 00.000000 000000000 ......... 0.0000000 000000000 

.0000000. .0000000. 0000.0000 
0.00000.0 .0000000. 0000.0000 
00.000.00 • 0000000. 0000.0000 

'" 000.0.000 • 0000000. 0 ••••••• 0 
0000.0000 • 0000000. 0000.0000 
00000.000 ......... 0000.0000 ......... ......... 0000.0000 

••••••• 00 •• 000000. 0.00000.0 
0000000.0 .0.00000. 00.000.00 
00000000. .00.0000. 000.0.000 

«I: 00000000. • 000.000. ......... 
00000000. .0000.00. 000.0.000 
oooococ.o • cocoo.o. 00.000.00 
oooooe.oo • ococoo •• 0.00000.0 

ooooOCjooo •• 0000000 ocooooooo 
oooooClooo 00.000000 000000000 
.0000000. 000.00000 00 ••••• 00 

m ......... 0000 ••••• 0.00000.0 
.0000000. 000.00000 • 0000000. 
000000000 oC.oOoOoO 000000000 
000000000 •• 0000000 000000000 

......... •• 00000 •• 000000000 
0000.0000 00.000.00 000000000 
0000.0000 000.0.000 • 0000000. 

II> 0000.0000 0000.0000 0.00000.0 
0000.0000 000.0.000 00 ••••• 00 
0000.0000 00.000.00 000000000 ......... •• 00000 •• 000000000 

0.000 •••• •••••••• 0 000000000 
.0000.0.0 0[1000000. 000000000 
• 0000.00. 0000000.0 •• 0000000 .... • 0000000. 0000 ••• 00 ••• 000000 
• 0000000. 0000000.0 000.00000 
0.00000.0 00000000. 000000000 
00 ••••• 00 •••••••• 0 000000000 

.00000000 ••• 000000 00000000. 

.00000000 000 ••• 000 00000 ••• 0 

.000.0000 000000 •• 0 000000.0. 

'" • 000.0000 00000000. 0 •• 00.00. 
.000.0000 000000 •• 0 • 00 •• 000. 
.000.0000 000 ••• 000 • 00 •• 000. ......... ••• 000000 0 •• 00 ••• 0 

• 0000000. ••••••• 00 0.00000.0 
.0000000. 0000000.0 00.000.0. 
• 000.000. 00000000. 000.000.0 

It> .000.000. 00000000. 0000.0000 
.000.000. 00000000. 0.000.000 
.000.000. oOOCOoO.O • 0.000.00 ......... ••••••• 00 0.00000.0 

00 ••••• 00 •• 0000000 0.000 •• 00 
0.00000.0 .00000000 0.00.00.0 
• 0000000. .00000000 ......... .. .0000000. . ........ 0.00.00.0 
.0000000. .00000000 ......... ......... .00000000 O.oo.oo.n 
.0000000. ..0000000 00 •• 000.0 

0.00000.0 0.0000.00 00.000.00 
.0000000. .0000.0.0 00.000.00 
• 000qoOo. • 000.000 • ......... .., • 0000000 • .000.000 • 00.000.00 
• 0000000. • 000.000 • ......... 
0.00000.0 0.0.0000. 00.000.00 
00 ••••• 00 00.0000.0 00.000.00 

ooilOoo.oo 0 ••• 0000. 000000000 
0.0.0.0.0 .000.00.0 000000000 
.000.000. .000.0.00 •••• 00000 

N .000.000. • 000 •• 000 000000000 
.000.000. .000.0000 000000000 ......... • 000.0000 •••• 00000 
• 0000000. ......... 000000000 

000 •••••• 00 ••••• 0. 000000000 
00.00.000 0.00000.0 000000000 
0.000.000 .00000.0. 000000000 - • 0000.000 • 0000.00 • •••••• 00 • 
0.000.000 .0000000. 000000000 
00.00.000 0.00000.0 000000000 
000 •••••• 00 ••••• 00 000000000 

0 ••••• 0.0 0 ••• 00000 000000000 
.0000.00. .000.0000 000000000 
• 0 •••• 00. .000.0000 000000000 

co .0.00.00. .000.0000 000000000 
.00 ••• 00. .000.0000 000000000 
0.00000.0 .000.0000 000000000 
00 ••••• 00 ......... 000000000 

Vi co «I: 
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0 ••• 00000 ......... ••••••••• .000.0000 0000.0000 .000.000. 
.000.0000 0000.0000 .000.000. 
.0000 •• 0. 0000.0000 • •••• 000 • 
.00000000 0000.0000 .0000000. 
• 00000000 0000.0000 .0000000. 
0.0000000 0000.0000 ......... 
000000000 00000000. . ........ 
0000.0000 ......... .000.000. 
000.0.000 .00000000 .000.000. 
00.000.00 .00000000 .000 ••••• 
0.00000.0 • 00000000 .0000000 • 
• 0000000. ......... .0000000. 
000000000 00000000. ......... 
000.00.00 •• 00.0000 . ........ 
000.00.00 00 ••• 0000 .0000000. 
000.00.00 0000 •• 000 .0000000 • 
000.00.00 0000.0 •• 0 .000 ••••• 
000.00.00 0000.000. .000.000 • 
000.00.00 0000000.0 .0008000 • 
000.00.00 000000.00 • •••••••• 
000000000 00 ••••• 00 ......... 
.0000000. 0.00000.0 .0000000. 
0.00000.0 .0000000. .0000000. 
00.000.00 • •••• 000. ••••• 000. 
000.0.000 • 000.000. :8881888: 0000.0000 0.00.00.0 
000000000 00 ••••• 00 ......... 
000000000 00 ••••• 00 00 ••••• 00 
000000000 0.00000.0 0.00.00.0 
000000000 .0000000. .000.000 • 
000.00 •• 0 .000 ••••• • 000.000 • 
00000000. .000.000. • 000.000 • 
000000000 0.00.00.0 0.00.00.0 
000000000 00 ••••• 00 00 ••••• 00 

000000000 00 ••••• 00 0.0000000 
000000000 0.00.00.0 .00000000 
000000000 .000.000. • 00000000 
000.00.00 • 000 ••••• • 0000 •• 0 • 
000000000 .0000000. .000.0000 
000000000 o.ocooo.o .000.0000 
000000000 00 ••••• 00 0 ••• 00000 

0 •••••• 00 00 ••••• 00 000000000 
.00.000.0 0.00.00.0 0000.0000 
.000.000. • 000.000 • 0000.0000 
• 000.000. ••••• 000. . ........ 
• 000.000 • • 0000000. 0000.0000 
.000.000. 0.00000.0 0000.0000 
0 ••• 000.0 00 ••••• 00 000000000 

0 •• 000 •• 0 . ........ •• 00000 •• 
• 00.0.00. • 000.000. .0.000.0. 
.000.000 • .000.000. .00.0.00. 
.000.000. .000.000. .000.000. 
.000.000. .000.000. .00.0.00. 
.00.0.00. .000.000. .0.000.0. 
0 •• 000 •• 0 ......... •• 00000 •• 

••• 000000 00000 •••• 00 ••••• 00 
• 00.00000 0000.000. 0.00000.0 
.000.0000 000.0000. .0000000 • 
• 0000.000 000.0000 • .000.000 • 
• 00000.00 000.0000 • .0000000. 
• 000000.0 0000.000 • 0.00000.0 
• 0000000. 00000 •••• 00 ••••• 00 

0.000 ••• 0 •• 0000000 00 ••••• 00 
.000.000. 00 •• 00000 0.00000.0 
.000.000. 0000 •• 000 .00.0.00. 
.000.000. 000000 •• 0 • 000.000 • 
• 000.000 • 00000000 • .00.0.00. 
0.000.00 • 0000000.0 0.00000.0 
00 •••••• 0 000000.00 00 ••••• 00 

.0000 ••• 0 ......... .000.000 • 

.000.000. .0000000. • 000.000. 

.000.000. .00.0.00 • • 000.000. 

.000.000. .000.000. 0.00.00.0 

.000.000. .00.0.00. 00.0.0.00 

.000.000 • .0000000. 000 ••• 000 
• •••• 00.0 ......... 0000.0000 

000000.00 0000000 •• 0 •• 00.000 
000000.00 000000.00 000.00.00 ......... 00000.000 000.00.00 
0.0000.00 00 ••••• 00 ......... 
00.000.00 000.00000 000.00.00 
000.00.00 00.000000 000.00.00 
0000 ••• 00 •• 0000000 0 •• 008000 

0 ••• 0 ••• 0 ......... •••••• 000 
• 000.000. 00000000 • 000000.00 
• 000.000 • 00000000 • 0000000.0 
• 000.000. 00000000 • ......... 
• 0000000 • 00000000 • 0000000.0 
• 0000000. OOOLlOOOO • 000000.00 
0.00000.0 00000000. •••••• 000 

0 •• 00000. oOOOoCioo. .000.000. 
• 00.0000. 00000000 • .000.000. 
• 000.000 • 00000000 • • 000.000. 
.000.000 • ......... • 000.000 • 
.000.0008 00000000. 8000.000. 
.0000.00 • 00000000 • .000.000. 
0.0000 ••• 00000000. • 000.000. 

000000000 .00000000 0000.0000 
00000000. .00000000 000 ••• 000 
00000000. .00000000 00.0.0.00 ......... .00000000 0.00.00.0 
0.000000. • 00000000 .000.000 • 
00.00000. • 00000000 .000.000 • 
000000000 ......... .ooel.ooo • 

00 ••••• 00 ......... 00000000 • 
0 •• 0000.0 .0000000. 000000 •• 0 
• 00.0000 • .0000000 • 00000.000 
.000.000. .0000000. 000 •• 0000 
• 0000.00. .0000000 • .0.000000 
0.0000 •• 0 .0000000. •• 0000000 
00 ••••• 00 ......... ••• 000000 

.., ... It> 
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000000000 
0000 •••• 0 
000.0000. 
000.0000. 
000.0000. 
000.0000 • 
0000 •••• 0 

000000000 
0000 ••••• 
000.00000 
000.00000 
000.00000 
0000.0000 
000 •••••• 

0000 ••••• 
000.00000 
000.00000 
0000 ••••• 
000.00000 
000.00000 
000 •••••• 

000000000 
000000000 
00000000. ......... 
.0000000 • 
000000000 
000000000 

000000000 
00000000. 
000.000.0 
0000.0.00 
00000.000 
000000.00 . ........ 
000000000 
•••••••• 0 
.0000000. 
00000000 • 
00000000. 
0000000.0 

.. 000000000 

000000000 
000000000 
00000000. 
0.0 •••••• 
000.0000 • 
000000000 
000000000 

000000000 
0000 ••••• 
000.00000 
000.00000 
000.00000 
0000.0000 . ........ 
000000000 
•••••••• 0 
0.0.0000 • 
.000.000 • 
.000.000 • 
.000.000. 

.. 0 ••• 000.0 

000000000 
0.0000000 
.000.0000 
.000.0000 
0 •••••••• 
0000.0000 
0000.0000 

000000000 
lllJoo •• :JDO 
000.0.00 • 
000.0.00. 
000.0.00. 
000.0.00. 
0000 •••• 0 

000000000 ......... 
OOOo.orJ.O 
000.0000. 
000.0000. 
000.0000. 
0000 •••• 0 

000000000 
0000.00.0 
000.0000. 
000.0000. 
000.0000. 
000.0000. 
0000 •••• 0 

000000000 
0000 •••• 0 
000.0000 • 
000.0000 • 
000.0000. 
0000.00.0 ......... 
00000000. 
0000 •••• 0 
000.0.00. 
000.0.00. 
000.0.00. 
000.0.00. 
000000 •• 0 

000000000 
000000000 
000.00000 
••• 000000 
•• 0000000 
000000000 
000000000 

CD 

0.00.00.0 
00.00.00. 
.00.00.00 
0.00.00.0 
00.00.00. 
.00.00.00 
0.00.00.0 

0.0000000 
00.000000 
00.000000 
0.0000000 
.00000000 
.00000000 
0.0000000 

000000000 
0000.0000 
0 ••• 0 ••• 0 
.0000000. 
.0000000. 
000000000 
000000000 

000000000 
000000000 
000000000 
• •• 00 ••• 0 
000000000 
000000000 
000000000 

000000000 
000000000 
.0000000 • 
.0000000 • 
0 ••• 0 ••• 0 
0000.0000 
000000000 

000000000 
000.0000 • 
000 •• 000 • 
000.0.00. 
000.00.0 • 
000.000 •• 
000.0000. 

000000000 
•••••••• 0 
000.0000 • 
0000.000 • 
00001000 • 
0000.000. 

...... 000.0 

000000000 
000.0000 • 
0000.00.0 
00000 •• 00 
00000 •• 00 
0000.00.0 
000.0000. 

000 ••••• 0 
00000000 • 
00000000. 
00000 ••• 0 
00000000. 
00000000. 
000 ••••• 0 

000000000 
000 •••• 00 
0000000.0 
00000000 • 
0000000.0 
000 •••• 00 
000000000 

000000000 
000 •••••• 
0000000.0 
00000000. 
00000000. 
00000000. 
000 ••••• 0 

000000000 
0000000.0 
000.0000. 
000.0000 • 
0 ••••••• 0 
000.00000 
000.00000 

000000000 
0000.00.0 
000.00.0. 
000.00.0 • 
000.0.00. 
000.0.00. 
0000.00.0 

000000000 
0000.0000 
000.00000 
000.00000 
000.00000 
0000.0000 
000 •••••• 

000000000 . ........ 
0.0.00000 
.000.0000 
.000.0000 
.000.0000 

.. 0 ••• 00000 

000000000 
0 ••• 00000 
.000.0000 
.000.0000 
.000.0000 
0.0.00000 ........... 
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Functional Description (Continued) 

000000000 000000000 000000000 
000000000 000000000 000000000 ... 0 ••••• 000 000000.00 0.0000000 
.00000.00 000000.00 00.000000 
.00000.00 oooooo.rlD 000.00000 
.00000.00 000000.00 0000.0000 
0 ••••• 000 000000.00 00000.000 

000000000 000000000 000000000 
000000000 000000000 000000000 

w 
••••••• 00 0000.0000 000000000 
0000.0000 000.00000 000000000 
000.00000 000.00000 rJOoooo.oo 
00.000000 000.00000 OOoCOOOOO 
••••••• 00 0000.0000 000000000 

000000000 000000000 000.00000 
000000000 000000000 000.00000 

c 
••••••• 00 ••••••• 00 000.00000 
0.0000000 ••••••• 00 000.00000 
00 ••• 0000 .00000.00 rJOo.ooooo 
0.0000000 .00000.00 ooo.cocoo 
••••••• 00 .00000.00 oOC.COOOO 

000000000 000000000 OOOOO:JOOO 
000000000 oooooocrJO 000000000 ... 000000.00 00000.000 000000000 
000000.00 Oooo.oOCO 000000000 
000000.00 000.00000 0000 •• 000 
000000.00 oo.oOoOelO 000000.00 
••••••• 00 O.OOOOQoO 000000000 

000000000 000000000 000000000 
000000000 000000000 000000000 
.00000.00 .00000.00 000.00000 

'" 0.000.000 .00000.00 000.00000 
00.0.0000 800000.00 0 ••••• 000 
000.00000 ••••••• 00 000.00000 
••••••• 00 ••••••• 00 000.00000 

000000000 000000000 000000000 
000000000 000000000 000000000 
•••••• 000 •• 0000.00 0.000.000 

<I: 000000.00 .0.000.00 00.0.0000 
000000.00 .00.00.00 ••••••• 00 
000000.00 .000.0.00 00.0.0000 
00000.000 .0000 •• 00 0.000.000 

000000000 000000000 000000000 
000000000 000000000 000000000 
000000000 •• 0000000 00 ••• 0000 

'" .00000.00 00.000000 0.000.000 
••••••• 00 000 •••• 00 .00000.00 
.00000.00 00.000000 000000000 
000000000 •• 0000000 000000000 

000000000 000000000 000000000 
000000000 000000000 000000000 
••••••• 00 •• 000 •• 00 000000000 

GO 000.00000 00.0.0000 000000000 
000.00000 000.00000 .00000.00 
000.00000 00.0.0000 0.000.000 
••••••• 00 •• 000 •• 00 00 ••• 0000 

000000000 000000000 000000000 
000000000 000000000 000000000 
•• 00 ••• 00 •••••• 000 000000000 ..... .000.0.00 000000.00 000000000 
.00000.00 000 ••• 000 ••• 000000 
.00000.00 000000.00 000000000 
0 ••••• 000 •••••• 000 000000000 

000000000 000000000 000000000 
000000000 000000000 000000000 
.00000000 ••• 000000 0000.0.00 

'" .00.00000 000 •• 0000 00000.000 
.00.00000 00000 •• 00 0 •• 0.0.00 
.00.00000 000 •• 0000 .00.00.00 
••••••• 00 ••• 000000 0 •• 0 •• 000 

000000000 000000000 000000000 
000000000 000000000 000000000 
.00000.00 •••••• 000 0.000 •• 00 ... .00.00.00 000000.00 00.00 •• 00 
.00.00.00 000000.00 000.00000 
.00.00.00 000000.00 •• 00.0000 
••••••• 00 •••••• 000 •• 000.000 

000000000 000000000 000000000 
000000000 000000000 000000000 
0 ••••• 000 •• 0000000 0.00.0000 ... .00000.00 .00000000 0.0.0.000 
.00000.00 ••••••• 00 ••••••• 00 
.00000.00 .00000000 ' 0.0.0.000 
••••••• 00 •• 0000000 00.00.000 

000000000 000000000 000000000 
000000000 000000000 000000000 
0.000.000 0.00 •• 000 00.0.0000 ... .00000.00 .00.00.00 ••••••• 00 
.00000.00 '.00.00.00 00.0.0000 
.00000.00 .00.00.00 ••••••• 00 
0 ••••• 000 0 •• 00.000 00.0.0000 

000000000 000000000 000000000 
000000000 000000000 000000000 
0 •• 0 •• 000 0 •• 000.00 000000000 

N .00.00.00 .00.0.000 ••• 000000 
.00.00.00 .00 •• 0000 000000000 
.00.00.00 .00.00000 ••• 000000 
••••••• 00 ••••••• 00 000000000 

000000000 000000000 000000000 
000000000 000000000 000000000 
00 ••••• 00 0 •••• 0.00 000000000 - 0.00.0000 .0000.000 000000000 
.000.0000 .000.0.00 ••••• 0.00 
0.00.0000 .00000.00 000000000 
00 ••••• 00 0 ••••• 000 000000000 

000000000 000000000 000000000 
000000000 000000000 000000000 
0 ••• 00.00 0 •• 000000 000000000 

C> .00 •• 0.00 .00.00000 000000000 
80 ••• 0800 .00.00000 000000000 
.00000.00 .00.00000 000000000 
0 ••••• 000 ••••••• 00 000000000 
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000000000 000000000 
000000000 000000000 
0 •• 000000 ••••••• 00 
.00.00000 000.00000 
.00 •• 0.00 000.00000 
.00000000 000.00000 
0.0000000 000.00000 

000000000 000000000 
000000000 000000000 
000.00000 000000.00 
00.0.0000 ••••••• 00 
0.000.000 .00000000 
.00000.00 ••••••• 00 
000000000 000000.00 

000000000 000000000 
000000000 000000000 
00.0.0000 •• 0.00000 
00.0.0000 00 •• 00000 
00.0.0000 000 ••• 000 
00.080000 000000.00 
00.0.0000 0000 •• 000 

:JOOOOOOOO 0000:J:J000 
000000000 oooo,mooo 
000000000 0 ••••• 000 
.00000.00 .00000.00 
O.orlD.orlD •••• 00.00 
00.0.0000 .00800880 
000.00000 0 ••••• 000 

000000000 000000000 
000000000 000000000 
000000000 0 ••••• 000 
DOOooDoo:J .00000.00 
0080 •• 000 .00 •••• 00 
DOOCCo.oo .00.00.00 
ooOCOoooo 0 ••••• 000 

000000000 000000000 
o[lDoooooo 000000000 
000000000 0 ••••• 000 
DOoooQooo .00.00.00 
GO.O.oooo • 00 •••• 00 
ooocooooo • 00000.00 
oOCCCOooo 0 ••••• 000 

000000000 000000000 
000000000 000000000 
0 •••• 0000 0 ••••• 000 
• 00.0.000 .00.00.00 
• 00.00.00 •••• 00.00 
.00.00.00 .00000.00 
0 •• 000.00 0 ••••• 000 

000000000 000000000 
000000000 000000000 
0 •• 0 •• 000 ••••••• Do 
.00.00.00 .00.00.00 
.00.00.00 .00.00.00 
.00.00.00 .00.00.00 
0 •• 0 •• 000 ••••••• 00 

000000000 000000000 
000000000 000000000 
••• 000000 0000 ••• 00 
.00.00000 000.00.00 
.000.0000 000.00.00 
.0000.000 000.00.00 
.00000.00 0000 ••• 00 

000000000 000000000 
000000000 000000000 
.000 •• 000 •• 0000000 
.00.00.00 00 •• 00000 
.00.00.00 0000 •• 000 
0.0.00.00 000000.00 
00 •••• 000 0000 •• 000 

000000000 000000000 
000000000 000000000 
.00 ••• 000 ••••••• 00 
.0.000.00 .0.0.0.00 
.0.000.00 .00.00.00 
.0.000.00 .0.0.0.00 
••• 00.000 ••••••• 00 

000000000 000000000 
000000000 000000000 
0000.0000 00000 •• 00 
••••••• 00 0000.0000 
0.00.0000 0 ••••• 000 
00.0.0000 00.000000 
000 •• 0000 •• 0000000 

000000000 000000000 
000000000 000000000 
•• 00 •• 000 ••••••• 00 
.0 •• 00.00 000000.00 
.00.00.00 000000.00 
.00000.00 000000.00 
.0000.000 000000.00 

000000000 000000000 
000000000 000000000 
0 •• 000.00 000000.00 
.00.00.00 000000.00 
.00.00.00 ••••••• 00 
.00.00.00 000000.00 
0.00 ••• 00 000000.00 

000000000 000000000 
000000000 000000000 
000000000 .00000000 
000000.00 .00000000 
••••••• 00 .00000000 
0.0000.00 .00000000 
000000000 ••••••• 00 

000000000 000000000 
000000000 000000000 
0 ••••• 000 ••••••• 00 
.0.000.00 .00000.00 
.00.00.00 .00000.00 
.000.0.00 , .00000.00 
0 ••••• 000 ••••••• 00 

... ... 
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000000000 000000000 
000000000 000000000 
••••••• 00 000 ••• 000 
.00.00.00 00.000.00 
•••• 00.00 00.000.00 
.00000.00 00.000.00 
••••••• 00 000 ••• 000 

000000000 000000000 
000000000 000000000 
••••••• 00 000 •••• 00 
.00.00.00 00.000000 
.00 •••• 00 '00.000000 
.00000.00 00.000000 
••••••• 00 00 ••••• 00 

000000000 000000000 
OCOOOOOoo 000000000 
••••••• 00 000 •••• 00 
.00000.00 00.000000 
.00 •••• 00 000 •••• 00 
euoeco.oo 00.000000 
••••••• 00 00 ••••• 00 

000000000 000000000 
000000000 000000000 
••••••• 00 000000000 
.00000.00 000000.00 
•••• 00.00 ••••••• 00 
.00.00.00 .00000.00 
••••••• 00 000000000 

000000000 000000000 
000000000 000000000 
0 ••••• 000 00.000.00 
.00.00.00 000.0.000 
.00.00.00 0000.0000 
.00.00.00 ••••••• 00 
0 ••••• 000 000000000 

000000000 000000000 
000000000 000000000 
0.0000000 000000000 
.00000000 00.0 •••• 0 
.000.0.00 00000000 • 
.00.00000 00000000 • 
0 •• 000000 oOooooO.Q 

000000000 000000000 
000000000 000000000 
000000000 000000000 
000.00000 000000.00 
••••••• 00 .0 ••••• 00 
000.00000 00.000.00 
000000000 000000000 

000000000 000000000 
000000000 000000000 
•• 000 •• 00 000 •••• 00 
.0.0.0.00 00.000000 
.00.00.00 00.000000 
.0.0.0.00 00.000000 
•• 000 •• 00 ••••••• 00 

000000000 000000000 
000000000 000000000 
0 ••••• 000 00 •••••• 0 
.00000.00 00.000.0. 
.00.00.00 00.000.0 • 
.00000.00 00.000.00 
0 ••••• 000 000 ••• 000 

000000000 000000000 
000000000 000000000 
0 ••••• 000 000000000 
.0.0.0.00 .00.00000 
.00.00.00 0 •••••• 00 
.0.0.0.00 000.00000 
0 ••••• 000 000000000 

000000000 000000000 
000000000 000000000 
.00.00.00 000 •• 0000 
.00.00.00 00.0.0.00 
0.0.0.000 00.0.0.00 
00 ••• 0000 00.0.0.00 
000.00000 000 ••• 000 

000000000 000000000 
000000000 000000000 
0 •• 0.0000 ••••••• 00 
000.0.000 00.000.00 
0 •••••• 00 00.000.00 
000.0.000 00.000.00 
0 •• 0.0000 000 ••• 000 

000000000 000000000 
000000000 000000000 
•••• 00000 00.000.00 
0000 •• 000 00.000.00 
••••••• 00 00.000.00 
0000 •• 000 00.000.00 
•••• 00000 000 ••• 000 

000000000 000000000 
000000000 000000000 
.00.00.00 000 ••• 000 
.00.00.00 00.000.00 
.00.00.00 00.000.00 
.00.00.00 00.000.00 
.00.00.00 ••••••• 00 

000000000 000000000 
000000000 000000000 
000.00000 000 •••• 00 
00 ••• 0000 00.0.0.00 
0.0.0.000 00.0.0.00 
.00.00.00 00.0.0.00 
.00.00.00 00000.000 

000000000 000000000 
000000000 000000000 
00000 •• 00 000000000 
000 •• 0000 00.000000 
.0.000000 0.0000000 
•• 0000000 .00000000 
••• 000000 000000000 

... '" 

000000000 
000000000 
0.0.0.000 
.0.0.0.00 
0.0.0.000 
.0.0.0.00 
0.0.0.000 

000000000 
000000000 
.00000000 
0.0000000 
0.0000000 
0.0000000 
00.000000 

000000000 
000000000 
000000000 
000.00000 
0 •• 0 •• 000 
.00000.00 
000000000 

000000000 
000000000 
000000000 
000000000 
••• 0 ••• 00 
000000000 
000000000 

000000000 
000000000 
000000000 
.00000.00 
0 •• 0 •• 000 
000.00000 
000000000 

000000000 
oooeooooo 
00.000.00 
00 •• 00.00 
00.0.0.00 
00.00 •• 00 
00.000.00 

000000000 
000000000 
00 •••••• 0 
000000.0 • 
000000.0 • 
000000.00 
00 •••• 000 

000000000 
000000000 
00.000.00 
000.0.000 
0000.0000 
000.0.000 
00.000.00 

000000000 
000000000 
00 •••• 000 
000000.00 
0000 •• 000 
000000.00 
00 •••• 000 

000000000 
000000000 
00 ••• 0000 
00000.000 
000000.00 
00000.000 
00 ••• 0000 

000000000 
000000000 
00 •••• 000 
000000.00 
000000.00 
000000.00 
00 •••• 000 

000000000 
000000000 
000000000 
00.000.00 
0 ••••• 000 
00.000000 
oooqooooo 

000000000 
000000000 
00.00.000 
00.0.0.00 
00.0.0.00 
00.0.0.00 
000.00.00 

000000000 
000000000 
00.000000 
00.000000 
000.00000 
00 ••••• 00 
000000000 

000000000 
000000000 
00 ••••••• 
00.000.00 
00.000.00 
00.000.00 
000 ••• 000 

000000000 
000000000 
000 ••• 000 
00.000.00 
00.000.00 
00.000.00 
00 ••••••• 
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Functional Description' (Continued) 

000000000 000000000 000000000 
••••••• 00 ••••••• 00 0.0000000 
000.00000 .00.00.00 00.000000 ... 000.00000 •••• 00.00 000.00000 
000.00000 .00000.00 0000.0000 
000.00000 ••••••• 00 00000.000 
000000000 000000000 000000000 

000000000 000000000 000000000 
000000.00 ••••••• 00 000000000 
••••••• 00 .00.00.00 000000000 

w .00000000 .00 •••• 00 000000.00 
••••••• 00 .00000.00 000000000 
000000.00 ••••••• 00 000000000 
000000000 000000000 000000000 

000000000 000000000 000000000 
•• 0.00000 ••••••• 00 000.00000 
00 •• 00000 .00000.00 000.00000 

CI 000 ••• 000 .00 •••• 00 000.00000 
000000.00 .00.00.00 000.00000 
0000 •• 000 ••••••• 00 000.00000 
oooooouoo 000000000 DODOO[]OOO 

000000000 0000.00000 000000000 
0 ••••• 000 ••••••• 00 OOOO:lOOOO 
.00000.00 .00000.00 000000000 

u •••• 00.00 •••• 00.00 oooo •• oco 
.00.00.00 800.00.00 000000.00 
0 ••••• 000 ••••••• 00 000000000 
000000000 000000000 000000000 

000000000 ooooooooc OoOOOODOo 
0 ••••• 000 0 ••••• [100 o[J[l.DOoOO 
.00000.00 .CJO.OO.OO [llJO.OOOLJO 

CD .00 •••• 00 .00800800 u ••••• oou 
.00.00.00 .00.00.00 (JClO8000DD 
0 ••••• 000 0 ••••• 000 U[JO.OOCOU 
000000000 COOCOOOOO DO(]OCOOOO 

000000000 000000000 OOOOOOODll 
0 ••••• 000 080000000 U.OOO.OOD 
.00.00.00 .00000000 OU.U.OOou 

cr: .00 •••• 00 .000.0.00 ••••••• 00 
.00000.00 .00.00000 UU.O.OOOO 
0 ••••• 000 0 •• 000000 O.[J[lU.OOO 
000000000 000000000 U[J[XlLJOOoo 

000000000 000000000 000000000 
0.11 ••• 000 000000000 oo ••• UOOO 
.00.00.00 000.00000 080008000 

'" •••• 00.00 ••••••• 00 .ooooo.nn 
.00000.00 000.00000 DODODOOOD 
o ••••• oDO oooOOoODD oOODOOOOo 
000000000 ooODDOOoO OODOOUOOO 

000000000 000000000 000000000 
••••••• 00 •• 000 •• 00 OoDOOOOLJO 
.00.00.00 .0.0.0.00 000000000 

co .00.00.00 .00.00.00 .00000.00 
.00.DO.00 .o.o.o.C]o D.DOo.OOD 
••••••• 00 •• 000 •• 00 00 ••• 0000 
000000000 000000000 000000000 

000000000 000000000 OOOoDDOOO 
0000 ••• 00 0 ••••• 000 ooOOODooO 
OIJO.UO.(.J[.J .UU[JUO.OD UOULJOODOO .... 000.00.00 .00.00.00 ••• 000000 
000.00.00 .00000.00 000000000 
0000 ••• 00 0 ••••• 000 000000000 
000000000 000000000 000000000 

000000000 000000000 000000000 
.1I00000Do 0 ••••• 000 oDOO.O.Do 
o[i] •• ooooo .0.0.0.00 00000.000 

'" 0000 •• 000 .00.00.00 0 •• 0.0.00 
000000.00 .0.0.0.00 .00.00.oD 
0000 •• 000 0 ••••• 000 0 •• 0 •• 000 
000000000 000000000 000000000 

000000000 0000[10000 onOOClODDD 
••••••• 00 .00.00.00 0.000 •• 00 
.0.0.0.00 .00.00.00 OO.oO •• DO 

'" .00.00.00 0.0.0.000 000.00000 
.0.0.0.00 Do ••• OOOO •• 00110000 
••••••• 00 000.00000 •• 00011000 
000000000 000000000 000000000 

ooDoOoOOo 000000000 000000000 
0000 ••• 00 0 •• 0.0000 0.00.0000 
OoQ.ooooo 000.0.000 0.0.0.000 .. 0 •••• 0000 0 •••••• 00 ••••••• 00 
00.000000 000.0.000 0.0.0.000 
•• 0000000 0 •• 0.0000 00.00.000 
000[!00000 000000000 000000000 

OoOCOOOoo 000000000 000000000 

~~~~~~:88 •••• 000']0 00.0.0000 
.0000 •• 00,] ••••••• 00 

M 000000.00 ••••••• 00 00.0.0000 
000000.00 0000 •• 000 ••••••• 00 
000000.00 •••• 00000 00.0.0000 
000000000 000000000 000000000 

ooooDOoOo 000000000 000000000 

88RB8B:88 .00.00.00 000000000 
.00.00.00 ••• 000000 

N ••• 11 ••• 00 .00.00.00 000000000 
000000.00 .00.00.00 ••• 000000 
000000.00 .001100.00 000000000 
000000000 000000000 000000000 

000000000 000000000 000000000 
.00000000 000.00000 000000000 
.00000000 00 ••• 0000 000000000 - .00000000 0.0.0.000 ••••• 0.00 
·00000000 .00.00.00 000000000 
.11 ••••• 00 .00.00.00 000000000 
000000000 000000000 000000000 

000000000 000000000 000000000 
••••••• 00 00000 •• 00 000000000 
.00000.00 000.110000 000000000 

C> .00000.00 .0.00Dooo 000000000 
.00000.00 •• 0000000 000000000 
••••••• 00 ••• 000000 000000000 
000000000 000000000 000000000 
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000000000 000000000 000000000 
0 •• 000000 0 ••••• 000 000000.00 
.00.00000 .00000.00 000000.00 
.00 •• 0.00 .00000.00 000000.00 
.00000000 .00000.00 000000.00 
0.0000000 0 ••••• 000 000000.00 
000000000 000000000 000000000 

000000000 000000000 000000000 
000.00000 ••••••• 00 0000.0000 
00.0.0000 0000.0000 000.00000 
0.000.000 000.00000 000.00000 
.00000.00 00.000000 000.00000 
000000000 ••••••• 00 0000.0000 
000000000 000000000 000000000 

000000000 OOOOOOOQO OOQOOQOOO 
00.0.0000 ••••••• 00 ••••••• 00 
00.0.0000 0.0000000 ••••••• 00 
oc.o.oooo uu ••• oooo .00000.00 
[10.0.0000 u.ooooooo .00000.00 
[1O.C.0000 ••••••• 00 .oooco.oo 
000000000 DOCCOOOOD U(J(JOOOOOD 

000000000 ODllOOOClOO 0000000[J0 
00QODll0CO 000000.00 00000.000 
.00000.00 000000.00 0000.0000 
0.000.000 000000.00 000.00000 
DO.O.OO[lO 000000.00 00.000000 
000.00000 ••••••• 00 0.0000000 
000000000 ocooooooo 000000000 

OoOoOOOCJo OOOoDooOO DOOOOOOoo 
DlJOOClOOOO .0000u.00 .00000.00 
000000000 O.OOO.Dlm .DOOOO.oo 
uu.o •• ooo lJO.O.UODO .00000.00 
lJOO::JOO.OO [J[][J.OOOOO ••••••• 00 
UUUL.;UUGlJO ••••••• 00 ••••••• 00 
CU"COOOOO O[JOCOOOOO OOCCCOOOO 

000000000 OOOOOOOOU 000000000 
OUOOOOOOO •••••• OC1O •• 0000.00 
UUODoOOOO [J[J[]OOD.O::J .U.OOU.OD 
UO.CJ.DOOO 000000800 .00.OU.00 
[l[JOOOOOOO Demooo.oo .UOO.O.OO 
(lOOLJUDCOD DCJOOC.COU .[J[lUO •• OO 
O[J[lCOOOOO 000000000 OUOOOOOOO 

000000000 000000000 000000000 
o •••• oorm OCloOooOOO •• 000DOOO 
.00.0.000 • 00000.00 00.000000 
.[l0.nn800 ••••••• 0[1 000 •••• 00 
.OO.DO.OO .OO[]OO_OO 00.[100000 
D •• OoO.OO ODDoOOOOO •• OCJOOoOo 
DOOODOoDO DOODUOoDO DCCOOoOOO 

OOoOOoDDO OOUOOOOOO 000000000 
0 •• 0 •• 000 ••••••• 00 •• 000 •• 00 
.00.00.00 UOO.OooOO llO.O.oooo 
.00.00.00 000.00000 000.00000 
.00.oD.DO OOOIlDOo[JO oO.D.OoOO 
0 •• 0 •• 000 ••••••• DO •• OOD •• OD 
DOOOOoOOO oOODOOooO occoooooo 

OOllOoOODo 000000000 000008000 
••• 000000 •• 00 ••• 00 •••••• DOO 
800.00000 .00080800 000000.00 
.000.DoOO .00000.Do 000 ••• 000 
.0DOO.000 800000.00 000000.00 
.00000.DO o ••••• oDO •••••• 000 
000000000 000000000 000000000 

000000000 000000000 000000000 
.000 •• 000 .0DooooDO ••• 000000 
.00.00.00 .00.00000 000 •• 0000 
.00.00.00 .00.000CJO OooDO •• DO 
0.0.00.00 .00.00000 000 •• 0000 
00 •••• 000 ••••••• 00 ••• 000000 
000000000 000000000 000000000 

noooooooo 000000000 000000000 
.00 ••• 000 .CoOOO.Oo •••••• :J~u 
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Functional Description (Continued) 3: 

........ 
en en ..... 

0000.000. 0000.0080 0.0000000 0 ••• 00000 00 ••••• 00 00000000. 000000000 OIOo.ooao I\) 
0000 ••••• Doooaoaoa 001000000 aOOOloooo Oloooooao 00000000. 0000 •••• 0 oo.ooaoo. 
0000.000. DODOloaoa 

~~~§~~n~ 
aOO080000 aooooooo. oonUODao. 00010000. aOOlooaoo Q) aOOlOOODo •••• 0.00. aoooo •• OI 10000000. 00000000. 000100001 010010010 

101010000 000010000 100000000 10000000. 000000001 ggg:gBg8: 00100100. -... 101010000 000010000 0 •• 000000 010000010 000000001 100100100 
010010000 •••• 00000 000000010 000000000 00 ••••• 00 N 000000001 0000 •••• 0 010010010 C 
00000 ••• 0 000010010 000000000 000010000 ......... 000100000 000000000 010000000 3: 000010001 000010101 000000000 000.0.000 00000.000 00.000000 0000 ••••• 00.000000 
0000.000. 0000.0.0. 000000000 00.000.00 oooO.OQOo 0.0000000 000.00000 00.000000 
.00.0 ••• 0 0.0.0.00. 0000000 •• 0.00000.0 gg~~88g8g ~~gggggg8 000.00000 0.0000000 Q) .0.0.0000 .0.000000 0000000 •• .0000000 • Bgg~~gggg .00000000 
• 0.0.0000 .0.000000 oooooouoo 000000000 0.0000000 gg~~ggggg .00000000 
0.00.0000 ••••• 0000 000000000 000000000 ......... 000 •••••• 0.0000000 en 
00000.00. 0000.00.0 0000.0000 000000000 ......... 

~~~~~~~~~ 
0000 ••••• 000000000 en 0000.0 •• 0 0000.0.0. ooaa.onoo 000.0.000 0.0000000 000.00000 0000.0000 

0000.0.00 0000.0.0. oooo.uooo 000.0.000 00.000000 000.00000 0 ••• 0 ••• 0 ..... c .000 ••••• .0 •• 0.00. 0000.0000 000.0.000 000 •• 0000 • 0000000. 0000 ••••• .0000000. 
.000.0000 • 0.0.0000 0000.0000 000.0.000 g~~8888gg ~gggBgg§~ 

000.00000 .0000000 • I\) .000.0000 .000.0000 0000.0000 000.0.000 000.00000 oeoaooooo 
0 ••• 00000 0 ••• 00000 0000.0000 000000000 ......... 000 •••••• 000000000 Q) 
0000.0000 0000.00.0 000000000 000000000 00000000. 

§~§~~~~i§ 
000000000 000000000 

0000.0.00 0000.0.0. 0000000[]0 000000000 00000000. 000000000 000000000 
0000.0.00 0000.0.0. 000000000 .0000000. 00000000 • 

:~~~~~~~: 
000000000 

• 000 ••••• .0000.00. Dooo •• OO[J 8~~8gg~~g g888B888: • •• 00 ••• 0 
.0.000000 .0.000000 00[10 ••• 00 

§~~ggg§gg 000000000 
.0.000000 .0.000000 0000000.0 000.0.000 000000000 000000000 
••••• 0000 ••••• 0000 N 000000000 0000.0000 ......... 000000000 000000000 

00000.000 00000.00. gggg:gggg 000000000 aooooooo. 000000000 000000000 000000000 
00000.000 00000.00. 000000000 0.00000.0 :ggggggg: 00000000. 000000000 
••• 00 •••• 00000.00. 0000.0000 000000000 00.000.00 ggg~~B~~g .0000000. 

ggg~~:gg8 • 000.0 •• 0 0 ••••••• 0 g::gg::~g ~~~~~~~~~ 
.0000000 • 

.0.0.0000 0000.0000 

~~~~~~~~~ 
00000.000 0 ••• 0 ••• 0 

000.00000 :~:~:gggg 0000.0000 00000000. 000000.00 0000.0000 
••• 000000 0000.0000 N 00:]000000 ......... 000000000 

0000.0000 00000.0.0 00.000.00 000000000 :gggggggg •• oouooo. 000000000 000000000 
0000.0.00 0000.0.0. 000.0.000 000000000 .0.0[1000. 0 ••••••• 0 000.0000. 
OODO.o.uo 0000.0.0. 0000.0000 000000000 •••••••• 0 .00.0000. 0.000000. 000 •• 000 • 

c:C 000 •••••• .00 •••••• 0 ••••••• 0 g8g::~~:: :8gg~ggg: • 000.000. 00000000 • oooeo.oo. 
000.00000 .0.0.0000 0000.0000 

:§§g8g~~: 
00000000. 000.00.0. 

000.00000 .0.0.0000 gg~~g~~gg 00000[J000 00000000. 0000000.0 000.000 •• 
•••• 00000 0.00.0000 ooooooouo 0000000.0 N 000000000 000.0000. 

00000.000 00000 •••• 000000000 ~~~~:~~~8 ~ggg8g88~ •• 0000000 000000000 000000000 
00000.000 000000.00 000000000 00.000000 000000000 0 ••••••• 0 
00000 •••• 0000000.0 00 ••••• 00 :§§§:§g§: :~~~~~~~: 000.00000 !;!U;;;i g8gB~~g8: •••••• 000 .000.0.00 ~~ggggg~~ ggg~~~~~~ 00.00.000 .0.0 ••••• .0000000. 00000.00. 
00.000000 .0.0.0000 ggggggggg .000.000. .0000000. ~~~gggggg 00000.00. 
••••• 0000 ••••• 0000 0 ••• 00000 000000000 N 0 •••• 00.0 

0000.00.0 00000 •••• 000000000 0 ••• 0 ••• 0 ......... ..00000 •• 000000000 000000000 
::I: 0000.0.0. 0000000.0 ~8gB8ggg~ :ggg:gBB: 0000.0000 00.000.00 0000 ••••• 000.0000. 

0000.0.0. 000000.00 0000.0000 000.0.000 000.00000 0000.00.0 0 0.0.0.00. .000 ••••• 0.00000.0 .0008000. 0000.0000 0000.0000 ooo.OOOo(] 00000 •• 00 
.0.0.0000 .000.0000 00 ••••• 00 .uoo.ooo. 0000.0000 000.0.000 

~~~~:~~~~ 
00000 •• 00 u 

.0.0.0000 .000.0000 000000000 .000.000. 0000.0000 00.000.00 0000.00.0 co ••••• 0000 0 ••• 00000 000000000 0 ••• 0 ••• 0 ......... •• 00000 •• 000.0000. 
N 

00000000. 00000.0.0 000000000 :~~gggg8g 0.000 ••• 0 ......... 000000000 000 ••••• 0 U; 
00000000. 0000.0.0. ~~ggggggg .0000.00. 0000000.0 u ••••••• o gggggggg: CD 00000000. 0000.0.0. :gg~~Bggg .0000.00. 000000.00 00.0.000. 
0.0.0 •••• .000 ••••• • •• 000000 .0000.00. 0000 •• 000 0.000.00. 00800 ••• 0 co 
.0.0.0000 .0.0.0000 000.00000 :gggg~~~~ .0000000. 000000.00 o.oUo.DO. 00000000. :2: :~:~:gggg :~:~:gggg ggggggggB 0.00C!00.0 0000000.0 0.000.00. 00000000. 

•• 0000000 00 ••••• 00 ......... N oo ••• oo.u 000 ••••• 0 C 

0000.000. 0000.0000 00000.00. 00000 ••• 0 .00000000 ••• 000000 000000000 000 ••• 000 0) 
00000.0.0 00000.000 000000 •• 0 

:~§g:g8g: :gggggggg 000 •• 0000 :ggg:gggg 000000.00 w 000000.00 . 000000 ••• 0 •• 000 •• 0 00000 •• 00 0000000.0 
0 •••••••• .00.0.000 .oo.oaoo. .000.0000 ggggg~~~~ 00000000. e::: .o.ooooou .0.0.0000 .000.000. .000.000· 

:~~~:~~~~ gggg:gg8g 0000000.0 
.0.000000 • 0.0.0000 .00.0.00. 0.00.000 • 000 •• 0000 000000.00 => 0 •••• 0000 0.00.0000 0 •• 000 •• 0 00 •••••• 0 ••• 000000 000 ••• 000 t!' 
00000 •••• 0000.000. 080000.00 .0000 •• 00 .0000000. •••••••• 0 000000000 000000000 u::: 
0000.00 •• 00000.0.0 00.00.0.0 .ooo.ou.o .0000000. 00000000. ggg~~:gg~ 000 •••••• 
0000.000. 000000.00 000.00.00 .00.0000. .0000000. 00000000. 0000000.0 
• 0000 ••• 0 ......... 0000.0000 • ooaoooo • .000.000. 00000000 • 000.0.00 • 00000000 • 
• 0.0.0000 g~~8g88gg ~~~g8~~gg :g8:g888: .000aooo. gggggggg: ggg:8:gg: 00000000 • 
• 0.0.0000 .0008000. 00000000 • 
••••• 0000 ••••• 0000 0.00000.0 •••• 000.0 ......... •••••••• 0 0000 •••• 0 000 ••••• 0 

00000.000 0000000.0 0.000 •• 00 ~~~~~~:~~ ~~ggB8g~~ 
.0000000(1 000000000 000000000 

00000.000 0000 ••••• o.o~.oo.n .00000000 ......... 0000000.0 
00000 •••• 00000.0.0 0.00.00.0 0.0000.00 .00000000 oODo.ooao 000.0000 • 
• 000 •• 000 0 ••• 00 •• 0 ~:~~:~~:~ 00.000.00 .0000000. . ........ 000.0000. 000.0000 • 
• 0.0 •• 000 .000.00.0 000.00.00 

:~~~~~~~: 
.U[1[J[JUUO[1 000.0000. 0 ••••••• 0 

.0.0.0000 .000.0000 g~~~~gg:g 0000.0.00 .0ou["mUOD 000.0000. 000.00000 
••••• 0000 ••••• 0000 00000 •• 00 .00000(100 0000 •••• 0 000.00000 

0000.000. 00000.0.0 ["100.0.000 0 ••• 0 ••• 0 

111111111 

O.OOCl ••• O 000000000 000000000 
00000.0.0 0000.0.0. 000.8.000 • 000.000. .ooo.ouo • 0000.00.0 0000.00.0 

~gg8~~~~g 0000.0.0. ......... .000.000. • ooo.uuo. 000.0000. 000.00.0 • 

~~~~~ggg~ ~~~:~:~~~ :ggg:ggg: • 000.000 • 

~~~~~~~~~ 
000.00.0 • 

• 0.0.000. • ouo.ooo. 000.0.00 • 

:~:~:gggg .000.0000 ooo.o.uoo .0000000. ~~~~~gg~~ 000.0.00. 
••••• 0000 000.0.000 0.000000. 0000.00.0 

0000.000. 00000.00. aoooooooo 0 •• 00000. o ••• o ••• n O ••• onon. 000000000 000000000 
00000.0.0 0000.0.0. oooouoooo .00.0000. 

:gg~:gg§: 
.000.00.0 0000 •••• 0 0000.0000 

000000.00 0000.00 •• ••• 000000 .000.000 • • 000.0.00 000.0000 • ggg:ggggg • 00.0.0.0 0 ••• 0.00. 000000000 .000.000. • 000 •• 000 000.0000 • 
.0.0.000. .000.0000 000000000 .000.000 • 

:~~~~~~~: :g88:gggg 8gg~~gg~~ g~g~~~ggg • 0.0.0000 .000.0000 ••• 000000 .0000.00. 
0.00.0000 ••••• 0000 000000000 0.0000 ••• ......... ......... 000 •••••• 

0000 ••••• 00000000. 000000000 00000000 ou ••••••• 00 ••••• 0. gg8g~~~~ g~~~~~~~~ 000000.00 0000 ••••• 000000000 0000000. o.ouo.ooo 

:88gg~~g: 000000.00 00000.00. ~~~~gg~~g ~~~~~~~: :gggg:ggg ~g8:g:8g 00.0.0000 
.00.00.00 0 ••• 00000 0.000.000 
.0.0 ••••• .000.0000 000000000 ~~gB8gg: ~~ggg:gg8 .0000000. 000.0.00 0.000.000 
.0.0.0000 .000.0000 000000000 g~~~~~~~g 000.0.00 0.000.000 
0.00.0000 ••••• 0000 000000000 00000000 00 ••••••• 000000 •• NOo ••• oooo 

0000 •••• 0 00000000. 000000000 ••••• 0 o •••• coo. 0 ••• 00000 00 00000 000000000 
00000000. 00000000. 000000000 00000 • .oooo.co. :ggg:8ggg 00 00000 000000000 
••••• 000. 00000000. ggggggggg .0000. .0 •••• 00. 00 .0000 00 ••• 0000 
000.0000. 0 ••• 0 •••• 

g~~gg: .0.00.00. • 000.0000 .. 
~§B88 

0.000.000 
00.0 •••• 0 .000.0000 gggggggg8 .00 ••• 00. .000.0000 .. 0.000.000 
0.0000000 .000.0000 000.0 • 0.00000.0 .000.0000 gg 00.0.0000 
••••• 0000 ••••• 0000 000000000 ••••• 0 00 ••••• 00 ......... 00000 NO •••••••• 

Vi 
21·65 





DEVICE 

DM54S189IDM74S189 

DM54S289IDM74S289 

DM54S189AIDM74S189A 

DM75S06IDM85S06 

DM75S07/DM85S07 

DM75S07 AIDM85S07 A 

DM77S401IDM87S401, 
DM77S4021DM87S402 

DM77S401 AIDM87S401 A, 
DM77S402AIDM87S402A 

DM75S68IDM85S68 

IDM29705/29705A 

DM10414, DM10414A 

DM10415, DM10415A 

DM10422 

DM10422A 

DM10470 

DM10470A 

DM10470l 

DM10474IDM10474A 

Section 22 
Bipolar and 
Eel RAMs 

DESCRIPTION 

64·Bit (16 x 4) TRI·STATE RAM 

64·Bit Open·Collector RAM 

High Speed 64·Bit TRI·STATE RAM 

Open·Collector 64·Bit (16 x 4) RAM 

TRI·STATE 64·Bit (16 x 4) RAM 

High Speed TRI·STATE Non·lnverting 64·Bit (16 x 4) RAM 

First·ln, First·Out (FiFo) 64 x 4,64 x 5 Serial Memories 

First·ln, First·Out (Fi Fo) 64 x 4, 64 x 5 Serial Memories 

16 x 4 Edge Triggered Registers 

16·Word by 4·Bit Two·Port RAM/Register File 

256 x 1 ECl Random Access Memory 

1024 x 1 ECl Random Access Memory 

1024·Bit (256 x 4) ECl RAM 

1024·Bit (256 x 4) ECl RAM 

Standard 4096·Bit (4096 x 1) ECl RAM 

High Speed 4096·Bit (4096 x 1) ECl RAM 

low Power 4096·Bit (4096 x 1) ECl ftAM 

(1024 x 4) 4096·Bit, 10k ECl RAM 
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~National 
~ Semiconductor 

Bipolar and ECl RAMs 

DM54S189/DM74S189 64-Bit (16 x 4) TRI-STATE® RAM 
DM54S289/DM74S289 64-Bit Open-Collector RAM 
DM54S189A1DM74S189A High Speed 64-Bit TRI-STATE RAM 
General Description 
These 64-bit active-element memories are monolithic 
Schottky-clamped transistor-transistor logic (TTL) arrays 
organized as 16 words of 4 bits each. They are fully de
coded and feature a chip-enable input to simplify decod
ing required to achieve the desired system organization. 
The memories feature PNP input transistors that reduce 
the low level input current requirement to a maximum of 
- 0.25 mA, only one-eighth that of a DM54S/DM74S stand
ard load factor. The chip-enable circuitry is implemented 
with minimal delay times to compensate for added system 
decoding. 

The TRI-STATE output combines the convenience of an 
open-collector with the speed of a totem-pole output; it 
can be bus connected to other similar outputs; yet it re
tains the fast rise time characteristics of the TTL totem
pole output. Systems utilizing data bus lines with a de
fined pull-up impedance can employ the open·collector 
DM54S289. 

Write Cycle: The complement of the information at the 
data input is written into the selected location when both 
the chip-enable input and the read/write input are low. 
While the read/write input is low, the outputs are in the 
high-impedance,state. When a number of the DM54S189 
outputs are bus connected, this high-impedance state will 
neither load nor drive the bus line, but it will allow the bus 
line to be driven by another active output or a passive pull
up if desired. 

Connection Diagram 
Dual·ln·Line Package 

SELECT INPUTS 

1~ 14 

SELECT CHIP READI 

D' 

13 

DATA 
INPUT 

4 

12 

DATA OUTPUT 
INPUT A ENABLE WRITE INPUT VI 

1 

TOP VIEW 

DATA 
D UTPUT INPUT D UTPUT 

Y4 3 Y3 

11 10 

DATA OUTPUT J: 
INPUT Y2 

2 

TRI·STATE~ Is a registered trademark of National Semiconductor Corp. 

Read Cycle: The stored information (complement of infor
mation applied at the data inputs during the write cycle) is 

, available at the outputs when the read/write input is high 
and the chip-enable is low. When the chip-enable is high, 
the outputs will be in the high-impedance state. 

The fast access time of the DM54S189A makes it par
ticularly attractive for implementing high·performance 
memory functions requiring access times less than 25 ns. 
The high capacitive drive capability of the outputs permits 
expansion without additional output buffering. The 
unique functional capability of the DM54S189A outputs 
being at a high·impedance during writing, combined with 
the data inputs being inhibited during reading, means that 
both data inputs and outputs can be connected to the data 
lines of a bus-organized system without the need for inter
face circuits. 

Features 
• Schottky-clamped for high speed applications (S189A) 

access from chip-enable input 17 ns max 
access from address inputs 25 ns max 

• TRI-STATE outputs drive bus-organized systems and/or 
high capacitive loads (S189, S189A) 

• DM54S289IDM74S289 are functionally equivalent and 
have open-collector outputs 

• DM54SXXX is guaranteed for operation over the full 
military temperature range of - 55°C to + 125°C 

• Compatible with most TTL circuits 
• Chip-enable input simplifies system decoding 

Truth-Table 

Function 

Write 
(Store Complement of Data) 

Read 

Inhibit 

H = High Level 

L = Low Level 

X = Don't Care 

Inputs 

Chip- Read/ Output 
Enable Write 

L L High·lmpedance 

L H Stored Data 

H X High·lmpedance 

Order Number DM54S189J, DM54S189AJ, DM74S189J, 
DM74S189AJ, DM54S289J or DM74S289J 

See NS Package J16A 

Order Number DM74S189N, DM74S189AN or DM74S289N 
See NS Package N16E 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Min Max 

Supply Voltage, Vee 7.0V Supply Voltage (Vee) 

Input Voltage 5.5V DM54S189, DM54S289 4.5 5.5 

Output Voltage 5.5V DM74S189, DM74S289 4.75 5.25 

Storage Temperature Range - 65°C to + 150°C Temperature (TA) 

Lead Temperature (Soldering, 10 seconds) 300°C 
DM54S189, DM54S289 -55 + 125 
DM74S189, DM74S289 0 +70 

DM54S189/DM74S189, DM54S289/DM74S289 Electrical Characteristics 
over recommended operating free-air temperature range unless otherwise noted (Notes 2 and 3) 

Symbol Parameter Conditions Min Typ Max 

VIH High Level Input Voltage 2 

Vil Low Level Input Voltage 0.8 

VOH High Level Output Voltage 10H = - 2.0 mA, DM54S189 2.4 3.4 
Vee=Min 

10H= -6.5 mA, DM74S189 2.4 3.2 

leEx High Level Output Current VoH =2.4V 40 
Open Collector Only Vee = Min 

VoH =5.5V 100 

VOL Low Level Output Voltage DM54S189, DM54S289 0.5 
Vee = Min,lol = 16 mA 

DM74S189, DM74S289 0.45 

IIH High Level Input Current Vee = Max, VI = 2.7V 25 

II High Level Input Current at Vee = Max, VI=5.5V 1.0 
Maximum Voltage 

III Low Level Input Current Vee = Max, VI = 0.45V -250 

los Short Circuit Output Vee = Max, Vo = OV DM54S189, DM74S189 -30 -100 
Current (Note 4) 

lee Supply Current (Note 5) Vee = Max 75 110 

Vie Input Clamp Voltage Vee = Min, 11= -18 mA -1.2 

10ZH TRI-STATE Output Current, Vee = Max, Vo = 2.4V DM54S189, DM74S189 50 
High Level Voltage Applied 

10Zl. TRI-STATE Output Current, Vee = Max, Vo =0.45V DM54S189, DM74S189 -50 
Low Level Voltage Applied 

CIN Input Capacitance Vee = 5V, VIN = 2V, TA = 25°C, 1 MHz 4.0 

Co Output Capacitance Vee = 5V, Vo = 2V, TA = 25°C, 1 MHz, 6.0 
Output "OFF" 

DM54S1891 DM74S189 Switching Characteristics 
over recommended operating ranges of TA and Vee unless otherwise noted 

DM54S189 DM74S189 

Symbol Parameter Conditions Typ Typ 
Min 

(Note 2) 
Max Min 

(Note 2) 
Max 

tAA Access Times from Address 25 50 25 35 

tezH Output Enable Time to 12 25 12 17 
High Level Access Times from 

tezl Output Enable Time to Chip-Enable Cl =30 pF, 12 25 12 . 17 
Low Level Rl =2800 

tWZH Output Enable Time to (Figure 4) 13 35 13 25 
High Level Sense Recovery Times 

tWZl Output Enable Time to from Read/Write 13 35 13 25 
Low Level 
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DM54S189/DM74S189 Switching Characteristics (Continued) 
over recommended operating ranges of TA and Vcc unless otherwise noted 

DM54S189 DM74S189 

Symbol Parameter Conditions Typ Typ Units 
Min 

(Note 2) 
Max Min 

(Note 2) 
Max 

tCHl Output Disable Time 12 25 12 17 ns 
from High Level Disable Times from 

tCll Output Disable Time Chip-Enable 
Cl =5pF, 

12 25 12 17 ns 
from Low Level 

Rl =28Gn 
tWHl Output Disable Time (Figure 4) 15 35 15 25 ns 

from High Level Disable Times from 

tWLZ Output Disable Time Read/Write 15 35 15 25 ns 
from Low Level 

I twp Width of Write Enable Pulse (Read/Write Low) 25 25 ns 

tASW Set-Up Time (Figure 1) Address to Read/Write 0 0 ns 

tosw Data to Read/Write 25 25 ns 

tcsw Chip-Enable to 0 0 ns 
Read/Write 

tAHW Hold Time (Figure 1) Address from' Read/Write 0 0 ns 

tOHW Data from Read/Write 0 0 ns 

tCHW Chip-Enable from 0 0 ns 
Read/Write 

DM54S289/DM74S289 Switching Characteristics 
over recommended operating ranges of TA and Vcc unless otherwise noted 

DM54S289 DM74S289 

Symbol Parameter Conditions Typ Typ Units 
Min 

(Note 2) 
Max Min 

(Note 2) 
Max 

tAA Access Times from Address 25 50 25 35 ns 

tCHl Enable Time from 12 25 12 17 ns 
Chip-Enable Cl =30pF, 

tWHl Enable Time from Sense Recovery Time 
Ru =3000, 

13 35 13 25 Rl2 = 6000 ns 
Read/Write from Read/Write (Figure 4) 

tClH Disable Time from 12 25 12 20 ns 
Chip-Enable 

tWLH Disable Time from 13 35 13 25 ns 
Read/Write 

twp Width of Write Enable Pulse (Read/Write Low) 25 25 ns 

tASW Set-Up Time (Figure 2) Address to Read/Write 0 0 ns 

tosw Data to Read/Write 25 25 ns 

tcsw Chip-Enable to 0 0 ns 
Read/Write 

tAHW Hold Time (Figure 2) Address from Read/Write 0 0 ns 

tOHW Data from Read/Write 0 0 ns 

tCHW Chip-Enable from 0 0 ns 
~ead/Write 

Note 1: "Absolute Maximum Ratings" are those yalues beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual 
device operation. 
Note 2: Unless otherwise specified minimax limits apply across the - 55'C to + 125'C temperature range for the OM54S189/289 and across the O°C to + 70'C 
range for the DM74S189/289. All typlcals are given for VCC = 5.0V and TA = 25'C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 
Note 4: Only one output at a time should be shorted. 
Note 5: ICC Is measured with all Inputs grounded; and the outputs open. 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Min Max Units 

Supply Voltage, Vee 7.0V Supply Voltage (Vee> 

Input Voltage 5.5V DM54S 189(A)1 DM54S289 4.5 5.5 V 

Output Voltage 5.5V DM74S189(A)/DM74S289 4.75 5.25 V 

Storage Temperature Range - 65°Cto + 150°C Temperature (TA) 

Lead Temperature(Soldering, 10 seconds) 300°C 
DM54S189(A)IDM54S289 -55 + 125 °C 
DM7 4S 189(A)IDM7 4S289 0 +70 °C 

DM54S189A/DM74S189A Electrical Characteristics 
over recommended operating free·air temperature range unless otherwise noted (Notes 2 and 3) 

Symbol Parameter Conditions Min Typ Max Units 

VIH High Level Input Voltage 2 V 

Vil Low Level Input Voltage 0.8 V 

VOH High Level Output Voltage 10H= -2.0 mA DM54S189A 2.4 3.4 
Vee = Min V 

IOH= -6.5 mA DM74S189A 2.4 3.2 

VOL Low Level Output Voltage IOl=16 mA 0.45 
Vee = Min V 

IOl=20 mA 0.5 

IIH High Level Input Current Vee = Max, VI = 2.4V 10 p.A 

II High Level Input Current at Vee = Max, VI = 5.5V 1.0 mA 
Maximum Voltage 

III Low Level Input Current Vee = Max, VI = 0.40V -250 p.A 

los Short Circuit Output Vee = Max, Vo = OV -20 -90 mA 
Current (Note 4) 

Icc Supply Current (Note 5) Vee = Max 75 100 mA 

VIC Input Clamp Voltage Vee = Min, 11= -18 mA -1.2 V 

10ZH TRI·STATE Output Current, Vee = Max, Vo = 2.4V 40 p.A 
High Level Voltage Applied 

10Zl TRI·STATE Output Current, Vec=Max, Vo=0.4V -40 p.A 
Low Level Voltage Applied 

CIN Input Capacitance Vec =5V, VIN =2V, TA=25°C, 1 MHz 4.0 pF 

Co Output Capacitance Vcc =5V, Vo=2V, TA=25°C, 1 MHz, 6.0 pF 
Output "OFF" 
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DM54S189AI DM7 4S189A Switching Characteristics 
over recommended operating ranges of TA and Vcc unless otherwise noted 

DM54S189A DM74S189A 

Symbol Parameter Conditions Typ Typ Units 
Min 

(Note 2) 
Max Min 

(Note 2) 
Max 

tAA Access Times from Address 20 30 20 25 ns 

tCZH Output Enable Time to 11 25 11 17 ns 
High Level Access Times from 

tCZl Output ~nable Time to Chip-Enable Cl =30 pF, 11 25 11 17 ns 
Low Level Rl =280n 

tWZH Output Enable Time to (Figure 4) 13 35 13 25 ns 
I High Level Sense Recovery Times 

twzl Output Enable Time to from Read/Write 13 35 13 25 ns 
Low Level 

tCHZ Output Disable Time 12 25 12 17 ns 
from High Level Disable Times from 

tClZ Output Disable Time Chip-Enable 
Cl =5pF, 

12 25 12 17 ns 
from Low Level 

Rl =280n 
tWHZ Output Disable Time (Figure 4) 15 35 15 25 ns 

from High Level Disable Times from 

tWlZ Output Disable Time Read/Write 15 35 15 25 ns 
from Low Level 

twp Width of Write Enable Pulse (Read/Write Low) 25 20 ns 

tASW Set-Up Time (Figure 1) Address to Read/Write 0 0 ns 

tosw Data to Read/Write 25 20 ns 

tcsw Chip-Enable to 0 0 ns 
Read/Write 

tAHW Hold Time (Figure 1) Address from Read/Write 0 0 ns 

tOHw Data from Read/Write 0 0 ns 

tCHW Chip-Enable from 0 0 ns 
Read/Write 

Note 1: ·"Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range;' they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual 
device operation. 
Note 2: Unless otherwise specified minimax limits apply across the - 55·C to + 125·C temperature range for the OM54S189(A) and across the O·C to + 70·C 
range for the OM74S189(A). All typicals are given for VCC = 5.0V and TA = 25·C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 
Note 4: Only one output at a time should be Shorted. 
Note 5: ICC Is measured with all inputs grounded; and the outputs open. 
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DM54S189(A)/DM74S189(A) Switching Time Waveforms 

Enable and Disable Time from Chip·Enable 

3V 
CHIP ENABLE 

INPUT (NOTE 3) 
OV 

~1.5V 
WAVEFORM 1 

(NOTE 11 
VOL 

VOH 
WAVEFORM 2 

(NOTE 11 
"'1.5V 

Access Time from Address Inputs 

ADDRESS 
INPUTS 

DATA 
INPUTS 

CHIP ENABLE 
INPUT 

READNIRITE 
INPUT 

Write Cycle 

3V 

3V----_ 
OV-----------+-~---------' 

A~~:~~~ JV ~~ - - - - -- - '~;:V "'t.5V ----------+-------t--r.---l------,-+----L 

(NOTE 2) Ov-_J' __ . ~ _____ , 

tAA:j . tAA I ___ 
WAVEFDRM 1 

(NOTE 11 
VOL ------+---"'-

WAVEFORM 2 VOH -----....;...--
(SI0PEN, 

O.5V 

:t 

OUTPUT ::~~5V /,5V 
twzH4. 2 

S2CLOSEO) O.5V 
(NOTE 11 "'1.5V ---------------~--'-------.L--..o.:r 

FIGURE 1 

Note1: Waveform 1 is forthe output with Internal conditions such that the output is low except when disabled. Waveform 2 is for the outpul with internal con
ditions such that the output is high except when disabled. 

Note2: When measuring delay times from address inputs, the chip-enable input is low and the read/write input is high. 

Note 3: When measuring delay times from chip·enable input, the address inputs are steady-state and the read/write input is high. 

Note 4: Input waveforms are supplied by pulse generators having the following characteristics: Ir ", 2.5 ns, If ",2.5 ns, PRR",1 MHz and ZOUT '" 50n. 

DM54S289/DM74S289 Switching Time Waveforms 

. Enable and Disable Time from Chip·Enable 

CHIP ENABLE 
INPUT 

(NOTE 3) 

WAVEFORM 1 
(NOTE 1) 

,:=t""'-l_ 1::~ 
VOL __________ ~ __ '-~._5V _____ ___J~ 

Access Time from Address Inputs 

ADDRESS JV~-------' 

(NOTE 2) OV __ J" __ . ~ _____ . 

lV 
ADDRESS 

INPUTS 

lV 
DATA 

INPUTS 

lV 
CHIP ENABLE 

INPUT 

3V 

REAONIRITE 
INPuT 

OV 

Write Cycle 

1.5V 
-'"'~ 

1.5V 

VOH 
WAVEFORM 1 

(NOTE 1) 
VOL 

INPUTS "1~ ~1.5V 

tAA =:I tAA I ___ 
OUTPUT V

OH 

.~.5V ~.5V 
VOL _________ ~. _______ -J_ 

FIGURE 2 

Note 1: Waveform 1 is for the output with internal conditions such that the output is low except when disabled. 

Note 2: When measuring delay times from address inputs, the chip-enable input is low and the read/write input is high. 

Note 3: When measuring delay times from chip·enable input, the address inputs are steady-state and the read/write input is high. 

Note 4: Input waveforms are supplied by pulse generators having the following characteristics: trs 2.5 ns, tfs2.5 ns, PRR",1 MHz and ZOUp,,50n. 
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Block Diagram 

ADDRESS 
INPUTS 

A 

B 

C 

D 

ADDRESS 
BUFFERS 

1 OF 16 
DECODERS 

CHIP ENABLE (CE) 

READ/WRITE (RM) 

64·BIT MEMORY· 
MATRIX 

ORGANIZED 
16 x 4 

DATA INPUTS (~: _~o ___ +-_-+-..... 
12 

D4------~--~--~~ 

4 

11 

Y1 Y2 Y3 Y4 

AC Test Circuits 

DM545189(A)/DM745189(A) 

Vee 

TEST 
POINT 

FROM 
OUTPUT ~ __ --"---1_r-_ 
UNDER 

TEST 

Cl includes probe and jig capacitance. 

All diodes are lN3064. 

FIGURE3 

FIGURE 4 
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~National 
~ Semiconductor 

Bipolar .and Eel RAMs 

DM75S06/DM85S06 Open-Collector 
DM75S07/DM85S07 TRI-STATE 
DM75S07A/DM85S07A High Speed TRI-STATE 
Non-Inverting, 64-Bit (16 x 4) RAMs 

General Description 
These 64-bit active-element memories are monolithic 
Schottky-clamped transistor-transistor logic (TTL) arrays 
organized as 16 words of 4 bits each. They are fully de
coded and feature a chip-enable input to simplify decod
ing required to achieve the desired system organization. 
The memories feature PNP input transistors that reduce 
the low level input current requirement to a maximum of 
- 0.25 mA, only one-eighth that of a DM54SIDM74S stand
ard load factor. The chip-enable circuitry Is implemented 
with minimal delay times to compensate for added system 
decoding. 

The TRI-STATE output combines the convenience of an 
open-collector with the speed of a totem-pole output; it 
can be bus-connected to other similar outputs; yet it re
tains the fast rise time characteristics of the TTL totem
pole output. Systems utilizing data bus lines with a de
fined pull-up impedance can employ the open-collector' 
DM75S06. 

Write Cycle: The information at the data input is written 
into the selected location when both the chip-enable input 
and the read/write input are low. While the read!write input 
is low, the outputs are in the high-impedance state. When 
a number of the DM85S07 outputs are bus-connected, this 
high-impedance state will neither load nor drive the bus 
line, but it will allow the bus line to be driven by another ac
tive output or a passive pull-up if desired. 

Read Cycle: The stored information is available at the 
outputs when the read/write input is high and the chip-

Connection Diagram 
Dual-In-Line Package 

SELECT INPUTS DATA DATA 
INPUT OUTPUT 

4 V4 
INPUT OUTPUT 

3 V3 

10 9 

, 
B C D' Vec 

116 13 12 11 15 14 

-

3 4 5 6 7 

J~ READI DATA DUTPUT DATA OUTPUT 

1 2 

SELECT CHIP 
INPUT A ENABLE WRITE INPUT VI INPUT V2 

1 2 

TDP VIEW TLlLl5169·1 

enable is low. When the chip-enable is high, the outputs 
will be in the high-impedance state. 

The fast access time of the DM75S07A makes it particu
larly attractive for implementing high-performance mem
ory functions requiring access times less than 25 ns. The 
high capacitive drive capability of the outputs permits ex
pansion without additional output buffering. The unique 
functional capability of the DM75S07 outputs being at a 
high-impedance during writing, combined with the data in
puts being inhibited during reading, means that both data 
inputs and outputs can be connected to the data lines of a 
bus-organized system without the need for interface 
circuits. 

Features 
• Schottky-clamped for high speed applications (75S07A) 

access from chip-enable input 17 ns max 
access from address inputs 25 ns max 

• TRI-STATE outputs drive bus·organized systems and/or 
high capacitive loads 

• DM75S06, DM85S06 are functionally equivalent and 
have open-collector outputs 

• DM75SXX is guaranteed for operation over the full 
military temperature range of - 55°C to + 125°C 

• Compatible with most TTL logic circuits 
• Chip-enable input simplifies system decoding 

Truth Table 

Function 

Write 
Read 
Inhibit 

H = High Level 

L= Low Level 

X = Don't Care 

Inputs 
Chip- Readl 

Enable Write 

L L 
L H 

H x 

Output 

High-Impedance 
Stored Data 
High-Impedance 

Order Number DM75S06J, DM75S07J, DM75S07AJ, 
DM85S06J, DM85S07J or DM85S07AJ 

See NS Package J16A 

Order Number DM85S06N, DM85S07N or DM85S07AN 
See NS Package N16E 

TRI-STATE~ Is a registered trademark of National Semiconductor Corp. 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Min 

Supply Voltage, Vee 7.0V Supply Voltage (Vee) 

Input Voltage 5.5V DM75S06IDM75S07(A) 4.5 

Output Voltage 5.5V DM85S06/DM85S07(A) 4.75 

Storage Temperature Range - 65°C to + 150°C Temperature (TA) 
DM75S06IDM75S07(A) -55 

Lead Temperature (Soldering, 10 seconds) 300°C DM85S06IDM85S07(A) 0 

Electrical Characteristics 
over recommended operating free-air temperature range unless otherwise noted (Notes 2 and 3) 

Symbol Parameter Conditions Min Typ 

VIH High Level Input Voltage 2 

Vil Low Level Input Voltage 

VOH High Level Output Voltage 10H = - 2.0 mA, DM75S07(A) 2.4 3.4 
Vee = Min 

10H = - 5.2 mA, DM85S07(A) 2.4 3.2 

leEx High Level Output Current VOH = 2.4V 
Open-Collector Only Vee= Min 

VoH =5.5V 

VOL Low Level Output Voltage Vee= Min 10l= 16 mA 

IOl=20 mA 

IIH High Level Input Current Vee = Max, VI = 2.4V 

II High Level Input Current at Maximum Vee = Max, VI = 5.5V 
Voltage 

III Low Level Input Current Vee = Max, VI = 0.40V 

los Short Circuit Output Current (Note 4) Vee = Max, Vo = OV 
-30 

DM75S07(A),DM85S07(A) 

lee Supply Current (Note 5) Vee = Max 75 

Vie Input Clamp Voltage Vec=Min, 11= -18mA 

10ZH TRI-STATE Output Current, High Level Vcc = Max, Vo = 2.4V 
Voltage Applied DM75S07(A), DM85S07(A) 

10Zl TRI-STATE Output Current, Low Level Vcc'= Max, Vo = O.4V -40 
Voltage Applied DM75S07(A), DM85S07(A) 

CIN ' Input Capacitance Vce =5V, VIN =2V, TA=25°C, 1 MHz 4 

Co Output Capacitance Vee = 5V, Vo=2V, TA=25°C, 1 MHz 6 
Output "Off" 
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DM75S07/DM85S07 Switching Characteristics 
over recommended operating ~anges of TA and Vee unless otherwise noted 

Symbol Parameter Conditions, 
Min 

tAA Access Times from Address 

tCZH Output Enable Time to 
HlghLevel Access Times from 

tCZl Output Enable Time to Chip-Enable 

Low Level Cl =30 pF, 

tWZH Output' Enable Time to 
Rl =280n 
(Figure 4) 

High Level Sense Recovery Times 

tWZl Output Enable Time to from Read/Write 

Low Level 

tCHZ Output Disable Time 
from High Level Disable Times from 

tClZ Output Disable Time Chip-Enable 

from Low Level Cl =5 pF, 

Output DisableTime 
Rl =280n 

tWHZ (Figure 4) 
from High Level Disable Times from 

tWlZ Output Disable Time Read/Write 

from Low Level 

twp Width of Write Enable Pulse (Read/Write Low) 25 

tASW Set-Up Time (Figure 1) Address to Read/Write 0 

tosw Data to Read/Write 25 

tcsw Chip-Enable to 0 
Read/Write 

tAHW Hold Time (Figure 1) Address from Read/Write 0 

tOHW Data from Read/Write 0 

tCHW Chip-Enable from 0 
Read/Write 

DM75S07 A/DM85S07 A Switching Characteristics 
over recommended operating ranges of TA and Vee unless otherwise noted 

Symbol Parameter Conditions 
. Min 

tAA Access Times from Address' , 

tCZH Output Enable Time to 
High Level Access Times from 

tezl Output Enable Time to Chip-Enable Cl =30 pF, 
Low Level Rl =2800 

tWZH Output Enable Time to (Figure 4) 

High Level Sense Recovery Times 

tWZl Output Enable Time to from Read/Write 

Low Level 
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DM75S07 DM85S07 

Typ Typ Units 

(Note 1) 
Max Min 

(Note 1) 
Max 

25 50 25 35 ns 

12 25 12 17 ns 

12 25 12 ' 17 ns 

13 35 13 25 ns 

13 35 13 25 . ns 

12 25 12 17 ns I, 
il 

12 25 12 17 ns i" 

15 35 15 25 ns 

15 35 15 25 ns 

25 ns 

0 ns 

25 ns 

0 ns 

0 ns 

0 ns 

0 ns 

DM75S07A DM85S07A 

Typ Typ Units 

(Note 1) 
Max Min 

(Note 1) 
Max 

20 30 20 25 ns 

12 25 12 17 ns 

12 25 12 17 ns 

13 35 13 25 ns 

13 35 13 25 ns 
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_~ • ..,"'~VI A switching Characteristics (Continued) 
"Y~r recommended operating ranges of TA and Vcc unless otherwise noted 

DM75S07A 

Symbol Parameter Conditions Typ 
Min 

(Note 1) 

tCHZ Output Disable Time 12 
from High Level Disable Times from 

tCLl Output Disable Time Chip-Enable 
CL =5 pF, 

12 
from Low Level 

RL =2800 
tWHZ Output Disable Time (Figure 4) 15 

from High Level Disable Times from 

tWLl Output Disable Time Read/Write 15 
from Low Level 

twp Width of Write Enable Pulse (Read/Write Low) 25 

tASW Set-Up Time (Figure 1) Address to Read/Write 0 

tosw Data to Read/Write 25 

tcsw Chip-Enable to 0 
Read/Write 

tAHw Hold Time (Figure 1) Address from Read/Write 0 

tOHw Data from Read/Write 0 

tCHW Chip-Enable from 0 
Read/Write 

DM85S07A 

Typ Units 
Max Min 

(Note 1) 
Max 

25 12 17 ns 

25 12 17 ns 

35 15 25 ns 

35 15 25 ns 

20 ns 

0 ns 

20 ns 

0 ns 

0 ns 

0 ns 

0 ns 

--_.-

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety oi the device cannot be guaranteed. Except for "Operating Ternpowturo 
Range" they are not meant to Imply that the devices should be operated at these limits. The table of" Electrical Characteristics" provldos conditions tor actual 
device operation. 

Note 2: Unless otherwise specified min/max limits apply across the - 55"C to + 125"C temperature range for the OM75S07(A) and across the O·C to + 70·C 
range for the OM85S07(A). All typlcals are given for VCC = 5.0V and TA = 25 ·C. 
Note 3: All currents Into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
sho~n as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: . ICC Is measured with all Inputs grounded; and the outputs open. 

DM75S07(A)/DM85S07(A) Switching Time Waveforms 
Enable and Disable Time from Chip-Enable 

lV 
CHIP ENABLE 

INPUT (NOTE l) 
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"4.sv 
WAVEFORM 1 

(NOTE 1) 
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VOH 
WAVEFORM 2 

(NOTE 1) 

"4.SV 

Access Time from Address Inputs 
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VOL _________________ ,. ___________ -J_ 

ADDRESS 
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CHIP ENABLE 
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REAOIWRITE 
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Write Cycle 

lV 

lV 

3V 

lV-------__... 

OV----------~-,--------" 

"'1.5V __________ ~----_+_,.--_+-------..+-.J. 

WAVEFORM 1 O.SV 

(NOTE 1) VOL --------l---/.. :-1 

t"ZHJr~ WAVEFORM2 VOH -----------
(SI0rEN. 

S2 CLOSED) O.W (NOTE 1) "4.5V ______________ '-__ i..-_____ -£_.::.r 

FIGURE 1 
,te1: Waveform 11s for the output with internal conditions such that the output is low except when disabled. Waveform 2 is forthe output with internal con
ions such that the output Is high except when disabled. 

te 2: When measuring delay times from address inputs, the chip-enable input Is low and the read/write input is high. 

\e 3: When measuring delay times from chip-enable Input, the address inputs are steady-state and the read/write input is high. 

e 4: Input waveforms are supplied by pulse generators having the following characteristics; I r :52.5 ns, tf:52.5 ns, PRRs 1 MHz and ZOUT",5011. 
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DM75S06/DM85S06 Switching Characteristics 
over recommended operating ranges of TA and Vcc unless otherwise noted 

Symbol Parameter Conditions 
Min 

tAA Access Times from Address 

tCHL Enable Time from 
Chip-Enable CL=30 pF, 

Enable Time from Sense Recovery Time 
RL1 =;3000, 

tWHL RL2 =6000 
Read/Write from Read/Write (Figure 4) 

tCLH Disable Time from 
Chip-Enable 

tWLH Disable Time from 
Read/Write 

twp Width of Write Enable Pulse (Read/Write Low) 25 

tASW Set-Up Time (Figure 2) Address to Read/Write 0 

tosw Data to Read/Write, 25 

tcsw Chip-Enable to 0 
Read/Write 

tAHW Hold Time (Figure 2) Address from Read/Write 0 

tOHW Data from Read/Write 0 

tCHW Chip-Enable from 0 
Read/Write 

DM75S06/DM85S06 Switching Time Waveforms 

CHIP ENABLE 
INPUT 

(NDTEl) 

WAVEFORM 1 
(NOTE 1) 

Enable and Disable Time from Chip-Enable 

3V~ 
. 15V ~l5J.:-V . OV~~tcHlt ~tc 

VOH ------

VOL ________ .... 1.5_V _____ ..J 1.5V 

rULl5169·5 

Access Time from Address Inputs 

(NOTE 2) ov __ J~ . '- _____ • 

3V 
ADDRESS 

INPUTS 

3V 
DATA 

INPUTS 

JV 
CHIP ENABLE 

INPUT 

3V 

READIWRITE 
INPUT 

OV 

DM75S06 DM85S06 

Typ Typ Units 
(Note 1) 

Max Min 
(Note 1) 

Max 

25 50 25 35 ns 

12 25 12 17 ns 

13 35 13 25 ns 

12 25 12 20 ns 

13 35 13 25 ns 

25 ns 

0 ns 

25 ns 

0 ns 

0 ns 

0 ns 

0 ns 

. Write Cycle 

VOH -"'~ WAVEFORM 1 
(NOTE 1) 

VOL 

1.5V 

ADDRESS 3V.~_-- _____ ,"" 

INPUTS 1.5V :t1.5V 

fAA:::::I IAA I __ 
OUTPUT V

OH 

------ ~5V Y;.5V 
VOl _____________ ~. ________ J 

TUU5169·f!, TULl5169-1; 

FIGURE 2 
Note 1: Waveform 1 Is for the output with Internal conditions such that the output Is low except when disabled. 

Note 2: When measuring delay times from address Inputs, the chip-enable Input Is low and the read/write Input Is high. 

Note 3: When measuring delay times from chip-enable input, the address Inputs are steady-state and the read/write input Is high. 

Note 4: Input waveforms are supplied by. pulse generators having the following characteristics: tr!S 2.5 ns, tf!S2.5 ns, PRR!S 1 MHz and ZOUT'" 50n. 
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DM75S07 A/DM85S07 A Switching Characteristics (Continued) 

over recommended operating ranges of TA and Vec unless otherwise noted 

DM75S07A DM85S07A 

Symbol Parameter Conditions Typ Typ Units 
Min 

(Note 1) 
Max Min 

(Note 1) 
Max 

tCHZ Output Disable Time 12 25 12 17 ns 

from High Level Disable Times from 

tCLZ Output Disable Time Chip-Enable 
C L =5 pF, 

12 25 12 17 ns 

from Low Level 
RL =2800 

tWHZ Output Disable Time (Figure 4) 15 35 15 25 ns 

from High Level ' Disable Times from 

tWLZ Output Disable Time Read/Write 15 35 15 25 ns 

from Low Level 

twp Width of Write Enable Pulse (Read/Write Low) 25 20 ns 

tASW Set-Up Time (Figure 1) Address to Read/Write 0 0 ns 

tosw Data to Read/Write 25 20 ns 

tcsw Chip-Enable to 0 0 ns 

Read/Write 

tAHW Hold Time (Figure 1) Address from Read/Write 0 0 ns 

tOHW Data from Read/Write 0 0 ns 

tCHW Chip-Enable from 0 0 ns 

Read/Write 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified minImax limits apply across the - 55·C to + 125·C temperature range for the OM75S07(A) and across the O·C to + 70·C 
range for the OM85S07(A). All typlcals are given for VCC = 5.0V and TA = 25·C. 

Note 3: All currents Into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
sho~n as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: . ICC Is measured with all Inputs grounded; and the outputs open. 

DM75S07(A)/DM85S07(A) Switching Time Waveforms 
Enable and Disable Time from Chip-Enable 

3V 
CHIP ENABLE 

INPUT (NOTE 3) 
OV 

~.5V 
WAVEFORM 1 

(NOTE 1) 

VOL 

VOH 
WAVEFORM 2 

(NOTE 1) 

~.5V 

Access Time from Address Inputs 

A~~~~~~ 3V ~1-; - - - - --- '~;:V 
(NOTEZ) OV __ J" __ , '- _____ . 

tAA =:I tAA I ,,--
OUTPUT :::~.5V /,.5V 

ADDRESS 
INPUTS 

DATA 
INPUTS 

CHIP ENABLE 
INPUT 

REAOJWRITE 
INPUT 

Write Cycle 

3V 

3V 

3V 

3V------... 

OV-----------+-,-----J 

VOL ------+----
WAVEFORM Z VOH---------

(SI0FEN. 

O,5V 

:I 

tWZH42 
~~o~m ~w (NOTE 1) ~.5V ___________________ ~._J. ____ ....L.. __ 'T 

FIGURE 1 
Note 1: Waveform 11s for the output with internal conditions such that the output is low except when disabled. Waveform 2 is for the output with internal con· 
dltions such that the output Is high except when disabled. 

Note 2: When measuring delay times from address inputs, the chlp·enable input Is low and the readlwrite input is high. 

Note 3: When measuring delay times from chip·enable input, the address Inputs are steady·state and the readlwrite input is high. 

Note 4: Input waveforms are supplied by pulse generators having the following characteristics: trs 2.5 ns, tf S 2.5 ns, PRR S 1 MHz and ZOUT'" 500. 
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« r-... DM75S06/DM85S06 Switching Characteristics 
~ over recommended operating ranges of TA and Vcc unless otherwise noted 
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Symbol 

tAA 

tCHL 

tWHL 

tCLH 

tWLH 

twp 

tASW 

tDsw 

tcsw 

tAHW 

tDHW 

tCHW 

Parameter 

Access Times from Address 

Enable Time from 
Chip-Enable 

Enable Time from Sense Recovery Time 
Read/Write from Read/Write 

Disable Time from 
Chip-Enable 

Disable Time from 
Read/Write 

Width of Write Enable Pulse (Read/Write Low) 

Set-Up Time (Figure 2) Address to Read/Write 

Data to Read/Write, 

Chip-Enable to 
Read/Write 

Hold Time (Figure 2) Address from Read/Write· 

Data from Read/Write 

Chip-Enable from 
Read/Write 

DM75S06 DM85S06 

Conditions Typ Typ Units 
Min 

(Note 1) 
Max Min 

(Note 1) 
Max 

25 50 25 35 ns 

12 25 12 17 ns 
CL=30 pF, 
Ru :::;3000, 

13 35 13 25 RL2 =6000 ns 

(Figure 4) 
12 25 12 20 ns 

13 35 13 25 ns 

25 25 ns 

0 0 ns 

25 25 ns 

0 0 ns 

0 0 ns 

0 0 ns 

0 0 ns 

~ DM75S06/DM85S06 Switching Time Waveforms 
....... 
CD 
o en 
II) 
r-... 
:E 
C 

CHIP ENABLE 
INPUT 

(NOTE 3) 

WAVEFORM I 
(NOTE 1) 

Enable and Dis.able Time from Chip· Enable 

. :=t~'t 1k
v 

.. 
VOH 

VOL _______ ~ .... 1.5_V _____ ...J 1.5V. 

Access Time from Address Inputs 

AOORESS 
INPUTS 

DATA 
INPUTS 

CHIP ENABLE 
INPUT 

REAOtV/RITE 
INPUT 

Write Cycle 

~tAHW-f--IASW--

3V~,,..- ---------, 
OV __ J~,,,1.5_V_+-_____ +_._ 

3V---+--+--_ 
, 

OV--- - __ ~ __ J 

. -Icsw-
3V~ 

" 1.5V 

3V----" 
~~5V /~.5V 

1.5V 

'---

A~~;~~~ 3V~W-------~~m 
(NOTE 2) OV __ ../' _ . '- _____ • 

IAA =:I 1M I __ 
OUTPUT V

OH 
------ ~5V y.5V 

VOL _________ ~· ______ __J_ 

WAVEFORM I 
(NOTE 1) 

OV-----~~------' 

VOH---I----· Iw_LH~_t_.r~-...:.--=-IWHL~ 
~.5V 1.5V VOL ___________ -.J 

FIGURE 2 

Note 1: Waveform 1 Is for the output with Internal conditions such that the output Is low except when dis~bled. 
Note 2: When measuring delay times from address inputs, the chip-enable Input Is low and the read/write input Is high. 

Note 3: When measuring delay times from chip·enable input, the address inputs are steady-state and the read/write Input Is high. 

Note 4: Input waveforms are supplied by pulse generators having the following characteristics: trs 2.5 ns, tf S 2.5 ns, PRRs 1 MHz and ZoUT= 50n. 
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I Block Diagram 

ADDRESS 
INPUTS 

AC Test Circuits 

A 

B 

C 

o 

ADDRESS 
BUFFERS 

DM75506/DM85506 

Vee 

FROM 
OUTPUT __ ... __ ...... 
UNDER 

TEST 

TLlLl5169-9 

1 OF 16 
DECODERS 

CHIP ENABLE (CE) 

READ/WRITE (R!W) 

64·BIT MEMORV 
MATRIX 

ORGANIZED 
16 x4 

02-----1 ...... 
_ {Dl 

DATA INPUTS 03 _10 ___ +-_+-..1 
12 

D4--------~--~--~-

FIGURE 3 

FIGURE 4 
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VI 
\ 

FROM 

11 

V2 V3 V4 , 
OUTPUTS 

TL/L/5169-8 

o M75507(A)1DM85S07(A) 

TEST 
POINT 

Vee 

, OUTPUT ~ .... --.... --a.. .. - .. 
UNDER 

TEST 

CL Includes probe and jig capacitance_ 
All diodes are 1 N3064_ 
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~National 
~-Semiconductor 

Bipolar and Eel RAMs 

DM77S401/DM87S401, DM77S402lDM87S402 
First-In, First-Out (FiFo) 
64 x 4, 64 x 5 .Serial· Memories 
General Description 

The DM77S401 is an expandable "fall-through" type 
high-speed First-in, First-out (FiFo) memory organized 
in 64-word by 4-bit, and 64-word by 5-bit structures 
respectively. A 10 MHz data rate allows usage in 
high-speed disc or tape controllers as well as PCM 
and communications buffer applications. 

Features 

• 10 MHz shift in, shift out 
• TIL inputs and outputs 
• Inputs and outputs are symmetrically placed on 

package 

• Easily expandable word and bit dimensions 
• Either synchronous or asynchronous operation 
• Fairchild F3341 MOS FiFo pin compatible but 

many times faster! 

Block Diagrams 

INPUT 2 
READY 
SHIFT 3 

IN 

INPUT 2 
READY 
SHIFT 

IN 

FIFO 
INPUT 
STAGE 

INPUT 
CONTROL 

LOGIC 

,FIFO 
INPUT 
STAGE 

INPUT 
CONTROL 

LOGIC 

• Choice of 4-bit or 5-bit data width 

DMn IDM87S401 
64x4 

62 x 4·81T 
REGISTER 

REGISTER 
CONTROL 

LOGIC 

DMnIDM87S402 
64x5 

62 x 5·81T 
REGISTER 

REGISTER 
CONTROL 

LOGIC 

22·16 

FIFO 
OUTPUT 
STAGE 

OUTPUT 
CONTROL 

LOGIC 

FIFO 
OUTPUT 
STAGE 

OUTPUT 
CONTROL 

LOGIC 

OUTPUT 
READY 

SHIFT 
17 OUT 

OUTPUT 
16 READY 

JL10Q0-, 

JL10Q0-2 



Absolute Maximum Ratings 

Supply Voltage, Vee 
Input Voltage 
Off-State Output Voltage 
Storage Temperature 

7 Volts 
7 Volts 

5.5 Volts 
- 65° to +150° C 

Electrical Characteristics Over Operating Conditions DM77 IDM87S401; DM77 IDM87S402 

Symbol Parameter Conditions Min Typ 

VIL Low-Level Input Voltage 

VIH High-Level Input Voltage 2 

VIC Input Clamp Voltage Vee = Min, II = -18mA 

IlL Low-Level Do-D4, MR Vee = Max, VI =0.45V 
Input Current 

IIH High-Level Input Current Vee = Max, VI = 2.4V 

II Maximum Input Current Vee = Max, VI =5.5V 

Vee = Min 
VOL Low-Level Output Voltage VIL =0.8V 10L =8mA 

VIH =2V 

Vee = Min 
VOH High-Level Output Voltage VIL =0.8V 10H =-0.9mA 

VIH =2V 2.4 

los Output Short-Circuit Current Vee = Max, Vo=OV -20 
(Note 1) 

Vee = Max DM77S401 
Icc Supply Current Inputs Low, DM87S401 

Outputs Open DM77S402 
DM87S402 

Operating Conditions 

Max 

0.8 

-1.5 

-0.4 

50 

1.0 

0.5 

-90 

190 
160 
210 
180 

D M77S401 1402 DM87S401/402 
Symbol Parameter Min Nom Max Min 

Vee Supply Voltage 4.5 5 5.5 4.75 

TA Operating Free-Air Temperature (Note 2) -55 +125 0 

tSIH Shift In HIGH Time 45 15 35 

tSIL Shift In LOW Time 45 22 35 

tlDS Input Data Setup 10 -9 0 

tlDH Input Data Hold Time 55 30 45 

tSOH Shift Out HIGH Time 45 15 35 

tSOL Shift Out LOW Time 45 15 35 

tMRW Master Reset Pulse (Note 3). 40 15 35 

tf'.lRS Master Reset to SI 45 15 35 

Note 1: Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Note 2: Case temperature. 
Note 3:· Master reset clears all the cells to the empty state, and the data outputs to a LOW state. 
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Nom Max 

5 5.25 

+75 

15 

22 

-9 

30 

15 

15 

15 . 

15 

Units 

·V 

V 

V 

mA 

p.A 

mA 

V 

V 

mA 

rnA 

Units 

V 

°C 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Sw~tching Characteristics Over Operating Conditions 

DM77S401/402 
Symbol Parameter Min Typ Max 

fiN Shift In Rate 7 16 

tlRL Shift In to Input Ready LOW 30 60 

tIRH* Shift In to Input Ready HIGH 33 60 

fOUT Shift Out Rate 7 16 

tORL Shift Out to Output Ready LOW 40 65 

taRH** I . Shift Out to Output Ready HIGH 45 70 

too** Output Data Delay 38 65 

tPT Data Throughput or "Fall Through" 1.8 4 

tMRORL Master Reset to OR LOW 30 65 

tMRIRH Master Reset to IR HIGH 30 65 

tlPH Input Ready Pulse HIGH 15 22 

tOPH Output Ready Pulse HIGH 15 22 

DM87S401/402 
Min Typ M~x Units 

10 16 MHz 

30 45 ns 

33 45 ns 

10 16 MHz 

40 55 ns 

45 60 ns 

38 55 ns 

1.8 3 J.LS 

30 60 ns 

30 60 ns 

15 22 ns 

22 ns 

,.. ·This delay is dependent upon positive pulse width of 51 input. 

~ ··These delays are dependent upon positive pulse width of SO inp\lt. 

en 
.1::: Functional Description 
~ 
C DATA INPUT second location and so forth until it either reaches 

the output stage or a full location. When the memo 
ory is full, IR will remain low and the FiFo will accept 
no more data. 

Data is entered in the FiFo on 00-03 (00-04 on the 402) 
inputs. If the first location is ready to accept data, the 
Input Ready (IR) pin will be high. Data then present on 
the four input pins will be entered to the first location 
when the Shift In (SI) pin goes high. A high on the SI pin 
will cause the IR pin to go low. The old data will remain 
on the first location until SI is brought low again and 
IR goes low. If SI is brought low before IR goes low, 
data transfer will not take place untillR goes low. If 
the FiFo is not full (Le., all locations contain data), 
IR will go high, indicating that the first location can 
accept more data from the four input pins. Simul· 
taneously with IR going high, data will shift to the 

Connection Diagrams 
DM77 IDM87S401 

Dual-In-Llne Package 

NC - -;--v--;; ~ vee 
INPUT READY - 2 15 ~SHIFT OUT 

SHIFT IN - 3 14 - OUTPUT READY 

{
DO- 4 13 _OO} 

DATA IN 01- 5 12. -01 . OUTPUTS 
02- 6 11 1-02 
03- 7 10 ~03 

GND - 8 . 9 I-~MA~S=TEC::-R =RE=SE=T 

TOP VIEW JL10Q0-3 

DATA TRANSFER 

Once data is entered into the second location, the 
transfer of any full location to the downstream adjacent 
empty location is automatically activated by an on-chip 
control. Thus data will stack up at the end of the FiFo 
while empty locations fill to the front. The time required 
forthe first data to travel from input to output locations is 
called Data Throughput Time or tpT' 

DM77/DM87S402 
Dual-ln-L1ne Package 

NC-~-Vee 
INPUT READY - 2 . 17 _ SHIFT OUT 

SHIFT IN - 3 16 - OUTPUT READY 

DATA IN {~: i :~ : ~!} OUTPUTS 
03 - 7 12 - 03 
04-8 11_04 

GND - 9 10 - M:"';A=ST=EC::-R.=RE=SE=T 

TOP VIEW JL10Q0-4 

Order Number DM77S401J, DM87S401J, 
DM77S402J, DM87S402J, DM77S401 N, 

DM87S401 N, DM77S402N or DM87S402N 
See NS Package J16A or N16A 
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DATA OUTPUT 

Data is output from Pins 00-03 (00-04 on the 402). 
When data is shifted into the output stage, Output Ready 
(OR) goes high to indicate the presence of valid data. 
When the OR is high, data may be shifted out of 00-03 
by pulling Shift Out (SO) high. A high signal on the SO 
pin will cause the OR pin to go low. When the SO pin is 
brought low again, and OR is low, any valid data at 
the next upstream stage is shifted to the output. 
Then all valid upstream data moves down one loca· 
tion. New valid data on the output stage will again 

Standard Test Load 

C -t5V 

: I.1K 

-:;:- GND 

22·19 

cause OR to go high unless the output stage is 
empty (all data shifted out), in which case OR stays 
low. 

Input Ready (IR) and Output Ready (OR) may also be 
used as status signals since IR will stay low for at least 
tpT if the FiFo is full and OR will stay low for at least tpT if 
the FiFo is empty. 

1 - TEST POINT 

T 
JL1000-3 



~National 
~ Semiconductor 

Bipolar and Eel RAMs 
PRELIMINARY 

DM77S401 AI DM87S401 A, DM77S402AI DM87S402A 
First-In, First-Out (FiFo) . 
64 x 4, 64 x 5 Serial Memories 
General Description 

The DM77S401A is an expandable "fall-through" type 
high-speed First-in, First-out (FiFo) memory organized 
in 64-word by 4-bit, and 64-word by 5-bit structures 
respectively. A 15 MHz data rate allows usage in 
high-speed disc or tape controllers as well as PCM 
and communications buffer applications. 

Features 

• 15 MHz shift in, shift out 
• TTL inputs and outputs 
• Inputs and outputs are symmetrically placed on 

package 
. • Easily expandable word and bit dimensions 

• Either synchronous or asynchronous operation 
• Fairchild F3341 MOS FiFo pin compatible but 
. many times faster! 

Block Diagrams 

INPUT 2 
READY 
SHIFT 3 

IN 

INPUT 2 
READY 

SHIFT 
IN 

FIFO 
INPUT 
STAGE 

INPUT 
CONTROL 

LOGIC 

FIFO 
INPUT 
STAGE 

INPUT 
CONTROL 

LOGIC 

.• Choice of 4-bit or 5-bit data width 

DM77/DM87S401A 
64x4 

62 x 4-8IT . 
REGISTER 

REGISTER 
CONTROL 

LOGIC 

DM77IDM87S402A 
64x5 

62 x 5-BIT 
REGISTER 

REGISTER 
CONTROL 

LOGIC 
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FIFO 
OUTPUT 
STAGE 

OUTPUT 
CONTROL 

LOGIC 

FIFO 
OUTPUT 
STAGE 

OUTPUT 
CONTROL 

LOGIC 

15 SHIFT 
OUT 

14 OUTPUT 
READY 

SHIFT 
17 OUT 

OUTPUT· 
16 READY 

JL1000-1 

JL1000-2 



Absolute Maximum Ratings 

Supply Voltage, Vee 7 Volts 
Input Voltage 7 Volts 
Off-State Output Voltage 5.5 Volts 
Storage Temperature - 65° to +150° C 

Electrical Characteristics Over Operating Conditions OM77IDM87S401A, OM77/0M87S402A 

Symbol Parameter Conditions Min Typ Max 

VIL Low-Level Input Voltage 0.8 

VIH High-Level Input Voltage 2 

VIC Input Clamp Voltage Vee = Min, II =-18mA -1.5 

IlL Low-Level 00-04, MR Vee = Max, VI =0.45V -0.4 
Input Current 

IIH High-Level Input Current Vee = Max, VI = 2.4V 50 

II Maximum Input Current Vee = Max, VI=5.5V 1.0 

Vee = Min 
VOL Low-Level Output Voltage VIL =0.8V 10L =8mA 0.5 

VIH =2V 

Vee = Min 
VOH High-Level Output Voltage VIL =0.8V IOH=-0.9mA 

VIH = 2V 2.4 

los Output Short-Circuit Current Vee= Max, Vo=OV -20 -90 
(Note 1) 

Vee = Max OM77S401A 200 
Icc Supply Current Inputs Low, DM87S401A 170 

Outputs Open DM77S402A 220 
OM87S402A 190 

Operating Conditions 

DM77S401A/402A DM87S401 A/402A 
Symbol Parameter Min Nom Max Min 

Vee Supply Voltage 4.5 5 5.5 4.75 

TA Operating Free-Air Temperature (Note 2) -55 +125 0 

tSIH Shift In HIGH Time 35 10 25 

tSIL Shift In LOW Time 40 21 33 

tlOS Input Data Setup 5 -9 0 

tlDH Input Data Hold Time 45 24 40 

tSOH Shift Out HIGH Time 35 10 25 

tSOL Shift Out LOW Time 35 10 25 

tMRW Master Reset Pulse (Note 3) 30 10 20 

tMRS Master Reset to SI 45 10 20 

Note 1: Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Note 2: Case temperature. 
Note 3: Master reset clears all the cells to the empty state, and the data outputs to a LOW state. 
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Nom Max 

5 5.25 

+75 

10 

21 

-9 

24 

10 

10 

10 
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Switching Characteristics Over Operating Conditions 

DM77S401A/402A DM87S401A/402A 
Symbol Parameter Min Typ Max Min Typ Max Units 

fiN Shift In Rate 10 20 15 20 MHz 

tlRl Shift In to Input Ready LOW 25 50 25 40 ns 

tlRH * Shift In to Input Ready HIGH 30 50 30 42 ns 

fOUT Shift Out Rate 10 20 15 20 MHz 

tORl Shift Out to Output Ready LOW 32 65 32 45 ns 

tORH ** Shift Out to Output Ready HIGH 34 65 34 50 ns 

too ** Output Data Delay 32 60 32 50 ns 

tpT Data Throughput or "Fall Through" 1.3 2.2 1.3 1.8 J.Ls 

tMRORl Master Reset to OR LOW 26 65 26 60 ns 

tMRIRH Master Reset to IR HIGH 25 65 25 60 ns 

tlPH Input Ready Pulse HIGH 15 22 ,15 22 ns 

to PH Output Ready Pulse HIGH 15 22 15 22 ns 

"This delay is dependent upon positive pulse width of SI input. 

""These delays are dependent upon positive pulse width of SO input. 

Functional Description 

DATA INPUT second 'location and so forth until it either reaches 
the output stage or a full location. When the mem-

Data is entered in the FiFo on Do-D3 (Do-D4 on the 402) ory is full, IR will remain low and the FiFo will accept 
inputs. If the first location is ready to accept data, the no more data. 
Input Ready (IR) pin will be high. Data then present on 
the four input pins will be entered to the first location 
when the Shift In (SI) pin goes high. Ahigh onthe SI pin DATA TRANSFER 
~ill cause the IR pin to go low. The old data will remain 
on the first location until SI is brought low again and Once data is entered into the second location, the 
IR goes low. If SI is brought low before IR goes low, transfer of any full location to the downstream adjacent 
data transfer will not take place untillR goes low. If empty location is automatically activated by an on-chip 
the FiFo is not full (Le., all locations contain data), control. Thus data will stack up at the end of the FiFo 
IR will go high, indicating that the first location can while empty locations fill to the front. The time required 
accept more data from the four input pins. Simul- for the first data to travel from input to output locations is 
taneously with IR going high, data will shift to the called Data Throughput Time or tpT. 

Connection Diagrams i 
DM771 DM87S402A 

DM77/DM87S401A' Dual-In-Line Package 
Dual-In-Line Package 

NC-~I-Vcc 
NC_~_VCC INPUT READY - 2 17 I- SHIFT OUT 

INPUT READY - 2 15 -SHIFT OUT SHIFT IN - 3 16 r- OUTPUT READY 
SHIFT IN- 3 14 - OUTPUT READY r- 4 

15 ~ O'} r- 4 
13 -Do} 01- 5 14 r- 01 

DATA IN 01- 5 12 - 01 OUTPUTS DATA IN 02 - 6 13 r- 02 OUTPUTS 
02- 6 11 I- 02 03 - 7 12 r- 03 
03- 7 10 I- 03 04- 8 11 r- 04 

GNo- 8 9 r- MASTER RESET GNo- 9 10 I- MASTER RESET 

TOP VIEW JL1000-3 TOP,VIEW JL1000-4 

Order Number DM77S401AJ, DM87S401AJ, 
DM77S402AJ, DM87S402AJ, DM77S401AN, 

DM87S401AN, DM77S402AN or DM87S402AN 
See NS Package J16A or N16A 
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DATA OUTPUT 

Data is output from Pins 00-03 (00-04 on the 402). 
When data is shifted into the output stage, Output Ready 
(OR) goes high to indicate the presence of valid data. 
When the OR is high, data may be shifted out of 00-03 
by pulling Shift Out (SO) high. A high signal on the SO 
pin will cause the OR pin to go low. When the SO pin is 
brought low again, and OR is low, any valid data at . 
the next upstream stage is shifted to the output. 
Then all valid upstream data moves down one loca
tion. New valid data on the output stage will again 

Standard Test Load 
C +5V 

• 5600 

cause OR to go high unless the output stage is 
empty (all data shifted out), in which case OR stays 
low. 

Input Ready (IR) and Output Ready (OR) may also be 
used as status signals since IR will stay low for at least 
tpT if the FiFo is full and OR will stay low for at least tpT if 
the FiFo is empty. 

..... --..... -+0: TEST POINT 

Do~'o-- 1 
UK T 

~ GND 

JL1000-S 
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~National 
~ Semiconductor 

Bipolar and Eel RAMs 

DM75S68/DM85S6816 x 4 Edge Triggered Registers 
General Description 
These Schottky memories are addressable "D" register 
files. Any of its 16 four-bit words may be asynchronously 
read or may be written into on the next clock transition. 
An input terminal is provided to enable or disable the syn
chronous writing of the input data into the location 
specified by the address terminals. An output disable ter
minal operates only as a TRI-STATE@ output control ter
minal. The addressable register data may be latched at 
the outputs and retained as long as the output store ter
minal is held in a low state. This memory storage condi
tion is independent of the state of the output disable ter
minal. 

All input terminals are high impedance at all times, and 
all outputs have low impedance active drive logic states 
and the high impedance TRI-STATE condition. 

Logic and Block Diagram 

(WRITE ENABLE) 

15 
WE 0--1'>0----------+1 

(DATA INPUTS) 
02 03 

1 17 

Features 
• On-chip output register 
• PNP inputs reduce input loading 

• Edge triggered write 
• High speed-30 ns typ 
• All parameters guaranteed over temperature 

• TRI-STATE output 
• Schottky-clamped for high speed 
• Optimized for register stack applications 
• Typical power dissipation-350 mW 

(WRITE CLOCK INPUT) 
ClK 

14 

Connection Diagram 

Dual-In-Llne Package 

02 

01 

AD 

A2 

A3 

AI 

M~ ~~-L--L~~~~~~~~ 01 

02 

Al~ 

A2~ 
16 x 4 MEMORY CELL ARRAY 

13 
~0---~-'---'--+~--~~4-~---'-r.---~ 
(OUTPUT 

STORE) 

GNO 

TOP VIEW 

TLllf5148·2 

Order Number DM75S68J or DM85S68J 
See NS Package J18A 

Order Number DM75S68N or DM85S68N 
See NS Package N18A 

(OUTPUTS) Tlflf5148-1 

TAI·STATE'" Is a registered trademark of National Semiconductor Corp. 
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Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage 

Input Voltage 

Output Voltage 

7.0V 

5.5V 
5.5V 

Storage Temperature Range - 65°Cto + 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics 

Supply Voltage, Vcc 
DM85S68 
DM75S68 

Temperature, TA 
DM85S68 
DM75S68 

Min 

4.75 
4.5 

0 
-55 

over recommended operating free-air temperature range unless otherwise noted (Notes 2 and 3) 

Parameter Conditions Min Typ 

VIH High Level Input Voltage 2 

VIL Low Level Input Voltage 

VOH High Level Output Voltage 
Vcc= Min 

IloH = - 2.0 mA, DM75S68 2.4 

\IOH = - 5.2 mA, DM85S68 2.4 

VOL Low Level Output Voltage I DM75S68 
Vcc = Min, 10L = 16 mA 

I DM85S68 

IIH High Level Input Current Vcc = Max, I Clock Input 

VIH = 2.4V I All Others 

II High Level Input Current at Vcc = Max, VIH = 5.5V 
Maximum Voltage 

IlL Low Level Input Current Vcc = Max, I Clock Input 

VIL =0.5V I All Others 

los Short Circuit Output Current (4) . Vce= Max, Vo~=OV -20 

Icc Supply Current Vce= Max 70 

VIC Input Clamp Voltage Vcc= Min, liN = -18 mA 

loz TRI-STATE Output Current I Vo=2.4V 
Vcc= Max I 

Vo=0.5V 

Max Units 

5.25 V 
5.5 V 

70 °C 
+ 125 °C 

Max Units 

V 

0.8 V 

V 

V 

0.5 V 

0.45 V 

50 ,.,.A 

25 ,.,.A 

1.0 mA 

-500 ,.,.A 

-250 ,.,.A 

-55 mA 

100 mA 

-1.2 V 

+40 ,.,.A 

-40 ,.,.A· 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified minimax limits apply across the - 55·C to + 125·C temperature range for the DM75S68 and across the O·C to + 70· C 
range for the DM85S68. All typlcals are given for VCC = 5.0V and TA = 25·C. 

Note 3: All currents Into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 
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Switching Characteristics over recommended operating range of TA and Vee unless otherwise noted 

DM75S68 DM85S68 
Parameter 

Min Typ Max Min Typ Max 

tZH Output Enable to High. Level 20 40 20 35 

tZL Output Enable to Low Level 14 30 14 24 

tHZ Output Disable Time from High Level 10 18 10 15 

tLZ Output Disable Time from Low Level 12 22 12 18 

tAA Access Time Address to Output 30 55 30 40 

tOSA Output Store to Output 20 35 20 30 

tCA Clock to Output 25 50 25 40 

tAse Set-Up Time Address to Clock 25 5 15 5 

tose Data to Clock 15 5 5 0 

tAsos Address to Output Store 40 15 30 15 

twEse Write Enable Set-Up Time 10 5 5 0 

tossc Store Before Write 15 0 10 0 

t AHc Hold Time Address from Clock 15 5 10 5 
t OHC Data from Clock 20 5 15 5 

tAHOS Address from Output Store 10 0 5 0 

tWEHC Write Enable Hold Time 20 5 15 5 

AC Test Circuit and Switching Time Waveforms 

Write Cycle 

Clock Set·Up and Hold Time 
,--- ..... 

Ao~::J: 1.5V U5V 

----Jt:.:;: f-.AH'-I'------
DATA I,-f--, 
INPUT ___ ~~ I "--I---'~ ~V ____ • 

1-'0,",f-'OH' 
OUTPUT 1.5V 

STORE I 
'0",_ I-

E::~~~ 1.SvY I--'-t" ------.Ii'-Ef--I' ,'------'.'''-1 I--,.-+----
~L~~~ . I.5V 

tW(HC 

Clock to Output Access 
~r----------

I~~~~ ___ ~J""\I-. _____ _ 

~~i~ 16VI. 
~ __ I-_"A:j,-__ 

OUTPUTS ____ ~ _____ ....:::JL 

CL = 5.0 pF for tHZ, tLl 

CL = 30 pF for all others 

CL includes probe and jig capacitance 

All diodes are 1 N3064 

Read Cycle 

Address to Output Access Time 

~.I r----------ADDRESS I.SV~ 
INPUT ____ JI'--_____ _ 

. -·~--Ir-------
OUTPUTS ______ .:;.~X'__ ___ _ 

Output Store Access, Set·Up and Hold Time 

=
--~ 

.~:;~ -::1 '\ I~~-. -----I-'·HO'- . 
ouTPUT f5Y 15V 

STORE '''0$ --I . 1--10"--1 =' ,--
OUTPUTS 1.5V 1.5V '- _______ ..J 

Output Disable and Enable Time 

OUTPUT.r"~."''' 
DISABlE~ .~ 

1.5V -'''1 -'" -J I 

¥ O.SV 

'.5V I 
vo'-, 

OUTP~:H_-b, 

-T I\. 
Note: Input waveforms supplied by pulse generator having the following characteristics: V = 3.0V, tRs2.S ns, PRRs 1.0 MHz and Zour= SOM. 
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~National 
~ Semiconductor 

Bipolar and Eel RAMs 

IDM29705/29705A 16-Word by 4-Bit Two-Port 
RAM/Register File 

General Description 
The IDM29705 and IDM29705A are 16-word by 4-bit 
RAM/Register File chips housed in a standard 28-pin 
dual-In-line package. The IDM29705 and the 
IDM29705A feature TRI·STATE@ outputs. These 
RAMs, which are fabricated using SCl ® (Schottky 
ECl Technology) feature two separate output ports 
that enable any two 4-bit words to be read from these 
outputs simultaneously. Each output port contains a 
four-bit latch. A common latch Enable (lE) input is 
used to control all eight latches. The device, which 
has two Write Enable (WE) inputs, Is designed so that 
either Write Enable (WEI or 2) and latch Enable (lE) 
inputs can be wired together to make the operation 
of the RAM appear edge-triggered. 

The device, which has fully decoded A·address and 
B-address fields, can address any of the 16 memory 
words for the A-output port and, simultaneously, 
select any of the 16 words for presentation at the 
B·output port. Incoming data is written into the four
bit RAM word selected by the B·address. The D 
inputs are used to load the new data into the device. 

Several of these devices can be cascaded to increase 
the total number of memory words in the system. 
When OE-A is high, the A-output port is in the high
impedance mode. OE-B, when high, forces the 
B-output port to the high-impedance state. 
TRI-STAT~~ and SCL'" are registered trademarks of National Semiconductor Corp_ 

IDM29705/29705A Block Diagram 
DO 01 

A3 

The writing of new data into the RAM is controlled by 
the Write Enable inputs. With both Write Enable 
inputs low, data is written into the word selected by 
the B-address field. The memory outputs follow the 
data inputs during writing if the latch Enable (lE) is 
high. With either Write Enable high, no data is written 
into the RAM. 

Features and Benefits 
• 16-Word by 4-Blt, 2-Port RAM/Register Files 

• Two Output Ports, Each with Separate Output 
Control 

• 4-Bit latches on Each Output Port 

• Non-Inverted Data Output with Respect to Data 
Input 

• Output Enable and Write Enable Inputs Provide 
Ease in Cascading 

• SCl Technology (Schottky ECl) Provides ECl 
Speeds While Keeping low Power Schottky Input! 
Output Voltage and Power Consumption 
Compatibility 

• 100% Reliability Testing in Compliance with 
Mll-STD-883 -

02 03 

A2 

16-WORD BY 4-BIT 
TWO-PORT RAM 

Al 

AD 

A-DATA 
4-BIT 
LATCH 

22-27 

B-PORT 

B-DATA 
4-BIT 
LATCH 

B 
ADDRESS 
DECODER 

LE 

TlIL5192 

c 
:s: 
I\) 
<0 
"""-I o 
CJ1 --I\) 
<0 
"""-I 
o 
CJ1 » 



Absolute Maximum Ratings Operating Range 
Storage Temperature - 65°C to + 150°C Ambient 
Temperature (Ambient) Under Bias -55°Cto + 125°C PIN Temperature VCC 
Supply Voltage to Ground Potential - 0.5V to + 6.3V 

IDM2970SJC O'C to +70'C 4.7SV to S.2SV 
DC Voltage Applied to Outputs for 

IDM2970SJM, JM/883 -SS'C to +12S'C 4.S0V' to S.50V High Output State - 0.5V to + Vee max 
DC Input Voltage - 0.5V to + 5.5V IDM29705AJC, NC O'C to +70'C 4.7SV to 5.25V 

DC Output Current, Into Outputs 30mA IDM2970SAJM, JM/883 -55'C to +125'C 4.50V to 5.50V 

DC Input Current - 30mA to + 5.0mA 

Standard Screening (conforms to MIL-STD-883 for 'class C parts) 

MIL-STO-883 Level 

Step Method Conditions OC,PC OM, FM 

Pre-Seal Visual Inspection 2010 B 100% 100% 

Stabilization Bake 1008 C: 24-hour 150°C 100% 100% 

Temperature Cycle 1010 C: - 65°C to + 150°C 100% 100% 10 cycles 

Centrifuge 2001 B: 10,000 G 100% 100% 

Fine Leak 1014 A: 5x 10- 8 atm-cc/cm3 100% 100% 

Gross Leak 1014 C2: Fluorocarbon 100% 100% 

Electrical Test 5004 See below for 100% 100% Subgroups 1 and 7 and 9 definitions of subgroups 

Insert Additional Screening Here for Class B Parts 

Group A Sample Tests 
Subgroup 1 LTPD =5 LTPD = 5 
Subgroup 2 LTPD =7 LTPD = 7 
Subgroup 3 5005 See below for LTPD =7 LTPD = 7 
Subgroup 7 definitions of subgroups LTPD =7 LTPD = 5 
Subgroup 8 LTPD =7 LTPD = 7 
Subgroup 9 LTPD =7 LTPD = 5 

Additional Screening for Class B Parts 

MIL·STD·883 Level 

Step Method Conditions DMB, FMB 

Burn·ln 1015 0: 125°e, 160 hours min 100% 

Electrical Test 5004 
Subgroup 1 100% 
Subgroup 2 100% 
Subgroup 3 100% 
Subgroup 7 100% 
Subgroup 9 100% 

Return to Group A Tests In Standard Screening 

Group A Subgroups 
(as defined In MIL·STD·B83, method 5005) 

Subgroup Parameter Temperature 

1 DC 25·C 

2 DC Maximum rated temperature 

3 DC Minimum rated temperature 
7 Funcllon 25·C 

8 Funcllon Maximum and minimum 
rated temperature 

9 Switching 25·C 

10 Switching Maximum rated temperature 
11 Switching Minimum rated temperature 
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Electrical Characteristics (over operating temperature range, unless otherwise noted) 

Typ 
Symbol Parameter Test Conditions (Note 1) Min. (Note 2) Max. Units 

VOH Output HIGH Voltage Vee = min Mil, IOH = - 2.0mA 2.4 
(IDM29705 only) VIN = VIH or VIL Volts 

Com'l, IOH = -4.0mA 2.4 

VOL Output lOW Voltage Vee = min IOL = 4.0mA 0.4 
VIN = VIH or VIL IOL = 8.0mA 0.45 

Volts 
IOL = 12mA 0.5 

IOL = 16mA (Note 4) 0.5 

VIH Input HIGH Level Guaranteed Input logical HIGH voltage for all 2.0 Volts 
Inputs 

VIL Input LOW Level Guaranteed input logical LOW voltage for all 0.8 Volts 
inputs 

VI Input Clamp Voltage Vee = min, liN = -18mA -1.5 Volts 

IlL Input LOW Current Vee = max, VIN = 0.4V Ai' BI -0.25 
mA 

Others -0.36 

IIH Input HIGH Current Vee = max, VIN = 2.7V 20 ,..A 

II Input HIGH Current Vee = max, VIN = 5.5V 0.1 mA 

loz Off State (High Impedance) Vec= max Vo = 2.7V 20 
,..A Output Current VIN = VIH or VIL Vo = O.4V -20 

Ise Output Short Circuit Current Vcc = max 29705A -30 -85 mA 
(Note 3) 29705 -25 -85 

Icc Power Supply Current Vec = max 120 175 mA 

IAJC Vcc = 5.25V, T = 70°C 155 mA 

IAJM Vcc = 5.5V, T = 125°C 145 mA 

Note 1: For conditions shown as Min. or Max., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
Note 2: Typical limits are at Vee = S.OV, 2Soe ambient and maximum loading. 
Note 3: Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
Note 4: 2970SA commercial temperature range only. 

Switching Characteristics (Input Levels = 0 V and 3.0 v, Transitions measured at 1.5 V) 
Combinational Delays (in nanoseconds) (CL = 50pF) 

Comm'l Mil 

Max. Max. 
(Note 1) (Note 2) 

Parameters From To Conditions 705 705A 705 705A 

A Address Stable YA Stable 40 30 55 35 
Access Time LE=HIGH 

B Address Stable YB Stable 40 30 55 35 

YA=D LE= HIGH, A= B 45 45 48 45 

Both WE LOW 
YB=D LE=HIGH 45 45 48 45 

Turn-On Time OE-A or OE·B LOW 25 20 25 25 

Turn-Off Time OE-A or OE-B HIGH YA or YB Off CL = 5pF (Note 3) 20 20 20 20 

Reset Time A-LO LOW YALOW 20 20 30 25 

Enable Time LE HIGH YA and YB Stable 25 20 25 25 

Data In YA or YB = 0 LE=HIGH, WE 45 45 45 45 
both LOW, A = B 
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Switching Characteristics (Cont'd) 
Minimum Setup and Hold Times (In nanoseconds) 

Comm'l Mil 

Max. Max. 
(Note 1)' (Note 2) 

Parameters From To Conditions 705 705A 705 705A 

Data Setup Time D Stable Either WE HIGH 20 15 25 20 

Data Hold Time Either WE HIGH D Changing 0 0 0 0 

Address Setup Time B Stable Both WE LOW 3' 0 5 3 

Address Hold Time Either WE HIGH B Changing 0 0 0 0 

Latch Close 
LE LOW WE1 LOW WE2 LOW 0 0 0 0 

aefore Write Begins 
LE LOW WE2 LOW WE1 LOW 0 0 0 0 

Address Setup A or B Stable LE LOW 20 15 40 20 
Before Latch Closes 

Minimum Pulse Widths (in nanoseconds) 

Comm'l Mil 

Max. Max. 
(Note 1) (Note 2) 

Parameters From To Conditions 705 705A 705 705A 

Write Pulse Width WE1 HIGH·LOW·HIGH WE2 LOW 25 20 25 20 

WE2 HIGH·LOW·HIGH WE1 LOW 20 20 20 20 

A Latch Reset Pulse A·LO HIGH·LOW·HIGH 20 15 20 15 

Latch Data Capture LE LOW·HIGH·LOW Address Stable 20 15 20 15 

Note 1: TA = O'C to +70'C, Vee = 5.0V :!:5%. 
Note 2: -55'C to +125~C,Vee = 5.0V :!::10% 

" Note 3: Measured from 1.5V at the Input to 0.5V change in the output level. 

Function Tables 

Write Control 

RAM Outputs at Latch Inputs 

WE1 WE2 Function A·Port B·Port 

L L Write D into B A data (A of. B) D input data 

X H No write A data B data 

H X No write A data B data 

VA Read 

Inputs 

OE·A A·LO LE VA Output Function 

H X X Z High impedance 

L L X L Force VA LOW 

L H H A·Port RAM data Latches transparent 

L H L NC Latches retain data 
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Function Tables (continued) 

YB Read 

Inputs 

OE·B LE YB Output Function 

H X Z High impedance 
L H B·Port RAM data Latches transparent 
L L NC Latches retain data 

H = HIGH 

L = LOW 

X = Don't care 

Z = High Impedance 

NC = No change 

Pinout Descriptions of the 
I DM29705/29705A 
03- Do: Through these inputs new data can be written 
in the location specified by the B-address inputs. 

A3-AO: The 4-bit address presented at the A inputs 
selects one of the 16 memory words for presentation 
at the A-data latch outputs. 

B3- Bo: The 4-bit address presented at the B inputs 
selects one of the 16 memory words for presentation 
at the B-data latch outputs. This address also selects 
the location into which data is written. 

YA3- YAo: The four A-data latch outputs. 

YB3- YBo: The four B-data latch outputs. 

WE1, WE2: Write enable inputs. When both are low, 
enables data to be written into the RAM location 
selected by the B-address field. When either Write 
Enable input is high, no data can be written into 
memory. 

OE·A: A-port output enable. When low, data in the 
A-data latch is present at the YAi outputs. When high, 
the YAi outputs are in the high-impedance mode. 

OE·B: B-port output enable, When low, data in the 
B-data latch is presented at the YBi outputs. When 
high, the YBi outputs are in the high·impedance 
mode. 

LE: Latch enable. The LE input acts as control for 
both the RAM-A and RAM-B output ports. When high 
the latches are transparent and data from the RAM, 
as selected by the A and B address inputs, is 
presented at the outputs. When low,· the latches 
retain the last data read from the RAM regardless of 
the current A and B address inputs. 

A·LO: Force A to zero. This input operates to force 
the A-port latch outputs low independent of the LE 
input or A address inputs. The A-output bus can be 
forced low using this control input. With A-LO high, 
the A latches operate in their normal manner. Once 
forced low, the A latches remain low independent of 
the A-LO input .if the Latch Enable (LE) is low. 

IDM29705/29705A Connection Diagram and Test Load 

01 
DO 

WEl 

BO 4 

Bl 

B2 
B3 

A·LO 8 

LE 9 

VBO 10 
VAO 11 

VBl 12 
VAl 13 

GNO 14 

28 Vee 
27 D2 

26 03 
25 WE2 

24 AD 
23 Al 

I DM29705/ 22 A2 
29705A 21 A3 

20 OE·A 
19 trn 
18 VA3 

17 VB3 
16 VA2 
15 VB2 

TLlL5192 
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Note 1: CL= 50 pF Includes scope probe, wiring and stray 
capacitances without device In test fixture. 

Note 2: 51,52, S3 are closed during function tests and all 
AC tests except output enable tests .. 

Note 3: S1 and S3 are closed while 82 Is open for tpZH test. 
81 and S2 are closed while S3 Is open for tpZL test. 

Note 4: CL = 5 pF for output disable tests. 
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~National 
D Semiconductor 

Bipolar and ECl RAMs 

DM10414, DM10414A 256 x 1 ECl-Random Access Memory 

General Description 
The DM10414, DM10414A i's a 256-word by 1-bit 
ECl random access memory. The fully static memory is 
designed with active low chip selects and separate I/O 
pins. The 8 address bits (AO through A7l are fully 
decoded on the chip_ Applications such as scratch pad, 
cache, and buffer memories are ideal for this high speed 
RAM. 

An unterminated emitter-follower output is provided 
to allow the outputs to be wire-ORed. Separate Data 
In and non-inverted Data Out pins are provided. These 
RAMs are compatible with compensated and uncom
pensated 10k ECl families. 

Block and Connection Diagrams 

AD 

AI ADDRESS 
A2' 3 DECODER 

AJ 4 

WORD 
DRIVER 

Logic Symbol 

AD 

16 X 16 ARRAY 

A4 AS A6 A7 

Pin Names 

Features 
• Fully compatible with standard and voltage compen-

sated 10k series ECl 

• Temperature range O°C to +75°C 

• Unterminated emitter-follower output for wire-ORing 

• Power dissipation decreases with increasing tem
perature 

• Typical address access 
DM10414 
DM10414A 

• Typical chip select access 
DM10414 
DM10414A 

ffi 
m 
ID 

AD 

AI 

A2 

A3 

.fS2 

rn 
VEE 

10 ns 
7 ns 

4 ns 
3 ns 

Dual-In-Line Package 

A4 

TOP VIEW 

Order Number DM10414J 
or DM10414AJ 

See NS Package J16A 

Truth Table 

CS WE DIN DOUT MODE 

AO-A7 Address Inputs H X X L Not Selected 

DIN Data Input L L H L Write 1 

DOUT Data Output 
CS1, CS2, CS3 Chip Select Inputs 
WE Write Enable 
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L L L L 

L H X DOUT 

L = low (-1.7V nominal) 
H = high (-O.9V nominal) 
X = don't care 

Write 0 

Read 



Absolute Maximum Ratings Operating Conditions 

Temperature Under Bias (Ambient) 
Storage Temperature Range 
VEE Relative to VCC 
Any Input Relative to VCC 
Output Current (Output High) 
Lead Temperature (Soldering, 10 seconds) 

-55°C to +125°C 
-B5°C to +150°C 

-7.0V to +0.5V 
VEE to +0.5V 

-30 mAto +0.1 mA 
300°C 

Supply Voltage (VEE) 
Ambient Temperature (T A) 

DC Electrical Characteristics 
VEE = -5.2V, Output Load = 50n and 30 pF to -2.0V, TA = O°C to +75°C (Notes 1-4) 

SYMBOL 

VOH 

VOL 

VOHC 

VOLC 

VIL 

IIH 

PARAMETER 

Output Voltage High 

Output Voltage Low 

Output Voltage High 

Output Voltage Low 

Input Voltage High 

Input Voltage Low 

Input Current High 

Input Current Low, CS 

All Others 

Power Supply Current 

(Pin 8) (Note 5) 

CONDITIONS 

VIN = VIHA or VILB 

VIN = VIHA or VILB 

VIN = VIHB or VILA 

Performed on one input 
at a time 

VIN = VIHB or VILA 

Performed on one input 
at a time 

Guaranteed Input Voltage High 

for All Inputs 

Guaranteed Input Voltage Low 

for All Inputs 

VIN = VIHA 

Performed on one input 
at a time 

VIN = VILB 

Performed on one input 
at a time 

All I nputs and Outputs Open 

MIN 

-5.46 
o 

B 
LIMIT 

-1000 

-960 
-900 

-1870 

-1850 
-1830 

-1020 
-980 

-1145 

-1105 

-1045 

-1870 

-1850 

-1830 

0.5 
-50 

-150 

Note 1: Conditions for testing not shown in the tables are chose'n to guarantee operation under "worst case" conditions. 

MAX 

-4.94 
+75 

A 
LIMIT 

-840 

-810 
-720 

-1665 
-1650 
-1625 

-1645 

-1630 
-1605 

-840 

-810 

-720 

-1490 
-1475 

-1450 

220 

170 

UNITS 

V 
°c 

UNITS 

mV 

mV 

mV 

mV 

mV 

mV 

/lA 

/lA 

mA 

Note 2: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature 
extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 3: Guaranteed with transverse air flow exceeding 400 linear F.P .M. and 2·minute warm-up period. Typical resistance values of the package 
are: eJA, (Junction to Ambient) = 90°C/W (still air); eJA (Junction to Ambient) = 50°C/W (at 400 F.P.M. air flow); eJC (Juction to Case) = 
25°C/W. 

Note 4: "A" indicates the most positive value, "8" indicates the most negative value. 

Note 5: Typical values at VEE= -5.2V: TA = O°C, lEE =-105 mA; TA = 75°C, lEE =-90 mAo 
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Functional Description 
Addressing the DM10414, DM10414A is achieved by The device is selected with CS low and deselected with 
means of the 8 address lines AO-A7. Each of the 28 CS high. The operating mode is controlled by the active 
one·zero combinations of the address lines corresponds low Write Enable (WE). WE low causes the data at the 
to a bit location in the memory. The active low Chip Data Input (DIN) to be stored at the selected address. 
Selects together with the unt~rminated emitter-follower WE low also causes the output to be disabled (low due 
output allows for wire-ORing. A 50n resistor to -2V to the50n pull·down resistor). WE high causes the data 
(or an equivalent network) is required to provide a low stored at the selected address to be present at the Data 
at the output when the device is off. This termination Out (DOUT) pin. 
is required for both single device or wire-ORed operation. 

AC Electrical Characteristics 
VEE = -5.2V ±5%, Output Load = 50n, 30 pF to -2.0V, T A = o°c to 75°C, 400 LFM 

DM10414A DM10414 

SYMBOL PARAMETER CONDITIONS TYP TYP UNITS 
MIN MAX MIN MAX 

(NOTE 6) (NOTE 6) 

READ MODE 

tACS Chip Select Access 3 5 4 7 ns 

Time Measured Between 

tRCS Chip Select Recovery 50% Points 3 5 4 7 ns 

Time 
(Note 7) 

tAA Address Access Time 7 10 10 15 ns 

WRITE MODE 

tw Write Pulse Width 6 3.5 8 5 ns 

(to Guarantee 

Writing) 

tWSD Data Set-Up Time 2 0 2 0 ns 

Prior to Write 

tWHD Data Hold Time Measured Between 2 0 2 0 ns 

After Write 50% Points 

tWSA Address Set-Up Time 3 0 4 0 ns 

Prior to Write 

tWHA Address Hold Time 2 0 3 1 ns 

After Write 

tWSCS Chip Select Set·Up 2 0 2 0 ns 

Time Prior to Write 

tWHCS Chip Select Hold Time 2 0 2 0 ns 

After Write 

tws ).Nrite Disable Time 3 5 4 7 ns 

twR Write Recovery Time 3 5 4 7 ns 

RISE TIME AND FALL TIME 

tr Output Rise Time 
Measured Between 

3 4 ns 

tf Output Fall Time 50% Points 3 4 ns 

Capacitance 

DM10414A DM10414 

SYMBOL PARAMETER CONDITIONS TYP TYP UNITS 
MIN MAX· MIN 

(NOTE 6) 
MAX 

(NOTE 6) 

CIN Input Pin Capacitance 4 5 4 5 pF 
Measure With a Pulse 

i 
COUT Output Pin Techniqu\l 7 8 7 8 pF 

Capacitance I 

NoteS: Typical values are at VEE = -5.2V. T A = 25°C and maximum loading. 

Note 7: The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern. 
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Switching Time Waveforms 

Chip Select Access Time 

CHIP SELECT 50% 

tRCS 

DATA OUTPUT 

tf 

Address Access Time 

ADDRESS INPUTS X 50% 

-'~tAA~: __ _ 
DATA OUTPUT * 50% 

ADDRESS INPUTS 
AO-A7 

CHIP SELECT 
CS1. CS2. CS3 

DATA INPUT 
DIN 

DATA OUTPUT 
DOUT 

Read Mode 

-- tWHA - --- tWSA 

----------~~----------~ ___ tAA ~ 
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Switching Time Waveforms (Continued) 

ADDRESS INPUTS 
AO-A7 

CHIP SElECT 
CS1, CS2, CS3 

DATA INPUT 
DIN 

WRITE ENABLE 
WE 

DATA OUTPUT 
DOUT 

Test Conditions 

50% 

Loading Conditions 

GND 

16 

VCC 

DOUT .. 1 .. 5-t ..... __ ..... 

A8 

A9 
VEE 

RT TeL 8 

-=!=' 0.01 pF 

-2.0V 

. Write Mode 

Input levels 

-0.9V ----.. ,.......---------'" 

-1.7V 
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tr = tf = 2.0 ns TYP 

All timing measurements referenced to 50"10 of input levels 
CL = 30 pF including jig and stray capacitance 
RT = 50n 



~National 
~ Semiconductor 

Bipolar and Eel RAMs 

'DM10415, DM10415A 1024 x 1 Eel Random 
Access Memory 
General Description 
The DM10415, DM10415Ais a 1024-word by 1-bit ECl 
random access memory_ This fully static memory is 
designed with an active low chip select and separate 
I/O pins. The 10 address bits (AO through A9) are fully 
decoded on the chip. Applications such as scratch pad, 
cache, and buffer memories are ideal for this high speed 
RAM. 

An unterminated emitter-follower output is provided 
to allow the outputs to be wire-ORed. Separate Data 
In and non-inverted Data Out pins are provided. These 
RAMs are compatible with compensated and uncom
pensated 10k ECl families. 

Block and Connection Diag.:ams 

AD 

Al 

A2 

A3 

A4 

ADDRESS 
DECODER 

WORD 
DRIVER 

Logic Symbol 

32 x 32 ARRAY 

12 

A5 A6 A7 AS A9 

Pin Names 

Features 
• Fully compatible with standard and voltage compen-

sated 10k series ECl 

• Temperature range O°C to +75°C 

• Unterminated emitter-follower output for wire-ORing 

• Power dissipation decreases with increasing temp
erature 

• Typical address access 
DM10415 
DM10415A 

• Typical chip select access 
DM10415 
DM10415A 

25 ns 
12 ns 

7 ns 
4 ns 

Dual-In-Line Package 

TOP VIEW 

Order Number DM10415J 
or DM10415AJ 

See NS Package J16A 

Truth Table 

CS WE DIN Dour MODE 

H X X L Not Selected 
AO-A9 Address Inputs L L H L Write 1 
DIN Data Input 

DOUT Data Output 
CS Chip Select 
WE Write Enable 
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L L L L 

L H X Dour 

L = low (-1.7V nominal) 
H = high (-O.9V nominal) 
X = don't care 

Write 0 

Read 
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Absolute Maximum Ratings Operating Conditions 

Temperature Under Bias (Ambient) 
Storage Temperature Range 

-55°C to +125°C 
-65°C to +150°C 

Supply Voltage (VEE) 
Ambie!1t Temperature (T A) 

VEE Relative to VCC 
Any Input Relative to VCC 
Output Current (Output High) 
Lead Temperature (Soldering, 10 seconds) 

-7.0V to +0.5V 
VEE to +0.5V 

-30 mA to +0.1 mA 
300°C 

DC Electrical Characteristics 
VEE = -'5.2V, Output Load = 50n and 30 pF to -2.0V, TA = O°C to +75°C (Notes 1 - 4) 

SYMBOL PARAMETER CONDITIONS TA 

VOH Output Voltage High VIN = VIHA or VILB 
O°C 

+25°C 

+75°C. 

VOL Output Voltage Low VIN = VIHA or VILB 
O°C 

+25°C 

+75°C 

VOHC Output Voltage High VIN = VIHB or VILA 
O°C 

+25°C 

+75°C 

VOLC Output Voltage Low VIN = VIHB or VILA 
O°C 

+25°C 

+75°C 

VIH Input Voltage High Guaranteed Input Voltage High 

for All Inputs 

O°C 

+25°C 

+75°C 

VIL Input Voltage Low Guaranteed Input Voltage Low 

for All Inputs 

O°C 

+25°C 

+75°C 

IIH Input Current High VIN = VIHA 
O°C 

to 

+75°C 

IlL Input Current Low, CS VIN = VILB O°C 

to 

All Others +75°C 

lEE Power Supply Current All Inputs and Outputs Open O°C 

(Pin 8) (Note 5) to 

+75°C 

B 
LIMIT 

-1000 

-960 

-900 

-1870 

-1850 

-1830 

-1020 

-980 

-920 

-1145 

-1105 

-1045 

-1870 

-1850 
\ 

-1830 

0.5 

-50 

-150 

MIN 

-5.46 
o 

A 
LIMIT 

-840 

-810 

-720 

-1665 

-1650 

-1625 

-1645 

':"'1630 

-1605 

-840 

-810 

...,720 

-1490 

-1475 

-1450 

220 

170 

Note 1: Conditions for testing not shown in the tables are chosen to guarantee operation under "worst case" conditions. 

MAX 

-4.94 
+75 

UNITS 

V 

°c 

UNITS 

mV 

mV 

mV 

mV 

mV 

mV 

/J.A 

/J.A 

mA 

Note 2: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at ·the temperature 
extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system oPerating ranges. 

Note 3: Guaranteed with transverse air flow exceeding 400 linear F.P.M. and 2-minute warm-up period. Typical resistance values of the package 
are: 8JA, (Junction to Ambient) = 90°C/W (still air); 8JA (Junction to Ambient) = 50°C/W (at 400 F.P.M. air flow); 8JC (Juction to Case) = 
2S'C/W. . . 
Note 4: "A" indicates the most positive value, "B" indicates the most negative value. 
Note 5: Typical values at VEE = -5.2V: TA = O°C, lEE = -105 mA; TA = 75°C, lEE = -90 mAo 
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Functional Description 
Addressing the DM10415/DM10415A is achieved by 
means of the 10 address lines AO-A9. Each of the 2 10 
one-zero combinations of the address lines corresponds 
to a bit location in the memory. The active low Chip 
Select (CS) together with the unterminated emitter
follower output allows for memory array expansion to 
2048 words without additional decoding. This emitter
follower output allows for wire-ORing. A 50n resistor 
to -2V (or an equivalent network) is required to provide 
a low at the output when the device is off. This ter-
mination is required for both single device or wire-
ORed operation. 

AC Electrical Characteristics 

The device is selected with CS low and deselected with 
CS high. The operating mode is controlled by the active 
low Write Enable (WE). WE low causes the data at the 
Data Input (DIN) to be stored at the selected address. 
WE low also causes the output to be disabled (low due 
to the 50n pull-down resistor). WE high causes the data 
stored at the selected address to be present at the Data 
Out (DOUT) pin. 

VEE = -5.2V, ±5%, Output Load = 50n, 30 pF to -2.0V, T A = o°c to +75°C, 400 LFM 

SYMBOL PARAMETER 

READ MODE 

tACS Chip Select Access 

Time 

tRCS Chip Select Recovery 

Time 

tAA Address Access Time 

WRITE MODE 

tw Write Pulse Width 

(to Guarantee 

Writing) 

DM10415A 

DM10415 

tWSD Data Set-Up Time 

Prior to Write 

tWHD Data Hold Time 

After Write 

tWSA Address Set-Up Time 

Prior to Write 

DM10415A 

DM10415 

tWHA Address Hold Time 

After Write 

tWSCS Chip Select Set-Up 

Time Prior to Write 

tWHCS Chip Select Hold Time 

After Write 

tws Write Disable Time 

twR Write Recovery Time 

RISE TIME AND FALL TIME 

Output Rise Time 

tf Output Fall Time 

Capacitance 

SYMBOL PARAMETER 

CIN Input Pin Capacitance 

COUT Output Pin 

Capacitance 

CONDITIONS 

Measured at 50% of 

Input to Valid Output 

(Note 7) 

tWSA = 8 ns 

tWSA = 20 ns 

tw = 12 ns 

tw = 25 ns 

Measured Between 20% 

and 80% Points 

CONDITIONS 

Measure With a Pulse 

Technique 

MIN 

12 

4 

4 

5 

3 

4 

4 

MIN 

DM10415A 

I TYP I 
(NOTE 6) 

4 

4 

12 

10 

0 

0 

3 

0 

0 

0 

4 

4 

DM10415A 

TYP 

(NOTE 6) 

4 

7 

Note 6: Typical values are at Vee = -5.2V, T A = 2SoC and maxumum loading. 

DM10415 

MAX MIN I TYP I 
(NOTE 6) 

MAX 

8 7 10 

8 7 10 

20 25 35 

25 20 

5 0 

5 0 

8 5 

4 1 

5 0 

5 0 

10 7 10 

10 7 10 

DM10415 

MAX MIN 
TYP 

(NOTE 6) 
MAX 

5 4 5 

8 7 8 

Note 7: The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern. 
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UNITS 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 



< 
Lt) Switching Time Waveforms ,.. 
~ o ,.. 
:E c 
Ilf ,.. 
g ,.. 
:E c 

CHIP SELECT 

DATA OUTPUT 

Chip Select Access Time 

50% 

Address Access Time 

ADDRESS INPUTS ____ ti_tA_A_=j ___ j ___________ _ 

DATA OUTPUT ________ '_~-5-0%-O _________ _ 

ADDRESS INPUTS 
AO-A9 

CHIP SElECT 
CS 

DATA INPUT 
DIN 

WRITE ENABLE 50% 
WE 

DATA OUTPUT 
DOUT 

-twHA--

Read Mode 
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Switching Time Waveforms (Continued) 

Write Mode 

ADDRESS INPUTS 
AO-A9 50% ---------------------

CHIP SELECT 
CS 

DATA INPUT 
DIN 

WRITE ENABLE 
WE 

DATA OUTPUT 
DOUT 

Test Conditions 

Loading Conditions 

GND 

Vcc WE 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

A9 

----
TO.01 J.lF 

DOUT ... 1 ___ --_ 

8 

-:;2.0V 

Input Levels 

-0.9V ----,,~---------"_I 

-1.7 V 

tr = tf = 2.0 os TYP 

All timing measurements referenced to 50% of input levels 
CL = 30 pF including jig and stray capacitance 
RT= 50n 
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~ ~National i D Semiconductor 
Bipolar .and Eel RAMs 

PRELIMINARY 

c 

. DM104221024·Bit (256 x 4) Eel RAM 

General Description Features 
The DM10422 is normally a 256-word by 4-bit random ac
cess memory. However the memory has four Block Select 
(BSO-BS3) inputs which allow wire-ORing of any of the 
four blocks for a maximum 1024-word by 1-bit memory. 
The high speed access time allows its use in scratch pad, 
buffer, and control storage applications. The device is 
voltage compensated and is compatible with all 10k 
logic. Separate Data In and Data Out pins allow the set 
up of data for a write cycle while performing a read. 

• 4 separate Block Select inputs for configurations from 
256 x 4 to 1024 x 1 

• Maximum address access time-12 ns 
• Typical Block Select access time-3.5 ns 
• 10k logic compatible 

Block and Connection Diagrams 
Dual·ln·Line Package 

A4 

AJ 

A2 

AI 

AD 

Logic Symbol 

AD 

AI 

A6 

A7 

DO 

01 

02 

OJ 
WE 

Y 

A5 

0, 

°2 

OJ 

°4 

veeA 
24 

Vee 
A6 A7 

0, 2J 04 

ill 
22 _ 

BS4 

°2 

ill 

01 04 

02 
18 

OJ 

WE 
17 

A4 

AS 16 AJ 

A6 
10 15 

A2 

A7 
11 14 AI 

Pin Names 

12 13 AD VEE 
BS1·BS4 Block Selects 

AD·A7 Address Inputs 

WE Write Enable 
TOP VIEW 

01·04 Data Inputs 

01.04 Data Outputs Order Number DM10422J 
See NS Package J24E 

Truth Table (Positive Logic) 

Input 
Output Mode 

BS WE 01 

H X X L Disable 

L L L L Write "0" 

L L H L Write "1" 

L H X Data Read 
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Absolute Maximum Ratings 
Supply Voltage, VEE to Vcc + 0.5V to - 7.0V 
Input Voltage, VIN +0.5VtOVEE 
Output Current -30mA 

Storage Temperature, Ts1g - 65°C to + 150°C 
Storage Temperature Under Bias, Ts1g (Bias) - 55°C to + 125°C 

DC Electrical Characteristics VEE = - 5.2V, RL = 500 to - 2.0V, TA = O°C to + 75°C, air flow exceeding 500 LFM 

Symbol. Parameter Conditions Min Typ Max Units 

VOH Output Voltage O°C -1000 -840 
25°C '-960 -810 

VIN=VIHA 75°C -900 -720 
mV 

VOL or VILB O°C -1870 -1665 
25°C -1850 -1650 
75°C -1830 -1625 

VOHc Output Threshold Voltage O°C -1020 
25°C -980 

VIN=VIHB 75°C -920 
mV 

VOLC or VILA O°C -1645 
25°C -1630 
75°C -1605 

VIH Input Voltage Guaranteed Input Voltage O°C -1145 -840 
High for All Inputs 25°C -1105 -810 

75°C -1045 -720 
mV 

VIL Guaranteed Input Voltage O°C -1870 -1490 
Low for All Inputs 25°C -1850 -1475 

75°C -1830 -1450 

IIH Input Current VIN = VIHA O°C to 75°C 220 

IlL BS I 
O°C to 75°C 

0.5 170 p.A 
Other I VIN = VILB -50 

lEE Supply Current All Inputs and Outputs O°C -200 -160 
mA 

Open, Test Pin 12 75°C -145 

AC Electrical Characteristics 
VEE = - 5.2V ± 5%, RL = 500 to - 2.0V, TA = O°C to + 75°C, air flow exceeding 500 LFM 

Symbol Parameter Conditions Min Typ Max Units 

READ MODE 

tABS Block Select Access Time 5.0 ns 
-

tRBS Block Select Recovery Time 5.0 ns 

tAA Address Access Time 12 ns 

WRITE MODE 

tw Write Pulse Width twsA=3 ns 7 ns 

tWSD Data Set·Up Time 2.0 ns 

tWHD Data Hold Time 2.0 ns 

twsA Address Set·Up Time tw=7 ns 3.0 ns 

tWHA Address Hold Time 2.0 ns 

twsBs Block Select Set·Up Time 2.0 ns 

tWHBS Block Select Hold Time 2.0 ns 

tws Write Disable Time 5 ns 

tWR Write Recovery Time 7 ns 
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Electrical Characteristics (Continued) 
VEE = - 5.2V ± 5%, RL = 500 to - 2.0V, TA = O·C to + 75°C, air flow exceedIng 500 LFM 

Symbol Parameter 

RISE/FALL TIME 

tr Output Rise Time 

tf Output Fall Time 

CAPACITANCE 

CIN Input Capacitance 

Cour Output Capacitance 

Test Circuit and Input Waveform 

D1 D2 GND D3 D4 RT 
AD 01 ........... ""'I\r-.... 

A1 

A2 

A3 

A4 

A6 

A7 

WE 
BS1 BS2 

Tel 
-= RT 

-2.DV 

Switching Time Waveforms 

Block Select Access 

Bl'CKSELECT ~.... ( 

DATA OUTPUT ' ,------c 
Address Access Time 

ADDRESS INPUTS 

DATA OUTPUT 

Conditions 

-0.9V-----,_--__ 

-1.7V 

tr=tf=2.0 ns±10% 

Rr=500 

CL=30 pF 

Units 

ns 

ns 

pF 

pF 

All timing measurements are referenced from 50% of Input levels to 
50% of Input/output levels. 

ADDRESS INPUTS 

DATA INPUTS 

BLOCK SELECT 

WRITE ENABLE 

DATA OUT 
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IWSD twR 

tws -_ __' - tWHA--
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~National 
~ Semiconductor 

Bipolar and ECl RAMs 
PRELIMINARY 

DM10422A 1024-Bit (256 x 4) ECl RAM 

General Description Features 
. The DM10422A is normally a 256-word by 4-blt random ac
cess memory. However the memory has four Block Select 
(BSO-BS3) inputs which allow wire-ORing of any of the 
four blocks for a maximum 1024-word by 1-bit memory. 
The high speed access time allows its use in scratch pad, 
buffer, and control storage applications. The device is 
voltage compensated and Is compatible with all 10k 
logic. Separate Data In and Data Out pins allow the set 
up of data for a write cycle while performing a read. 

• 4 separate Block Select inputs for configurations from 

Block and Connection Diagrams 

A4 

A3 

AZ 

AI 

AD 

mo------t 

A5 AS A7 

256 x 4 to 1024 x 1 

• Maximum address access time-10 ns 
• Typical Block Select ac·cess time-3.5 ns 

• 10k logic compatible 

Dual-In-Line Package 

VeeA Vee 

0, 

8Si 

°2 

BS2 

01 04 

02 

WE 

0, 01 BSi 0z 02 ill 03 03 ill 04 04 iiS4 A5 

AS A2 

Pin Names A7 

12 13 AD 
VEE 

TOPVIEW 

BS1·Bs4 Block Selects 

Logic Symbol AO·A7 Address Inputs 

WE Write Enable 

01·04 Data Inputs 

0,.0 4. Data Outputs Order Number DM10422AJ 
See NS Package J24E 

Truth Table (Positive Logic) 

Input 
Output Mode 

BS ~ DI 

H X X L Disable 

L L L L Write "0" 

L L H L Write "1" 

L H X Data Read 
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Absolute Maximum· Ratings 
Supply Voltage, VEE to Vcc + 0.5V to - 7.0V 
Input Voltage, VIN + 0.5V toVEE 
Output Current -30mA 

Storage Temperature, Tstg - 65°C to + 150°C 
Storage Temperature Under Bias, Tstg (Bias) - 55°C to + 125°C 

DC Electrical Characteristics VEE = - 5.2V, RI.:= 50n to - 2.0V, TA = O°C to + 75°C, air flow exceeding 500 LFM 

Symbol Parameter Conditions Min Typ Max Units 

VOH Output Voltage O°C -1000 -840 
25°C -960 -810 

VIN=VIHA 75°C -900 ....; 720 
mV 

VOL or VILB O°C -1870 -1665 
25°C -1850 -1650 
75°C -1830 -1625 

VOHC Output Threshold Voltage O°C -1020 
25°C -980 

VIN=VIHB 75°C -920 
mV 

VOLC or VILA O°C -1645 
25°C -1630 
75°C -1605 

VIH Input Voltage Guaranteed Input Voltage O°C -1145 -840 
High for All Inputs 25°C -1105 -810 

75°C -1045 -:-720 

Guaranteed Inpu't Voltage 
mV 

VIL O°C -1870 -1490 
Low for All Inputs 25°C -1850 -1475 

75°C -1830 -1450 

IIH Input Current VIN=VIHA O°C to 75°C 220 

IlL BS 
-I VIN =VILB O°C to 75°C 

0.5 170 p.A 
Other -50 

lEE Supply Current All Inputs and Outputs O°C -200 -160 
mA Open, Test Pin 12 75°C. , -145 

AC Electrical Characteristics VEE = ,- 5.2V, RL = 50n to - 2.0V, TA = O°C to + 75°C, air flow exceeding 500 LFM 

Symbol Parameter Conditions Min Typ Max Units 

READ MODE 

tABS Block Select Access Time 4 5.0 ns 

tRBS Block Select Recovery Time 4 5.0 ns 

tAA Address Access Time 8 10 ns 

WRITE MODE 

tw Write Pulse Width tWSA= 2 ns 6 4 ns 

tWSD Data Set·Up Time 2.0 ns 

tWHD Data Hold Time 2.0 ns 

tWSA Address Set-Up Time tw=6 ns 2.0 ns 

tWHA Address Hold Time 2.0 ns 

tWSBS Block Select Set-Up Time 2.0 ns 

tWHBS Block Select Hold Time 2.0 ns 

tws Write Disable Time 5 ns 

tWR Write Recovery Time 7 ns 
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Electrical Characteristics (Continued) 
VEE = -5.2V, RL=500 to -2.0V, TA=O°C to + 75°C, air flow exceeding 500 LFM 

Symbol Parameter 

RISE/FALL TIME 

Output Rise Time 

Output Fall Time 

CAPACITANCE 

Input Capacitance 

COUT Output Capacitance 

Test Circuit and Input Waveform 

D4 Rr 

Switching Time Waveforms 

Block Select Access 

BLOCK SElECT-r_t_tA_BS ___ ( __ 

DATA OUTPUT f· t 
Address Access Time 

ADDRESS INPUTS 

DATA OUTPUT 

Conditions 

-O.9V'-----~--___.. 

-1.7V 

tr=tf=2.0 ns±10% 

RT= 50{} 

CL=30 pF 

Units 

ns 

ns 

pF 

pF 

All timing measurements are referenced from 50% of input levels to 
50% of input/output levels. 

ADDRESS INPUTS 

DATA INPUTS 

BLOCK SELECT 

WRITE ENABLE 

DATA OUT 
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Write Mode 

- t~:: - tWR 
tws -__ --tWHA

-tWSA--tW-

c 
3: ..... 
0 
~ 
I\) 
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~National 
~ Semiconductor 

Bipolar and Eel RAMs 

DM10470 Standard, DM10470A High Speed, 
DM10470l low Power 
4096·Bit (4096 x 1) Eel RAMs 

General Description 
The DM10470 is a 4096-bit random access memory organ
ized 4096-words by 1 bit. It is designed for high speed 
scratch pad and buffer storage applications. It is voltage 
and temperature compensated and compatible with all 
10k logic. It has separate Data In and Data Out pins. The 
active low Chip Select CS and unterminated emitter-fol
lower outputs allow easy expansion. 

The DM10470 is speed and power selected to provide cost
performance benefits not available from any other 
manufacturer. 

Logic Diagram 

WORD 
DRIVER 

ADDRESS 
DECODER 

AS A7 AS A9 AID All 

Connection Diagram 
Dual-In-Line Package 

TOP VIEW 

AD AI A2 A3 A4 AS 

LogiC Symbol 

AD 

AI 

A2 

Features 
• Three speed-power combinations for maximum cost-

performance: 
Standard,DM10470 
High speed DM10470A 
Low power DM10470L 

• 10k logic compatible 

25 ns/200 mA max 
15 ns/200 mA max 
25 ns/130 mA max 

• Unterminated emitter-follower outputs 

Order Number DM10470J, DM10470AJ 
, or DM10470LJ 

See NS Package J18A 

Truth Table 

Inputs 

CS 

H 

L 

L 

L 

Pin Names 

Cs 
AO-A11 

WE 

DIN, 

DOUT 

WE DIN 

X X 

L L 

L H 

H X 

Chip Select Input 

Address Inputs 

Write Enable 

Data Input 

Data Output 

Output 

Open Emitter 

L 

L 

L 

DOUT 

Mode 

Not Selected 

Write "0" 

Write "1" 

Read 
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I 

Absolute Maximum Ratings Operating Conditions 
Min 

Temperature Under Bias (Ambient) -55°Cto +125°C 

Storage Temperature Range - 65°C to + 150°C 
Supply Voltage (VEE) 
Ambient Temperature (TA) 

-5.46 

o 
VEERelativetoVcc -7.0Vto +0.5V 

Any Input Relative to VCC VEE to + 0.5V 
Output Current(Output High) - 30 mA to + 0.1 mA 

Lead Temperature (Soldering, 10 seconds) 300°C 

/ 

DC Electrical Characteristics 
VEE = - 5.2V, output load = 50n and 30 pF to - 2.0V, TA = O°C to + 75°C (Notes 1, 2, 3 and 4) 

Symbol Parameter Conditions TA B Limit 

VOH Output Voltage High VIN = VIHA or VILB DOC -1000 
+ 25°C -960 
+ 75°C -900 

VOL Output Voltage Low VIN = VIHA or VILB DoC -1870 
+25°C -1850 
+ 75°C -1830 

VOHC Output Voltage High VIN = VIHB or VILA O°C -1020 
+25°C -980 
+ 75°C -920 

VOLC Output Voltage Low VIN = VIHB or VILA DoC 

+25°C 
+75°C 

VIH Input Voltage High Guaranteed Input Voltage High O°C -1145 
for All Inputs +25°C -1105 

+ 75°C -1045 

VIL Input Voltage Low Guaranteed Input Voltage Low DoC -1870 
for All Inputs +25°C . -1850 

+ 75°C -1830 

IIH Input Current High VIN = VIHA DoC 

to 
+ 75°C 

IlL . Input Current Low, CS VIN=VILB O°C 0.5 
All Others to -50 

+ 75°C 

Note 1: Conditions for testing not shown in the tables are chosen to guarantee operation under worst·case conditions. 

Max 

-4.94 

+75 

A Limit 

-840 
-810 
-720 

-1665 
-1650 
-1625 

-1645 
-1630 
-1605 

-840 
-810 
-720 

-1490 
-1475 
-1450 

220 

170 

Units 

V 
°C 

Units 

mV 

mV 

mV 

mV 

mV 

mV 

!LA 

!LA 

Note 2: The specified limits represent the worst·case value for the parameter. Since these worst·case values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 3: Guaranteed with transverse air flow exceeding 500 linear FPM and 2·mlnute warm·up period. Typical resistance values of the package are:O JA, (junc· 
tion to ambient) = 90·C/W (stili air); (}JA (junction to ambient) = SO·C/W (at 500 FPM air flow); (}JC (junction to case) = 2S·C/W. 

Note 4: "A" Indicates the most positive value, "8" indicates the most negative value. 
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AC Electrical Characteristics I 
VEE = - 5.2V ± 5%, output load = 50n, 30 pF to - 2.0V, TA = O°C to + 75°C 

DM10470A DM10470 DM10470L 

Symbol Parameter Conditions 
Min 

Typ 
Min 

Typ 
Min 

Typ 
Max 

Units 
(Note 6) Max (Note 6) Max (Note 6) 

READ MODE 

tACS Chip Select Access 4 8 5 10 5 10 ns 
Time 

tACS Chip Select Recovery 
Measured at 50% of Input to 

4 8 5 10 5 10 ns 
Time 

50% of Output (Note 7) 

tAA Address Access Time 12 15 18 25 18 25 ns 

WRITE MODE 

tw Write Pulse Width (to 

Guarantee Writing) 

DM10470A twsA =3 ns 10 15 15 ns 

DM10470/L twsA=6 ns 

tWSD Data Set·Up Time 2 1 2 1 2 1 ns 
Prior to Write 

tWHD Data Hold Time 2 0 2 0 2 0 ns 
After Write 

tWSA Address Set·Up Time 
Prior to Write 

DM10470A tw =10 ns 3 1 3 1 3 1 ns 

DM10470/L tw= 15 ns 

tWHA Address Hold Time 2 0 2 0 2 0 ns 
After Write 

twscs Chip Select Set·Up 2 1 2 1 2 1 ns 
Time Prior to Write 

tWHCS Chip Select Hold 2 0 2 0 2 0 ns 
Time After Write 

tws Write Disable Time 5 8 5 5 8 ns 

Write Recovery Time 
50% of Input to 50% of Output 

8 tWA 5 8 5 5 ns 

RISE TIME AND FALL TIME 

t, Output Rise Time Measured Between 20% 3 3 3 ns 

tf Output Fall Time and 80% Points 3 3 3 ns 

Capacitance 

DM10470A DM10470 DM10470L 
Symbol Parameter Conditions 

Min 
Typ 

Max Min 
Typ 

Max Min 
Typ 

Max 
Units 

(Note 6) (Note 6) (Note 6) 

CIN Input Pin Capacitance Measure with a Pulse 4 5 4 5 4 5 pF 

COUT Output Pin Capacitance Technique 7 8 7 8 7 8 pF 

Power Supply Current VEE = - 5.2V, output load = 50n and 30 pF to - 2.0V 

Symbol Parameter Conditions 
DM10470A DM10470 DM10470L 

Units 
B Limit B Limit B Limit 

lEE Power Supply Current All Inputs and Outputs -200 -200 -130 rnA 
(Pin 8) (Note 5) Open, TA = 25°C 

Note 5: Typical values at VE!== -5.2V: TA = QOC, IEE= -145 mA; TA =25°C, lEE = 135 mA; TA = 75°C, lEE = 125 mAo 
Note 6: Typical values are at VEE = - 5.2V, TA = 25°C and maximum loading. 
Note 7: The maximum address access time is guaranteed to be the worst·case bit in the memory using a pseudorandom testing pattern. 

22·50 



Functional Description 
Addressing the DM10470IDM10470A is achieved by means 
of the 12 address lines, AO-A11. Each of the 212 one
zero combinations of the address lines corresponds to a 
unique bit location in the memory. The memory array can 
be expanded to 8192 words without additional decoding, 
by using the active low Chip Select (CS) and wire-ORing 
the unterminated emitter-follower outputs. A 50n resistor 
to - 2V (or an equivalent network) is required to provide a 
low at the output when the device is off. This termination 
is required for both single device or wire-ORed operation. 

Switching Time Waveforms 

The device is selected with CS low and deselected with CS 
high. The operating mode is controlled by the active low 
Write Enable (WE). WE low causes the data at the Data 
Input (DIN) to be stored at the selected address. WE low 
also causes the output to be disabled (low due to the 50n 
pull-down resistor). WE high causes the data stored at the 
selected address to be present at the Data Output (Dour) 
pin when CS is low. 

Chip Select Access Time 

lACS 

DATA OUTPUT 

Address Access Time 

ADDRESS INPUTS ~50% 
--~-IAA--t----

DATA OUTPUT )1(50% 

ADDRESS INPUTS 
AO':'All 

CHIP SELECT 
cs 

Read Mode 

twH 

DATA INPUT 

DIN ~~~~~~~~~~~~~~~~~~$~~~~ 

WRII E ENABLE 
WE 

DATA OUTPUT 
DOUT 

--------~~----------~-' 

22-51 



Switching Time Waveforms (Continued) 

ADDRESS INPUTS 
AD-All 

DATA INPUT 
DIN 

WRITE ENABLE 
WE 

DATA OUTPUT 
DDUT 

Test Conditions 

Loading Conditions 

GND 

Dour ~l ____ .., 

A9 RT 

T
CL 

All 

~ 
O.OlI'F -2.0V 

Write Mode 
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Input Levels 

-0.9V ----,,---------"\.1 
-1.7V 

tr = tf = 2.0 ns TYP 

All timing measurements referenced to 50% of input levels 

CL = 30 pF including jig and stray capacitance 

RT=50n 



~National 
D Semiconductor 

Bipolar and Eel RAMs 
PRELIMINARY 

DM10474/DM10474A (1024 x 4) 4096-Bit, 10k Eel RAM 

General Description 
The DM10474 is a 4096·bit read/write random access 
memory, organized in the popular 1024 words by 4·bit con· 
figuration. The input and output levels are voltage compen· 
sated 10k ECl levels. The DM10474A has a maximum ac· 
cess time of 15 ns, and the DM10474 has a maximum ac· 
cess time of 25 ns. 

Connection and Block Diagrams 

Veco Vee 

DOl 002 

DOc DOl 

AD OLt 

A1 013 

A2 OM10474 012 A4 

A3 Oil A5 

Features 
• 1024 words x 4·bit organization 
• On chip voltage compensation for improved noise 

margin 
• Fully compatible with industry standard 10k series ECl 

families 
• Address access time: 25 ns max for standard part, 

15 ns max for "A" part. 
• Chip select access time: 10 ns max for standard part, 

6 ns max for "A" part. • 
• low power dissipation: -220 mA max for "A" part, 

- 200 mA max for standard. 
• Pin compatible with F10474 and MBM10474 

cs X DECODER I A4 
I 

MEMORY CEll ARRAY 

AS WE 

Ne 10 A9 

A6 AS 

VEE A7 

TOP VIEW 

TL/L/5164·1 

Order Number DM10474J or DM10474AJ 
See NS Package J24E 

Truth Table 
Inputs Output 

Mode 
CS WE DIN Open Emitter 

H X X L Not Selected 

L L L L WRITE "0" 

L L H L WRITE"1" 

L H X Dour READ 

DRIVER 

Oh 00, 

H = high voltage level 

L = low voltage level 

X = don't care 
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DC Electrical Characteristics 
(VCC= OV, Vee= -5.2V, output load =500 to -2.0Vand airflow2:500 LFM unless otherwise noted.) 

Symbol Parameter Conditions Min Typ Max Units 

VOH Output High Voltage O·C -1000 -840 

(V,N = V,H max or V,L min) 25·C -970 -810 : rnV 
75·C -900 -720 

VOL Output Low Voltage O·C -1870 -1665 

(V,N = V,H max or V,L min) 25·C -1850 -1650 rnV 
75·C -1830 -1625 

VOHC Output High Voltage O·C -1020 

(V,N = V,H min or V,L max) 25·C -980 rnV 
75·C -920 

VOLC Output Low Voltage O·C -1645 

(V,N = V,H min or V,L max) 25·C -1630 rnV 
75·C -1605 

V,H Input High Voltage O·C -1145 -840 

(Guaranteed Input Voltage High for AU Inputs) 25·C -1105 -810 rnV 
I 

75·C -1045 -720 

V,L Input Low Voltage O·C -1870 -1490 

(Guaranteed Input Voltage Low for AI/Inputs) 25·C -1850 . -1475 rnV 
75·C -1830 -1450. 

I'H Input High Current (V'N = V,H max) O· to 75·C 220 }LA 

I,L Input Low Current (V'N = V,L min) O· to 75·C -50 }LA 

I,L CS Input Low Current (V,N = V,L min) O· to 75·C .0.5 170 }LA 

lEE Power Supply Current O· to 75·C 

(AI/lnp'uts and Outputs Open) -200 rnA 
-220· 

-For the DM10474A, 

AC Test Circuit and Switching Time Waveform 
(Full guaranteed operating ranges, output load = 500 to - 2.0V and 30 pF to GND and airflow2: 500 LFM unless otherwise 
noted.) . 

Vee Veeo 

VEE 

-2.0V 

TL/U5164·3 
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-O.9V- - - )-,..-------""".Jt-~8.0:0% . 
-1.7V --l -I

r 
__ I, 

Ir = If = 2.0 ns typ 

Output Load: RL = 50n 

CL = 30 pF 

(including jig and stray capacitance) 

TL/L/5164·4 

Note: All timing measurements referenced to 50% input levels. 



Read Cycle 
DM10474 DM10474A 

Symbol Parameter Units 
Typ Max Typ Max 

tAA Address Access Time 25 15 ns 

tACS Chip Select Access Time 10 6 ns 

tACS Chip Select Recovery Time 10 6 ns 

Read Cycle Timing Diagrams 

B~'~J tl~_~ ~~.~,~. ADDRESS 

~ .J 80% 
DOUT 50% 50% 20% DOUT 

~llr~ -..11- TLlLl5164-6 

TL/Ll5164-5 

Write Cycle 
DM10474 DM10474A 

Symbol Parameter Units 
Min Typ Max Min Typ Max 

tw Write Pulse Width 12 8 ns 

tws Write Disable Time 4 ns 

tWA Write Recovery Time 4 ns 

tWSA Address Set Up Time 0 ns 

twSCS Chip Select Set Up Time 0 ns 

tWSD Data Set Up Time 0 ns 

tWHA Address Hold Time 0 ns 

tWHCS Chip Select Hold Time 0 ns 

tWHD Data Hold Time 0 ns 

Write Cycle Timing Diagrams 

cs ~l\ -,(. 
") 

ADDRESS 3~ )( 

DIN 

~~J Iwso-

WE ~~ 
1\ 

~~ 
)-IWHA-

f---IwSA-f--Iw-!-tWHCS-
----~--

)~50'Io 1{.50'!. DouT 

Iwscs • -tws- -1wR- TL/L/5164-7 
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Rise Time and Fall Time 
DM10474/DM10474A 

Symbol Parameter Units 
Min Typ Max 

tr Output Rise Time - 2.5 - ns 

tf Output Fall Time - 2.5 - ns 

I 

22·56 



DEVICE 

Introduction 

IDM2901A,IDM2901A-1, 
IDM2901A-2 

IDM2902 

IDM2909A/11A 

IDM2910A 

IDM29803 

IDM29811 

DM10900 

IDM2900 

AN-203 

AN-217 

AN-230 

Section 23 fE 
2900 Family/ , 
Bipolar Microprocessor 

DESCRIPTION 

4-Bit Bipolar Microprocessor 

Look-Ahead Carry Generator 

Microprogram Sequencer 
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16-Way Branch Controller 
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8-Bit Parity ALU Slice 
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Introduction 
Since its introduction in 1976, the 2900 Family of 
Bipolar Microprocessor Components has rapidly 
established itself as the industry standard for bit
slice, microprogrammable system design. 
National Semiconductor is pleased to have 
contributed to the success of this family by 
providing the highest performance components 
available from any manufacturer. We are firmly 
committed to continuing this emphasis on 
performance, since we feel that designers of 
bipolar systems will continue to demand increased 
component speed as their system throughput 
requirements increase. We are not only dedicated 
to providing components, but also to developing 
the design techniques that optimize their use in 
systems. This is evidenced by the expanded 
Applications section in this book. 

To achieve this higher performance, National 
developed a design technique referred to as SCl1 

and introduced its first 2900 Family product-the 
IDM2901A-in 1977. This device featured AC 
characteristics that were 25% faster than 
anything on the market at that time. In 1978, a 
speed-selected version of the 2901 A-the 
IDM2901A-1-was introduced. Tnis device further 
improved performance by an additional 15%. In 
1982 an additional 30% performance improvement 
was provided by the IDM2901A-2, a device that 
combines the SCl design technique with the 
latest advances in bipolar lSI processing. All of 
this has been accomplished without a single com
promise with regard to functionality or DC 
characteristics. In fact, power dissipation in all 
cases is equal to or less than that of the competing 
low Power Schottky devices. 

Following its success with the IDM2901, National 
applied the SCl design technique to the 
IDM2909A, IDM2910A, IDM2911A, and IDM29705A. 
These devices also have speed characteristics 
that are 30% -50% better than those of the com
peting lS versions. 

Not content to simply second source existing 2900 
functions, Nat.ional has also added to the family 
additional devices that were found to be 
significantly useful in bit-slice microprocessor 
design. These include devices from other National 
product lines - such as the Bipolar Memory and 
Octal logic devices found in this book - and 
certain proprietary functions, such as the 29903 
16 x 4 Edge-Triggered Register File. 

23-3 

Even more significantly, National will begin to 
develop new bit-slices and mlcrosequencers that 
are architecturally different from other products 
on the market. 

These products, plus other products currently in 
development, make use of the SCl design philoso
phy. By using SCl, National has not only set a 
standard of performance for the 2900 Family that 
other manufacturers are attempting to duplicate, 
but also is providing you-the design engineer
with components that allow you to build the high
est performance systems possible using bipolar 
lSI technoloQY. 

1. SCl is a design technique that combines the performance 
advantages of ECl with low Power Schottky input and 
output compatibility. For a more detailed description, see 
the Applications section. 
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~National 
~ Semiconductor 

2900 Familyl 
Bipolar Microprocessor 

IDM2901A, I DM2901A·1/1 DM2901A·2 
4·Bit Bipolar Microprocessor 

General Description 
The I DM2901 4-bit bipolar microprocessor sl ice is a 
cascadable device designed for use in Central Processing 
Units, programmable microprocessors, peripheral con
trollers, and other "high-speed" applications where 
economy, hardware/software flexibility, and easy expan
sion are system prerequisities. The building·block ar
chitecture and microinstruction format of the I DM2901 
permit efficient emulation of most digital·based systems. 

As shown in the simplified block diagram, the IDM2901 
device consists of a 16·word by 4-bit 2-port RAM, a 
high-speed ALU, and the required shifting, decoding, 
and mUltiplexing circuits. The 9-bit microinstruction 
word is organized into three groups of three bits each -
the first group (bits 0 - 2) selects ALU source operands, 
the second group (bits 3 - 5) selects the ALU function, 
and the last group (bits 6 - 8) selects the destination 
register within the ALU. The slice microprocessor is 
cascadable with full look-ahead or ripple carry; all 
outputs are TR I-STATE® and four status-flag outputs 
are available. To minimize power consumption and to 
maximize speed and reliability, the 40-pin LSI chip is 
fabricated using a National state-of-the-art Low-Power 
Schottky technology called "SCL". 

Block Diagram 

Features and Benefits 
Multiple-address architecture improves system 
speed by providing simultaneous yet independent 
access to two working registers. 

• Multifunction ALU - performs addition, two sub
traction operations, and five logic functions on two 
source operands. 

• Flexible data-source selection - for every ALU 
function, data is selected from five source ports for a 
total of 203 source operand pairs. 

• Left/right shift independent of ALU - an arithmetic 
operation and a left or right shift can be obtained on 
the same machine cycle. 

• Four status flags - carry, overflow, zero, and func
tional sign are available as out·puts. 

• Expandable - Connect any number of IDM2901s 
together for longer word lengths. 

• Microprogrammable - three groups of 3 bits each for 
source operand,· ALU function, and destination 
control. 

CLOCK -------:1:----..., 

AIREADI 
ADORESS 

81READftlRITEI 
ADORESS 

I·FUNCTION ALU 

OUTPUT DATA SELECTDR 

DATA OUT 
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Absolute Maximum Ratings Operating Range 
Storage Temperature _65°C to +150°C 

Temperature (Ambient) Under Bias _55°C to +125°C PIN Temperature VCC 

Supply Voltage to Ground Potential -0.5 V to +6.3 V IDM2901 JC, NC TA ~ O°C to +70°C 4.75V to 5.25V 
DC Voltage Applied to Outputs for IDM2901 JM, JM/883 TC ~ -55°C to +125°C 4.50V to 5.50V 

High Output State -0.5 V to +VCC max IDM2901A-l JC, NC TA ~ O°C to +70°C 4.75V to 5.25V 

DC Input Voltage -0.5 V to +5.5 V IDM2901A-l JM, JM/883 TC ~ -55°C to +125°C 4.50V to 5.50V 

DC Output Current, into Outputs 30mA 

DC Input Current -30 mA to +5.0 mA 

Standard Screening (Conforms to MI L-STD-883 for Class C parts) 

MI L-STO-883 Level 

Step Method Conditions JC,NC JM 

Pre-Seal Visual Inspection 2010 B 100% 100"10 

Stabilization Bake 1008 C: 24-hour 150°C 100% 100% 

Temperature Cycle 1010 
C: -65°C 'to +150°C 

100% 100"10 
10 cycles 

Centrifuge 2001 B: 10,OOOG 100%* 100% 

Fine Leak 1014 A: 5 xl 0-8 atm-cc/cm3 100%* 100% 

Gross Leak 1014 C2: Fluorocarbon 100%* 100% 

Electrical Test 
5004 

See below for 
100"10 100% 

Subgroups 1 and 7 and 9 definitions of subgroups 

Insert Additional Screening here for Class B Parts 

Group A Sample Tests 

Subgroup 1 L TPD = 5 . LTPD = 5 
Subgroup 2 LTPD = 7 LTPD = 7 
Subgroup 3 

5005 
See below for LTPD = 7 L TPD = 7 

Subgroup 7 definitions of subgroups LTPD = 7 LTPD = 5 
Subgroup 8 LTPD = 7 LTPD = 7 
Subgroup 9 LTPD = 7 L TPD = 5 

'Not applicable to IDM2901ANC. 

Additional Screening for Class B Parts Group A Subgroups 
(as defined in MIL·STD·883. method 5005) 

I 
MI L·STD·883 I Level Subgroup Parameter Temperature r-----... ---

Step Method Conditions JM/883 1 DC 2S'C 

Burn·ln 1015 I D: 125'C. 160 hours min 100'", 2 DC Maximum rated temperature 

Electrical Test 5004 

I 

3 DC Minimum rated temperature 

Subgroup 1 100% 7 Function 2S'C 

Subgroup 2 100'", 8 Function Maximum and minimum rated 
Subgroup 3 100'", temperature 

Subgroup 7 100'", 9 Switching 25'C 
Subgroup 9 i 100'", 

10 Switching Maximum rated temperature 
Return to Group A Tests in Standard Screening 11 Switching Minimum rated temperature 

, 

Electrical Characteristics Over Operating Range IDM2901A/IDM2901A-l 

Typ 
Symbol Description Test Conditions (Note 1) Min (Note 2) Max Units 

IOH ~ -1.6mA; 
2.4 

YO/Yl/Y2/Y3 
IOH ~ -1.0 mA; Cn+4 2.4 

VOH Output High Voltage VCC = min IOH = -800/JA; OVR/P 2.4 

VIN = VIH or VIL 
V 

IOH = -600/JA; F3 2.4 

IOH = -600 /JA; 
2.4 

RAMO 3/0 0 3 
f-----! --~.-. 
IOH=-1.6mA;'G 2.4 

------- '----
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Electrical Characteristics (cont'd.) 

Typ 
Symbol Description Test Conditions (Note 1) Min (Note 2) Max Units 

ICEX 
Output Leakage Current 

VCC = min; VOH = 5.5V, VIN = VIH or VIL 250 I1A for F = 0 Output 

IOL = 20mA (Com'l) 
0.5 

YOIY 1 IY 2IY 3 

IOL = 16mA (Mil); 
0.5 

YOIY 1/Y2IY3 

VCC = min; IOL = 16mA; G/F =0 0.5 
VOL Output Low Voltage 

VIN = VIH or VIL 
V 

IOL = 10mA; Cn+4 0.5 

IOL =10mA; 
0.5 

OVR!P 

IOL = 8mA; 
0.5 

F3/RAMO,3/0 0,3 

VIH Input High Level Guaranteed input logical high voltage for all 
2.0 V inputs 

VIL Input. Low Level Guaranteed input logical low voltage for all 
0.8 V inputs 

VI Input Clamp Voltage VCC = min; liN = -18mA -1.5 V 

Clock/DE/Cn -0.36 

AO/Al/A2/A3 -0.36 

BOIB1/B2/B3 -0.36 

VCC = max; 001D 1/0 2/0 3 -0.36 
IlL . Input Low Current 

VIN = 0.5V 1011 1112/16 
mA 

-0.36 

13/14/15 -0.36 

17/18 -0.36 

RAMO,3/00,3 (Note 4) -0.36 

Clock/OE 20 

AO/A1/A2/A3 20 

BO/B 1/B2/B3 20 

VCC = max; 001D 1/0 2/0 3 20 
IIH Input High Current 

VIN = 2.7 V 1011 111211 6/18 20 
I1A 

13/14115/17 20 

RAMO,3/00,3 (Note 4) 100 

Cn 20 

II Input High Current VCC = max; VIN = 5.5 V 1.0 mA 

YO/Y1IY2IY3 
VO=2.4V 50 

Vo = 0.5V -50 
10ZH, Off State (High Impedance) 

VCC = max VO=2.4V I1A 
10ZL Output Current (Note 4) 

100 

RAMO,3/00,3 
Vo = 0.5V 
(Note 4) 

-360 

YOIY l1Y2/Y3/G -30 -85 

Cn+4 -30 -85 

lOS 
Output Short Circuit Current VCC = 5.75 V 

OVR/P" -30 -85 mA (Note 3) Vo = 0.5V 
F3 -30 -85 

RAMO,3/00,3 -30 ::-85 

TA=25°C 160 245 mA 

JC 
TA .=O°C to +70°C 160 260 

ICC Power Supply Current (Note 6) VCC = max TA = +70°C 160 220 mA 

JM 
TC = -55°C to +125°C 160 275 

TC=+125°C 160 185 

Note 1: For conditions shown as min or max, use the appropriate value specified under Electrical Characteristics for the applicable 
device type. 

Note 2: Typical limits are at V CC = 5.0 V, 25° C ambient, and maximum loading. 

Note 3: Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Note 4: These are TRI-STATE outputs internally connectp.d to PNP inputs. Input characteristics are measured with 16,7,8 in a state 
such that the TRI-STATE output is off (high-impedance). 
Note 5: "Mil" = IDM2901 JM, JM/883; "Com'l" = IDM2901 JC, NC. 

Note 6: Worst case ICC is at minimum temperature. 
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Absolute Maximum Ratings Operating Range 
Storage Temperature -65°C to + 150°C 

Temperature (Ambient) Under Bias -55°C to +125°C PIN Temperature VCC 
Supply Voltage to Ground Potential -0.5 V to +6.3 V IDM2901A·2 JC, NC T A = DoC to +70°C 4.75V to 5.25V 

DC Voltage Applied to Outputs for IDM2901A·2 JM TC = -55°C t~ +125°C 4.50V to 5.50V 

High Output State -0.5 V to +VCC max IDM2901A·2 JM/883 TC = -55°C to +125°C 4.50V to 5.50V 

DC Input Voltage -0.5 V to +5.5 V 

DC Output Current, into Outputs 30mA 

DC Input Current -30 mA to +5.0 mA 

Standard Screening (Conforms to M I L-STD-883 for Class C parts) 

MI L·STD-883 Level 

Step Method Conditions JC,NC JM 

Pre·Seal Visual Inspection 2010 B 100% 100% 

Stabilization Bake 1008 C: 24-hour 150°C 100% 100% 

Temperature Cycle 1010 
C: _65°C to +150°C 

100% 100"10 
1 0 cycles 

Centrifuge 2001 B: 10,OOOG 100%" 100% 

Fine Leak 1014 A: 5 x 10-8 atm-cc/cm3 100%" 100% 

Gross Leak 1014 C2: Fluorocarbon 100%" 100% 

Electrical Test 
5004 

See below for 
100% 100% 

Subgroups 1 and 7 and 9 definitions of subgroups 

Insert Additional Screening here for Class B Parts 

Group A Sample Tests 

Subgroup 1 L TPD = 5 L TPD = 5 
Subgroup 2 L TPD = 7 L TPD = 7 
Subgroup 3 

5005 
See below for L TPD = 7 L TPD = 7 

Subgroup 7 definitions of subgroups L TPD = 7 L TPD = 5 
Subgroup 8 L TPD = 7 L TPD = 7 
Subgroup 9 L TPD = 7 L TPD = 5 

• Not appl icable to I DM2901 A-2 NC 

Additional Screening for Class B Parts Group A Subgroups. 
(as defined in MIL·STD·883. method 5005) 

I MI L·STD-883 I level Subgroup Parameter Temperature 
~------ ----

Step Method Conditions JM/883 1 DC 2SoC 

'".0 '" I "" + 0 m'e. ","ow, moo 
100"10 2 DC I M,,;mom.." "moo","" -'--- -~~---- -- ~ ------

3 DC Electrical Test 5004 I MInimum rated temperature 

Subgroup 1 I 100"10 7 Function 2SoC 

Subgroup 2 100"10 8 I Function MaXimum and minimum rated 

Subgroup 3 1 100"10 temperature 

Subgroup 7 I 100% 9 2SoC 

Subgroup 9 I 100"/0 
10 

I SWitching 
Maximum rated temperature SWitching 

Return to Group A Tests in Standard Screening 11 SWitching Minimum rated temperature 

Electrical Characteristics Over Operating Range IDM2901A-2 

Typ 
Symbol Description Test Conditions (Note 1) Min (Note 2) Max Units 

i 'OH = -1.6mA; 2.4 i Y01Y1/Y21Y3 

I IOH = -1.0 mA; Cn+4 2.4 

VOH Output High Voltage VCC = min ..!.Qf:l = -800J-lA; OVR/P 2.4 

VIN = VIH or VIL 
v 

IOH = -600J-lA; F3 2.4 

IOH = -600J-lA; 
2.4 

RAMO,3/QO,3 
IOH = -1.6mA;TI 2.4 
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Electrical Characteristics (continued) 

-. 
Typ 

Symbol Description Test Conditions (Note 1) Min (Note 2) Max Units 

ICEX 
Output Leakage Current 

VCC = min; VOH = 5.5V, VIN = VIH or VIL 250 p.A 
for F = 0 Output 

10L = 20 mA (Com'l) 
0.5 

~/Y3 
10L = 16mA (Mil); 

0.5 
YOIY 1/Y2/Y3 

VCC = min; 10L = 16mA; G/F =0 0.5 
VOL Output Low Voltage V 

VIN = VIH or VIL 10L = 10mA;Cn+4 0.5 

10L = 10mA; 
0.5 

OVR!P 

10L = 8mA; 
0.5 

I F 3/RAMO,3/00,3 

VIH Input High Level 
Guaranteed input logical high voltage for all 

2.0 V 
inputs 

VIL Input Low Level 
Guaranteed input logical low voltage for all 

0.8 V 
inputs 

VI Input Clamp Voltage VCC = min; liN = -18mA -1.5 V 

Clock/C)t/Cn -0.36 

AO/Al/f.·2/A 3 -0.36 

80/8 1/82/83 
t-. 

-0.36 

VCC = max; 00/0 1/02/03 -0.36 
IlL Input Low Current mA 

VIN = 0.5V 10/11/12116 -0.36 

13/14/15 -0.36 -- ---I---
17/18 -0.36 

RAMO,3/00,3 (Note 4) -0.36 

Clock/OE 20 

AO/A1/A2/A3 20 

80/81/82/83 20 

VCC = max; 00/01/02/03 20 
IIH Input High Current 

VIN = 2.7V 10/11/1211 6/18 20 
p.A 

13/14/15/17 20 

RAMO,3/00,3 (Note 4) 100 

Cn 20 

II Input High Current VCC = max; VIN = 5.5 V 1.0 rnA 

VO=2.4V 50 
YOIY 1/Y2/Y3 

Vo = 0.5V -50 
10ZH, Off State (High Impedance) 

VCC = max Vo = 2.4V p.A 
10ZL Output Current (Note 4) 

100 

RAMO,3/00,3 
Vo = 0.5V 

/ -360 
(Note 4) 

Y O/Y 1 IY 2/Y 3/G -30 -85 

Cn+4 -30 -85 

lOS 
Output Short Circuit Current VCC = 5.75V 

OVR/P' -30 -85 mA (Note 3) Vo = 0.5V 
F3 -30 -85 

RAMO,3/00,3 -30 -85 

TA = 25°C 160 250 

JC TA = O°C to +70°C 160 265 
ICC Power Supply Current (Note 6) VCC = max 

TC = -55°C to +125°C 160 280 mA 
JM 

TC = +125°C 160 190 

Not. 1: For conditions shown as min or max, use the appropriate value specified under Electrical Characteristics for the applicable 
device type. 

Not. 2: Typical limits are at VCC = 5.0V, 25°C ambient, and maximum loading. 

Not.3: Not more than one output should be shorted at a time. Duration of thlt short circuit test should not exceed one second. 

Note 4: These are TRI-STATE outputs internally connected to PNP inputs. Input characteristics are measured with 16,7,8 in a state 
such that the TRI-STATE output is off thigh-impedance), 
Note 5: "Mil" = IDM2901 A-2 JM. JM/883; "Com'l" = IDM2901 A-2 JC, NC. 
Note 6: Worst case ICC is at minimum temperature. 

23·8 



" .0. 
c: 
; 
:-" 
C s: 
I\l 
(0 

~ 
s: n· 
0 
~ 

I\) 
w 

g 
<D m 

.g 

~ 
Ii" 
0.. 

til 
g 
7!:" 

C 
~. 

~ 

RAMO 

AWOR 
AODRESS 

CLOCK 
CP 

~t}-
,.. 

1 
I I L1 L i 

~ MUX MUX MUX MUX", 

~~ 
DO 01 oz OJ 

k
8

0 I IS-BIT BY HIT HORT RAM H 81 
Z~ DATA OUT . RAM DATA DUT k 8z 
J>-- AOAI AZA3 WE EN BO 81 BZ83 H B3 8WORD 

I II II ADORESS 

II II 
E A LATCH I 
AOAI AZ AJ I 

IE BlATCH I 
I 808182831 

I 

RAMJ 

DO 

f 
I I I T· 

I I I T I 

~ MUX MUX MUX MUX 

00 01 DZ OJ 

CP o REGISTER DEN 

DO 01 Oz 03 

~ 
~ 

OESnNAnON I ALU I I DECODE 

I 

OJ 

16 
11 I, 

DIREC 
OAT 

INPUT 

13 

14 

15 

)3 
)Z 
)1 

)0 

~~ MUX MUX MUX MUX MUX MUX MUX MUX 

I I 

ALU ~IO 
SOURCE 

;-<11 OPERANO 
OECODE 

;-<12 

ALU 
FUNCTION 

TRI·STA 
CONTR 

li)' 

DECODE 

I RD RI RZ 

C~ FO 

I 

'---1 I I 

~ MUX MUX MUX u". I 

r 
YD Yl Yz Yl 

R3 So SI Sz S3 G 
ARITHMETIC LOGIC UNIT (ALUI 

p-
Cn", 

FI FZ F3 OVR 

I I 
.1 _I 

I .1 
I 

~'" (O/C) L" 

~·V~06~U\lal '~·V~06~wal 'V~06~wal 



,... 
<i: 
5 
0') 
N 
:E 
c 
<i 
5 en 
N 
:E 
c 

Test Output Load Configurations for IDM2901A, A·1, A·2 

A. Three·State Outputs B. Normal Outputs C. Open·Coliector Outputs 

Vee Vee 

~ 
52 

VOUT~l,D-e--.-... I.""_. 
51 ..l.-' ...... ~, 

R1 5.0 - VSE - VOL 
IOL +VOL/1k 

....... ~, 
-:-

1k " -.. 
~, 
.!--

R1 
R2 TeL .

~, 

-:.: - .;.. - - ~, 

R2=~ 
IOH 

5.0-VSE- VOL 
R1 = 10L + VOL/R2 

.;.. 

-:.: 
R1= 5.0-VOL 

IOL 

Note 1: CL = 50 pF includes scope probe, wiring and stray capacitances without device in test fixture. 

Note 2: Sl, S2, S3 are closed during function tests and all AC tests except output enable tests. 

Note 3: Sl and S3 are closed while S2 is open for tpZH tes\. 
Sl and S2 are closed while S3 is open for tpZL tes\. 

Note 4: CL = 5.0 pF for output disable tests. 

TESTING CONSIDERATIONS 

Incoming test procedures on this device should be care· 
fully planned, taking into account the high complexity and 
power levels of the part. The following notes may be 
useful. 

1. Insure the part is adequately decoupled at the test 
head. Large changes in Vcc current as the device 
switches may cause erroneous fUnction failures due to 
Vcc changes. . 

2. Do not leave inputs floating during any tests, as they 
may start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high 
speed. Following an input transition, ground current 
may change by as much as 400 mA in 5 ns-8 ns. Induct
ance in the ground cable may allow the ground pin at 
the device to rise by 100s of millivolts momentarily. 

Test Output Loads for IDM2901A, A·1, A·2 

4. Use extreme care in defining input levels for AC tests. 
Many inputs may be changed at once, so there will be 
si'gnificant noise at the device pins and they may not 
actually reach VIL or VIH until the noise has settled. 
National recommends using VIL $ 0.4V and VIH ~ 2.4V 
for AC tests. 

5. To simplify failure analysis, programs should be 
designed to perform DC, Function, and AC tests as 
three distinct groups of tests. 

Test 
Pin # Pin Label 

Circuit 
R1 R2 

3 RAM3 A 560 1k 

5 RAMo A 560 1k 

7 F=O C 270 -
13 0 3 A 560 1k 

18 0 0 A 560 1k 

28 F3 B -620 3.9k 

29 G B 220 1.5k 

30 Cn+4 B 360 2.4k 

31 OVR B 470 3k 

32 P B 470 3k 

33-36 YO-3 A 220 1k 
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Architecture 
Figure 1 shows a detailed block diagram of the IOM2901. 
Observe that all data paths are 4 bits wide; however, 
the 4-bit slice can be cascaded to the number of bits 
required for a particular application. Although all parts 
of the bipolar device are important. the two key ele
ments are the 16-word by 4·bit 2·port RAM and the 
high·speedALU. 

Anyone of the 16 words in RAM can be read from the 
A-port (A3 - AO) or the B-port (B3 - BO); the selected 
word for the A-port is determined by the 4-bit A-address 
field, whereas the B-address field controls the output of 
the B-port. If the two address codes are identical, the 
same file data appears simultaneously at both output 
ports (A and B). 

When enabled by RAM EN, new data is written into the 
file "word" defined by the B·address field; the write 
function is implemented when the clock input is low. 

Each bit of data to be written is input via a 3-input 
mUltiplexer; this scheme permits shifting up one bit 
position (from LSB towards MSB), shifting down one 
bit position (from MSB towards LSB), or not shifting 
at all. A similar scheme is used when data is written into 
the "a" register. 

Each of the A and B data ports drives an associated 4-bit 
latch. These latches hold the RAM data while the clock 
input is low; consequently, any possibility of race 
conditions when writing new data is eliminated. 

The high-speed ALU can perform three binary arithmetic 
and five logic operations on the two 4-bit input words 
(R3-RO and S3-S0). The R-input field is driven from 
a 2-input multiplexer, whereas the S-input field is driven 
by a 3-input multiplexer. Both the R- and S-multiplexers 

Micro Code ALU Source 
Operands 

12 11 10 
Octal R S Code 

L L L 0 A a 

L L H 1 A B 

L H L 2 0 a 

L H H 3 0 B 

H L L 4 0 A 

H L H 5 0 A 

H H L 6 0 a 

H H H 7 0 0 

Figure 2. ALU Source Operand Control 

have an inhibit capability, where no. data is passed - this 
is equivalent to a "zero" source operand. Referring to 
figure 1, observe that the A-port output of the RAM and 
the 4-bit direct-data inputs (0,3 - DO) are connected to 
the R-input multiplexers; the S-input multiplexer has 
three inputs - one from the A-port of RAM, one from 
the B-port of RAM, and one from the a-register. 

With the foregoing input-multiplexer scheme, the inputs 
(A, B, 0, 0, and "Zero")' when taken in pairs, provide 
anyone of ten source operands for the ALU - AB, AD, 
AO, AD, BD, BO, BO, DO, ~O, and 00. When the A and 
B address fields for RAM are identical, it is clear that 
certain combinations (AO/BD, AO/BO, and AO/BO) are 
redundant; that is, the identical function is implemented 
for either operand. Only seven of the combinations are 
completely non redundant. Eight of the ten combina
tions (source operands) are implemented by the 
IOM2901A microprocessor. The ALU source operands 
are selected by three microinstruction inputs - 10, 11, 
and 12. These inputs are defined in figure 2. Each of the 
preceding 0 and a operands provides an. essential 
function. The 0 input (direct-data) is used to load the 
working registers inside the 2901 device; also, this input 
source can be used to modify data files within the ALU. 
The a-register is an internal 4-bit data source that is 
well suited for a multiply/divide operation; however, for 
some applications, it can be used as a data-holding 
register or as an accumulator. 

The ALU is a high-speed arithmetic/logic operator that is 
capable of performing three binary arithmetic functions 
and five logic functions. Three microinstruction inputs 
(13, 14, and 15) are used to select one of the eight 
functions; these inputs, along with their octal codes, are 
defined in figure 3. 

Micro Code ALU 
Octal Function Symbol 

15 14 13 Code 

L L L 0 R Plus S R+S 

L L H 1 S Minus R S-R 

L H L 2 R Minus S R -S 

L H H 3 R OR S RVS 

H L L 4 RANDS RJ\S 

H L H 5 RAND S RJ\S 

H H L 6 REX-OR S R .v-S 

H H H 7 REX-NOR S RVS 

Figure 3. ALU Function Control 
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Normally, the look-ahead carry mode is used when 
cascading the ALUs of several microprocessor devices. 
The carry generate (IT) and carry propagate (P) outputs 
are suitable for use. in a carry-look-ahead generator. A 
carry-out (C n+4) is also' generated and is available for 
use as the carry flag in a status register or as a ripple
carry output. Both carry-in (C n ) and carry-out (C n+4) 
are active-high signals. Three other status-oriented 
outputs are available from the ALU; these are F3; F = 0, 
and overflow (OVR). The F3 output is the most signifi
cant (sign) bit of the ALU, and, without enabling the 
TRI-STATE outputs, it can be used to determine 
positive or negative results. When enabled, the 10gic'level 
of F 3 is identical to that of sign bit V 3. The F = 0 output 
is used for zero detect; F = 0 is high when all F outputs 
are low. The F = 0 output is of the open-collector type 
and can be wire ORed between microprocessor slices. 
The overflow (OVR) output is used to flag arithmetic 
operations that exceed the available twos-complement 
number range. When an overflow exists (C n+3 and 
Cn+4 are of opposite polarity), the OVR output is high. 

Outputs from the ALU can be stored in the register file 
or the 0 register, or can be transmitted to the outside 
world. Eight possible destination codes are defined by 
microinstruction inputs 16, 17, and 18; the various 
destination control codes are shown in figure 4. The 
4-bit data field (V3- yO) is a TRI-STATE output that 
can be directly bus organized. The V outputs are enabled 
by OE; when this control signal is high, the V -outputs 
are TR I-STATEd. A 2-input mu Itiplexer is' also used at 
the V -output port to select either the A port of RAM 
or the F output of the ALU; this selection is controlled 
by the previously described microinstruction inputs (16, 
17, and 18!. 

As previously described, the RAM inputs (register file) 
are driven by a 3-input multiplexer. Thus, outputs from 
the ALU can be entered nonshifted, shifted up (towards 
MSB) one position (x 2), or shifted down (towards LSB) 
one position (72). The shifter is equipped with two 
ports - RAMO and RAM3; both ports consist of a 
TRI-STATE buffer-driver, each of which supplies one 
input to the foregoing multiplexer. In the shift-up (x 2) 
mode, the RAM3 output driver and the RAMO multi
plexer input are enabled, whereas in the shift-down (72) 
mode, the RAMO output driver and RAM3 multiplexer 

input are enabled; in the no-shift mode, both drivers are 
TRI-STATE and neither multiplexer input is enabled. 
The shifter is controlled by the 16, 17, and 18 micro
instruction inputs. 

The 0 register likewise is driven from a 3-input multi
plexer and the 0 shifter is equipped with two input/ 
output ports - 00 and 03. Operation of these two ports 
is similar to that of the RAM shifter, and the ports are 
controlled by 16,.17, and 18. In the shift-up or shift-down 
modes, the 0 regist.er is shifted in a specified direction 
with the input/output terminals of the register being an 
input (for a shift-up) or an output (for a shift-down!. In 
the no-shift mode, the multiplexer may enter the ALU 

,data into the 0 register; in this case, input/output lines 
of the register are TRI-STATE. 

The clock input shown in figure 1 controls the RAM, the 
A and B latches, and the 0 register. When the clock 
input is high, the A and B latches are open and data 
from the RAM outputs is allowed to pass through to the 
ALU or "V" outputs. When the clock input is low, both 
latches are closed and the last data entered is retained. 
When the clock input is low and if the input control 
code (16, 17, and 18) has enabled a file-write operation, 
new data, as defined by the 4-bit B-address field, is 
written into the RAM file. When enabled, data is clocked 
into the 0 register on the low-to-high'transition of the 
clock pulse. 

Source Operands and ALU Functions 
. Anyone of eight source operand pairs can be selected 

by instruction inputs 10, 11, and 12 for use by the ALU; 
instruction' inputs 13, 14, and 15 then control function 
selection for the ALU - five logic and three arithmetic 
functions. In the arithmetic mode, the carry input (C n ) 
also affects the ALU functions; the carry input has no 
effect on the "F" result in the logic mode. These control 
parameters (16-10 and Cn) are summarized in figure 5 
to completely define the ALU/source operand functions. 

The ALU fuhctions can also be examined on a task basis: 
that is, add, subtract, AND, OR, and so on. Again, in the 
arithmetic mode, the carry input will affect the result, 
whereas in the logic mode it will not. Figures 6 and 7, 
respectively, define the various logic and arithmetic 
functions of the ALU; both carry states (C n = O/Cn = 1) 
are defined in the function matrices. 

Figure 4. ALU Destination Control 

Micro Code RAM Function Q·Reg. Function 
V RAM Shifter o Shifter 

IS 17 16 
Octal 

Shift Load Shift Load 
Output 

RAMO RAM3 00 03 Code 

L L L a x None None F ...... O F X X X X 

L L H 1 X None X None F X X X ·X 

L H L 2 None F ...... B X None A X X X X 

L H H 3 None F4B X None F X X X X 

H L L 4 Down F/2 ...... B Down 0/2 ...... 0 F Fa IN3 00 IN3 

H L H 5 Down F/2 ...... B X None F Fa IN3 00 X 

H H L 6 Up 2F ...... B Up 20 ...... 0 F INa F3 INO 03 

H H H 7 Up 2F ...... B X None F INO F3 X 03 

x = Don't care. Electrically, the shift pin is a TTL input internally connected to a TRI-STATE output which is in the high-impedance state. 
B = Register Addressed by B inputs. 

Up is toward MSB, Down is toward LSB. 
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Figure 5. Source Operand and ALU Function Matrix 

12,1,0 Octal 0 1 2 3 4 5 6 7 

~ 
Source 

A,O A, B 0,0 O,B O,A O,A 0,0 0,0 
Octal ALU 
15,4,3 Function 

Cn : L A+O A+8 0 8 A D+A 0+0 D 
0 R Plus S 

Cn : H A+ 0+ 1 A+8+1 0+ 1 8 + 1 A+1 D+A+1 D + 0+ 1 D+1 

Cn : L O-A -1 8 -A - 1 0-1 8 - 1 A -1 A- D-1 0-D-1 -D-1 
1 S Minus R 

C'n: H O-A 8-A 0 8 A A-D 0-0 -D 

Cn : L A -0-1 A - 8 - 1 -0-1 -8-1 -A -1 D -A-1 D-0-1 D - 1 
2 R Minus S 

Cn : H A-O A-8 -0 -8 -A D-A 0-0 0 

3 R OR S AVO AV8 0 8 A DVA DVO D 

4 R ANOS AAO A A8 0 0 0 DAA DAO 0 

5 RANDS AAO A A 8 0 8 A DAA DAO 0 

6 REX-OR S -AVO AV8 0 8 A DVA DVO 0 

7 REX-NOR S AVO AV8 Q B A DVA OVO [) 

+ = Plus; - = Minus; V = OR, A = AND; ¥ = EX-OR. 

Figure 6. ALU Logic Mode Functions (Cn Irrelevant) Figure 7. ALU Arithmetic Mode Functions 

Octal 
Group Function Cn = 0 (Low) Cn = 1 (High) 

15.4.3/12.1.0 Octal 
15.4,:V12,1,O Group 

40 A flO 
Function Group Function 

41 
AND 

AflB 00 A+O A + 0 + 1 
45 o flA 01 

ADD A+8 ADD plus A + 8 + 1 
46 o flO 05 O+A one o +A + 1 
30 AVO 06 0+0 0+ 0 + 1 
31 

OR 
AVB 02 0 0+ 1 

35 OVA 03 8 8 + 1 
36 OVO 04 PASS 

A Increment 
A + 1 

60 A 11'0 07 0 0+1 
61 

EX·OR 
AVB 12 0-1 0 65 OVA 13 8-1 8 66 O¥O 14 Decrement 

A -1 PASS 
A 

70 A¥O 27 0-1 0 
71 

EX·NOR 
AVB 

22 75 OVA -0-1 -0 
76 OVO 23 

15 Camp -8-1 2s Comp -8 
24 -A -1 (Negate) -A 

72 0 17 - 0-1 -0 73 8 
74 

INVERT 
A 10 0-A-1 O-A 

77 IT 11 8 -A-1 8-A 
62 0 

15 A - 0-1 A-O 
63 B 16 Subtract 0-0-1 Subtract 0-0 
64 

PASS 
A 20 (1sCamp) A - 0-1 (25 Camp) A-O 

67 0 21 A-8-1 A-8 
25 o -A-1 O-A 

32 0 26 0-0-1 0-0 
33 B 
34 

PASS 
A 

37 0 

42 a 
43 

"ZERO" 
a 

44 a 
47 a 
50 flO 
51 

MASK 
fiB 

55 flA 
56 flO 
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Pinout Descriptions of IDM2901 
Pin functions for the IDM2901 4-bit slice microproces
sor are as follows: 

A3 - AO 4-bit .address field used to select one of the 
file registers whose contents are displayed 
through the A port of RAM_ 

4-bit address field used to select one of the 
file registers whose contents are displayed 
through the B port of RAM. When the clock 
is low, new data can be written into the 
selected B-port register_ 

la -10 Nine instruction-control lines - 10/11/12 
determine data sources of ALU, 13/14/15 
select ALU function, and 16/17/la select 
data inputs for the a register or the register 
file. 

03/RAM3 Serves as shift data input/output lines for 
the most significant bit (MSB) of a register 
(03) and the register stack (RAM3). These 
lines are TRI-STATE outputs that connect 
to TTL inputs within the IDM2901 device. 
When the destination code, as defined by 
16/17/la, indicates an up-shift (octal 6 or 7), 
the TRI-STATE outputs are enabled; accor
dingly, the MSB of the a register is available 
on the 03 pin and the MSB of the ALU 
output is available on the RAM3 pin. Other
wise, these output lines are TRI-STATE or 
serve as LS-TTL inputs. When a down-shift 
is indicated by the destination code, the 03 
and RAM3 pins are used as data inputs to 
the MSB of the a 'reqister or RAM_ 

OO/RAMO These shift lines are similar to 03 and RAM3, 
except they operate on the least significant 
bit (LSB) of the a register and RAM. To 
transfer data for up- and down-shifts of the· 
a register ,md the ALU, the 00 and RAMO 
pins are connected, respectively, to the next 
less-significant device (On and RAMn) in 
the cascaded chain. 

03 - DO A 4-bit data field that can be selected as a 
source of external data for ALU - DO'is the 
least significant bit. 

Y3-YO 4-bit output data of IDM2901. These lines 
are TRI-STATE; when enabled, they provide 
either the ALU output or data from the A 
port of the register file - the selected source 
is determined by the destination code, as 
defined by 16, 17, and la. 

15.4.3 Function P I G 

PIG 

OVR 

F=O 

Cn 
Cn+4 

CP 

When the Output Enable (OE) signal is high, 
the Y outputs are inactive; when the signal 
is active-low, the active high or low outputs 
are enabled_ 

Carry generate and propagate outputs - see 
figure 8 for logic equations_ 

The overflow flag corresponds to the 
exclusive-OR of the carry-in and carry-out of 
the MSB of the ALU_ When set high, it 
indicates that the result of an arithmetic 
twos-complement operation has overflowed 
into the sign bit - see figure 8 for the logic 
equation. 

An open-collector output that goes high if 
all data lines (F3 - FO) are low, that is, the 
result of an· ALU operation is zero_ 

Carry-in to ALU. 

Carry-out of ALU - see figure 8 for logic 
equations. 

Clock input. Outputs of a register and file 
are clocked on low-to-high transition; the 
low interval of the clock input corresponds 
to the "write enable" period of the 16-by-4 
RAM, that is, the "master" latches of the 
register file. When the clock is low, the 
output latches store the data previously held 
at the RAM outputs; thus, synchronous 
master-slave operation of the register file is 
permitted. 

Most significant (sign) bit output of the 
ALU_ 

Logic Functions for G, P, Cn+4, 
and OVR 
When the IDM2901 is in the add or the subtract mode, 
four signals (G, P, Cn+4, and OVR) are available to 
indicate carry and overflow conditions. Based on the 
eight ALU functions, logic equations for these signal 
are shown in figure a. (Note: The "R" and "S" inputs 
are selected according to figure 2.) 

Definitions (+ = OR): 

Po = RO + So 
P1 = R1 + S1 

P2 = R2 + S2 

Go = ROSO 

G1 = R1 S 1 

G2 = R2S2 

P3 = R3 + S3 G3 = R3S3 

C4 = G3 + P3G2 + P3P2G 1 + P3P2P1GO + P3P2P1POCn 
C3 = G2 + P2G1 + P2P1GO + P2P1POCn 

I Cn+4 I OVR 

0 R +S P3P2P,PO I G3 + P3 G2 + P3P2G, + P3P2P,GO I C4 I C3"t'C4 , S-R Same as R + S equations. but substitute Ri for Ri in definitions. 

2 R -S Same as R + S equations. but substitute Si for Si in definitions. 

3 RVS LOW I P3P2P,PO I P3P2P, Po + Cn I P3P2P,PO + Cn 

4 R I\S LOW I G3 + G2 + G, + GO I G3 + G2 + G, + GO + Cn I G3 + G2 + G, + GO + Cn 

5 R 1\ S LOW Same as R 1\ S equations. but substitute Ri for Ri in definitions. 

6 R"IfS Same as R "If S equations. but substitute Ri for Ri in definitions. 

7 R¥S G3 + G2 + G, + GO I G3 + P3G2 + P3P2G, + P3P2P,GO I See Note' I See Note 2 

Not. 1: G3 + P3G2 + P3P2G, + P3P2P, Po (GO +~) Not. 2: iP2 + G2P, + G2G,PO + G2G1GOCn) "o'"[P3 + G3 P2 + G3G2P, + G3G2G,PO + G3G2G,GoCnl 

Figure 8_ Logic Equations for Flag Outputs 
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Guaranteed Operating Conditions 
Over Temperature and Voltage for 
IDM2901A Table 1. Cycle Time and Clock Characteristics 

When operated in a system. the timing requirements for IDM2901A 
the IDM2901 are defined in tables 1.2. and 3. Table 1 

Time JC,NC JM,JM/883 provides clock characteristics of the IDM2901. table 2 
gives the combinational delay times from input to Read·ModifY·Write Cycle 
output. and table 3 specifies setup and hold times. If (time from selection of 

60ns 75 ns 
used according to the specified delay and setup times. A. B registers to end of 

the device is guaranteed to function properly over the cycle) 

entire operating range. Table 3 defines the time prior to Maximum Clock Frequency to 
the end of the cycle (Iow·to·high transition of clock Shift Q Register (50% duty 16MHz 16MHz 
pulse) that each input must be stable to guarantee that cycle) 

the correct data is written into one of the internal Minimum Clock Low Time 30ns 30ns 
registers. 

Minimum Clock High Time 30 ns 30 ns 

Minimum Clock Period 60ns 75 ns 

Table 2. Maximum Combinational Propagation Delays 
lall in ns;CL": 5O.pFI 

Commercial MilitlfY 

IDM2901A JC. NC (DoC to +7DoC; 5V ± 5%) IDM29D1A JM. JM/883 (-55°C to +125°C; 5V ± 10%) 

~ 
F~D Shift Outputs F-D Shift Outputs 

V F3 Cn+4 G/P RL - OVR V F3 Cn+4 G/P RL- OVR 
470 RAMo. 00 470 RAMO 00 

From Input RAM3 03 RAM3 03 

A.B 65 65 65 60 70 65 70 - 80 80. BO. 65 85 80. 80. -
D (arithmetic mode) 40. 40. 40. 35 55 45 50. - 45 45 45 40. 65 55 60 -
D(I=X37) 40. 40. - - 55 - 50. - 45 45 - - 60. - 60. -
Cn 3D· 3D 20. - 40. 3D 35 - 35 35 25 - 50. 35 45 -
12.1.0. 55 50. 50. 45 60. 50. 60 - 60. 60 55 50 75 60. 75 -
15.4.3 50. 50. 50. 45 55 50. 50. - 60. 60. 60. 55 70. 60 60. -

18.7.6 30. - - - - - 30. 30. 35 - - - - - 35 35 

O!' Enable/Disable 30./25 - - - - - - -
.:---

40./25 - - - - - - -
A Bypassing ALU (I = 2xx) 40. - - - - - - - 50. - - - - - - -
Clock J (Note6) 60 60. 60. 50. 60. 55 60 30. 65 65 65 55 75 70. 75 35 

Table 3. Maximum Setup and Hold Times Ian in nsl - Note 1 

CommerciallDM2901A JC. NC Military IDM29O.1A JM. JM/883 
IO.oC to +7O.oC. 5V ± 5%1 1-5SoC to +125°C. 5V ± 10.%1 

From Input Notes Setup Time Hold Time Setup Time Hold Time 

A. 8 Source 2.3.4.5 60. tpwL + 20 0 75. tpwL + 25 0 

8 Destination 2.4 tpwL + 15 0 tpwL + 15 0 

o (arithmetic model 40 0 50 0 

0(1 = X37) 5 40 0 50 0 

Cn 35 0 40 0 

'2.1.0 45 0 55 0 

'5.4.3 45 0 55 0 

'8.7.6 4 tpwL + 15 0 tpwL + 15 0 

RAMO.3/Co.3 20 0 25 0 

Note 1: See figures 9 and 10. 

Note 2: If the 8 address is used as a source operand. allow for the "A. 8 Source" setup time; if it is used only for the destination 
address. use the "8 Destination" setup time. 
Note 3: Where two numbers are shown. both must be met. 
Note 4: "tpwL" is the clock low time. 
Note5: ova is the fastest way to load the RAM from the 0 inputs. This function is obtained with I - X37. 
Note 6: Using Q register as source operand in arithmetic mode. Clock is not normally in critical speed path when Q is not a source. 
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Guaranteed Operating Conditions 
Over Temperature and Voltage for 
IDM2901A·1 Table 1. Cycle Time and Clock Characteristics 

When operated in a system, the timing requirements for the 
IDM2901A·1 IDM2901A-1 are defined in tables 1, 2, and 3. Table 1 

provides clock characteristics of the IDM2901 A-1, table 2 Time JC.NC JM.JM/883 
gives the combinational delay times from input to output, Read-Modify-Write Cycle 
and table 3 specifies setup and hold times.,lf used according (time from selection of 

60ns 75ns to the specified delay and setup times, the device is guaran- A, B registers to end of 
teed to function properly over the entire operating range. cycle) 

Table 3 defines the time prior to the end of the cycle (Iow- Maximum Clock Frequency to 
to-high transition of clock pulse) that each input must be Shift 0 Register (50% duty 16MHz 16MHz 
stable to guarantee that the correct data is written into one cycle) 
of the internal registers. 

Minimum Clock Low Time 30 ns 30ns 

Minimum Clock High Time 30 ns 30ns 

Minimum Clock Period 60ns 75ns 

Table 2. Maximum Combinational Propagation Delays 
(all in ns; CL <: SOpFI 

-----------
Commercial Military 

IDM2901A-1 JC, NC (O°C to +70o C; 5V ± 5%1 IDM2901A-1 JM, JM/883 (-55°C to +125°C; 5V ± 10%1 

To Output F-O Shift Outputs -- F-O Shift Outputs 
y F3 Cn+4 a/p RL = OVR RAMO 00 

V F3 Cn+4 G/P RL - OVR RAMO 00 
From Input 470 RAM3 03 470 RAM3 03 

A,B 50 50 50 45 55 60 55 - 60 60 60 60 65 75 65 -
o (arithmetic model 32 '32 32 30 32 40 35 - 40 40 40 40 40 50 45 -
0(1 = X37) 32 32 - - 32 - 35 - 40 40 - - 40 - 45 -
Cn 25 22 16 - 30 25 35 - 32 30 20 - '40 35 45 -

12,1,0 40 35 35 30 40 45 45 - 50 45 45 40 50 55 55 -
15.4,3 35 35 35 32 40 45 4~. - 45 45 45 40 50 55 55 -

18,7,6 25 - - - - - 30 30 35 - - - - - 35 35 

OE Enable/Disable 20/20 - - - - - - - 25/25 - - - - - - -
A Bypassing ALU (I = 2xxl 40 - - - - - - - 50 - - - - - - -
Clock j (Note 6) 50 45 45 40 50 55 55 30 60 55 55 50 60 65 65 35 

Table 3. Maximum Setup and Hold Times (all in ns) - Note 1 

CommerciallDM2901A-1 JC. NC Military IDM2901A-1 JM. JM/883 
(O°C to +70°C, SV ± S%) (_SSOC to +125"C. SV ± 10%) 

From Input Notes Setup Time Hold Time Setup Time Hold Time 

A, B Source 2,3,4, S 60, tpwL + 20 0 75, tpwL + 25 0 

B Destination 2,4 tpwL + 15 0 tpwL + 1S 0 

o (arithmetic mode) 40 0 50 0 

0(1 = X371 5 40 0 50 0 

Cn 35 0 40 0 
- --_.-

12,1,0 45 0 55 0 

15.4,3 45 0 55 0 

18,7,6 4 tpwL+ 15 0 tpwL + 15 0 

RAMO,3/00,3 15/10 0 25/15 0 

Note 1: See figures 9 and 10. 
Note 2: If the B address is used as a source operand, allow for the "A, B Source" setup time; if it is used only for the destination 
address, use the "6 Destination" setup time. 
Note 3: Where two numbers are shown, both must be met. 
Note 4: "tpwL" is the clock low time. 
Note 6: ova is the fastest way to load the RAM from the '0 inputs. This function is obtained with I = X37. 
Note 6: Using a register as source operand in arithmetic mode. Clock is not normally in critical speed path when Q is not a source. 
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Guaranteed Operating Conditions 
Over Temperature and Voltage for 
IDM2901A·2 TABLE 1. Cvcle Time and Clock Characteristics 

When operated in a system, the timing requirements for the 

IDM2901A·2 are defined in tables 1, 2, and 3. Table 1 IDM2901A-2 

provides clock characteristics of the IDM2901 A·2, table 2 Time JC,NC JM,JM/883 
gives the combinational delay times from input to output, 

Read·Modify-Write Cycle 
and table 3 specifies setup and hold times. If used according 

(time from selection of 
to the specified delay and setup times, the device is guaran- A, B registers to end of 50 ns 65 ns 
teed to function properly over the entire operating range. cycle) 
Table 3 defines the time prior to the end of the cycle (low-

Maximum Clock Frequency to to-high transition of clock pulse) that each input must be 

stable to guarantee that the correct data is written into one 
Shift Q Register (50% duty 20 MHz 16 MHz 

of the internal registers. 
cycle) 

Minimum Clock Low Time 25ns 30 ns 

Minimum Clock High Time 25 ns 30ns 

Minimum Clock Period 50 ns 65 ns 

TABLE 2. Maximum Combinational Propagation Oelavs (all in ns; CL SOpFI 

Commercial Military 

IDM2901A-2 JC, NC (DoC to +70°C; SV ± 5%1 IDM2901A-2 JM, JM/883 (_55°C to +125°C; 5V ± 10%1 

to Output F=O Shift Outputs F=O Shift Outputs 
y F3 Cn+4 G/P RL = OVR RAMO Co y F3 Cn+4 G/P RL = OVR RAMO 00 

from Input 470 RAM3 03 470 RAM3 03 

A, B 44 44 44 35 44 45 40 - 55 50 50 45 55 55 50 -
D (arithmetic model 28 28 28 25 31 34 30 - 37 37 37 34 40 40 37 -

0(1 = X371 28 28 - - 31 - 30 - 37 37 - - 40 _. 37 -
Cn 25 22. 16 - 25 25 25 - 30 25 19 - 33 30 30 -

12.1,0 35 35 35 28 35 39 35 - 45 45 45 45 45 45 40 -
1543 35 35 35 32 35 35 35 - 45 40 40 40 45 45 40 -

18,7,6 25 - - - - - 30 30. 30 - - - - - 35 35 

OE Enable/Disable 20/20 - - - - - - - 25/25 - - - - - - -
A Bypassing ALU (I = 2xxl 35 - - - - - - - 45 - - - - - - -
Clock (Note 6) 40 40 40 40 40 45 45 28 50 45 45 40 55 50 50 30 

TABLE 3. Maximum Setup and Hold TimBS (all in ns) - Note 1 

Commercial I DM2901 A-2 JC, NC Military IDM2901A-2 JM, JM/883 
(O·C to +70·C, SV ± S%) (-SS·C to +12S·C, SV ± 10%) 

From Input Notes Setup Time Hold Time Setup Time Hold Time 

A, B Source 2,3,4.5 50, tpwL + 20 0 60, tpwL + 20 0 

B Destination 2.4 tpwL + 15 0 tpwL + 15 0 

o (arithmetic mode) 35 0 ~O 0 

o (I = X37) 5 3S 0 40 0 

Cn 26 0 30 0 

12.1.0 35 0 45 0 

15.4.3 30 0 45 0 

18.7.6 4 tpwL + 10 0 tpwL + 14 0 

RAMO.3/00.3 12/10 0 15/15 0 

Note 1: See figures 9 and 10. 

Note 2: If the 6 address is used as a source operand. allow for the "A. B Source" setup time; if it is used only for the destination 
address. use the "6 Destination" setup time. 

Note 3: Where two numbers are shown. both must be met. 

Note 4: "tpwL" is the clock low·time_ 
NoteS: DVO is the fastest way to load the RAM from the 0 inputs. This function is obtained with I = X37. 

Note 6: Using a register as source operand in arithmetic mode. Clock is not normally in critical speed path when a is not a source. 
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Set-Up and Hold Times (mimi mum cycles from each input) . 

Setup and hold times are defined relative to the low-to
high transition of the clock pulse. At all times, inputs 
must be stable from the setup time prior to the clock 
until the hold time after the clock - observe that all 

hold times are "zero." The set-up times allow sufficient 
time to perform the correct operation on the correct 
data so that the correct ALU data can be written into 
the correct register. 

r--<mtpwL~ 

Cp ---I =-------IS----
4
-
S
--....,j 1'"""" .. , .b-.. -o---

A.Ba • 

J5 .. ~ om. 1- 1-
Cn _______________________________________ ~~~~~ 

Note: Numbers shown are minimum data-stable times in nanoseconds for commercial product - see table 3 for detailed information. 

Notes: 

Figure 9. Setup Times for Input Parameters of IDM2901 

I ____ NOTE5 

CLOCK 

A.B.O.I 

C. P OUTPUTS 

Cn FROM IOM290lA --~========~+------~-------.;.
OR Cn .. FROM CARRY 

LOOKAHEAD GENERATOR __ ....................... ===== ...... ______ .;... ______ _.;._ 
cn+4} F=O 
FJ 
OVR 

Y OUTPUT 

SHIFT OUTPUTS 

1. This delay is the max tpd of the register containing A. B. D. and I. 

2. 7 ns for look-ahead carry. For ripple carryover 16 bits use 2 x (C n --+ Cn + 4), or 24 ns. 

3. This is the delay associated with the multiplexer between the shift outputs and the shift inputs on the IDM2901. 
4. Not applicable for logic operations. 

5_ Clock rising edge may occur here if add and shift do not oCcur on same cycle .. 

Figure 10. Switching Waveforms for 16-Bit SYstem Assuming A. B, D, and I are Driven from Registers with the Same Propagation Delay and 
Clocked by the IDM2901. (These are maximum times in nanoseconds using cornmercial product specifications_) 
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r-----------------, r------------, r-------------. 
Vee 

Vee 
Vee 

All INPUTS OUTPUTS - YolYl/Y21Y3; OUTPUT - F - 0 
00/03; RAMo/RAM3; L __________ . _______ J L __ ~~n~;~V~ ~ ____ J ________ _____ .J 

Figure 11. Equivalent Input/Output Current Interface Conditions for IDM2901 

1k 

r---..... -VCC 

CLOCK >--f--'i 

':" 

1k 

VCC 

1k 
VCC 

VCC' 5.0V 
FREQUENCY '100kH, 

TA • 12S'C 

14 
12 

26 

J1 
FJ 

RAMO 
21 

00 

THIS CIRCUIT CONfORMS TO MIL·STO·88J, 
METHOD 101S, CONDITION D. 

CP BJ 

IDM2901 

210210210 210 

VCC __ ......... --' 

Figure 12. Burn·ln Circuit for IDM2901 
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N 
~ Connection Diagram 
5 
0) 
N DIP CTopV,..1 

:E A3 lit 
0 A2 Y3 

AI Y2 
AO Y, ,.. 
16 Yo 

~ 18 
, 

17 OVR 

5 RAM3 cn .. 
RAMO ~ 

0) 
VCC F3 

N F-O GNO 

:E 10 Cn 

0 11 14 
12 15 

CP 13 

<taw. 03 DO 
, 80 Dl 

0 8, D2 
82 D3 

0) B3 00 
N 
:E NOTE: PIN liS MARKED FDR ORIENTATION. 

0 

Ordering Information 

Package Package Temperature Order 
Type Number Range Number 

Molded DIP N40A O°C to +70°C IDM2901 ANC/IDM2901 A-l NC/IDM2901 A-2NC 
Hermetic DIP D40C O°C to +70°C IDM2901 AJC/I DM2901 A-1JC/IDM2901 A-2JC 
Hermetic DIP D40C -55°C to +125°C I DM2901 A~M/I DM2901 A-1JM/1 DM2901 A-2JM 
Hermetic DIP D40C -:-55°C to +125°C I DM2901 AJM/883/1 DM2901 A-1JM/883/1 DM2901 A-2JM/883 
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~National 
~ Semiconductor 

2900 Family/ 
Bipolar Microprocessor 

IDM2902 Look-Ahead Carry Generator 
General Description 
This circuit is a high-speed, look-ahead carry generator, 
capable of anticipating a carry across four binary adders 
or groups of adders. It is cascadable to perform full 
look-ahead across n-bit adder's. Ca rry, generate·carry, 
and propagate-carry functions are provided as shown in 
the pin designation table. 

When used in conjunction with the IDM2901A arith
metic logic units, this generator provides high·speed 
carry look-ahead capability for any word length. The 
IDM2902 generates the look-ahead (anticipated carry) 
across a group of four ALUs and, in addition, other 
carry look-ahead circuits may be employed to anticipate 
carry across sections of four look·ahead packages up to 
n bits. The method of cascading circuits to perform 
multi-level look·ahead is illustrated under typical 
application data. 

Carry input and output of the ALUs are in their true 
form, and the carry propagate (P) and carry generate (G) 
are in negated form; therefore, the carry functions 
(inputs, outputs, generate, and propagate) of the look-

Logic and Connection Diagram 

P3~(6~)~~+-~r;-+-r-r~ 

G3 (5) 

PI (2) 
Gl~(I~)~----~~---r~~ 

~: (4) 

(3) 

Cn (13) 

(7) P 

ahead generators are implemented in the compatible 
forms for direct connection to the ALU. Reinterpreta
tions of carry functions, as explained on the IDM2901A 
data sheet, are also applicable to and compatible with 
the look-ahead generator. Positive logic equations for the 
2902 parts are: 

Cn+x = GO + POCn 

Cn+y = G1 + P1 GO + P1 POCn 

Cn+z = G2 + P2 G1 + P2 P1 GO + P2 P1 POCn 
G = G3(P3 + G2)(P3 + P2 + G 1) '(P3 + P2 + P1 + GO) 

P = P3P2P1 Po 

Features and Benefits 
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Typical 
Propagation 
Delay Time 

Typical Power 
Dissipation Type 

IDM2902 7 ns 260mW 

Connection Diagram 
INPUTS OUTPUTS ----

Vee P2 G2 

116 1\ 14 13 12 II 10 9 

r-O IDM2902 r-

I 2 3 4 5 6 1 

1
8 

GI PI GO PO G3 P GND 
OUTPUT 

INPUTS 

Pin Designations 

Designation Pin Nos. Function 

Go. Gl. G2. G3 3.1.14.5 Active Low 
Carry Gene"rate Inputs -_._ .... - .. - --'-"- -------

PO. Pl. P2. P3 4.2.15,6 Act,ve Low 
Carry Propagate Inputs 

--.---~---~---------~ 
Cn 13 Carry Input 
--.- ---.. -t-.--- .. --- --------1 

Cntx • Cn+y. 12,11.9 Carry Outputs 

Cn+z 
--.---- .---"- --------1 

G 10 Act,ve Low 

Carry Generate Output 
-.--.-.---- .--.---+-----------1 

P 7 ActIve Low 

Carry Propagate Output 
-.------.. -. 1----.. 

VCC 16 Supply Voltage 
-.--.. --- ---... ---- ----------1 

GND 8 Ground 

c 
s: 
I\) 
(0 
o 
I\) 



Absolute Maximum Ratings Operating Range 

Storage Temperature -65°C to +150°C Ambient 

Temperature (Ambient) Under Bias -55°C to +125°C PIN Temperature VCC 

Supply Voltage to Ground Potential -0.5 V to +6.3 V IDM2902JC, NC O°C to +70°C 4.75V to 5.25V 
DC Voltage Applied to Outputs for IDM2902JM, JM/883 -55°C to +125°C 4.50V to 5.50V 
High Output State -0.5 V to +V CC max 

DC Input Voltage -0.5V to +5.5V 

DC Output Current, into Outputs 30mA 

DC Input Current -30 mA to +5.0 mA 

Electrical Characteristics Over Operating Temperature Range (unless'otherwise noted) 

Commercial T A = O°C to +70°C VCC = 5.0V ± 5% MIN = 4.75V MAX = 5.25V 

Military T A = -55°C to +125°C VCC = 5.0V ± 10% MIN = 4.50V MAX = 5.50V 

Typ. 
Parameter Description Test Conditions (Note 1) Min. (Note 2) Max. Units 

VOH Output HIGH Voltage 
Vee = MIN, IOH = -0,8mA 

2.7 3.4 V 
VIN = VIH or VIL 

VOL Output LOW Voltage 
Vee = MIN, IOL = 16mA 

0.5 V 
VIN = VIH or VIL 

VIH Input HIGH Level Guaranteed input logical HIGH 2,0 V voltage for all inputs 

VIL Input LOW Level Guaranteed input logical LOW 0.8 V voltage for all inputs 

VI Input Clamp Voltage Vee = MIN, liN = -12mA -1.5 V 

Cn -2 

P3 -4 

IlL P2 -6 . 
Input LOW Current VCC = MAX, VIN = 0.5V mA (Note 3) PO,Pl,G3 -8.0 

GO, G2 -14 

Gl -16 

Cn 50 

P3 100 

IIH P2 150 

(Note 3) Input HIGH Current VCC = MAX, VIN = 2.7V /JA 
PO,Pl,G3 200 

GO, G2 350 

Gl 400 

II Input HIGH Current Vce = MAX, VIN = 5.5V 1.0 rnA 

Ise Output Short Circuit (Note 4) Vec = MAX, VOUT = O.OV -40 -100 mA 

VCC= MAX MIL 62 99 
mA 

All Outputs LOW COM'L 58 94 
ICC Power Supply Current 

VCC= MAX MIL 37 
mA 

All Outputs HIGH eOM'L 35 

Notes: 
1.' For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type, 

2. Typical limits are at VCC = S.OV, 25"C ambient and maximum loading. 
3. Actual input currents = Unit Load Current times Input Load Factor (see Loading Rules). 
4. Not more than one output should be shorted at fI time. Duration of the short circuit test should not exceed one second. 
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Switching Characteristics VCC = 5.0V. T A = 25°C. CL = 15 pF. R L = 400 n 

Parameter From (Input) To (Output) Test Conditions Min. Typ. Max. 

tPLH Po = P1 = P2 = OV 9.0 12 
Cn Cn+j 

tPHL GO=G1=G2=4.5V 9.0 12 

tPLH Pj=OV (j>i) 6.0 8.0 
Pj Cn+j Cn = GO = G1 = G2 = 4.5V tPHL 6.0 8.0 

tPLH Gj = OV (j> j) 7.0 10 
Gj Cn+j Cn = PO= P1 = P2=4.5V tPHL 7.0 10 

tPLH Pj = OV (j > i) 6.0 10 
Pj GorP 

tpHL Cn = GO = G1 = G2 = 4.5V 6.0 10 

tPLH Gj = OV (j> i) 7.0 10 
Gj G or P 

tPHL Cn = Po = P1 = P2 = 4.5V 7.0 10 

Typical Application 

64~Bit ALU with Full Look·Ahead Carry in Three Levels 

A AND B INPUTS 
AN D F OUTPUTS 
ARE NOT SHOWN. 

IDM2902 

Ordering Information 

Package 
Type 

Package 

Number 

IDM2901A 

Temperature 
Range 

O°C to +70°C 
O°C to +70°C 
-55°C to +125°C 

IDM2902 

Order 
Number 

I DM2902Nr:/DM74S182N 
I DM2902JC/DM74S182J 
I DM2902JM/DM54S182J 

Units 

ns 

ns 

ns 

ns 

ns 

Molded DIP 
Hermetic DIP 

Hermetic DIP 
Hermetic DIP 

N16A 
J16A (D16C) 

J16A (D16C) 
J16A (D16C) -55°C to +125°C I DM2902JM/883/DM54S182J/883 
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~National . 
D Semiconductor 
IDM2909A111A 
Microprogram Sequencer 

General Description 
The IDM2909A is a 4-bit wide address controller that is 
used to sequence through a series of microinstructions 
contained in ROM or PROM. Two devices can be inter
connected to generate an 8-bit address (256 words). 
three devices for a 12-bit address (4k words). and so on. 
For a given device, the 4-bit address field can originate 
from anyone of four sources. These are: (1) direct "0" 
inputs from an external source, (2) external data from 
an internal register "R," (3) a push/pop stack that is 
4 words deep, and (4) a program counter, which usually 
contains the last address incremented by "1." Control 
of the push/pop stack is such that the stack can 
efficiently execute nested subroutine linkages. Moreover, 
each of the four TRI-STATE outputs can be ORed with 
an external input to implement conditional skips or 
branch instructions; a separate line is used to force the 
outputs to an "all-zero" state. As shown in the block 
diagram, the IDM2911A is identical to the IDM2909A, 
except the four OR inputs are removed and the "0" 
and "R" inputs are connected. The IDM2909A is housed 
in a 28-pin dual-in-line package, whereas the IOM2911A 
is a 20-pin device. 

Simplified Block Diagram 

REGISTER 
ENABLE 

AI 

OIRECT 
INPUTS o>--..... -.r-, 

So 

SI 

1i0M29; Q;lY'I 
: {~:~ >--+---i----il--+....., 
I ORI >-----t-.., 
L ~R~ _-I 

OUTPUT 

CONTR~ >-CII~~""-t ........ fo.oio--r..+-' 

Cn 

PUSHIPOP 

Cn .. 

2900 Family/ 
Bipolar Microprocessor 

Features and Benefits 

• 4-bit cascadable slice - any number of microwords 
can be generated_ 

• Internal address register - provides four address 
sources. 

• Branch input for N-way branches - where "N" is any 
word in the microcode. 

• Cascadable 4-bit microprogram counter. 

• 4x4 file with stack pointer and push/pop control -
four microsubroutines can be nested. 

• Zero input for returning to microcode word "zero." 

• Individual OR input for each bit to branch to higher 
microinstruction (IDM2909A only). 

• TRI-STATE outputs. 

• All internal registers change state on Low-to-High 
transition of clock pulse. 

Connection Diagrams 

liE 
R3 
RZ 
RI 
RO 

OR3 
03 

ORZ 
Oz 

ORI 
01 

ORO 
DO 

GNO 

CP 

VCC 
lit 

14 

VCC 
CP 
~u~ 

IT 
Cn .. 

Cn 
iiI 
V3 
Vz 
VI 
Vo 
SI 
So 
Wii! 

Cn .. 

Cn 
or 
Y3 
Vz 
YI 
Yo 

11 SI 
'-------' 
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Absolute Maximum Ratings 

Storage Temperature _65°C to +150°C 

Temperature (Ambient) Under Bias _55°C to +125°C 

Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 

DC Voltage Applied to Outputs for -0.5V to +VCC max 
High Output State 

DC Input Voltage -0.5V to +7.0V 
DC Output Current into Outputs 30mA 

DC Input Current -30 mA to +5.0 mA 

Operating Range 
Ambient 

PIN Temperature VCC 

IDM2909ANC, JC O°C to +70°C 4.75V to 5.25V 
IDM2911 ANC, JC O°C to +70°C 4.75V to 5.25V 

IDM2909AJM, JM/883 _55°C to +125°C 4.50V to 5.50V 
IDM2911AJM, JM/883 _55°C to +125°C 4.50V to 5.50V 

Electrical Cha.racteristics 
Commercial TA = O°C to +70°C, VCC = 4.75V to 5.25V 

Military T A = -55°C to +125°C, VCC = 4.50V to 5.50V 

Typ. 
Parameter Description Test Conditions (Note 1) Min. (Note 2) Max. 

VOH Output High Voltage VCC = min, Mil IIOH = -1.0mA 2.4 

VIN = VIH or VIL 
Com'I\IOH = -2.6 mA 2.4 

VOL Output Low Voltage VCC = min, 10L = 4.0mA 0.4 

VIN = VIH or VIL 
10L = 8.0mA 0.45 

10L = 16mA (Note 5) 0.5 

VIH Input High Level Guaranteed input logical high voltage for all 2.0 
inputs 

VIL Input Low Level Guaranteed input logical low voltage for all 0.8 
inputs 

VI Input Clamp Voltage VCC = min, liN = -18mA -1.5 

IlL Input Low Current VCC = max, VIN = 0.4V - -0.36 

IIH Input High Current VCC = max, VIN = 2.7V 20 

II Input High Current VCC = max, VIN = 7.0V 0.1 

lOS Output Short Circuit Current (Note 3) VCC = max -40 -100 

ICC Power Supply Current VCC = max (Note 4) 80 130 

10ZL Output Off Current VCC = max, VOUT = 0.4V -20 

10ZH 
DE = 2.7V 

VOUT = 2.7V 20 

Notas: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteris.tics for the applicable device type. 

2. Typical limits are at VCC = S.OV. 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Apply GND to Cn. RO. Rl, R2, R3, ORO. OR1. OR2, OR3, DO. Dl, D2, and D3. Other inputs open. All outputs open. Measured after a 

LOW-to-HIGH clock transition. 
5. The 16 mA guarantee applies only to YO, Y1, Y2. and Y3. 
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Standard Screening (Conforms to MIL-STD-883 for Class C Parts) 

MI L-STD-883 Level 

Step Method Conditions IDM2909A/2911A NC, JC 

Pre-Seal Visual Inspection 2010 B 100% 

Stabilization Bake 1008 C 24-hour,150°C 100% 

Temperature Cycle 1010 C -65°C to +150°C 100% 
10 cycles 

Centrifuge 2001 B 10,OOOG 100%* 

Fine Leak 1014 A 5 x 10-8 atm-ccicm3 100%* 

Gross Leak 1014 C Fluorocarbon 100%* 

Electrical Test 5004 See below for 100% 
Subgroups 1, 7, and 9 definitions of subgroups 

Insert Additional Screening here for Class B Parts 

Group A Sample Tests 5005 See below for 
Subgroup 1 definitions of subgroups LTPD = 5 
Subgroup 2 LTPD = 7 
Subgroup 3 LTPD = 7 
Subgroup 7 LTPD = 7 
Subgroup 8 LTPD = 7 
Subgroup 9 LTPD = 7 

'Not applicable to IDM2909ANC or IDM2911ANC. 

Group A Subgroups 
(as defined in MIL-ST0-8S3. Method 50051 

Subgroup Parameter Temperature 

1 DC 25°C 

2 DC Maximum Rated Temperature 

3 DC Minimum Rated Temperature 

7 Function 25°C 

8 Function Maximum and Minimum 
Rated Temperature 

9 Switching 25°C 

10 Switching Maximum Rated Temperature 

11 Switching Minimum Rated Temperature 

Additional Screening for Class B Parts 

MI L-STD-883 Level 

Step Method Co"nditions I DM2909A/11 A JM/883 

Burn-In 1015 D 125°C 100% 

160 hours min. 

Electrical Test 5004 
Subgroup 1 100% 

Subgroup 2 100% 

Subgroup 3 100% 

Subgroup 7 100% 

Subgroup 9 100% 

Return to Group A Tests in Standard Screening 
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IDM2909A/2911A JM 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

LTPD = 5 
LTPD = 7 
LTPD = 7 
LTPD = 5 
LTPD = 7 
LTPD = 5 

. 



Sw~tching Characteristics Over Operating Range 
All parameters are guaranteed worst case over the operating voltage and temperature range for the device type. 

IOM2909A/11A JC, NC TA = o°c to +70°C VCC = 4.75V to 5.25V 

IOM2909A/11A JM, JM/883 T A = -55°C to +125°C VCC = 4.5V to 5.5V) 

Table 4. 
Table 1. Minimum Clock Requirements Table 3. Maximum Delays from Clock to Outputs Setup and Hold Time Requirements 

Minimum Clock Low Time Functional Clock Clock External 

Minimum Clock High Time 
Path Grade to Vi to Cn+4 Inputs ts th 

Register C 40 45 RE 20 0 
Table 2. (S, So = LH) 

Maximum Combinatorial Propagation Delays 
M 50 55 Ri 15 a 

Jl Program Counter C 40 45 PUSH/POP 20 0 
(Sl So = LL) M 50 55 

File C 45 50 

IT 20 0 

Cn 15 a 
Inputs 

Outputs 

Vi Cn+4 

DE 25 - (Sl So = HL) M 55 60 °i 20 0 

ORi 20 a ZERO 30 35 

ORi 20 30 CL ~ 50pF 
So,S, 30 0 

SO,S, 30 35 
(except output disable tests) 

°i 20 

Cn -

All INPUTS 
(EXCEPT OE) 

30 

'8 

ZERO 30 

J.OV 

l.JV 

OV 

th 
(TABLE 4) 

J.OV 

l.JV 

OV 

~ I: I 
INPUTS TO V OR Cn+4 

CLOCK TO V1 OR Cn+4 • _ . (TABLE 2) 
(TABLEJ) ---~-l 

V OUT 
Cn+4 ) <---VOH 

1.3 V 

VOL 

Figure 1 .. Switching Waveforms (refer to preceding tables for specific values) 

Architecture of 
Microprogram Sequencer 
A 4-input multiplexer selects one of four sources for the 
address of the next microinstruction address; these 
sources are:· the address register, the microprogram 
counter, direct inputs, and the memory file. The multi
plexer is controlled by the SOlS, inputs. As shown in 
figure 2, the address register consists of four Ootype 
edge-triggered flip-flops with a common clock enable. 
When the REGISTER ENABLE signal is low, new data 
is entered on the low-to-high transition of the clock. 
The "a" outputs of the address register are available 
at the input of the multiplexer as a source for the next 
microinstruction address. The direct inputs (00- 03) 
can likewise be selected as an address input to the 
multiplexer. 

Both the IDM2909A and the IDM2911A are bipolar 
microprogram sequencers designed for use in high-speed 
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microprocessors, high-performance computer control 
units, and other applications where overlap fetch of the 
microinstruction is required. Each device is cascadable 
in 4-bit increments such that two devices can address up 
to 256 words of microprogram memory, three devices 
up to 4k of memory, and so on. A detailed block 
diagram of the microprogram sequencer is shown in 
figure 2. 

In the IDM2911A, the 4-bit direct field is also used as an 
input to the address register, that is, RO and DO are 
connected, R, and 0, are connected, and so on. With 
the "R" and "0" connections made and the OR inputs 
removed, the IDM2911 A can perform an N-way branch, 
where "N" is any word in the microcode. 

a 



« ..... ...... 
a 
CJ) 
o 
CJ) 
C'oI 
:E 
c 

Test Output Load Configurations for I DM2909A/2911 A 
A. Three·State Outputs 

R1 5.0 - VSE - VOL 
IOL+VOL/1k 

...... 

Vee 

! 

B. Norm~1 Outputs 

Vee 

R1 

./ ....... 
VOUT--o""'" t,r'>-... - ................ 

Sl . T r"II 

R2 -'-CL~' 
T ~~ 

-..: - -"-- - ~, 
-"-

R2=~ 
IOH 

Rl 5.0 - VSE - VOL 
IOL+VOL/R2 

--= 

Note 1: CL = 50 pF includes scope probe, wiring and stray capacitances without device in test fixture. 

Note 2: 51,52,53 are closed during function tests and all AC tests except output enable tests. 

Note 3: 51 and 53 are closed while 52 is open for tpZH test. 
51 and 52 are closed while 53 is open for tpZL test. 

Note 4: CL = 5.0 pF for output disable tests .. 

Test Output Loads 

Notes: 
Max ICC = 200 mA 

TA= +125°C 

Resistors = :!: 5% 

R1 = 3900 

R2 = 5600 

R3= 1,kO 

Pin # 
(DIP) 

18-21 
24 

Pin # 
(DIP) 

12-15 
18 

fiN = 100 kHz, 50% duty cycle, OV-3V 

From clock buffer on each board: 
Vce min = 5.0V 
Vee max =5.1V 

Pin Label 

YO-3 

Cn + 4 

Pin Label 

YO- 3 

Cn + 4 

Test IDM2909 IDM2909A 

Circuit R1 R2 R1 R2 

A 300 1k 220 1k 
B 470 2.4k 220 2.4k 

Test IDM2911 IDM2911A 

Circuit R1 R2 R1 R2 

A 300 1k 220 1k 
8 470 2.4k 220 2.4k 

Burn·in Circuit for IDM2911A 

: R2 . 

1 T i 
120 \19 18 117116 15 14 '113 12 Tll 

PUSHI FE Cn+4 Cn OE· Y3 Y2 Yl YO Sl 
pop 

IDM2911A 

CP Vee HE 03 02 01 DO GNO ZERO SO 

1 2 3 4 5 6 7 8 9 110 

1 
I 

flN-

Vee ----+----J\M,------' 
R3 
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Figure 2. Microprogram Sequencer - Detailed Block Diagram 
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The microprogram counter consists of a 4·bit incremen· 
ter followed by a 4·bit register. The carry·in (Cn) and 
carry·out (Cn+4) features of the incrementer make 
cascading to larger word lengths easy and straightforward. 
The microprogram counter can be used in either of two 
ways. When the least significant bit of Cn is high, the 
microprogram register (/lPC) is loaded on the next clock 
cycle with the current output word (VO-Y3) plus 1, 
that is, V + 1 -+ pPC; thus, sequential microinstructions 
are executed. When Cn is low, the "V" outputs are not 
incremented; accordingly, the same miCroinstruction can 
be repeatedly executed. The last address source available 
at the input of the multiplexer is the 4·bit/4·word stack 
file;' when executing subroutines, the file provides return 
address linkage. The 4·by-4 memory matrix contains a 
stack pointer (SP) that always points to the last word 
written in the file; thus, stack reference operations 
(looping) can be performed without a push or pop. The 
stack pointer operates as an up/down counter with 
separate PUSH/POP and FILE ENAB LE inputs. When 
the enable signal is low and the other signal is high, the 
"push" operation is enabled. Under these conditions, the 
stack pointer is incremented and the file is written with 
the required return linkage, that is, the next micro· 
instruction address following the subroutine jump that 
initiated the "push." If both input signals (PUSH/POP 
and FILE ENABLE) are low, a "pop" operation is 
implemented. During this clock cycle, the return linkage 
is used to return from the subroutine; the next low·to· 
high transition of the clock ,pulse decrements the stack 
pointer. 

When the FILE ENAB LE signal is high, the stack pointer 
is not incremented or decremented, regardless of whether 
the PUSH/POP signal is high or low. Linkage of the stack 
pointer is such that any combination of pushes, pops, or 
stack references can be implemented; one microinstruc· 
tion subroutine can be performed. Since" the stack is 
4 words deep, up to four microsubroutines can be 
nested. The ZERO input is used to force all four outputs 
(YO- Y3) of the multiplexer to the zero (logic 0) state. 
When the zero input is low, all Y·outputs are low, unless 
overridden by the OUTPUT ENABLE (DE) signal. Also, 
each bit of the V·output word can be ORed at the input 
such that conditional logic can be enforced; this allows 
execution of microinstructions to occur in any program· 
med sequence. 

Definition of 
Terms and Symbols (Figure 2) 

Inputs to IDM2909A/11A: 

SO/51 Control lines for address·source selection 

FE/PUP Control lines for push/pop stack 

Cn 

Ri 

Di 

CP 

Enable signal for internal address register 

Logic OR input for each address output 
line 

Logic AND input for all output lines 

Output Enable; when DE is high, the 
Y·outputs are TRI·STATE (high imped· 
ance) 

Carry·in to incrementer 

Inputs to the internal address register 

Direct inputs to the multiplexer 

Clock inputs 

Outputs from the IDM2909A/11A: 

Address outputs; address inputs to 
control memory 

Cn+4 Carry·out from the incrementer 

pPC Contents of the microprogram counter 

REG Contents of the internal register 

STKO/STK3 Contents of the push/pop stack. By 

SP 

definition, the word addressed by the 
stack pointer in the 4·by·4 file is STKO. 
Data is pushed onto the stack at STKO 
and is subsequently pushed'to STK 1, 
STK2, and finally to STK3. When the 
stack is popped, data is removed in the 
following order: STK3 -+ STK2-+ 
STK1, and then to STKO. When a push 
or pop occurs, only the stack pointer 
changes - the data is not physically 
shifted within the stack. 

Contents of the stack pointer 

Terms and symbols external to the IDM2909A/11A: 

A Control memory address 

I (A) Instruction in control memory at 
address "A" 

pWR Contents of microword register at 
output of control memory; this register 
contains the instruction currently, being 
executed 

Tn Period of timing cycle 

Operation of the 
IDM2909A111A 
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Select codes for the multiplexer and the truth tables for 
output control/stack control are shown in figure 3. The 
two bits (SO/51) from the microword register (plus 
additional branching logic) determine the data source for 
the next microinstruction address. The selected data 
source appears on the Y ·outputs of the mUltiplexer. 

A state table for SO, 51, FE, and PUP is shown in figure 
4; these signals define not only the address specified by 
the V·outputs, but also the state of all internal registers, 
following the low·to·high transition of the clock pulse. 
In figure 4, it is assumed that the microprogram counter 
initially contains some word "J," word "K" is in the 
address register, and words Ra through Rd are contained 
in the 4·word push/pop stack. 

The sequence for executing a subroutine using the 
IDM2909A is illustrated in figure 5. For any given clock 
cycle, the instruction being executed is contained in the 
microword register (pWR); the contents of this register 
also directly (or indirectly) control SO, 5" FE, and PUP. 
At the appropriate time, the starting address of the sub· 
routine is applied to the "0" inputs of the sequencer. 
The three left·hand columns of figure 5 show the execu· 
tion sequence of the instructions and the designated 
execution cycles. At address "J+2," the sequence· 
control part of the microinstruction contains the 
command "Jump To' Subroutine A." At time t2, the 
"J+2" instruction resides in the pWR and the inputs of' 
the sequencer are set up 'to execute the "jump," and to 
save the return address. Address bits for subroutine "A" 
are taken from the microword register and applied to the 
D·inputs of the multiplexer; the output appears at the 
V·port of the multiplexer. 



Address Selection Output Control 

Octal S, So Source for V Outputs Symbol ORj ZERO OE Vj 

a L L Microprogram Counter pPC X X H Z 

1 L H Register REG X L L L 

2 H L Push-Pop Stack STKO H H L H 

3 H H Direct Inputs Di L H L Source selected by SOS1 

Z = High Impedance 

Synchronous Stack Control 

FE PUP Push-Pop Stack Change 

H X No change 

L H Increment stack pointer, then 
push current PC onto STKO 

L L Pop stack (decrement stack pointer) 

H = High 

L = Low 

X = Don't Care 

Figure 3. Truth Tables for Multiplexer Control Signals 

S" SO, FE, PUP 
Principal 

Cycle pPC REG STKO STK' STK2 STK3 VOUT Comment Use 

N a a a a J K Ra Rb Rc Rd J Pop Stack End Loop N+1 - J+1 K Rb Rc Rd Ra -

N a a a 1 J K Ra Rb Rc Rd J Push pPC 
Set Up 

N+1 - J+1 K J Ra Rb Rc - Loop 

N a a 1 X J K Ra Rb Rc Rd J Continue Continue N+1 - J+1 K Ra Rb Rc Rd -
N a 1 a a J K Ra Rb Rc Rd K Pop Stack; 

End Loop N+1 - K+1 K Rb Rc Rd Ra - Use AR for Address 

N a 1 a 1 J K Ra Rb Rc Rd K Push pPC; 
JSR AR N+1 - K+1 K J Ra Rb Rc - Jump to Address in AR 

N a 1 1 X J K Ra Rb Rc Rd K 
Jump to Address in AR JMPAR N+1 - K+1 K Ra Rb Rc Rd -

N 1 0 a a J K Ra Rb Rc Rd Ra Jump to Address in STKO; RTS N+1 - Ra+1 K Rb Rc Rd Ra - Pop Stack 

N 1 a a 1 J K Ra Rb Rc Rd Ra Jump to Address in STKO; 
N+1 - Ra+1 K J Ra Rb Rc - Push pPC 

N 1 a 1 X J K Ra Rb Rc Rd Ra Jump to Address in STKO 
Stack Ref 

N+1 - Ra+ 1 K Ra Rb Rc Rd - (Loop) 

N 1 1 a a J K Ra Rb Rc Rd D Pop Stack; 
End Loop N+1 - D+1 K Rb Rc Rd Ra - Jump to Address on D 

N 1 1 a 1 J K Ra Rb Rc Rd D Jump to Address on D; JSR D N+1 - D+1 K' J Ra Rb Rc - Push pPC 

N 1 1 1 X J K Ra Rb Rc Rd D 
Jump to Address on D JMP D 

N+1 - D+1 K Ra Rb Rc Rd -

X = Don't Care, 0 = Low, 1 = High, Assume Cn = High 
Note: STKO is the location addressed by the stack pointer. 

Figure 4. Output and Internal Next-Cycle Register States for I DM2909A/11 A 
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I 

Control Memory 

Execute 
Microprogram Execute Cycle to t1 t2 t3 t4 t5 t6 t7 t8 t9 

Cycle 
Address 

Sequencer 
Instruction 

Clock rL rL n.J IL r---L rL rL rL rL n.. -J-1 - Signals 

to J - IDM2909A 51. 50 0 0 3 0 0 2 0 0 
t1 J+1 - Inputs ~ H H L H H L H H 
t2 J+2 JSR A 

t6 J+3 -
(from PUP X X H X X L X X 
/-LWR) 

0 X X A X X X X X 

t7 J+4 - Internal /-LPC J+1 J+2 J+3 A+1 A+2 A+3 J+4 J+5 

- - Registers STKO - - - J+3 J+3 J+3 - -
STK1 - - - - - . - - -- -
STK2 - - - - - - - -- -
5TK3 - - - - - - - -- -

IDM2909A V J+1 J+2 A A+1 A+2 J+3 J+4 J+5 - - Output 
t3 A I(A) 

ROM (V) I(J+1) JSR A itA) I(A+1) RTS I(J+3) I (J+4) I(J+5) 
t4 A+1 - Output 

t5 A+2 RTS Contents /-LWR I(J) I (J+1) JSR A I(A) I(A+1) RTS I(J+3) I(J+4) 

- - of/-LWR 
(Instruction - - being 

- - executed) 

- - Cn - High 

- -
- -
- -

Figure 5. Execution of Subroutine 

Subsequently. the first instruction "I(A)" of the subrou
tine is accessed and input to f.1.WR. On the next low·to
high transition of the clock. I(A) is loaded into f.1.WR for 
execution and the return address (J+3) is pushed onto 

Control Memory 

Execute Microprogram Execute Cycle to 
Cycle 

Address Sequencer 
Instruction 

Clock ru -J-1 - Signals 
to J -
t1 J+1 - IDM2909A 51. So 0 

Inputs r£ H 
t2 J+2 JSR A 

t9 J+3 -

(from PUP X 
/-LWR) 

0 X 
- - Internal /-LPC J+1 
- - Registers STKO -
- - STK1 -
- - STK2 -

t3 A - STK3 -
4 A+1 -
t5 A+2 JSR B 

t7 A+3 -

IDM2909A V J+1 
Output 

ROM (V) I(J+1) 
Output 

t8 A+4 RTS 
Contents /-LWR I(J) 

- - of/-LWR 
- - (Instruction 

being - - executed) 
- -

t6 B RTS 

- -
- -

the stack. At t5. the return instruction is executed. 
Figure 6 shows a similar instruction sequence where one 
subroutine is linked to another- the second subroutine 
consists of only one microinstruction. 

tl t2 t3 t4 t5 t6 t7 ta t9 

n.. ru n.. ru rL rL ru n. rL 

0 3 0 0 3 2 0 2 0 
H L H H L L H L H 
X H X X H L X L X 
X A X X B X X X X 

J+2 J+3 A+1 A+2 A+3 B+1 A+4 A+5 J+4 

- - J+3 J+3 J+3 A+3 J+3 J+3 -
- - - - - J+3 - - -
- - - - - - - - -
- - - - - - - - -
J+2 A A+1 A+2 B A+3 A+4 J+3 J+4 

JSR A I(A) I(A+1) JSR B RTS I(A+3) RTS I(J+3) I(J+4) 

I(J+1) JSRA I(A) I(A+1 JSR B RT5 I(A+3) RT5 I (J+3) 

Cn - High 

Figure 6. Two Nested Subroutines 
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Applications Example 
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Figure 7. Tvpical Use of an IDM2909A as a Microprogram Sequencer in a Computer Control Unit 
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~National 
~ Semiconductor 

2900 Familyl 
Bipolar Microprocessor 

PRELIMINARY 
IDM2910A Microprogram Controller 

Ger-eral Description 
The IDM2910A Microprogram Controller Is a 12-blt 
wide address controller packaged In a standard 
40-pln dual-in-line package. The IDM2910A features 
TRI-STATE\!) outputs and Is fabricated using SCl 
(Schottky ECl) technology. The IDM2910A Is a micro
program memory address controller that controls the 
execution sequence of microinstructions. In addition 
to being able to sequentially access memory, the 
IDM2910A Is also able to conditionally branch to any 
microinstruction within the 4096 microinstruction 
range. A five-level last-In, first-out (LIFO) stack 
provides mlcrosubroutine return linkage. An Internal 
loop counter Is Included to provide the repeating 
instructions or perform up to 4096 loop Iterations. 

As each microinstruction is executed, the IDM2910A 
selects a 12-bit address from one of four sources: 

1. The Microprogram Address Register which usually 
contains the increment address of the previous 
microinstruction. 

2. The external Direct Input lines, 

3. The Register/Counter which contains an address 
or data loaded during a previous microinstruction. 

4. The LIFO Stack. 

IDM2910A Block Diagram 

Dj 

RLD----------------.~ 

Features and Benefits 
• Twelve-bit wide address - controls up to 4096 

words of microcode with one device 

• Internal register/counter - a 12-blt down-counter 
that may be used to count loop Iterations 

• Four address sources - the next microprogram 
address selected from the microprogram address/ 
register data input lines, LIFO stack, or register 
counter 

• Sixteen powerful microinstructions - executes 
16 sequence control Instructions 

• Output enables for three branch address sources 
- replaces either external decoder or additional 
bit of microcode 

• Positive-edge triggering for all Internal registers 

• Fast condition-code control - typically a 19ns 
delay from a condition-code Input to an address 
output 

• SCl technology - provides ECl speeds while 
maintaining low-power Schottky power consump
tion 

• 100% reliability testing in compliance with Mil
STD-883. 

L-~~~~.-1t---------.-,------~~-----cP 

INSTRUCTIDN I-----I~ 
PLA 

Pr ...... ---... 

Vj 
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Absolute Maximum Ratings 

Storage Temperature -6S'Cto +1S0'C 
Temperature (Ambient) Under Bias -SS'C to + 12S'C 
Supply Voltage to Ground Potential -O.SVto +6.3V 
DC Voltage Applied to Outputs 
for High Output State -O.SVto +Vcc max 
DC Input Voltage -O.SVto +S.SV 
DC Output Current, into Outputs 30mA 
DC Input Current -30mAto +S.OmA 

Operating Range 

Ambient 
Part Number Temperature Vcc 

IDM2910A JC, NC O'C to + 70'C 4.7SV to S.2SV 

IDM2910A JM, JM/883 -SS'C to +12S'C 4.S0V to s.sov 

Standard Screening (Conforms to MIL·STD·883 for Class C parts) 

MILSTO·883 
Level 

Step Method Conditions OC,NC OM 

Pre·Seal Visual Inspection 2010 B 100% 100% 

Stabilization Bake 1008 C: 24·hour 1S0'C 100% 100% 

Temperature Cycle 1010 
C: -6S'C to +1S0'C 

100% 100% 
10 cycles 

Centrifuge 2001 B: 10,OOOG 100%- 100% 

Fine Leak 1014 A: S x 1Q-B atm·cc/cm3 100%- 100% 

Gross Leak 1014 C2: Fluorocarbon 100%- 100% 

Electrical Test 
S004 

See below for 
100% 100% 

Subgroups 1,7, and 9 definitions of subgroups 

Insert Additional Screening here for Class B parts 

Group A Sample Tests 
Subgroup 1 LTPD=S LTPD=S 
Subgroup 2 LTPD=7 LTPD=7 
Subgroup 3 

SOOS See below for LTPD=7 LTPD=7 
Subgroup 7 definitions of subgroups LTPD=7 LTPD=S 
Subgroup 8 LTPD=7 LTPD=7 
Subgroup 9 LTPD=7 LTPD=S 

°Not applicable to IDM2910ANC. 

Additional Screening for Class B Parts Group A Subgroups 
(as defined in MILSTD·883, method SOOS) 

MIL·STD·SS3 
Level Subgroup Parameter Temperature 

Step Method Conditions DM/BB3 1 DC 25"C 
Burn-In 1015 D: 125'C, 160 hours min 100% 2 DC Maximum rated temperature 

Electrical Test 5004 3 DC Minimum rated temperature 

Subgroup 1 100% 7 Function 25'C 

Subgroup 2 100% B Function Maximum and minimum rated 

Subgroup 3 100% temperature, 

Subgroup 7 100% 9 SWitching 25'C 

Subgroup 9 100% 10 Switching Maximum rated temperature 

Return to Group A Tests in Standard Screening 
11 Switching Minimum rated temperature 

23·3S 



Electrical Characteristics 

The following conditions apply unless otherwise specified: 

Comm'l T A = O·C to + 70 ·C Vee=5.0V±5% min =4.75V max=5.25V 

Mil Te= -55·C to +125·C Vee = 5.0V ± 10% min =4.50V max=5.50V 

DC Characteristics over Operating Range 

Symbol Description Test Conditions (Note 1) Min 
Typ 

(Note 2) Max Units 

VOH Output HIGH Voltage Vee = min, 10H = -5mA, 2:4 V 
VIN = VIH or Vil 

VOL Output LOW Voltage Vee = min, VIN = VIH or Vll, 0.5 V 
YO-11 10L = 12 mA (Comm'l) 
YO- 11 10l = 12mA (Mil) 
PL, VEC'i", MAP, mIT 

IOL=8mA 

VIH Input HIGH Level (Note 4) guaranteed input logical 2.0 V 
HIGH voltage for all inputs 

Vil Input LOW Level (Note 4) guaranteed input logical 0.8 V 
LOW voltage for all Inputs 

VI Input Clamp Voltage Vee =min,IIN=.-18mA -1.5 V 

III Input LOW Current Vee=max, VIN =0.5V -0.36 mA 

IIH Input HIGH Current Vee=max, VIN=2.7V 30 ,..A 

II Input HIGH Current Vee = max, VIN = 5.5 V 1.0 mA 

Ise Output Short Circuit Vee=max -20 -85 mA 
Current (Note 3) 

10Zl Output OFF Current Vee =max,OE=2.4V, -50 ,..A 
VouT =0.5V 

10ZH Output OFF Current Vee =max,'OE = 2.4V, 50 ,..A 
VOUT = 2.4V 

Icc Power Supply Current Vee=max \TA =25·C 160 245 mA 

IDM2910A DC, NC TA=O·C to +70·C 260 mA 
TA = +70·C 220 mA 

IDM2910A OM, DM/883 Tc_= -55·C to +125·C 275 mA 
Te= +125·C 185 mA 

Notes: 
1. For conditions shown as minor max, use the appropriate value specified under Electrical Characteristics for the applicable 

device type. 
2. Typical limits are at Vee=5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. These input levels provide no guaranteed noise immunity and should be tested only in a static· and noise-free environment. 
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OUTPUTS 

Figure 1. Switching Waveforms 

Setup (ts) and hold (th) times for varied Inputs are listed In Table A. Combinational Input to 
output delays are listed In Table B. Clock requirements are listed In Table C. 

See Figure 3, Switching Waveform Timing, for a typical cycle. 

Switching Characteristics 
(Refer to Figure 1.) 

IDM2910A switching characteristics for the typical, commercial and military operating ranges available are given in 
Tables A, B, and C on this page and the following page. 

Table A contains setup and hold times with respect to the clock low-to-high transition. Table B contains combina
tional delays from input to output. Table C contains the clock requirements. 

All measurements are made at 1.5V with input levels at OV or 3V. All times are in nanoseconds. 

Typical Room Temperature Characteristics 
(TA=25°C, Vcc=5.0V, CL =50pF) 

A. Setup and Hold Times 

Input t. th Input 

0 1 - R 11 6 00-0" 
0 1 - AR 15 6 10- 13 

10- 13 35 6 CC 
CC 22 6 CC'EN 
~ 21 6 CP 

Cn 19 6 1=8.9,15 

R[l) 21 6 CP (Note) 
1=8.9,15 

CP 
All Other I 

or 

B. Combinational Delays 

Y PL, VECT, MAP FULL 

14 - -
24 20 -
21 - -
21 - -
28 - -
28 - -
24 - 28 

15115 - -
Not.: If the Instruction prior to the clock was 4 or 12 or RLD was 
low. delays are as listed. 

C. Clock Requirements 

Minimum Clock LOW Time 25 ns 

Minimum Clock HIGH Time 25 ns 

Mfnlmum Clock Period, I = 8, 9, 15 50 ns 

Minimum Clock Period, 1=14 50 ns 

Clock periods for other Instructions are determined by external 
conditions. 
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Guaranteed Characteristics over 
Commercial Operating Range 
IDM2910A ~c, NC 
(TA=O·C to +70·C, Vcc=4.7SV to S.2SV, CL=SOpF) 

A. Setup and Hold Times 

. Input t. th 

01- R 14 0 

Ol-AR 25 0 

10- 13 35 0 

CC 35 0 

CCEN 35 0 

Cn 30 0 

l1Cn 25 0 

B. Combinational Delays 

Input 'Y PL, VECT, MAP FULL 

00-0" 20 - -
10- 13 35 30 -
CC 35 - -

CCEN 35 - -
CP 

45 -1=8,9,15 -

CP (Note) 
45 - -1=8,9,15 

CP 
35 - .30 All Other I 

OE 25/25 - -
Note: If the Instruction prior to the clock was 4 or 12 or RLD was 
low, delays are as listed. 

C. Clock Requirements 

Minimum Clock LOW Time 30 ns 

Minimum Clock HIGH Time 30 ns 

Minimum Clock Period, 1=8,9, 15 60 ns 

Minimum Clock Period, 1=14 60 ns 

Clock periods for other instructions are determined by external 
conditions. 

Guaranteed Characteristics over 
Military Operating Range 
IDM2910A OM, OM/883 
(TA= -SS·C to +12S·C, Vcc=4.SV to S.SV, CL=SOpF) 

A. Setup and. Hold Times B; Combinational Delays 

Input t. th Input Y PL, VECT, MAP 

01- R 17 0 00-011 25 -
D1-AR 30 0 10- 13 40 35 

10- 13 40 0 CC 40 ' -
~ 40 0 CCEN 40 -

CCEN 40 0 

Cn 35 0 

CP 
55 -1=8,9,15 

R[i) 30 0 CP (Note) 
55 -1=8,9,15 

CP 
40 

All Other I -

OE 25/25 -

FULL 

-
-
-
-

-

-

35 

-
-Note: If the instruction prior to the clock was 4 or 12 or RLD was 

low, delays are as listed. 

C. Clock Requirements 

Minimum Clock LOW Time 35 ns 

Minimum Clock HIGH Time 35 ns 

Minimum Clock Period, 1=8,9, 15 70 ns 

Minimum Clock Period, 1=14 70 ns 

Clock periods lor other instructions are determined by external 
conditions. 

23·38 



Abbreviation 

OJ, i = 0 to 11 

II' i =0 to 3 

CC 

CCEN 

Cn 

ALD 

OE 

CP 

Vee 

GND 

Yj , i =0 to 11 

FULL 

PL 

MAP 

VEeT 

Y4 03 
04 Y3 
YS 02 
Os Y2 

VECf 01 
PI YI 

MAP 00 
13 YO 
12 Cn 

VCC CP 

II GNO 

10 [[ 

CCEN YII 
cc 011 

AIif YIO 
FiITT OlD 

06 Yg 

Y6 Og 

07 Ys 
Y7 Os 

Figure 2. Pin Connection Diagram 

Tabie 1. IDM2910A Pinout DescrlptiQns 

Name 

Direct Inputs 

Instruction Lines 

Condition Code 

Condition Code Enable 

Carry In 

Register Load 

Output Enable 

Clock Pulse 

+5 Volts 

Ground 

Address Outputs 

Full Stack 

Pipeline Address Enable 

Map Address Enable 

Vector Address Enable 

Function 

12 direct input lines carrying data into the register/counter or a 
jump address to be used by the multiplexer. Do is LSB. 

Four instruction lines. Select one-of-sixteen control instructions 
for the IDM2910A. 

The outcome of a test is input through this line into the 
IDM2910A so that it m'!Lbe used in conditional control 
instructions. A low on cc. is interpreted as PASS test. 

Conditional control based on the CC input is enabled as long as 
CCEN is low. A high on CCEN overrides the CC input and the 
IDM2910A will operate as if CC were low. 

The carry input to the address register incrementer. 

When LOW, will force a load of the register/counter on the next 
rising edge of the clock. Loading will be performed regardless of 
instruction or condition. 

The TAI·STATE!!) control of Yj outputs. 

All internal state changes are triggered by the rising edge of the 
clock. 

12 address output lines to be used by the microprogram memory 
in accessing the next microword. Yo is LSB. 

This output will go low one microcycle after the stack becomes 
full. 

May be used to enable the first of three sources (usually 
pipeline register) onto the branch address bus connected to the 
Dj inputs. 

May be used to enable the second of three sources (mapping 
ROM, PAOM or RAM) onto the branch address bus connected to 
the OJ inputs. . 

May be used to enable the third of three sources (usually 
interrupt starting address) onto the branch address bus 
connected to the Dj inputs. 
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Test Output Load Configurations for I DM291 OA 

A. Three·State Outputs B. Normal Outputs 

VOUT~ T 
51 ~ 

T
el 

- : - . 

R1 5.0 - VBE - VOL 

'Ol +VOl/1k 

Vee 

! 
52 

R1 

..... 
, ...... ~, 

-.... 
1k ~, -.... 

~, 

-I-----

Vee 

./ I~ 
VOUT~l I:>-... - ...... .l-... I .......... 

R2 Tel ~~ 
~, 

~ - -.... - - ~, 

R2=~ 
'OH 

R1 = .....,5.,-0 -_V--,B=-:E=--':"_V="O,.=l 
'Ol +VOl/R2 

-I-

~ 

Note 1: Cl = 50 pF includes scope probe, wiring and stray capacitances without device in test fix·ture. 

Note 2: 81,82,53 are closed during function tests and all AC tests except output enable tests. 

Note 3: 51 and 53 are closed while 52 is open for tpZH test. 
51 and 52 are closed while 53 is open for tpZl test. 

Note 4: Cl = 5.0 pF for output disable tests. 

Test Output Loads for I DM2901 A 

Pin # 
Pin Label 

Test 
R1 R2 

(DIP) Circuit 

- YO~ll A 300 1k 

5 VECT B 470 1.5k 

6 PL B 470 1.5k 

7 MAP B 470 1.5k 

16 FULL B 470 1.5k 
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The IDM2910A Microinstruction Set · If there is no data-dependent microcode, CCEN can 
be tied high. 

The IDM2910A executes sixteen control instructions. · If data-dependent control Instructions are never 
These instructions perform specific functions in forced unconditionally, CCEN can be tied low. 
addition to the selection of the next microcode word to 
be executed. · If CCEN is tied to the source of the IDM2910A 

Four of the control instructions are unconditional - the 
instruction bit 10, control instructions 4, 6, and 10 are 
left as data-dependent, and the others are made 

function performed is specified only by the instruction unconditional. 
itself. 

Several of the IDM2910A Inputs may be used to modify 
Ten of the control instructions are conditional branches instruction execution. For 10 of the 16 Instructions, the 
- based upon the state of an external data-dependent combination of CC high and CCEN low Is used as a test. 
test. Since test results may be forced by suitable When RLD is low, the direct Inputs are loaded Into the 
circuitry, it follows that the ten control instructions may register/counter overriding any HOLD or DECREMENT 
also be used as unconditionals. (DEC) operation specified in the microinstruction. The 

Three of the instructions allow conditional sequencing 
OEinput, normally low, may be driven high to place the 
Y outputs in the TRI-STATE~ condition. 

based upon the contents of the internal register/counter. 
The LIFO stack contains a 5-word, 12-blt file memory 

The IDM2910A instruction control set is shown in and a stack pointer which addresses the value presently 
Table 2. One of the conditional branch control at the top of the staCk. Actual control over the stack 
instructions is dependent on the external data test and pointer is possible when using microinstruction 0 
the contents of the internal register/counter. (JUMP ZERO, or RESET). This microinstruction clears 
For the following discussion it is assumed that Cn is the stack by resetting the stack pointer to zero. The 
tied high. ' contents at the top of the stack will remain undefined 

For the ten conditional control instructions, the results following execution of microinstruction 0, or whenever 

of data dependent tests are applied to the condition the stack becomes empty. Any pops performed while 

code input, CC. If the input to CC is low, the test is the stack is empty will place an undefined address at 

considered passed and the action specified under the F inputs to the multiplexer and the ~tack pointer will 

"PASS" (Table 2) will be taken. If the input to CC is high, remain at zero. 

the test is considered failed and the alternate action is If five more pushes than pops have occurred since the 
taken. In many cases, the alternate action is the stack was last empt~ stack will become full. Once 
selection of the sequentially incremented address. By the stack is full, the FULL output will go low. FULL will 
setting CCEN high for any specific microinstruction, CC go low on the first microcycle following the fifth push. If 
testing will be disabled and a "PASS" will be forced. any additional push operations are performed on a full 
Other suggestions for using CCEN to save one bit of stack, the stack becomes overwritten and any previous 
microcode are: information is lost. 

Table 2. IDM2910A Microinstruction Set 

FAIL PASS 
Hex Reg/Cntr CCEN=LOW CCEN=HIGH Reg' 
13-10 

Mnemonic Name 
Contents and CC=HIGH or CC=LOW Cntr Enable 

Y Stack Y Stack 

0 JZ' JUMP ZERO X 0 CLEAR 0 CLEAR HOLD PL 

1 CJS COND JSB PL X PC HOLD 0 PUSH HOLD PL 

2 JMAP JUMP MAP X 0 HOLD 0 HOLD HOLD MAP 

3 CJP COND JUMP PL X PC HOLD 0 HOLD HOLD PL 

4 PUSH PUSH COND LD CNTR X PC PUSH PC PUSH !'late 1 PL 

5 JSRP COND JSB R/PL X R PUSH 0 PUSH HOLD PL 

6 CJV COND JUMP VECTOR X PC HOLD 0 HOLD HOLD VECT 

7 JRP COND JUMP R/PL X R HOLD 0 HOLD HOLD PL 

" 0 
F HOLD F HOLP DEC PL 

8' RFCT REPEAT LOOP, CNTR " 0 
=0 PC POP PC POP HOLD ' PL 

,,0 0 HOLD 0 HOLD DEC PL 
9 RPCT REPEAT PL, CNTR " 0 

=0 PC HOLD PC HOLD HOLD PL 

A CRTN COND RTN X PC HOLD F POP HOLD PL 

B CJPP COND JUMP PL & POP X PC HOLD 0 POP HOLD PL 

C LDCT LD CNTR & CONTINUE X PC HOLD PC HOLD LOAD PL 

0 LOOP TEST END LOOP X F HOLD PC POP HOLD PL 

E CONT CONTINUE X PC HOLD PC HOLD, HOLD PL 

,,0 F HOLD PC POP DEC PL 
F TWB THREE-WAY BRANCH 

=0 0 POP PC POP HOLD PL 

Note 1: If CCEN = LOW and CC = HIGH, hold; else load. X = Don't Care. 
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I DM291 OA Architecture 
The IDM2910A Bipolar Microprogram Controller is 
intended for use in very high-speed microprocessor 
applications_ Up to 4096 microwords may be addressed 
using the IDM2910A_ 

A multiplexer within the IDM2910A selects one of four 
Inputs as the source of the next microinstruction 
address_ The four sources are: 

1. the microprogram address register (J,tAR) 
2. the register/counter 
3. the direct input lines 
4. the LIFO stack 

1. The Microprogram Address Register contains a 
twelve-bit incrementer followed by a twelve-bit 
register_ Two uses for the microprogram address 
register are: 

a_ When carry-in (Cn) is high, the current micropro
gram address plus one (YI + 1) is loaded Into the 
address register on the next positive clock 
transition_ Therefore, microprogram words are 
accessed sequentially. 

b. When carry-in (Cn) is low, the current micropro
gram address is passed through the incrementer 
and loaded into the address register on the next 
position clock transition_ Thus, the same micro
instruction may be repeated as often as is 
required. 

2. The register/counter contains twelve D-type edge
triggered flip-flops with a common clock enable. 
When the register load control (RLD) is low, 
addresses from the direct input bus are loaded into 
the register on the next positive-going clock_ Some 
sequence control Instructions, include a load 
operation. For most microcomputer systems, these 
Instructions will be sufficient, thereby simplifying 
the microcode. 

3. The Direct Input lines are a direct input source which 
may be used for microprogram branching. 

4. The LIFO stack is a 5-word by 12-bit stack used to 
provide return address linkage when executing 
microsubroutlnes or loops. The stack incorporates a 

Architectures Using the IDM2910A 
Shading illustrates paths which can limit speed. 

5 x 12 file (RAM) and a stack pointer that always 
pOints to the last entry into the file. Stack reference 
operations (microprogram looping) may be executed 
without popping the stack. 

The stack pointer is an up/down counter that is Incre
mented whenever a push operation is performed (micro
instructions 1, 4, and 5). Once the painter is incremen
ted, the return address is written Into the location 
indicated by the stack pointer on the positive-going 
clock foliowing the push. 

The stack pointer is decremented whenever the pop 
operation is performed (microinstructions 8, 10, 11, 13, 
and 15). The stack pointer is decremented on the 
positive-going clock following a pop, effectively 
removing the return address from the top of the stack. 

Stack pointer linkage is such that any combination of 
pushes, pops, or stack references may be performed. 
For control instruction 0 (JUMP ZERO or RESET), the 
stack pointer is reset. For each push operation, the 
microsubroutine nesting depth is increased by one; for 
each pop operation, the depth decreases by one. The 
maximum nesting depth is five. Once the stack 
becomes full, FULL goes low and the stack pointer can 
no longer be incremented. Further pushes will write over 
the preceding address at the top of the stack. A pop 
from an empty stack (stack pointer at zero) will place a 
meaningless address on the Y outputs, and the stack 
pointer will remain at zero. A stack pointer at zero 
remains unchanged by any number of additional pops. 

The register/counter operates as a twelve-bit down
counter during microinstructions 8, 9, and 15, with 
register contents zero as a branch condition. This 
branch condition provides efficient repetition of micro
instructions. The internal arrangement of the register/ 
counter is such that if a number N is loaded into it and 
the register is used as a loop termination counter, the 
sequence will be executed N + 1 times. A three-way 
branch condition is available (control instruction 15) 
under control of both the register/counter and the 
condition code input (CC). 

The Y output lines are TRI-STATE~ aliowing the Y 
outputs to be disabled. When disabled (via OE), the 
address lines can be externally driven, allowing auto
matic checkout of the microcomputer system. 

I Figure 3a. Slngle·Level Pipeline Based Architecture 
A one·level pipeline provides for better speed than most other architectures. The IDM2910A array and the microprogram' memory are 
in parallel speed paths. rather than in series. This architecture is recommended for IDM2910A deSigns. 
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Figure 3b. Typical Timing Waveform for Single· Level Pipeline Based Architecture 

MAP 

Figure 4. Instruction Based Architecture 

The microinstruction being executed is in the register at the microprogram memory output. The IDM2910A and the microprogram 
memory are in series. Any conditional branches are executed on the same cycle as the ALU operation generating the condition. 

MAP 

Figure 5. Address Based Architecture 

The address of the microinstruction being executed is in the register at the IDM2910A output. The IDM2910A and the microprogram 
memory are in the critical path. This architecture operates at approximately the same speed as the instruction based architecture, 
but requires fewer register bits because only the address (typically 10 to 12 bits) is stored instead of the instruction (typically 40 to 
60 bits). . 
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MAP 

Figure 6. Data Based Architecture 
The staius register provides for conditional branch control based upon the results of the previous ALU cycle. The IDM2910A and the 
microprogram memory are in the critical path. 

Figure 7. Two·Level Pipeline Architecture 
The two·level pipeline provides the maximum possible speed. but is more difficult to program because the selection of a 
microinstruction occurs two microinstructions ahead of its execution. 

I DM291 OA Operation 3. An optional third source of microinstructions (often a 
vector from a DMA or interrupt source). 

The function performed by three of the control instruc
tions depends upon the contents of the register/ 
counter. The counter is decremented if it contains a 
non-zero value. If the value in the counter is zero, it is 
held and a different microprogram next-address is 
selected. These types of instructions are useful for 
executing a microinstruction loop a known number of 
times. The three-way branch control instruction 
(number 15) is affected by both the external condition 

The results of each instruction in determining the Y 
outputs, and the controlling of the three enable signals' 
(PL, MAP, VECT) are given in Table 2. Also shown is the 
effect of the microinstructions on the register/counter 
and the stack after the next positive-going clock. The 
multiplexer determines which of the internal sources 
drive the Y output lines. Depending upon the condition 
of Cn' the address loaded into the microprogram 
address register will be identical to the Y outputs, or will 
be one greater. For each microinstruction, only one of· 
the three enable outputs (PL, MAP, or VECT) is low. 
These three enable signals may be used to control the 
TRI-STATE(!) outputs of three external sources of micro
program address to allow them to drive the direct input 
bus (OJ) without additional logic. The external sources 
are: 

. code CC and the contents of the register/counter. 

1. A source of microprogram jumps (usually part of a 
pipeline register). 

2. A PROM which maps machine language to a micro
instruction starting location (entry point). 
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The following paragraphs. describe each of the 
IDM2910A control instructions. Included with each of 
the descriptions is an execution flowchart showing 
typical microprogram flow. 

Each of the examples is intended to show a typical 
microprogram flow as various microprogram control 
instructions are executed. The typical circuit of Figure 3 
is assumed. 

The microprogram addresses in the illustrations were 
chosen arbitrarily and have no significance other than 



to illustrate microprogram flow, the only exception 
being control instruction 0, JZ (JUMP ZERO or RESET), 
which always selects the next address to be zero. 

Execution flowcharts should be interpreted as follows: 

Each dot relates to one mlcrocycle. While this mlcro
cycle is going on the IOM2910A control instruction will 
be supplied by the microprogram memory word 
presently in the pipeline register. 

A dot surrounded by a circle refers to the control 
instruction under discussion. Dashed lines refer to 
conditional actions. Solid lines refer to unconditional 
actions or to the outcome of =Test Failed= in condi
tional control instructions. 

Dashed arrows refer to conditional branches (address 
changes other than sequential flow), which will be 
selected if the test is passed (CC = LOW). Solid arrows 
refer to unconditional branches or to the outcome of 
=Test Failed= in conditional control instructions. 

Parentheses ( ) should be read "contents of," e.g., 
(01) = contents of 01, 

Control Instruction 0 

JZ (Jump Zero or Reset) - This control instruction 
clears the stack pointer and specifies unconditionally 
that the next address is zero. This control instruction is 
useful for power-up sequences if the initialization 
routines start at microprogram memory location zero. 

Figure 8. JUMP ZERO (JZ) 

Control Instruction 1 

CJS (Conditional Jump-to·Subroutlne) - This control 
instruction executes a conditional jump to a subroutine 
located at the address found in the pipeline register. 
Referring to Figure 9, the unconditional microprogram 
flow is from address 50 through address 52. When the 
contents of address 52 are in the pipeline register, the 
next address control instruction is CJS. If the 
conditional test is passed, address 53 will be pushed 
onto the stack and the next instruction executed will be 
at address 90. The address pushed onto the stack 
provides a return link once the microsubroutine starting 
at address 90 is completed. For example, a Return-from 
Subroutine (CRTN, control instruction 10) was executed 
at address 93. If the conditional test fails, the Jump-to
Subroutine will not be executed and the contents at 
address 53 will be executed. In this manner, the CJS 
control instruction at address 52 will cause the 
microprogram word at either address 90 or address 53 
to be executed. 

/STACK TOP4-53 

/ 
/ 

91 

92 

93 RETURN: 

Vi 4--(STACK TOP= 53) 

Figure 9. CONO JSB PL (CJS) 

Control Instruction 2 

JMAP (Jump·Map) - This is an unconditional jump 
control instruction. When JMAP is executed, the MAP 
output is enabled and the next microinstruction 
address is taken from the mapping PROMs. The JMAP 
control instruction Is normally used towards the end of 
an instruction-fetch sequence for the microcomputer. 
At that time the next instruction to be executed should 
be valid, allowing it to be mapped into the correspond
ing entry point. 

For the example shown, the microinstructions at 
addresses 50 through 53 would be the fetch sequence, 
with 53 being the sequence completion. The JMAP 
control instruction would be contained in the pipeline 
register with the mapping PROM generating an address 
90. Address 90 would be selected by the IDM2910A as 
the next address to be presented to microprogram 
memory. 

,90= (Oi)4-(MAP) 

'91 -
Figure 10. JUMP MAP (JMAP) 

Control Instruction 3 

CJP (Conditional Jump Pipeline) - This control instruc
tion derives its branch address from the pipeline 
register branch address field (BRo through BR11 ). See 
the typical microcomputer system, Figure 11. A 
technique is thus provided for branching to various 
microprogram sequences depending upon the state of 
the condition code inputs (CCEN and CG). State
machines may be deSigned to execute tests on various 
inputs and to wait for the condition to go true. When the 
condition does go true, the system branches and 
performs a specific function. When the branch occurs, 
the particular input is usually reset until some point in 
the future. With CCEN high, this control instruction is 
the one to use for unconditional jumps. 
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The example illustrates a conditional jump via the 
address value defined by the microprogram word 
located at address 52. When the contents of address 52 
are in the pipeline register, the next address passed 
through the IDM2910A will b~ either address 53 or 
adrlress 30, depending upon the state of the condition 
code input. If the test passes, the address value in the 
pipeline register (address 30) will be selected by the 
IDM2910A. If the test fails, the next sequential address 
(address 53) contained in the micro address register 
(JIAR) will be selected. 

-~T 30=(DI)4-(PL) 

, 31 

Figure 11. COND JUMP PL (CJP) 

Control Instruction 4 

PUSH (Unconditional Push/Conditional Load Counter) 
- This control instruction is primarily used to set up 
microprogram loops in the microprogram. As shown in 
Figure 12, when microcode word 52 is in the pipeline 
register, a push operation is performed on the stack and 
depending upon the condition code inputs, the register/ 
counter is loaded. A push operation causes the next 
sf'lquential address (address 53) to be pushed onto the 
stack. If the condition code test fails, the register/ 
counter is not loaded. If the condition code test passes, 
the register/counter is loaded with the address value in 
the pipeline register branch address field. In this 
manner, a single control instruction can set up a micro
program loop to be executed a specific number of 
times. While setup is being performed the IDM2910A 
will unconditionally select the next sequential address 
contained in the micro address register to be presented 
to the memory. Control instruction 8 (RFCT) describes 
the use of the pushed value and the register/counter 
contents for looping. 

50 

51 STACK TOP4-53 

........ 

53 'REG/COUNTER 4-(Di)4-(PL) 

Figure 12. PUSH, COND LD CNTR (PUSH) 

Control Instruction 5 

JSRP (Conditional Jump-to-Subroutine) - This control 
instruction is a conditional jump to a subroutine via 
either the contents of the register/counter or the pipe
line register. 

As shown in Figure 13, a push operation is always 
performed and one of two microsubroutines is 
executed. For this example, either the microsubroutine 
at address 80 or the microsubroutine at location 90 will 
be executed. A Return-from-Subroutine (CRTN, control 
instruction 10) at the end of the microsubroutine will 
pop the return address (location 55) from the stack. In 
order for this microinstruction control sequence to 
operate correctly, the next address fields of both micro
instructions 53 and 54 must contain the proper address 
value. As an example, the next address field of micro- . 
instruction 53 must contain address value 90 and micro
instruction 54 must contain address value 80. Micro
instruction 53 must be loaded into the register/counter 
while microinstruction 54 is in the pipeline register. If a 
JSRP is executed at address 54 and the condition code 
test fails, the contents of the register/counter will be 
passed through the IDM2910A as the address (address 
90) of the next microinstruction. If the condition code 
test passes, the address value in the pipeline register 
will be passed through the IDM2910A as the address 
(address 80) of the next microinstruction. Therefore, this 
control instruction (JSRP) has the capability of 
selecting one of two microsubroutines, based upon the 
results of a condition code test. 

90 

91 

92 

93 

94 
RETURN 

Vi 4-(STACK TOP) 

~ 
~ 

I 
~ ..... ;;: 

80 

81 

82 

83 

84 
RETURN 

Vi 4-(STACK TOP) 

Figure 13. COND JSB R/PL (JSRP) 

Control Instruction 6 

CJV (Conditional Jump Vector) - This is a conditional 
jump control instruction. When CJV is executed, the 
VECf output is enabled and the next microinstruction 
address is taken from an address generator. The VECT 
line must control the TRI-STATE@ enable line of a 
register, a buffer, or a PROM, containing the next micro
program address. This instruction provides one 
technique for performing interrupt type branching at the 
microprogram level. Since CJV is a conditional control 
instruction, passing the condition code inputs will allow 
the vector source address to pass through the 
IDM2910A. If the condition code test fails the next 
sequential address will be taken from the address 
register. 
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As shown in Figure 14, if CJV is at location 52, and the 
condition code test passes, microprogram execution 
will jump to vector address 20 and continue. If the 
condition code test fails, microprogram execution will 
continue at address 53.· 

Figure 14. COND JUMP VECTOR (CJV) 

Control Instruction 7 

JRP (Conditional Jump) - This control instruction is a 
conditional jump to another routine via the contents of 
either the register/counter or the pipeline register. JRP 
is similar to JSRP (control instruction 5), except that no 
push onto the stack is performed for JRP. 

The example shown in Figure 15 shows JRP as a branch 
to one of two addresses, depending upon the results of 
the condition code test. Assume the pipeline register 
contains an address value of 70 when the contents of 
address 52 are being executed. As the contents of 
address 53 are clocked into the pipeline register, the 
address value of 70 is loaded into the register/counter. If 
the address value of 80 is available when the contents 
of address 53 are in the pipeline register, either address 
70 or address 80 will be passed through the IOM2910A, 
depending upon the results of the condition code test. 

(R)= 70' 
71' 

Figure 15. COND JUMP R/PL (JRP) 

Control Instruction 8 

RFCT (Repeat Loop, Counter Not Equal to Zero) - This 
control instruction uses the decrementing ability of the 
register/counter to loop on one or more microinstruc
tions. A preceding instruction, such as PUSH, must 
have loaded a count value into the reg(ster/counter 
while pushing the next address onto the stack. RFCT 
tests the register/counter for a non-zero value. If the 
counter is non-zero, the register/counter is decremented 
by one and the address of the next instruction is taken 
from the top of the stack. This sequence will repeat until 
the register/counter equals zero (the exit condition has 
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been met), causing the next sequential address to be 
selected (Yj =/JAR). The stack is popped since looping 
back is not required anymore .. 

As shown in Figure 16, a PUSH control instruction 
would most likely be at address 50. The PUSH will cause 
address 51 to be pushed onto the stack and will load the 
register/counter with the count value contained in the 
pipeline register branch address field. 

For this example, the loop test is made at the end of the 
loop routine (address 54), so the value loaded Into the 
register/counter must be one less than the desired 
number of passes through the loop. Using the method in 
the example, a loop may be executed. from 1 to 4096 
times. 

The ability to perform single-microinstruction loops is 
an efficient way to execute the same microinstruction a 
specified number of times. Examples are fixed rotates, 
byte swap, fixed point multiply, and fixed point divide. 

. 
55 t 
56 t 

l 
I 
I 
I AS LONG AS 
I -z-. REG/COUNT~O 

_..J 
_. - ....... ",.y 

..... 
DECREMENT REG/COUNTER 

Figure 16. REPEAT LOOP, CNTR * 0 (RFCT) 

Control Instruction 9' 

RPCT (Repeat Pipeline Register, Counter Not Equal to 
Zero) - This control instruction uses the decrementing 
ability of the register/counter to loop on one or more 
microinstructions. RPCT· is simiiar to control 
instruction RFCT (control instruction 8) except the 
branch address is taken from the pipeline register 
whereas RFCT takes it from the file. As long as the 
register/counter is not zero, RPCT will decrement the 
value in the register/counter and branch to the address 
taken from the pipeline register through the OJ inputs. 
Once the register/counter equals zero, the next address 
will be selected (Yj = /JAR). For some cases, this control 
instruction can be considered to be a one-word 
extension of the stack. By using RPCT, a microprogram 
loop using the register/counter can be executed, even 
though the stack may be completely full. A preceding 
control instruction must have loaded a count value into 
the register/counter. RPCT does not perform a pop 
operation because the stack is not being used. 

As shown in Figure 17, microinstruction 51 could be 
Load Counter and Continue (LOCT, control instruction 
12). RPCT is the control instruction at 52 and is shown 
as a single microinstruction loop. The address in the 



pipeline register would be.52. Although a single micro
Instruction loop Is shown, by changing the address In 
the pipeline register, multi-Instruction loops may be 
performed for a fixed number of times. 

:~ LREG/COUNTER~OI) 
(Pl)~(OI)-52 ~: ~) -z-- AS LONG AS 

f'! <:::;:: .... ....-v R/C~O 

RiC=O 53 ~ " " ::~~~~~:;ER 
54 t 

Figure 17. REPEAT PL, CNTR ". 0 (RPCT) 

Control Instruction 10 

CRTN (Conditional Return-from-Subroutlne) This 
control Instruction Is used to return from a mlcrosub
routine to the control Instruction Immediately following 
the microsubroutine call. CRTN Is a conditional return, 
with the return occurring only If the condition code test 
passes. If the condition code test falls, the next 
sequential microinstruction will be executed. 

As shown In Figure 18, the use of CRTN Is illustrated for 
both the conditional and the unconditional modes. A 
Jump·to·Subroutine control instruction Is executed at 
address 52, pushing return address 53 onto the stack 
and transferring control to address 90. A CRTN is 
executed at address 93. If the condition code test 
passes, the microprogram returns to address 53 and the 
stack Is popped. If the condition code test fails, 
execution continues through to address 97, where the 
mlcrosubroutine is considered complete. CRTN must 
now be executed unconditionally. The microinstruction 
at address 97 Is programmed to force CCEN high, 
disabling the condition code test, with the forced pass 
causing an unconditional return. 

50 

51 

52 

53 

54 

55 

STACK TOP~53 

Figure 18. CONO RETURN (CRTN) 

Control Instruction 11 

CJPP (Conditional Jump Pipeline Register Address and 
Pop Stack - This control Instruction provides another 
method of loop termination and stack maintenance. 
CJPP is a conditional jump, with the jump occurring 
only If the condition code test passes. A stack pop will 
also occur since this jump terminates the loop (whose 
branch address Is located in the stack top). 
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As shown In Figure 19, a return address Is pushed onto 
the stack and Is followed by a short loop. The micro
Instructions at addresses 52, 53, and 54 are all CJPP 
control instructions. At address 52, If the condition 
code test passes, a branch to address 70 and a stack 
pop will occur. If the condition code test falls, the next 
sequential address (address 53) will be selected. The 
same conditions exist for the microinstructions at 
addresses 53 and 54, with 53 pointing to either address 
90 or address 54, and 54 pointing to either address 80 or 
address 55. Used In this sort of loop, the CJPP control 
instruction Is very useful when several Inputs require 
testing before proceeding to other Instructions. This 
provides the powerful jump-table programming 
technique at the microprogram level. 

STACK TOP~51 

pop. 51 <Jj 

PO .... 52 • .L __ - - ---I>f70:(O'~(PL) P- , 
- I POP_~3. T----C>f90 71 

54. -~!80 91 72 
55 -- 81 92 

56 82 

Figure 19. CONO JUMP PL & POP (CJPP) 

Control Instruction 12 

LDCT (Load Counter and Continue) - This control 
instruction enables the register/counter to be loaded 
with the value present on the direct Input lines. The 
direct Input lines are normally connected to the pipeline 
register branch address field. For the architecture 
discussed here, the microinstruction under execution 
will supply either a branch address or a count value to 
the register/counter. 

There are three methods for loading the register/counter: 

1. The conditional load using the PUSH control instruc
tion (number 4). 

2. The use of the RLD Input In conjunction with any of 
the control instructions. 

3. The explicit load using LDCT. 

When using RLD in conjunction with any other control 
instruction, any counting or decrementing called for is 
overridden and a load Into the register/counter occurs. 
The RLD input provides additional microinstruction 
power at the expense of one bit of microinstruction 
width. LDCT Is the exact equivalent of using RLD with 
control microinstruction 14 (CONT). LDCT provides the 
ability to load the register/counter for those systems in 
which RLD is not under microprogram control. 

~~ FUNTE~IDI~IPLI 

Figure 20. LO CNTR & CONTINUE (LOCT) 



Control Instruction 13 

LOOP (Test·End·of·Loop) - This control instruction 
provides a way of conditionally exiting a loop from the 
bottom. Prior to entering the loop, a branch address 
must be pushed onto the stack. LOOP will continue to 
branch back to the address contained on the top of the 
stack as long as the condition code test falls. When the 
condition code test passes, the next sequential address 
is selected (YI = IlAR) and the stack is popped. 

As shown in Figure 21, the branch address is pushed 
onto the stack and then the microprogram enters the 
loop. LOOP is located at address 56. If the condition 
code test fails, the branch address 52 will be taken from 
the stack and the program loops to address 52. If the 
condition code test passes, the loop will terminate and 
the microinstruction at the next sequential address 
(taken from the address register) will be executed. 
Address 52 is popped from the stack once the condition 
code test passes, thereby performing the required stack 
maintanance. 

50 I. STACK TOP~ 52 

51 V 
52 ~ 

53 4 

54 4 

55 4 

56. 

I 

57 t 
58 

, 
" POP 

Figure 21. TEST END LOOP (LOOP) 

Control Instruction 14 

CO NT (Continue) - This control instruction increments 
the address register so the next sequential micro· 
instruction can be executed. CONT should be the 
default control instruction requested by the firmware 
when no other control instruction needs performing. 

50 I 51 

52 

53 

Figure 22. CONTINUE (CONT) 

Control Instruction 15 

TWB (Three·Way Branch) - This control instruction is 
the most complex of the 16 IDM2910A control instruc· 
tions. TWB is a conditional control instruction that can 
test either the condition code input or the reglsterl 
counter contents to determine the next branch address. 
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A preceding control instruction, such as a PUSH, must 
have loaded a count value into the 'register/counter 
while pushing the loop branch address onto the stack. 
As long as the condition code test fails, and the 
register/counter is not zero, the branch will be to the 
address on the top of the stack and the register/counter 
will be decremented. If the register/counter reaches 
zero, the next branch address is taken from the pipeline 
register (via the direct input lines). If at any time during 
the execution of TWB the condition code passes, no 
branch will occur and the next sequential address will 
be selected (Yi = IlAR). Once the loop is exited, for either 
reason, the stack is popped. 

The three·way branch can enhance system performance 
in a number of ways. Some examples are: 

1. Performing a memory search that is terminated 
either by finding the desired value or by reaching the 
search limit. 

2. Terminating a variable·field·length arithmetic opera· 
tion upon finding that the contents of the unproces· 
sed portion of the field are all zeros. 

3. Performing a key search in a disc controller that is 
processing variable·length records. 

4. Normalizing a floating·point number. 

An example of a memory search operation is shown in 
Figure 23. A PUSH is executed at address 63 to push the 
return address 64 onto the stack, and to load a count 
value into the register/counter. The count value must be 
one less than the number of memory locations to be 
searched prior to exiting the loop. Address 64 contains 
a microinstruction that fetches a value from the next 
memory area to be searched, and compares it with the 
search key, A test for the'results of the search com· 
parison is at address ~5. Address 65 also contains TWB 
for microprogram control. If matching does not occur, 
the condition code test fails and the microprogram 
loops back to address 64 to obtain the next search 
address. Once the register/counter equals zero, the 
microprogram will branch using the branch address 
(address 72) taken from the pipeline register. If a match 
is found during the search, the condition code test will 
pass during the TWB control instruction and the next 
sequential address will be taken from the address 
register. Regardless of which method of exiting the loop 
is used, the stack will be popped and the loop branch' 
address removed from the top of the stack. 

62f3TACK TOP'-64 

63 REG/COUNTER~IDil 
POP 64 c:::J..-. 
.J··ss· • t:::._.1 -:z- AS LONG AS R/C:;cO 

R/C=O '" '" I .: ....... A/ 
/. .. 

POP"'J;'7 I •• ,: • ...... DECREMENT 
I I.. .. . ...... REG/COUNTER 
I '1 .. 

IF CC:LOW I R/C-O • 

:; ;. ·~;:"[DI['[PL[ 

Figure 23. THREE·WAY BRANCH (TWB) 
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~ Ordering Information 
N 
::E c 

Package 
Type 

Molded DIP 
Hermetic DIP 
Hermetic DIP 
Hermetic DIP 

Package 
Number 

N40A 
D40C 
D40C 
D40C 

Temperature Order 
Range Number 

O°C t.o +70°C IDM2910ANC 
O°C to +70°C IDM2910AJC 
~55°C to +125°C IDM2910AJM 
-55°C to +125°C I DM291 OAJM/883 
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~National 
~ Semiconductor 

2900 Familyl 
Bipolar Microprocessor 

IDM2980316-Way Branch Controller 

General Description 
When used in conjunction with the IDM2909A address 
controller, the I DM29S03 provides 16-way branch 
control. Four different inputs can be tested simul
taneously by the 16 instructions of the I DM29S03; thus, 
the four OR inputs of the IDM2909A can be driven by 
the four outputs of the IDM29S03 and a branch can be 
made to anyone of the 16 addresses. 

If one test (T) input is being tested, the device will 
select one of two possible addresses; if two inputs are 
being tested, the device will select one of four possible 
addresses and, if three inputs are being tested, one of 
eight addresses will be selected. If all four inputs are 
tested, one of sixteen addresses is selected as the field 
used to drive the OR inputs of the IDM2909A. The 
"zero" instruction serves as a test inhibit function. 
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Features and Benefits 
• 16 separate instructions - 2-, 4-, 8-, or 16-way branch 

in one microprogram execution cycle 

• Four discrete test inputs 

• Four discrete outputs for driving the four OR inputs 
of the I DM2909A address controller 

• Provides a maximum branching capability in a micro
program control unit using the I DM2909A 

• Uses low-power Schottky technology 

• Meets all requirements of M I L-STD-883 
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Logic Symbol 
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Absolute Maximum Ratings (Note 1) 

Storage Temperature 
Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential 
DC Voltage Applied to Outputs for 
High Output State 

-65°C to +125°C 
_55° C to +125° C 

-0.5V to +7.0V 

-0.5V to +VCC max 

Operating Range 

PIN 

Com'l 
I DM29803 DC, NC 

Mil 

Ambient 
Temperature Vcc 

4.75V to 5.25V 

DC Input Voltage 
DC Output Current, into Outputs 
DC Input Current 

-0.5V to +5.5V 
30mA 

-30 mA to +5.0 mA 

IDM29803DM,DM/883 -55°C to +125°C 4.50V to 5:50V 

DC Electrical Characteristics (Note 2) 

Com'l Mil 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

IF Input Load Current. All Inputs VCC = Max, VF = 0.45V -80 -250 -80 -250 p.A 

IR Input Leakage Current, All Inputs VCC =Max, VR = 2.7V 25 25 p.A 

IRB Input Leakage ClIrrent, All Inputs VCC = Max, VRB = 5.5V 1.0 1.0 mA 

VOL Low Level Output Voltage VCC = Min, IOL = 16 mA 0.35 0.45 0.35 0.5 V 

VIL Low Level Input Voltage 0.80 0.80 V 

VIH High Level Input Voltage 2.0 2.0 V 

ICEX Output Leakage Current VCC = Max, VCEX .~ 2.4V 50 50 J.lA 
(Open·Coliector Only) VCC = Max, VCEX = 5.5V 100 100 p.A 

Ve Input Clamp Voltage VCC = Min, liN = -18 mA -0.8 -1.2 -0.8 -1.2 V 

CIN Inpu,t Capacitance VCC = 5V, VIN = 2V, TA = 25'C, 4.0 4.0 pF 

1 MHz 

Co Output Capacitance VCC = 5V, Vo = 2V, T A = 25"C, 6.0 6.0 pF 

1 MHz, Output "OFF" 

ICC Power Supply Current VCC = Max, All Inputs Grounded, 80 130 80 130 mA 

All Outputs Open 

TRI·STATE PARAMETERS 

ISC Output Short Circuit Current Vo = OV, VCC = Max, (Note 3) -30 -60 -100 -30 -60 -100 mA 

1HZ Output Leakage (TRI·STATE) VCC = Max, Vo = 0.45 to 2.4V, ±50 ±50 p.A 

Chip Disabled 

VOH Output Voltage High IOH = -2 mA 2.4 3.2 V 

IOH = -6.5 mA 2.4 3.2 V 

AC Electrical Characteristics (With standard load) 

PARAMETER 
Com'l Mil 

CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

tAA Address Access Time (Figure 1) 10 35 50 10 35 60 ns 

tEA Enable Access Time (Figure 2) 5 15 25 5 15 30 ns 

tER Enable Recovery Time (Figure 2) 5 15 25 5 15 30 ns 

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

'Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee = 5 V and T A = 25° e. 

Note 3: During Ise measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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Switching Characteristics Over Operating Range 

Com'l Mil 

Symbol Description Test Conditions Min Max Min Max Units 

tPLH 
Ii to ORi 50 60 ns 

tPHL 

tPLH 
Tjto ORi 50 60 ns 

tPHL CL = 15pF 

tZH RL = 2.0kn 
OEi to ORi 25 30 ns 

tZL 

tHZ 
OEi to ORi 25 30 ns 

tLZ 

Definition of Functional Tenns 

10,11,12,13 

TO, T" T2, T3 

The four instruction inputs to the device 

The four test inputs for the device 

ORo, OR" OR2, OR3 

OE" OE2 

The four outputs of the device that are connected to the four OR inputs of the IDM2909A 

Output Enable. When either OE input is High, the ORi outputs are in the high impedance 
state. When both the OE, and OE2 inputs are Low, the OR outputs are enabled and the 
selected data will be present. 

Standard Test Load 

Vce 

·Cl includes probe and jig capacitance 

Switching Time Wavefonns 

Figura 1. Address Access Time 

• Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = , MHz, 
ZOUT = 50 n, tr < 2.5 ns and tf < 2.5 ns (between 
1.0V and 2.0V). 

• tAA is measured with both enable inputs at a steady 
low level. 

• tEA and tER'are me~sured from the '.5V on inputs 
and outputs with all address inputs at a steady level 
and with the unu'sed enable input at a steady low 
level. 

'~~I~i :: =i ,.v 1m 

OUTPUT ___ -II ___ \_p._l.S_V _____ I__ F 
-tEA-=t' l-tER:::J 

Figura 2. Enable Access Time and Recovery Tima 
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C't) 

~ Guaranteed Loading Rules Over Operating Range (In Uni~' Loads) 
0') 

~ A Low-Power Schottky TTL Unit Load is defined as 20pA measured at 
..::: 2.7 V High and -0.36 mA measured at 0.4 V Low_ e 

Applications Example 
.A 

I 

Pin 
Nos. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Input! Input 
Output Load 

12 0.5 

11 0.5 

10 0.5 

T3 0.5 

TO 0.5 

T1· 0.5 

T2 0.5 

GND -

OR3 -

OR2 -

OR1 -

ORO -

OE1 0.5 

OE2 0.5 

13 0.5 

Vee -

DATA BUS 

INSTRUCTION REGISTER 

Output Output 
High Low' 

- -
- -

- -

- -

- -

- -

- -

- -

100 44 

100 44 

100 44 

100 44 

- -

- -' 

- -

- -

I 
I OPCOOE OTHER J 

t 

""-I CONDITION 
CODE 

CARRY_ 7 MULTIPLEXER 
OVR_6 

ZERO_5 OUTPUT ~ 
POLARITY I--

SIGN-4 
CONTROL 

INRPT_3 
ETC_Z 

+ 
I - - I0M2909AORloM2911A - - - - - - :l 

IT. PUP MICROPROGRAM SEQUENCER I 1 
....----+~=--------.II STACK POINTER I 

I , I 

I I REGISTER I 
I I II I I A~mgn~fcK I 
I t I 
I I 
I 
I 
I 
I 

I MICROPROGRAM II 
COUNTER REGISTER I 

t I Flr~ 
Iso 0 NEX~AO:RESSPC 11r-----'--..., II 1 

r--+-+-I -~r' MU~~~~~XER INCREMENTERI I TEST 

I r--_____ -+ __ ..::O.::,Rf-?< 14~OR 'Jrf~t3 

z z I I CO~J~OL 

I I I 

I I 
~-------i------~ I 

1 
ADDRESS 1 

MICROPROGRAM MEMORY 
IOMZ9B11 

TEST A~J~lss 
CONTROL 1 BRANCH 1 NEXT ADDRESS. 1 OTHER 1 

ADDRESS SElECT 

I + f' {' {4 

3 
1 

L 
~ 

ylIT PIPELINE REGISTER I 
...... -----t------t------t---_--~~-=.+r---r-l-l....---r-l--,lr--......,..-..,Lr--.JTO IOM2901A 

'----------' OTHER 

Note: The least significant microprogram sequencer is an I DM2909A and the more significant sequencers are IDM2911 A's. 

A Typical Computer Control Unit Using the IDM2909A, IDM2911A, IDM29803 and IDM29811. 
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Function Table 
Function 13 12 I, 10 T3 T2 

No Test L L L L X X 

Test TO L L L H X X 
X X 

TestT1 L L H L X X 
X X 

Test TO & T1 L L H H X X 
X X 
X X 
X X 

TestT2 L H L L X L 
X H 

Test TO & T2 L H L H X L 
X L 
X H 
X H 

TestT1 & T2 L H H L X L 
X L 
X H 
X H 

Test TO. T1. & T2 L H H H X L 
X L 
X L 
X L 
X H 
X H 
X H 
X H 

TestT3 H L L L L X 
H X 

Test TO & T3 H L L H L X 
L X 
H X 
H X 

Test T1 & T3 H L H L L X 
L X 
H X 
H X 

Test TO. T1. & T3 H L H H L X 
L X 
L X 
L X 
H X 
H X 
H X 
H X 

Test T2 & T3 H H L L l L 
L H 
H l 
H H 

Test TO. T2. & T3 H H L H L l 
L l 
L H 
L H 
H l 
H L 
H H 
H H 

Test T1. T2. & T3 H H H l L l 
l l 
l H 
L H 
H L 
H l 
H H 
H H 

Test TO. T1. T2. & T3 H H H H l l 
l l 
L l 
L l 
l H 
l H 
l H 
L H 
H l 
H L 
H l 
H l 
H H 
H H 
H H 
H H 
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T, TO OR3 

X X L 

X L L 
X H L 

L X L 
H X L 

L L L 
L H L 
H L L 
H H L 

X X L 
X X L 

X L L 
X H L 
X L L 
X H L 

L X L 
H X L 
L X L 
H X L 

L L L 
L H L 
H L L 
H H L 
L L L 
L H L 
H L L 
H H L 

X X L 
X X L 

X L L 
X H L 
X L L 
X H L 

L X L 
H X L 
L X L 
H X L 

L L L 
L H L 
H L L 
H H L 
L L L 
L H L 
H L l 
H H l 

X X L 
X X L 
X X l 
X X l 

X L L 
X H L 
X L l 
X H l 
X l l 
X H L 
X L L 
X H l 

L X L 
H X L 
l X l 
H X l 
L X L 
H X l 
l X l 
H X l 

L l L 
L H l 
H l L 
H H l 
l L l 
L H l 
H L L 
H H l 
l L H 
l H H 
H l H 
H H H 
L L H 
L H H 
H L H 
H H H 

OR2 OR, 

L L 

L L 
L L 

L L 
L L 

L L 
L L 
L H 
L H 

L L 
L L 

L L 
L L 
L H 
L H 

L L 
L L 
L H 
L H 

L L 
L L 
L H 
L H 
H L 
H L 
H H 
H H 

L L 
L L 

L L 
L L 
L H 
L H 

L L 
L L 
L H 
L H 

L L 
L L 
L H 
L H 
H L 
H l 
H H 
H H 

l L 
L l 
L H 
L H 

L l 
L l 
l H 
L H 
H l 
H l 
H H 
H H 

L l 
L l 
L H 
L H 
H l 
H l 
H H 
H H 

L l 
l l 
l H 
l H 
H l 
H L 
H H 
H H 
l l 
l l 
l H 
l H 
H L 
H L 
H H 
H H 

ORO 

L 

L 
H 

L 
H 

L 
H 
L 
H 

L 
H 

L 
H 
L 
H 

L 
H 
L 
H 

L 
H 
L 
H 
L 
H 
L 
H 

L 
H 

L 
H 
L 
H 

L 
H 
L 
H 

L 
H 
L 
H 
L 
H 
L 
H 

L 
H 
l 
H 

L 
H 
l 
H 
l 
H 
L 
H 

l 
H 
l 
H 
L 
H 
l 
H 

l 
H 
l 
H 
L 
H 
l 
H 
l 
H 
L 
H 
L 
H 
l 
H 
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('f) I Ordering Information 

:E 
C - Package Package Temperature Order 

Type Number Range Number 

Molded DIP N16A O°C to +70°C IDM29803NC 
Hermetic DIP J16A (D16C) O°C to +70°C IDM29803JC 
Hermetic DIP J16A (D16C) -55°C to +125°C IDM29R03JM 
Hermetic DIP J16A (D16C) -55°C to +70°C I DM29803JM/883 
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~National 
D Semiconductor 

2900 Familyl 
Bipolar Microprocessor 

IDM29811 Next-Address Controller 

General Description 
The IDM29811 next-address control unit is specifically 
designed for next address control of the IDM2911A 
sequencer. The device can be used in high-performance 
computer control systems, structured state machine 
designs, or in other applications that utilize mi'cropro
gramming techniques. 

A 4-bit instruction field (13-10) provides sixteen instruc
tions; i1lso, a test input is available for conditional 
instructions. Among the conditional instructions that 
can be executed are: conditional jumps, conditional 
jump to subroutine, conditional return from subroutine, 
conditional repeat loops, conditional branch to starting 
address, and so on. 

A single IDM29811 can be used to control any number 
of' IDM2911 A sequencers. Using one IDM29811 and 

Logic Diagram 
TEST ---4><1------, 

IJ 12 iiiiTPuT 
~NAILE 

COiiNrEii 
LOAD 

CiiiiNITii 
ENABLE 

;;w
ENABLE 

PiffiiNf 
ENAILE 

PUP 

three IDM2911As, a sequencer capable of controlling 
4k of microprogram memory can be easily implemented. 

Features and Benefits 
• 16 next-address instructions 

• Test input for conditional instructions 

• Separate outputs to control the IDM2911 A, an inde
pendent event counter, and a mapping PROM/branch 
address interface 

• Uses low-power Schottky technology 

• Meets all requirements of M I L-STO-883 

Connection Diagram 

MAPE Vee 

pUP DE 

FE IJ 

S1 

So 

eNT LOAD 10 

CNTE TEST 

GND PlE 

Logic Symbol 

141J II II 
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Absolute M~imum Ratings (Note 1) Operating Range 
Storage Temperature _65°C to +150°C Ambient 

Temperature (Ambient) Under Bias -55°C to +125°C PIN Temperature VCC 

Supply Voltage to Ground Potential -0.5V. to +6.3V Com'l 
DC Voltage Applied to Outputs for IDM29811 JC,NC O°C to +70°C 4.75V to 5.25V 
High Output State -0.5V to +VCC max Mil 
DC Input Voltage -0.5V to +5.5V I DM29811 Jrvj,JM/883 _55°C to +125°C 4.50V to 5.50V 
DC Output Current, into Outputs 30mA 
DC Input Current -30 mA to +5.0 mA 

DC Electrical Characteristics: (Note 2) 

Com'l Mil 
PARAMETER CONDITIONS UNITS 

rJllN TYP MAX MIN TYP MAX 

IlL Input Load Current, All Inputs VCC = Max, VIN = O.45V -80 -250 -aO -250 p.A 

IIH Input Leakage Current, All Inputs VCC = Max, VIN = 2.7V 25 25 p.A 

II Input Leakage Current, All Inputs VCC = Max, VIN = 5.5V 1.0 1.0 mA 

VOL Low Level Output Voltage VCC = Min, IOL = 16 mA 0.35 0.5 0.35 0.5 V 

VIL Low Level Input Voltage 0.80 0.80 V 

VIH High Level Input Voltage 2.0 2.0 V 

Vc Input Clamp Voltage VCC = Min, liN = -18 mA -0.8 -1.2 -0.8 -1.2 V 

CIN Input Capacitance VCC = 5V, VIN = 2V, T A = 25"C, 4.0 4.0 pF 

1 MHz 

Co Output Capacitance Vce = 5V, Vo = 2V, TA = 25'C, 6.0 6.0 pF 

1 MHz, Olltput "OFF" 

ICC Power Supply Current VCC = Max, All Inputs Grounded, 70 110 70 110 mA 

All Outputs Open 

TRI·STATE PARAMETERS 

ISC Output Short Circuit Current Vo = OV. VCC = Max, (Note 3) -20 -45 -70 -20 -45 -70 rnA 

1HZ Output Leakage (TRI·STATE) VCC = Max, Vo = 0.45 to 2.4V, ±50 ±50 p.A 

Chip Disabled 

VOH Output Voltage High, IOH = -2 rnA 2.4 3.2 V 

IOH = -6.5 mA 2.4 3.2 V 

Nota 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not ."ean that the device 
may be operated at these values. 

Nota 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for V CC = 5 V and T A = 25° C. 

Nota 3: During ISC measurement. only one output at a time should be grounded. Permanent damage may otherwise result. 
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Switching Characteristics 
Over Operating Temperature 

Symbol Description Test Conditions 

tPLH I i to Any Output CL;15pF 

tPHL 
RL; 2.0kn 

tPLH Test to Any Output 

tPHL 

tZH OE to Any Output 

tZL 

tHZ OE to Any Output 

tLZ 

Pinout Descriptions 

Four instruction inputs 

Condition-code input. Wren test 
input is low, the device assumes test 
has failed; when input is high, the 
test is assumed to have passed. 
In either case, a branch is made to 
one of the conditional·code instruc
tions; refer to the tables which 
follow. 

Counter Load An output used to drive the parallel 
load input of an up/down counter. 

Counter Enable An output used to drive the enable 
input of an up/down counter. 

Map Enable An output that controls the three
state outputs of the mapping 
PROM or PLA used to provide the 
initial starting address for each 
machine instruction. 

Pipeline Enable An output used to control the 
three-state output of the pipeline 
register which contains the branch 
address of the computer control 
unit. 

FE File Enable An output used to drive the file 
enable input of the IDM2911A 
When this output is low, a stack 
operation will take place. 

PUP An output used to drive the push/ 
pop input of the IDM2911A 
address controller. When the PUP 
output is high, a push will take 
place if the file is enabled. When 
the PUP output is low, a pop will 
take place if the file is enabled. 

Com'l 

Min. Max. 

30 

30 

20 

20 
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Min. Max. Units 

40 ns 

40 ns 

30 ns 

30 ns 

These outputs are used to drive the 
SO/Sl inputs of the IDM2911A 
address controller. These outputs 
control whether the direct input, 
the register, the microprogram 
counter, or the stack is selected as 
the source of the next address. for 
the microprogram memory. 

c s: 
N co 
co 
-'" 
-'" 



.... .... 
co 
~ 
:! 
Q -

Mnemonic 

JZ 

CJS 

JMAP 

CJP 

PUSH 

JSRP 

CJV 

JRP 

RFCT 

RPCT 

CRTN 

CJPP 

LDCT 

LOOP 

CONT 

JP 

L= Low 
H = High 
X = Don't Care 

Mnemonic 13 

JZ L 

CJS L 

JMAP L 

CJP L 

PUSH L 

JSRP L 

CJV L 

JRP L 

RFCT H' 

RPCT H 

CRTN H 

CJPP H 

LDCT H 

LOOP H 

CaNT H 

JP H 

Instruction 
13 12 11 10 

L L L L 

L L L H 

L L H L 

L L H H 

L H L L 

L H L H 

L H H L 

L H H H 

H L L L 

H L L H 

H L H L 

H L H H 

H H L L 

H H L H 

H H H L 

H H H H 

DEC = Decrement 
* L L = Special Case 

Instruction Table 

12 11 10 Instruction 

L L L Jump to Address Zero 

L L H Conditional Jump-to-Subroutine with Jump Address in Pipeline Register 

L H L Jump to Address at Mapping PROM Output 

L H H Conditional Jump to Address in Pipeline Register 

H L L Push Stack and Conditionally Load Counter 

H L H Jump-to-Subroutine with Starting Address Conditionally Selected from 
IDM2911A Register or Pipeline Register 

H H L Conditional Jump to Vecto'r Address 

H H H Jump to Address Conditionally Selected from IDM2911A R-Register or 
Pipeline Register 

L L L Repeat Loop if Counter is Not Equal to Zero 

L L H Repeat Pipeline Address if Counter is Not Equal to Zero 

L H L Conditional Return-from-Subroutine 

L H H Conditional Jump to Pipeline Address and Pop Stack 

H L L Load Counter and Continue 

H L H Test End of Loop 

H H L Continue to Next Address 

H H H Jump to Pipeline Register Address 

Function Table 
Inputs Outputs 

Test Next ADDR 
FunClion Input Source File Counter MAPE PL E 

JUMP ZERO K 0 HOLD LL * H L 

COND JSB PL L PC HOLD HOLD H L 
H 0 PUSH HOLD H L 

JUMP MAP X 0 HOLD HOLD L H 

CONDJUMPPL L PC HOLD HOLD H L 
H 0 HOLD HOLD H L 

PUSH/COND LD CNTR L PC PUSH HOLD H L 
H PC PUSH LOAD H L 

COND JSB R/PL L R PUSH HOLD H L 
H 0 PUSH HOLD H L 

COND JUMP VECTOR L PC HOLD HOLD H H 
H 0 HOLD HOLD H H 

COND JUMP R/PL L R HOLD HOLD H L 
H 0 HOLD HOLD H L 

REPEAT LOOP, CNTR *' 0 L F HOLD DEC H L 
H PC ,POP HOLD H L 

REPEAT PL, CNTR *' 0 L 0 HOLD DEC H L 
H PC HOLD HOLD H L 

COND RTN L PC HOLD 'HOLD H L 
H F POP HOLD H L 

COND JUMP PL & POP L PC HOLD HOLD H L 
H 0 POP HOLD H L 

LOAD CNTR & CONTINUE X PC HOLD LOAD H L 

TEST END LOOP L F HOLD HOLD H L 
H PC POP HOLD H L 

CONTINUE X PC HOLD HOLD' H L 

JUMP PL X 0 HOLD HOLD H L 
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Truth Table 
Pin No. 14 13 12 11 10 4 5 3 2 6 7 1 9 

Inputs Outputs 

Next 
ADDR 
Source File Counter 

Mnemonic Function 13 12 11 10 TEST S1 So FE PUP lOAD EN MAP E PIT 

JZ JUMP ZERO L L L L L H H H H L L H L 
L L L L H H H H H L L H L 

CJS COND JSB PL L L L H L L L H H H H H L 
L L L H H H H L H H H H L 

JMAP JUMP MAP L L H L L H H H H H H L H 
L L H L H H H H H H H L H 

CJP CONOJUMPPL L L H H L L L H H H H H L 
L L H H H H H H H H H H L 

PUSH PUSH/CONO LO CNTR L H L L L L L L H H H H L 
L H L L H L L L H L H H L 

JSRP eOND JSB R/PL L H L H L L H L H H H H L 
L H L H H H H L H H H H L 

CJV CONO JUMP VECTOR L H H L L L L H H H H H H 
L H H L H H H H H H H H H 

JRP CONO JUMP R/PL L H H H L ,L H H H H H H L 
L H H H H H H H H H H H L 

RFCT REPEAT LOOP. CTR '* 0 H L L L L H L H L H L H L 
H L L L H L L L L H H H L 

RPCT REPEAT PL, CTR '* 0 H L L H L ,H H H H H L H L 
H L L H H L L H H H H H L 

CRTN eONO RTN H L H L L L L H L H H H L 
H L H L H H L L L H H H L 

CJPP CONO JUMP PL & POP H L H H L L L H L H H H L 
H L H H H 'H H L L H H H L 

LOCT LO CNTR & CONTINUE H H L L L L L H H L H H L 
H H L L H L L H H L H H L 

LOOP TEST END LOOP H H L H L H L H L H H H L 
H H L H H L L L L H H H L 

CONT CONTINUE H H H L L L L H H H· H H L 
H H H L H L L H H H H H L 

JP 'JUMP PL H H H H L H H H H H H H L 
H H H H H H H H H H H H L 

L = Low. H' = High 

'Gua'ranteed Loading Characteristics Over Operating Range (in unit loads) 

Pin Inputl Input Output Output 
Nos. Output Load High Low 

1 MAP E - 100 44 

2 PUP - 100 44 
-

3 FE - 100 44 

4 S1 - 100 44 

5 So - 100 44 

6 CNT LOAD - 100 44 

7 CNT E - 100 44 

8 GND - - -

9 PL E - 100 44 

10 TEST 0,5 - -
11 10 0.5 - -
12 11 0.5 - -
13 12 0.5 - -
14 13 0.5 - -
15 OE - 100 44 

16 VCC - - -

A Low·Power Schottky TTL Unit Load is defined as 20}JA measured at 2.7V High and -O.36mA measured at O.4V Low, 
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2900 Familyl 
Bipolar Microprocessor 

PRELIMINARY 

DM10900 8-Bit Parity ALU Slice 

General Descri"ption Features 
• Manufactured from high performance, oxide· 

isolated Eel macrocell array. 

• Performs all necessary logic and arithmetic 
operations. 

• Dual port architecture-two B·bit, latched Input 
ports; one B·bit, latched output port. 

The DM10900 B·Blt Microprocessor slice Is a cascad· 
able device designed for use In high performance cen· 
tral processing units, microprogram mabie controllers, 
and other applications where hardware/software flex· 
Ibillty, ease of expansion, and Eel 10k compatibility are 
system requirements. The building block ar~hltecture 
and microinstruction format of the DM10900 permits 
efficient emulation of most digital systems. • Internal look·ahead carry with propagate/generate 

outputs. 

• Internal parity detect circuit with parity error 
output. 

As shown In the block diagram below, the DM10900 
consists of a parallel B·blt adder accessed by two latch· 
ed Input ports. In addition, various logic operations can 
also be performed on the input data. Shifting circuits 
and parity detect circuits implemented with Eel, oxide· 
isolated technology, allow the device to function as a 
very powerful, high performance AlU. 

• Expandable in 4· or B·bit increments to form larger 
word sizes. 

Block Diagram 

MSB LSB 

MSB-LSB 
X BUS 

DM10900 

MSB-LSB 

Y BUS 

CDtiD 
CD61 
CD6Z 

rr~~~J' 
Vcco (PIN 66) 

TO~ 
PIN 67 

" ~ II clJ 12~~G 

MSB LSB 
SR SL 

4 4 

TErr 

HSC 

OPA 
OPB 

PAR x°Lab . 

~ " 

I 

.. 9:'" .J A B 
PAR 

I J ADDER 

I XDR Cj S~ 

~t:! - -
suMPAiiI-, I SUM 

.I MUX A 

" I1II 
1018 I 
I 
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Test Temperature 
Symbol. O°C +25°C 

VIH max -0.840 -0.810 

VIHAmin -1.145 -1.105 

VILmin -1.95 -1.95 

VILA max -1.490 -1.475 

VEE -5.2 -5.2 

(A) indicates the most positive value. 

Electrical Characteristics 

+70°C 

-0.730 

-1.050 

-1.95 

-1.450 

-5.2 

Recommended Operating Conditions 
VEE Supply Voltage -4.68Voc to -5.72Voc 

(Vcc=OV) 

TA Operating Temperature Oto +70°C 
(Functional) 

Output Drive 

TJ Junction Temperature 

50Q to -2.0Voc 

130°C Max. 

Each ECl 10,000 series circuit has been designed to meet the DC specifications shown in the test table, after thermal 
equilibrium has been established. The circuit is in a test socket or mounted on a printed circuit board and transverse air 
flow greater than 1000 linear fpm is maintained. Outputs are terminated through a 50Q resistor to -2.0V. Test procedures 
are shown for only one input, or for one set of input conditions. Other inputs are tested in the same manner. 

DM10900 Test Limits 
Pin Voltage Applied to Pins Listed Below: 

Symbol Parameters Under O°C +25°C +70°C 
Test 

Min. Max. Min. Typ. Max. Min. Max. Unit VIH max VILmin VIHAmin VILA max VEE 

Power Supply Drain 
lEE Current 9,43 514 855 514 685 855 514 855 mADe - - - -

Input Current 

IINH CD61, XL, YL, ZL, 55 - 600 - - 600 - 600 /JADC - - - -
CIN,OPA 

A" Others 50 - 250 - - 250 - 250 50 - - -

IINL 50 0.5 - 0.5 - - 0.5 - - 50 - -

VOH Logic High 4 -1.000 -0.840 -0.960 - -0.810 -0.905 -0.730 VDC 50,55,24 31,56,54 
9,43 

Output Voltage 

VOL Logic Low 4 -1.95 -1.665 -1.95 - -1.650 -1.95 -1.625 VDC 55,24 50,31, - -
Output Voltage 56,54 

VOHA Logic High 4 -1.02 - -0.980 - - -0.925 - VDC 55,24 31,56,54 50 -
Threshold Voltage 

VOLA Logic Low 4 - -1.645 - - -1.630 - -1.605 VOC 24,55 31,54,56 - 50 
Threshold Voltage 

w 

(VCCO) 
(VCe> 
Gnd 

3,15,20 
26,60,68 

0060~lNa 
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Pin 
Pin Number Description 

XO 50 
X1 48 
X2 46 
X3 44 
X4 41 
X5 39 
X6 37 
X7 35 
X8 62 
XL 31 
XP 32 
XIN 63 
YO 51 
Y1 49 
Y2 47 
Y3 45 
Y4 42 
Y5 40 
Y6 38 
Y7 36 
YL 52 
YP 34 
CIN 25 

COUT 17 
PG 18 
GG 13 
Cn3 7 
Cn7 8 
SRO 27 
SR1 29 
SR2 28 
SR3 30 
SL4 53 
SL5 33 

DM10900 

Z1 

ZO 

ZP 

CN7 TOP VIEW 
(VIEWED FROM SlOE 

OPPOSITE LID) 

Zil3 

FIGURE 1. Input/Output Diagram 

DM10900 Grid Array Package 
Drawing Not Available at This Time 

Table 1. Pin ASSignments 

Pin 
Description 

Description 

Input Bus - LSB Input SL6 
Input Bus SL7 
Input Bus ZO 
Input Bus Z1 
Input Bus Z2 
Input Bus Z3 
Input Bus Z4 
Input Bus - MSB Input Z5 
Shift Interconnect-MSB Z6 
X Latch Control Bit Z7 
X Input Parity Bit ZD3 
Shift Interconnect-LSB ZD7 
Input Bus - LSB Input ZP 
Input Bus ZL 
Input Bus ZErr 
Input Bus TErr 
Input Bus Comp 
Input Bus CD60 
Input Bus CD61 
Input Bus-MSB Input CD62 
Y Latch Control Bit HSC 
Y Input Parity Bit OPA 
Carry Input OPB 
Carry Output VEE 
Group Propagate Output VEE 
Group Generate Output Vee 
Detect System Overflow Vee 
Detect System Overflow Veeo 
Shift Right Input to Z4 Veeo 
Shift Right Input to Z5 Veeo 
Shift Right Input to Z6 Veeo 
Shift Right Input to Z7 CL 
Shift Left Input to ZO NC 
Shift Left Input to Z1 TD 

23·64 

X1 

X3 

Y4 

Y7 

Tl1L5014 

Pin Number Description 

59 Shift Left Input to Z2 
58 Shift Left Input to Z3 

4 Output Bus - LSB Output 
2 Output Bus 
1 Output Bus 

68 Output Bus 
19 Output Bus 
5 Output Bus 

10 Output Bus 
21 Output Bus - MSB Output 
14 Zero Detect 
16 Zero Detect 
6 Parity Detect Output 
24 Z Latch Control Bit 
11 Bus Error Detect Output 
12 Test Error Input 
57 Control Input Complement 
56 Control Input 
55 Control Input 
54 Control Input 
65 Half Sum Check Output 
64 Control Input 
61 Control Input 

9 -5.2 Volt Supply 
43 -5.2 Volt Supply 
26 Ground 
60 Ground 
3 Ground 

15 Ground 
20 Ground 
66 Ground 
22 Carry Latch Ehable 
23 Not Used 
67 Test Diode 



Operation 
The basic data input ports to the DM10900 are the X bus 
and Y bus, each capable of accepting eight data bits. To 
expand the word size of a OM 10900 system, single-bit data 
paths CIN, COUT, XIN, and X8 along with 4-bit paths SL and 
SR are provided. In addition, group propagate and group 
generate outputs can be used with external carry look
ahead logic in an expanded system for faster operation. . 

The DM109000utputsdataon theZbus and provides zero 
detect signals ZD7 for outputs Z7-Z4 and ZD3 for outputs 
Z3-Z0. In addition, carry signals CN3 and CN7 are gener
ated within the adder for determining overflow condi
tions. Parity circuitry continuously monitors data flow 
within the ALU slice and provides two error signals. 

Each input and output port consists of eight data bits and 
one odd parity bit. The two input ports are latched and 
routed to four logic networks which generate a 1-bit shift 
right or left of X, a complement of Y, a logic OR of X and Y, 
and a logic AND of X and Y. The shift and complement 
circuits input to the adder network which provides the 
arithmetic sum and the logic exclusive-OR. Two 1-of-4 
multiplexers select the data path to the Z output bus. 

Pin Descriptions 
1. X Input Bus. These eight data input pins serve as data 

paths to an internal latch in the ALU. Data is passed 
through the latch when Latch Control bit, XL, is brought 
low and latched when XL is brought high. X7 is the most 
significant bit (MSB) of the X input bus. 

2. Y Input Bus. These eight data input pins operate iden
tically to the X input bus described above. YL is the 
I~tch control signal for the Y input bus. 

3. Parity Inputs, XP and YP. To utilize the parity detect 
circuitry of the DM10900, parity for X input data and Y 
input data should be entered on the XP and YP inputs re
spectively. These bits are used in determining the Z par
ity output, ZP, and parity error Signals, HSC and ZErr. 

4. Shift Interconnects. Shift interconnect signals XIN , 
X8, SL and SR are provided to facilitate shift opera
tions in cascaded slice systems. 

For a single-bit shift left, XIN is shifted into the XO 
position and for a single-bit shift right, X8 is shifted 
into the X7 position. SL and SR are used for 4-bit shifts. 
For a shift left, SL7-SL4 are shifted into Z3-Z0 respec
tively, while the results of the OR circuit, (X + Yh
(X + Y)o are shifted into Z7-Z4, respectively. For a shift 
right, SR3-SRO are shifted into Z7-Z4, respectively, 
while the OR circuit outputs (X + Yh - (X + Y)4 are 
shifted into Z3-Z0, respectively. 

5. Half Sum Check. HSC is a parity check of the X bus 
and Y bus along with an error check of the half sum 
adder network. HSC will detect a single-bit error or 
any combination of odd number of errors. Half sums 
are derived from the bit-by-bit Exclusive-OR of the two 
busses. The half sum bits, along with the input parity 
bits XP and YP, determine HSC as follows: 

HSC = HS7E1lGS6E1l HS5E1l HS4E1l HS3E1l 
HS2E1l HS1 Ell HSOEll XPEIl YPEIl Shift PAR 

6. 

7. 

8. 

9. 

10. 

11. 

12. 
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Carry Signals. System overflow can be detected by 0 
the carry signals CN3 and CN7. Overflow occurs CD 
when the maximum system word or byte value has 0 
been exceeded. Only the overflow from the most sig- 0 
nificant 8-bit slice is used in a typical system. 

Overflow is detected by the exclusive-OR of the 
carry out and carry in of the most significant bit in a 
system. In an 8-bit increment system (8, 16,2.4, etc.) 
overflow can be generated by the exclusive-OR of 
COUT and CN7. In a 4-bit increment system (4, 12, 16, 
etc.) overflow can be generated by the Exclusive· 
NOR of Z4 and CN3 (OF = Z4E1l CN3). Z4 is effectively 
the carry out of the 8-bit slice operating in a 4-bit slice 
mode. 

Carry in, CIN, is used to interconnect 8-bit slices in a 
system. In a ripple carry mode, CIN is connected to 
the carry out, COUT, of the previous slice. COUT 
occurs when the calculated value within the ALU 
exceeds the maximum capacity, a binary ~ount over 
255. COUT is generated by look-ahead carry logic in 
the 8-bit ALU. 

Output Z Bus. These eight data output pins connect 
the output data latch to the external system. Data 
passes through the latch to the Z bus when ZL is 
high. Z7 is the most significant output bit. 

Zero Detect. ZD7 and ZD3 indicate all lows on output 
latch Z7-Z4 and Z3-Z0, respectively. These outputs go 
low when their corresponding output bits are all low. 

Z Bus Error. ZErr indicates a single-bit error (or odd 
number of multiple errors) in data flowing through the 
multiplexers or output latch. The output parity bit, ZP, 
is compared with the parity of the Z bus output gener-
atirig a logic high on ZErr if an error exists. 

ZErr can be tested with the test error input, TErr, when 
an arithmetic operation is performed. When enabled, 
a logic high on TErr will result in an incorrect parity of 
the arithmetic operation output Sum. This will be de-
tected by the Z bus error logic as shown in the block 
diagram. 

Parity Output. ZP is used to output the parity of the Z 
bus. It is generated independently of the Z bus, which 
adds another level of system error check. 

ZP is the Exclusive-OR of the selected function before 
multiplexing onto the Z bus. For example, if the ALU 
were performing an AND operation, ZP would be.: 

ZP=XY7E1lXY6E1lXY5E1l ... EIlXYO 

Group Propagate/Generate. Group propagate, PG, 
and group generate, GG, are used as inputs to exter-
nal look-ahead carry logic for carry in signals that 
can be obtained with faster ripple techniques. The 
propagate output goes low when the maximum value 
occurs on the ALU outputs (255). Group generate oc-
curs with a value of 256 or greater. These signals are 
useful only with arithmetic operations. 

Test Diode. A test diode, TO, is connected to Pin 67 

fD for use in measuring junction temperature. Pin 66 is 
the diode anode; Pin 67 the diode cathode. 
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Select Line Operation 
One· Bit Shift Select 

Control inputs CD60, CD61, and CD62 are used to give the 
EeL8·bit slice a 1·bit shift left or a 1-bit shift right.A logic L 
on CD62 results in a 1-bit shift left whereas a logic H 
results in a 1-bit shift right operation. When CD60 is held at 
a logic Lor CD61 is held at a logic H, no shift operation is 
performed. Table 2 illustrates the 1-bit shift operation. 

Table 2 

Operation C060 C061 C062 

No Shift L X X 
No Shift X H X 
1~Bit Shift Left H L L 
1-Bit Shift Right H l H 

Mux B Select 

Control inputs CD60, CD61, and CD62 are used to select 
the data path to the ALU output latch. When CD61 is held 
at a logic H, Mux B is enabled. CD60 and CD62 select ALU 
functions pass X, pass Y, shift left four bits or shift right 
four bits. (See Table 3.) . 

Table 3 

Function ZP C061 C060 C062 

Not Enabled See Table 4 L X 
Pass X XP H L 
Pass Y YP H L 
Shift Left 4 Bits SL4 PAR H H 
Shift Right 4 Bits SR4 PAR H H 

SL4 PAR = [SL4e SL5 SL6e SL7]$" 
[(XO+ YO)e(X1 + Y1)e(X2+ Y2)e(X3+ Y3)] 

SR4 PAR = [SROe SR1 e SR2e SR3]$ 

X 
L 
H 
L 
H 

[(X4 + Y4)e(X5 + Y5)e(X6 + Y6)e(X7 + Y7)] 

Function ZP C061 

X+Y+CIN Sum PAR L 
X+YeCIN Sum PAR L 
XeY XOR PAR L 
XeY XOR PAR L 
XSL+ Y +CIN Sum PAR L 
XSL+Y+CIN Sum PAR L 
XSLeY XOR PAR L 
XSLeY XOR PAR L 
XSR+Y+CIN Sum PAR L 
XSR+Y+CIN Sum PAR L 
XSReY XOR PAR L 
XSReY XOR PAR L 
X-Y AND PAR L 
X+Y OR PAR L 
X XP H 
Y YP H 
Shift Left Four Bits 1 SL4 PAR H 
Shift Right Four Bits2 SR4 PAR H 

Table 6 

Mux A Select 

Control inputs OPA, OPB, and CD61 are used to select the 
data path to the ALU output latch. When CD61 is held .at a 
logic L, Mux A is enabled, OPA and OPB select ALU func· 
tions Sum, XOR, X + Y, or X • Y (see Figure 11). See Table 4. 

Table 4 

Function ZP 

Not Enabled See Table 3 
Sum Sum PAR 
XOR XOR PAR 
X-Y AND PAR 
X+Y OR PAR 

XOR PAR = (Shift PAR)"i[XPEil YP) where 

Shift PAR = [X7E1lXIN)· CD62 + (X8EllXO)· 

CD62). CD60 • CD61 

AND PAR =[(XO· YO)Ell(X1 • Y1)Ell(X2· Y2)Ell 

(X3· Y3))"i[(X4. Y4)Ell(X5 • Y5)Ell 

(X6· Y6)Ell(l(? Y7)) 

OR PAR=(AND PAR)"i(XOR PAR) 

Sum PAR = CINEllC1 EllC2EllC3EllC4EllC5E1l 

C6EllC7EllTErrEll(XOR PAR) 

C061 OPA 

H X 
L L 
L L 
L H 
L H 

where CIN is the carry·in for generating bit 21 for 1=1 to 7. 

Complement Y Select 

OPB 

X 
L 
H 
L 
H 

Control input Co~p inhibits or enables the complement 
operation. When Comp is at a logic L, Y data is passed. 
When Comp is at a logic H, Y is complemented. 

Table 5 

Operation Comp 

Pass Y L 
Complement Y H 

C060 C062 OPA OPB Comp 

L X L L L 
L X L L H 
L X L H L 
L X L H H 
H L L L L 
H L L L H 
H L L H L 
H L L H H 
H H L L L 
H H L L H 
H H ·L H L 
H H L H H 
X X H L X 
X X H H X 
L L X X X 
L H X X X 
H L X X X 
H H X X .X 

1 . The least significant four bits of X or Yare shifted Into the most significant four bits. The four least significant bits are replaced with SL7-SL4 inputs. 

2. The most significant four bits of X or Yare shifted into the least significant four bits. The four most significant bits are replaced with SR3-SRO inputs. 

+ Logic Incluslve·OR. • Logical AND. Ell Logical Exclusive·OR. 
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Switching Waveforms Switching Time Test Circuit 
Propagation Delays Veea = Vee = + 2.0 Voe 

*50% 
Veeo = Vee = + 2.0 VDe 

INPUT 
VIN VOUT 

l-tPd-1 
"'.F i I I [ II i".j OUTPUT • *50% 

COAX l -::- 3 1520 26 60 66 -::-~ , 

TUL5014 
0-

I '."'DO I UNDER 

Setup and Hold TPIN TEST 
TPOUT 

*50% r= 9 143 

INPUT l to:1I'F 

os"uP 1---
1

-"--1 tHOLO VEE = - 3.2 vae 
TlIL5014 

ZL OR CL '\ 
50Q termination to ground location in each scope 

t 5O
% 

channel input. 
IT OR Y[ All input and output cables to the scope are equal 

Tl'L5014 lengths of 50Q coaxial cable. Wire length should be < 1/4 

Setup and Hold 
inch from TP1N to output pin and TPoUT to output pin. 

Test Procedure: 
a. Establish setup time with long thold' 
b. Keeping the leading edge of the input constant 

(tsetup), vary the trailing edge of the input to deter-
mine thold' 

Setup and Hold Times (Nanoseconds) 
o to +70°C TA (TJ not to exceed +115°C) 

I 
Input Clock (Ref. Edge) Output Setup (Min.) Hold (Min.) 

X Bus, XP XL (L-H) All 1.6 +1 

Y Bus, YP YL (L-H) All 1.6 +1 

X Bus, Y Bus, Compo 
ZL(H-l) 

Z Bus 17.8 0 

ZP 19.2 0 

CL (H-L) CN3, CN7 14.5 0 

XP, YP ZL (H-L) ZP 11.7 0 

CIN ZL (H-L) 
Z Bus 12 -1 

ZP 14.3 -1 

CL (HB-L) CN3, CN? 8.6 -1 

SL,SR 
ZL(H-L) 

Z Bus 6.1 +0.5 

ZP 12 0 

X8, XIN ZL(H-L) 
Z Bus 15.5 -1 

ZP 17.2 -1 

CL (H-L) CN3, CN7 12.1 -1 

OPA,OPB ZL (H-L) Z Bus, ZP 10.6 +0.5 

CD60, CD61, CD62 
ZL(H-L) 

Z Bus 24.2 +0.5 

ZP 26.1 0 

CL (H-L) CN3, CN7 21.1 -1 

XL, YL (H - LEdge) 
ZL (H-L) 

ZBus 18.9 -0.5 
\ 

ZP 20.4 -1 

CL (H-L) CN3, CN7 15.5 -1 

TErr ZL (H-L) ZP 7 0 
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Propagation Delay (Nanoseconds) 

Path o to 70°C TA (TJ not to exceed 115°) 
Input 

Via Mode 
Output 

Typical Maximum 

X Bus Adder XOR Z Bus 7.9 12.2 
Y Bus Adder Arith. Z Bus 11.6 17.8 
Comp Mux B Logical Z Bus 6.8 10.8 

Adder Arith. ZP 12.5 19.2 
COUT 7.5 11.5 
CN3, CN7 9.4 14.4 
Z07, Z03 13.9 20.7 
HSC 9.8 15.1 
ZErr 16.7 25.7 
PG 7.5 11.5 
GG 7.4 11.3 

XP ZP 7.6 11.7 
YP HSC 6.8 10.4 

ZErr 10.5 16.2 

CIN Adder Arith Z Bus 7.8 12 
ZP 9.3 14.3 
COUT_ 2.8 4.3 
CN3, CN7 5.5 8.5 
Z07, Z03 10 15.3 
ZErr 12.3 18.9 

SL MuxB Shift 4 Bits Z Bus 4 6.1 
SR ZP 7.8 12 

Z07, Z03 6.3 9.7 

X8 Adder Shift 1 Bit Z Bus 10.1 15.5 
ZP 11.2 17.2 

X1N COUT 6 9.2 
CN3, CN7 7.8 12 
Z07, Z03 12.3 18.9 
PG 6 9.2 
GG 5.8 8.9 
HSC 8.6 13.2 

,ZErr 15.5 23.8 

TErr Z Parity ZP 4.5 '7 
Error Check ZErr 7.5 11.5 

XL Latch Latch X, Y Z Bus 12.3 18.9 
YL ZP 13.3 20.4 

COUT 8.3 12.7 
CN3, CN7 10 15.4 
Z07, Z03 14.5 22 
HSC 10.5 16.2 
ZErr 17.4 26.8 ' 
PG 8.2 12.6 
GG 8.1 12.4 ' 

OPA MuxA Select Z Bus 6.9 10.6 
OPB ZP 5.9 9.1 

Z07, Z03 9.4 14.4 
ZErr 11.4 17.5 

C060 Adder Shift 1 Bit Z Bus 15.7 24.2 
CD61 ZP 17 26.1 
C062 COUT 11.6 17.9 

CN3, CN7 13.7, 21 
Z07, Z03 18 27.7 
HSC 14.4 22.1 
ZErr 21.3 32.7 
PG 12 18.5 
GG 11.9 18.3 

ZL Latch Latch Z Z Bus, ZP 3.3 5 
Z07, Z03 5.5 8.7 
ZErr 7 11.6 

CL Latch Arith CN3, CN7 2.8 4.3 
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OVERFLOW 

IP23 

IP IBUS 

HALF SUM 
CHECK 

IP23 
IL YL ZL COSO COSI COS2 OPA OPB COMP IErr I 

IP7..--

!!!!!!!!!l 
YBUS YP 

XIN I-++tt+---, 

tiN 

XP XBUS 

II~---~~~++~XB 

toUr 

YP7 

YBUS YP 

SL 

liN 

tiN 
HSC Zf" iO] ill ZP 

ZP23~ 
Z 

ZBUS 
ERROR 

16 

ZERO 
OETECT 

X 
IP15--.. 

X8 

Y 
..---YP15 

Caul CI-N 
HSC ZErr zeI ZOl ZP ZBUS 

ZP15 

FIGURE 2. 24·Bit ALU Expansion Example 
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SYSTEM ARCHITECTURE OF THE IDM2901A 

The IDM2901 is designed for use in microprogrammed 
systems; figure 1 illustrates a typical configuration for 
such a system. All devices use a common clock while 
two registers provide control signals and data inputs to 
the CPU. One of the registers serves as a direct·data 
input to the device, whereas the other register provides 
a communications link between the 2901, the micro
program sequencer, and the microprogram storage device 
(RAM, ROM or PROM). The "memory store" device 
contains microinstruction sequences, typically 28 to 
60 bits wide. When selected, these microinstructions 
control the IDM2901 and other circuits in order to 
execute the chosen operation. Address lines of the 
"store" device are driven by the microprogram 
sequencer. The sequencer can store an address, incre-

START 
ADDRESS 

MICROPROGRAM 
STORE 

(ROM/PROM) 

A, B 

CLOCK 

JUMP ADDRESS 

ment an address, jump to any address, and link subrou
tines. Control bits for the "next instruction" originate 
in the "microprogram store." Th is arrangement plus the 
fact that the control register is between the storage 
device and the 2901 means that the instruction can be 
accessed on one cycle and executed on the next cycle. 
In summary, as one instruction is executed, the next 
instruction is being read from microprogram memory. 
In such a configuration, system speed is improved 
because "access time" and "execution time" occur in 
parallel; without the "pipeline instruction register," 
these two operations would be implemented in serial 
order. Other speed-enhancement techniques are detailed 
later under "Speed Enhancement of Bipolar Bit·Slice 
Microprocessor Systems." 

DATA IN 

TO OTHER DATA 
DEVICES OUT 

STATUS 
OUT 

Figure 1.' Microprogrammed System Using the IDM2901 

1----------------------------------------------------------------·-----
EXPANDING THE IDM2901 BIT-SLICE 
MICROPROCESSOR 

The IDM2901 is a 4-bit slice microprocessor; thus, any 
number of devices can be interconnected to produce, in 
4-bit increments. CPUs of 8, 12, 16, 24, 36, or more 
bits. Figure 2 shows how three devices can be connected 
to form a 12-bit CPU using ripple carry; figure 3 shows a 
16-bit CPU using carry look-ahead, and figure 4 shows 
the general carry look-ahead scheme for long words. 

With exception of the carry interconnections, all 
expansion schemes are the same. The Q3 and RAM3 pins 
provide bidirectional left/right functions for .the most 

significant bit. Except for the last device in the string, 
the Q3 and RAM3 lines connect, respectively, to the 00 
and RAMO lines of the next device. These connections 
permit the "Q" register of each device to be shifted left 
or right as a contiguous n-bit register; also, it allows 
output data from the ALU to be shifted left or right as a 
contiguous n-bit word prior to storage in RAM. As 
shown in the single-slice configuration (see figure 5), the 
shift lines at the LSB and MSB could be connected to 
the TR I-STATE multiplexer; the multiplexer can then 
be controlled by microcode to select appropriate shift
input signals. 
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00 1/0 
RAMO 1/0 

CARRY IN 

OO·J 041 08·11 ... ... ... 
00 1/0 OJ 011 1/0 

RAMO 110 RAMJ RAMIII/O 

IOMl901 IOMl901 IOMl901 
CARRY I~ Cn+4 

OVR 

fJ fJ fJ 
Q[ f·O If[ f·O Q[ f·O 

YOJ Y41 YI·II Rl 
41011 

OUTPUT 
CO~TROL 

Figure 2. 12·Bit CPU with Ripple Carry 

0811 ... ... ... ... 
-DO OJ DO OJ 00 OJ DO OJ -015110 

- RAMO RAMJ RAMO RAMJ RAMO RAMJ RAMO RAMl - RAMtSl/O 
CO-- G ~ C 

~ 
GC>-

IOMl90t PO-- IOMl901 P IOMl90t P IOMl90t PC>-

-C. C.+4- C. tn+4 r- r- C. C,,"4 - C. C,,+4 -C 
OVR - OVR f- OVR - OVR _v 
fJ- fJ f- fJ- f]-H 

f·O- f'O r- f·O- f·O -_Z 
... ,a. ... ... 
YO·J Y41 Y8·11 Ylns 

Rl 
410U 

! 1 !! 
PoGo PI GI PI G2 PJGJ 

IOMl902 cp-
c. CARRY lOOKAHEAO pp-GE~ERATOR 

Cn •• C,,+v Cn., 

J J 

Figure 3. 16·Bit CPU Using Carry Lookahead 

IOM290t 

TOC4 TO Ca TO CIl TO Cia TO Cl4 TO Cl8 TO cn TO C40 TO C44 

GO Po 

L..--________ -+~C. 

L..-________ +-__ C4I 

TO CI6 

Figure 4. 4B·Bit CPU U~ing Multiple Carry Lookahead 
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I I I LSB MSB I I I 
! I I ! ! I I 1 
lG A B 2G IG A B 2G 

r- ICO ICOI-
H- I- ICI 

IY no nn IY ICII- ....... H 

~ I- IC2 IC2 
~ IC3 DM74S153 INPUTS INPUTS DM74S153 IC31- t--DUAL 4·INPUT FOR up· FOR DOWN· DUAL 4·INPUT 
~ 2CO MULTIPLEXER SHIFT SHIFT MULTIPLEXER 2COl-

H- I- 2Cl 2Y RAMO 
IDM2901 

RAMn 2Y 2Cll- ....... H ,..... I- 2C2 ARRAY 
2C21-t-

~ l-I- 2C3 2C31- I-

~ "* MSB - Fn 
(SIGN BIT) 

Figure 5. Typical Input/Output Shifting at End of Array 

All "F=O" outputs are connected together through a 
pull-up resistor; this line is high only if the ALU contains 
all zeroes. Most systems use the "F = 0" I ine as a "0" flag 
input to the processor status word. The overflow and F3 
pins are meaningful only when twos complement signed 
arithmetic is used. The overflow (V) output is high when 
the result of an arithmetic operation is a number requir
ing more bits than are available, causing the ~ign bit to 
be erroneous. The F3 (MSB ofALU output) is the sign 
of the result in twos complement notation and indicates 
the negative (N) bit, of the processor status word. The 
carry (C) bit of the status word is taken from the most 
significant processor (D12-D15, figure 3) in the string; 
carry interconnections between devices can use either 
ripple carry or carry look-ahead. For ripple carry, the 
carry-out (Cn+4) of each device is connected to the 
carry-in (Cn) of the next most significant device; for 
example, Cn+4 of device DO- D3 connects to Cn of 
D4-D7, Cn+4 of D4-D7 connects to Cn of Da-D11, 
and so on for all interconnected devices. 

As shown in figure 5, during shifting, TRI,STATE multi
plexers are used to select new input information for the 
"a" register and RAM; the left/right shift data is trans
ferred between devices over bidirectional lines. Figure 5 
shows how two dual 4-input multiplexers can be con
nected to provide four shift modes; in this case, 17 (from 
the IDM2901A) is used to select the up-shift or down-

shift multiplexer. In this example, the four shift modes 
are defined below; these are followed by a table that 
provides~n operating summary, 

Zero On a down-shift, the MSB of RAM is set 
low (logic 0); if the a register is also 
shifted, the MSB of this register is likewise 
set low. For. an up-shift, the LSB of the 
affected register(s) is set low. 

One Same as preceding description for "zero," 
except the MSB or LSB is set high (logic 1) 
rather than low (logic 0). 

Rotate Single precision rotate - MSB of RAM 
shifts into LSB on a right shift; LSB shifts 
into MSB on a left shift. If shifted, the a 
register bits are shifted in the same manner. 

Arithmetic Double-length arithmetic shift provided the 
a register is also shifted. On an up-shift, 
a "zero" is loaded into the LSB of the a 
register and the MSB of the a register is 
loaded into the LSB of RAM. On a down
shift, the LSB of RAM is loaded into the 
MSB of the a register and the MSB (F n = 
sign bit) of the ALU output is loaded into 
the MSB of RAM. (The same bit will also 
appear in the next least significant RAM 
bit.) 

Code Source of New Data 
Shift Type 

17 S, So 00 an RAMO RAMn 

H L L 0 On-1 0 Fn-1 Up Zero 

H L H 1 On-1 1 Fn-1 (Right) One 

H H L an °n-1 Fn Fn-1 Rotate 

H H H 0 On-1 an Fn-1 Arithmetic 

L L L 01 0 F1 0 Down Zero 

L L H 01 1 F1 1 (Left) One 

L H L 01 00 F1 FO Rotate 

L H H 01 FO F1 RAM n = RAM n_1 = Fn Arithmetic 
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HARDWARE MULTIPLICATION 

In its simplest form, interconnection for an a·bit by 
a·bit multiplication is shown in figure 6. This configura· 
tion can be easily expanded to 12 bits, 16 bits, or more 
by simply making the proper connections at the LSB 
and MSB of each device in the chain. The scheme shown 
in figure 6 uses the "add·and·shift" technique; thus, one 
clock cycle is required for each bit of the multiplier. For 
each clock cycle, the LSB of the multiplier is examined; 
if the bit is high (logical 1). the multiplicand is added to 
the partial product to generate a new partial product. 
The "new" partial product (or multiplicand) is then 
shifted one position towards the LSB and the multiplier 
is shifted in the same manner. The "old" LSB of the 
multiplier is discarded and the cycle is repeated until 
each bit of the multiplicand is used to generate a partial 
product. After each bit·operation is completed, the 
"new" LSB of the multiplier is available at 00. 

LSB 

The multiplier is retained in the 0 register of the 
IDM2901 and the mUltiplicand is held in one of the 
file registers (R a); the partial product is developed in yet 
another file register (Rb). The A·address field inputs 
(figure 1) are used to address the multiplicand in Ra; 
the B·address field is used to address the partial product, 
which resides in Rb. On each cycle, the contents of Ra 
are conditionally added to the contents of Rband, 
depending on the LSB of the 0 register as read from the 
00 output, both the O·register and the ALU result are 
shifted one position left. The microinstruction lines for 
each cycle of the operation are as indicated. 

la/17/16 = 4 (left·shift register file input and 0 register) 

15/14/13 = ° (add) 

12/11/10 = 1 or 3 (select AlB or O/B as ALU sources) 

,.....----l~-f00 031--.-----100 

RAM3 ttf RAMO 
CD 

RAMO 

LOW IDM2901 IOM2901 
FOR Cn 
ADD 

Cn+41-------4Cn 

TO 12 Cp 

OVR 

FJ 

F=O 

CLOCK--~-----------------------------------~ 

Figure 6. Using Two IDM2901s for a·bit by a·Bit Multiply 

The circled numbers in figure 6 refer to steps in the 
multiplication summary that follows. 

1. Input and output pins of the 0 register and RAM are 
connected such that the 0 register of each 2901 
device can be left or right shifted in unison. Likewise, 
an a·bit (or n·bit) A Lu can be shifted as one integral 
unit prior to storage in the register file. 

2. Source operands of the ALU are determined by the 
LSB output of the 0 register; these opetands are: 
A/B (add multiplicand to p,artial product) or O/B (add 

'nothing to partial product). Microinstruction bit 11 
can select between the operands (A/B or O/B); bit 11 
can be directly driven from the LSB·complement of 
the multiplier. 

3. When the "new" partial product appears at the input 
of the register file, it is shifted left by the RAM 
shifter. The LSB of this "new" product is complete 
and is not affected by future operations; accordingly, 
it is output at RAMO, where it is then input to the 
MSB of the 0 register. As each cycle is completed, 
the LSB of the product is input to the MSB of the 
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o register; thus, when the operation is completed, the 
o register contains the least significant half of the 
resulting product. 

4. As the ALU output is down·shifted for each clock 
cycle, the sign bit of the new partial product is input 
to the. MSB of the RAM shifter. If overflow has not 
occurred, the F3 flag will correctly designate the sign. 
If ah overflow has occurred, the overflow (OVR) 
output is set high and, in this case, the correct sign is 
the complement of F3, that is, F3. In summary, the 
correct sign bit to be shifted into the MSB of the 
partial product is F3 (no overflow) or F3 (with over· 
floW). On the last cycle, when the MSB of the multi· 
plier is examined, a conditional subtraction is per· 
formed - th is is because the sign bit of the mu Iti· 
plier carries negative rather than positive arithmetic 
weight: 

(Y = -Yi2i + Yi_12i-1 + ... + Y020 ) 

The foregoing scheme will correctly produce a twos 
complement product for all multiplicands and multi· 
pliers in twos complement notation. Figure 7 shows 
the input states of the I DM2901 s for each step of 
a signed, twos complement multiplication. 
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Initial Register States 

R 

0 Multiplier 

1 Multiplicand 

2 X 

3 X 

S,F~ D Description 

OVA 0 Move Multiplier to 0 - o X 0 3 

0 8 8 Clear R3 - X 3 2 4 

4 
(0+B)/2 

8 Condo Add & Shift n-1 
(A+B)/2 

1 3 o 

(8-0)/2 
8 Condo Subt. & Shift 

(8-A)/2 - 1 3 4 

OVO 8 Move LSH Prod. to R2 - X 2 2 3 

X = Don't Care S = Source 

Figure 7. Twos Complement Multiplication 

BYTE SWAPPING 

Sometimes it is expedient or necessary to swap the two 
halves of a 16-bit word - interchange DO-7 with D8-15 
and vice versa. A fast method of implementing the swap 
is to rotate the word in RAM, shifting 2 bits at a time -
only four shift cycles are required. The same file register 
is selected at both A and 8 ports; these two values are 
added together with carry-in connected to carry-out, 
producing a single position shift to the right. The ALU is 
then shifted to the right one more position prior to 
storage in RAM. For example, the byte swap of RO 
would be implemented by repeating the following set of 
conditions four times: 

A = 8 = 0; 1= 701; RAMO = RAM15; C'N = COUT 

INSTRUCTION FETCH CYCLE 

Generally, execution of a microinstruction begins with 
an instruction fetch cycle. The address of the instruction 
to be fetched (and executed) is held in the program 
counter (PC) and, as the first step, this address must be 
put in the memory address register. Next, the PC is 
incremented to point to the next instruction. The 
instruction obtained from memory is loaded into the 
program sequencer, which causes a jump to the micro
code that executes that particular instruction. The PC 
can be read out and incremented in one cycle by using 
destination code "2"and addressing the PC with both 
the A and B fields. The current value of PC will appear 
on the Y outputs and (PC+ 1) will be returned' to the 
register. For example, if PC is in register 15: 

A = 8 = 15; 1=203; Carry-in = 1 

The PC contents will appear at the Y outputs via the A 
port of RAM. On the low-to-high transition of the clock 
pulse, the program counter will be incremented and the 
Y outputs will be loaded into. the memory address 
register. During the next dock cycle, memory is read 
and, on the succeeding low-to-high transition of the 

clock, the instruction is put into the instruction register 
of the program sequencer. Only two microcycles are 
-required to complete the instruction fetch. 

FI LE EXPANSION 

In certain applications, the sixteen registers contained 
within the IDM2901 are insufficient; thus, the number 
of registers must be expanded. The expansion is easily 
implemented via the IDM29903 addressable D register 
file. As shown in the IDM29903 data sheet, the device 
consists of sixteen 4-bit words; each word can be 'read 
asynchronously or written into on the next clock 
transition. Figure 8 shows the IDM2901 and the 
IDM29903 connected together to provide a file that is 
32 words deep. As showri by the "file enable" logic 
and the "expansion interface" connections, it is easy 
to see how further expansion can be achieved. There 
are several possibilities which could be used for address 
decode of this 32-word file. The most versatile decod
ing system is simply to implement separate addresses 
for each file, that is, discrete A and 8 address fields 
for the IDM2901 and a separate address input for the 
IDM29903. As shown in the following sequence, ex
tending. the number of file registers allows round-robin 
shifting of information from one device to the other; 
thus, interfile data management is easily accomplished. 

Assume the following file location: 

RO through R15 are in IDM2901 
R16 through R31 are in IDM29903 

Then: 

1. RO.15 + 80-15 ~ 80-15 
2. RO-15 + 80-15 ~ 816-31 
3. R16-31 + 80-15 ~ 80-15 
4. R16-31 + 80-15 ~ 816-31 
5. R16-31 + RO-15 ~ 0 
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In the configuration shown in figure 8, single·cycle shifts 
do not work, except that RO.15 can be right·shifted or 
left·shifted. Other shifts can be performed by making a 
transfer to the Q register, shifting, and then transferring 
back to the R 15.31 registers. 

If system requirements prohibit the use of separate 
address decodes, common address decoding (figure 9) 
can be used; in this case, two 5-bit address fields are 
obtained via the IDM29751 and a 2-to-1 multiplexer is 
used to control the AlB address fields of the 2901. 

A5 

B5 

IOM29751 

AO·A3 

LOW fiLE 
ENABLE 

EXPANSION 
INTERFACE 

;r< 
Y OUTPUTS DATA INPUTS 

00 00 

IOM29903 

VIE "'"'~f.~\~ ~*~ as ~-r--""~ EXPANSION L-.-r--r--' 
INTERfACE 

CIN 

CLOCK-.-.----t ~O------------I 

HI~~:~t~---------------------' 

rHIGHflLE 
AOORESS 

Figure 8. File Expansion Using S~parate Address Fields for Each 1 G·Word File 

Y OUTPUTS DATA INPUTS 

00 00 
IOM29903 

~HI 
ADDRESS 
INPUTS 

H WE 

as 

~o~~~---~~o---------------~ 

Figure 9. File Expansion Using Common Address Decoding 
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USING THE IDM2909AI11A IN A 
COMPUTER CONTROL UNIT 

Introduction 

In any digital computing system, the Micro Control Unit 
(MCU) is almost always the most complicated subsystem. 
The MCU controls and supervises all bus activitY, synch· 
ronizes internal and external events, and grants or denies 
access to peripherals and other external systems. Because 
of these many and varied duties, the MCU is complicated 
in concept, design, and implementation. The I DM2909A/ 
llA Microprogram Sequencer provides an excellent tool 
for overall simplification of these parameters. 

Computer Architecture 

Typically, the architecture of most modern·day com· 
puters is as shown in figure 10. A common data bus is 
used; instructions, address operands, data, and other 
information is sent over this bus under the direction of 
a microprogram. The series of instructions within each 
microprogram selects the source of data and also the 
destination. Although only one data bus is shown in 
figure 10, a complicated system may contain several 

. busses - each under control of the MCU. 

I INSTRUCTION 
REGISTER 

r-
MICRO·CONTROl 

UNIT 

MICROPROGRAM 
REGISTER 

I I 

~ 
CONDITION CODES 

ANO 
EXTERNAL SYNC LOGIC 

CLOCKS 

CONTROL PANEL 
OR 

OTHER PROCESSORS 

The address bus in figure lOis used to select a memory 
word for some internal function, or to select an input/ 
output port for an external subsystem or peripheral. 
Data sources for the address bus can be the program 
counter, the memory address register, a direct memory 
address controller, an interface controller, or other; 
these functions are also under control of a microprogram 
command. 

The arithmetic/logic unit (ALU) is that part of the 
processor that does the computational work. With a 
complex ALU, a large number of arithmetic and logical 
functions can be performed. As a minimum, the ALU 
must perform the arithmetic functions "A+B," "A-B," 
and "B-A"; usually, these functions can be performed 
in both fixed point and twos complement binary form. 
The minimum logical functions performed by the ALU 
are: "A OR B," "A AND B," and "A EXCLUSIVE·OR 
B." The arithmetic and logical functions are both imple' 
mented by the same circuit configurations - the 
difference being in gating. Besides the arithmetic and 

DATA BUS 

~ 

TO INTERFACE 
CONTROLLERS 

r- WORKING J 
REGISTERS 

ARITHMETIC 
LOGIC 
UNIT 

SUBROUTINE 
STACK 

PROGRAM COUNTER 

AOORESS BUS 

I MEMORY ADDRESS 
REGISTER 

t 

MEMORY 
BANK 1 

MEMORY 
BANK2 

,~ 

Figure 10. Generalized Computer Architecture 
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logic capabilities of the ALU, shift and rotate functions 
are also implemented as part of the basic instruction set. 
When an arithmetic or logical operation is performed by 
the ALU, a set of' condition codes result. These condi
tion codes include such ,variables as carry out, A = B, the 
sign bit, result equals zero, and so on. Along with other 
status information, these condition codes are stored in 
a register for later use by the programmer or micro 
control unit. 

Third-generation processors also provide for a general
purpose register set that is available to the programmer 
to be used to hold variables that are used often - passing 
arguments to subroutines, referencing memory indirectly, 
and so on. Depending on the architecture of the machine, 
the general-purpose registers may be selected directly 
from the operands in the instruction register, from an 
address in the microprogram store, or one of the two 
sources as determined by a bit in the microprogram 
store. 

The program counter and the memory address register 
are the two main sources of input to the address bus. 
The program counter contains the address of the next 
instruction or instruction operand that is to be fetched 
from main memory, and the memory address register 
contains instruction address operands that are necessary 
to fetch the data required for the execution of the 
current instruction. When exiting a subroutine, a su brou
tine address stack is provided to allow for easy handling 
of the return address linkage. The address stack is a 
last-in/first-out stack that is controlled by a jump-to
subroutine, PUSH, or a return-from-subroutine, POP, 
instruction from the MCU microprogram word. 

In micro- and mini-computer systems, main memory 
consists of RAMs, ROMs, or more generally a combina
tion of both. Typically, random access memories (RAMs) 
are slower than the micro control unit and the arithmetic 
logic unit. On the other hand, read only memories 
(ROMs) may be much faster than circuits with'in the 
MCU. Peripheral devices and mUltiprocessing systems 
present the same type of speed-interface problems; also, 
the MCU must contend with synchronizing events that 
occur asynchronously. 

Control Sequence 

The MCU contains an instruction register, micro-program 
storage, and usually a microprogram register. The initial
ization, fetch, and execute phases for a typical micro 
control unit are shown in figure 11. Regardless of system 
size and complexity, an initialization sequence is 
required to put control and storage elements in a known 
state such that control functions can be implemented in 
an orderly manner. For example, registers, condition 
codes, flags, and carry/link flip-flops are preset to a logic 
1 or cleared to a logic O. Likewise, it is sometimes neces
sary to initialize stack registers and/or main memory. 
The initialization process must be closely supervised to 
prevent alteration or damage to peripheral interfaces; 
furthermore, clock pulses must be withheld from the 
system until the initialization process is complete. 

Usually, the initialization phase (1, figure 11) is started 
in one of three ways: (1) application of system power, 
(2) a "master reset" that is programmed or implemented 
by the operator, and (3) a detected error that cannot be 
corrected by the program. In a power-up generated 
initialization sequence, care must be given to the circuits 
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that detect the event and generate the timed reset signal; 
the operating sequence should not start until the entire 
power system is stable. Furthermore, since some equip
ment and components may be damaged if they require 
multiple voltages that are not applied in the proper 
order, the MCU is often used to sequence the enabling 
of power supplies. 

In state 2 of figure 11, an instruction is fetched from the 
specified memory location and loaded into the instruc
tion register., During state 3, the program counter is 
incremented and the previously fetch instruction is 
decoded. If another operand is required for the current 
instruction, state 3 is repeated and the various operands 
are loaded into the appropriate regi'ster. This process 
continues until the requirements of the instruction have 
been met. 

In state 4, the macroinstruction is executed. As in all 
of the other states, the instruction execution state may 
require one or more microinstruction cycles. 'After 
completing state 4, the MCU returns to the fetch phase 
and continues to fetch-and-execute the programmed 
microcode. 

9 
INITIALIZATION 

SEQUENCE 

+ 

'---"Q 
FETCH AN 

INSTRUCTION 

+ n 
INCREMENT PC FETCH AN 

IN~:~5~ffoN + OPERAND 

Figure 11. Initialization, Fetch, & Execute Phases tGr a Typical 
Microcomputer 

Architecture of the Micro Control Unit 

Basic components of the MCU are functionally shown in 
figure 12. The instruction register receives the instruc
tion from main memory via the data bus; to minimize 
system overhead, the registers, main memory, and data 
bus are all of the same width. An instruction is broken 
down into two or more fields: the "Op Code" and one 
or mor~ operands. The Op Code (Operation Code) is the 
instruction, whereas the operands are data used by the 
micro control unit in the execution of the instruction. 
For example, an operand might be the number of a 
selected register, a variable to be compared to the 



accumulator, the address of an input/output port, and 
so on, Because the operand may be used as data, it must 
be presented to the data bus via an open~collector or 
TRI-STATE device; the Op Code and its subfields must 
also be distributed to the ALU and various other 
registers. 

Usually, a macroinstruction contains more than one 
microinstruction; also, different classes of macroinstruc
tions almost always require a different number of micro
program steps. In figure 12, some hardware can be 
eliminated by using the Op Code as the starting address 
of the microprogram ROM. This technique is not recom
mended simply because it is wasteful and inflexible; also, 
the entire system is affected by changes in th'e instruc
tion set or the microprogram. To avoid these problems, 
a mapping ROM can be used. 

To allow a greater range of starting addresses for the 
microprogram ROM, the output of the mapping ROM 
could be wider than the Op Code field that is used as the 
address input, Because ROM/PROM field widths are 
typically 4 bits or 8 bits wide, a reasonable choice for an 
8-bit Op Code is a mapping ROM that is 12 bits wide_ 
The starting address, as specified by the mapping ROM, 
is loaded into the microprogrammer counter which 
points to the first microinstruction in the microprogram 
ROM. When the output of the .microprogram ROM 
stabilizes, it is loaded into the microprogram register_ 

The use of the microprogram register in this manner is 
called pipelining. The pipeline technique improves the 
overall machine speed by allowing the address of the 
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microprogram ROM to be changed and its output to 
settle while the current microinstruction is being exe
cuted_ The microprogram sequence controller in figure 
18 performs two basic functions: (1) synchronizes 
external events, and (2) uses the output of the test 
condition multiplexer to determine whether or not 
microprogram branches, jumps-to-subroutine, and 
returns-trom-subroutine are to be made. 

External signals of the microprogram sequence controller 
can be grouped into five categories: supervisory, condi
tion codes, initialization, synchronization, and 
interrupts/clocks, The supervisory signals include "Run," 
"Halt," and "Pause_" "Run" is a latched signal that 
enables the clock to the entire system. "Ha1t" disables 
the system clock and is only recognized during the 
instruction fetch microcycle; this is a latched signal. 
"Pause" is a level provided to the controller from an 
outside processor to temporarily suspend MCU control 
so that the external processor has uncontested access to 
resources of ~he computer. 

Condition codes are stored in the program status word 
register and presented to the test condition multiplexer, 
where any of the codes may be selected by one of the 
microprogram fields in the microprogram register. If the 
condition code is true (logical 1 ), the output of the test 
condition multiplexer will enable a branch instruction in 
the microprogram. The condition codes are loaded into 
the program status word register after every ALUopera
tion or interrupt request. 
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Figure 12, Basic Components of Micro Control Unit 
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Initialization lines include "Power-Up Reset" and 
"Master Reset" - these signals have been previously 
described_ Synchronization lines include "Operation 
Request" and "Operation Acknowledge" - OPREQ and 
OPACK_ These signals are used to synchronize external 
events whose speed is slower than that of the MCU_ For 
example, when the MCU issues a memory reference 
instruction, an OPREQ signal is- generated and, although 
the system clock continues to run, it is effectively dis
connected from the micro control unit. Once the 
addressed memory has accessed the data and performed 
the read or write operation, it generates the OPACK 
signal; thus, the system clock is enabled to the MCU_ 
When . the memory or input/output cycle times are 
known and can be controlled, the MCU clock period can 
be adjusted to preclude the requirement for synchroniz
ing signals_ 

An interrupt may occur at any time; however, it is 
normally recognized only during an instruction fetch_ 
When the interrupt is recognized, the priority encoded 
interrupt vector is put into the program status word 
register and the microprogram ROM is updated with 
the address of the interrupt service routine_ When the 
interrupt has been serviced, a return to the resident pro
gram is made via the previous program counter value_ 

MCU Instructions 

There are two types of instructions recognized within 
the MCU - machine language or macroinstructions, and 
random logic replacement or microinstructions_ Macro
instructions reside in main memory, are fetched and 
loaded into the instruction register, and then are 
decoded into microinstructions which directly control 

Register-to-Register 

resources of the computer. Two different types of 
macroinstructions are shown in figure 13. The register
to-register instruction consists of an 8-bit Op Code and 
two 4-bit operand fields; the branch-on instruction also 
consists of an 8-bit Op Code but the eight least signifi
cant bits define an 8-bit displacement address. In the 
register-to-register instruction, the operand defines the 
source and destination registers (A and Bl. that is, the 
result of an arithmetic/logic function using registers A 
and B will be stored in register B_ I n the branch-on 
instruction, the condition of the branch is implicit in 
the Op Code; the sum of the current program counter 
address and the· displacement address will be stored in 
the program counter if the selected condition is logically 
true. 

The word format for a typical microinstruction is shown 
in figure 13. The four least significant bits (BO-3) 
define the type of microinstruction (SEQUENCER 
FUNCTION) that is being executed. The second 4-bit 
field selects the "BRANCH CONDITION" (if the micro
instruction is a branch instruction); two'l-bit fields may 
enable the interrupt and pause functions if the micro
instruction is an instruction fetch command and disables 
the interrupts at all other times. The third microinstruc
tion field is composed of two 3-bit subfields which are 
used to define the source and the destination of data 
(DATA BUS CONTROL)_ Depending upon the micro
instruction function, the remaining 12-bit field is 
defined either as an arithmetic logic unit control field or 
as a microprogram branch address field (ALU & BRANCH 
ADDRESS BITS). There are various methods of mapping 
microinstruction control fields; however, for implemen
tation of these fields in the examples that follow, the 
.. ALU and Branch Address" is used. 

o 

Op Code Reg_ B Reg. A 

Branch On Condition 

o 

Op Code Displacement 

ALU & Branch Address Bits Data Bus Control Synchronization Logic 

External ~ z Branch Se.quencer 
Function Source Destination Source Destination ::J 

Gating co ~ Condition Function a.. 
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Figure 13. Macro- and Micro-Instruction Fields 
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Implementing an MCU Using an IDM2909A 

-The IDM2909A address controller permits the designer 
to use the very latest in microprogramming techniques -
microbranching, microsubroutines, and repetitive micro
instruction execution. Instead of using sequential 
circuits which must be parallel loaded and sequentially 
incremented with separate clock pulses, the IDM2909A 
uses a combinational incrementer whose output is trans
ferred to the microprogram counter on the rising edge of 
the clock pulse. As indicated in the data sheet (Part 1 
of this manual). the primary function of the IDM2909A 
is to present an address to the microprogram ROM such 
that a microinstruction may be fetched and executed. 
The address information is available from any of four 
sources - an Address Register, a Microprogram Counter 
ReQister. a Direct or Branch Input. and a Subroutine 
Stack. The address source (figure 14) is chosen by using 
the one-of-four address multiplexer select lines, So and 
S1. The selected address can then be modified by the 
OR input lines or forced to zero before it is presented 
at the Y address output lines through a TRI-STATE 
buffer. 

The OR input lines can be used in either of two ways. 
Selected OR inputs can be set to a logical 1; this will 
provide the logical OR of the selected address source 
and the OR input lines at the Y output - in this config
uration the address can be "masked." If a microprogram 
instruction of the SKIP or BRANCH classes is being 
executed and the microinstruction is aligned on an even 
address microprogram ROM word (the least significant 
address bit equals 0)' then the least significant OR input 

REGISTER 
ENABLE. 

RE 

OIREC~ >_--, __ ., 

So 

$,>-- MULTIPLEXER 

DR '>---;':---., 

lERO >-....;.0:--..., 

OUTPUT 
CONTROL. 

OE 

may be controlled by an external test condition multi
plexer. If the result of the conditional test is logically 
false (logical 0), then the least significant bit can be 
modified to avoid the execution of the BRANCH or 
SKIP instruction. For such functions, all unused OR 
inputs must be tied to ground; similarly, if the 2,3, 4, 
or n least significant bits of the selected address are 0, 
the associated OR input lines can be modified for an 
extended address range skip capabil ity. 

It is often desirable to get to a predefined state, or 
address. For instance, if the machine has just been 
turned on and it is necessary to perform an initialization 
sequence or a realtime event occurs where the processor 
control is required but the ongoing process information 
may not be destroyed, such as an interrupt, the OR 
inputs may be used. All of the OR inputs must be con
nected to the output of a positive logic gate so that 
when the event occurs the output of the gate goes to a 
logical 1, as do the Y output address lines. The ZE RO 
input provides a similar capability, but it must normally -
be held at a logical 1 and only "pulled down" to 0 when 
the event occurs - causing all of the address output 
lines to go to O. 

For automatic testing of the memory and register system, 
the TR I-STATE output buffer that drives the Y lines 
can be used. That is, if the buffer output control (OE) 
is disabled, the Y lines are set to the high-impedance 
state which allows output lines of the automatic tester 
to be connected directly across the outputs. 

PUSHIPOP. pUP 
FILE 
ENABLE. 
FE 

1--11--< CLOCK 

COUT 

Figure 14. Functional Architecture of IDM2909A 
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The address register (as well as other storage devices of 
the IOM2909A) is parallel loaded from the R inputs 
when the register enable line (RE) is low on a positive
going clock transition. When entering the starting 
address of a microprogram, this is the ideal register to 
use because its contents are not only presented to the 
Y outputs, but also to the incrementer. The incrementer 
is an adder provided.with an off-chip carry-in signal (C n ) 
and an off-chip carry-out signal (COUT); accordingly, 
several IOM2909A devices can be used in a cascade 
arrangement. The output from the incrementer is con
nected to a parallel load input on the microprogram 
counter register where it is loaded on the rising edge of 
the next clock pulse. If the microprogram counter is 
selected as the source address by subsequent microin
structions, it will be incremented by each succeeding 
clock pulse, thereby stepping through the microprogram. 

As previously indicated, it is sometimes necessary (and 
often desirable) to provide a branch instruction and a 
branch address in a microprogram instruction. In such 
cases, data lines from the branch address field in the 
microinstruction can be feedback-connected to the data
direct (0) inputs of the IDM2909A; the source address 
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multiplexer can then select the branch input as the next 
microinstruction address. On the next clock pulse, the 
address is incremented and stored in the microprogram 
counter register. 

The push/pop, or last-in/first-out (LIFO) stack, provides 
the microprogram mer with the .same flexibility in sub
routine execution that machine language programmers 
have. A 4-by-4 file whose address is controlled by a 2-bit 
up/down counter allows 4-deep nesting of microsub
routines. A push/pop control signal (PUP) determines 
whether the function being performed is a jump-to
subroutine (PUSH) or a return-trom-subroutine (POP). 
When the file enable control line (FE) is low, the push/ 
pop command is executed on the rising edge of the next 
clock pulse. After the subroutine is completed, a return 
to the address immediately following the jump-to
subroutine instruction is accomplished by selecting the 
stack as the source address and simultaneously executing 
a POP command. 

One method of implementing the hardware shown 
in figure 12 is a configuration such as that in figure 15. 
Two IOM29901 octal edge-triggered flip-flops with 

1::=====t:===:'AUSE I------+-----TO"" 1::=====t:===:'.T 
I::=====t::===~~~~~: 1======C===:-OPRf:Q 

I SPECIAL 
L-___ fUNCCONT 

Figure 15. Using the IDM2909A to Implement a Computer Control Unit 
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TRI-STATE outputs (designated U1 through U4) make 
up the 16-bit instruction register_ The most significant 
(U 1 /U2) registers contain the Op Code, whereas the 
least significant (U3/U4) registers contain the operand 
field_ The TRI-STATE outputs from the Op Code 
register are connected to' the address input of the 
mapping ROM_ If, as shown, the output enable (OE) is 
held low by pulling up an inverter, troubleshooting and 
automatic testing of the system can be simplified 
because the tester has control of the memory system_ 
The buffered output for the operand field is fed back to 
the eight least significant bits of the data bus for other 
register-modification purposes_ In some applications, the 
Operand field for ALU functions will be used as two 
4-bit subfields to specify a source register (RA) and a 
source/destination register (RS)- In fact, this arrange
ment works extremely well if the IDM2901A micro
processor is used_ The active TSL outputs are used for 
RA and RS data_ 

The two mapping ROMs are connected with common 
inputs but separate outputs_ This memory configuration 
produces 256 words and a possible unique 16-bit address 
for each Op Code_ There is considerable design flexibility 
and it is also easy to add additional instructions at a 
later time_ The outputs of the mapping ROMs (or 
PROMs) connect to the register address inputs of the 
IDM2909A (or IDM2911A) microsequencers; in turn, 
the outputs of the sequencers specify address data for 
the microprogram ROMs_ A recommended' part type is 
shown for the region described as the microprogram 
storage_ Since the 2909A or 2911A sequencer solution 
contains 12 addressing output bits, the size of this 
storage can grow to 4096 words before the microcon
trol design must be modified. Almost any number of 
PROMs may be used for a system design since the 
application will dictate the number of words and the 
width of the word to be used in the microprogram. 

As shown in figure 15, the microprogram register is split 
- one ROM (or PROM) providing special-function 
control, bus control, and ALU control, while the left 

side provides next state control and the possible next 
state jump address or ALU control. In this configuration, 
the starting address from the mapping ROM -is loaded 
into the internal register of the sequencer at some time 
before it is needed. Alternately, the direct inputs of the 
sequencer can be used; this method permits a single
cycle branch to the starting address_ 

The control bit fields for the ALU supervise all external 
gating and bit manipulation, whereas the other control 
fields provide source/destination bus control. Whenever 
the processor is running, the TRI-STATE output enable 
lines are held low, enabling the output. 

If a "Pause" is implemented (a DMA function as an 
example), the outputs are-disabled so that an external or 
peripheral processor can gain access to the control line. 

Depending upon the application, the sync and enable 
logic can be relatively simple or it can be very complex_ 
On the one hand, these circuits must satisfy the control 
requirements of the IDM2909A sequencer and the 
IDM2901, and on the other hand, they must provide 
the proper interface with externally-generated control 
signals. For the most part, internal control (within the 
MCU) is handled by decoding of the functions shown in 
figure 16. 

The ability to execute the same microinstruction a 
number of· times was mentioned earlier; technically, 
the value of this capability lies outside the micro control 
unit_ For example, consider the macroinstruction format 
for a register-to-register instruction as shown in figure 19. 
If the Op Code is a Shift or Rotate instruction, it is 
desirable for the programmer to move the data word· 
over a range of 1 to 16 bit positions with a single instruc
tion rather than multiple execution of the same instruc
tion. If the two operand subfields (RA and RS) are 
defined as RA equals the number of bit positions the 
data is to be moved and RS as the affected register, it 
is easy to see how this function can be implemented. 
(Additional hardware requirements are shown in figure 
17_) 
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Microprogram Microprogram Sequencer Control 

Sequencer 07 06 05 04 03 02 0, 00 
Function TEST SO, 

A4 A3 A2 A, AO Function Description ENABLE OR ZERO CIN RE FE PUP S, 

0 0 0 0 0 Initialize System L X L H H H X X 
0 0 0 0 1 Branch Test H L H H H H L L 
0 0 0 1 0 Jump to Subroutine Test H L H H H H L L 

!l: 0 0 0 1 1 Return from Subroutine H L H H H H L L iV 
u. 
0 0 0 1 0 0 Execute Program L L H H H H L L 

"t:l 0 0 1 0 1 External Carry Control 
C1I 

L L H * H H L L 
::c 0 0 1 1 0 L L H H H H L L 
~ 0 0 1 1 1 L L H H H H L L is 
c: 0 1 0 0 0 L L H H H H L L .g 
:c 0 1 0 0 1 

This Group Undefined 
L L H H H H L L 

c: 0 1 0 1 0 L L H H H H L L 0 
(J 0 1 0 1 1 L L H H H H L L ... 
'" C1I 

0 1 1 0 0 L I- L H H H H L L 
0 1 1 0 1 L L H H H H L L 
0 1 1 1 0 Load Mapped (Starting) Address L L H H L H H L 
0 1 1 1 1 Fetch Instruction H L H H H H L L 

1 0 0 0 0 This State Undefined L - - - - - - -
1 0 0 0 1 Execute Branch H L H H H H H H 
1 0 0 1 0 Execute Jump H L H H H L H H 

C1I 
::l 1 0 0 1 1 Execute Return H L H H H L L H 

t!= 
"t:l 
c: 1 0 1 0 0 L - - - - - - -
<\I 1 0 1 0 1 L - - - - - - -

"t:l 
C1I 1 0 1 1 0 L - - - - - - -::c 
<\I 1 0 1 1 1 L c: - - - - - - -
w 
c 1 1 0 0 0 L - - - - - - -.g 1 1 0 0 1 This State Undefined L - - - - - - -
:c 1 1 0 1 0 L c - - - - - - -
0 

(J 1 1 0 1 1 L - - - - - - -... 
C1I 1 1 1 0 0 L I- - - - - - - -

1 1 1 0 1 L - - - - - - -
1 1 1 1 0 L - - - - - - -
1 1 1 1 1 Service Interrupt or Pause H H H H H H X X 

·Value of this bit depends on logic implementation. 

Figure 16. Function Table for IDM2909 (or IDM2911) Microprogram Sequencer 
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! I I I I 
00 01 02 03 ~ 
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Figure 17. Example of Interactive Microinstruction Control 
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SPEED ENHANCEMENT OF BIPOLAR BiT-SLICE 
MICROPROCESSOR SYSTEMS 

Review of Critical Timing Paths 

I n order to identify potential areas for speed improve
ment, it is helpful to review the critical timing paths in 
a typical bipolar microprocessor. First, consider the 
simple system organization shown in figure 18. In this 
system, the address register is clocked at the beginning 
of the microcycle. When the microinstruction is valid 
at the ROM output, two basic paths must be considered. 
One path consists of accessing data from the registers, 
propagation through the ALU, and storing the result in 
a data register and a status register. The other path 
involves the test condition multiplexer and sequence 

CLK 

controller. Typical timing for ,such a system is shown in 
figure 19. After the microinstruction is valid, the two 
paths are indicated by arrows. In a typical system design, 
the minimum microcycle period is limited by the delay 
path through the registers and ALU - shown as "ALU 
Results May Be Clocked" in figure 19. 

If the path delays are such that the sequencer output is 
valid before the path through the registers and ALU has 
stabilized, a modification to the system shown in figure 

Figure 18. Simplified Block of Microprogrammed Processor 

\'----_--.-J! CLOCK ~ 
-----

VALID OUTPUT ... 
FROM ADDR REG ,.. 

,----------------- --- --- - -- - ----

MICROINSTRUCTION ... 
VALID ,.. ______________ -J 

,....--......;~------ - - - - -- ---
TEST CONDITION ... 

MULTIPLEXER VALID ,.. ________________ -J 

SEQUENCER ... 
OUTPUT VALID ,.. ____________________________________ --J 

ALU RESULTS MAY ... Y 
BE CLOCKED ,.. 
_____ ----1 

I .. ----------MINIMUM MICROCYCLE PERIOD----------·I 

Figure 19. Typical Timing Diagram for Microprogrammed System Shown in figure 18 
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18 can provide improved performance. Such a modified 
system with typical timing is shown in figure 20 - this is 
frequently called a pipelined organization. The name 
results from the fact that while one microinstruction is 
being executed, another microinstruction is simul· 
taneously being accessed. A register is added to the 
output of the ROM and the address register which was 
used to hold the output of the sequencer logic is not 

CLOCK ~-----,I\ 

used. The clock causes the next microinstruction to 
appear at the output of the microprogram register. The 
sequencer output is allowed to access the microprogram 
ROM to fetch the next microinstruction while the data 
is propagating through the registers and ALU. In this 
way, the access time of the ROM may be overlapped 
with the execution of the microinstruction by the 
registers and ALU. 

CLK 

\ I 
MICROINSTRUCTION'" \ 

,..------------ ------- - - - - - - - - --- -_. 
VALID ,.. _____ ...J 

~------...... ....---------------- - -- - _. 
TEST CONDITION ... 

MULTIPLEXER VALID ,.. ________ ..1 

,..----;,.,,------ ------_. 
SEQUENCER ... 

OUTPUT VALID ,.. ______________ --..1 

ROM OUTPUTS ... 
VALID ,.. ____________________________________________ ...J 

ALURESULTSMAY'" 
BE CLOCKED ,.. ______________________________________________ -..1 

--------MINIMUMMICRDCYCLE PERIOD-----------

Figura 20. Pipalinad Organization with Typical Timing 

Predicting Test Condition Results for 
Higher Performance 

In order for the pipelined organization of figure 20 to 
provide a performance advantage over the simple system 
shown in figure 18, the delay path through the sequencer 
and microprogram ROM must be faster than the path 
through the registers and ALU. In the timing diagram of 
figure 20, the sequencer output is valid early enough for 
the total access time of the ROM to be overlapped, that 
is, the ROM access time does not i'nfluence the required 
duration of the microcycle period. To satisfy this concli
tion, the sequencer logic must be relatively high speed, 
and most importantly, the test condition multiplexer 
inputs must be valid at an early point in the microcycle. 
The latter requirement is quite unfortunate, since it 
implies that test conditions based upon the result of 

ALU operations in the current microcycle may not be 
used. This forces the user to either provide more status 
register bits (the status register outputs contain the 
results of operations performed on earlier microcycles) 
and/or execute an additional microinstruction in order 
to perform an operation and test the result. Thus the 
consequences of not permitting test conditions based 
upon the result of the current ALU operation cost the 
user both additional hardware and execution time. 

An effective solution to th is problem is to design' the 
system so that the sequencer logic is conditioned on the 
basis of a predicted value for the test condition multi
plexer output, and the ROM is accessed on this assump-
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tion. After the ALU result is stable and has propagated 
through the test condition multiplexer, the predicted 
value of the multiplexer output is compared with the 
actual value of its output. If the predicted value was 
correct, the next microinstruction in sequence (i.e., the 
one which was being accessed) is executed. On the other 
hand, if the predicted value of the test condition multi
plexer is different from the actual value, the conditioning 
of the sequencer logic is modified correspondingly, and 
the time duration of the microcycle is extended in order 
to allow time for the modification to propagate through 
the sequence controller logic and access the ROM. 
Since the microprogrammer can frequently predict the 
results of test conditions with a frequency of success 
that is much better than 50%, a relatively small fraction 
of the microcycles must be extended. Two examples 
that illustrate where the programmer can, with a high 
degree of success, predict results of a test condition are: 

• Testing for a stack overflow condition. The stack 
pointer (contained in an internal register) is compared 
with a boundary value (contained in another register). 
It is of course extremely infrequent that the result of 
this test indicates an overflow condition in normal 
circumstances. 

• Test of a loop counter. In a microprogrammed multi
ply or divide algorithm, a loop counter must be tested 
on each pass through the loop. For a 16·bit machine, 
the test would typically be performed 16 times but 
the result could be accurately predicted 15/16 of 
the time. 

Variable Microcycle Period 

As was discussed earlier, the delay through the registers 
and ALU is typically the path which limits system per
formance. The magnitude of thi"s delay can vary con
siderably depending upon which micro-operation 
is being performed. Table 1 lists a variety of operations 
together with the microcycle period requirements for a 
pipelined system which was designed to use the recently 
announced IDM2901. Note that the longest operation 
requires about 75% more execution' time than the 
shortest operation (this percentage difference is even 
greater for.a system using the first generation version of 
the 2901). 

Table 1. Microcycle Period Requirements for Various Operations 
Using a Pipelined System 

Operation Performed Microcycle Time (ns) 

Logic operation; status regis· 98 
ter not modified; no test of 
result 

Arithmetic operation; status 133 
register not modified; no 
test of result 

Add and shift; status register 172 
not modified; no test of 
result 

Multiply cycle; 00 used to 172 
determine 11 of 2901 

Arithmetic operation; status 169 
register modified; no test of 
result 

Arithmetic operation; status 165 
register not modified; result 
used as test condition (no 
extend caused by incorrect 
prediction) 

The most straightforward design approach is to simply 
calculate the worst case time period, and design the 
clock generator circuit to provide that time for all 
operations. It is evident that a speed improvement would 
be obtained if the Clock generator could be programmed 
to modify the microcycle period in accordance with the 
requirements of the operation which is to be performed. 
If the operations which establish the worst case time 
period are performed relatively infrequently, then the 
system performance Improvement which can be achieved 
by programming the microcycle period is greater than 
might first be imagined. 

Examples of Performance with Various System 
Configurations 

In order to illustrate the performance which results from 
the various system organizations described above, it is 
helpful to present numerical values which were obtained 
from a design study. Five system organizations were 
considered. The systems were evaluated based upon the 
time required to execute a variety of instructions typical 
of those used by a minicomputer. These results are 
useful for gaining an insight into the performance which 
may be obtained for a particular type of system organ
ization. Obviously, the results of these studies are 
dependent upon component specifications - ROMs, 
registers, gates, and LSI devices. Thus, when choosing 
an organization for a new system design, the designer 
should perform a similar analysis using specifications of 
available components in order to make realistic decisions 
of cost versus performance. 

System 1: This system was equivalent to that shown in 
figure 18. It was a non-pipelined organization and test 
conditions were based upon results of operations per
formed on the previous microcycle. A fixed microcycle 
period of 225 nanoseconds was used; this period was 
necessitated by the multiply instruction. 

System 2: This evaluation was based on a "pipelined" 
system organization similar to that shown in figure 20. 
Test conditions were based upon results of previous 
microcycles and a fixed microcycle time of 172 nano
seconds was used. The pipelined organization allows the 
microcycle period to be reduced by 48 nanoseconds less 
than the cycle time for System 1. 

System 3: This system was the same as System 2 except 
that test conditions based upon results of the current 
microcycle were used and the technique of predicting 
test condition results was utilized. The microcycle 
period was fixed at 172 nanoseconds. The time necessary 
for the result of the current operation to propagate 
through the test condition multiplexer and determine 
whether an extended cycle was needed did not require 
a longer period than the 172 nanoseconds established by 
the operation. needed by the multiply instruction. An 
extended cycle adds 86 nanoseconds (one half micro
cycle) to the normal microcycle period. 

System 4: This system was the same as System 2 except 
that a variable microcycle period was used. Test condi
tions were based upon the results from the current 
microcycle; however, no prediction of test conditions 
with an extended cycle for incorrect prediction was 
performed. Instead, those microinstructions which 
required more time to allow for propagation of the 
result through the test condition multiplexer and 
sequence controller were simply programmed to be of 
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longer duration. Microcycle periods of either 103, 137, 
172, or 206 nanoseconds could be used depending upon 
the needs of each microinstruction. A conditional 
branch based upon the result of an arithmetic operation 
requires 235 nanoseconds with this system organization. 
This time exceeds· the period of the longest available 
microcycle (206 nanoseconds). However, the condi· 
tional branch may be executed with adequate time 
margin. by repeating the arithmetic operation on two 
successive microcycles: one of 130 nanoseconds 
followed by one of 137 nanoseconds - a total of 240 
nanoseconds. Although this approach of repeating the 
arithmetic operation may require more microcode loca
tions, it does offer even greater flexibility in tailoring 
the microcycle period to the needs of the operation 
being performed. 

System 5: This system combines the techniques used in 
Systems 3 and 4. Variable length microcycles (103, 137,' 
172, or 206 nanoseconds) could be used. The technique 
of predicting test condition results was used and, when 
the cycle was extended due to an incorrect prediction, 
an additional 86 nanoseconds were added. 

Table 2 shows the instructions typically used in a mini
computer that is configured in one of the foregoing 
system organizations. The execution times specified in 
table 2 for each instruction type were derived by using 
the execution time of System 1 as a baseline reference. 
The relative execution speed for each of the five systems 
can best be appreciated by examining the data given in 
table 3. 

The instructions (described below) were chosen for a 
variety of reasons: 

1. LD, JMP, and ST (Load, Jump, and Store) were 
chosen because they are among the most frequently 
used instructions, and thus are ones for which execu
tion time optimization is quite important. Since 
these instructions do not involve test conditions 
based upon results of ALU operations, note that the 
technique of prediction does not improve the execu
tion time. 

2. JSR and BOC (Jump to Subroutine and Branch on 
Condition) are frequently used instructions. They 
were chosen in order to illustrate the advantages of 
prediction of test condition results. For JSR, it was 
assumed that the test condition result was always 
predicted correctly (j.e., no stack out of bounds 
occurs). For BOC, it was assumed that the test condi
tion result was predicted correctly 50% of the time. 
The two values given for BOC correspond to the cases 
where: (a) there is no branch and (b) the branch 
occurs. 

3. ADD and MOVE were chosen primarily because they 
are used by some as a figure-of-merit for machine 
performance. The figure shown for MOVE is the time 
needed for each pass through the loop which reads 
data from one location in memory and stores it in a 
second location. The advantage of the technique of 
prediction of current test conditions from previous 
microcycles does not show up in the figures shown by 
JSR and MOVE. This is because it waS possible to 

Table 2. Instruction Execution Time (nsl with Various System Organizations 

Instruction Type 

LD, 
JMP, Loop for 

System Organization &ST JSR BOC ADD MOVE 

System 1 - non·pipelined; 920 1610 920 or 920 920N 
test condition from prllvious pcycle 1150 

System 2 - pipelined; no prediction; 688 1204 688 or 688 688N 
test condition from previous pcycle 860 

System 3 - pipelined with prediction; 688 1204 559 or 688 688N 
test condition from current pcycle 731 

System 4 - pipelined; no prediction; 480 960 482 or 549 617 
variable length pcycle; 619 
test condition from current pcycle 

System 5 - pipelined with 480 892 412 or 549 549N 
prediction and variable pcycle length 549 

Note: The reason JSR & Loop for MOVE don't improve with System 3 is that a way was found to write a 
code without an extra cycle. 

Table 3. Relative Instruction Execution Rate with Various System Organizations 
(Execution speed as a speed improvement factor of System II 

Instruction Type 

'LD, 
JMP, Loop for 

System Organization &ST JSR BOC ADD MOVE 

System 1 - non'pipelined; 1.0 1.0 1.00r 1.0 1.0 
test condition from previous pcycle 1.0 

System 2 - pipelined; no prediction; 1.34 1.34 1.34 or 1.34 1.34 
test condition from previous pcycle 1.34 

System 3 - pipelined with prediction; 1.34 1.34 1.64 or 1.34 1.34 
test condition from current pcycle 1.57 

System 4 - pipelined; no prediction; 1.91 1.67 1.91 or 1.67 1.49 
variable length pcycle; 1.85 
test condition from current pcycle 

System 5 - pipelined with 1.91 1.80 2.23 or 1.67 1.67 
prediction and variable pcycle length 2.09 

23·89 



write the microprogram with the same number of 
microinstructions for both systems. This was not the 
case with BOC, where an additional microinstruction 
was needed in order to conform to the requirement 
that test conditions be based upon results of the 
previous microcycle with System 1 and System 2. 

Conclusions 

Execution time calculations were made for a system 
where the macro-level instructions and data are stored in 
a (main) memory with very fast access time. Thus, it is 
assumed that it is not necessary to extend the clock 
cycle when reading from main memory. Although this is 
frequently not a valid assumption, it was necessary in 
order to simplify the presentation of results. If the 
memory access time is significant (say, greater than 200 
nanoseconds), the relative improvement which can be 
obtained with the system organizations described here 
is somewhat less impressive. This is because the, main 
memory access time may be overlapped to a greater 
extent with the system organizations having longer 
microcycle times. The overlapping is particularly impor
tant for those instructions which make multiple memory 
references, that is, LD and ST instructions require two 
memory reads, whereas the JMP instruction requires 
only one memory read. Conclusions ma"y be drawn 
based upon a study of the results presented in table 3. 
Observe that the technique of using" a variable micro
cycle period provides an impressive improvement in 
performance. Of course, this is a direct result of the 
fairly wide range of time intervals required for the 
various micro-operations presented in table 1. When the 
micro-operations which are performed most frequently 
can use the short execution cycle, the performance 
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gained from the variable microcycle period has the most 
impact on overall throughput of the machine. When 
designing a machine with variable microcycle periods, 
the clever designer will concentrate his efforts .toward 
speed optimization for the most frequently performed 
micro-operations .. It may be possible to save hardware 
costs by allowing the microcycle time required for the 
infrequently performed oper~tions to be longer. Thus, 
the variable-length mic'rocycle approach to design offers 
design freedom which can possibly reduce costs as well 
~s improve performance. . 

Timing ~enerator Design Example 

A timing generator which has been designed to meet 
the general objectives discussed in the preceding para
graphs is shown in figure 21. This circuit generates one 
of 'two clock intervals (oscillator period x 4 or x 6) under 
microprogram control. A variation of this basic idea but 
providing a choice of four clock periods (4, 5, 6, or 7 
times the basic OScillator period) is shown in figure 22. 
The circuit also provides for comparing the output of 
the test condition multiplexer with a predicted value 
(from the microprogram ROM). If the actual test multi
plexer output does not match the predicted value, the 
clock period is extended (by 3 oscillator periods) and an 
alternate set of inputs to the sequencer logic is provided. 

The key element of the circuit is a 74S195 shift register. 
Use of Schottky circuits allows operation at an oscillator 
frequency up to 33 MHz. This permits the generati~n of 
a microcycle period of 120 ns with programmable incre
ments of 30 ns (for the clock generator which provides 
four programmable clock intervals, this would allow 
clock periods of 120, 150, 180, and 210 nanoseconds). 
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.... -------1K SHll 
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SI ~DRMZ909A 
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Figure 21_ Two-Interval Programmable Timing Generator 
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Figure 22. Four-Interval Programmable Timing Generator 

The operation of the tim ing generator is best understood 
by reference to the state diagram shown in figure 23. 
Transitions from one state to another are made on each 
rising edge of OSC. The state of the shift register 
(OA OB Oc 0D) along with the state of ClK (the system 
clock) is specified in the state diagram. Assume that the 
clock (ClK) has just made a O-to-l transition indicating 
the start of a new microcycle (1110, ClK= 1). EXTEND 
is a logic O. The new outputs of the microprogram 
register then become valid resulting in the new values 
for Cycle Select (CS). (CS is a 1-bit value for the 
2-interval circuit and a 2-bit value for the 4-interval 
circuit.) Cycle Select (CS) determines the state transition 
after ClK has been high for almost two OSC periods and 
thereby programs the duration of ClK. This is achieved 
by parallel loading the shift register with the desired 
value. State transitions then occur as determined by 
shifting the DM74S195. The clock input to the flip-flop 
which generates ClK is provided by the QD output of 
the DM74S195. ClK goes low when the DM74S195 
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reaches the 1010 state. On the next negative-going 
transition of OD, after ClK has been low for almost 
two OSC periods, the SETClK output of the 
DM74S158 2: 1 multiplexer determines whether ClK is 
set (the case when TMUX, the output of the test condi
tion multiplexer is the same as PTMUX, the predicted 
value of TMUX) or ClK remains reset (corresponding to 
the case where TMUX is different from PTMUX). If 
ClK is set at this time, the sequence which was described 
above repeats in the same fashion. On the other hand, 
if TMUX was not predicted correctly, ClK will remain 
reset, and EXTEND will go to a logic 1. This causes the 
DM74S 158 mu Itiplexer to select the alternate set of 
inputs to the micro-sequencer logic (SO, Sl, and FE) and 
causes SET ClK to go to a logic 1. After EXTEND has 
been active for three OSC periods (thus providing time 
to allow for propagation through the sequencer logic and 
microprogram ROM access), OD will make another 
negative-going transition, and ClK will be set, which 
in turn causes EXTEND to return to its logic a condition. 
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CS' DO 

CS-l1 

CS' 01 

STATE OF SHIFT REGISTER 
SHOWN AS OAOaOcOD 

Figure 23. State Diagram for Four·lnterval Programmable Timing Generator 
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Bit-Slice Microprocessor 
Design Takes a Giant Step 
Forward with "Schottky
Coupled-Logic" Circuits 

A new four-bit slice "Schottky-coup led-logic" design 
combines the flexibility of the Industry standard 2900 
microprocessor architecture with advanced lSI pro
cessing. It Implements low-power, Schottky TIL 
circuitry on the same devices as a proprietary TRI
STATEn.!· emitter coupled logic design to achieve a 
30 to 50 percent Improvement In speed with no 
Increase In power dissipation. It also allows the use 
of advanced "pipeline prediction" techniques in 
microprogram control design to significantly reduce 
mlcrocycle times. 

In most computer applications, cost, speed, power 
consumption and utility are the key factors. In some 
applications cost Is the dominant consideration. In 
others it Is speed or power consumption. 

In bipolar four-bit slice microprocessor-based sys
tems, this Is particularly true. To date, however, 
designers have had to make a choice between the 
high speed of emitter coupled logic or the low power 
consumption and low cost of low power Schottky 
TIL four-bit designs such as the industry standard 
2900 series. 

But with current approaches it has not been very 
practical to have both. 

If the designer chose an ECl design, he paid a price 
for the high speed with higher power consumption 
and loss of board design flexibility. If one of the lS 
bipolar 2900 designs currently available was chosen, 
low power could be achieved, but only at the price of 
considerably reduced system throughput. 

Now, however, computer system designers can have 
both ECl-type speeds and lS bipolar power con· 
sumptlon. Using a new advanced' "Schottky-coupled' 
logic" technique that combines low power Schottky 
circuitry on the same die as proprietary low power 
TRI·STATE ECl circuitry, the IDM2900 series of four· 
bit slice microprocessor components has been 
developed by National Semiconductor Corporation. 

With this patented "SCl" technique, devices have 
been fabricated which are 30 to 50 percent faster 
than comparable 2900 designs now available. At the 
same time power consumption Is slightly less than 
that for present lS bipolar designs and one third of 
that required for ECl-based designs. 

The substantially increased system throughput 
made possible by this new series of SCl Implemen
ted IDM2900 parts means a number of advanced 
computer designs can be considered which were not 
possible before. For example, advanced "pipeline 
prediction" techniques In microprogram control 
design can be used to significantly reduce micro
cycle times. 

National Semiconductor 
Application Note 203 
July 1978 

An Interesting byproduct of this approach Is that this 
Is the first ECl·based four-bit slice family to meet the 
military requirements over the military temperature 
range. Indeed, the new series shows even less perfor-

'mance degradation over the military temperature 
range than some of the standard lS bipolar parts 
now available. 

A 60 Nanosecond Slice 

The process and circuit improvement that have been 
achieved are the most apparent in the IDM2901 , 
which boasts an average mlcrocycle time of only 60 
to 70 nanoseconds, a 100% improvement over exist· 
Ing lS bipolar designs. Power consumption, 
however,is about the same, only 800 milliwatts for 
the entire device. Also available Is an even faster 
vers'ion - the IDM2901A-1 - with a microcycle time 
of only 50 to 60 ns, and no increase in power con
sumption. 

As with other implementations of the 2900 architec
ture, the IDM2901 is the key element in this high 
speed family of four-bit slice components. Designed 
as a high speed cascadable element intended for use 
in CPUs, peripheral controllers, programmable micro
processors and numerous other applications, the 
IDM2901 consists of a 16-word by 4·bit two-port 
random access memory, a high speed arithmetic 
logic unit and the associated shifting, decoding, and 
multiplexing circuitry. (See figure 1.) 

Indeed, except for that most important parameter -
speed - the IDM2901 is plug compatible with any 
lS' bipolar Implementation of the same architecture 
now on the market. But plug In replacement and raw 
speed Improvements are just part of the story. As can 
be seen from tables 1 and 2, the IDM2901 , for 
example, has improved significantly almost every 
timing parameter possible. The readlmodifylwrite 
cycle Is 42 percent less,' the maximum clock 
frequency 68 percent greater. Execution time for a 
typical operation, such as an add and shift (multiply) 
is 95ns maximum and 60ns typical, a significant gain 
over previous 2900 Implementations. (See table 3.) 
Used In a typical design, system microcycle time is 
In the 100 to 150ns range, about one half to two 
thirds that of previous lS bit slice Implementations. 

These circuit and process improvements have been 
implemented In many of the standard components 
needed to build a system based on the 2900 bit slice 
architecture. In addition to the IDM2901 • nine other 
standard parts have already been introduced. These 
will allow system designers to take advantage of the 
increased speed. 

• A trademark of National Semiconductor Corporation. 
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Figure 1. Block Diagram 

Using some of the standard parts. in the IDM2900 
family, a typical 16·bit controller function can be im· 
plemented with a system mlcrocycle time of about 
140ns. This represents about a 30 percent improve· 
ment over that aChieved with lS bipolar devices. 
Using the high speed IDM2901A·1, system through· 
put can be reduced to about 120ns. Using the pro· 
prietary parts added to the family, the same 
functions can be done in even less time, about 120 
and 100ns, respectively. 

Figure 2 shows a very simple, very fast state 
sequencing controller designed using IDM2900 
family parts. It has no arithmetic capability, but 80ns 
clock Intervals can be used. A less complex control· 
ler Is shown in figure 3. It utilizes the IDM2901 for 
Its data storage and arithmetic or logic generation. 
The IDM2911A Is used as the state sequencer for this 
controller since Its speed and subroutine stack can 
be used to advantage in the application. 

lS + ECl = SCl 

To achieve this combination of ECl speeds and lS 
bipolar power consumption, several techniques are 
used. One is to use low power Schottky circuitry in 
the periphery of the chip for input/output and inter· 
faCing to external TTL levels and the ECl internally 
- a technique commonly used in some bipolar 
memories. (See figure 4.) 
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Traditionally, ECl to TTL translators are slow unless 
considerable power Is applied. In the IDM2900 family, 
however, the ECl speeds are retained, but at no cost 
in additional power, thanks to a TRI·STATE translator 
circuit technique that transforms the 0.7 volt ECl 
levels to 5 volt Schottky levels. This technique ellm· 
Inates the slow and power consuming buffer transis· 
tors that usually do the job, and the translators can 
drop off to one third their active power with no loss in 
speed. Using this TRI·STATE translator technique, 
the extra 60 to 65 percent in power that would have 
been consumed Is pumped instead Into the portions 
of the device that require It; specifically, the ECl 
core circuitry. 

Table 1. Percentage Improvement In Cycle Time and 
Clock Characteristics 

Time IDM2901A 

Read·Modify-Write Cycle 40% less 
;, 

Maximum Clock Frequency 6% 

Minimum Clock low Time same 

Minimum Clock High Time same 

Minimum Clock Period 40% less 



Table 2. 
Percentage Improvement 

In Maximum Combinational Propagation Delays for IDM2901A and IDM2901A·P 

~ from Input Y F3 Cn + 4 

A, B 19 (38) 19 (38) 13 (33) 

D (arith mode) 11 (29) 11 (29) 11 (29) 

D (I = x37) 0(20) 0(20) 

Cn 0(17) 0(27) 0(20) 

12,1,0 0(27) 9 ~55) 0(30) 

15,4,3 9 (30) . 9 (30) 9 (30) 

18,7,6 0(17) 

OE Enable/Disable 14/0 (43/20) 

A Bypassing AlU 11 (11) 
(I = 2xx) 

-Clock --"" 0(17) 0.(25) 0(25) 

*2901A·1 in parentheses. 

The' output translators use both linear and digital 
techniques. Differential ECl signals are translated' 
using a differential current amplifier where the differ· 
ential output voltage is changed to a differential 
current and then back to an output voltage. This 
drives a phase splitting transistor used to, in turn, 
drive the output circuitry in the periphery. Key to the 
operation of these translators is the use of an 
improved TAl-STATE logic buffer circuit character
ized by a current mirror transistor having its base and 
emitter, respectively, connected to the base and 
emitter of the phase splitter transistor, and its collec
tor connected to the voltage supply terminal. (See 
figure 5.) The emitter size on the current mirror tran
sistor is about twice that of the emitter size of the 
phase splitter transistor. 

The current mirror transistor supplements the drive 
current that is provided by the phase splitter transis
tor to the pull-down output transistor. This permits a 
higher resistance to be connected between the 
voltage supply terminal and the collector of the 
phase splitte transistor without diminishing the 
drive current to the pull-down output transistor. By 
connecting a higher resistance, the power for the 
circuit is reduced when the output is in its disabled 
state. 

An additional advantage realized as a result of the 
current mirror transistor base and emitter connected, 
respectively, to the base and emitter of the phase 
splitter, and its collector to the supply voltage 
terminal, is a faster dynamic response in the 
conduction state of the pull-down output transistor 
to a change in the level of the digital data input 
signal. This occurs due to the selective use of the 
Miller feedback effect to cause a beneficial ratio 
change in the current mirror pair during a dynamic 
transition. Miller feedback occurs on the phase 
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Shift Output 

F=O RAMo 0 0 
G/P RL = 470 OVR RAM3 0 3 

8 (31) 22 (50) 24 (30) 26 (42) 

0(14) 8 (47) 18 (27) 23 (46) 

0(42) 17 (36) 

20 (40) 0(17) 30 (30) 

0(33) 14 (43) 23 (62) 20 (40) 

10 (36) 21 (43) 23 (31) 33 (40) 

0(0) 0(0) 

0(20) 20 (33) 27 (27) 25 (31) 0(0) 

splitter transistor because its collector is coupled to 
the voltage supply through a reSistance, and is 
absent on the current mirror transistor because its 
collector is directly connected to the voltage supply 
terminal. As a result, with the onset of the transition 
in the digital data input signal, as received from the 
collector of the input transistor, the current ratio 
between the current mirror and phase splitter 
transistors is even greater than the ratio of the 
respective emitter sizes. 

Internally, the ECL logic has level translators on each 
input. This necessary circuitry achieves not only the 
level translation, but also has a very desirable input 
level sensitivity. As can be seen in figure 6, the trans
lator is similar to a differential amplifier whose 
internal reference is stable. The result is very abrupt 
transfer characteristics on all input signals, and, 
thus,very fast switching speeds. 

Improved Computer Design 

The substantially increased system throughput 
made possible by this new series of SCL·implemen
ted IDM2900 components means a number of im
proved bit slice processor deSigns can be considered 
which were not possible before. 

Compared to simple control applications, there are a 
number of other factors to be considered when using 
IDM2900 series devices in more complex processor 
systems. The general changes which take place 
relate to special handling of data and address 
outputs and data inputs. The IDM2901 's register 
and ALU elements are no longer suffiCient, 
especially when data and address word lengths grow 
from 8 to 16 bits or greater. Special functional 
elements are generally added, and include: input and 
output data or addressing registers, sign exten'd of 
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rable 3. 
Maximum Throughput Comparisons for Add and Shift 

10M 10M AMO AMO 
Function 2901A·1 2901A 2901A 2901 

Aor B- Gor is 45 60 65 80 

74S182 Delay 10.5 10.5 10.5 10.5 

C1N - RAMo 35 35 50 55 

RAM Setup Time 15 20 25 55 

Total 105.5 125.5 150.5 175.5 

Percent Change 40% 28% 14% 0% 

data, and Instruction decode, as well as shift and 
rotate control, and multiply functions. Also, special 
processor status registers are quite often added, as 
well as the unique controls for these elements. 

Some special thought applied to these areas can 
reduce the parts count considerably and Improve 
processor performance when using IDM2900 
components. 

The sign extend function Is a good example of what 
can be done. Sign extension of a data word can be 
accomplished In a number of ways. But what the 
designer of the processor would prefer Is to Imple· 
ment the function with the fewest possible parts and 
at the fastest data Inputs. The first solution that 
comes to mind Is the use of multiplexers, as shown 
In figure 7, which allows data to be fed through the 
multiplexer to 0 Inputs of the IDM2901' s. The 
control function which steers the data to the P Input 
representing the bit which needs to be extended 
normally comes from the microprogram store. The 
added delay using this path Is 12ns or more if parts 
slower than the DM74S157 are used. For each 4 bits 
of data to be modified an additional component Is 
required; 2 parts for 8 bits, 3 parts for 12 bits and 4 
parts for 16 bits. 

The IDM2900 family, however, allows consideration 
of a number of other ways to do sign extension that 
require fewer parts and are less expensive and 
faster. 

One Is to use the carry Input to accomplish a sign 
extend. But to use this Input one must subtract "1" 
from "0" conditionally If the sian bit Is a "1" and the 
opposite If It Is a "0." But the problem arises as to 
how to obtain a value "0" In a register, an Impos· 
slbility. 

But the same effect can be achieved If the same 
address location Is placed upon both the A and B 
address Inputs. The source code Is then used to 
select A and B and the function code for subtract. 
Now, If a carry Input Is a "1" the result Is a "0" and If 
the carry input Is a "0" the result Is an all "1s" sign 
extend result. This technique can propagate for as 
many packages as necessary since the carry logic Is 
necessary for other functions and Is already 
Included. 

An easy method of Inserting the conditional carry 
with the IDM2901 Is to use the IDM2902In a manner 
that Is different from standard LS bipolar designs. 
Instead of connecting the carry Input of the 2902 to 
the mlcrocontrol carry from ROM, It Is connected to 
the carry out of the least significant IDM2901 
package. Note that this Is Just as fast as the pre· 
vlously suggested connections since the G and Pare 
only slightly faster than the carry out of the least 
significant IDM2901 . Doing this allows one free G 
and P Input to be available at the second level, as 
Indicated In figure 8. 

It Is only necessary to connect an AND gate to the 
Input and sign extend Is accomplished. The lower 
bits which want to be entered without modification 
need only be applied to the 0 inputs and a source 
code selected to perform a 0 minus 0 transferred to 
B. The most significant package group produces A 
minus B where A and B are as described before. An 
all·1s or all-Os result Is obtained dependent upon the 
value of the data bit to be extended. The result Is a 
sign extension with three fourths of a package for 
any sign extend, achieved at no loss In normal cycle 
time. This Is because a carry Input change carl occur 
later In a cycle than a change of D. 

Performing a Multiply 

Most of the time the name of the game In computer 
processor deSign Is speed. Nowhere Is this more true 
than when It Is necessary to perform a multiply. This 
Is because the multiply determines the longest cycle 
time If performed In the. normal manner. This Is 
because more than one path through the 2901 Is 
utilized. Passage through several external com
ponents Is usually required and this must also be 
added to the solution time. However, with the use of 
high speed components In the IDM2900 family It Is 
possible to circumvent and shorten this path, and 
thus shorten the multiply cycle time. 

How this Is done Is clearly understood only by 
referring to a specifiC example. Let's -assume the 
problem Is to perform a multiply of two signed 16-blt 
values. 
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Figure 3. Small High Speed 8·Blt Controller with One Level of Subroutine Capability. 
This solution can run at 100ns cycles. 

Figure 8is the circuit as impiemented using IOM2900 
devices with the two multiplexers (74S253) and a 0 
fllp·flop (74S74). Using IOM2900 components and this 
technique, the multiply is performed 30 to 70 
nanoseconds faster per cycle than with standard LS 
bipolar bit slice parts. This is a total speed 
improvement of 480 to 1,120ns. 

An additional significance to the design is that 
special multiply cycle time intervals are not required. 
This operation, therefore, makes possible a pro· 
cessor or controller with a less complicated clock 
control circuit. 

Note that in figure 8 there is an extra stage of regis· 
ter storage in the a register (0 type flip·flop), 
compared to traditional designs. It is therefore 
necessary to shift a one time without shifting the file 
register. 

Since it is necessary to clear the partial pro~uct 
register, the a register is shifted the first time so as 
to get the least significant bit into the extra storage 
location. 

After this, the A and a register file addresses do not 
change and therefore do not enter into the timing 
equations. The much faster response time of an 
added 0 flip-flop saves a great deal of time in each 
microcycle of the multiply add and shift operation. 

Since the A and a Inputs do not change the critical 
path is from the 0 register output into the 1012 inputs 
and through the IOM2901As in a normal add and shift 
operation. Using the a flip-flop, 20ns is saved, and 
using the 1012 input, 10ns Is saved in each of the 16 
cycles of the 16-by-16 multiply. This Is all that is 
necessary for a positive signed multiplicand. aut if a 
negative result is required. an additional path must 
be added. 

The two possible paths In the most significant 
IOM2901A package are from Cn to RAMo output or 
from Cn to Overflow or F3 and through the additional 
exclusive-OR gate and multiplexer Input to the RAM3 
input. The maximum time delay path is 20ns from 
overflow and F3 outputs back to the RAM3 input for 

-the most significant 2901A package. 
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Using standard techniques common to previous 2900 
designs, only 15 conditional adds, followed by a shift 
and one conditional subtract and then a shift, are 
required to do a signed multiply In 2s complement 
notation. The resultant data paths required for this 
solution are as follows: 

I 
1678 ~ O. 30 nl 

I 
MUX, 9 nl 

I 
1012~ CIJI. 30nl 

I 
Cn ~ RAMO. 35 nl 

START 
(FUNCTION. TIME) 

I 

IOM2902. 12 nl 

I 

I 
A + B ~ ll/p, 45 nl 

I 
Cn - OV OR F3, 30 nl 

I 
OV "EXCLUSIVE-OR." 10 nl 

I 
MUX 74S157. 7 nl 

RAM3 SETUP. 20 ns 

TOTAL TIME. MAX' 148 ns 

But If the circuit described In figure 8 Is used, and the 
A and B address lines are set up one cycle ahead of 
the multiply sequence, the following timing compari
son, using IDM2901A·1s Instead of IDM2901As, 
prevails: 

START 

I 
CLOCK TO 0,8 ns 

I 
MUX.9nl 

I 
1012 ~ ii/p, 30 ns 

I 
IDM2902. 12 ns 

I 

I I 
Cn ~ OV OR F3. 25ns 

I 
Cn - RAMO. 35 ns OV "EXCLUSIVE-OR," 10nl 

I I 
MUX 74S157. 7 ns 

I 
I 

RAM3 SETUP, 15 ns 

TOTAL TIME, MAX' 116 ns 

A net savings of 32ns per microcycle is thus 
achieved with this change. It can now be seen that 
sometimes it pays to add a flip·flop in certain 
lOcations to achieve higher performance so as to 
achieve a simpler solution in other areas. Here, a 20 
percent reduction In cycle time was achieved. 

Improving Mlcrocycle Times with Pipeline Prediction 

Perhaps the most Important aspect of National's 
IDM2900 family of high speed, low power SCL com
ponents is the impact on how microprogram state 
sequencing is Implemented in bit slice designs. The 
ultImate result will be further Improvements In micro
cycle times beyond anything now, possible with 
present 2900 bit slice families. 
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In the very earliest use of state sequencing - ,In 
minicomputers and larger systems - operations 
were performed In series, one after the other, and the 
mlcrocycle was defined as the sum of the operations. 
(See figure 9.) Stili In use in some designs today, In 
this approach a state sequencer Increments to the 
next state or branches to a next state depending on 
the logic level of the test Input. In this solution the 
controller timing Is from the clock edge of the con
trolier register/counter through mlcrocontrolstorage 
(ROM) and the processing elements (2901s), then 
back through the next state decision tree to the 
controller·reglster counter. 

The second approach Is called "pipeline micro
coding," and Is an approach commonly used In bit 
slice systems such as the standard LS bipolar 2900 
family. (See figure 10.) In this solution the mlcrocon
troller loop timing Is operating In parallel with the 
execution of the processing component section. 
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Figure 7. Sign Extend Using Multiplexers 

During the time an arithmetic operation Is being 
performed, the next microcontrol word is being set 
up for use by the microcode. The microcode for the 
present reglster/ALU operation occurs during the 
previous operation. The use of the register between 
the output of the mlcrocontrol store and the 2901s 
allows the two sections to function with overlapped 
timing; The result of this type of micro-sequence 
control Is -a faster machine cycle time than used In 
the totally serial mode of operation. 

Also required in this mode of operation Is the 
absolute knowledge of the next state control one 
cycle before the execution of the 2901 cycle. It Is 
therefore difficult to Implement a number of succes
sive conditional next state decisions. This type of 
mlcrocontroller Is said to be operating in a "pipeline" 
mode In that the next state microcontrol Is being 
obtained during the time the previous one Is being 
executed. 

Using SCL-Implemented IDM2900 components In
stead of LS bipolar bit slice devices In this approach 
results In a 65 to 75 percent reduction In the reglsterl 
ALU portion of the mlcrocycle. In spite of this, total 
mlcrocycle time may be .reduced only 40 to 50 
percent. This Is because the mlcrocycle time Is deter
mined by the length of the longest operation, which 
In this case can be the delay In the microcode 
portion. 

To get the full benefit of the high speeds Inherent In 
National's SCL family therefore means abandoning 
the traditional approach to plpellnlng used In 
previous 2900 bit slice deSigns. What can be used 
Instead Is a different technique - pipeline predic
tion - which allows a reduction In the microcode 
portion of the mlcrocycle so that It Is equal to or less 
than the reglster/ALU setup time. The relative timing 
comparisons between these four approaches are 
shown In figures 11A through 110. 

The "pipeline prediction" controller functions In 
much the same way as the standard pipeline config
uration except that It can also accept any number of 
successive conditional next state decisions in a row. 
This microcontroller· "pipelines" mlcrocontrol 
sequences in much the same manner as the previous 
design and for the same reasons. But shorter micro
cycles can be obtained due to the fact that during 
any microcycle the most predictable next cycle is 
being set. up. But should the test of the next state 
decision be different from the one predicted, then the 
alternate state Is conditioned and the mlcrocontrol
ler and the data system pass through a correction 
Interval. 

This design makes next state decisions within the 
same cycle as mlcrocontrol of the IDM2901 . Figure 
12 shows a "pipeline prediction" technique where 
the next state Is a choice between two states. This 
means one state Is predicted, and If Incorrect the 
second choice Is used. The microcycle is either 
delayed or an additional cycle Is Inserted. 

There is no real reason why the design must be 
limited only to two next state conditons. Any number 
may exist. It is only necessary to predict the most 
probable next state and correct it If necessary. Most 
next state decisions are known to a high probability 
of occurrence. The additional cycle time added for 
the few times an incorrect prediction Is made Is 
extremely small compared to the total microcycle 
time saved. Additional speed is obtained with this 
technique since it minimizes the number of states 
through a control sequence. 

Finally, pipeline prediction requires no increase in 
the number of components to achieve these In
creases. 
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Future Trends 

By using higher speed parts such as the IDM2901A·1, 
'greater Improvements in throughput are possible. 

And in the future there is the possibility of even 
further improvements, particularly on the chip 
processing level. The present components in 

\ 

National's IDM2900 SCl family have been designed 
with exceedingly liberal design rules. In spite of that, 
the chip area on the IDM2901 ,for example, Is equal 
to or less than that of some of Its lS bipolar counter· 
parts. 

What this means Is that there is Inherent In the SCl 
·technlque the possibility of further Improvements in 
density and integration - combining of many bit 
slice functions onto fewer and fewer chips - while 
maintaining speed. 

It's not unreasonable to expect speeds on SCl·type 
bit slice 2901A parts to be in the 40 to 50ns range by 
the end of the decade and system throughput figures 
to be in the 80 to 90ns range. Even though SCl micro
cycle times at the component level may not match 
pure ECl-implemented parts, the system improve
ments allowed by the lower power may ultimately 
result in the design of systems with throughputs far 
in excess of what is possible with emitter coupled 
logic - at much lower power and cost. 
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High-Speed Bit Slice . 
Microsequencing Design 

With the advent of higher speed versions of the 
industry standard 2900 bit slice microprocessor 
family, numerous options are now available to the 
system designer. 

Using traditional approaches to bit slice system 
design, even the simple replacement of low speed, 
low power Schottky devices with a higher speed part, 
such as the IDM2901A·1, means an improvement in 
system throughput of 30% to 50% (Tables 1A and 
1 B). More importantly, these high speed parts mean a 
number of advanced computer designs can be 
considered, resulting in greater flexibility in making 
design tradeoffs between speed and parts count. 

Table la. Maximum Cycle Time to STATUS Outputs· 

Function IDM2901A·l IDM2901A 

2901A A or B to G or P 45ns 60ns 

74S182 G or P to 
7ns 7ns Carry Out 

2901A Cin to FO. F3. C4 
30ns 40ns orOVR 

Total 82ns 107ns 

• Add applicable pipeline register timing. 

Table lb. Maximum Dedicated Signed MUltiple Cycle 
(Conditional Signed Add and Shift) 

Function IDM2901A·l IDM2901A 

74S74 Clock to Out· 9ns 9ns 

2901A 11 to G or P 30ns 45ns 

74S182 G or 15 to C Out 7ns 7ns 

2901A Cin to F3 or OVR 25ns 30ns 

. 74586 Propagation Delay 10.5ns 10.5ns 

2901A RAM Setup ·15"s 20ns 

Total 96.5ns 121.5ns 

·Use a 74S74 as ao output. then connect inverted 74S74 
output to 11 to realize a 19ns saving. 

To take advantage of these high speed parts, an 
equally fast microcontrol loop is required, so that 
this portion of the system is a help and not a 
hindrance in increasing total throughput. 

A number of microcontroller loop circuit .configura· 
tions have been developed to take full advantage of 
these high speed parts. The choices are by no means 
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exhaustive. Their purpose is to serve as an example 
for the designer; a starting point from which new 
designs can be developed. 

MICROCONTROL AND THE MICROCYCLE 

The object of the microcontrol portion of a processor 
or controller is to access the next control word to be 
used by the register/arithmetic-logic unit. The 
microcontrol portion includes a microstore of control 
words and a next state sequencer. Control words are 
fetched from microstore addresses as selected by 
the next state sequencer. Microstore addresses may 
be generated by incrementing, branching, etc., the 
next state sequencer being directed by a portion of 
the control word and by the logic level of a test input. 

The· microcontrol portion has to set up the next 
control word as quickly as possible, but otherwise 
stay out of the way, allowing the register/ALU portion 
to run at its maximum speed. 

Today, this is not as easy as it was in the past. With 
LSI register/ALU units, such as the I DM2901A·1 or the 
IDM2901 , capable of speeds in the 100 to 125 
nanosecond range, even the most complicated 
operations, such as multiply and devide, are fast 
enough to push most present day microcontroller 
designs approaches to their limits. Therefore other, 
higher speed approaches must be considered to take 
full advantage of the higher speed register/ALU's. 

The first approach to microprogrammed system 
design - the very earliest use of state sequencing 
was utilized in early minicomputers and even some 
larger systems. Operations were performed in series, 
one after another (Figure 1 Phase I), with the 
microcycle being defined as the sum of the separate 
sequencer and register/ALU operations. 

PHASE 

I ",CODE I REGALU I 
J'CYClE 

I 

",CODE I 
II REGALU I 

"CYCLE I 

",CODE I 
REO ALU I I 

r---"'CYCL~----...J 

",COOl I 
REGALU .1 

Figure 1. History of the IICycle 
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This solution, still in use today in some designs, routed 
controller timing from the clock edge of the controller 
register/counter through microcontrol storage, through 
the processing elements, then back through the next 
state decision tree to the controller register/counter. 

The second approach, called pipeline microcoding, is 
an approach commonly used in bit slice systems. In this 
solution the microcontroller loop timing operates in 
parallel with the execution of the processing 
component section (Figure 1 Phase II). During the time 
an arithmetic/logic operation is performed, the next 
microcontrol word is being accessed. The microcontrol 
word for the present register/ALU operation had been 
selected and accessed during the previous microcycle, 
and is currently held in a pipeline register. 

This type of microsequence control results in a faster 
machine cycle than is achievable in the totally serial 
mode employed in the first approach. It may not 
however, achieve machine cycle times consistent with 
the register/ALU cycle times available with today's 
higher speed register/ALU elements. For example, using 
highspeed components, such as the IDM2900 family, 
results in a 65 to 70 percent improvement in the 
register/ALU path. In spite of this, the resultant total 
microcycle time may be reduced only 30 to 50 percent 
because the microcycle is determined by the duration of 
the longest operation, which, in this cas~, is the delay 
required by the microcontrol portion (Figure 1 Phase III). 
Circuits optimized to approach the register/ALU cycle 
time (Figure 1 Phase IV) are required. 

Another problem associated with pipelining is that it 
also requires absolute knowledge of the next state 
control one cycle before the execution of the current 
register/ALU cycle. Therefore, it is difficult to implement 
successive conditional next state decisions which 
require a test of current register/ALU results. This 
problem will also be considered. 

As will be shown, different circuits may be configured 
to minimize microcontrol delay while retaining the 
benefits of bit slice use. While the pipelining approach 
will be used throughout, the circuits will differ in the 
manner in which conditional branch control is achieved. 
Speed and parts count are traded off, while retaining 
the same microsequencing instruction set. 

Three modes of executing conditional branches are 
covered: 

1. Overlapping the conditional branch propagation with 
the execution of a next unconditional microinstruc
tion and using a NOP microcycle whenever useful 
work cannot be done in parallel (a NOP is a No 
OPeration microcycle during which the register/ALU 
is prevented from changing its contents). Conditional 
and unconditional microcycle times are equal. 

2. Using the same sequences as above but employing 
different microcycle durations; a shorter one for 
unconditional microinstructions and a longer one to 
allow for the'propagation of conditionals. 

3. The pipelining prediction mode, where the 
conditional branch' test is overlapped with the 
propagation of its statistically most likely outcome, 
Should this prediction prove to be true, the sequence 
continues; if false, a "pipeflushing" (NOP) one-cycle 

time delay is employed, during which the correct 
control word is allowed to propagate to the 
microcontrol output. 

BASIC CIRCUIT ASSUMPTIONS 

In all cases it is assumed that the machine has a 16-bit 
register/ALU and a 12-bit microaddress. Changing these 
parameters may increase or decrease the relative value 
of a given circuit. 

The following constant time delays will be assumed in 
all circuits: 

1_ Microstore Time Delays 

A microstore access time of 50ns and a pipeline regis
ter setup time of 5ns are assumed. (This is the minimum 
time required between microaddress validation and 
clocking the pipeline register). 

2_ Microsequencer Time Delays 

The "select address" propagation time of the 
microsequencer is the time interval begining when the 
select lines become valid and ending when the desired 
microaddress is available at the microsequencer's 
outputs. Using the high speed IDM2909/11 A, a select 
time of 30ns is guaranteed along with a 45ns clock to 
output (from file) time. 

Thus, the longest total path for the microstore plus the 
microsequencer is: 

50+5+45=100ns 

This delay represents the calculated limit of the 
minimum time required to perform any unconditional 
sequence. 

The setup time required by the microsequencer's 
internal registers is easily met in a 12-bit configuration, 
since it calls for a delay time of 

which is overlapped by the delay required between SOS1 
and the next system clock. 

The condition-test time delay is circuit dependent and 
will determine how fast, or how slow, the circuit will go. 

This delay includes: 1. the time required for the pipeline 
register to become valid from clock; 2. the selection or 
propagation of the status bit under test; 3. the negation 
or assertion of its polarity, and; 4. the translation of the 
test result and conditional branch data to code 
compatible with driving the microsequencer. 

Since the choices in selecting fast microsequencers 
and microstores are severely limited, the condition-test 
circuitry becomes the prime candidate for user 
optimized logic designs, because it is simple and 
inexpensive, etc. The following circuits attempt to 
minimize, in different ways, the "delay" overhead 
caused by the next state decision. To gain a measure of 
their relative speeds, the delays are compared to the 
calculated minimum for unconditional sequencing, 
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which is 100ns. A figure of merit is derived by dividing 
the total time delay by 100ns minimum (Table 2). 

Table 2. Microcontrol Circuits Comparison 

Dynamic Figure of Parts Relative 
Circuit Performance Merit Count Cost 

I 158ns 58% 6'14 1.00 

II (Note 1) (Note 1) 3% 1.72 

III 117/166ns 17%/66% 7'14 1.12 

IV 114/135ns 14%/35% 7% 1.10 

V 133ns 33% 7213 0.96 

VI 108ns 8% 5% 0.90 

VII 108ns 8% 6 1/4 0.97 

VIII 108ns 8% 7 1.06 

Note 1: The presenlly (October 1978) available 2910 has a 
published guarantee of 100 ns from clock to Y output on 
instructions 8. 9 and 15. 

The longest data path has not been released. It occurs where 
prior instructions were 4 or 12 or RLD was low. 

The currenlly available 2910 will need a 207 ns cycle when used 
in Circuit II in order to accommodate its longest data path 
(using calculated guarantees based on lab measurements 
performed on a number of parts). The corresponding figure of 
merit is 107%. 

National Semiconductor's IDM2910A will need a 133ns cycle 
in the same circuit for its longest data path. The figure of merit 
will be 33%. 

The IDM2910A will become available during the third quarter of 
1983. 

CIRCUIT I 

This circuit is the traditional approach to the 
implementation of the microcontrol loop in a pipelined 

STATUS INPuis [ 

configuration. Status outputs of the last register/ALU 
operation determine the micro·control word to be used 
for the next register/ALU operation. 

An IDM29811A next address controller is used to apply 
next address control to the IDM2911A four-bit micro
program sequencers. The IDM29811A is controlled by 
four pipeline register bits and one test input. The line to 
be tested is selected by a 74S151 eight-bit MUX as 
determined by the pipeline register. The pipeline 
register also determines whether negation or assertion 
should be performed by the 74S86 XOR gate to make it 
compatible with 29811 logical requirements. 

The lines to be tested (inputs to the MUX) may be the 
results of a varity of functions internal or external to the 
controller. One line is generally tied to a permanent 
logic "1" or "0" so that by selecting it, the pipeline 
register may generate unconditional control of the 
2911A. Some of the tested lines may carry data 
generated towards the end of the microcycle, such as 
ALU status. These data are stored in a 74S374 TRI
STATE@ octal D type flip-flop since it has to be used in 
the next microcycle. 

Conditional microcycles may be either overlapped with 
useful work (microprogram permitting) or may be waited 
out by means of a Nap. Total microcycle length 
required by this microsequencer is 158ns and the figure 
of merit is 

158 - 100 5801 
100 10 

A comparison between this microcycle time (158 ns) and 
the register/ALU loop time of 125ns or 105ns for the 
IDM2901 or IDM2901A-1, respectively, reveals that the 
machine's speed is limited by the microcontrol circuit. 
In short, even though the fastest microsequencer com
ponent (IDM2911A) was used, this traditional approach 
to microsequencer design is not compatible with higher 
speed, state-of-the-art ALUs. 
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CIRCUIT II 

One immediate "solution" to the problem outlined 
above, that has been suggested by some manufac
turers, is going to a higher level of device integration, 
such as the 2910, which is a 12-bit microprogram 
sequencer designed to replace the 2911A and 29811A. 

Conditional microprogramming is achieved here in the 
same way as in Circuit I and the parts count is reduced 
by 50%. However, the longest delay path is the one from 
the clock through the register/counter load to output -
a guaranteed value of about 100ns. Microcycle time of 
this circuit is 207ns,· its figure of merit is 107% which 
is worse than the circuit it was designed to replace. The 
reduction in parts count, however, may be beneficial in 
those applications where operating speed is less 
important. 

CIRCUIT III 

This circuit utilizes two different clock cycle periods: a 
short one for unconditional sequencing and a longer 
one for conditional sequencing. A 74S157 quad two to 
one MUX and one additional pipeline register bit are 
used in order to provide faster, unconditional next 
address control for the 2911 As. When conditional 
control is required, the path selected by the 74S157 will 
go through the 29811A. The four pipeline register lines 
will switch from carrying 2911A code (unconditional) to 
carrying code needed for the 29811A. Conditional 
microcycles need to be achieved by a clock extended 
microcycle which can either be overlapped with useful 
work or waited out with a Nap. 

Total unconditional microcycle time is 117 ns and the 
figure of merit is 17%. For the conditional microcycle 
mode, total time is 166ns and the figure of merit is 66%. 

The overall figure of merit can be determined by 
'weighting the calculated percentages according to the 
relative dynamic fr.equency of conditionals. 

CIRCUIT IV 

Similar to Circuit, III, this circuit differs only in the 
replacement of the 29811A arid the 74S157 with two 
74S158 quad two line to one line multiplexers. Inverting 
outputs have been chosen to gain speed. 

Two 4-bit pipeline register fields are supplied to the' 
condition selected 74S158, one of which is used in 
unconditional microsequencing by the 74S158 that 
drives the 2911A. 

Thissolution produces cycle times of 114ns and 146ns 
and figures of merit of 14% and 46% respectively, for 
the unconditional and conditional next state cycles. 

Now, by positioning the contents of the two 4-bit 
pipeline fh31ds according to the logic level expected on 
the line under test, it is possible to remove the 74S86, 
eliminate one pipeline register bit to save 11 ns on the 
conditional next state cycle. This reduces the time to 
135ns and the conditional figure of merit to 35%. The 
unconditional figure of merit is unchanged (14%). 
Microprogramming is similar to that of Circuit III. 

Another variation of this circuit is possible by removing 
the 74S158 driving the 2911A and connecting the 
outputs of the remaining 74S158 to the 2911A. The 
74S86 may also be removed since the two, 4-bit pipeline 
register fields can be positioned to anticipate the 
desired result. Unconditional microcontrol is achieved 
by placing the same data on both sides of the 74S158. 
Total microcycle time is 129ns for both conditionals 
and unconditionals and the figure of merit is 29% 
(Compare this to the constant-microcycle time Circuit I 
and II). Microprogramming is the same as in Circuit I. 

CIRCUIT V 

This circuit illustrates in yet another way the flexibility 
and advantages obtained by mixing MSI and SSI, in this 
case replacing the 74S158's used in previous circuits 
with 74S151's. Total timing needed is 133ns with a 
figure of merit of 33%. 

This circuit is included to demonstrate a principle: 
sometimes a faster dynamic performance can be 
obtained by not using more complex circuits, in this 
case PROMs (29811A) and multiplexers. This occurs 
because less complex circuits allow greater freedom of 
design as well as being faster. Complex circuits may be 
slower and they frequently "force" design solutions to 
fit their own logical structure. Compare this circuit to 
Circuits, I, II and III. 

IIjJ "" "" PROM + REG 

'"lInlili 1111111111/1 
12 

Note: Calculated guarantee based on lab measurements performed on a number of presently (October 1978) available 
parts, National Semiconductor's IDM2910A will show a significant speed improvement. (See Table 2.) 

Microcontroller, Circuit II 
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CIRCUIT VI 

This circuit represents a conceptual departure from the 
previous circuits. Although it functions in the same 
manner as the other Circuits, here registeriALU 
performance is traded off in favor of the microcontroller 
loop. In other words, certain control loop time delays 
have been shifted over to the register/ALU loop. The 
status line to be testes:! is selected on the same 
microcycle that originated the status. One 74S74 edge 
triggered FFis used instead of the 74S374's .which 
appear in the previous circuits. 

In effect, the status register is now only one Flip-Flop of 
a faster varity than the 74S374's and less expensive 
relative to package count. If unconditionals are per
formed by setting the two 4·bit pipeline register fields to 
be identical to each other, the 74S86 may be removed as 
in Circuit IV. 

Microcycle time is 108ns and the figure of merit is 8% 
for both conditional and unconditional sequences. It 
should be remembered, however, that 15ns has been 
inserted into the register/ALU loop. Using the 2901A-1, 
this 15ns must be added to the status valid time for a 
16-bit addition of 82ns plus a 9ns clock-to·output pipe
line register on the file addresses. This gives a total 
register/ALU microcycle time of: 

82 + 9 + 15 = 106 n s , 

which is compatible with'the 108ns required for the 
microcontroller portion. 

If the overall solution can be improved by moving time 
from one loop to another, the designer should do it. 

Microprogramming this circuit is slightly different than 
the previous circuits since status generation and 
selection must be made during the same microcycle. 
Overlapping conditionals with useful work can be 
accomplished, or NOPs could be employed. 

CIRCUIT VII 

This circuit employs pipeline prediction to enhance 
speed in performing conditional microsequences. 

Since in the other circuits outlined, the results of a 
register/ALU operation cannot be used to direct the 
operation immediately following it, it becomes neces· 
sary to insert fill-in words or NOPs. Pipeline prediction 
will minimize the number of NOPs required. 

The term "prediction" refers to selecting and 
propagating the statistically most likely outcome. 
Should this prediction come true, the machine will 
continue at the unconditional microinstruction speed. 
If, however, the prediction turns out to be wrong, the 
predicted microcycle is converted to a NOP while 
waiting for propagation of the, correct conditional 
outcome. During this waiting period the system will 
ignore the false microcontrol output .word. 

In this circuit, the prediction (and its correction, if 
necessary) are controlled by a 74S114 J-K edge 
triggered flip-flop. A logical zero result at the 74S86 
output leaves the 74S114 in the "predict" position; a 
logical "one" causes the device to toggle and to apply 
to the 2911A the other choice of control code. This code 
is found in the 74S374, which is used as a one 

m'icrocycle delay in order to preserve the initial code 
during NOP execution. Microcode forces a zero logic 
level at the output of the 74S86 whenever unconditional 
microinstructions are used. This logic level, in turn, 
causes the 74S114 to remain in its "predict" state, 
which is also used to generate unconditionals. 

With this design, it is possible to stack any number of 
conditional states next to one another without confus· 
ing the controller. If all the predictions are correct, the 
machine operates in half the number of cyole times 
than with the previous technique. If all the first choices 
were incorrect, the design still breaks even with the 
previous solutions. ' 

Generally, a net savings of cycles will result, having the 
same effect as an additional microcycle time speedup. 
This, together with the employed single length clock, 
makes this a very attractive circuit. 

Microprogramming this circuit resembles Circuit VI, 
except that a jump (JMP) may not be predicted if the 
other choice is a continue (CONT). Such a prediction 
would cause an irreversible change in the micro
program counter/register. Other changes that may 
occur in the 2911A stack or address register can be 
inhibited by using the "one" logic level at the 74S86 
output as a means to inhibit the RE and FE lines. 

Total microcontroller cycle time is 108'ns and the figure 
of merit is 8%. 

CIRCUIT VIII 

This circuit is essentially the equivalent of Circuit VII. 
Two 74S251 TRI·STATP) multiplexers have been used 
to decrease the propagation delay on the register/ALU 
side by eliminating the 74S86. Total time and overhead 
are unchanged (108ns and 8%). 

CONCLUSION 

In less than two years, the 2900 bit·slice family has 
improved microcomputer speeds by 50% to 70%. The 
IDM2901A·1, the fastest part available, allows control

.Iing and number-crunching CPU designs demanding 
less than 100ns per microcycle. 

Faster microcontrol loops are required in order to take 
full advantage of ALU bit-slices like the IDM2901A and 
the IDM2901A-1. 

A . few fast microcontrol loop designs have been 
explored, using the versatile IDM2909A/2911A micro
sequencer. These circuits are offered as basic 
suggestions, and as starting points for specific 
designs. Since, among other things, the data word 
width, the instruction repertoire and microstore size of 
a CPU will strongly influence· the choice of which 
microcontrol loop design is best suited to yield the 
desired speed, price, microprogramming features, etc., 
the· final choice must be made by the designer of a 
specific system. 
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Fine Tuning the ALU 
Carry Path 

Most applications information for the IDM2902 Look
Ahead Carry Generator Family show three standard 
connections for 16-, 32-, and 64-bit Arithmetic Logic 
Units . (ALUs). The three methods are shown in 
Figure 1. 

With ALU cycle times in the 200 ns area, the standard 
connections shown in Figure 1 were quite adequate. 
A 5 to 10 ns overall savings did not warrant the time 
spent to examine alternative look-ahead carry 
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methods. However, with the introduction in 1978 of 
the IDM2901A-1, cycle times began to approach 
100 ns. This was further reduced to less than 80 ns 
(for a 16-bit ALU) with the Introduction of the 
IDM2901A-2 In 1979 .. Now, obviously, a 5 to 10ns 
savings is significant and well worth a new look at 
look-ahead carry techniques. The purpose of this 
application note Is to do just that and, as will be 
shown, some of the results do not favor the standard 
approaches. 

Figure 1(a). Conventional 16·Blt 

Figure 1(b). Conventional 32·Blt 

Figure 1(c). Conventional 64·Blt 
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BASIC METHODS 

The basic methods examined in this application note 
can be divided into four categories: 

1. Ripple Carry 
2. Conventional Single Level 
3. Multi·Level 
4. Shifted 

Ripple carry is generally considered to be slow, but at 8 
bits it turns out to be the fastest method. Also, it will be 
shown that ripple carry can be used in combination with 
other methods to eliminate parts while adding very little 
to system cycle time. In most cases, the various 
methods will result in tradeoffs between parts count 
and system speed. It will be shown that some solutions, 
however, generate the highest performance with the 
fewest parts! 

Single-level will be used to describe a system with a 
single layer of look-ahead carry even though technically 
this is a multi-level solution since the ALU itself looks 
across four bits. An example of a single-level approach 
is the 16-bit solution of Figure 1(a). 

The conventional 32-bit connection [Figure 1(b)] is an 
example of multi-level look-ahead. In this approach, the 
carry-in is connected to two IDM2902s. 

The least well known of the four methods is the shifted 
approach shown in Figure 2. Although this results, in a 
slightly slower method in the 16-bit solution shown, 
there are word sizes where it can be the fastest method. 
Furthermore, freeing a set of G, P pins on the IDM2902 
can have advantages in certain applications where sign
extension is required. (See Reference 1.) 

As alluded to above, the various methods can be 
combined in a number of ways. The following Is a list of 
the various combinations that were examined in this 
study. Almost all were applied to ALU sizes from 4 to 64 
bits to identify the advantages and disadvantages of 
each. These will be summarized later. 

Table I. Look-Ahead Carry Methods 

1. Ripple 
2. Cn 

3. Shifted 
4. Chained 
5. Shifted Chain 
6. Two Level 
7. Two Level with Helpers 
8. Shifted Two Level 
9. Shifted Two Level with Helpers 

10. Double Shifted Two Level 
11. Double Shifted Two Level with Helpers 
12. Three Level 
13. Shifted Three Level 
14. Double Shifted Three Level 
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FACTORS AFFECTING CHOICE 

Before applying the look-ahead carry methods to the 
various word length ALUs, it may be worthwhile to look 
at some of the factors - other than raw speed - that 
could affect the choice of method. Some of these are: 

1. parts count 
2. board-to-board considerations 
3. board space 
4. sign extend 
5. sequencer cycle time 
6. board layout 
7. word length expansion 
8. different system architectures 
9. current spiking 

While parts count, board space, and board layout are 
more or less obvious considerations, the others deserve 
a brief comment: 

A. Board·to-board considerations refer to those 
systems where half of the ALU is on one board and 
half is on another. Obviously all methods would not 
be readily adaptable to this situation if a sufficient 
number of connector pins is not available. 

B. Sign-extend requirements may favor the method that 
frees a G, P input on one of the look-ahead carry 
circuits. This is explained more fully in Reference 1. 

C. Sequencer cycle time, in a pipelined system, may be 
the limiting factor in overall system speed. Thus, 
saving a few nanoseconds in the ALU may not be 
worthwhile. 

D. Future word length expansion is a consideration if 
several models of the same basic system are 
required. For example, 16 bits of address can 
address 64K words; twenty bits can address 1 M 
words. If the ALU is used to compute addresses, the 
carry method optimized for 20 bits may be desirable. 

E. The architecture that was assumed for this study will 
not be used in every system. Thus, the availability 
and timing of input signals, worst-case delay paths, 
and added components will affect the results shown 
in the following section. Thus, each design could 
require a separate study to achieve optimized 
results. 

F. Current spiking is a consideration when one method 
causes several ALUs to change output states within 
a few nanoseconds of each other. If this causes 
system noise problems, perhaps an alternate method 
would be desirable. 

APPLYING THE VARIOUS METHODS 

In the following discussion, the IDM2901A-1 timing is 
used for the register-ALU elements. Because several 
different choices of pipeline register are available, the 
times shown do not include the clock-to-register output 
deiay. Finally, the comparisons are based on the time 
required to add two registers and obtain a valid output, 
i.e., A+ B .... Y. 

4,8 Bits: Ripple carry is clearly the best from all con
siderations and thus no further discussion is necessary. 
Register-to-register add time for 8 bits is 75 ns. 
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12 Bits: At present, the conventional single~level 
method Is best (77ns). However, If future bit·slices 
feature A, B'" Cn +4 as fast as A, B'" G, P and Cn ... Cn+ 4 
as fast as the IDM2902's G, P-Cn +y, ripple carry can be 
just as fast. (This illustrates the need for designers to 
continually rethink the problem as new parts become 
available.) 

16 Bits: Without considering sign extend, the conven· 
tional approach [Figure 1 (a)] is optimum (75n5). The 
shifted method (Figure 2) is 8.5 ns slower under the 
assumptions made above, but if sign extend is required, 

Note: In the figures that follow, connecting lines are simplified 
and terminal labels are eliminated for clarity. 

it may well be as fast, in addition to eliminating multi· 
plexers. (See Reference 1.) (This illustrates the fact that 
two parts of a system optimized independently may 
result In an overall slower system.) 

20 Bits: As word width Increases above 16 bits, some of 
the less conventional approaches begin to have some 
advantage. First, consider the more obvious , 
approaches; the single level and chained approaches 
are shown In Figures 3(a) and 3(b). Another solution can 
be obtained by deleting parts from the conventional 
32·blt solution of Figure 1(b). This is shown in Figure 
3(c). 

Figure 2. 16·81t Shifted Look-Ahead 

Figure 3(a). 20·81t, Single· Level Method 

~ I 
,~ 

I 'r l'~ I 
,~ 

Figure 3(b). 20-8It, Chained 

Figure 3(c). 20·81t, Two-Level 

23·114 



From a timing standpoint, (b) and (c) of Figure 4 are both 
87.5ns compared to 93ns for (a). The single·level 
method [Figure 3(a)] is superior from a parts count 
standpoint, requiring a single look·ahead carry rather 
than two. A closer look at Figure 3(c), however, reveals 
that only a small portion of the second look-ahead carry 
circuit is used. Furthermore, this portion can be 
replaced by a circuit consisting of 1/6 of a 74S04 and 1/2 
of a 74S51 as shown in Figure 4. In addition to a lower 
power, lower cost solution, the replacement of the 
second !ook-ahead carry circuit actually saves 1.5ns! 

Even more surprising is the fact that the shifted method 
shown in Figure 5 not only has the fewest parts, but 
also runs faster (85.5ns) than the other methods shown. 
Here is a situation where the speed-cost tradeoffs 
BOTH favor the same sol ution! 

24,28 Bits: Using the conventional 32-bit solution 
(deleting one or two ALUs) yields identical times (g8ns) , 
for both 24 and 28 bits. The shifted chain (Figure 6), 
however, uses fewer parts and is faster (96 ns). With the 
same parts count, the chained and two-level methods 
yield the fastest times (87.5 ns) for both 24- and 28-bit 
ALUs. 

32 Bits: The conventional approach for 32 bits shown in 
Figure 1(b) is an example of the two-level with helpers 
method. For 32 bits, the register-to-register add time is 
98 ns for this method. This is a faster approach than the 
chained and two-level methods (103.5 ns) that were 
optimum for 24 and 28 bits. Another method - the 

Figure 4. Partial Look·Ahead Carry Circuit 

-4 

~ 'r 'r I 1 

shifted two-level - again u'ses fewer parts and is con
siderably faster than the conventional approach 
(87.5 ns). This is illustrated in Figure 7. 

36,40,44 Bits: A g8ns solution can be obtained for 
36-bit ALUs by simply deleting parts from the 64-bit 
solution of Figure 1(c). A word of caution: this is not the 
path to the most significant slice (MSS). It turns out that 
this path is only 87.5 ns. The 98 ns path is to the output 
of the second MSS. The shifted two·level with helper 
method (Figure 8) will also produce a 98 ns result, but if 
the "helper" is replaced by the circuit of Figure,4, the 
result is 96.5ns. 

Another solution, requiring only two parts, is shown in 
Figure 9. This solution - the double shifted two-level 
method - turns out to be the best two-part solution for 
all word sizes from 36 to 64 bits. Speed for this method 
is 101.5ns. 

The shifted two-level with helper and double-shifted 
two-level methods turn out to be the optimum three-part 
and two-part solutions for 40- and 44-bit ALUs also. 

48 Bits: As mentioned above, the double shifted two
level method shown in Figure 9 is also the optimum two
part solution for 48 bits. Three-part solutions are shown 
in Figure 10. The shifted three-level solution of Figure 
10(a) results in a 114ns system. The double shifted 
three-level solution is 101.5 ns. Note how the worst-case 
path varies between the two solutions. This points out 
the fact that several paths must be evaluated to ensure 
that the longest one has been found. 

Figure 5. 20-8it, Shifted 
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I 

Figure 6. 24·, 28·811, Shifted Chain 

Figure 7_ 32·8it, Shifted Two-Level 
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Figure 8. 36·8It, Shifted Two·Level with Helper 

Figure 9 .. 36·8It, Double·Shlfted, Two·Level 

Figure 10(a). 48·811, Shifted, Three·Level 

Figure 10(b). 48·8it, Double Shifted, Three·Level 
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The four-part system of Figure 11 improves perfor
mance slightly (98 ns) and may not be worth the 
additional expense. It is, however, the best four-part 
choice from 48 to 60 bits. This method is referred to as 
shifted two-level with helpers. 

52 Bits: Not a particularly popular ALU size, the 52-bit 
system nevertheless provides an opportunity to demon
strate another look-ahead carry method - the double
shifted, two-level with helpers. This also turns out to be 
the fastest three-part method for word widths from 52 to 
64 bits. This.method, illustrated in Figure 12, results in 
117.5 ns for 52-bit systems. 

56 Bits: ALUs of 56 bits are becoming common in 
floating point systems using 56 bits of mantissa and 8 

bits of exponent. Deleting components from the conven
tional 64-bit approach [Figure 1(c)) results in a 98ns 
solution. This same speed, however, can be achieved 
with four parts using the shifted two-level with helper 
method of Figure 13. 

60 Bits: The fastest 60-bit solution is the conventional 
approach for 64 bits [Figure 1(c)] with one alu deleted. 
This results in a 98ns solution. The shifted two-level 
with helper method (Figures 11 and 13) is a four-part 
solution that results in 103.5 ns. 

64 Bits: Again, the fastest 64-bit solution (98ns) is the 
conventional approach of Figure 1 (c). The fastest four
part solution is a double-shifted two-level with helper 
method (117.5ns) illustrated in Figure 14. 

Figure 11. 48·Bit, Shifted Two·Level with Helpers 

Figure 12. 52·Bit, Double-Shifted, Two·Level with Helpers 

Figure 13_ 56-Bit, Shifted, Two-Level with Helper 

Figure 14. 64-BIt, Double Shifted, Two-Level with Helper 
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Table II is a summary of the data generated from this under the "Method" column corresponds to the 
study. It lists, for each word size, the fastest solution for numbered list of Table I. The fastest solution'for each 
look-ahead carry parts count from 0 to 5. The number word size Is shaded. 

Table II. Optimum Speed for 4-64·8It ALUs 

Number of IDM2902s 

Word 
0 1 2 3 4 5 

Size Method Time Method Time Method Time Method Time Method Time Method Time 

4 1 50 

8 1 75 

12 1 91 2 77 

16 1 107 2 77 

20 1 ' 123 3 85.5 4 87.5 

24 1 139 3 101.5 4,6,8 87.5 7 98 

28 1 155 3 117.5 4,6,8 87.5 9 ' 98 

32 1 171 3 133.5 8 87.5 9 98 

36 1 187 3 149.5 10 101.5 7,9,12 98 

40 1 203 3 165.5 10 '117.5 4,7, 
; 98 9, 12 

44 1 219 3 181.5 10 133.5 9,13' 98 

48 1 235 3 197.5 10 149.5 14 101.5 7. 9 98 

52 1 251 3 213.5 10 165.5 11 117.5 7.9 98 

56 1 267 3 229.5 10 181.5 11 133.5 9, 13 98 7, . 98 

60 1 283 3 245.5 10 197.5 11 149.5 9 103.5 7, 9 98 

64 1 299 3 261.5 10 213.5 11 165.5 11 117.5 7,9 98 

CONCLUSIONS 

It may appear that a lot of time was spent investigating Finally, the entire study will soon be obsolete as new 
alternate look-ahead carry schemes that save "a few components with different (albeit faster) specifications 
nanoseconds" in overall speed. While this is certainly are introduced. Therefore, the only conclusion that 
true for systems with ALU cycle times in the 200 ns seems legitimate is that each application should be 
range, it has been shown that with the more recent 2900 considered individually with the requirements of the 
components from National Semiconductor, ALU cycle system, the devices available, and sound engineering 
times in the 100ns region are certainly feasible, and judgement determining the optimum solution. It is 
here those same few nanoseconds could become sig- hoped that the information contained in this application 
nificant. This will be even more apparent with the note will provide some guidelines for finding that 
introduction of the IDM2901A-2, which will improve the solution. 
register/ALU times listed in Table III by another 
20-25%. 

It has also been shown that no one solution is "best" 
REFERENCES 

for all applications. Even the "fastest" solution may not 1. AN-203, Bit-Slice Microprocessor Design Takes a 
be optimum for a specific system when parts count, Giarit Step Forward with "Schottky-Coupled-Logic" 
system wiring, board space, etc., are considered. Circuits. 

2. AN-217, High Speed Bit~Slice Microsequencing 
Table 111.- Delay Times Used to Calculate Cycle Time Design. 

IDM2901A-1: IDM2902: 

AB-+Y ............ 50ns G, P-+ G, P ....... 10.5ns 

AB-+(3,P ......... 45ns Cn-+Cn+x,y,z ..... 10.5ns . 
AB -+ Cn+4 ••••••••• 50 ns (3, P -+ Cn+x,y,Z ..... 7.0 ns 
Cn -+ Cn+4 ......... 16ns 

Cn -+ Y ............ 25ns 
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~National 
.~ Semiconductor 

Programmable Logic 

Introduction And General Description 

What is a PAL? 

A PAL is a user-programmable array of logic 
gates which allows the equivalent of a number 
of SSI and MSI (small- and medium-scale 
integration) packages to be implemented on a 
single chip. NSC's PAL series are Schottky TTL 
(transistor-transistor logic) components, and 
hence offer both speed and easy interfacing. 
Combinations of registers, flip-flops, and ran
dom logic are all easily implemented using 
PALs. 

Why Should You Use A PAL? 
Reduced board space 
PALs typically implement the equivalent of 
from 4 to 12 SSI and MSI packages in a single 
20-pin DIP. If the amount of space on your PCB 
is insufficient for your needs, you should 
seriously consider using PALs in your design. 

Cost Effectiveness 
The total manufacturing cost of a circuit im
plemented with PALs is frequently less than 
that of standard ICs. Only 25 to 50 per cent of 
the cost of utilizing an SSI or MSI chip is nor
mally its purchase price; the remaining 50 to 75 
per cent is tied up in the cost of the PCB area, 
assembly, and testing associated with that 
chip. Hence, as the PAL replaces more and 
more chips, its usage quickly becomes 
justified on a cost basis alone. 

Fast System Design 
Because of PALs' programmability and flex
ibility, the time needed to design and imple
ment a system can b"e cut in half. Breadboards 
can be built quickly to test out new ideas 
without long waiting. 

Design Flexibility 
PALs offer the design engineer greater flexibili
ty than standard, off-the-shelf parts. If a 
desired function is not readily available with 
standard components, an awkward assortment 
of chips may be needed to implement the func
tion. With PALs, the engineer simply chooses 
what he wants instead of taking what he can 
get. 

Easy Design Changes 
PALs offer the designer the ability to 
reprogram an IC instead of redesigning other 
hardware and laying out a new PCB when the 
function of the card changes. 

High Speed 
PALs are built using· Schottky technology. 
Register PALs clock at 40 MHz, with faster parts 
on the way. 

Easy Field Programming 
Unlike gate arrays and other approaches to 
custom logic design, the PAL is user
programmable, which minimizes turnaround 
time. The PAL can be programmed quickly and 
easily using standard PROM programmers with 
appropriate personality ca~ds. Conversion of 
logic functions into the PAL format is ac
complished quickly and easily using a software 
tool called PALASM ™ 

Small Inventory 
The PAL family can be used to replace up to 90 
per cent of TTL components with just 15 dif
ferent parts. This considerably lowers inven
tory costs. 

What Is The Impact Of PAL On 
Logic Design? 
Logic designers are noticing an apparent 
"complexity gap" between TTL and LSI. Pro
ducts designed using discrete TTL devices 
would consume unacceptable amounts of 
phYSical space and electrical power. Software 
programmable LSI devices (microprocessors) 
offer high density and need relatively little 
power to do almost anything imaginable, but 
the deSigner pays a high price in software 
development and still has to use discretes to 
interface them to the outSide world. Until 
recently, there has been no device that pro
vides a really effective way of bridging this gap. 
National Semiconductor Company has seen 
this need, and now offers the designer a family 
of PAL (Programmable Array Logic) devices to 
fill it. PALs offer powerful capabilities for 
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creating cost-effective new products or for im
proving the effectiveness of existing logic 
designs. PAL devices save time and money by 
solving many of the system partitioning and in
terface problems not otherwise effectively 
solved by today's semiconductor device 
technology. 

LSI (Large scale integration) offers many ad
vantages, but advances have been made at the 
expense of either device flexibility or software 
complexity. LSI technology has been and still 
is leading to larger and larger standard logic 
functions. LSI offers high functional density 
and low power consumption; Single les now 
perform functions that formerly required com
plete circuit cards. However, most LSI devices 
don't interface with user systems without large 
numbers of support devices. Designers are still 
forced to turn to random logic for many ap
plications. LSI is slow, and it is rigidly partition
ed. For all its capability ,to perform varied and 
complex tasks, the microprocessor is a slow 
and expensive way of doing simple, repetitive 
tasks when the necessary interface and other 
support devices are added, and when the time, 
money, and memory required for software 
development are considered. 

TTL provides speed, and you could say its 
flexibility is infinite, but its price is high power 
consumption, large parts count, and low space 
utilization. 

Custom IC's can be effective design solu
tions if the product is of low-to-medium com
plexity, its logic function is well defined, and 
its market is high volume. Its design cycle is 
typically 10hg, and its cost can be prohibitive. 
This tends to discourage its use. 

Fuse-programmable devices of various kinds 
have been invented to try to overcome the 
above-mentioned disadvantages. All but PAL 
require external interface logic, and all but PAL 
have disadvantages, to wit: 

PROM: Requires careful design to avoid 
undesirable data transitions. Also 
limited on the number of input 
variables it can accommodate. 

FPLA: Is expensive, difficult to program, 
and hard to understand. 

FPGA: Isn't widely available, and lacks 
flexibility. 

PMUX: Is available in only a few types. 

The PAL-A New Extension of 
Fusible-Link Technology 
The diode matrix was the first programmable 
integrated-circuit logic device, introduced in 

the early 1960's. This device contained only a 
diode-logic OR matrix, each crosspoint of 
which had a fusible link. 

The programmable read-only memory (PROM) 
extended the programmable logic concept con
siderably by allowing input variables to be en
coded, by reducing the number of pins re
quired per input variable, and by providing TTL 
compatibility. The PROM is an AND-OR logic 
element with fixed AND matrix and program
mable OR. 

One advantage ot using PROMS is that they are 
produced in high volume because they are 
used in many applications. Also, the PROM is a 
universal logic solution; in other words, all the 
product terms of the input variables ~re 
generated, making it possible to implement 
any AND-OR function of these variables. 

The Field-Programmable Logic Array (FPLA) 
has a second fuse matrix (an AND matrix), so 
allows the designer to select and program only 
those product terms lIsed in each specific 
function. These product terms are then com
bined in the OR fuse array to form an AND-OR 
logic equation. More about these later. 

How It Works (See Figure 1-1.) 

In the PAL concept, an AND fuse array allows 
the designer to specify the product terms re
quired, and connect them to 'an OR matrix 
chosen to perform the required combination of 
AND-OR logic functions. PALs are offered in a 
number of different part types that vary the OR
gate configuration. Specifying the OR-gate 
connection therefore becomes a task of device 
selection rather than of programming, as with 
the FPLA. With this approach, PALs eliminate 
the need for a second fuse matrix with little 
loss in overall flexibility. Figure 1 is a 
schematic diagram that shows how a typical 
PAL circuit processes a two-input, one-output 
logic segment. The general logic equation for 
this segment is: 

Output = (II· f1 + If1) (/11 .f2 + If2) (12 • f3 + 
If3) (/12 • f4 + If4) + (11 • f5 + If5) 
(111 • f6 + If6)(12 • f7 + If7 + 1f7)(12 
• fa + Ifa) 

where the "f" terms represent the states of the 
fuse links in the PAL's AND array. In the above 
equation, an intact fuse is represented by f = 
1, and a blown fuse by f = o. 

Although logic equations are convenient for 
simple functions, they become progressively 

·Iess tractable as the functions become more 
complex. In large systems, the logic diagram, 
or schematic, and the truth table are the 
methods more commonly used to describe 

24-4 



logic networks. For simplicity, PAL logic is 
described in this book using the symbolic nota
tion shown at right in Figure 1-2. The conven
tional, combinational logic diagram of the 
same expression is shown at left. In the figure, 
an X represents an intact fuse which, in con
junction with the series diode (not shown 
schematically), performs the logical AND func-
tion. . 

11-----1 
~---+-~ 

12 ----1~--_r_-_r_-"1 

The two-input, one-output example shown in 
Figure 1-1, r.edrawn using the new logic nota· 
tion, is depicted in Figure 1-3. 

Figure 1-4 is the normal combinational logic 
diagram of an example whose transfer function 
is as follows: 

Output 

OUTPUT 

Fa 

FIGURE 1·1. Partial Logic Diagram of a PALCi) 

ABC 

---++t-o-AoBOC 

FIGURE 1·2. Conventional and PAL Logic Notation. 

OUTPUT 

FIGURE 1·3. Two·input, One·output PALCircuit, Unprogrammed. 

:: ______ ~11T,+TI, 
FIGURE 1·4. Logic Diagram of the Expression Shown Above 
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As can be seen from the expression and 
diagram, this is a two-input, one-ol,.!tput circuit; 
hence, the circuit of Figure 1-3 appears to be a 
good candidate to solve this problem. Remov
ing the Xs from the junctions that do not repre
sent terms of the example Boolean expression 
results in the diagram shown in Figure 1-5, 
which is the same PAL circuit shown in Figure 
1-3, except' that the appropriate fuses are 
blown. 

Using the symbology described here not only 
displays the attributes of a logic diagram, but 
also those of the truth table for the same ex
pression diagrammed. With this technique, it is 
possible to compare the structure of the PAL 
with those of the familiar PROM and PLA. 

Comparison 
To illustrate the differences among the three, 
field-programmable logic concepts, each of 
the approaches is shown as an AND matrix, 
followed by an OR matrix. The basic logic im
plemented by the PROM is AND-OR, with the 
AND gates all preconnected on the chip, mak
ing this portion fixed, while the OR matrix is 
implemented with diode-fuse interconnec
tions, making it programmable. Thus, the 
PROM is an AND-OR logic element with fixed 

,AND matrix and programmable OR. The PROM 
solution in Figure 1-6 requires a 64-fuse matrix. 
There are many advantages to using PROMs as 
logic devices. One is that because they are us
ed in many applications, they are produced in 
high volume. Also, the PROM is a universal 
logic solution; in other words, all the product 
terms of the input variables are generated, 
making it possible to implement any" AND-OR 
function of these variables. However, PROMs 
cannot accommodate large numbers of 
variables; the maximum number of input 
variables currently being realized is 11. 

The Field-Programmable Logic Array (FPLA) 
has a second fuse matrix (an AND matrix), 
allowing the designer to select and program 
only those product terms used in each specific 
function. (See Figure 1-7.) These product terms 
are then combined in the OR fuse array to form 
an AND-OR logic equation. 

The typical FPLA implementation has less than' 
2n terms available (with n as the number of in· 
put variables). This allows the FPLA to accom
modate larger values of n, i.e., more inputs, in 
contrast with the PROM, where the number of 
product terms is always equal to 2n. Although 
the FPLA usually requires fewer fuses to imple
ment a given logic function, additional circuitry 
is required to select and program these 
fuses-circuitry that is not used in the final 
logic solution, but which is paid for in die area. 
This "chip overhead" cost becomes significant 
for simple applications that leave logic unused. 

The basic logic structure of the PAL, con
sisting of a programmable AND array whose 
outputs feed a fixed OR array, is shown in 
Figure 1-8. The PAL is low in cost and easy to 
program, like the PROM, but also is more flexi· 
ble, like the FPLA. Table 1-1 lists the 
characteristics of the three principal families 
of devices described here, and also others, for 
comparison. 

Table 1·1. 
Programmable Logic Device Summary 

Device AND OR Output Options 

PROM Fixed Prog TS,OC 

FPLA Prog Prog TS,OC,Fusible Polarity 

FPGA Prog None TS,OC,Fusible Polarity 

PMUX Fix/Prog Fixed TS 

PAL Prog Fixed TS,Registers,Feedback,1I0 

FIGURE 1-5_ Blown Junctions .Make the PAL Useful. 
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(PROGRAMMABLE) 

~ ~ tyA) ~ 

"AND" ARRAY 
(FIXED) 

FIGURE 1·6. PROM Having 16 Words x 4 Bits. 
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FIGURE 1·8. PAL Having 4 Inputs, 4 Outputs, and 16 Products. 
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TABLE 1·2. THE PROGRAMMABLE ARRAY LOGIC (PAL®) FAMILY 

Std 
High 

Pkg 
Speed 

(35 ns) 
(25 ns) 

Pin 

10H8 10H8A 20 

12H6 12H6A 20 

14H4 14H4A 20 

16H2 16H2A 20 

10L8 10L8A 20 

12L6 12L6A 20 
14L4 14L4A 20 
16L2 16L2A 20 

16C1 16C1A 20 

16L8 16L8A 20 
16R8 16R8A 20 

16R6 16R6A 20 

16R4 16R4A 20 

16X4 20 
16A4 20 

12L10 24 

14L8 24 

16L6 24 

18L4 24 

20L2 24 

20C1 24 

20L 10 24 

20X10 24 

20X8 24 

20X4 24 

PALs For Every Task 
The members of the PAL family are listed in • 
Table 1-2. They are designed to cover the spec
trum of logic functions at lower cost and lower 
package count. This allows you to select the 
PAL that best fits your application. PALs come 
in four basic configurations: 

• Gates 
• Register Outputs With Feedback 
• Programmable I/O 
• Arithmetic Functions 

Gates 

For 20/20A series, PALs are available in sizes 
from 10 x 8 (10 inputs 8 outputs) to 16 x 2, with 
either active-high oractive-Iow output configura
tions. For 24 series, PALs are available in sizes 
from 12 x 10 to 20 x 2 with active-low output con
figurations. One part has complementary out
puts with both series. This wide variety of in
put/output formats aliows the PAL to replace 
many different-sized blocks of combinational 
logic with single packages. 

INPUTS, FEEDBACK AND 1/0 

.... 
~ ,. 

Description 

10 input, 8 output AND-OR array 

12 input, 6 output AND-OR array 

14 input, 4 output AND-OR array 

16 input, 2 output AND-OR array 

10 input, 8 output AND-OR array 

12 input, 6 output AND-OR array 

14 input, 4 output AND-OR array 

.16 input, 2 output AND-OR array 

16 input, 1 output AND-OR/NOR array 

16 input, 8 output AND-OR-invert array 
16 input, 8 output AND-OR-register array 

16 input, 6 output AND-OR-register array 

16 input, 4 output AND-OR-register array 

.16 input, 4 output AND-OR-XOR-register array 

16 input, 4 output AND-CARRY-OR-XOR register 

12 input, 10 output AND-OR invert array 

14 input, 8 output AND-OR-invert array 

16 input, 6 output AND-OR-invert array 

18 input, 4 output AND-OR-invert array 

20 input, 2 output AND-OR-invert array 

20 input, 1 output AND-OR/NOR array 

20 input, 10 output AND-OR-invert array 

20 input, 10 output AND-OR-XOR-register array 

20 input, 8 output AND-OR-XOR-register array 

20 input, 4 output AND-OR-XOR-register array 

Register Outputs With Feedback 
High-end members of the PAL family feature 
latched data outputs with register feedback. 
Each sum or product term is stored in a 0 flip
flop on the rising edge of the system clock. 
(See Figure 1-9.) The Q output of the flip-flop 
can then be gated to the output pin by enabling 
the active-low TRI-STATE' buffer. 

In addition to being available for transmission, 
the Q output is also fed back into the PAL array 
as an input term. This feedback allows the PAL 
to "remember" its prior state, and it can alter 
its function based upon that state. This allows 
you to configure the PAL as a state machine 
that can be programmed to execute elementary 
functions such as count up, count down, skip, 
shift, and branch. 

CLOCK E 

:-

~ - ~ ~ r- o Of-~ 

~ ~ 
~ 

~~~ ~ -
.A 
~ .... 

FIGURE 1·9. PAL Output Register Circuit, Simplified Logic Diagram. 
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Programmable I/O 
Another feature of the high-end members of 
the PAL family is programmable input/output. 
This allows the product terms to directly con
trol the outputs of the PAL. (See Figure 1-10.) 
One product term is used to enable the 
TRISTATE' buffer, which in turn gates the 
summation term to the output pin. The output 
is also fed back into the PAL array as an input. 
Thus, the PAL drives 'the 110 pin when the 
TRISTATE" gate is enabled; the I/O pin is an 
input to the PAL array when the TRISTATE' 
gate is disabled. This feature can be used to 
allocate available pins for I/O functions or to 
provide bidirectional output pins for opera
tions such as shifting and rotating serial data. 

Arithmetic Functions 
The al ithmetic functions add, subtract, greater 
than, and less than are implemented by two ad
ditional features of ttie register PAL. (See 
Figure 1-11.) First, the sums that are XORed at 
the input of a D flip-flop. This allows carries 
from previous operations to be XORed with 
current sums generated by the PAL array. 
Second, the ° output of the flip-flop is ORed 
with an input to form the terms I + 0, I + 10, I 
+ 0, and /I + 10, which are then fed back into 
the PAL matrix. This option provides for ver
satile operations on two variables and 
facilitates the parallel generation of carries 
necessary for fast arithmetic operations. 
Figure 1-12 shows a PAL array, programmed to 
combine the available terms to form 16 logical 
products in an ALU or controller application. 

Technology 
National Semiconductor PALs are manufac
tured using the same high-volume technology 
used in the manufacture of PROMs. This in
cludes state-of-the-art Schottky processing, 
dual-layer metal, and highly reliable titanium
tungsten fuses. NPN emitter followers make 
up the programmable AND array. The inputs 
are PNP transistors whose input impedance 
imposes a current drain of not more than 0.25 
mA on the source. All outputs are standard TTL 
drivers with internal active-pullup transistors. 
Typical PAL propagation delay is 25 ns for the 
standard version. 

Packaging 
All PAL versions are supplied in the space
saving 20 and 24-pin, 0.3-in. "thin-dip" package. 
This package offers one of the best pin-count
to-area ratios available. 

PALS also utilize National's copper-lead-frame 
plastic package design that combines the low 
cost of plastic with the thermal characteristics 
of CERDIP to provide highly reliable, cost-
effective components. 

Programming PALs are designed to b~ pro
grammed using standard, commercially 
available PROM programmers with the addition 
of the proper personality module and socket 
adapters. Some programmers with PAL pro
gramming capability are listed in the PAL DeSign 
section. 

INPUTS, FEEDBACK AND 110 

r-

~- >-tl ~ -~,." 
~ -
~ -

110 

~ .... ... .A 
~ ~ 
~ -

FIGURE 1-10. PAL Bidirectional Circuit, Logic Diagram. 
INPUTS. fEEDBACK AND 110 

CLOCK 

-'" L 

- :)0-~ 
~ 

..... V" 

- - \ 
;=v 
~~ 
~~ 

~ 
FIGURE 1·11. Logic Structure of an Arithmetic PAL. 
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PAL Part Numbers 

The PAL part number reveals the logic opera
tion the part performs. (See Figure 1-13.) The 
example shown, the DMPAL 16L2NC, is a 
device that accommodates 16 input terms and 

generates 2 active-low output terms, is con
tained in a 20-pin plastic dual-in line package, 
and meets commercial temperature-range 
specifications. 

------------------ DIGITAL MEMORY 

DM PAL 

---------------- PROGRAMMABLE ARRAY LOGIC FAMILY 

16 

NML= NATIONAL MASKED LOGIC 
------------- NUMBER OF ARRAY INPUTS 

----------- OUTPUT TYPE: 

2 

H = ACTIVE HIGH 
L = ACTIVE LOW 
C = COMPLEMENTARY 
R = REGISTER 
X = EXCLUSIVE-OR WITH 

REGISTER 
A = ARITHMETIC WITH REGISTER 

-------- NUMBER OF OUTPl,lTS 

------ SPEED RANGE 
NO SYMBOL = STANDARD SPEED (35 ns) 
A = HIGH SPEED (25 ns) 

1
----PACKAGE TYPE: 

N = PLASTIC DIP 
J = CERAMIC DIP 

r-TEMPERATURE RANGE: 
I C = 0 TO + 75 DEG. C 

- - M =-55TO +125DEG.C 
N C 

FIGURE 1-13_ Meaning of PAL Part Number Code 

PAL Logic Symbols PAL10H8 

The logic symbols for each of the individual 
PAL devices gives a concise functional 
description of that device. Figure' 1-14 shows a 
typical logic symbol, that of the 10H8 gate 
array_ 
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FIGURE 1·14. Logic Symbol, OM PAL 10H8. 
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PAL Logic Symbols - Series 20 

DMPAL10H8 DMPAL12H6 DMPAL14H4 

DMPAL16H2 DMPAL 16C1 DMPAL 10L8 

DMPAL 12L6 DMPAL 14L4 . DMPAL16L2 
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PAL Logic Symbols - Series 20 (Contd.) 

DMPAL 16L8 DMPAL16R8 DMPAL16R6 

DMPAL 16R4 DMPAL16X4 DMPAL 16A4 
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~National 
D Semiconductor 
DATA SHEETS 
Programmable Array Logic (PAL ®) 
Series 20/20A 

Description 

The PAL® family utilizes National Semicon
ductor's Schottky TTL process and bipolar 
PROM fusible-link technology to provide 
user-programmable logic to replace conven
tional SSIIMSI gates and flip-flops. Typical 
chip count reduction gained by using PALs is 
greater than 4:1 . . 

The family lets the systems engineer 
customize his chip by opening fusible links to 
configure AND and OR gates to perform his 
desired logic functions. Complex interconnec
tions that previously required timeconsuming 
layout are thus transferred from PC board to 
silicon where they can be easily modified dur
ing prototype checkout or production. . 

The PAL transfer function is the familiar sum 
of products with a single array of fusible links. 
Unlike the PROM, the PAL is a programmable 
AND array driving a fixed OR array. (The PROM 
is a fixed AND array driving a programmable 
OR array.) In addition, the PAL family offers 
these options: 

Variable input/output in ratio. 

• Programmable TRISTATE® outputs. 

Registers and feedback .. 

Table 2·1. Part Types 

Part Description 
Number 

PAL10H8 OCTAL 10 INPUT AND·OR GATE ARRAY 

PAL 12H6 HEX 12 INPUT AND·OR GATE ARRAY 

PAL 14H4 QUAD 14 INPUT AND·OR GATE ARRAY 

PAL 16H2 DUAL 16 INPUT AND·OR GATE ARRAY 

PAL 16Cl 16 INPUT AND·OR/AND·OR·INVERT GATE ARRAY 

PAL 10L8 OCTAL 10 INPUT AND·OR·INVERT GATE ARRAY 

PAL 12L6 HEX 12 INPUT AND·OR·INVERT GATE ARRAY 

PAL 14L4 QUAD 14 INPUT AND·OR·INVERT GATE ARRAY 

PAL 16L2 DUAL 16 INPUT AND·OR·INVERT GATE ARRAY 

PAL 16L8 OCTAL 16 INPUT ANDOR·INVERT GATE ARRAY 

PAL 16R8 OCTAL 16 INPUT REGISTERED AND·OR GATE ARRAY 

PAL 16R6 HEX 16 INPUT REGISTERED AND·OR GATE ARRAY 

QUAD 16 INPUT REGISTERED AND·OR GATE ARRAY 

PAL 16X4 QUAD 16 INPUT REGISTERED AND·OR·XOR GATE ARRAY 

PAL 16A4 QUAD 16 INPUT REGISTERED AND·CARRY·OR·XOR GATE ARRAY 

Programmable Logic 

Unused inputs are tied directly to VCC or GND. 
Product terms with all fuses blown assume the 
logical high state, and product terms con
nected to both true and complement of any· 
single input assume the logical low state. 
Registers consist of D type flip-flops that are 
loaded on the low-to-high transition of the 
clock. PAL logic diagrams are shown with all 
fuses blown, enabling the designer to use the 
diagrams as coding sheets. 

The entire PAL family is programmed on con
ventional PROM programmers with appropriate 
personality and socket adapter cards. Once the 
PAL is programmed and verified, two addi
tional fuses may be blown to make verification 
difficult. This feature gives the user a pro
prietary circuit tha·t is very difficult to copy. 

Features 
• Programmable replacement for conven-

tional TTL logic. 
• Simplifies prototyping and board layout. 
• Thin DIP packages. 
• Reliable titanium-tungsten fuses. 
• Available in standard and high speed 

versions. 
• 25 ns max propagation delay for high 

speed versions (20A series) 

Part 
'Description 

Number 

PALlOH8A OCTAL 10 INPUT AND·OR GATE ARRAY 

PALl2H6A HEX 12 INPUT AND·OR GATE ARRAY 

PALl4H4A QUAD 14 INPUT AND·OR GATE ARRAY 

PALl6H2A DUAL 161NPUT AND-OR GATE ARRAY 

PALl6C1A 16 INPUT AND·OR/AND·ORINVERT GATE ARRAY 

PALlOL8A OCTAL 10 INPUT AND·OR INVERT GATE ARRAY 

PAL12L6A HEX .12 INPUT AND·OR·INVERT GATE ARRAY 

PALl4L4A QUAD 14 INPUT AND·OR·INVERT GATE ARRAY 

PAL16L2A DUAL 16 INPUT AND-OR-INVERT GATE ARRAY 

PAL16L8A OCTAL 161NPUT AND-OR·INVERT GATE ARRAY 

PALl6R8A OCTAL 161NPUT REGISTERED AND·OR GATE ARRAY 

PAL16R6A HEX 16 INPUT REGISTERED AND·OR GATE ARRAY 

PAL 16R4A QUAD 16 INPUT REGISTERED AND-OR GATE ARRAY 
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Absolute Maximum Ratings 

Operating Programming 

Supply voltage vee ..................................... 7.0 V 

Input voltage .......................................... 5.5 V 

Off-state output voltage ................................ 5.5 V 

12 V 

12 V 

12V 

Storage temperature range .............................. - 65°e to 150 0 e 
10H8, 12H6, 14H4, 16H2, 16C1, 10L8, 12L6, 14L4, 16L2 
Electrical Characteristics 
Over Recommended Operating Temperature Range 

Symbol Parameter Test Conditions 

VIH tligh-Ievel input voltage 

VIL Low-level input voltage 

Vie Input clamp voltage Vee = MIN II = -18 mA 

Vee = MIN VIH = 2V 
VOH High·level output voltage 

VIL = 0.8V 10H ::: MAX 

Vee = MIN VIH = 2V 
VOL Low-level output voltage 

VIL = 0.8V 10L = MAX 

II 
Input current at maximum 

Vee = MAX VI = 5.5 V input voltage 

IIH High-level input current Vee = MAX VI = 2.4V 

IlL Low-level input current Vee = MAX VI = O.4V 

lOS Short-circuit output current Vee = MAX VO=OV 

lee Supply current Vee = MAX 

Recommended Operating Conditions 

Symbol Parameter Military 

Min Nom Max Min 

Min Typ Max 

2 

0.8 

-1.5 

2.4 

0.5 

1.0 

25 

- 250 

-3g, -130 

55 90 

Commercial 

Nom Max 

Vee Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 

10H High-level output current -2.0 -3.2 

10L Low-level output current 8 8 

TA Operating free air temperature -55 125 0 75 

Switching Characteristics 
Over Recommended Ranges of Temperature and Vee 

Military Commercial 

Test Conditionstt TA = -55°to +125°C TA = 0° to 75°C 
Symbol Parameter R1 = 5600 

Vec = 5.0V ± 10% Vee = S.OV ± 5% 
R2=1.1kn 

Min Typ Max Min Typ Max 

tpD From any input to any output CL = 15pF 25 45 25 35 
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16L8, 16R8; 16R6, 16R4, 16X4, 16A4 
Electrical Characteristics 
Over Recommended Operating Temperature Range 

Symbol Parameter Test Conditions 

VIi; High-level input voltage 

VIL Low-level input voltage 

Vie Input clamp voltage Vce = MIN 11= -1B mA 

VCC = MIN VIH = 2V 
VOH High-level output voltage 

VIL = O.BV 10H = MAX 

Vee = MIN VIH = 2V 
VOL Low-level output voltage 

VIL = O.BV 10L = MAX 

10ZH 
Off-state output current Vec = MAX, VIH = 2V, 
high-level voltage applied Va = 2.4V, VIL = O.BV 

10ZL 
Off-state output current Vee = MAX, VIH = 2V 
low-level voltage applied Va = 0.4V, VIL = O.BV 

II 
Input current at maximum 

input voltage Vee = MAX VI = 5.5 V 

IIH High-level input current Vec MAX VI = 2.4V 

IlL Low-level input current Vee MAX VI = O.4V 

lOS Short-circuit output current Vee=MAX VO=OV 

16LB 
Supply Vee = MAX 

lee eurrent 16R4, 16R6, 16RB 

Recommended Operating Conditions 

Symbol Parameter Military 

Min Nom Max Min 

Vce Supply voltage 4.5 5.0 5.5 4_75 

10H High-level output current -2.0 

10L Low-level output current 12 

TA Operating free air temperature -55 125" 0 

·Operating Case Temperature only, TC = 125°C 
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Min Typ Max Unit 

2 V 

O.B V 

-1.5 V 

2.4 V 

0.5 V 

100 J1A 

-100 JlA 

1.0 mA 

25 J1A 

- 250 JlA 

- 30 -130 mA 

140 1BO 

150 1BO mA 

Commercial Unit 

Nom Max 

5.00 5.25 V 

- 3.2 mA 

24 mA 

75 °e 



Switching Characteristics 
Over Recommended Ranges of Temperature and Vee 

Military Commercial -
Test Conditions tt TA = -55°to +125°C TA = 0' to 75'C Unit 

Symbol Parameter R1, R2 VCC = 5.0V ± 10% VCC = S.OV ± 5% 

Min Typ Max Min Typ Max 

tpo Input to output 25 45 25 35 ns 

tpo Clock to output CL = 50pF 15 25 15 25 ns 

tpzx Pin 11 to output enable 15 25 15 25 ns 

tpxz Pin 11 to output disable CL = 5pF 15 25 15 25 ns 

tpzx Input to output enable CL = 50pF 25 45 25 35 ns 

tpxz Input to output disable CL = 5pF 25 45 25 35 ns 

High 25 25 
tw Width of clock ns 

Low 25 25 

16R8,16R6,16R4 45 35 ns 
tsu Setup time 

16X4,16A4 

th Hold time 0 -15 0 -15 ns 

ttSee Standard Test Load and Definition of Waveforms 

Standard Test Load 

"=;t Rl MEDPAL SMPAL , 
MIL COM'L 

OUTPUT . Rl = 390 Rl = 200 Rl = 560 

ICl -::R2 
R2 = 750 R2 = 390 R2 = 1.1k 

Test Waveforms 
Set·Up and Hold Pulse Width 

" 
3V 

8 
TIMING 

..;(VTISEENOTEBI 
HIGH-LEVEL 

INPUT PULSE 

~'"'n~" 
OV 

3V 
DATA LOW-LEVEL 

INPUT PULSE 
VT VT 

OV 

Propagation Delay Enable and Disable 

3V 
VOH=X >C INPUT~/;T ~K. ENABLE 

OV 
IENABLE PIN DR INPUT) 

1.5V 

VOL 

-IPlH- 1+1I>Hl· 
+ 

/4 ~I\. 
VOH NORMALLY HIGH VOH 

~O.5V I~D5V IN-PHASE OUTPUT lPZH-
OUTPUT tpHl-

VOL (SI0PENI z- ---r 
!-tPHl- I+tPlH· 

~ 

~~T vy'E 
VOH NORMALLY LOW Z-~O.5V tPlZ -1--;jL:I OUT OF PHASE OUTPUT 

OUTPUT 
VOL (SICLOSEDI tPZl- O.5V 

VOL 
~ 

Note A: CL includes probe and jig capacitance, 

Note B: VT = 1.5V 

Note C: In the examples above, the phase relationships between inputs and outputs have been s;hosen arbitrarily. 

Note 0: All input pulses are supplied by generators having the following characteristics: PRR = 1 MHz, lOUT = 50n. 
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Absolute Maximum Ratings 
Operating Programming 

~upply Voltage, Vee 7V 12V 
Input· Voltage 5.5V 12V 
Off·State Output Voltage 5.5V 12V 
Storage Temperature Range -65°C to +150°C I 

10H8A, 12H6A, 14H4A, 16H2A, 16C1A, 10L8A, 12L6A, 14L4A, 16L2A 

Recommended Operating Conditions 
Military Commercial 

Symbol Parameter 
Min. Typ. Max. Min. Typ. Max. 

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 

IOH High Level Output Current -2 -3.2 

IOL Low Level Output Current 12 24 

TA Operating Free·Alr Temperature 0 75 

Electrical Characteristics Over Recommended Operating Temperature Range 

Symbol Parameter Test Conditions Min. Typ. Max. 

VIH High Level Input Voltage 2 

VIL Low Level Input Voltage 0.8 

Vie Input Clamp Voltage Vee = Min., 11= -18mA -1.5 

VOH High Level Output Voltage Vee = Min., VIH = 2V 2.4 
VIL = 0.8V, 10H = Max. 

VOL Low Level Output Voltage Vee = Min., VIH = 2V 0.5 
VIL = 0.8V, IOL = Max. 

II Input Current at Maximum Input Voltage Vee = Max., VI =5.5V 1 

IIH High Level Input Current I Vee = Max., VI = 2.4 V 25 

IlL Low Level Input Current Vee = Max., VI =0.4V -0.25 

los Short Circuit Output Current Vee=5V -30 -130 

Icc Supply Current Vee = Max. 55 90 

Switching Characteristics Over Recommended Ranges of Temperature and Vee 
Military: TA = -55°C to +125°C, Vee = 5V ±10% 
Commercial: TA = 0 to 75°C, Vee = 5V ±5% 

Military Commercial 
Symbol Parameter Test Conditions 

Min. Typ. Max. Min. Typ. Max. 

tpD From any Input to any Output CL=15pF 15 30 15 25 
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V 

V 

V 
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16L8A, 16R8A, 16R6A, 16R4A, 16X4A, 16A4A 

Recommended Operating Conditions 
Military Commercial 

Symbol Parameter 
Min. Typ. Max. Min. Typ. Max. 

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 

Low 20 10 15 10 
tw Width of Clock 

High 20 10 15 10 

tsu 
Setup Time from Input 16R8A,16R6A,16R4A 30 16 25 16 
or Feedback to Clock 

th Hold Time 0 -10 0 -10 

TA Operating Free-Air Temperature -55 0 25 75 

Te Operating Case Temperature 125 

Electrical Characteristics Over Recommended Operating Temperature Range 

Symbol Parameter Test Conditions Min. Typ. Max. 

. VIH High Level Input Voltage 2 

VIL Low Level Input Voltage 0.8 

VIC Input Clamp Voltage Vee = Min., 11= -18mA -0.8 -1.5 

Vee = Min. IOH=-2mA MIL 
VOH High Level OutPl,lt Voltage VIL=0.8V 2.4 2.8 

VIH =2V IOH=-3.2mA COM 

Vee = Min. 10L= 12mA MIL 
YOL Low Level Output Voltage VIL=0.8V 0.3 0.5 

VIH =2V 10L = 24mA*** COM 

10ZH Vee=Max. Vo = 2.4V 100 

10ZL 
Off-state Output Current VIL=0.8V 

Vo =O.4V -100 VIH =2V 

II Maximum Input Current Vee = Max., VI=5.5V 1 

IIH High Level Input Current Vee = Max., VI = 2.4 V 25 

IlL Low Level Input Current Vee = Max., VI = 0.4 V -0.02 -0.25 

los Output Short-Circuit Current * * Vee=5V Vo=OV -30 -70 -130 

Icc Supply Current t Vee = Max. 120 180 

Switching Characteristics Over Recommended Ranges of Temperature and Vee 
MIlitary: TA=-55°C to +125°C*, Vee=5V±10% 
Commercial: TA = 0 to 75°C, Vee = 5V ±5% 

Test Condltlonstt Military Commercial 
Symbol Parameter 

R1,R2 Min. Typ. Max. Min. Typ. Max. 

tpD Input or Feedback to Output CL=50pF 15 30 15 25 

tCLK Clock to Output or Feedback 10 20 10 15 

tpzx Pin 11 to Output Enable 10 25 10 20 

tpxz Pin 11 to Output Disable CL=5pF 11 25 11 20 

tpzx Input to Output Enable CL=50pF 10 30 10 25 

tpxz Input to Output Disable CL=5pF 13 30 13 25 

fMAX Maximum Frequency 20 30 25 30 

t Icc = Max. at minimum temperature. 
ttSee Waveforms, Test Load on pg. 24·21. 
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Symbol Parameter Limits Units 
Min Typ Max 

VIt-iH Program·level input voltage 11.5 11.75 12.0 V 

Output Program Pulse 50 

IIHH Program·level input current OD,LlR 25 mA 

All Other Inputs 5 

ICCH Program Supply Current 400 mA 

Tp Program Pulse Width 10 50 IlS 

td Delay time 100 ns 

Program Pulse duty cycle 25 0/0 

Vp ProgramIVerify·Protect:input voltage5.5V ~ VCC~ 6V 18 18.5 19 V 

Ip ProgramIVerifY·Protect·input current 

tdv Delay Time to Verify 

Programming 
PAL fuses are programmed using a low
voltage linear-select procedure which is com
mon to all 15 PAL types. The array is divided in
to two groups, products 0 through 31 and pro
ducts 32 through 63, for which pin identifica· 
tions are shown in Figure 2-2. To program a 
particular fuse, both an input line and a pro
duct line are selected according to the follow
ing procedure: 

1. Raise Output Disable, 00, to VIHH' 
2. Select an input line by specifying 10, 11, 12, 

13, 14, 15, 16, 17, and LlR as shown in Table 
12. 

3. Select a product line by specifying- AO' A1, 
and A2 one-of-eight select as shown in 
Table 2-10. 

4. Raise VCC (pin 20) to VIHH' 
5. Program the fuse by pulsing the output 

pins On of the selected product group to 
VPH as shown in Table 2-4. 

6. Lower VCC (pin 20) to 6.0 V. 

400 mA 

100 Ils 

7. Pulse the CLOCK pin and verify output 
. pins On to be Low for active Low PAL 
types or High for active High PAL types. 

8. Lower VCc(pin 20) to 4.5 V and repeat 
step 7. 

9. Should the output not verify, repeat steps 
1 through 8 up to five (5) times. 

Repeat this procedure for all fuses to be blown. 
(See Figure 2-3.) 

To prevent further verification, two last fuses may 
be blown by raising pin 1 and pin 11 to 18.5 volts 
for 10 ms-1 sec. with Vee at 6.0 volts. 

Voltage Legend 

L = Low-level input voltage, VIL 
H = High-level input voltage, VIH 
HH = High-level program voltage, VIHH 
Z = 10 k Ohms to 5.0 V. 
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Table 2·3. Input Line Select 

Input Pin Identification 
Line 

Number 17 16 IS 14 13 12 11 10 UR 

0 HH HH HH HH HH HH HH L Z 
1 HH HH HH HH HH HH HH H Z 
2 HH HH HH HH HH HH HH L HH 
3 HH HH HH HH HH HH HH H HH 
4 HH HH HH HH HH HH L HH Z 
5 HH HH HH HH HH HH H HH Z 
6 HH HH HH HH HH HH L HH HH 
7 HH HH HH HH HH HH H HH HH 
8 HH HH HH HH HH L HH HH Z 
9 HH HH HH HH HH H HH HH Z 
10 HH HH HH HH HH L HH HH HH 
11 HH HH HH HH HH H HH HH HH 
12 HH HH HH HH L HH HH HH Z 
13 HH HH HH HH H HH HH HH Z 
14 HH HH HH HH L HH HH HH HH 
15 HH HH HH HH H HH HH HH HH 
16 HH HH HH L HH HH HH HH Z 
17 HH HH HH H HH HH HH HH Z 
18 HH HH 'HH L HH HH HH HH HH 
19 HH HH HH H HH HH HH HH HH 
20 HH HH L HH HH HH HH HH Z 
21 HH HH H HH HH HH HH HH Z 
22 HH HH L HH HH HH HH HH HH 
23 HH HH H HH HH HH HH HH HH 
24 HH L HH HH HH HH HH HH R 
25 HH H HH HH HH HH HH HH R 
26 HH L HH HH HH HH HH HH HH 
27 HH H HH HH HH HH HH HH HH 
28 L HH HH HH HH HH HH HH Z 
29 H HH HH HH HH HH HH HH Z 
30 L HH HH HH HH HH HH HH HH 
31 H HH HH HH HH HH HH HH HH 

Table 2·4. Product Line Select 

Product Pin Identification 
Line 

Number 03 °2 01 00 A2 

0,32 Z Z Z HH Z 
1,33 Z Z Z HH Z 
2,34 Z Z Z HH Z 
3,35 Z Z Z HH Z 
4,36 Z Z Z HH HH 
5,37 Z Z Z HH HH 
6,38 Z Z Z HH HH 
7,39 Z Z Z HH HH 
8,40 Z Z HH Z Z 
9,41 Z Z HH Z Z 
10,42 Z Z HH Z Z 
11,43 Z Z HH Z Z 
12,44 Z Z HH Z HH 
13,45 Z Z HH Z HH 
14,46 Z Z HH Z HH 
15,47 Z Z HH Z HH 
16,48 Z HH Z Z Z 
17,49 Z HH Z Z Z 
18,50 Z HH Z Z Z 
19,51 Z HH Z Z Z 
20,52 Z HH Z Z HH 
21,53 Z HH Z Z HH 
22,54 Z HH Z Z HH 
23,55 Z HH Z Z HH 
24,56 HH Z Z Z Z 
25,57 HH Z Z Z Z 
26,58 HH Z Z Z Z 
27,59 HH Z Z Z Z 
28,60 HH Z Z Z HH 
29,61 HH Z Z Z HH 
30,62 HH Z Z Z HH 
31,63 HH Z Z Z HH 
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Programmable Array Logic 
Series 24 
General Description 
The PAL@ Series 24 family compliments the PAL Series 
20 family by providing two additional inputs and two 
additional outputs, allowing more complex functions in 
a single package. This new family is made feasible by 
the new 300 Mil-wide, 24-pin package. 

In addition to providing more logic functions per chip, 24 
pins allow for many natural functions which were pre
viously unavailable in 20-pin packages. Examples in
clude: 

• 8-bit parallel-in parallel-out counters 
• 8-bit parallel-in parallel-out shift registers 
• 16-Line-to-1-Line Multiplexers 
• Dual 8-Line-to-1-Line Multiplexers 
• Quad 4-Line-to-1-Line Multiplexers 

These natural functions provide twice the density of 
traditional 16-pin packages. 

The PAL family utilizes an advanced Schottky TTL 
process and the Bipolar PROM fusible link technology 
to provide user programmable logic for replacing con
ventional SSI/MSI gates and flip-flops at reduced chip 
count. 

The family lets the systems engineer "design his own 
chip" by blowing fusible links to configure AND and OR 
gates to perform his desired logic function. Complex 
interconnections which previously required time
consuming layout are thus "lifted" from PC board etch 
and placed on silicon where they can be easily modified 
during prototype check-out or production. This often 
simplifies not only the PC board layout, but also the 
board itself. 

The PAL transfer function is the familiar. sum of 
products. Like the PROM, the PAL has a single array of 
fusible links. Unlike the PROM, the PAL is a program
mable AND array driving a fixed OR array (the PROM is 
a fixed AND array driving a programmable OR array). In 
addition the PAL provides these options: 

Programmable Logic 

• Variable input/output pin ratio 
• Programmable three-state outputs 
• Registers with feedback 
Unused inputs are tied directly to Vcc or GND. Product 
terms with all fuses blown assume the logical high 
state, and product terms connected to both true and 
complement of any single input assume the logical low 
state. Registers consist of D type flip-flops which are 
loaded on the low to high transition of the clock_ PAL 
Logic Diagrams are shown with all fuses blown, 
enabling the designer use of the diagrams as coding 
sheets. 

The entire PAL family is programmed on inexpensive 
conventional PROM programmers with appropriate 
personality cards and socket adapters. Once the PAL is 
programmed and verified, two additional fuses may be 
blown to defeat verification. This feature gives the user 
a proprietary circuit which is very difficult to copy. 

Features 
• Programmable replacement for conventional TTL 

logic. 

• Reduces IC inventories substantially and simplifies 
their control. 

• Reduces chip count by 5 to 1, typically. 

• Expedites and simplifies prototyping and board 
layout. 

• Saves space with 300 Mil-wide, 24-pin DIP packages. 

• Programmed on standard PROM programmers_ 

• Programmable three-state outputs. 

• Last fuse reduces possibility of copying by com
petitors. 

PAL is a registered trademark of and used under license with Monolithic Memories. Inc. 

Table 2-5_ Part Types 

Part 
Number 

DMPAL12L10 

DMPAL14L8 

DMPAL16L6 

DMPAL18L4 

DMPAL20L10 

DMPAL20X10 

DMPAL20X8 

DMPAL20X4 

DMPAL20L2 

DMPAL20C1 

Description 

DECA 12 Input AND·OR-INVERT Gate Array 

OCTAL 14 Input AND-OR-INVERT Gate Array 

HEX 16 Input AND-OR-INVERT Gate Array 

QUAD 18 input AND-OR-INVERT Gate Array 

DECA 20 Input AND-O~-Invert Gate Array 

DECA 20 Input Registered AND-OR-XOR Gate Array 

OCTAL 20 Input Registered AND-OR·XOR Gate Array 

QUAD 20 Input Registered AND-OR-XOR Gate Array 

DUAL 20 Input AND-OR-INVERT Array 

SINGLE 20 Input AND-OR-INVERT Array 
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Absolute Maximum Ratings 
Operating Programming 

Supply Voltage, Vee 7V 12V 
Inplit Voltage 5.5V 12V* 
Off-state Output Voltage 5.5V 12V 
Storage Temperature -65°C to +150°C 

Operating Conditions 

Military 
Symbol Parameter 

Min. Typ. 

Vee Supply Voltage 4.5 5 

TA Operating Free-air Temperature 

Te Operating CaseTemperature -55 

Electrical Characteristics Over Operating Conditions 

Symbol Parameter Test Conditions 

VIL Low Level Input Voltage 

VIH High Level Input Voltage 

VIC Input Clamp Voltage Vee=Min. II =-18mA 

IlL Low Level Input Current t Vee = Max. VI =O.4V 

IIH High Level Input Current t Vee = Max. VI =2.4V 

II Maximum Input Current Vee = Max. VI =5.5V 

Vee=Min. IOL=12 rnA MIL 
VOL Low Level Output Voltage VIL=0.8V 

VIH =2V IOL=24 rnA COM 

Vee=Min. 10H =-2 rnA MIL 
VOH High Level Output Voltage VIL=0.8V 

VIH =2V IOH=-3.2mA COM 

10ZL Vee = Max. Vo =O.4V 
Off-state Output Current t VIL=0.8V 

10ZH VIH =2V Vo =2.4V 

los Output Short-Circuit Current * * Vee=·Max. Vo=OV 

Icc Supply Current Vee = Max. 
20X4,20X8,20X10 

20L10 

t 110 pin leakage is the worst case of 10ZX or IIX. e.g. IlL and 10ZH' 
Pins 1 and 13 may be raised to 22V max . .. Only one output shorted at a time . 

. 
24-28 

Commercial 

Max. Min. Typ. Max. 
Unit 

5.5 4.75 5 5.25 V 

0 75 °C 

125 °C 

Min. Typ. Max. Unit 

.0.8 V 

2 V 

-1.5 V 

-0.25 rnA 

25 /-lA 

1 rnA 

0.5 V 

2.4 V 

-100 /-lA 

100 /-lA 

-30 -130 rnA 

120 180 
rnA 

90 165 



Switching Characteristics Over Operating Conditions 

Symbol Parameter 
Test Conditions Military Commercial 

Unit R1,R2 Min. Typ. Max. Min. Typ. Max. 

20L10,20X10 
tpD Input or Feedback to Output 20X8,20X4 35 60 35 50 ns 

CL=50pF 

12L 10, 14L8, 16L6 
tpD Input or Feedback to Output 18L4, 20L2, 20C1 25 45 25 40 ns 

CL=50 pF 

tCLK Clock to Output or Feedback CL=50 pF 20 40 20 30 ns 

tpzx Pin 13 to Output Enable CL =50 pF 20 45 20 35 ns 

tpxz Pin 13 to Output Disable CL= 5 pF 20 45 20 35 ns 

tpzx Input to Output Enable CL=50 pF 35 55 35 45 ns 

tpxz Input to Output Disable CL = 5 pF 35 55 35 45 ns 

ILow 30 25 ns 
tw Width of CIOCk

l High 40 35 ns 

tsu Set-Up Time from Input or Feedback 60 50 ns 

th Hold Time 0 -15 0 -15 ns 

fMAX Maximum Frequency 10.0 12.5 MHz 

Test Load Schematic of Inputs and Outputs 
EQUIVALENT INPUT TYPICAL OUTPUT 

VCC ----- Vee 

8kQ NOM 40Q NOM 

"=;} ~, Rl MIL COM'L --

15 INPUT 
&.K (.Jf _ ... --OUTPUT Rl =390 Rl = 200 " ) ..... 

R2= 750 R2=390 

Tel -::-R2 ~~ ~U 
OUTPUT 

~~ -- n... 
~~ 

J~ 
----

Test Waveforms ~ * Set·Up and Hold Pulse Width 

TIMING ,?('vr (SEE NOTE B) 
3V HIGH·lEVEl 

8 INPUT PULSE 

""""n""" 
OV 

3V 
DATA lOW·lEVEl 

INPUT PULSE Vr Vr 
OV 

Propagation Delay Enable and Disable 

3V VOH=X INPUT~~ ~K ENABLE >C OV (ENABLE PIN OR INPUT) 1.5V 
VOL 

1-1PlH- -lpHl+-
~ VOH VOH 

IN·PHASE 
/Vvr V~~ 

NORMAllY HIGH lpZH-~O.5V ~O.5V 
OUTPUT OUTPUT lpHZ-VOL (SI0PEN) z- --r I-IPHl- -IPlH+-

---...i 
~~ ~~ 

VOH NORMAllY lOW Z-~O.5V lpLZ -!--;iL:I OUT OF PHASE 
OUTPUT OUTPUT lpZl-(SI ClOSEDI D.5V VOL VOL 

~ Note A: CL includes probe and jig capacitance. 
Note B: VT = 1.5V. 
Note C: In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 
Note 0: All input pulses are supplied by generators having the following characteristics: PRR = 1 MHz, ZOUT = 50n. 
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Programming 
PAL fuses are programmed using a low·voltage linear· 
select procedure which is common to all PAL types. The 
array is divided into two groups, products 0 thru 39 and 
products 40 thru 79, for which pin identifications are 
shown in Pin Configurations below. To program a 
particular fuse, both an input line and a product line are 
selected according to the following procedure: 

Step 1 Raise Output Disable, 00, to V1HH' 

Step 2 Select an input line by specifying 10, 11, 12, 13, 14, 15, 
16 ,1 7, la, 19 and LlR as shown in Table 2·6. 

Step 3 Select a product line by specifying Ao and A1 
one·of·four select as shown in Table 2·7. 

Step 4 Raise Vee (pin 24) to VIHH' 
Step 5 Program the fuse by pulsing the output pins,'O, 

of the selected product group to V1HH as shown 
in Programming Waveform. 

Voltage Legend L = Low Level Input Voltage, V1L 
H = High Level Input Voltage, V1H 

Input 
LIne 

Number 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

'24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

Table 2·6. Input Line Select 

Pin Identification 

HH HH HH HH HH HH HH HH HH L Z 
HH HH HH HH HH HH HH HH HH H Z 
HH HH HH HH HH HH HH HH HH L HH 
HH HH HH HH HH HH HH HH HH H HH 
HH HH HH HH HH HH HH HH L HH Z 
HH HH HH HH HH HH HH HH H HH Z 
HH HH HH HH HH HH HH HH L HH HH 
HH HH HH HH HH HH HH HH H HH HH 
HH HH HH HH HH HH HH L HH HH Z 
HH HH HH HH HH HH HH H HH HH Z 
HH HH HH HH HH HH HH L HH HH HH 
HH HH HH HH HH HH HH H HH HH HH 
HH HH HH HH HH HH L HH HH HH Z 
HH HH HH HH HH HH H HH HH HH Z 
HH HH HH HH HH HH L HH HH HH HH 
HH HH HH HH HH HH H HH HH HH HH 
HH HH HH HH HH L HH HH HH HH Z 
HH HH HH HH HH H HH HH HH HH Z 
HH HH HH HH HH L HH HH HH HH HH 
HH HH HH HH HH H HH HH HH HH HH 

, HH HH HH HH L HH HH HH HH HH Z 
HH HH HH HH H HH HH HH HH HH Z 
HH HH HH HH L HH HH HH HH HH HH 
HH HH HH HH H HH HH HH HH HH HH 
HH HH HH L HH HH HH HH HH HH Z 
HH HH HH H HH HH HH HH HH HH Z 
HH HH HH L HH HH HH HH HH HH HH 
HH HH HH H HH HH HH HH HH HH HH 
HH HH L HH HH HH HH HH HH HH Z 
HH HH H HH HH HH HH HH HH HH Z 
HH HH L HH HH HH HH HH HH HH HH 
HH HH H HH HH HH HH HH HH HH HH 
HH L HH HH HH HH HH HH HH HH Z 
HH H HH HH HH HH HH HH HH HH Z 
HH L HH HH HH HH HH HH HH HH HH 
HH H HH HH HH HH HH HH HH HH HH 
L HH HH HH HH HH HH HH HH HH Z 
H HH HH HH HH HH HH HH HH HH Z 
L HH HH HH HH HH HH HH HH HH HH 
H HH HH HH HH HH HH HH HH HH HH 

24·30 

Step 6 Lower Vee (pin 24) to 6.0 V. 

Step 7 Pulse the CLOCK pin and verify the output pin, 
0, to be Low for active Low PAL types or High 
for active High PAL types . 

Step 8 Lower Vee (pin 24) to 4.5 V and repeat Step 7. 

Step 9 Should the output not verify, repeat steps 1 thru 
8 up to five (5) times. 

This procedure is repeated for all fuses to be blown (see 
Programming Waveforms). 

To prevent further verification, two last fuses may be 
blown by raising pin 1 and pin 13 to 18.5 volts with Vee at 
6.0 volts. 

HH = High Level Program Voltage, V1HH 
Z = High Impedance (e.g. 10k Q to 5.0V) 

Table 2·7. Product Line Select 

Product Pin Identification 
LIne 

Number 0 4 0 3 O2 0 1 0 0 A2 A1 Ao 

0,40 Z Z Z Z HH Z Z Z 
1,41 Z Z Z Z HH Z Z HH 
2,42 Z Z Z' Z HH Z HH Z 
3,43 Z Z Z Z HH Z HH HH 
8,48 Z Z Z HH Z Z Z Z 
9,49 Z Z Z HH Z Z Z HH 

10, 50 Z Z Z HH Z Z HH Z 
11,51 Z Z Z HH Z Z HH HH 
16,56 Z Z HH Z Z Z Z Z 
17,57 Z Z HH Z Z Z Z HH 
18,58 Z Z HH Z Z Z HH Z 
19, 59 Z Z HH Z Z Z HH HH 
24,64 Z HH Z Z Z Z Z Z 
25,65 Z HH Z Z Z Z Z HH 
26,66 Z HH Z Z Z Z HH Z 
27,67 Z HH Z Z Z Z HH HH 
32,72 HH Z Z Z Z Z Z Z 
33,73 HH Z Z Z Z Z Z HH 
34,74 HH Z Z Z Z Z HH Z 
35,75 HH Z Z Z Z Z HH HH 
36,76 HH Z Z Z Z HH Z Z 
37, 77 HH Z Z Z Z HH Z HH 
38,78 HH Z Z Z Z -HH HH Z 
39, 79 HH Z Z Z Z HH HH Ht-! 



c 
Pin Configurations Q) ... 

Q) 

PRODUCTS 0 THRU 39 PRODUCTS 40 THRU 79 / en 
00- 1 24 -VCC CLOCK - 1 24 -VCC ::T 

CD 
10- 2 23 -00 10 - 2 23 -lIR CD 
11- 3 22 ~01 

12- 4 21 r- 02 

11- 3 22 '--Ao ... 
(J) 

12 - 4 21-Al 

13 - 5 20 r- 03 13 - 5 20 -A2 

14 - 6 19 r- 04 14 - 6 19 -NC 

15- 7 18 -NC 15 - 7 18 -00 

16- 8 17 r- A2 16 - 8 17 -01 

17- 9 16 r-Al 17- 9 16 -02 

18- 10 15 r-AO 18- 10 15 -03 

19- 11 14 r-lIR 19- 11 14 -04 

GNO- 12 13 r- CLOCK GNO - 12 13 -00 

Programming Parameters TA = 25°C 

Limits 
Symbol Parameter 

Min. . Typ. Max. 
Unit 

VIHH Program·level Input Voltage 11.5 11.75 12.0 V 

Output Program Pulse 50 

IIHH Program·level Input Current OD,UR 50 mA 

All Other Inputs 5 

ICCH Program Supply Current 400 mA 

Tp Program Pulse Width 50 

tD Delay Time 100 ns 

tDV Delay Time to Verify 100 ~s 

Program Pulse Duty Cycle 25 % 

Vp Verify· Protect Input Voltage 5.5V:5 V cc:5 6.0V 18 18.5 19 V 

Ip Verify· Protect Input Current 400 mA 

Tpp Verify·Protect Pulse Width 20 50 ms 

Programming Waveforms 

_r---______ ID~ ~ 
\---c 

00 V!HH ~ 
VIL 

I -to 

I.lIR.A V~:J-V 
VIL 

VCC V 
5.0V 

J---------o{--VIHH 

6.0V- \-"--------.. 

.,a Tp 

v::: ---
VOL 

VIH 
CLOCK 

VIL 

• to ~ 4.5V-

-1-----1. VERIFY\ I. ~ 

I I 

I ] J ~VERIFY 
-----------------~to ~~t_o _____ _ 
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PAL Design 
Selecting the Right PAL 
PAL part types come in small, medium, and 
large sizes, offering a wide range of complex
ities. The small PALs are also referred to as 
combinational because they just do logic func
tions. Four of these small PALs have ac
tive-high outputs (the "H" series), and four 
have active-low outputs (the "L" series), with a 
variety of inputloutp\Jt pin ratios. The one small 
PAL left over is the 16C1, which, has com
plementary outputs. The small PAL types can 
replace random SSI gate functions at about a 
4-to-1 chip-count reduction. This group is 
designed to provide low-power Schottky (LS) 
fan-out and fan-in characteristics of 8 mA out
put sink (lOL) for totem':'pole outputs and 0.25 
mA input loading (IlL)' 

11 

12 

13 

14 

15 
18 

17 

18 

19 

110 O------~ 

Programmable Logic 

The simplest medium PAL, the 16L8, is logical
ly the same as the 10L8, with six added inputs 
that are shared with output pins. The 16 in \its 
type number thus refers to the number of input 
variables to its AND matrix. Its unique logic is 
shown in Figure 3-2. Its TRI-STATE® outputs 
are controlled by lines from the AND matrix, so 
can pe acted upon by input variables. These 
pins therefore serve as I/O in a bus-oriented en
vironment. 

Other medium PALs are the R (Register) 
devices. Figure 3-3 is a simplified diagram 
showing the logic embodied in the R series: 
The unique feature of the Register PAL is the 
D-type register element following each OR 
gate. A common clock input latches data into 
all register elements simultaneously on the ris
ing edge of the clock pulse. The register out
puts are connected to TRI-STATE buffers, con
trolled by a common enable input. 

01 

02 

03 

04 

05 

08 

FIGURE 3-1. Typical Combinational Logic Application. 
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FIGURE 3-2. Simplified Logic Diagram of the 16L8 PAL® 
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FIGURE 3-3. Logic of the R Series PAL® 

A significant feature of the register PALs is the 
register feedback path to the AND matrix. This 
feedback path allows the PALs to be used in 
state-machine applicat,ions in which the feed~ 
back loops are all on-chip. These devices are 
especially useful in the design of custom 
registers, shifters, and counters. 

The three register PALs are the 16R8, 16R6, 
and 16R4, which have eight, six, and four 
register elements, respectively. Each has eight 
outputs; those not serving the register 
elements are of the 1/0 variety, like those on 
the 16L8, above. Their outputs are bus drivers 
that will deliver the standard LS output sink of 
24 rnA (lOL)' 

Two members of the PAL family (16x4 and 
16A4) are referred to as large PALs. These two 
devices facilitate the arithmetic functions, add, 
subtract, greater than, and less than, by means 

of the two additional features shown in Figure 
3-4. The sum of the products (OR outputs) is 
segmented into two, which are then XOR'd to 
the D flip-flop input. This allows carries from 
previous operations to be XOR'd with the two 
variable sums generated by the AND array. 

A second feature is the gating of the register 
feedback path and inputs, forming the terms 
I + a, I + la, /I + a, and II + 10. This provides ver· 
satile operations on two variables and 
facilitates the parallel generation of carries. 
These two parts also have bus-driver outputs. 
You can expect "compression ratios" (package 
count reductions) of up to 12:1 by comparison 
with existing combinations of MSI and 
discretes. You can also invent new and unique 
LSI functions with these parts, and implement' 
them without having to spend huge sums on 
masks or tooling. 
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Designing the PAL Once a particular PAL 
device is selected, it is time to generate the 
PAL design. This can be done either manually 
or through the use of a software tool called 
PALASM™, described on page 24·41. 

coding a PAL. Since no registers are called for, 
the device to implement this function may be 
selected from among the H, L, and C types. 
Since the lower part of the diagram displays 
AND-OR-INVERT functions, the L series is 
most likely. 

The coding conventions adopted to describe 
PAL programming are described in Figure 
3-20. The arbitrary circuit of Figure 3-21 is us· 
ed as a design example for selecting and 

INPUT LINE NUMBER FUSE INTACT 

PR 
LI 
N 

DDUCT (: 

o 1 2 3 4 5 6 7 8 9 y~USEBLOWN 

;...- v 
toe _ 

NE 2 toe , 

UMBER.. 3 I ~ !..../ 
I l>T ~ 

~ ~ 

ACTIVE 

o ~ 
HIGH 

o ~~ - , 
VCC 

toe 'I" 

"' toe • ..-- .~ .. 
~ 

HIGH 

~ .. 
LOW I.? 

v 

-=-

Sym bois 
(L) 
(H) 
(N) 
(P) 
(0 ) 
( 1 ) 

t= 

Low 
High 
Negative 
Positive 
Zero 
One 
Fuse Intact 
Fuse Blown 

If 
, 

IL 

~ SAME AS ALL I FUSES INTACT 
(ALWAYS LOW) 

ALL FUSES 
BLOWN 
(ALWAYS HIGH) 

~~ °1 ,I...-

... 
~ _ .... 

CLK t 

FIGURE 3-20. Coding Conventions. 

11 ~--.--t ~o--....------------o 01 

12 O---+------L~~--------{) 02 

13O--...... -----L..J>----------o 03 

14 O-_____ +---L~IO----------Q 04 

15 o-------+--r-~ 
Is 0------+--1 

17o--...... ---~----~ >O---'--{) 05 

18o---+----+--r-~~~~~ 
19 XJ---,-----O Os 

1100--------1 

FIGURE 3-21. Design Example, logic Diagram. 
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The next step: the number of inputs (10) 
and the number of outputs (6) indicates that 
a 10L8, 12L6, or 16LB could accommodate 
the entire circuit. Since the 10L8 and 12L6 
are "small" PALs and hence less costly than 
the 16L8 "medium" device, the choice 
should be made between these two if 
possible. A review of the 10L8's logic 
diagram shows that all of its NOR gates are 
two-input gates, and the design example 
requires a three-input gate. On the other 
hand, the 12L6 has two 4-input gates which 
will accommodate the three-input 
requirement. It, therefore, is selected. 
Having chosen an inverting type of PAL, 
you apply DeMorgan's theorem to handle 
the inversion at the NOR gates feeding all of 
its outputs. Demorgan's theorem can be 
used to convert any logic form to the AN D
ORlAND-NOR PAL format. This has been 

, done in the equations below; the PAL AND
NOR format shown on the right. 

01 = "1 - 101 = 11 (1) 

02 = 111 -12 - 102 = 11 + 112 (2) 

03 = 11 + 13 - 103 = 111 -/13 (3) 

°4 = /(11 3 - 14) - 104 = /13- 14 (4) 

Assuming that there are no board layout con
straints, input 11 through 110 may be assigned 
to pins 1 through 11. (Pin 10 is ground.) The 
only constraint on output pin assignment is 
that 05 must be assigned to pin 13 or 18 to take 
advantage of one of the 4-input NOR gates. 

01 is assigned to pin 18. To make this output 
the inverse of 11, leave input line 2 connected 
(not blown) to product line 8 and blow all the re
maining fuses on that product line. This is in
dicated by the X on the intersection of input 
line 2 and product line 8 in Figure 3-24. 

11 

~ 02 

12 

02 = 11· 12 

FIGURE 3·22. The Logic Diagram and Expres· 
sion for Output 2. 

15-------' 

1&-------' 

17 --------...... 

la ------.--......, 
19 ------L-.J 

05 

FIGURE 3·23. The Logic Diagram and Expres· 
sion for Output 5. 
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As the other three inputs to NOR gate 1 are not 
used, they are forced to zero by leaving all 
fuses intact on product lines 9,10, and 11. (As 
shown in Figure 3-20, instead of confusing the 
diagram with many Xs, the unused inputs are 
indicated by Xs in the small AND symbols at 
the NOR gate inputs.) 

The next output, 02, is the AND function of 111 
and 12 (Figure 3-22). In the L series, the AND 
gates cannot be brought to outputs without in
version, but by DeMorgan's theorem, the 
equivalent function can be constructed by tak
ing the complements of the two inputs, ORing 
them, and inverting the result. Equation (2), on 
Page 24-36 shows the form that can be coded 
directly into the 12L6. The coding of this ex
pression, using pin 1 and the complement of 
pin 2 as inputs 1 and 2, respectively, and pin 17 
as output 2, is marked with Xs on product lines 
1 and 2 in Figure 3-24. 

Output 0 3 is the OR of 11 and 13, Again, the out
put inversion of the L series suggests the 
double-inversion application of DeMorgan's 
theorem, as shown in Equation (3). To do this, 
connect input lines 3 (1 1) and 5 (1 3) to product 
line 24. Since no other input is needed to NOR 
gate 3, its other input is forced low by leaving 
all its fuses intact. The X at the unused gate in
put shows this on the diagram. 

Output 0 4 is the NAND function of 113 and 14, 
This is accomplished by ANDing input line 5 
(/1 3) and input line 8 (14) on product line 32, 
which produces 1(113 • 14) at the output of NOR 
gate 4, with its unused input tied to ° (all fuses 
intact). 

Output 0 5 is generated by ANDing 11 3, 15, and 
16 on product line 48, ANDing 18 and 19 on line 
50, connecting 17 to product line 49, and leav
ing unused line 51 grounded. (See Figures 3-23 
and 3-24.) 

Output Ot) is generated by ANDing 18 and 19 on 
product line 40 and 11 3, 11 7, 19' and 110 on pro
duct line 41, which, inverted by NOR gate 5, 
results in 106' [See Equation (6).] . 

The coding for a completed PAL design must 
be transformed into a format more readily inter
preted for execution on commercially available 
PROM programming devices. A form for dOing 
this is shown in Figure 3-25. The numbers 
along the top of the figure correspond with the 
input line numbers that appear across the top 
of the logic diagram (Figure 3-24). The product 
term line numbers along the left side of these 
two illustrations correspond also. 

Note that some of the boxes in Figure 3-25 are 
filled in with Gothic L's. These represent phan
tom fuses, which are fuse locations not ac
cessible in the given device type but which 
must be accounted for to provide the program
mer with the proper data for verification. For 
the present, these entries can be ignored. To 
fill in the remaining boxes, begin with the first 
X marked on the logic diagram, Figure 3-24. It is 
located at the intersection of input line 2 and 
product term 8. Since this is an intact fuse, an 
L (for Low) is entered in the corresponding box 
of Figure 3-25, as detailed below. 
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PRODUCT 
LINE 

NOTE 

INPUT LINE 

o 1 2 3 4~ 
'WORD 0 1 2 3 4 5 6 YOUR 

0')"A,l2~1~'J--+-+-+,1 :Z::=+---+"I ~=+-~"->___ EFNOTRRXY 
3 16 ~- )""" 

O2 8 (~ 1/ ON LOGIC 
o 0 L LL L DIAGRAM 

'WORD 20 21 22 23 24 25 28 11 
I If 

........ --:/' ~ V 
PHANTOM .... 

FUSE 

Script L'S (It) are used to differentiate 
entries being programmed and entries 
already on the form. In practice, this is 
not necessary. 

Next L's are entered in all of the blank spaces 
for product term 9 on the form (Fig. 3-25), since 
this is an unused line, as indicated by the X at 
the input to the NOR gate for this product term 
on the logic diagram. Similarly, complete lines 
of L's are entered for product terms 10 and 11. 
Every X on the logic diagram must be entered 
on the PAL programming form as an L or, in the 
case of the unused gate inputs, as a row of L's. 
Figure 3-25 is shown with all the necessary L'S 
filled in. 

Since all of the remaining fuses are to be 
blown, H's must be written into the remaining 
blanks. For clarity, this is not done in Figure 
3-25, but a portion of the completed program
ming format is shown below. 

Once the programming format is complete, the 
input line and product term numbers can be 
forgotten. What the format sheet does is 
translate these into their equivalent hex
adecimal input words and outputs, in the form 

PROM WORD 
PROM OUTPUT 

o 1 2 3 4 5 8 1 • ~ 10 11 12 
,WORD 0 1 2 3 4 5 6 1 • 9 A 8 C 

~ 24 ~ ~I"'I.;( .,.1;( H H ~ 
03 16 ?I- ~ I.e. 1'No ~ I'H I·}aj" ~ ~ ~ H H "/I ~ 
O2 8 ")I, 'JI1.e. -"," -". " ". 11- 'If H H "II- 'M 
01 0 1. 'L ~ 1 L 1. L _L I L . L lJ 
WORD 20 21 22 23 24 25 26 21 28 29 2A 28 2C 

04 25~ Jt.JOIC ,~ ~ I ~_ ~ S. L -L H H -I. 
03 17 I?f: I-L I'll' 17i I'" H H "No" 

"<l~ l~ I.:t" L I:L £- ~.s.. 

acceptable by a device that programs 512 x 4 
PROMs. Thus, to program the example current
ly under discussion, insert the 12L6 PAL into 
the socket of a suitably configured program
mer and enter the following: 

Word 

No. 

o 
1 
2 
3 
4 
5 
6 
• 
• 
• 

1F 
20 
21 
22 

• 

1FF 

Output 

04 0 3 0 2 0 1 

H H H L 
H H H L 
H L L L 
L H H L 
H H H L 
L H H L 

. H H H L 
• 
• 
• 

H H H L 
L H L L 
L L L L 
L H L L 

• 
• 
• 

L L L L 

After the PAL is programmed and verified, it must 
be tested logically in the PAL mode to eliminate 
defects which cannot be tested at the factory 
prior to programming. 
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INPUTS (0-31) 

o I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
WORD 0 I 2 3 4 5 6 7 8 9 A 8 C 0 E F 10 II 12 13 14 15 16 17 18 19 lA 18 lC 10 IE IF 
04 , 24 'or :c;e H H H H H H H H 
03 16 1-' H H H H H H H H 
°2 8 ';i'. H H H H H H H H 
01 ° L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
WORD 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 20 2E 2F 30 31 3233 34 35 36 37 38 39 3A 38 3C 30 3E 3F 
04 25 [It [x: ';L ';L. ;tl::t ':t :l ':( d. HIH Ii I::! 'H H I;L I::! H H ::L :t H H [% [:t: :L 2: [:1:: [% :t.12: 
03 17 ;t H H H H H H H H 
O2 9 lot l:l [;L I~ ~I~ ::l. ::L [ ;t ~ H H ;( ~ H H ~ :z! H H ~ 1:;( H H I:t. I;t' % :t. Ix It.. ~ ~ 
01 1 L LL L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

LWORD 40 41 42 43 44 45 46 47 48 49 4A 48 4C 40 4E 4F 50 51 5253 54 55 56 57 58 59 5A 58 5C 50 5E 5F 
04 26 L L L L 1 L 1 L I L 1 L L L L L L L L L L L L L L L L L L L 
03 18 L LL L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
O2 10 1:1. l."i ~ ;;L ;t :t :l ~ :L. ::l. H H 1::l.1:t. H H :J.. X. H H ;t :L H H I.i. :t.. I::!. :t.. I:L :;t ~l;(' 
01 2 L L L L L L L L L L L L L L L L L L L L L L L L L L L L' L L L L 
WORD 60 61 62 63 64 65 66 67 68 69 6A 68 6C 60 6E 6F 70 71 72 73 74 75 76 77 78 79 7A 7B 7C 70 7E 7F 
04 27 I L L L L L L L L L L L I L L L L 'L L L L L L L L L L L L L I L L L L 
03 19 L L L L L L L L L L L IL L L L I L L L L L L L L L L L L L L L L L 
O2 11 ~ 1.1IC .;c. ~ ;t.,':£ ::t. :t:. ';,! ~ H H I::l. :t:. .H H;t. '~. H H ;t loC H H IL '-"- I~ ;f. I~ 1.;:(. ~ I,;L. 
01 3 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

IWORD 80 81 82 83 84 B5 86 87 8B 89 BA 8B BC BO 8E BF 90 91 92 93 94 95 96 97 98 99 9A 98 9C 90 9E 9F 
04 28 L L L L IL L _L L Ll L L L L L L -.l L L L L L 't L L L L L L 
03 20 L L L L L L L L L L I L L I L L L L L L L L L L L L L L L L I L L L L 
02 12 1. L L L I L L L L L L L I L L L L L L L L L L 1. L L I L 1. L .L L L L 1 
01 4 L IL L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

IWORD AD AI A2 A3 A4 A5 A6 A7 AB A9 AA A8 AC AC AE AF 80 81 82 B3 B4 85 86 B7 8B 89 8A BB BC BO BE BF 
04 29 L L L L Ll l l . L .1 L 1 L 1 L L L .L I L 1 L L L L LL 
03 21 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
O2 13 L . L L L L L L L L L L L L L L L L L L L L L L L I L L L L L L L L 
01 5 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 1 J. 

IWORD CO Cl C2 C3 C4 C5 C6 C7 C8 C9 CA CB CC CO CE CF DO 01 02 03 04 05 06 07 08 09 DA DB DC DO DE OF 
04 30 --'- L 1 L --'- L 1. L 1. L -.l L _L L L L L L L L L L L L L L L L L L L L 
03 22 L L L L I L L L L L L L L L L L L L L L L L L L L L L L L l L --'-1. 
O2 14 L L L L : L L L L L L L L L L L L L L L L L L L L I L L L L L L L L 
01 6 L L L L ILL L L L L L L L L L L L L L L L L L L L L L L L L L L 

IWORD EO EI E2 E3 E4 E5 E6 E7 E8 E9 EA EB EC ED EE EF FO Fl F2 F3 F4 F5 F6 F7 F8 F9 FA FB FC FD FE FF 
04 31 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
03 23 L L L L L L L L L L L L L L L L L L 1 L L L L L L L L L L L L L 
O2 15 L L L L I L L L L L L L L L L L L L L L L L L L IL I L L L L 1 L L L 
D.t 7 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

IWORD 100 101 102 103 104 105 106 107 108 109 IDA lOB 10C 100 IDE 10F 110 111 112 113 114115 116 117 118 119 llA liB llC 110 liE IIF 
04 56 L L L L ' L L L L L L L L L L L L L L L L L L L 1 L 1 L L L 1 L 1 
03 48 l':i H H :l H H l:l H H H H 
O2 40 H H H H H H H H~ !OIC 
01 32 1;( 1;( H H H H H H H H 
WORD III 121 122 23 124 125 126 127 128 129 12A 12B 1 120 12E 12F 130 131 132 133 134 135 138 137 138 139 13A 138 13C 130 13E 13F 
04 57 L L L L L L L L L L 1 1 L L L 1 L L L L l L l 1 l L L L L J. L J. 
03 49 H H H H H H I~ H H 
02 41 1.:( H H H H H H ~ H H ,::L, 1.;( 
01 3a 1;1. I-;l. .;(. 1,:( . ..t l';t ,:i.. :L l.:l :L H H ::l. ,:l H H 1,,:( ;l H H 1;( ;( H H .:t :t.. I~ I~ [Ill IL 1~1:t.. 
WORD 140 141 142 143 144 145 146 147 148 149 14A 14B 14C 140 14E 14F 150 151 152 153 154 155 158 157 158 159 15A 158 15C 150 15E 15F 
04 58 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
03 50 H H H H H H H HJ. 1;( 
O2 42 L L L L L L L L L 1 L L L L L L L L L 1 L 1 L L L L L L L 1 1 L 
01 34 L 1 L L L 1 L L L L L L L L 1 1 1 L L L L L L 1 L L L L 1 1 1 L 
WORD 160 161 162 163 164 165 166 167 168 169 16A 16B 16C 160 16E 16F 170 171 172 173 174 175 176 177 178 179 17A 17B 17C 170 17E 17F 
04 59 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
03 51 ::I lal ;;L ;l l:;t [.e. ;t ;( ::I o'i. H H 11! ;t H H l:i ~ H H If! ;( H H ¥.. OIl. I~ ~ Ill!. .:OC I.;t'. I;C. 
O2 43 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
01 35 L L L L L L L L 1 1 L L L L L L L L L L L L L 

IWORD 180 181 182 183 184 185 188 187 188 189 18A 18B 18C 180 18E 18F 190 191 192193 194 195 196 197 198 199 19A 19B 19C 190 19E 19F 
04 60 L L L L L L L L L 1 L L L L L L L L 1 !. 1 L 1 L L 1 L L L L 1 L 
03 52 L L J. LJ. L 1. L 1. L L L L L 1 L L L L L 1 L L L L L L L L L L 1 
O2 44 1. L 1. L --'- L L L L L 1 L 1 L L L 1 L 1 L L L 1 L L L 1 L 1 1 L 1 
01 36 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

'WORD lAO lAI lA2 IA3 IA41A5 lA6 lA7 lA8 IA9 lAA lAB lAC lAD lAE lAF lBO lBI lB21B3 lB4 185 lB61B7 IB81B9 lBA lBB IBC lBo lBE lBF 
04 61 1 L L L 1 1 L L 1. L L L L L L L L L L L L L L L L L L L L L L L 
03 53 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
02 45 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0t 37 L L L L L L L L 1 L L L L L L L L L L 1 L L L L 1 1 1 L L L L L 
WORD lCo lCI IC2 lC3 IC41C5 IC6 lC7 lCB lC9 lCA lCB ICC lCo ICE lCF 100 101 102 103 104105 106107 lOB 109 IDA 108 IOC 100 IDE 10F 
04 62 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
03 54 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
02 46 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
01 38 L L L L L L L L L L L LL L L 1. L L --'- L 1. 

IWORD lEO lEI IE2 1E3 1E4 lE5 1E6 1E7 lE8 1E9 lEA lEB IEC lED lEE 1EF IFO IFI IF2 IF3 IF4 IF5 IF6 1F7 IF8 IF9 IFA IFB IFC lFO IFE IFF 
04 63 --'- L L L L L 1 L L 1 L 1 L L L L L 1 L L L L L L L L L L L L L L 
03 55 L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
O2 '47 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
01 39 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

COl 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

. FIGURE 3-25. Programming Format Sheet for National Type 12L6 PAL.™ 
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Executing this sequence programs a Type 12L6 
PAL to implement the logic function shown in 
Figure 3-21. Programming format sheets and 
logic diagrams that show all fuse locations for 
all 15 of the PAL devices are shown later in this 
section. 

Phantom Fuses 
Phantom fuse locations are those locations 
where a fuse does not exist. These are revealed 
as missing outputs, missing product terms, or 
missing input lines in the logic diagrams, 
Figures 3-5 through 3-19. PALs with phantom 
fuse locations appear the same to the program
ming device as partially programmed 512 x 4 
PROMs. As the programmer expects to verify 
all 2048 locations, the PAL programming for
mat must provide the expected pattern for veri
fying nonexistent fuse nodes. When filling out 
the programming format, refer to Figure 3-26, 
the key to phantom fuse locations in the com
plete logic schematics that follow. 

PALASM TM 

Manual PAL coding, while practical for one or 
two designs, is far too tedious and error-prone 
for continual use. What is needed is a com
puter-aided design technique that automates 
the design process to the highest degree 
possible. One such design aid is a FOR
TRAN-lV-based software package called 
PALASM. This design aid allows PALs to be 

designed by writing logic equations to repre
sent the desired logic function. The output of 
PALASM is a programming tape that can be 
used as a data input by most PROM program
mers that have PAL personality cards. Its out
put format can be BHLF, BPNF, or Hex
adecimal. 

The simplest way to describe PALASM is with 
a design example. The same arbitrary sample 
function that is described on the previous 
pages is "designed" using PALASM in the 
discussion that follows. The logic diagram is 
shown in Figure 3-21. Figure 3-27 shows the 
logic operators recognized by the assembler. 
Figure 3-28 is the input to PALASM that is 
compiled by the program and generates the 
code for the programming device. 

( ) 

Equal 

Replaced by, following clock 

Complement 

AND, PRODUCT 

OR, SUM 

XOR 

XNOR 

Conditional TRI-STATE IF 

statement, arithmetic 

FIGURE 3-27. PALASM Operators 

Active High Logic Active Low Logic 

(PAL 10H8, 12H6, LEGEND (PAL 10L8, 12L6, LEGEND 
14H4, 16H2) 14L4, 16L2) 

1) Missing Output H (P,1) -¢- L(N,O) -9-

2) Missing product L(N,O) -9- L(N,O) -9-

3) Missing input lines H (P,1) -¢- H (P,1) -¢-

Note 1: Missing product term overrides missing input line. 

Note 2: For PAL 16Q1, first half of the array (product terms 0-31) acts as active high logic and the second 
half of the array (product terms 32-63) acts as active low logic device. 

FIGURE 3-26. PAL Phantom Fuse Symbolog'y. 
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The PALASM program is instructed to generate 
code with which to program the 12L6 by keying 
the sequence shown in Figure 3-28 into its 
host computer as follows: . 

Line 1: At the left margin, the PAL device is 
specified. For this example, the 12L6 remains 
the best solution. "PAL DESIGN SPECIFICA
TION" is entered at the right. 

Line 2: A unique pattern number for this PAL 
design is entered at the left margin on line 2, 
followed by designer's name and date. 

Line 3: The name or description of the device 
or function is entered. If this runs over one line, 
Line 4 may be used to complete it. 

Line 4: If not used to complete line 3, this line 
is skipped. 

Line 5, 6, and 7: These lines are u,sed for pin 
assignments. All 20 of the pins on the PAL are 
assigned symbolic names, usually correspon
ding to the symbols used on the logic diagram. 
(Note th,at GND and V CC must be included.) 
Assignment starts at pm 1 and proceeds se
quentially, through pin 20. (See Figure 3-24 for 
sample pinouts.) 

Line 8; Beginning on line 8, the logic equa
tions that describe the required functions are 
written using the symbols defined in lines 5, 6, 
and 7, in the format applicable to the PAL 
selected. For example, the output of the 12L6 
is low for the selected product term; therefore, 
the logic equations must be of the form 
lOx = f(1 1, 12, ... ). The symbology used must be 
that shown In Figure 3-27. 

PAL 12L6 

PAT 1476 

PAL Design Specification 

Bob Jones 5/10/81 

Line 1 

Line 2 

Line 3 

Line 4 

Line 5 

Line 6 

Line 7 

Line 8 

Line 9 

Line 10 

Line 11 

Line 12 

Line 13 
Line 14 

PAL Design Example 

11 12 13 14 15 16 17 18 Ig GND 110 NC 05 

06 04 0302 01 NC V cc 

101 = 11 

102 = 11 + 112 

103 = 111 * 113 

104 = 113 * 14 

106 = 18 * Ig + IIg + 13 * 117 * Ig * 110 
105 = 113 * 15 * 16 + 17 + 18 * Ig 

Line 15 Description 

Line 16 

Line 17 This program is a design example describing 

Line 18 the use of PALASM as a PAL design aid. 

An additional design example using PALASM is shown on page 24-46. This is followed by the com
plete PALASM listing. 

FIGURE 3·28. Example of PALASM (TM) Program Input 
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PAL Programming Procedure 

The entire procedure for programming a PAL is shown in the block diagram below. The first step is to 
generate the logic equations and function table and then, using PALASM, to create bit pattern and com· 
pare logic equations with the function table. The third step is to load the bit pattern into a PAL program· 
metr* to program and verify the fuse matrix. The fourth step is functionally testing the PAL with test 
vectors on a functional tester. The last step, blowing the protect verify fuse, is optional. ' 

* See next page for details of PAL programmers. 
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c 
C) 

"Ui 
Q) 

C 
...I 
ct 
D. 

PAL Programmers 

Manufacturer Basic Equipment PAL·Modul Adapters PAL Design· Performs Storage Media for Programs Blows 

Software Logic Bit Test 20· 24· Security 

Included Simulation Pattern Vectors Pin Pin Fuses 

Data I/O Model 17, 19, 29A 1427 1428-1 no no Master - yes no no 

or 100A -2 PAL 

-3 

Digelec I'P 803 FAM51 20+24 yes no Master - yes yes yes 

pin socket PAL 

Kontron EPP 80 or MOD21 SA 27+ no no Master - yes yes yes 

MPP 80S SA 27-1 PAL 

Prolog Progr. 910 or PM9068 S1 no no Master - yes no yes 

980 or 2 PAL 

NSC Starplex™ 3 

Stag PPX PM 202+ AM10H8 yes no Master - yes no yes 

BRAL " PAL 

" 
" 

AM16C1 

All these systems program and verify the PALs in the PROM mode, they do not perform a logic simulation in the PAL mode 1. Additional (external) circuitry for 
logic simulation should be used if PALs go into volume production-otherwise a ~mall percentage of the PALs will show failures when testing the complete 
PC board!OK for prototype·making. . 

PAL Development Systems 

Manufacturer Basic Equipment PAL·Modul Adapters PAL Design· Performs Storage Media for Programs Blows 

Software Logic Bit Test 20- 24- Security 

Included Simulation Pattern Vectors Pin Pin Fuses 

Data 110 Model 17, 19, 29A Logic-Pack Design ad. yes Yes, Master external yes yes yes 

or 100 and automatic PAL 

and any terminal Progr. ad or manual 
generation 

of test 
vectors 

Digelec I'P803 FAM 52 20 and 24- yes Yes, Master external yes yes yes 

pin adapter automatic PAL 

or manual 

generation 

of test 
vectors 

Stag - ZL30 - yes Yes, Master external yes yes yes 

automatic PAL 

or manual 

generation 
of test 
vectors 

Structured any terminal SD20/24 - yes Yes, Master external yes yes no 

DeSign manual PAL or or 

generation internal 

of test on wafertape 

vectors 

All these systems allow software supported PAL design. They perform a fuse-verify in the PROM mode and can do a logic simulation in the PAL mode! 
All 5 programmers and 4 development systems can be connected with a host computer to run more sophisticated design software andlor for storage use. 
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Constants 

LOW (L) 

HIGH (H) 

Operators 

Equations 

NEGATIVE (N) 

POSITIVE (P) 

EQUAL 

PAL Legend 

ZERO (0) GND FALSE 

ONE (1) Vee TRUE 

/ 
REPLACED BY FOLLOWING CLOCK 
COMPLEMENT 

* AND, PRODUCT 
+ OR, SUM 

: +: XOR 
:*: XNOR 

x -+- FUSE NOT BLOWN 

- -f- FUSE BLOWN 

( ) CONDITIONAL THREE S~ATE, IF STATEMENT, ARITHMETIC 

Standard 

PALASM 
11 i2 + /112 
11*/12 + /Il*I2 

Conventional Symbology 

PAL Symbology 

FUSE BLOWN 

FUSE NOT BLOWN 

PAL LogiC Diagram 

INPUT LINE NUMBER 

VCC 

INPUT 
HIGH 

INPUT 
LOW 

LOGIC STATE 

HlLH 

'-PRODUCT WITH ALL FUSES 
INTACT REMAINS LOW ALWAYS 

ACTIVE HIGH THREE STATE ENABLE 

012 J "561 8 91011 121J141S 16111819 20212123 24251621 211293031 ~OCKt 
PR 

N o'"c·r LINE ; 
UMBER , , 

) 

~ 
, , 

10 

PIN 11 

" UMBERS 11 

I~ " " 
J ~_ 

~ 
"" ./ 

.... 
~ 

'" 

FIGURE 3-29. PAL Legend 
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c 
c:J) 

"C;; Sample PAL Design Specification 
CI) 
C PAL PART NO. (MUST START AT LINE 1, COLUMN 1) 

-' c:r: D. PATTERN NO. 

PALXXXX 
PATXXXX r NAME OF DEVICE (MUST START ON LINE J) 

PAL DESIGN SPECIFICATION 
AUTHOR'S NAME, DATE 

NAME OF DEVICE (EG. CLOCK GENERATOR, PORT ADDRESS DECODER, ETC) 

PIN1 PIN2 3 /4 
18 19 VCC 

5 6 7 8 9 

19 PINl*4 + /PIN2 

18 5 + 6 + 7 +/8 + 9*11 

/17 := 8*9 

16 9*8 

IF (PIN1*PIN2) l5 3 + 6 

/14 = 3 + 6 

IF (VCC) l3 = 8*7 + PIN2 

'-CONDI;IONAL THREE STATE 

GND 11 12 13 /14 15 16 /17 

\.- AN US< (MUST '<ART ON L~' 'I 
CONSISTS OF 20 SYMBOLIC NAMES WHICH 
ARE CONSECUTIVELY ASSIGNED TO 
PINS 1 THRU 20. ' 

EQUATIONS 

~PALASM STOPS COMPILING AT FIRST UNO.EFINEO SYMBOL 

FUNCTION TABLE 

PINI PIN2 7 8 9 12 13 14 15 16 17 18 19 

H L X L L H II L H L HIlL CLEAR 

.. 

FIGURE 3-30. Sample PAL Design Specification. 
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70 

10 

20 

~--------------~----------------~ 

25 

~---~~===-------------~ 

PRODUCT = PRODUCT + 1 ~IL _ .... R;;;EA .... D;....;,.;.NE;;;X .... T...,fi-H .... A .... R .... A .... C .... TE;.;.R ....... ....JIJ66 

::r-:~ '" O>-N-O----

FIGURE 3-31. PAlASM™ Flow Chart. 
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Listing 1. PALASM Source Code for 20 Series 

FILE: PALlO I:'ORTRAH A SSC TI~E SHARING SENVICES V~/SP RELEASE 2.0 

C***PALASrt20**P~LASN20~*PALAS~20**PALASM2v**PALAS~20**PALAS~20**PALAS~20PALOOOtO 
C PAL00020 
CPA LAS M 2 0 TR~~SLArES SY~EOLIC ~QUATIONS INTO PAL OBJECT PAL00030 
C COD~ fOR~ATTED FOR UIRECT iNPUT TO STANUARD PAL00040 
C Pito:'! P}(OGRAN:1J::i\S. PAL0005J 
C PAL00060 
C INPUf: PAL DESiGN SPECIFICATION ASSrGHEO PAL00010 
C 'fO BPI) (I). lJt'ERATION COL>ES AliE PAL00080 
C AS.5I':';NED TO EWP(::». PAL00090 
C PALOOIOU 
C OUTt!li~: ECtia, SIMULATION, ANt> FUSE PATTERN PALOOlt() 
CAR E ASS I G NED TO 1> (I r ( b). it E'( AND PAL 0 v 12 () 
C alNARY PROGHA~MIHG FORtlAIS ARh PALOOIJO 
C AS S I G NED I' a pur (6). P it 01'\ P T SAN D PAL 0 0 ,~ 0 
C EhHO~ r.~SSAGES ARE A3SIGNEJ ~o PALOOt50 
e PM;) Co) • PALOO 160 
C PAL00170 
C PA~~ Nu~aER: TH~ PAL ~ART NU~B!R nUS! APPEAR PALOO'8~ 
C IN eOLU:1N 010: or LINE ONt:o llALOO 190 
C PAL00200 
C PIN 1.151': 20 SlMi30I.IC PIN NA!'1ES Musr APPEAR PALOu210 
C STARfING ON LISE FIVE. PALOU220 
C PAL002)v 
C EIoIUATIONS: STARTING t'lR5T LISE AFTER fHE PAL00240 
C PIN L1ST l~ THE FOLLJ~~NG FORMS: PAL00250 
C PAL002bO 
C Ii = H~~ t D P.UOOi70 
C PAL00280 
C r. := h*C .. J PU002':hl 
C PAL00300 
C Ir( A~1i) C = l) .. r: PAL00310 
C PALOOJ20 
e At. := (Al:*:Bl) .. Ie PAL003JO 
C PAL00340 
C ALI. CHAHACTl:dS fOLLUidNG 'i' HE PAL003~O 
C I~SOdED UNTlL THE NExr LI~E. PAL00360 
C PALOOJ70 
C dLANKS Ake IGNOnED. PAL0038U 
C PAL003~O 

e OPERr\1'Ci\;J: (IN riIEHARCHY OF EVALUAfrON PAL00'400 
e PAL004tO 
C COMMENT FOLLU~S PAL00420 
C I COMPLE:'IENT PAL00430 
C * Aha) (PRODUCT) PAL00440 
C On (SU:1) PALOOq:)O 
C : t: XOR (EXCLUSIVE aH) PAL00460 
C :*: hul{ (EXCLUSIVt; NOR) PAL00470 
C () CONDITIONAL '~HREI::-SrATE PAL00480 
C OR FIXED S'i.'1BOL f'AL00490 
C EvU~LITY P~L00500 

e := REPu,et:O;it (ArTEd CLOCK) PAL00510 
C PAL0052J 
C FIX£D 'sYMBOLS PALOu530 
e FuR PALlbX~ PAL005LlQ 
C AND PALloAij PAL00550 
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FILL: PAL2u 

C 
C 
C 

c 
C 
C 
c 
c 
c 
C 
c 
C 
c 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

~ 

C 
C 
C 
C 
C 
C 

FOitTnAN ~5C ZIME SHAhlNG SERVICES VM/SP RELEA5~ ~~U 

ON L ~ : 

FJ~CrrOS 

r A [I L E: 

(ANI-/dN) 
(ldH:nq 
(A S) 
(lAN~/J:-') 

(lu~) 

(:.. N: 1-: L:I) 
(O*/:1S) 
(;" N I- tS~) 
(A N : >l< : bN) 
(LJ II) 
(AN*dN) 
1I A~) 
(I.;II'l</bS) 

(IAN * o!t) 

L, tI, X, 
Fl:NCrrON 

WHEdi N = 0,1,2,3 
roa JUTPUr PUS 
17,16,15,14, ii:::SP 
A IS l,)iJTP:Jl 
B IS INPUT 

z, AND C ARE V~LiU 

rASL~ w~CTJa ENT~rES. 

A COMPLiIE USEk5 GUIDE TJ 
D:jI~Nl~G ~rT~ PALS USiN~ PALA5M 
IS ~~CVluED IN THE jONOLrrHIC 
~~~O~!E~ PAL HANJd0JK. 

s u ~ :\ u uTI N ~:>: r NIT L ~ , ..; ~ r s ~ :1 , INC R , ~ ATe II , r' I ;( S 'i r. , 
r;: .. A r L , E(; H:), C,\ T , P r II I,) U T , PI. ,JT , l' \oj E E"; , 

dI~ct,rlc~,SLiP,FAsrO~,rUJCL,IJDC4, 

'rt..jr, nC:.:iT 

r,EV Li.Vr:L: 02/12/82 (VAX/VMS VERSli.H) 
ib/14/b2, (;';A I/SAO fAULT TEjTlNG) 
\(: / I S / tU ( J E iJ ;:: C f' I) ~Hl .ll. n 
dy:I~tiyaz Hen~ali ' 

h0rHG&S: JCJ~ dr~K~Ek AND ViNC~h~ COLI 
~I,)NOLrT1IC MEMORIES INC. 
l1b5 EA5'l AhOU£S i\VEYUC; 

SUH~lwALE, CALIFI,)3~lA ~40~j 

(40d) 7B-JS3:, 

FiNE P~L97: ~OSOLITHIC ~E~OH[~S tAKES NO 
R~SPONSruILrTr FOR IH~ OPERATION 
o H .H 1 NT EN A Ii C £ 0 r Till S. P dOG R A ~ • 
'rlli SJURCE COLl!:: .\5 PRINrEO HER~ 
PhODUCEU THE OaJECT CODE OF !HE 
EX lUi [i L E 5 lti r H.r: ~ P P LIe A'r 1 J S S 
SECTION as A VAX/Vt'1:) 11/7dJ 
CUMPUttR AND A NATIONAL C55 IBM 
S'i:lTZ, ... /170 FORTiUN IV (G) • 

PAL005bU 
PAL00570 
PAL005t30 
PALOOS3u 
PAL00600 
PAL0061J 
PAL0062li 
?AL006JO 
P,\L0064;) 
PALOJo5.:i 
PAL00660 
PALOU670 
tJAL006ao 
<'AL00690 
LJAL007Uv 
nLOJ710 
PAL00720 
PALOo13J 
P;'L00740 
PALOJ75lJ 
p.\L00760 
PA;'OJ77C 
p"t007'dv 
t'AL007'JG 
P.H00800 
PALOOtilO 
PALOJd2U 
I:'AL00830 
PAL008!+O 
?AL008~G 

£'AL0086\} 
PALOU670 
PALOJt38u 
PhLOJ830 
PAL00900 
i>ALOJ31J 
I?AL009£U 
PAL0093J 
PAL00940 
PAL009~lJ 

PAL00960 
PALOl.l9Hi 
PALOu'1dC 
PAL00990 
tlAL010Uv 
PAL010liJ 
PALOIOlO 
1>AL01030 
PAL01040 

C**~******************~*****~*******************************************PAL01050 
C PALO'I060 
C PAL01070 
C***************************************~*~*****************************?ALOIOoO 
C PAL010~0 

C PAL01100 
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FILE: PAL20 FORTRAN A NSC TInE SHARING SERVICES ~~/SP RELEASE 2.0 

C MAIN PROGRAM 
C 

C 
C 

InPLICIT INTEGER (A-Z) 
BrEGER I1'AL(4) ,RESI(13) ,PATNU£'l(bO) ,'.rr·i'LE(~O) ,COMP(BO), 

, LiY!'I(8,20),1IWI'(8,2J) 
LOGICAL LdLANK,LLEFt,LAND,LOR,LSLASH,LtQUAL,LRIGHT,LXOR,LIHOB, 
ILFIX, LFIRS'f, LMATCii, LFUSES (32, 64) ,1.PHASE (20), LBU F (20) , 
2 LPHOD(BO),LSAtH,LAcr,LOPERR,LINP,LPRD,LERR,LSAII,LSAOI 

INTEG£R BEL 
CO~MO~ LHL~NK,LLEF1,LAhC,LOR,LSLASH,LEQUAL,LRIGHT,LIOR,LINOR 

COMMON /PGEI IPAGE(80,200) 
CO~~ON /Lf~SES/LFUSES 

COMMON /LUMII/ PMS,POF,PDF 
COrtMON /FTESTI IFUNCT,IDESC,IEHD 
DA!A E/'~'/,OI'O'I,T/'T'I,P/'P'/,S/'B'/,"/'H'/,S/'S'/,L/'L'/, 

I N/'N'/,C/'C'I,Q/'Q'/,U/'U'/,F/'r'I,R/'R'/,A/'A'I,I/'I'/, 
2 J/'J'/ 

DAtA HB/'a'/,CC/'C'I,DD/'O'I,EE/'E'/,FF/'r'/,II/'I'/,JJ/'J' I, 
1 NN/'N'/,OO/'O'/,PP/'P'/,RR/'R'/,SS/'S'/,TT/'T'/,UU/'U'/ 

DA:A BEL/107000000/ 

C ASSIGN~~Hr OF DATA SET REFEHENCES 
C RPL> - PAL DESIGN SPECIFICATION (INPUT) 
C HOC OPt:ftATION CODE (INPUT) 
CPO F - ~ C It 0, PIN u U 'I ,r r; S L, t\ Ii 0 PLOT. (OUTPUT) 
C PDF - HE' AND UrNAR! fORMAT PROGRAM rApES (OUTPUT) 
C P"S - PHOMP~S AND ERROR MESSAGES (OUTP~T) 

WR)TE (6,3) 
rOHMAT(I,' PAI.ASM VEi{SrON 1.5') 
WRITE(&,I) 
FORI1AT(I,' "'HAT IS THE LOGICAL UNIT rtU/'\oER FOR OUTPUT(b)?: ') 
READ(5,2) LUN 

2 roa:UT (I~) 
RPD=l 
ROC=S 
POF=6 
PDF=6 
PHS=IO 
IFUNC'I=O 
IOgSC=O 

C INITIALIZE I.SA~E AND L~CT TO FALse (ACTIVE aIGH/LOW E~ROR) 

LSAME=.FALSE. 
LACT=.FALSE. 

C INITrALI~~ LOPERa ru FALSE (OUTPUT P~N ERROR) 
LOPElii1=. FALSE. 

C INITIALI4E LINP TO FALSE (INPUT PIN ERROR) 
L (fi p= • FA LS E • 

C INITIALIZE LPRD TO FALSE (PRODuCl LINE ERRuR) 
LPHu=.FALSE. 

c RE~D IN FIRST 4 LINES OF THE PAL DESIGN SPECIFICAfION 
R £ AD ( H t> D, I 0) I PAL, I NO A I , lOT, I NO 0, RES T , PAT II U 11, TIT L E , CO tI P 

10 FORMAT(4AI,AI,AI,AI,73AI,/,dOA1,/,80Al,/,80Al) 
C READ IN PIN LIST (LINE 5) THROUGH THE END OF THE ?AL DESIGN 
C SPECIFICATION 
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PALOll10 
PALOl120 
PAL01DO 
PALO 1140 
PALOlt50 
PAL01160 
PALOI170 
PALOIIBO 
PAL0119U 
PAL01200 
PAL01210 
PALOI2l::l 
PALOl230 
PALO 1240 
t'AL012S0 
PAl.O '260 
PALOl270 
PHOl2bO 
PALOI2':JO 
PALO 1300 
PAL01310 
PAL01320 
PALOI330 
PALO 1340 
&lAL01350 
PAL0136v 
PAL01J70 
PALO 1380 
PALO 1l9IJ 
PAL01400 
i?AL01410 
PALO 1420 
PAL014)O 
PAL0144U 
PALOlliSO 
PALO'460 
PALOl470 
PAL014l:10 
PALOl490 
?ALOISUO 
P1L01510 
PAL01520 
PALO'530 
PAL01540 
PALOl550 
1'A1.01560 
PAL01570 
PALO'S80 
PAL01590 
PALOl600 
PAL016'O 
PAL01G20 
PALOl630 
PAL01640 
PALO'GSO 



FHi: PAL20 FORTRAN .\ kSC ~r~E 3HAHlhG SEdVrCES Vj/S? HELlASE 2.0 

DO 15 J=I,20u 
Ri::AlJ (dPD, II, END= It» (IPAGE (I, J) , I.== I, dO) 

11 f'uHMAT (diJA 1) 
C CHiCK FOR 'F0NCrIJN fA8LE' AUD SAVE itS LiNe NUM3~ri 

[F'( IfUNCT.E.i.O .ANJ.IPA';E(I,J) .EI.!.fF.~ND. 
I IP.\.;q2,J) .E.J.UU.,aD.!PAGE(l,J) .£'.d.l'4N.ASD. 
2 IPTlGE(If,J) .EQ.CC.A:'IiJ.IPAGE(~,J) .EQ.TT.A:-ID. 
3 11'AG£(b,J) .EQ.II.ANlJ.IPAGE(1,J) .I:;,.?OO.ANLl. 
~ I P ,\ G E (t} , J) • E ~ • ~ ~ • A .-l i) • I P A G i: ( 1 Ci , J) • £ 'j • T T • A:-I D • 
~ IPAGt:(12,J) .£.\i ... Hl.ANL.'::PAGJ::(14,J) .t:J.J::E ) IFUNCT==J 

C CHEel{ FOFt 'DESCHIE-IION' AN~ SAVE ITS LiNE HUl'IdI:::R 
IF( IDLiC.EQ.O .t\NJ.1PAGE(I,J) .r;'o!.DLJ.A~J. 

1 iHGC: (l,J) .EQ.H.AN:>.IPAG:; (J,J) .£v.;)').AII:J. 
2. at\Gq~,J) .EQ.CC.AN0.IPAGE(5,J) .EI.1.dH.ASl>. 
J IPAGl:.(E.,J) .E-,1.II.ANiJ.IPAGE(1,J) .Ev.PP.ANu. 
'+ IPI\GL:;(H,J) .i::Q.Tr.A!i.;.IP'\GEp,J) .il.!.II./UW. 
j rpAGE(lu,J).E'c.UO.,U~[; • .rPAGE(lI,J).:'V.Nft) IDESC=J 

15 CO~lINur; 
C SA~E THE LAST LIN1 NUMilER or :HE PAL DES!~h SPECIFICArIO~ 

16 IENI..i=J-1 
C~LL IS1TLZ(INOA1,lor,INoo,rf~p~,LFUS~5,IC,IL,IBLuW,LFIX,I~erR) 

lL:::=ILl-I 
C p~rNT ERriQR ~E')SAGE fOd INVALI0 PAL PA~T TYPE 

U'(ITYPE,NE.U) GO TO 11 
~klTE(P~S,18) IP"L,INOH,IJT,INOO 

18 roaMAT(I,' PAL ?AHT l'ttlE. ',4AI,AI,:\I,AI,' ~s rhCORR~CT') 

srot> 
C GE~ 20 P~N N~MES 

17 DO 20 J=I,20 
20 CALL GETSi~(LPHAS~,ISIM,J,IC,IL,LFr~) 

I F ( • 14 0 T • (L E J U AL • i.J n • L L .t:F r • 0 Ci • LA N iJ • O!{ • LOR • 0 ~~ • L H 1 G H T» Gar 0 2 14 
io/RITE(nLi,2i) 

23 fORMAf(/,' LES5 l~A~ ~0 PIN NAMES IN PIS LIST') 

2q 1L£==1L 
C iHi>ASS rUSt: PLOt h:l.iErl8i.Y IF riAL (:1 IS COLU,'1N I, LINE 1) 

IF( IPflL(I).EIJ.H) GJ fO lOti 
25 CALL ~l::rS'U1(LBUF, loUF, 1,1C,lL,LFU) 
lS IF(.NOT.LE\lUAL) -';0 ro 2~ 

COJNf=U 
ILL= 1I. 
CALL ~ATCH(IMAICH,IBUF,I;YM) 
IF( LMATCH.E:J.v ) GO TJ IOu 
IPRU=II1ATCit 

C C HiCK FOR V A LID PO LAldT '{ 
L S t\ Ii l = « L P HAS r: ( I .1 Arc h) ) • A Ii D. ( L B U F ( I) ) • il R • 

(.NUI.LPiiASE(I:1ATCH» .BlJ, (.lIOT.LiJUr(l» ) 
IF( IOT,EQ.H.ANU.(.NO'l'.LSAME) ) LACT=.'£kUE. 
r n (. Ii 0 T. (I 0 1 • i:.,? • Ii • 0 if • lOT • E ~ • C» • AND. (LS A 11 E) ) LAC T = , r RUE: , 

C CHEC~ FOH 1ALLD QU~PUT PIN 
IF( (IT~i?E.E'.1.I.Oh.lT'{PE.Ei).~,OR.IT,{PE.r:Q.b) .AND.IOr.NE.A. 
ANO. (rttATCH.LT.12.0R.I!1ATCH.GT.I,:) ), LOP?:HH=.Tt<Ui. 
I F ( r T '( P E • E.;t • 2 • A t. i). (I 11 A 'r C H • L r. 1 J • 0 R • I h AT C H • G T. 1 a ) 

LOPERH"'.TRUE. 
IF( ITIPE.£Q, 3.ANO. (I:tA',rCH.LT.IIf,Ol<.I1HTCH.GT.l1) 
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c 

c 

30 

50 

69 

56 
58 

t· 

LOPt:RH=.fRUE. 
If( ITtPE.t:Q.~.A:-ID. (1~ATca.1.1'.15.uR.IM.\rCH.Gl'.16) 

La PC: R R= • 'f RUt: • 
If( (i.ACT).OR.(LJPEftRj) GO TO 100 
18-3PHO= (19-II1ATCrf) *a .. I 
STAHr PALI6CI O~ ?HOLUCT LINE 24 (18dPRO=25) 
If(Iur.EU.C) i8dPrtO=2~ 
rc=u 

CALL INCH (IC, 11., LFIX) 
IF( .NOT. (Lt:QUAL.OE<.LI.EFr) ) '.;0 TO 30 
LP2uU(I8dP&O)=.7HUE. 
Ir( (.NuT.LLErT) .t\hD. pr:S!(]) .NE.PP) C"LL SLIP(LFUSt:S, 

ra8PHJ,1NOAI,lOT,I~OU,ibLO~) 

0070IdPRO=1,16 
COUNT = COUN£ .. I 
If( (LA~H) .';HJ.lt3PRO.NE.'J ) tiO 'Ill 70 
IPROU = r88PRo .. lti?RO - I 
l.PROD(IPdOD)=.rRU~. 

LFIR;;>T=.Tl(UE. 
lLL=iL 
CALL GET5tl1(LBLr,IBUF, I,IC,IL,LFI)() 

Ir( (L:tt'E.EQ.I.OR.lT'iPE.t;Q.2.AliU.IPRD.GT.1J 
.AND.IPrlL.l.l.18) .ANi-.COUPH.GT.2 ) I.PRD=.TdUE. 

1 f ( (I IY P E. £1,/ • J .0 R • IT Y P E. ;. oJ. 2. A ti D. (I P RD. E;.:!. I J • a H • 
IPiW.£;.;. ld» .AND.COUN'i'.GT.~ ) LPRD=.1tWE. 

If( IoriNE.A.AND.10~.NE.C.AriU.COUNT.GT.d ) LPRD=.fRUE. 
H( .~OT.LPRJ ) GO TO tj'J . 

IF(lL.NE.IFUNCf.AND.IL.NE.IOESC) ILL=il. 
l~HOJ = I~HO~ - 1 
"J TO II ii 

If(i.f'IX) GO 10 5<1 
CALL ~AICH(rMA!CH,I~UF,ISYM) 

C~ECK fO& r~VALrD INPUT PIN 
If ( ITYPE.F:;~. I.AND. (.i.:1ATCH.GE. 12.ANL.I!'IATCH.LE.19) 

LINP=.ThJE. 
If( ITYt'E.c:,.2.AND. (It1ATCrt.GE.13.AND.Il'IA':CH.Lt:.l~) 

I.INP=.rdUf:. 
1 F ( IT '( P E • E\.!. ) • AND. (Hi Arc ti • G 1:;. 14. AND. r 1': A TC 11 • L E. 1 7) 

l.INP=.rnuE. 
IF ( I7tPE.r:i.1.~.A~[). (IMATCH.EQ.15.0R.IMATCH.E'J.16) 

l.INt::=.TRUE. 
IF( I'L,(PE.r:".:;.A.'fD. (II1ATCH.EV.12.lJa.It1ATCH.EQ.I'j) 

l.INP=.TRUE. 
IF( lTHE.EJ.6.AND. (1I'lAl'CH.EQ.l.0R.I~ATCii.E.J.l1) 

LINl!=.fRUi::. 
ILL=lL 
If (LUlP) (;u ra 100 
IF ( 1:1 ATe H. E Q • \) ) G () l' U 1 0.0 
IF( ItH1CH.EI.!.10.0R.IMAfCH.EQ.'B ) GO TO i1L1 
If(.NOT.LFIRS£) GO ro S8 

LFIRSf=.FALSE. 
UO 561=1,32 

IBLOW : IBLOw .. I 
LFU5£S(I,lPROD)=.TRUE. 

CALL I~LATE(IIhPUT,IMATCH,LPHASE,L6UF.ITYPE) 
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C 

59 
I 

bO 
b4 
ob 

va 
70 
74 

100 

IF(Il~PU1.~~.J) GO TO bO 
luLu", = Iili.u'l4 - 1 
LFUSi.:l (H~PJr,rt'rlu:)=.FAL~r:. 
C'\LL PLOT (LBllF,IIJ:Jt',LFUSl::S,l?iiOD, rlfLt:, .FALSE., I£'ti'i::, 

L?~~D,lup,laLu~,IPC7H) 

GO TO oi.J 
C t\ L L f I/..3 i M ( L J II t' , I 8 U r ,Ie, l L, i. F I ~ S l' , L f' U ;) E :i , I B L O,j , 

[PhOJ,LfIX) 
1 F (L AS;) ~O '~J ::> u 

1. F ( • ~O r • L rl r c. w:) GO 1'0 td 
CALL r~C(qH.:,IL,LFr.q 

IF(.t\Uf.Li::'JJrtL) GO 1'0 68 
i r ( • S:J j,'. (L 0 ~ • 0 r( • 1. E ; U A L) ) .; 0 r 0 7 ~ 
CJNl'ISilI:: 

[LL=';' i. 
CALL GET';;'UI(LtlUF,ltlUF, l,rC,IL,LfIX) 
rF(LLEf£.OH.L£QJAL) Gu TO ~d 

rf( IL~.2J.IFUNCl.Uk.r~L.iJ.:DESC ) ~o TJ lJ2 
~RIST A~ ~RRoa ~!S5A~~ If USHECaGhIlAdL~ Sy~aOL 
IL~i\a=ILLt~ 

W rll :' t: (P M:.i , 9 g) fj t:1. 
':d FiJi,,1A'r ( •• , A I) 

jojdrTt:(tll'lS, lui) (lbUf(~, I) ,1=1,0) ,nEHR, (I~AGE(I,ILL) ,1=1,(0) 
I () It'Ll;i :1 A T (/ ,. ERR u rl S,{;1 dOL = ., a AI, • 1 N LiN E Ii U 118 c; R ., I J , 

I /,' " du rll) 
C PSINT A~ ~&rlOh ~~S~AGt fOR ACTIVE HL~H/LON P~HT 

:q (Li\Cl} .'\NU. ( i..:i.\t'Ii::) .ANO.(.NOT.LOPERH) ) 
I nrTE(p(1S,I)3) It'AL,INOAI,LO'I,lNOU 

I'J) F:JHM~Tl' 0U£i?U: .-1usr tiE IN'JE:l'ft:D SI~CE ',4AI,AI,AI,AI, 
I • rs AS :\CTr;;£ LO\O :>EV1CE'J 
I f ( ( LA C i') • i\ N D ~ ( • hut • 1. 5 AM::) • ~ N D. (. NOT. LOP E R H) ) 

I "hI n: (PMS, IJ9) lPAL, DOAI, lOT. IHOO 
I iJ ~ :- IJ :i ,'1 A T (' J U 4' l' U rCA N ;~ J rUE I 11 V EM T l:. 0 S 1 :t C ~ " ~ A I , A I , At, t\ I , 

• IS A~ ACIIV~ HIGH UEVLCE') 
C Pdr~~ ~~ ~RROH hESSA~~ FO~ AN INVALIU 0~TPur PI~ 

If ( (L 0 P E H R) • A ,1 D • I i'I H C ~ • 1\ i:: • lJ ) 
I "idl~(P"1S, liJ')) uurCH,IPAL,INOtd,I0T,INoa 

IuS f~l~MA'l:(' Th13 P;'N ~iUi'laC:i\ ',i~,' IS AS LNVALIO OuTPUT PIS', 
I • ruB ',4AI,!\I,AI,al) 

C ?~[Nr A~ ERH0d "ES5~C~ iC~ ~N INV~L[U I~~UT PIN 
IF (LlII?) "bi rE lPNS, 1 h) IMATCH, Il'AL, U\uH,IJT, INao 

tl~ FJh~AT(' rH~S ~I~ NU~d£rl ',Il,' IS AH l~VALli) I~PUT P[N', 
I • ,'OR ',4KI,At,.\I,AI) 

I C p~~~~ A~ iR30R ~ES.:iAGE rCJ INVAL1J paODUCT LI~E 

lid IL2HR=Il. .... 4 
1r(LP~J) ioIR11i::(i:>l1S,11'j) 

I ( 1 S '{ t~ ( I, IF :< D) , r = I , a f , I PH J , LL Ed R, (I?':l G i::( I , r L L) , [= t , till) 
I I 9 f' 0 :l ,1 A l' (/ ,. J uri' u r J:> I N ~ A I'l E = ., ~ A I , • 0 U T pur PIN N U L1 B Eli.' , r 2 , 

1 I,' ,1INTERr. iN LINE,riUMBi::R ',13,/,' ',001\1) 
IF ( LPd). ~N:J.courd'.Lr. d ) 

I wRltE(PM:), 110) ItJHo:>,rpAL,UWA1,rOr,I~J() 

1 1 6 F J II i1 fIr (' r HIS <' it J 0 U C l' LIN E }i U 113 E: i\ ',I 2,' r S N 0 L '"' 1\ L r i) , , 

I • fO~ ',4AI,.U,AI,AI) 
IF( l.?k~.~~J.COUNI.~T.a ) 

I wRiTf.(ilMJ, 117) iPAL,INO';l,lOT,~NOO 
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rIl.E: P.\L20 FORTRAN A NSC TI~E SHARlhG SERVIC1S Vft/SP RELiASE 2.0 

117 FOnMAT(' rtAXIUM OF ~ ~RODUCT LINES AHE VALID FOR ',4Al,AI,Al,AI, 
1 I,' roo MANY nINTE~HS ARE SPECIfIED IN THIS EQUATION') 
Sl'OP 

102 IF(ITYPE.LE.~) CALL TWEI:;K(ITYPE,lJT,UUS.ES) 
106 WRITE (b, 106) 
106 FOHMATU,' OPERATION CODES:') 

WRITE (6,101) 
101 FORMAT(/,' E=ECHO INPUT O=PINOUT T=SIMULATE P=PLOT B=BRIEF', 

1 I,' H=HEX S=SHOBT L=BHLf N=BNPF C=CATALOG QaQUlT', 
2 I,' F=FAULT 'rESTHG J=JELJEC t'OHI'IAT') 

WRITE (6, l1(i) 
110 FOBMAT(I,' ENTER CPEilATIO~ CODE: ') 

READ (HOC, 120) lOP 
120 FOrll'iAT (A I) 

C CALL rooc2 
IF(POF.NE.6) WRIT£(POF,125) 

125 FuHMAT(' I') 
IF(IOP.£~.~) CALL ECHO(IPAL,[NOAl,IOT,INOO,REST,PA1~UH,rlrLE, 

I COMP) 
IF(IOP.EQ.O) CALL PINOUT(IPAL,lNOAI,IOT,lNOO,TIILE) 
If(IOP.EQ.T) CALL TEST(LPHASE,LBUF,rITLE,IC,IL,ILE,ISYM,IBUf, 

1 ITYPt,INOO,LFIA,lPCTR,LERR,ISAF,IPCTR1, 
2 .FALSE.,.rALSE.) 

C INITIALIZING .TriE IO'£AI. fAULTS. CALLING FOR SAI/:iAO TEST 
LiAF=O 
IF(rOP.C:~.f) GO 'ro 200 
IF(IOP.EIl.JJ) CALL tJLOIF 

135 IF(IOP.E~.P) CALL PLJT(LBUF,IBUF,LfUSE5,IPROLJ,TITLE,.TRUE.,ITYPE, 
1 LPROD,IOP,lBLO",IPCIRv) 
IF(rOP.E~.B) CALL PLOr(LEijF,IBUF,L~USES,IPROD,TIrLE •• TRUE.,rTY?i, 

1 LPROD, lOP, Ib LOW "r PCT ao) 
IF(IO~.E~.H) CALL HEX(LfUSlS,H) 
IF(IOP.E~.S) CALL HEX(LFUS~S,S) 

IF(IOP.EQ.L) CALL nIHi«LFUSI:.S,Ii,L) 
IF(IOP.EJ.N) caLL BINh(J.fUSES,P,N) 
IF(IOP.EJ.C) CALL C'T 

C CALL lODCII 

C 

IF (IOP.NE.Q ) GO .10 lOS 
s'rop 

C SETTING tHE PARA~ETEHS FOR SAllSAO TESTS 
200 IPCIR=O 

CALL TEST(LPHA5E.LBUF,TITL~.rC.IL,ILE,ISl~,IBUF~ITlPE, 
I INOO,IFII,IPCTR,L~aR,rSAF,IPCiRl,.FALSE.,.F~LS£.) 

IPCTRO=IPCTR 
C LOOPING FOR SAl TEST 

DO 210 IPCTR1=I,IPCTRO 
LSA11=.TriU.E. 
CALL TESt(LPHASE,LBUF,TITLE,IC,IL,lLE,I3YH,IBUF,ItYP£, 

1 INOO,IFIX,I~CTR,LEaB,ISAr,IPCTR1,LSA11,.FALSE.) 

210 CONTINUE 
ISA1=ISAf 

C LOOPING FOR SAO TEST 
DO 215 IPCTR1=1,IPCTRO 
LSA01=.'raUE. 
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C 

C 

CALL Tt~r(L~HA3E,LBUr,TITLi,rC,IL,IL~,I5YH,IBuF,rTY?E, 
I IhOO,~FlX,lP(;TH,Lr;HR,~Sr\r,:PC7RI,.FALSE.,LS~GI) 

215 CONrINiJL 
IS~O=I5Af-lSA I 
IFAULT=(iSAF*IOu)/(IPCTRO*2) 
W R II E (P 0 r' , :.1 2 II ) r :) A I 

220 r0,U\Arv,' !'4Ur..,EH Of STUCi< AT ONi (St\lj FAULTS ARE =' 1J) 
"HI r:.: (Par, 225) ISAu 

.,US ro!na·~v,' NUrii:H:rl Of srUCK Ai.' l£fiJ (S"J) FAULTS ARE =' IJ) 
~RrTE(POF,2jO) rrAULT 

2)0 rOH~"TV,' tJROrJUC'i.' ~ER,'1 Cull Erli\GE ::;' IJ,':';',//) 
GON 135 

C ************THIS s:J13"OUrrSE IS ACDED FOn Jr.::HC FOld'1AT***"'***** 
C THE rOLLOWr~~ 3UH90U1INE GIVES JE~E( FORMATTED ourpu~ FOR 
C PROGRA"~ING COMPATIBILITY ~IrH ~ATA IIO PHOG~AM~ERS 

SUdiourI~i PLOTr 
I:1(1L1C1'i' I~rEG:::R (A-t:) 
LOGICAL LFUSr:S (j2,b4) 
IN'rE';Bii itlUUF (12) ,ZE,W,u~;; 
INfEGEU 15iJM (4) ,IilJn,STX,ETX,ILiEC(4) ,Il'T,IISP,J1,J2 
INTEGEk 1uECIO(4) ,rSU:-'V(4) ,ISUl'lIO(4) ,BUFI0(32) 
co~nON /LUNIT/ P~S,POF,PDF 
CO~MON /IPT/ IPT 
COM~ON /LFUSESI tru5i5 
CO~~ON /5U~1 13U~,~06C,lPBUF,BUfIO 

DATA ~iR0/'C'/, Q~n;/' 1'1 
I.\lJf<=() 
5T;(=2 
E rx= j 
ISU<'l(2)=J 
I!iU~(~)=~]() 

WRIr;:; (PJr, 10) .:i'£X 
10 FORI'lAT(' ',.\l,",tfO*') 

DO 300 IPr=I,bq 
DO 50 IINP= 1, II 
IF (LFUSr,;.:; (IINP, rpl) 1: i.>biif (II !H') =O!\£ 
I E' ( • Ii u'i' • (1. F USE.:> (r 1 S l? , 1 P 1') » i. ? d U r (rr ,. P) = Z I:: R 0 

SO CONTINUE 
I F ( L F US l::::> ( I , 1 P 'n) G 0 1 J 1 0 v 
IF(.NOT.LFUS£S(2,IP1» GO T0 2~0 

100 IDEC(4);.iADfi 
DO 150 J=I,J 
JI=5-J 
J 2;4-J 
IDiC (J2) =iLJi:C (J I) IIi) 
IDEC(JI);liHC(J1)-IOtllluEC(J2) 
rOEcro (J I) =ICOSV (liJEC (J I») 

150 CJSrINUE 
I~Ecro (I) =ICONV (rHC (1» 
CALL 5UMCH" 
wRITE (PDf, 201) 1D£C10, iPi:lUF 

201 fORI'IAf(' L',4t.1,' ',d(4AI,' '),'*') 
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FI1.E: PAL20 . FORTHAN A NSC TIME SHAR~NG SfaVICES ~M/SP hELEASE 2.0 

C 

2~O IADR=IkORt3.2 
'~OO COSTINUr; 

ISU~lO(1)=ICOHV(ISUM(2)/16) 
ISU/1 (2) =:10D (ISUM (2) ,16) 
ISUMIO(2)=ICU~V(ISUM(2» 
ISUMIO(3)=ICONV(1SUM(4)/lb) 
ISU:1 (4) =MOD (ISUM (4) ,16) 
1SUtlIO(q):lCON~(ISUM(4» 

WRLT£(PDF,400) £TX,l::iUIHO 
1400 FORMAT(' *',Al,41\1,'*',/) 

RETURN 
END 

C********************************************************************** 
C 
C THIS ~U3ROUTINE CALCULATES TtlE SUMCHECK 

SUBHOUTIME SU~CHK 

IMPLICIT INTEGl::R (I\-Z) 
LO~ICAL LFUSES(32,64) 
INtEGE:R 1PBUF (32), Burro (32) 
IU'rEGEa LiUl1 (4) , IDEC (4) 
COH~ON /IPT/ I~T 
CO~MON /LFUS~SI LFUSES 
CUMMON/sun/ rsu~,IDEc,1PBur,BUFIO 

DO 50 J=1,32 
IF(LFUS£::i(J,IP'l'» BUFI0(J)=4':1 
IF(.NOT.LFUSES(J,1fT» HUFIO(J)=48 
ISU" (4) =lSU1'I (4) taUFIO (J) 
IF (ISUi'\ (4) .GE.256) lSUl1(2)=ISUt1(2) tl 
15UM (4) =l'lJD (ISUI1 (4) ,256) 

50 CONTINUE 
l>O 100J=I,4 
lSU:1(4)=ISUl'1(4) tIGEC(J) t4d 
IF (ISUtl (4) .GE. 25b) 1SUM (2)=lSUI1 (.2) ., 
ISUN (4) ::/'\00 (ISUI1 (4) ,2S&) 

100 CONTINUE 
1SUM (4) =I3UI'1 (4) t 113 
ISUM(2)=lSUM(2) ., 
IF (ISUM (Il) .GE. 256) ISU!'! (2) =ISUM (2) .1 
1SUM (4) ::MOD (ISiHI (4) , lS6) 
RETURN 
END 

c************************************************** 
C 
C 

IHTEG~R fuNCTIUh ICON~(K) 

IMPLICIT INTEGER (A-~) 

DATA A/' 0 ' / , B/' I ' /, CIt 2' / , D/I 3' / , E/' 4 '/ , F /' 5' / , G/' f) 1/, H/' 11/ 
DATA I/'SI/,J/'g'/,X/'A'/,L/IB'/,M/'C'/,N/'O'/,O/'E'/,P/'F'/ 
IF(K.EQ.O) 1CONV::A 
IF (K. EQ. 1) ICONV=.6 
IF(K.E~.2) rCONY"C 
IF(K.E'J.J) ICONV=lJ 
IF(K.EQ.4} ICONV::!:: 
IF(K.EIJ.S) ICONV::F 
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PALOQ410 
PAL0442u 
PAL044)O 
PAL04440 
PAL044!>Ci 
1'AL04460 
£'AL04410 
PAL04480 
PAL04490 
PAL04500 
PAL0451(; 
PAL04520 
PALOl.JfdO 
PAL0454U 
PAL04550 
PAL04560 
PAL0t4570 
PAL04SdJ 
PAL04590 
PAL0460Q 
PAL04610 
PAL04620 
PAL046JO 
PAL04640 
PAL04650 
PAL04660 
PAL04b70 
PAL04b80 
PAL04b90 
PA1.04700 
PAL04710 
PAL04120 
PAL047JO 
1'AL04740 
PAL041S0 
PAL0416C 
PAl.0417v 
PAL04160 
PAL04790 
PAL04800 
PAL04810 
PAL04820 
PALOl&830 
PALOl&840 
PAL04850 
PAL04861l 
PAL04870 
PAL04880 
PAL04890 
PAL04900 

'PAL04910 
PAL04920 
PAL04930 
PAL04940 
PALOLi950 
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c 
c 

IF (K.EJ.b) ICONY=G 
IF (K.EQ. 7) ICOrO'=H 
H(K.EQ.tI) ICONY=1 
IF (K. E'J. ') ICONV=J 
IF (K.l::Ii. 10) ICONV=)( 
r F (K. £;2.11) rCONV=L 
IF (K. r; .... 12) ICO~V=11 
IF (K. E.J. I j) ICONV=h 
IF (K. 'f...;. I~) ICONV=O 
IF (K. E'J. IS) rco:;v=p 
H £1' UH N 
END 

PALOil%O 
PALO~970 
PAL049bu 
PAL04990 
PALO)OOO 
1'AL05010 
PAL0502u 
PAL050JO 
PAL05040 
rALO~05<J 
PALO:"06~ 

PAL05070 
P!\L050~O 

PAL05090 
C***************************************~*.**,.**************************~AL05100 
C PALOSltO 

SUgRUUTlh~ INITLZ(INOAI,IOr,INOO,IT~P£,LFUSES,lC,IL,IdLO",LFIY., PAL05120 
1 IPeTk) PAL051JU 

C THIS SU~rtOUTIN~ INITIkLIZES VARIABLES AND MATCHES PALP~~T PAL05140 
C NJ~BE~ ~ITH ITiPE PALJ51~O 

IMPLICIT iNTEGEri (A-l) PAL05160 
LOGICAL L~LANK,LLEFT,LAND,LOH,LSLASH,Li~UAL,LHIGHT,LXOH,LXHOa, PAL05170 

I LfIX,LfUjtS(12,b4) PAL051du 
CO~"ON LdL~NK,LLEFr,LiHC,LOR,LSLASH,Lg~UAL,LRIGHr,LXOR,LX~O~ PAL05190 
CO~MON /PGE/ IPAGE(d0,20C} PAL05200 
<lArA tlj'lj'/,L/'L'I,C/'C'/,R/I RI/,X/II..'/,A/'Al/, PAL05210 

1 10/'O'/,I2/'i'/,IQ/'4'/,I6/'6'/,Id/'a'/ PALOj220 
C IHITIALIll:: LFUSES ARHAY (FU5~ ARhAY) PAL05230 

DO 20 J=I,b4 PAL0524v 
DO 20 I=I,JL PAL05250 

20 i.fUSES (I,J) =. FAi.Si::. PAL05260 
C INITIALUE IdLO..J (t;U.1tlC;rl OF fUSES 3Lu~S) PAL05270 

13LO~=O PAL05280 
C INITIALI~E IlJC;:R (tHH1UECl OF PnODUCT TJ::fU!S) 'PAL05290 

IPCTH=O PAL05JOU 
C IiHTlliLIkE Ie ANi) IL (CULUl'Ilt AND LINE ?OlNTER..l) PAL05310 

1C=0 PAL05320 
IL=I PAL05330 

C I H T I A L ll:: IT 'l Pi (P ALP AI< T H P t:) PAL 0 5 J 4 U 
ITYPE=O PALOS350 

C IT~Pi IS ASjIGNJ::D TdE FOLLOWING VALUES FOR THESE PAL TYPES: PAL05360 
C PALluH6,PALIOLd l'l'YPE=1 PAL05370 
C PALI2H6,n.LI2L6 ITiPE=2 PAL05380 
C ?ALI4H!l,P.H1H4 IT'iPE=) 1>AL05390 
C PALloHL,PALt6L2,PAL16CI IT'lt>E=4 PALO~400 
C PALI6Ld IrYPE:::5 PAL05410 
C PALI6R4,PALI6H6,~ALI6R8,PAL16X4,PALI6~4 ITYPK=6 PAL05420 
C DETiaMIN~ lrlPL PALOS4l0 

If( INOAI.i~.IU) rTVPE=1 PALOS440 
IF( INO~i.EQ.r2) 17Y~E=2 PAL054S0 
If( rNOAI.~Q.iij) ITYP~=3 PALO~460 

IF( (HtOAI.EQ.lil) ) IrYPE=4 PALOS47v 
IF( (INOAI.E~.Hi) .AS!i. (INOO.£It.I6) ITYPE=S PALOS48C 
If( (llH.Z".H) .OR. (IOT.E<.t.X) .OR. (ror.E~.p.) rrYPE=5 PALOS4'JO 
IF( .Nor. (IOT.r;Q.Ii.OR.IOT.EQ.L.Ot1.IOT.EQ.C 'PAL05S0J 
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C 

.OR.IOT.EQ.R.OR.IOT.EQ.X.O&.IOT.~Q.A) ) ItYPE=O 
CALL INCR(IC,IL,LFIX) 
RETURN 
END 

PAL05510 
PAL05520 
PALOS~30 
PAL05540 
PAL05550 

C***********~**************~********************.*.******~*.****~*** •• **PALOS560 
C . PAL0557J 

C 
C 

SUBROUTINE GETSYM(LPtlASE,ISYM,J,IC,IL,LFIX) PALOS~aO 
THIS SUbROUTINE GETS THE PIN hAME, / IF CO~PLEHtNt LOGIC, AND PAL05590 

·fHE FOLLOWING OPEliA'rION S'iI'\SOL IF rtNy PAL05600 
I"PUCIT INTEGER (~-Z) PALOj61C 
INTEGER ISYM(8,20) PALOS62u 
LOGICAL LBLANK,LLEfr,LAND,LOR,LSLASH,LEQUAL,LrlIGHT,LIOR,LXNOR, PALOS&30 

, LFIX,LPHASE(20) PALOS640 
COMMON L3LANK,LLEFr,LAND,LOR,LSLASIi,LEQUAL,LRIGHT,LXOH,LINOB PALOS650 
COMMON /PCE/ IPAG£(SO,200) PAL05660 
DATA lilLANK/"/ PAL05b70 
LFIX=.FALSE. PAL05680 
IF( .NOT.(LLEfT.Ofi.LANO.OR.LOR.OR.LEQUAL.OR.LRIGHT) ) GO '40 10 PAL05690 
CALL INCR(IC,IL,LfIX) PAL05700 
IF(LLErT) GO TJ 60 PALOS710 

10 LPHASE(J)=(.NOT.LSLASH PALOS720 
IF (LPHAS£ (J» GO TO IS PALOS7JO 
CALL INCR (IC ,11., LnX) PAL05740 

15 DO iO 1=1,8 PALOS150 
20 ISr~(I,J)=IdLANK PAL05760 
25 DO )0 1~l,7 PAL05770 
)0 IS~M(I,J)=ISYM(lt1,J) PAL05780 

ISYr.(d,J)=IPAGE(IC,IL) PAL05790 
CALL INCH(IC,IL,LFIX) PAL05800 
IF( LL£FI.OR.LBLAHK.OR.LAND.OR.LOR.OR.LRIGHT.Oi.LEQUAL ) aETURN PALOS810 
GO TO 25 PAL05820 

60 LFIX=.TRUE. PAL0583U 
RETURN P~LO~ti40· 
END PAL05850 

C PAL05860 
C •••• *.* •••••• * ••• *.*~** ••• ****.***********.***.*****~******.**** •• **** PAL05810 
C PAL05880 

c 
C 

SUBaOUTI~E INCU(IC,IL,LFIX) 
THIS SUH~OUTINE IhCREMENTS COLU~N AND LINE POINTERS 

BLANKS AND CHARACTEktS HTER ';' ARE IGNORED 
I:1PLICIT IN'fEGE~ (A-i) 
LOGICA~ LBLAHK,LLEFT,LANU,LOR,LSLASH,LEQUAL,LRIGHT,LXOR,LXNOR, 

1 LflX,LX1 
COMnON LaLANK,LLEFT,LAND,LOR,LSLASrt,LEQU~L,LRIGHT,LXOR,LXNOR 

COHaON /~GE/ IPAGE(80,200) 
conMON /LUNIT/ PMS,POf,POf 
DATA IiHANK/' '/,ILEFI/' ('/,IAND/'.'/,IOd/'.'/,COI1EKT/';'/, 

1 ISLA5H/'/'/,IEQUAL/':'/,IRIGHT/')'/,ICOLON/':'/ 
LBLANK=.FALSE. 
LXOR=.FALSE. 
LXNOR-. nLSE. 
LlCl=.FALSE. 
LRIGHT=.FALSE. 

10 IC"ICtl 
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PAL05890 
PALOS90iJ 
PAl.0591u 
PAL05920 
PALO~930 
PAL0594Q 
PAL05950 
PAL05960 
PAL05970 
PAL059BO 
PAL05990 
PAL06000 
PAL06010 
PAL06020 
PAL06030 
PAL0604Q 
PAL06050 



n:u;: PAL20 FORTRAN A NSC TIME SH~RING SERVICES VM/SP RELEASE 2.0 

C 

U' (I C • L L • 79 • AND. I P" G E (I C , r L) • ~ E • C 0 /'I E t- T ) GOT 0 1 0 
IL=lL'" 
IF(IL.LE.lOU) GO 10 20 

_RITE (PrlS, 15) . 
15 fOH~Ar(/,' 30URC! FILE EXCEEDS 200 LINES OR ~ISSI~G', 

I ' DESCRr~rrON Oli FUNCTION TA~LE KEY WORD') 
STOP 

20 IC:q) 
GO TO 10 

30 IF( Ii?AGE(IC,IL) .E'J.ICOLON.AND. (LFIX) ) HETUfOi 
IF( rPAGE(IC,IL).foiE.IBLANK) GO TO JI 

l.BLANK=.THUE. 
GO TO 10 

31 IF( :aAG£(IC,lL).NE.ICOLON ) GO ';:'0 II 
IF( (UOR) .OR. (LXNOli) J GO TO 33 
L'(I=.T3Ui:.. 
GO Tll 10 

33Ir(LXOH) LOH=.'fHU&:;. 
IF (LXNOR) LANil=.TRUE. 
REl'U~N 

12 IF( .ilOr. (LX I.ANiJ. (IPAGE(IC,IL) .EIi.IOR.OR.IPAGECIC,IL) .E.1.iAND» 
I GO Iv JI.j 
IF( J:PrluE(IC,II..) .EQ.IOH ) LXOR=.1'RlH.. 
IF( IPAGE(IC,IL).E\(.IANU ) L)(NuR=.TRUE. 
GO TO 10 

34 LL::rr -;( IPilGE(IC,lL).EQ.ILH'f 
L,\ND =( IPAuE(IC,IL) .EV.lAND 
L03 =( IPA':;E(IC,IL).EQ. IOd 
LSL,\SH=( IP'\GE{IC,lL) .r;:~.LiUSH 
LE~.1UAL= ( If AGE (lC ,ll.). EQ.HvUltL 
LHIGHT=( IPAGE(IC,l.l.) .C;oJ~IRI;;HT 
R::rUHN 
E~D 

PAL0606G 
PALOb07.J 
PAL0601:10 
P~L0609u 

PAL061UO 
PAL0611U 
PAL0612U 
PAL06 Du 
PAL061~u 

PAL061S0 
PAL06 Hi..i 
t'ALOGI7J 
PALOt)18.J 
PAL0619) 
l'AL06200 
PALOG21j 
PALOb22J 
PAL0613() 
PAL062qU 
PALJb250 

) PAL06260 
PAL06270 
PAL0628J 
PAL06290 
PAL0630U 
t'ALOGJ 11, .. 

PAL06J21.1 
PAL063j(.; 
PAL0634C 
P1L06350 
P1L06360 
PAL0637U 
PALOG38U 
PAL063'JO 

C~***~****~**~~**~*****$*~*************~***~*~**************************PAL06400 
C PAL06410 

SUdROUTINE MATCH(r~ATCH,Idur,ISrn) PAL06420 
C TrilS SUBROUTINE FINUS A MArCH UE1~EEN THE Plh NA~E IN 7HE EQUATIOHPALOG4JU 
C A~D THE PIN NA~E IN THE PIN LIST O~ FUhCTION TAeLE PIN LIsr PAL06440 

IMPLICIT INTSGER (~-l) ~AL06q5~ 

INrEGEti IBUF(9,2U),ISI!'l(H,20) PALOG460 
LOGICAL LMArCH PAL06Q70 
D/\'i'A C/'C'/,A/IA'/,R/I'd'/,'tI' til PAL06480 
IjATCH=O PAL0649J 
DO 20 J=I,20 PAL0650J 

LMATCj=.IaUE. PAL06510 
DO 10 1= 1,:) PALO&520 

10 i.1'1ATCH=LMAl'CH.ANO. (1I3UF(I, 1) .E:.I.I.5YI1(I,J» t'AL06!>JO 
IF(Lt1ATCU) IHATCU=J PAL06540 

20 CONTINUE PAL06550 
C !'I A 'r C ii C A H R Y W Ii I C H 1.3 Fa U r. D I It r HLP A L 16 A 4 PAL 0 G 5 b 0 

I F ( I BUt' (l, 1) • E Q • C • AN L> • 1 Bur (~ , I) • E V • A • AN Ll • I B U F (:;, I) • E I.? • a • AND. P'\ L 0 6 !) 10 
I lBUr(u, I) .iQ.R.AND.IUUF(7,l) .t.Q.~ ) II'IATCli=99 PALOGS80 
REtURN PAL06~90 
EHD PAL06bOO 
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-iii 
CD c C LJAL06610 

C •• ***********~********************************.************************PAL06620 
C PAL06b10 

SUBROUTINE IXLArE(IINPU1,IMATCH,LPHASE,LBUF,ITYPE) PAL06640 
C T~IS SU3ROUTINE FINDS A MATCH dETWEEN THB INPUT PIN NUMBER AND ~AL06656 
C THE INPUT LINE NUMBER FOR A SPECIFIC PAL. ADD I TO THE INPUT PAL06660 
C LINE NU~BEa If THE PIN IS A CO~PLE~EN'i' PAL06670 

H'PLICIl INTEGl::R (A-Z) PAL06680 
INTEGER ITABLE(lO,6) PAL06690 
LOGICAL LPHASr; (lJ) ,L:lUF (20) PAL06700 
DATA lrABLE/ PAL06110 

1 3, 1 ,. 5, 9, 13, 11, 1.1 , 25, 29, - 10, J 1 , - 1, - 1 , - I , - 1 , - 1 , - 1 ,- 1, - 1 , - 2 0 , PALO 6720 
2 3,1, S, 9,13,17,21,25,29,-10,31,27,-1,-1,-1,-1,-1,-1, 7,-20, PAL06730 
] 3, 1,5,9, 13,17,21,25,23,-IO,",27,2J,-I,-I,-I,-I,I1, 7,-20, PAL067'40 
14 3, 1,5, 3,13,17,21,25,2i,-IO,l1,27,23,H,-',-1,15,", 7,-20, PAL06750 
:; J, If 5, '1,13,17,21,25,29,-10,11,-I, . .n,23,19,b,11, 7,-1,-20, PAL0676u 
6 -1, I, S, 9,lJ,l7,ll,25,29,-10,-I,)1,21,2J,19,15,11, 7, 3,-20/ I?AL0617u 
I[~PUT=O 'PAL06780 
13UBL=0 PAL0679G 
IF « ( LPrlASE (IMATCH» • AtD. (. NOT .LBUr (I») .OR. PAL0680u 

I ((.NOT.LPH~SE(ll1ATCH».AN;).( LoU((I»» I8UdL=1 PAL06810 
IF( I'fABl.i:;(lMATCH,ITYI?E) .GT.\) ) IINPUT=ITABl.E(I~ArCH,ITYt>£) tIBUijL PAL06820 
RErURN PALOG830 
ENU PAL06d~O 

C PAL06850 
C****************************************~****.********.***.*.****.*****PAL06~60 
C ?AL06870 

SUaROUTIN~ rIXSrM(LBUr,lBUF,IC,IL,LFrk~7,LrUSES,I~LOW,IPaOD,LFIX) PAL06B80 
C THIS SUHROUTINE E~ALUATES rHE FIlED SY~80LS FOUND IN THi:;PAL06890 
C PALlbX4 AND PAL16A4 PAL06900 

1l1PLICIT INfEGER (A-Z) PAL06910 
LOGICAL LBUF(2Ci) ,l.FUsr;S(32,b~) ,LFIRST,L!'IATCii,LFIX PAL06910 
INTEGER IBUF(8,20),FIXBUF(d) ,TAl:lLI::C'l, 14) PAL06930 
COMMON /PGE/ IPAGE(SO,200) PAL069~O 

OAf A A/'A'/,B/'a'/,ISLASH/'/'/,IOR/'t'/,IBLANK/' '/,IRIGHT/') '/, PAL06950 
1 lAND/'~'/,H/'~'/,Q/'Q'I,HO/'u'/,Nl/'I'/,N2/'2'/,N3/'3' I, PAL06960 
2 iCOLON/':'/, ~Al.06970 
3 TABLE / ' ','A','t','/','U',' ',' ','A','t','B',PAL06980 
4 ' ',I ',' I,' ','A','/','A'·,'''','/','B',' ',' I,' ','/','8',PALOG990 
5 'A',':','t',':','B',' ','A','>I<','/','s',' ','I','A','t','S',PAL07000 
b 'A',':','*',':','B',' ',' ',' ',' ','B',' ',' ','A','*','!3',PAL07010 
7 ' ',' ',' ','/','A','/','A','*','/','B',' ','/','A','~','B'/PAL07020 

IINPUT=U PAL01030 
00 20 1=1,6 PAL070~O 

IBUF (1,1) =IBLANK t>AL070SJ 
20 FIXBUF(I)=IrlLANK PAL01060 
21 CALL INCR(lC,fL,LFIX) PAL0707U 

I=IPAGE(IC,ll.) PAL07080 
If(I.EJ.I£HGH'r) GO 'f0 40 PAL07090 
IF(I.EU.HJ) IINPUT=B PAL0110J 
IF(I.EQ.ld) IINPU1=12 PALOI110 
IF(I.EJ.N2) IINPUt-1S PAL07120 
IF(I.EQ.!lJ) IINPUT=20 PAL07130 
DO 24 J a l,1 PAL~7140 

214 IBUF(J,I)=iBUf(J t l,I) PAL07150 
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C 

I;juF(d,I)=1 
H(.NOT. ( (l.il.i.A) .J". (1.1:.".0) .O!<. (I.E'; • .lSLASH) .OR. (I.t:Q.IOR) 

1 .u:l. (I.t:Q.lAND) .OR. (I.EI.i.ICOLOIi) » GO ra 21 
DO JJ 1::1,4 

10 FL<3l)F(I)=Fa8UF'( ..... I) 
flXiJlJf (5) =lPAGE(IC, IL) 
GO TO 21 

4 0 1.'1 ArC Ii:: () 
DObUJ=I,14 

l. tl AT C ;1 = .1: i{ U £ • 
;)O~ul=I,5 

'jO L~ATCH=L:1AfLH .HO. ( fIXJUl(l) .E",.TAbLE(I,J) ) 
GO IF(LrlATCH) Ir.ATCH=J 

IF ( 111 AI C;I • E \i. 0) G G r 0 1 (; () 
H·(.~40T.LflHST) GO TO d:; 

LFIkSf=.FHSE. 
DO 80 I=I,J,2 

LFUSES (I,lPROD) =.TRUl::. 
uC IoLUN :: IBL04 t \ 

:l~ DO 90 1=1,4 
IF( (IMATCil-1).Li.U ) ~o :0 '::IU 
buM \=UNPUTtI 
L f USE S (I S U ,,! \ , .;: p a J[J) :: • r A L sr:. 
IilLO~ = IBLOw - 1 
IMil.TCd=II'IUCii-ti 

JO I"ATCH=I~ATCHtIMA£CH 

Ll:IUf ll) =.TiiU':. 
CI\LL PLOi' (L3UF,IHtH,LfU3f.3, I?ROD, rr:u:,. fALSE., ITIP::, 

I LPROJ,IOP,IrlLUw,IPCTH) 
lao LrIX=.fHSE. 

CALL UlCn(IC,IL,LFU) 
REfUHN 
J::~D 

PAL07160 
tlAL0717..; 
PAL07ItH; 
PAL0719iJ 
PALU7200 
ClALu7210J 
PAL0722u 
PAL07230 
PAL07240 
PALJ72SC 
PAL0726lJ 
rAL07270 
PAL07280 
PAL072:.10 
PAL07J00 
?AL07310 
PAL07320 
PAL073)O 
PAL0734li 
PAL0735u 
PAL01360 
PAL073hl 
PAL07J8J 
PAL07J9C 
PAL07400 
PAL07410 
PAL07~20 

PAL0741v 
tlAL01440 
PAL01450 
p,\L01461.1 
rlAL0741f.J 
PAL074tJO 
?AL07490 

C***********************************************************************PAL07500 
C PAL07~lu 

SUnHOU1I~£ ECHO(lPAL,iHOAI,I01,iNOO,R~ST,PArNUM,TlrLE,COMP) PAL07520 
C THIS ~U~a0UTINB PHINTS THE PAL DESIGN S~ECIFICATION INPU~ FILE PAL07530 

I~?LICIT INrE\ii::H (A-.q PAL07540 
I ~I i.' E G r; d L? At (4) , R f. S r (7 3) , PAT N U 11 (b ()) , T IT I.E (d 0) , CO.'1 P (!3 0) PAL 0 7550 
COMMUN /PGE/ IPAGE(dO,200) PALv756u 
CO~MON ILUNlr/ P~S,PJf,PCf PAL01570 
CO"~ON IffESrl ifUNCr,IDESC,IENO PAL07580 
OAf A rdLA~K/' 'I PAL07S90 
WRITE(POf,5) IPAL,INOAr,IOT,I~OJ,REst,PATNUM,rlrLE,CO~P PAL01600 

5 FJiUIArv,' ',QA1,AI,Al,Al,7JAI,/,' ',dOA1,/,' ',dOAI,/,' ',dUAl) PAL07&lO 
DO 20 lL=I,I~~~ PAL07620 

IC=dl P~~076)O 

10 IC=LC-l PAL07640 
If( li'AGE(lC,IL) .E\l.lt)LA~K.IUl).lC.GT.1 ~O TO IJ P'\L076~O 
flRITE(POF,IS) (IPAGE(I,IL),I=I,rq PAL07660 

15 fOR,'1AT(' ',80Al) i'AL0767u 
20 CO~TINUE PAL076aO 

aETuHN PAL07690 
ENJ PAL0770J 
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C PAL07710 
c •••••••• * ••• *.* ••• * ••••• ~~** •••••••• ** ••• **.* ••••• * •••• ** •••••••••••••• PAL07720 
C PAL07730 

SUBROUTINE CAT PAL07140 
C THIS SUDROGTINE PRINTS THE PALASM CATOLOG PAL011S0 

ItiPLICIT INTEGER (A-'l) PAL071b0 
CO~~ON ILUNITI PMS,POf,PDF PAL07770 
Wal'rf: (PI'lS, 10) PAL0778U 

10 FOanAr(/,' IHIS PALAsn AIDS THE USEa IN THE DESIGN AND', PAL0779U 
1 ' PROGriiUHHNG OF THE'';,' SERIES 20 PAL FA:1ILI. TttE', PAL0180U 
2 ' FULLO~lNG OPTIONS ARE PROVIDtD:', PAL07810 
3 II,' ECHu (E) - PRIN'rs 'fHE PAL DESIGN', PAL07820 
4 ' SPEClfICATlvh', PAL01830 
S II,' PINOUT (0) - PiHtoTS THE PINOUT OF THE PAL', PAL07840 
6 II,' SI!'1ULATE (T) - ElERCISES THE FUNCTION TABLE', PAL018!>u 
7 ' VECJ:ORS IN, THE LOGIC',1,' PAL01860 
6 ' EQUATIONS AND GENERATES TEST VECTORS', PAL07870 
3 . II, ' P L 0 'I' (P ) - P R L N T S THE E NT I R r: F USE P LO T ' ) PAL 0 7860 

WRITE(PMS,20) PAL01890 
20 FORttAT(I,' BBIEF (6) - PRINTS ONLr THE USiD PRODUCT LINES', PA-L0190u 

1 I or THE FUSE PLJT' ,1,' PHANTOM', PAL07910 
2 ' FUSES ARE OIHTTl:.D', PAL01910 
3 11,' HEX (It) - GENERA'l~ES HEX PROGRUllHNG rORI'II.T', PAL07930 
4 II , ' s It 0 R T ( S ) - G ENE R A 'rE S d EX PRO G RAM t1 I H G r 0 R 11 AT' , PAL 0 7 94 0 
5 II,' 3HLf (L) - GENi:;RArES oHLF PROGRAI1llING FORI';,!', PAL07950 
b II,' aSFF (If) - GENERATES BtlFF PROGRAI1I'UNG rOR~AT', PAL01960 
1 II,' CilTALOG (C) - PHIIITS THE PALASI'! CATALOG', PAL01970 
d II,' I2UII (;i) - EXIT PALASl1', l'AL07geo 
9 II,' JEDl:.C (r) - JEDEC FORMAT rOd DATA 1/0 PROGRAHMER'PAL079~O 
A II, I F'AULr (F) - fAULT 'rESTING ') PALOS'OOO 

RETURH PAL08010 
END PAL080~O 

C PALOS030 
C********** ••• ****************~*.****.* ••• * •• ****.****.**** ••• *.* •• ** ••• PAL08040 
C PAL08050 

SUOilOUTIHE PINOUT(IPAL,INOAI,IOT,lNOO,TITLE) PAL080&O 
C THIS SUcidOUTIHE PRINTS THE PINOUT OF TrlE PAL PAL08070 

I:'IPLICIT iNTEGER (A-l) HLOaOGO 
INTEvER Il?AL(4) ,TITLEltiO) ,PI:f (12,20) ,IIN(1,2) PALOS090 
COM~OH IPGEI IPAGE(BO,2CO) PAL08100 
CO~MON ILUNITI ~Ms,por,p~F P~LOdl10 

DAfl IBLANK/' 'I,ISTAS/'o'l PAL0812Q 
DO 10 J=I,20, PALOS130 

DO 5 1=1,12 PAL08140 
5 PIN(I,J)=IBL~NK PAL081S0 

10 CO~TINUE PAL06160 
15 DO 25 J=I,2 PALO~170 

DO 20 1=1,7 PAL0818u 
20 'IIh(I,J)=lBLANK PAL0819Q 
25 CONrINU~ PAL08200 

IIH(2,I)=IPAL(1) PAL08210 
lIN (~, 1) :IPAL (2) PI\L08220 
lIN (6,1) =IFAL (3) PALOl:l230 
lIN (1,2)-=IPAL(4) PAL082"O 
lIN (3,2) =IliOAI PAL08250 
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IIS(5,l)=IOf 
lIN (7,~) =1 NOO 
J=tJ 
1L=0 

)0 IC=O 
IL=IL.' 

J5IC=lC.' 
!fO IF{ IC.GT.u\) ) ':;0 TU JO 

IF( rPAGE(IC,Ii.) .l.~.IIHAN~ ) C;U 1U )~ 
J::;J ., 

IF(J.Gl'.20) (,)0 1.'0 6J 
D05~I=I,12 

pr~ (I,J) =IPAGil,(IC,IL) 
Ie=1C.' 
rr( rC.GT.HU ) GO ro 40 
If( rl'AGE(IC,IL).t:Q.1BLANK ) GO TO 4\) 

55 CONTINuE 
b (J DO 7:) J = I, 10 

11==0 
05 II::;IIt-l 

If(II.Eoi.ll) GO ru 75 
I F ( I? r h (I I , J) • ~ E • i d LAN r: ) G U 'i u b ~ 
1= 13 

70 I:<i:-I 
II::; Il- 1 
tlIN (I,JI ::;PD (II,JI 
f'rN(rI,J)=lBLANr. 
If (II. IH • I) G G TO 7 a 

7~ CONTINUE 
WRI'f~ (POf', 7iJ) 'liTLi 

76 rO~d1Ar{/,' ',80Al) 
WRrrE(POr,7d) lSTAH,ISTAR,ISfAR,ISTArl,ISTAR,rsIAR,ISTAR,rSTAR, 

1 ISTAR,rSTAk,ISTAR,ISTAH,ISfAR,ISTAk,ISTAk,ISTAR, 
2 lS~AR,I~rAR,I3TAR,lSTAR,lSTA~,ISTAR,ISTAd,ISIAR, 

] ISTAR,rSTAR,IsrAR,rSTAR,ISTAR,ISTAR,IS7AR,rSTAR 
78 FOrii1A-£(/,1 ',lax,IIUl,lX,Ii4Al, 

I /,",ldX,Al,IL(,AI,Ix.,AI,13X,AI) 
JJ=::20 
DO 8d J=I,llJ 

WRIT£(Puf,dO) ISTAR,I5TAR,IS1AH,lSTAR,ISTAR,ISTAR,rSTAR,ISTAR 
dO rJRI1AT(",15X,'4Al,29X,I4Al) 

WRITE(f'Of,u\) (PIl'i (~,J) ,1=1,12) ,IS'IAH,J,15rAR, 
1 (IIN(I, 1) ,1=1,1) ,rSTA:t,JJ,I51'A&, (PU(I,JJ) ,1=1, 12) 

a 1 FOri I'\AT (I I, 12A 1 , lA, AI, 12, t\ I, II X, 7 AI, 1 1:< , A I, 12, AI, )X, 12 t\ 1) 
~RrTE(POF,ti2) IsrAR,ISfAS,ISTAR,ISTAR,ISIAR,ISTAR,ISTAR,ISIAH 

d2 FOaIHT(1 ',I:>li.,~Al,29X,4AI) 

lOIiHTi:(PuF,d4) IST~ri, (lIN (1,2) ,I=I,7) ,IS1'AR 
8~ FOHi'1AT(' ',18X,Al,IIX,7Al,IIX,AI) 

DO db rr::l,2 
UO tl5 I=I,7 

d5 ID(I,II)=IBLAhl< 
Cjb CONTINU~ 

JJ::JJ- 1 
ob CONTINUE 

WkITE(?Or,90) ISTAR,ISTAR,ISTAR,ISTAR,rSTAR,ISIAR,ISTAR,IiTAR, 
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~ALoa2bO 

PALu327u 
PALOS280 
il.\L08290 
ilALOB30v 
p.uOaJ 1 0 
PALO~32(j 

PHOBBe 
PAL03J40 
PALOa350 
PALOa360 
PALOd37C 
PALOd38U 
PAL08390 
PALOd400 
PALOaQl0 
PAL08420 
PAL0t34JO 
PALOd440 
PALOd450 
PALOU~bO 

PALOd470 
PALOB4ao 
PALOdijlJO 
PALOd500 
PALO as to 
PAL08520 
PALOij53C 
PALJ8:l40 
PALOaS5J 
PALOB560 
PALOa570 
FALOti580 
PALoa~~O 

PALOd600 
PALOd610 
?ALlld620 
PAl-OHdO 
PALO~6~'J 

PAL08b50 
PAL086bJ 
P,\LOd670 
PALOa6dO 
PAL0869'O 
PAL0870U 
PAL08710 
I?HOa 720 
PALOd 730 
PALOd140 
fALOa75J 
PAtOS760 
PALOB770 
PALoa78:J 
PALOS 790 
PAL08dOQ 
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1 ISTAB,ISTAfi,ISTAR,lSTAR,ISTAR,ISTAH,ISTAR,ISTAB, PAL08810 
PAL08820 
PALOB81C 
PAL088110 
PALOiHi50 
PAL08860 
PAL08810 

2 lSrAk,IS~AR,lSTAR,lSTAR,ISTAR,ISTAR,ISTAR,I3TAR, 

j ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR 
~O FOR~AT(' ',1~X,31Al) 

RETURN 
ENU 

C~**.***********************.**.***************.**.* •• ~.*.* •••• ~ •••• * •• *PAL0888u 
C PALOd890 

S~~HOUTIN~ PLOT(LBUf,IBUF,LFUSES,IPROD,TITLE,LDUMP,ITYPE, PALOa900 
I LPROD,IOP,IBLO~,IPCTRO) PALOd910 

C T HIS T iiI S S U l:I R 0 UTI N E PRO D U C E S r'li E f USE PLOT PAL 0 8 ~;2 J 
I"PLICIT INTEGER (A-'l) PAL08930 
INTEGt:R 16U"(8,20),10UT(b4) ,lSAVE(64,32) ,TITLE(!iO) PAL0891.i0 
LOGICAL LBUf(2U) ,LFUSiS(32,64) ,LDUnl?,tPiWD(80) PAL08950 
CO""ON ILUNITI PMS,POf,PDF PALOa960 
:lATA lSAV'E/204U.' 'I, IAND/'.' I,IOR/' t'l,rSLASH/'I'I, PALOS910 

1 1D~Srl/'-'I,X/'X'I,IBL~NK/' 'I,P/'P'I,S/'B'I, P~LO~960 
2 IIIFAlfT/'O'1 PAL09990 
IF (LDiH'IP) GO TO 60 PAL0900il 
IF(IS~VE(IPaOD, I) .NE.IBLANK) RETURN PAL09010 
Ir( LBUF(I) ) GO TO 5 PAL09020 
DO 30 J=1,31 ~AL03030 

30 ISAVE(IPROD,J)=I~AVE(I?ROD,Jt1) PAL09040 
ISAVE(IPHOD,32)=ISLA5H PAL0905U 

5 DO 20 1=1,8 P~L09060 

IF( ISi\VE (nROe, 1) .NE.lliLANK ) RETUrtll PAL09070 
IF( laUF(I,1) .EQ.IBLANK ) GO TO 20 PAL090l:W 
uO 10 J= I, '31 PAL09090 

10 ISAV~(IPaOD,J)=rSAVE(IPROD,Jt1) PAL09100 
I5AVE(It'ROI.l,32)=IBUF(I,1) PAL09110 

20 CONTINUE' PAL03120 
IF(ISAVE(IPtlOO, I) .NE.IBLANi<) RtTURN PAL09130 

40 DO ~O J=1,31 P~L09140 
.50 ISAVE(IPROU,J)=I5AVE(IPROD,Jtl) PAL09150 

ISAVE(IPRQDi32)=IAND PAL09160 
RETURN PALO~170 

C PRINT FUSE PLor PAL09180 
bO WRITE(POf',62) TITLE PAL09190 
62 FO&r\Al'{/,' ',auAl';l, P~L09200 

I' 11 1111 1111 2222 2222 2233',1, PAL09210 
2' ,0 12l 4567 d90 I 2345 6789 0123 4567 89J1' ,1) PAL09220 

DO ,100 IBtlPHO=1,57,o PAL09230 
DO 94 ItlPRO=1,8 PAL09240 

IPROD=I~aPROtI8~hO-1 PAL09250 
ISA~E(IPROD,32)=IBLANK PAL092&O 
~o 70 1=1,32 PAL09210 

IF( ISAH(IPROD,l).l'E.IBLANK) GO TO 70 PALO~280 
00 65 J= 1,31 PAL09290 

I~AVE(IPROD,J)=ISAVE(lPROD,Jtl) P~L09300 
65. CONTINUE ~AL09310 

ISAIE(IPROD~32)=IBLANK PAL09320 
70 CONTINUE PAL09330 

DO ao I=1,J2 PAL09340 
,IO~r(I)=i PAL093S0 
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Ir( d\J.:iE::> (I,IPRUD) ) lOUl'(I)=IUI\SH PALOJJ6Ci 
LOUT (H32)=ISAVl:. (IPaOD,l) PAL0337u 

ao COhfINUE PALQ9J80 
rf(ITY~E.LE.~) CALL F'A~TLM([TY~~,IOUT,IP~OD,I~fHJ) f~L03390 

IPROD=IP&OU-I paL0340C 
JJ d~ J=I,32 PAL09410 

I F ( ~ 0 t-' • E J • !.I • A II D • I 0 .; T (J) • E',l • tllF' ANT ) IOU T (J) :: ~ :; L A If K PAL 0 9 4 2 U 
~~ cu~rINUF. PAL094JC 

IF ( (IOP.~Il.r') .Ok. (lJt'.EQ.h.ANlJ. (;.paOD(I?ROiH I») PAL0:1~4J 

'" ~ I T E (P a ~. , '1 0 ) I Ph 0 ;) , ± 0 U l' PAL 0 1 If ~ J 
'.10 fJR:1I\T(' ',L2,i>(' ',4AI),' ',32AI) PAL09460 
94 CONTINUE PAL09470 

~~[r~(POF',)b) PALJ948J 
96 rJH~Ar(IX) PAL09490 

100 CJN~INU~ PAL0350u 
WHU:'(t'or,IIU) PALOJ51v 

lID F'OHI'!.H (I, PALO':l~2J 
l' i.EGENLi: j(: fUSE ~Ol blOwN (L,N,v) -: fUSC;' 3LufiN (n,?,I) ') PAl.:J'1SJ0 
IF( IO,).c-2.P.ANu.IT'lP'::.Ll..4) \/a:LTE(t'Of,111)' PAL09~4v 

111 fO~M~T( PA~OJ550 

1 ' J : ? H II " T J ,', f U ;) ::; (L , Ii , U ) 0: ~ HAN r 0 " F' U S J:: (H, t>, 1) , ) t' A L OJ 5 b U 
1/ RITE (Pllr', 112) IB L0.o P';L0'157J 

112 fO;C1Al(l,' .NJl'IdER llf rUSES uLO"N = ',14) PALG';lS8G 
RE~Uk~ PALOj5~u 

~NJ PAL09600 
C PAL09bl0 
C****************************************~******************************PA~0962J 
C PAL03630 

c 
5 U :.I a 0 UTI ;;;: It u: (L F U :, £:; , lOP) PAL 0 9 6 4 ~ 
TH1S SUdri0U;IkE G~~ERATi~ riiX PHUGR~MMI~G FORMATS PAL0:16~U 

I~2LlcrT IN7£GhR (A-l) PAL09660 
Il1TEGELI lrA3LE (10) ,lHl'IP (b4) , ZC::ili.'q4) PAL09670 
LO~ICAL LFUS~S(j2,&4) PAL0968u 
I~IEGER SOH,STX,ErK,BEL PAL016iO 
CO~~ON ILUNITI P~S,2()f,PUi 'PAL0370J 
JALA ri!'d'/,S/'S'/,ra;'A;.K/' 'I, PAi..OJ71J 

I Z rAg L i.1 ' 0 ' , , l' , , 2. ' , , 3' , , 4 ' , , ~, , , b ' , , l' , P ~ L 0 9 72 0 
'o','9','A','B','C','J','B','f'l PAL091J() 

DA'iA :';OH IZO IOJOOOi.:1 , :lTX IZ020000J01 , PAL09740 
~ 

CS:.i:'l=u 
LTX/Z03COO'JOOI , tiEL l'L07JOOOOoJl PAL0J750 

PAL097bO 
Ir(lOP.E..!.h) iiRrn.(PLlf,10) 

10 F'ORr':A';(lI,' .',11) 
c~**~* N0r~: 3Q~E PROM PRJG~A~MErlS NEE~ A 5T~aT CHARACTER. 

P"L09770 
PALO'HaG 
PAL09790 
PAL09800 
PAL09810 
PHO'1~~O 

PAL098JO 
PAL09840 
PAL09b50 
PAL098bO 
PALO'J870 
PALO'J880 
PAL09890 
PALO~900 

c***** riirs PHOGRAl1 OUTPUTS ~N SIX fOn THE DATA 1/0 MOilE!. '3 
c***** (JSE SOH fOrt rlODi::L j) 

hriIT~(PDf,S) BEL,EEL,HiL,d~L,ESL,dE~,5EL,STj(,SOH 

:> rOH;1AT (' " 9A I) 
liO 40 [==1,33,32 
INC==I-I 

LlO 4J I?HO::J=I,7,2 
;)0 2u J=l,L 

uu LO IIlHUT= 1,32 
l.dEX:\) 
ISU~2=IPRGD • J-l • I~C 
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IF(LFUSES(IINPUT,ISUM2 to» IHEX=IHEXtl 
If(LFUSES(II~PUT,tSUM2 t a» IHEX=I~tltl 
IF(LFUSES(IINPUT,ISUM2 16» lriEX=IHEXt4 
IF(LFUS£S(llNPUT,I5U~2 24» IHEX=IHEXtB 
CSUM=CSUMtlHEX . 
ISUMx=rINPUtt()2~(J-1» 

20 lIEr.P(ISUMX):ZIA&LE(IHEX.I) 
IF(IOP.EQ.H) ~RI1~(PDf,)O) ITEMP 

)0 FOaMA1~(' ',32(Al,' '),'.',/,' ',32(Al,' '),'.') 
140 IF(IOP.EQ.S) WRIT!:':(PDF,SO) ITE"!? 
SO .'ORMAT (' ',64Al) 

IF(IOP.EQ.H) WRITE(P)F,70) 
70 FORMAT(' ',II,' 

WHITE (PDF, 80) EU 
80 FORMATC' ',AI) 

• ' ,II) 

C CONVERr DECI"AL CHECK SUM INTO HEX CHE:K SU~ 

PAL09910 
PALO 992 0 
PAL09930 
PAL09940 
PA1.09950 
PAL09960 
PAL09970 
PAL09980 
£>AL09990 
PAL10000 
PAL10010 
PAL10020 
I?AL100)O 
PAL100140 
PAL100SG 
PAL10060 
PAL10070 
cA.L100~1.l 
PAL 1 0090 1 

P~Ll0100 

PAL10110 
PAL'0120 
PAL10lJO 
£>1Ll0140 
PAL10lS0 
PAL101bO 
PAL10no C 

DO B5 I=I,ij 
ZTEMP=CSU~-16~CCSU~/16) 
ZCSUd(5-I)3ZIA&LE(ZTE~Ptl) 

CSUr1=CSUM/16 
85 CONTINUE 

IF (ZCSUM C I). EQ. ZTABLE (I» ZCSUM (I) =I8LANK 
WBITE(PMS,90) ZCSUM(I) ,lCSUI1(2) ,ZCSU!'\(J) ,ZCSUM(4) 

90 FORMAT(/' HEX caECK SUH = ',4A1) 
RETURN 
EHD 

C~~$.~$$**~.~.*~~.~~~****~ •• ~~******~.*~.~**~**** •••• *~.**.**.*.** •• ****PAL10Ieo 
C PAL10190 

SUBROUTINE TWE£KCITfPE,IOT,LFUSES) PAL10200 
C THIS SUBROUTINE TWEEKS LrUSES CTH~ I?ROGRAM~IHG FUSE PLOT) PAL10210 
C FOR HIGa AND LOW PHANTO" FUSLS PAL1022v 

IMPLICIT INTEG£R (A-Z) PAL10230 
LOGICAL LFUSES(32,b4) PAL1024G 
DATA L/'L'/,C/IC'/ PAL10250 
IF(ITYPE.GE.4) GO ro 20 PAL10260 
DO 10 IP~OD=1,~4 PAL10210 

LFUSES(15,lPROD)=.lRUE. PlLl0280 
LFUSES(16,IPROD)=.TRU~. PAL10290 
LFUS£S(19,IPdOD)=.TRUE. PAL10JOO 
LFUS~S(20,IPROD)=.rRUE. PAL10310 
IF(ITYP£.GE.J) GO TO 10 PALI032U 
LFUSES(I',IPROD)=.TRUE. P~Ll0J30 
LFUSE~(12,IPROO)2.TRUE. PAL103140 
LFUSESC23,IPBOD)=.TRUE. PlLl0350 
LFUSES(24,IPROO)=.TRUE. PAL10360 
IF(ITYPE.GE.2) GO TO 10 PAL10J10 
LFUSES( 7,IPROD)=.rRU~. PAL10380 
LFUS£S( 8,IPHOD)=.TRUE. PALlu)90 
LfU5ES(27,IPROU)=.TRUE. PALIOqOO 
LFUS£S(28,IPROD)=.TRUE. PAL1041~ 

10 CONTINUE PAL10420 
DO 18 IINPUT:7, 28 Pll.l0430 

DO 12 IPROO=1,57,a PAL10440 
LFUSES(IINPUT,IPRODtq)~.FALS&. PALIOQ50 
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12 

lij 

I b 
18 
20 

)0 

40 

50 
99 

C 

LFUSES(lINPUT,!PRODt5)~.FALS~. 

I.FUSES (IlIlPUT, IPROOtb) =. FAl.SE. 
LfUSES (IIh~UT, IPROOt7) =. FAL,H. 

rF(lfYPE.Gt;.J) GO TO ltl 
iJO 14 IPROD==17,~1,6 

l.FU3ES(Ir~PUr,IPRODtl)·.FALSE. 

~FUSES(rI~PUT,IPhODt)=.FAL5E. 
rF(I'i.'YPE.GE.2) GO ro'io 
DO 16 lPiiOO=I,57,'J 

LFUS£SlII~PJi,rpRODt2)=.rAl.S~. 

LrUSES(IINPUT,IiRODt):~rALSE. 

CONTINUE 
IF( (lTY'PE.EQ.I) .OH. «ITY'Pt:.EQ.") .AND. (IOT.E'J.L» Rr:rURH 
DO 99 IINPUT=1,32 

DO 30 IPROlJ=l,d 
l.FUS£S(IINPUT,lPROOt 0)= (lOT.SE.L) 
rf(IOf.NE.C) LFUS£::i(IlNPUT,LPkOU t S6)= (rOT.NE.L) 

IF(ITY'PE.LE.2) GO to 93 
DO !40 IPROJ=1,8 

LfU3ES(lrhPU~,I~ROD. S)= (lOT.NE.L) 
IF(Ior.NE.CJ l.r~~ES(rBPUT,IPROI)t4a)z (lOT.NE.L) 

IF(~TiPE.l.e.) GO TO 99 
DO SJ lPHOu=l,d 

LFUS:;S (IINi'UT,IPROD.16)= (IO'r.Ni.L) 
IF(IOr.NE.C) LfUSl::::i(II:.PUT,IPRO.)t40)= (IOr.HE.L) 

C()NTINUi 
RETURN 
END 

PALIOijt>O 
PALIOIOO 
PAL10Q60 
PAL10q9U 
PAL10S00 
PALI0510 
PAL10520 
PI\Llu5JU 
PALI0540 
PAL10550J 
PALIO)bO 
PAL10570 
PALlu5tiv 
PAL10590 
PALIOriOO 
PAL1061J 
PAL11J620 
PAL10630 
PA L 1064 V 
PALI0650 
P~L10660 

PAL1061J 
PAL10680 
PALI0690 
PALI0700 
LlAL11>710 
PAL10720 
PAL 1,0 no 
PALI074Q 

C~~~.~****.~* •• *.*****.*****.** ••• ~.*~*~ •• ~.**~***~***~ ••• ** ••• ** ••• * •• ~PAL10750 
C PALI07bO 

SUdHUUTINE drHR(l.rUSES,H,~) PALliJ770 
C THIS lUHH()UTINE GtNERATES BINAK{ P~OGR~ft~IHG rORNATS ~ALI0780 

IMPLICIT INTEGER (A-l) l?AL10790 
INTEGEH lTIMP(4,dJ PALI0800 
LOGICAL LrUSES(32,b~) PALlOS10 
COM~ON /L~Nlrl PMS,POF,PDF PAL10820 
WRITi:(PDl",IO) PAL10830 

10 rOB:1Ar(//,' .',/1) t>AL1J840 
DO 20 r=I,33,)~ PALI08S0 
INc~r-1 PALI0860 

DC 20 !PR0D=I,d PALloa70 
00 20 J21,l~,d PAL10880 

DO 15 K=I,8 PALIJ890 
IrNPUT~J.K-1 PAL10900 
ITE~P(l.K):L PALl0910 
ITEMP(2,~)=L PALI09~O 
IrEMP(J,~):L PAL10930 
ITEMP(ij,~):l. PALI0940 
ISUM3=I~ROD.IHC ~AL10950 

1 F (L f USE S (I I H PUT, 1'5 U t1 3 to» IT E:1 P (4 , K) = H PAL 1 096 i) 
IF(LFUSE:i(IINPUT,lSUi'\3 .. d» ITEl'1P(J,K)=ii PALI0910 
IF'(LFUSES(IlIiPUT,15UM3 16» ITEI'1k>(l,K)=1l PAL10980 
IF(LFUSES(IINPUT,15Ur13 24» lTilHI(1,K)=H PALI0990 

15 CONTIHU~ PAL11000 
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20 WtlITE(PDF,JQ) ITEMP PkLl1010 
30 .'OarUT(I I.fi~'B',~Al,'F I» PAL11020 

WRITE(PDF,10) PAL11030 
RETURN PAL11040 
END FAL110S0 

C P1Lll060 
C •••••••••••••••••••••••••• * •••••••••••••••••••••••••••••••••••••••••••• PAL11010 
C PAL110BO 

SUBaOUT~NE SLIP(LFUSES,IBBPRO,INOAI,IOT,INOO,tBLOW) PAL1109u 
C THIS SUBROUTINE ~ILL BLOW THE ENTIRE CONDITIONAL TdREE-STATE PAL11100 
C PkODUCT LIME WHEN 'If(YCC)' CONDITION IS USED FOR TdE PALlll1U 
C CORHESPONDIHG OUTPut PIN PAL11120 

IrtPLICIT INTEGER (A-Z) PAL 1113u 
LOGICAL LFUSES(32,b4) PAL11140 
DATA R/'H'/,Il/' 1'/,I2/'2 1 /,I4/'Q'/,lb/ ' 6'/,I8/ ' B'/ PALl1150 
IF( (INOAI.KI.lb) .OR. (INOO.EQ.11) .OR. (IJlOO.EQ.I2) .• OR. PAL11160 

I «IOT.EQ.R) .AND. (I~00.EQ.I8) ) .OR. PALI1170 
2 «188paO.GE. 9) .AND. (18tiP£W.L.E.~9) .AND. (IliOO.EQ.I6).) .OR. PAL11180 
3 «IS8PRO.G£.17) .AND, (I88paO.LE.~I) .AND. (INOO.EQ.I4» RETURMPALt1190 

DO 101=1,32 PALl1200 
IBLOW = raLOW • 1 PAL11210 

10 LFUSES(I,I88PRO) = .TRUE. 1'AL11220 
168PRO 2 18BPRO·. I 1'AL11230 
RETURN 1'AL11240 
END P AL 11 25 0 

C PAL11260 
C*.******* •••• ******** •••••••• *.** ••••• ** ••• , ••••• *.** •••• ****.*.* •••• **PAL11210 
C PAL112dO 

SUBROUTINE FANTOM(ITYPE,IOUT,IPKOD,I8PRO) PAL11290 
C THIS SUBitOUTINE UPDATES lOUT (THE PRINTI::ll FUSE PLOT) PAL11JOO 
C FOR HIGH AND LOW PHANTO~ FUSES PAL11Jl0 

I"PLICIT INTEGER (A-Z) PAL 11320 
INTEGER IOUT(64) PALtlll0 
DATA X/'X'/,IDASH/'-'/,LOFANT/tO'/,HIFAMT/'O'/ PAL11J40 
DO 10 1"'1,32 P~LI1350 

IF( IOUT(I).EQ.IDASH ) IOUT(I)=HIFAH'r PAL11360 
IF( 10UT(I).£\1.1 ) 10UT(I)=LOFANT PAL11J70 

10 CONTINUE PALllJaO 
IF«lTH.E.EQ.~) .ANO. «.IPROD.LE.24) .OR. (IPROD.GE.ltl») RETURN PALI1390 
IF«I'npE.EQ.3).Alm.«IPROD.Le~lb).qB.(IPROD.Gr:.4S») flE'rUHN. PAL11400 
IF«ITYPE.E·J.2j.AND.«IPROD.LE. 8).OR.(IPROD.GE.SJ») RETURN PAL11410 
IF«ITYPE.LE.3) .AtW. (laPRO.GE.S» REIIJHN PAL11ql0 
IF «ITIPE.LE.2) .AlW. (IPROu,GE.19) .AMD. (IPROD.LE.48) .AND. PAl.11430 

1 (laPRO.GE.l» ftETURtt PAL114"O 
IF «ITIPE. EQ.1) .AND. (I8PRO.GE.l» RETURN i'AL l1l1S0 
DO 50 1=1,32 PAL11~60 

IF«(I.£Q.15) .OR. (I.EQ.16) .OR. (l.£Q.19) .OR. (I.£Q.20» .~HD. PAL1147Q 
(lTnE.LE.l» GO TO 50 PAL11480 

IF«(I.EQ.ll) .OR. (I.EQ.12) .OR. (I.EQ.23) .OR. (I.EQ.24» .~SD. PAL11490 
(ITIPE.LE.2» GO TO 50 PAL11500 

IF«(I.EQ. 1) .OR. (I.EQ. B).OR. (I.EQ.21) .OR. (I.£Q.28» .AID. PA1.11510 
(ITfPE.LE.l» GO TO )0 PALl1520 

IF( IOUT(I).EQ.HIFANT ) tOU'I(I)"IDASH PAL11530 
IF ( lOUT (I) .E2. LOFAIIT ) lOUt (I) =1 PAL 115140 

SO CONTINUE PAL11550 

24-68 
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C 

RETURN 
END 

PAL11560 
PAL 1157'" 
PALI1Sao 

C***.*************.****.* •• ******** •• **********.**.******************.**PALI159U 
C PALlt600 

SUbROUTINE IODC2 PAL11&tO 
c***** THIS HOUTINE IS OPTIONAL, IT MAY BE USED TO TURN PERIPHERALS ON PAL11620 

IMPLICIT INTEGER (.\-Z) PALl1630 
INTEGER BEL,DC2,ESC,FF,NUL PAL11640 
COMMON /LUhIT/ P"S,?uF,PDf PALll&50 
DArA aEL /Z0700000J/ , DC2 /'l2200000u/ PAL11660 
WRrTl::(PDF,10) DC2,BEL PAL11610 

10 FORMAT{' ',2Al) PAL11680 
RErURN PAL11690 
ESD P1L11700 

C PAL11710 
c*********************.*******.*****.*** •••• * ••• * •• ************** ••• ****PALI1720 
c PALI1130 

SUdHOUTINE rOOC4 PALI17~O 
c***** T9IS ROutINE IS OPTIONAL, IT MAY BE USED TO TURN PERIPtlEaALS OFF PAL11750 

H1PLICIT INTEGER (A-l) PAL 11760 
INTEGER &EL,uC3,DC4 PAL11770 
COMMON /LUNiI/ P~S,POF,PCF ~AL1l180 

OAf A BEL/107000000/,DC1/Z2JOOOOOO/,DC4/l24000000/ PAL11790 
WRIl'C;(POf,IO) bEL,DC3,OC4 PALl1800 

10 FORMAl'(' -,JA1) PALll010 
RETURN PAL118~U 

END PAL11810 
C PAL 11840 
c******************************************.*****.**** ****.****.* •••• * •• PALI1850 
C PAL11860 

SUHHOUIINi TEST(LPrlASE,LBUF,TITLt,IC,IL,ILE,ISYM,IBUF,rrrPE, PAL11B70 
I INOO, LFIX,IPCTt1,LERR,ISAF,IPCTR I, LSA II, 1.5AOI) PAL 11880 

C THiS SUdHQUTIN~ PEHFOH~S THE FUNCTION TABLE SI~ULATION PAL11&90 
C AND G~~ERATES TESI VECTORS PAL1190~ 

II1t'LIcrT lli'fEGt:R (A-Z) PAL11910 
INTEGER 1::iY.'1(U,2J),IS¥I"'(tl,lO),IbUF(tl,21i),IVtCT(20),IV!::CtP(20), PALlI9~O 

I ISTATE(lO),lSlA'l'1(lO),IPlN(2U),TITLE(dO),IPCTR PAj.1190 
LO~ICAL LdLANK,LLEFT,LAHD,LOR,LSLAStl,LEVUAL,LRIGHT,LXOB,LXhOR, PALlI9'O 

I LFrX,L5AME,XOiHND,LERR,LfHASE(20) ,L?HAS1(20) ,LBUF(20), i?AL1195J 
2 LOUT (2v) ,LOUTt> (20) ,LCLOCK,LPfhST,LCTRST,LEHABL(2D) ,fjREG, PAL1I960 
3 L.5All,l.SAI2,L~AO' PALlI970 

LNrEGER EEL PAL1I980 
COMMON LBLAHK,LLEfr,LAHD,LOd,LSLASH,LE~UAL,LRIGHT,LXOR,LINoa PALI1990 
CO"MOH /PGE/ IPAGE(dO,LOO) PAL12000 
COMNON /LUNIT/ P"S,POf,PDF PAL12010 
COjNON /FTE3T/ IFUNCT,IDESC,I~ PAL1202u 
DATA IDASH/'-'/,L/'L'/,H/" ~-/,2/'Z'/,NO/'O'/, PAL12030 

I NV'''/,ERR/'?'/,ra' ';'/,I~/'4'/,rb/'6'/. PAL12040 
2 18/'8'/ PALI20~u 

)IHT~~ DATA &EL/Z07000000/ PAL12060 
I COUH PRINT AN ERROR ..n:<: IS SUPPLIED PAl.12070 
tAR £';11, IF(IFUHCf.HE.O) PAL120c30 

~ WHIrr; (PM;), 2) PAL 12090 
? FORMAT (/,' fU -'RDf;R TO PERFORM', PAL 12100 
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C 

C 

C 

C 

C 
C 

C 

C 
C 

C 
C 

, 

~,\ 

C 
C 

C 

, SHIULATION') 
BE'fURN 
PRIN'T TITLE 

1 IF(.NOT.LSA1').ANO.(.:40T.LSA01» WRIIE(POF,q) TITLE 
q FORtUT(/,' ',80Al,/) 

PAL12110 
P~L12120 
PAL12130 
PAL1214::l 
PAL12150 
PAL121bU 
PAL12170 

5 

6 

1 

10 

12 

INITIALIZE LEBR (FUNCTION TABLE ERRJB FLAG) TO NO ERROR 
LERR=.fALSE. 
I~rTIALIZF; N ERR (tiU I1B£R OF FUNCTION TABLE ERRORS) TO NO ERRORS PAL12160 

PAL12190 
PAL12200 
P1L12210 
P1L12220 
PAL12230 

NERR=O 
INITIALIZE ITBST 
ITSST=O 

(TrlREE-5TATE ENABLe FUNCTION TABLE PIN MU"BER) 

SET THE STARTING 
AND IYUNCT • 1 

POINT OF THE FUNCTION TABLE TO COLU~N 0 

IC=O 
IL=IFUliCT • 1 
INITIALIZE SAl/SAO PARAMET£R5 
IPCTR3=O 
IEQN=O 
IPCTR==O 

MAKE A DUMHl CALL TO INCR 
CALL INCR(IC,IL,LFIX) 
GET THE FUNCTION TABLJ:: PIN LIsr (UP TO 1d) 

GO ONE aORE THAN MAX TO LOOK FOh DAShED LINE 
DO 10 1=1,19 
CALL GETstM(LPHAS1,IsrM1,I,IC,lL,LFIX) 

DO 5 J=1,8 
lBUF (J, 1) =I5H11 (J, 1) 

I F (1. Bur (ij, 1) • I:: ~ • I l.i ASH) GO 'r 0 1 2 
CALL HATCa(IMATCH,IBUF,rSYM) 
IF (Il'UTCri. NE .0) GO TO 1 
WRLTE{PHS,6) (IBUF(J, 1) ,J=1,8) 
FORI'IAT (I,' FUNCTION. TABLE PIN LIST ERROR AT'r BA1) 
RETURN 
LOUT(I)=.FALSE. 
ISTATT(1)=X 
IVECTP(I)=X 
IF APPROPIATE PAL TYPE, RE~E~BER LOCATION OF CLOCK AND 

ENABLE PIN IN FUNCTION TABLE PIN LIST 
IF(IT1PE.NF..b) GO TO 10 
IF{I"ATCH.EQ.1) ICLOC~=I' 
If(IrUTClt.EQ.1t) rIBST::I 
IPIN (1) =II'UTCH 

PAL 122~J 
PAL121S0 
PAL12~60 

PAL12270 
PAL1226u 
PAL12290 
PAL12300 
PAL1l310 
PAL12320 
PAL12330 
PAL1234u 
PAL12350 
PAL12J6lJ 
PAL1237u 
PALt2360 
PAL1239') 
PALI240u 
PAL12410 
PAL12420 
PAL12 100 
PAL1244v 
PAL12450 
PAL12460 
PAL1241i.l 

THREE-STATEPAL12480 
PAL12490 
PAL1250U 
PALll51J 
PAL1252U 
PAL12!:>30 

ALL SIGNAL NAMES FOR rHE fUNCTIONAL TEST HAVE BEEN HEAD IN 
ADJUST COUl'r 

IMl\X:I- 1 
lfVECT::O 

C*****START OF MAIN LOOP FOR SIMP 
C 

PAL1254J 
PAL12550 
PALI2S60 
PAL12570 
PAL12580 
PAL12590 
PAL12bOQ 

C 
C 
C 
C 

INITIALL~ THERE ARE NO f 
TOTAL NUdBEB OF PRODUCT 
IPCTR3 IS THE PRODUCT' 

90 IPCTR2=O 

T. 
I. 

PAL12610 I 
PAL12620 ft.GI 
PAL 1 2 63 0 'r 0 

PAL12640 \ 
PAL12650 T 
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C 

1EQH-O 
IPCTRJ::O 
LSAI2::.FALSE. 
LSA02-.FALSE. 

HVECT-NVr.:CT.I 
ICI=J 
IL I-ILE 

C GO PASSED CO~MENT LINES 
23 IF(I?AGE(I,IL) .NE.CO/UN'r) GO TO 24 

IL=lL.1 
GO TO 23 

2ij CONTINUE 
C GETS VECtORS FRO" F~NCTIOH TA~LE 

C 

C 

C 

C 

C 

C 

c 

DO 20 I:l,rriAX 
IF(IPAIiE(IC,IL).EQ.IBLAHK) GO 'Iv 21 
GO ro' 22 

21 lC=IC.1 
IF(It'AGE(IC,IL) .EQ.lbLANK) GO 10 21 

22 IVECT(I)-rPAGE(IC,IL) 
IC=ICtl 

20 CONTINUE 
ADVAMCE LI~E COUNI TO SKIP FU~CT;ON tA~LE COMnENTS 
1L.zILH 
IC= 1 
IF(11t:CT(I) .EQ.IDASlt) GO TO 'J5 
CHECK FOR VALlO FUNCfION fABLE VALUES (L,H,X,Z,C) 
;)0 II I=I,IHAX 

r F ( r V EC r (I) • E Q. 1..0 R. I V EC r (I) • E i.1.1i • 0 R • I V EC T (i) • E Q. X • U d • 
IVECT (I) .£Q.l.OR.IVECT (r) .EIJ.C) GO TO 11 

WiU'rr;(pL'1:i,o) IVECT(I) ,!jVECT 
8 FURI1ATV,. ',AI,' Ii NOT AN ALLO>4£O FUriCTIOH TABLE ENTRY", 

1 • IN VECTOR ',13) 
RETURN 

11 CONTINUE 
I~ITIALIl£ CLOCK AND ~liaE~-srAT~ENABLE FLAGS 
LCLOCK=. FoiLSE. 
LCTHST=.TdUE. 
LPThST= •. TRUE. 
DO 13 1= I , HUX 

13 L£NABL(I)=.TRUE. 
INITIALIZE, HREC (1'01 RZCilS1SREU OU'f?U'I)fO fALSe 
NREG"".FALSE. 
INITIALIZE ISTaTE ~RHAY 10 ALL X'S 
DO I ~ 1=:1,20 " 

15 ISTATE(I,=X 
C~ECK IF THIS PAL tYPE HAS RECISTER3 
rF(LTYPE.HE.b) GO TO 25 
CHECK CLOCK AND tHREE-SlATE ENABLE ~lHS AND ChANGE FLlG IF NEEDED 
IF(IV£CT (ICLOCK) .l:'"l.C) LCLOCX .... TRUE. 
rF(rrHsr.EQ.U) GO TO ~5 
LSAttE::( ( LPItASE(II».ANU.( LPHA::iI(ITRST».OR. 

I" (.NOT.LPHASE(ll».A.N:;.(.NOT~LPH'\~I(IrtLir» ) 
If( IVECT (1T1(S4') .toO.L.AIiO. (.Nor.LSAME) .OR. 

I rVr;CT(1:rRST).EQ.ii.AND.( LSA:1E» LPTRST:.FALS£. 
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PAL126bO 
PAL1267u 
1'AL12680 
PALI2690 
PAL12700 
L>ALI27IJ 
~AL'2no . 
PALI27Hl 
PAL1274U 
PALI2750 
PALI2760 
PALt2170 
PALI2780 
1'AL12790 
PALI280J 
PALI2BI0 
PAL12b2J 
?\l.12830 
PALI284v 
PAL12850 
?AL128bl. 
PALI2870 
PAL 121;8 i.) 

PALI2d9() 
PALI2900 
PAL1291iJ 
PALI2920 
PALI29)O 
PALI2940 
PAL12950 
PAL1H60 
PAL1291v 
PAL12980 
PAL12990 
PAL'JOO.) 
PALI30lv 
PAL 13020 
PAL 13030 
PAL I )04v 
PAL 13050 
PALI3060 
PAL13010 
PALI3080 
PALIJ09J 
PALIJ100 
PALll110 
PAL1Jl;lO 
PAL1J130 
PALIJ140 
PAL 1315U 
t'AL13160 
PAL13170 
PALI31S0 
PALllnO 
PALlj200 

~ 
r 
C 
CD en 

cC· 
::::::J 
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C 

C 

IF (LPraST) GO TO 25 
DISABLE REGISTEREO OUTPUTS IF APPROPRIATE 
DO 46 I=I,Il'IAX 

J=IPIN(I) 
IF(J.EQ.14.0a.J.EQ.IS.OR.J.r;Q.16.0R.J.EQ.I7)' 
If( INOO.£Q.I6.AND.(J.E\l.13.0H.J.EQ.1S) ) 
IF ( INOO. EQ.IB.AND. (J.EIt.12.0ii.J.EQ. 13 

I .OR.J.t:Q.18.0R.J.EQ.19) 
li6 CONTINUE 

C*****SCAN THROUGH TilE LOGIC iQJAIIONS***** 
C 
C ~AKE A DUr.~Y CALL TO INCH 

C 

C 

25 CALL INCR(IC1,IL1,LFIX) 
~6 CALL GETSY"{LBUF,I8Uf,I,IC1,IL1,LFIX) 

If (LLEFT) GO TO 29 
27 IF(.NOT.LEQUAL) GO TO 26 

C EVALUATE CONDITIONAL tHREE-STATE PRODUCT LIN! 
29 IF (LEQUAL) GO TO 3~ 

NR£G=.TiWE. 
31 CALL GETSYI'!(LBUF,IBUF,1,ICI,IL1,LFIX) 

CALL MATCH(IINP,IBUF,ISYM1) 

LENABL(I)~.fALSE. 
LENABL(I):.fALS£. 

LENABL(I):.fALSE. 

C CHECK FOB GND, VCC, IG~D, OR IVCC IN CONDITIONAL T~HES-ST~TE 
C PRODUCT LINE 

C 

IF(IINP.Nt:.O) GO TO 32 
CALL ~ATCH(lMAIC~,IBUF,ISr~) 

ILL=ILI 
I r ( I IN P • e Q • 0 • A !oj 0 • I MAT C H • N E. I 0 • H U • I I'l ATe If • N E. 20) GO TO 100 
IF( I!1ATCH.E'J.IO.lHiD. (Laut(l» .OR. 
l' Il'UrCii.E'~.20.AND.(.NOT.LBUF(I») LCTRsr=.FALSE. 

GO TO )4 
32ITi3T=liECT(IINP) 

I F ( 1 T E S 'r • E Q • L • A !iD. ( , L P Ii A 5 I (II N P» • Alt D. ( ,. L Bur (I ) ) 
I.OR. IT£ST.:t:J.d.AND. ( LPrlASl (IINP» .AND. (.NOT.LHUF(l») 
2.0R. ITESl'.£12.H.AHD. (.NOT.LPHI\Sl (IIMP» .UD. ( LBUr(.I» 
3.0R. IIEST.£Q.L.AND. (.HOT.l-PitASl (IINP» .AND. (.NOT.LbUF(l» 
4 ) LCTHSI=.FALSE. 

IF(ITEST.ig.x.OR.ITESl.EQ.Z) LCTRST=.FALSE. 
)\4 IF(LAND) GO TO 33 

GO 'f0 27 

C EVALUATE rHE LOGIC EQUATION 
C 
C .FIHD THE PIN NU~BER OF THE OUTPUT VECTORS 
C 

35 IPCTR3=O 
C 

CALL HATCH(IOUTP,IBUF,ISY"') 
C FLAG UNREGISTERED OUTP~lS 

CALL "ATCa(IOUT,IBUF,ISY~) 
IF(ITYPE.LE.S) NREG=.TRUE. 
IF{ (INOO.EQ.I4.0R.INOO.EQ.I6) .lliO. (IOUT.EQ.12.0R.IOUT.EQ.19) 

24·72 

PAL13210 
llAL13220 
PAL13230 
PAL13240 
PAL1l2~O 
PAL13260 
PAL11270 
PAL13280 
PAL1]290 
PAL13300 
P1L13310 
PAL13320 
PALI3330 
PAL1JJ'f0 
PAL13350 
PALI3360 • 
PAL13310 
PAL133dJ 
PAL1]390 
PAL13400 
PAL131+10 
PAL13420 
PAL13430 
PAL 13440 
PALIJ4S0 
PAL 13460 
PAL 13470 
P.\L13480 
PAL13490 
PAL13500 
PAL1J510 
PAL 13520 
PAL 13530 
PAL1J~40 
PAL13550 
PAL13560 

. ·p,U 13571l 
PAL13S80 
PAL13590 
P&L13600 
PIL13610 
PAL 13620 
P&L13630 
PAL13640 
PAL 13650 
PAL13660 
PAL 13670 
PAL136ell 
PAL 13690 
PAL13700 
PAL13710 
PAL1J720 
PAL1J731l 
PAL13140 
P&L13750 
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1 NP..t::~=.THUE. 

If'( (I:WU.I:.V.I~) .AND. (IOli'f.EJ.IJ.OR.IOUl.EQ.16) ) NBEG=.TdUE. 
ILL=1Ll 
I F (IOU T P • L \.1. 0) u 0 TO 1 00 
IF (NHt:G) LENABL (IOUTP) =LCTrtSr 
LOUT(IOUrp)=.TdUE. 
IF( .NOT.LCTRSr ) LOUT (IOU'i'P) =.F'\LSE. 
LCTHST=.l'RUr.. 
LJUTP (lOU':P) =L8UF (I) 

C DETEHMINE PdODUCT ~ErlM AND EVE~TL!LL~ SU~ Foa OUTPUT ~EEPISG 
C TRACK f;) ~EE ':F· AN XOR (EXCLUSIVE Oft) Hi\S BEEN FJUND 

C 

c 

XUH3Ul1=H 
X 0 h F N U= • FA L S E. 
ISUl1=L 

28 IPCTR2=lPCTH2~1 

IPCTRJ=1Pcra3 .. 1 

IPCTR=IPCTR'" 
IPROD=H 

3(; ILL::1Ll 
CALL Gf.-:Si~{LBUf,I3ur, 1,ICI,IL1,LfIX) 
If'( .Nor.LFIX ) GO IJ J<j 

C EVALUATE rHE FIXEC St~8QLS FOUND IN THE PALlbX4 AN~ PALI~A4 

LFrx=.FALSE. 
CALL FI~TSr(LfilA31,LEUf,IC1,ILl,lS~~,IS~Ml,IB(Jr, 

IVECT,IVECTP,ITEsr,LCLOCK,NBEG,LFIX) 
1F(l~nOJ.EJ.") IPhOD=IT.t::ST 
GO 'LO 36 

39 CALL l1ATCIt(1INI:',IUUF,L:iYMI) 
rF(II~p.td:.a) GO 10 q7 
CALL MATCi1 (I:":A1Cii,13Uf,lSH!) 
IF(IMAfCH.NE.l0.AND.laATCH.N£.20) GO TO 100 

C rWEEK rOd GND A~D VCC IN Pkouucr LINE 
IF(II'IATCH.EQ.lv) ITESf=L 
IF ( I!1 A 'i'C Ii • Ell. 20) IrE ::i l' = it 
IINP=19 
LPHASI(19)=.THUE. 
GO TO 37 

~7 IrEST=IVECT(IIN~) 
C GEt aEGISfERED fEED BACK VALUES 

rF(NHEG) GO TO 37 
CALL MAfCH(IIFB,IbUf,ISlM) 
IF( (L~OO.E~.1~.OR.1HOO.E~.16.0R.INOO.E~.I8).AND. 

I (IIFb.EJ.14.0R.lIfB.E:J.IS.OR.IIFb.E.J.lb.OR.IIFB.EQ.17) 
2 IIESI=IVECTP(IINP) 
IF( (!:NOO.E'.2.Ib.OP..IrWO.EQ.lt3) .flND. (IIFB.EQ.IJ.Ori.IIFB.EQ.18) 

1 ITEST=IVECTP(IINP) 
IF ( I N 00. E Q • I a • A t\:>. (I I F 0 • E Q. 12. 0 a • lIFo. E'J. I 9 ) 

I ITEsr::IVECTP(IINP) 
37 IF( ITEST.E~.X.OB.ITEST.EQ.Z ) ITEST=L 

rF( l'rL5T.EQ.L.A~u.( LPHA51(IIHP».AND.( LBUF(I» 
I.OR. ITEsr.E~.H.AND. ( LPHASI (IIN~» .AND. (.hOT.LBUF(l» 
2 • 0 a. IT ES r • E 'J • H • AN!.>. ( • ~ OT • L P it A S I (r IN P» • AND. ( L u U F ( I) ) 
3 • v H. 1 rES r • E Q. L. AND. (. Nor. L PH ;\ 5 I (I I tH» ) • it NO. (. N O'~ • L B lJ F ( I) ) 
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P,\LI1760 
PALIJ710 
PALIJ780 
PALI1790 
PAL 1380u 
PAL13810 
PALU82v 
PAL13tUJ 
PALI3d40 
PAL OB~0 
PliLIJtJ60 
PAL13d70 
PAL1J8dO 
PAL13&90 
PAL1J900 
PAL139tO 
PALIl920 
PAL 139:;0 
PAL1l940 
k'AL13950 
i>AL13960 
PALIJ970 
PALI3980 
PAL13990 
PAL1~OO(J 

P;\Lh010 
PAL 14020 
PAL140)O 
ilAL14040 
FA L 14050 
PAL14060 
P~L14070 
PALI40BJ 
PAL14090 
PALlq100 
PAL14110 
PAL14120 
PAL141)O 
PAL1414u 
PAL141S0 
PAL14160 
PAL14170 
PAL14180 
PALh190 
PAL14200 
PI\L14210 
PAL 14220 
tJAL1 .. 230 
PAL142lov 
PAL142~O 

PAL14260 
PAL14210 
PALI42!:!O 
PAL14290 
PAL14300 
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C 
C 

C 

C 
C 

C 

C 

C 

C 

C 
C 

C 
C 

CH£CK FOR A PARTICULAR PRODUCT TEBH AND GO FOR SAl TEST 
IF((lPCTHl.EQ.IPCTR1).AND.(LS,All»GO'1:O 110 

)8 IF(LiHGH1') CALL INCtl(lCl,IL1,LfIX) 
IF (UNO) GO ToJO ' 

CHECK FOR A PARTICULAR PRODUCT TERM AND GO FOR SAO TEST 
IF«IPCTa2.EQ.IPCTal) .AND. (LSAOt»GO TO 120 

121 If(ISU~.E~.L.AN0.1PROD.EQ.X) lSU~=X 
IF( (I!)UI'I.NE.H) .UiD.IPBOD.EQ.H ) 15U/1=11 
CHECK Foa XOR (EXCLU;iIVr: OR) AND SAVE INTERMEDIATE VALUE 
IF(.lfOr.l.'(OR) GO TO 11 
XORSUH=LiUM 
XORFHD=.TRUE. 
ISUM=L 
GO TO 2E1 

31 If(LOH) GO '£0 2d 
IPCTH3=O 
IF END OF EUUAIIO~ HAS BEEN FOUND, DETE~~I~E FINAL SUH AH~ SAVE 
IF(.NOT.IORFND) ISTATt(IOUTP)=ISUM 
IF( (XORFND) .AND. «ISUM.EQ.L.AND.xoaSUM.t:Q.L) .Olt. 

I (ISli.,. EQ. H. AND. XO!{SUl't. EQ. H» )UTATT (IOUTP) =L 
IF( (XORt'ND) .AtiD. «(ISUN.i~.it.AHD.lI.OllSUl'l.EQ.L) .Od. 

I (ISUM.E\i.L.AND.XOkSUM.EQ.H») ISTA'rT(IOUTP)=H 
IF( (XORrIfO).A:'ID. (ISiJ:1.E\2.X.OR. XORSUM.EQ.X» ISTATT(IOUTP)""X 
REGI3TER DOES NOT CHANGE STATE IF NU CLOC~ PULS~ IS RECEIVED 
IF( (LCLOCK) .OR. (NREG) ) GO ro 36 
LSAr!E = « LOUTP(IOUTP» .AtID. ( LPHASI (IOUTP» .oa. 

1 (.NO'l'.LOUTtJ{IOU'IP».AI'ID.(.No'r.LPHA51(IOUTP» ) 
IF( IVECTI?(lOUTP).E'.o!.L.AND.( LSAi1E» I.iTATT(IOUTP)=L 
IF( IVECT?(IOUrp).EQ.H.AND.( LSAttE» ISTATT(IOUTP)=H 
IF( IVr;CT?(IOUTP) .t:Q.L.AND.(.NOT.LSAI'IE) ) ISTATT(IOUTP).z1i 
IF{ IVr;Cl'p(10UTP).EIJ.'rt.AIH>.(.NOT.LSAME) ) ISTATT(IOUTP)=i. 

16 NREG=.FALSE. 
ChECK IF ALL EQUA1ION~ HAVE BEEN PROCES5ED BY COMPARING CUR~ENT 

LINE IfU~3ER WITH FUNCTION TABLE LINE NU:1BER 
. IF{IDESC.NE.0.AND.ILI.LT.IFUNCT.AHD.IL1.LT.IDESC.OR. 
1 ID&SC.~Q.O.AND.IL1.LT.IFU~CT) GO TO 27 

DETERMINE OUTPUT LO~IC iALUES 
COMPARE JUT PUIS TO SEE IF VECTOR A~REES WITH RESULTS 

DO 50 I=l,ll'lA'X 
IF( .NOT.LOUT(I) ) GO TO,O 
IF( ISTATT(I).EQ.X.AND.IVECT(I).EQ.X ) GO TO SO 
LSAME= « LOUTI?(l).AND.( LPiiAS1(I».OR. 

1 (.NOT.LOUIt> (I» .AHD. (.lWT.LPHAS1 (I» ) 
111ESS=40 
IF(ISTATT(I) .E'J.L.AHD.IVf.CI(I) .LV.L.AND. (.ltOT.LSAI1E» 
If(ISTATT(I) .£Q,H.A:W.IU:CT (1) .EQ,H.AND. (.NOT.L:iAME» 
1F(ISTATT(I) .EJ.L.AND.IVECT(I) .E>2.ti.ANu. ( LSUIE» 
IF(ISTATT(I) .r:Q.d.A~D.IVECT(I) .EQ.L.AND. ( LSA:'IE» 
IF( ( L£NAbL(I».AND.IVECT(I).EQ.ll 
IF( (.NOT.LENABL(I» •• \ND. (LOUT(l») .ANo.In:cT(I) .U:.Z) 

24-74 

II'1£S5=41 
IMESS=42 
IMr:SS=42 
IIHSS=41 
U1ES;i=4) 
II1r:SS=qq 

PAL114310 
PAL l'd20 
PAL1!illO 
PAL h34 0 
PAL14350 
PALh160 
PAL14370 
PAL14380 
PAL14J~lJ 
PAL14400 
PALI4"'Q 
PAl.14142lJ 
PAL14410 
PAL1444IJ 
PALl4450 
PAL14460 
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PAL144BJ 
PAL 1"490 
PAL14500 
PAL14510 

I'fPAL 14520 
PAL14530 
PAL14S40 
PAL14550 
PALl456J 
PAL14570 
PAL14580 
PAL14590 
PAL14600 
PAL14610 
PAL1462C 
PAL14630 
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PAL14660 
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PAL14690 
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PALlij750 
PALI4760 
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PALI4830 
"AL14840 
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fILE: PAL20 rOHTaAN A SSC TIME SHARING SERVICES V~/SP RELEASE 2.0 

If(!!'1£5S.IH.QU) LErtd=.r~U:". 

C 
C If NO rA~Ll GO FO~ NEXT VECIOd ELSE GEl OUT OF 5I~ULAfION ~ND 

C STA~r ~r~ULArIJN FOR fijE ~EXt PiODUCT riHM. 

C 

If«(.tlOT.LEkf() .ANiJ.«LSA11) .UR.(LSAOI») GO TO ')0 
IF(Lr:dH).AlID.«LSAII).OR.(L:;AUI») GO ro 115 

I f ( 1 ME S S • E \J. ij I) W HIT E (P M.:i , ij I) N 'I E <.: T, (I S Y!'\ I (J , 1) , J = I , a) 
ql FOld'1AT(I,' FUNCTION rt\f:iLE £RilOH .iN V1:;Cl'Oa' ,13, , PIN =',dAI, 

, I EXI:it:Cl = H ACTuAL:: LI) 
IF(IMES3.E'J.42) WRU:::(PI1S,42) NVEcr, (ISYl'll(J,I) ,J=1,b) 

Q 2 r 0 rutA T (I,' f' U N C'I ION TAB L E r: R R 0 R IN 'IE C TO ,I' , r 3, , PI N =', d A 1 , 
1 EX~t:CT = L ACTUAL = HI) 
IF(Il'I.ESS.EQ.43) wRIT£(PMS,43) :'VECT, (ISYltl (J,l) ,J=1,d) , 

Q3 fORrlAT(I,' rUHCTION TAilLE t;RROH IN {ECTOIP,I3,' "IN =1,d:\l, 
I /,' EXPECI = OU'I~UT ENABLE ACTUAL = 2') 
IF ( lin S S. E", • 44) W &I r c ( P 11 S , .. Iq N V r: C T, (I S Y ,1 1 (J , 1) ,J = 1 , d) , I V £ C T ([) 

q 4 r 0 lOUT (/ " FUN c'r 10 NrA B L E L it HOlt IN,. E C l' 0 H' , I 3, , PIN::', 0,\1 , 
1 EXiECl : ~ ACTUAL:: ',al) 
IF( (II1ES5.IH.40).AND.(PI'lS.EQ.b» NriITE(PMS,45) :)EL 

q 5 F 0 1< t'l A T (. ',A. 1 ) 
If(rMESS.~E.40) IVECf(I)=£iR 
IF(IMEss.a~.40) hERR=~EHR.1 

~O CONTlhGE 
C CHUGE rri: ORDER OF ','ccrOR':; Faon rHE O~uER or APPEARANCE 1" TilE 
C FUNCTIOS TAilL£ TO IHAT Of THE PIN LIST AND rWE~K ~oa OUTPUT 

DO 6) 1=1,20 
;>0 ~j J=I,HIAX 
IF(:;:PIN(J).NE.l) GO TO 55 
IF( LVEcr(J).EQ.L.OR.lVEC~(J).EQ.H) GO rO:,1 
ISTATE(1)=IVECT(J) 
GO TO b5 

51 LSAt1E=( ( LPilAS£(I».AIW.( LPHAS1(J».0{(. 
1 (.NOT.Li?HASE (1» .AND. (.NOT.LPHAS I (J» ) 

IF( INOO.EQ.Nl.ANI). (I.EQ.15.0R.I.£Q. 16» LOUT(J)=.TRUr.. 
IF ( (,tHJT.LOUf (J» .AND. ( LSA;1E) .AND'. 

IVECr(J).I::\i.L) I5TI\TE (I) =1'10 
IF( (.Nor.LOUT(J»).At1L.( LSA~E).AND. 

IVECT(J).r>~.H) ISTATE(I)=NI IF, (.NOT.LOUT(J» .AND.(.NOT.LSAl'li).AND. 
IViCI'(J) .EIJ.L ) . I;;rATE(I) =Nt 

I f ( (.:i or • LOUT (J) ) • AND. ( • NOT • L S A 11 t;) • AND. 
lVECT(J).EIl.H) LiTATE(I)=NU 

If( LOUf(J».illiD.( LSA!H).AND. 
rVECT(J).E\.i.L.AIW.( LENt\bL(J» rSHrr;(I)""L 

IF( LUUT (J»'.ANC. ( LSA:1E) .AND. 
IVECT(J) .El.!.;i.UD. ( Li:;!fAhL(J» ISTATr;(I)=H 

If( LUU£(J» .ANO.(.NOT.LSAIH) .A~D. 
IVEcr (J) .Eoi.L.A!1D. ( LlNAEL(J» ISTAT.E(I)=if 

. IF ( Lou'r (J» .AND. (.lfOT.LSA:tE) .t\~D. 
IVECT (J) .EQ.t1.Ahli. ( LENAbL (J» ISTATE (I) =1. 

If ( IV ECT (J) • EQ. ERR) 1ST ATE (I) zEtiii 
GO TO 6S 

55 CON'rIHUE 
C SAVE PHEjENT WiCTGHS FOR fEED BACK USED WITH NEXT SET OF VECTORS 
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PAL1~t360 
PAL14&7.; 
PAL 1'~880 
il1lL14&90 
PAL1490l) 
PAL14910 
PAL14920 
PAL149jO 
PAL14940 
PAL14950 
PAL149bu 
i?AL14970 
PAL149dO 
PALI4990 
PAL15000 
PAl.15010 
LJAL15020 
PAL15030 
PAL15040 
FA L 150!JU 
f-Al.15060 
PAl.15070 
PA1.1S0I3u 
PAL 1:)090 
PAL1~IOO 

PALIS11u 
PAL1512v 
PAL 15 130 
PAL1S14u 
PALt5150 
PAL151bO 
PAL 15170 
PAL151dO 
PAL15190 
PAL1520J 
l'AL1S210 
P,\L15220 
PAL15230 
PAL1524li 
PAL15250 
PAL15260 
PAL15210 
P,\L15280 
PAL1529u 
PAL15300 
P.\L15]10 
?AL15320 
PAL15330 
i? A L I:; 34 () 
PAL1535u 
PAL1SJuO 
PAL15370 
PAL153BO 
PALb390 
PALIS40J 



FIl.i: PAL20 fOflTRAN i\ ~SC TIME SHARING SERVICES VM/SP RE~EASE 2.0 

C If CLOCK PULS~ AN~ Nor Z (HI-Z IS ASYNCHRONOUS) 
65 If( {I.CLOCK) .AND.IVECTlJ).NE.Z ) IVEC'rp(J)=rvr;CT(J) 

C ASSIGN x fO GROUND PIN AND I to VCC PIN 
ISTATE (10):oj( 
I;)rAl'E(20)=~1 

C PRINT TEsr VEcroas 
IF ( (. NOT. L 5 All) • A N I). ( • NOT. L SA () I) ) iI R IT E (P 0 f , 6 U) 

I lHEcr, (ISTATE(I) ,1=1,20) 
60 Fl.liU'IA'rl' ',11,' ',2UAt) 

GO ro 90 . 
C TER~INArE SlMULA£ION 
C 

C 

95 IF((.NOT.LERR) .AND. (L5Al I» W!(I"fE(POf, 150) lPCTR4,IEQN I 
ISO fOl<I'I.\T(' ',' PRI.lDliCT: ',13,' Of ','EQUATION.',13,' 

I U~T£STED(SAI)FAULT') 
It'(l.NOT.LEaR) .AND. (LS.\01» \olliITE{i?JE',1!)5) IPCTR4,IEQNl 

155 FO~'d'lAT(' ',' PdJDUCT: ',13,' OF ',I!::\.i1)~rION.',I3,' 
I' UNTESn:~ (SAO) F~(Jl.r') 

'IE'«.~uT.LC:HR) .A:n. «.~OT.L5All) ./.:'D.(.Nor.LSA01») WRlfE(POF,61) 
£> 7 f' 0 R t1 A T (I " PAS S 5 HI U L A T ION' ) 

IPCTR=IPCTR/(~iECT-I) 

U'« LERH) ,AND. ((.hOl'.LSAII) .ANiJ.(.NOT.LSAOI») 
IWRITE{POF,Gti) NERR 

68 FOHMAT(/,' NU~dEH OF FUSCTION TABLE hRROHS =',ll) 
RETUiHi 

C PHiN7 AN EHfiOR ~ESSAG~ reR AN UND£FINEU PIN N~~E 
IOu ILERR=lLLI-4 

WRITE(PM5,101) (HlUr'(l, I) ,1=1,13) ,ILt:RB, (IPAGL(I,ILL) ,I=I,dO) 
101 FORI':AT(I,' ERROR SYl1!hJL:: ',bid,' IN LINE NUi1BER ',13., 

I I. I ',8UA 1 ,I,' THIS t>IN NAl1E IS NOT DEfINED IN THE', 
2 ' FUNCTION TAdLE PIN LIST') 

Rt;TUdN 
C 
C tH~ PRODUCT tErt~ l~ PULLED HIGH AND THE PRODUCT NUMBER 
C AND EQN NUMBER 1~ REjEt.BER~D 

C 
C 

C 

110 IPRO!)=~ 

LSA1l=.taUE. 
I£QNI=lE'.!l{ 
IPCTR4=IPC1"ii3 
GO 'ro 38 

C THE ~RODUCT TER~ IS fESTED FOR SAO FAULT AND ALSO HE~EMBERED 

C 
C 
C 

120 IPROD=L 
1SAOl=.TRUE. 
IEQN'=lt:QN 
IPCTRIf=It'CTrl3 
GO TO 12 I 

C IF NO fAULT THEN NEXT ?RODUCr TE~r. 

115 ISAF=ISAftl 
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PAL1,430 
PAL 15440 
PAL15450 
PAL t:)460 
tltl.L15410 
?AL 1:;480 
PAL 1':)490 
?ALI5~OO 

PAL15510 
PAL15S20 
PAL1S530 
PALI~540 

PAL155SC 
£l.U 1556(; 
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PAL15590 
PAL15600 
£lAL1561J 
PAL 1':>620 
PAL156)O 
PAL15640 
h\L15G50 
PAL1S6bO 
PAL1567G 
l'AL1S680 
PAL15b90 
PAL1:,700 
PAL15710 
PAL15720 
PALb730 
PAL1574;) 
PAL1S150 
PAL15760 
PALb770 
?J\LI~160 
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PAL1581U 
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PAL15840 
PAL1~850 
PAL 15860 
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PAL15890 
PAL15900 
PAL15910 
PAL15920 
PAL15930 
PAL15940 
PAt15950 



fi1.E: PAL2J FORrilA~ hSC rI~E SHARr~G SEHVrCLS V~/SP RELEASE l.O 

c 

c 

Lirl1t:.fALSE. 
HE':'Un~ 

END 

P~LI'j960 

i'AL1SnO 
PALI~9tHi 

PALI5990 
PA1.1600U 

C*************9***********************************.*********************PALIoOIO 
C PALI6020 

Sub R 0 UTI :-. ~ n X r S T ( L iJ HAS I , L B U f ,Ie 1 , ILl, r 5 'i M , r S 'i ~ 1 , I B U F , PAL I b 0) J 
I ~1iCI,IVEcr~,I~Esr,LCL0CK,N~~G,LfIX) PALI6040 

C THIS SU3KJUTINi EVALUATE~ rrlE FIXED S'i~dOLS fOUND IN THE PALI6050 
C PALla~4 ANC P~LloA4 FOk rH~ FUhC1IOh TABLE f~LI60LU 

1~?LrClr INr!~ER (A-l) PALI601u 
IlifE'-ir.H [S'i:'1 (6,20) ,I5i:11 (6,20) ,IbJF(d,c1li) ,HECT(lU) ,IHCTP(2u) PAL1608ll 
LOGiCA~ LJLANK.LL~F:,LANU,LUH,LSLASj,L~~UAL,L~lGHr,LXOR.LXNOR, PALI6090 

I LFIX,LP:1ASI(2U) ,LoUr(~U) ,LCLQCt<,NhEG,TOR,rxOR,TXNOH,TUi), PAL1610C 
LPHASA,~?h~j3 PAL16110 

CO:': I" J S L :J L A il!\ • L L t r'.' • L A !d.: , L 0 it , L S LAS c1 , L E ii U J\ L , L R r Gar , L X 0 Ii , L X NOR PAL I 6 I 4! U 
CO~~u~ /~vEI IPAGE(dJ,20C) PALl61JO 
DATA L/'~I/.rl/IH'I,X/'XI/,Z/IZ'/ PAL1~14U 

C ct..!.' OUl't>UZ ?IN ;,Ii (l'i~iE.ai N=O, 1,2,3) PAL16150 
CAL ... vE:',;,'iM(LblJf,IBUf, I,ICI,IL1,LFIX) PAL161bO 
CALL MAfCd(IINP,ISJf,LSiMI) PALl6170 
IrdTA=Ht:cr (IlNP) ?AL16It"J 
L?HASi\ = « LJUfll».,UW.( LPrtASI(IlNP».On. PALl61,)0 

I (.NO:.L£jLlf(I».~NJ.(.l\OT.LPHAS1(IHP» PAL1G20,) 
C G r; r .1::: 'j ~ j. E :i E IJ ,'E'::: u d.\ C K "A L U r:.:i t' ALl 0 2 1 0 

IF(MHi~) GO 40 S 2ALI6220 
CALL :1ArCrt(IIFJ,IoiJf,rsY/",) PALlo230 
1 F ( I I F J • ;:; .~. I 4 • 0... • I ~ r' d • i. ~ • I:J • 0 k • 1 r r ~ • £ J. lb. 0 ri • r I F g • E Q. I 7 PAL 1 0 24 J 

I rrt:STA=UECrP(Ilri?) PALlb250 

S If( (.IiOf.LtJrIA.:.iA) .1\~iJ.:::TEsr';.t.>i.L vO:'() 10 ?AL162bO 
1 F ( (. i~ O~' • L? HAS ;.) • A t; J • r :' E S'~ A • E I.! • H G .) T () I 5 PAL 1 b ;. 7 0 

GO TJ 20 ?AL162BO 
10 r!~SrA=H PALlb2~O 

GO T0 ~J PAL1630U 
15 IT~.:irA=L PAL16310 
20 IF( .SGr.L~IGHI vu:'0 2S PALI6320 

17isr=rrE.:iTA PAL1Q330 
airJ~~ PALI6JijQ 

c SAV~ TnE FIlED SitHOL 02iHAfOHS PAL163~0 

,S TOd (i.OH.At1U. (.:W .... L;(uH» PALI&361) 
rxui~ (LX011) PAL16370 
TX,~OR (LXNOh) flAL 16380 
TA~i.) (i.A~D.;'SD.(.IiO£.LXNOR» PAL16J90 

C ~::'f r:..pl)~ as (tlHit(t; ii=O,I,2,J) PALlb400 
CALL Gt:TSl!1(Li:3iJF,Iouf, I,ICI,iLI,LfIX) PAL16~lU 

C~LL MATCH(llNP,l~UF,~S~r.I) PAL16420 
IrEST3=lV~CT(IiNP) ~AL16430 

LPHASB = (( UiUF(I» .IiNIJ.( l.PHA:iI(IINP» .OR. P~Lb440 

I (.NOT.LoJf(I» .ANO. (.tlOf.i.PHASl (IINP) PAL164S0 
H( (.~Ql'.LPriAjB) .ANO.ITEsru.E.',.l.L ) GO TO 30 PAL16460 
I F' ( (. N () T • L P;H, S d) • A III) • 1 n: s r 13 • E';: • il ) ..; 0 IO J 5 PAL 16" 7 0 
GO TO 40 PAL16480 

Ju ITESTd=H 
GO ro 40 
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FILe: t':U.20 fORTdAN ;. ~sc Tl~E SHAdING jEHV!CE5 V~/SP RELEASE 2.0 

)5 1TE51B=L 
C EVALUATE fHE FIXED $1~80L ~XPRESSION 

, IlO ITEST=!. 
IF( ('i'OH) .AND. (IriSrA.£~.ii.OR. ITESfB.EI.!.tl) ) 
IF( (~XOR) .AND. «lTt.STA.t;\.1.H~AN\).IrEStjj.HE.H) .OR. 

1 (ITESTA.NE..H.AND.ITESTb.EQ.H) » 
IF ( (TXt/OR) .AN;). «ITE~TA.E.J.ITI::STB) .OR. 

I "ITESTA.t:~.X.OR.ITES'f!}.t:Q.;<) » 
IF( (TANU) .AND. (ITESTA.NE.L.ANiJ.ITES1'H.NE.l.) ) 
IF( (ITESfA.E'J.;(.Od.l'rES1A.EIJ.Z) .AHi.J. (ITESTS.EQ.X) 
RETURN 
END 
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ITEST""ri 

1TE5T=11 
ITEST=H 
rrESf=X 

PAL16510 
PAL16520 
PILL1653v 
PAL16Sl+J 
PAL 16550 
PAL165bO 
PAL16510 
PAL16560 
PAL16590 
PAL16600 
PAL16610 
PAL16620 



r Listing 2. PALASM Source Code for 24 Series 

FILE: PAL2~ fOkTRAN " NSC rI~E S~AHING SERVICES V~/SP RELEASE 2.0 

C**PAL~~r.24**~ALA3M24*¢PALASM24**PALASM24**~AL~S~2~**PALASM24**~ALASMl4*PAL0001U 
C PAL00020 
CPA LAS ~ L ~ r~A~5LArES 5YnaOLIC ~QUATION~ INTO PAL OdJECT PALOOOJO 
C COJi fOHMA1T~U fUR UIRECT INPur TO STANDARD PAL0004~ 

C PdO!': PHu"'!lt\MMEl\:i. iJAL00050 
C PAL0006C 
C I:'4t>t;f: PAL· JES[lj.'i SJ!::CIFICATION AS.:iIGNt:J PAL0007iJ 
C TO HPD(l). OPERATION COJ::.> ARE PAL0008G 
C AS.:.>IGhEJ 10 RJP(S). PA1.000'30 
C ?ALOOIOO 
C onC:liT: ::;CHO, ::>UIULAflUN, AND FUsr: PATTEHN PALOOIIC 
C firtE ASSIGhEI) 10 POf (0). Ht;X AND PALOO 120 
C H1Ni3r PkaGaA~MIN~ FoaMArs AHE PAL00130 
C ASSl";SED TO PDf(6). PRuMPTS AND PALC014v 
C EkHOd nESSAGES A~E A5S1~NEJ TO PAL001SO 
C P!1S (0). PALOOloO 
C PALOUI7G. 
C PAid I1UMB1::rl: ThE ?';L PART ;;UI1Bil\ MUST APPEAR PAL00180 
C l~ COLUM~ ONE OF LINE O~E. PALOOljO 
C PAL0010L 
C t>li'l Lisr: 24 5Ul30LIC PIN NH!£S I'IlhT AtlPEAR PA100210 
C 3T\&TING ON LINE FIVE. PAL0022J 
C PAL002JJ 
C L..!ui\TIOriS: S':AHTlNG t'lRSf LiSt AFTER rilE PAL002",O 
C Plj LIST IN ThE FOLLO~ING F0RMS: PAL00250 
C PAL0026u 
C A '" J*C .. J PAL00270 
C PAL00280 
C A :'" ti*C .. D PAl.U02t.JJ 
C PALC030G 
C IF( A*B) C = i)" E PAL00310 
C PALOJ),Q 
C ALi. CHAtiACTER::i rOLLO.d NG ';' A.iE PALOOBJ 
C IGSOar;D UNTIL TaE NEXT LIN!:. PAL003~O 

C PALJOJ~0 

c dLAN~j ARE IG~O~EJ. PAL00360 
C ~ALOOJ70 

C OPEiii\TCRS: (u. dlt::liARCHY Of £VALUA.rION PALOOJ8:.> 
c PALOOj~O 

C Cu.-1!'1EhT fOLLOWS PA .. 00l400 
C I C.Jt1PLE1'tEl'lT PALOJlf10 
C ~ Alia (Pt{JDJCT) PAL00420 
C .. uil (SUM) PALOJ4)J 
C : .. : lOi1 (E){CLU31 nOR) PALOJ440 
C () Cu~DITIONAL r~HEE-~TATE PAL004)O 
c ~1U~LITY PAL0046~ 
C := liEf-LACED UY (AFTER CLOCK) PALOOq7J 
c PALOOQ80 
c rUt'lCrICN L, h, X, 2, ~ND C Ai<E VAl.IJ PALOQij'30 
C rABLE: FUNCl'lON i'AdL~ VEC;:OH ENTllIES. PAL00500 
C ~ALOu510 

C i\EFERENCr.: A CO.HLr:tr: U.:iEaS GUIDE TO I?ALOOS2u 
C DESiGNING ~IrH ~AL.:i U5ISG I?ALAS~ PALOG530 
C IS PHOVIOE~ IN THE MONOLlfdlC PAL005~0 

C ME~ORIES ~AL HASOdJOK. PALOO~~a 
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FIl.E: PAL24 

C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

FOin'RAN A NSC TIME SHA~lNG SERVICES YM/SP HELEASE 2.0 

SUBROUTINES: IHITLZ,GETSYM,INCH,MATCH,IXLATE, 
ECijO,CAT,PISOUT,PLUr,HEX,IWEEK, 
Bl.~,SLIP,FAHTOM,IODC2,IOUC4,TESI, 

Pl.OTF,SU!1CHK 

HEV LEVEL: 02/12/d2 (VAX/HIS VERSrOll) 
10/11/82 FAULT rESTING 
10/15/d2 JlDEC FORMAT 
BY:I.M.BENGALI 

AUTHORS: JGriN HIiKNE~ AN~ VlNCENT COLI 
MONOLlTHIC ME~ORLES INC, 
l1b5 EAS~ AHQUE~ AVENUE 
SUNNtVALE, CALIF03NIA 940~J 

(40&) 739-3535 

fINE PHIST: r.ONOLITkIC MEMORIES TAKSS NO 
HESPONSldILITt FOR THE OPERATION 
OR M~INTEHANCE OF THIS PRuGRAM. 
THE SOUHCE CODE AS PRINTED HERE 
PRODUCEU THE OBJECT COCE OF tHE 
EXAMPLES IN THE APPLICA;IONS 
SECTION ON A YAX/VMS 11;78J 
CUr-PUTER AND A NATIONAL CSS IBM 
SYSTE.'1/J7/J FORTRAN IV (G). 

PAL00560 
f'ALOOS70 
PhLOOS80 
PALOOS90 
PAL00600 
PAL00610 
PAL00620 
PH00630 
PAL00640 
PAL0065C 
PAL00660 
PAL00670 
PAL006dO 
PAL00690 
PAL0070(J 
PAL0071J 
PALv0720 
PAL0073J 
PAL00740 
PAL007S0 
PAL00760 
PAL00770 
PAL00180 
PALOi)790 
PAL00800 
PALOOBlv 
PAL00820 

C~*************************~***************~****************************PAL00630 
C ' PALOOti40 
C PAL008S0 
C***********************************************~***********************PAL0086u 
C PAL00870 
C PAL008Bv 
C MAIN PROGFA~ PAL00690 
C ~AL00900 

IMPLICIT lliTEGZR '(A-Z) PALOJ910 
IN'rEGER IPALP) ,IHAME(S) ,RES'X (72) ,PA'fNUI'1(dO) ,TITLE(80) ,CO:1P(SO) , PALOJ920 

I' ISYI1(d,24) ,1BUF(8,24) ,Ji>EOD(I:lO) PAL009JO 
LOGICAL LBLANK,LLEFT,L~NC,LOR,LSLASH,LE~UAL,LRIGHT,LXOR,LfIRST, PAL00940 

I LttATCH,LfUSES (40,00) ,LPHASE(24) ,LBUF(24) ,LPflOD(dO), PAL009S0 
2 LSAI'IE,LAC'J:,LOPERR,LINP,Ll:;RR,LSA11,LSAOl 1'AL00960 

IUTEGER BEL PAL00970 
CO~MON LBLAHK,LLEFT,LANC,~OR,LSLASH,LEQUAL,LRIGHr,LXOR PAL00980 
COMMON /PGE/ IPAGE (80,'200) PAL00990 
COI'IMOH /LfUSES/LfUSES PAL01000 
conMOH /FTEST/ IFUNCT,I~ESC,IEND P~L01010 
COMMON /LUNIT/ PMS,POf,PDf PAL01020 
DATA E/'E'/,O/'O'/,T/'T'/,P/~P'/,B/~d·/,U/,~,/,H/'H'/'S/'S'/, PAL01030 

1 L/'L'/,H/'S'/,C/'C'/,Q/'Q'/,U/'U'/,F/'F'/,i/'i'/ PAL0104J 
DATA B~/'~'/,CC/'C'/,DD/'D'/,EE/'E'/,FF/'F'/,II/'I'/,NN/tM'/, PAL01050 

1 OO/'O'/,PP/'P'/,BRi'R'/,SS/'S'/,TT/'T'/,UU/'U'/,JJ/'J'/ PALOI060 
DATA uEL/Z07000000/ PAL01070 

c PAL010ao 
C PAL01090 
C ASSIGNI'IENT OF OA'rA SET REFERENCES PALO 1100 
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FILE: PAL2!i FORTRAN it SSC rI~EShARI~G SEiVrCES V~/SP REL~ASE 2.U 

C nPD - PAL DESIGN SPECIFICArlON (INPJT) 
C, ROL - Oilt:HArION ceLiE (INPUT) 
C POf - r:CriO, PINOUT, 1'£;)1', ANI) pLor (UUTPUT) 
C PDf - HEX AND HI~AHY FOH~Ar PRUGRA~ TAP~S (OUtPU1) 
C .PlJ - ~dJ~prS A~U ERROd ~~SSAG~S (OUTPUT) 

WRll'!:;(S,i) 
fJdMAT(/,' PALASM VERSIOh 1.5 ' } 
WRITE (b,,, 
fO:HUl(1,' IoiHAl' i~ THE LOGICAL Uldr NU~JER f0R OUTPUT(~)?: ') 
HZ;;U(5,2} LUN 

'2 fOiU,\AT (1 .. ) 
H?D=1 
Hoc=5 
PUf=b 
PLlF=6 
PILi = 1;) 
IfU~CT=O 

II.>ESC=U 
C r~lTIlLIZE L~~ME AND LAC! TO FALSE (ACTIVE aIGH/LOW E3R0R) 

LSAI1E=.rALSE. 
LACT=.rALSE. 

c INITIALIZ~ LOP~R? TJ fALSE (OUT?UT ~I~ ERkGR) 
LOPERa=. FALSE. 

C RE~U IN fiSST ij LI~~S OF PAL CESIGU spr:crfrCATrON 
REi-D(nt-D, 10) rrAL,ISAl'IE,hE3r,PA1'NU~,TITlE,CO~P 

I 0 F J a ~,\ r ( j ,,' I , ~ A 1 , 7 2 ,\ I , / , d 0 A I • / , t! 0'\ I , / , 8 u A I) 
C nE~D It. PiN LIST (i.Lii; 5) THROUGri 1:iE END or TdE i.>AL i.lESI:;~ 

C SPECrrICATIO~ 

DO I;) J=I,20lJ 
R E ~ J ( n P u, 1 I , END = 1 0 ) ,( I P AGE (I , J) ,I = I , d U) 

11 FOrt:1'\;(d~AI) 

C CHECA i0d 'rU~CIIO~ lAbL~' A~D SAVE ITS Ll~~ NUMBE& 
I F ( I FUN ('1 .r: J • 0 • A /i D. I FA G Co ( 1 , J) • EQ. f f. AND. 

I t' AGE ( l , J) • ;;. oJ • U U. A Ii 0 • r P AGE ( j • J) • E Q • N N • AN;) • 
2 ~?A';E(ij,J) .EJ.CC.AIL).IPAGE(S,J) .Ei.rr.ASiJ. 
j r i? AGE (u , J) • E.l • II • A Ii D • It' AGE ( 7 , J) • E Q. 00 • AND. 
ij it"A(;E(3,J) .Ej.NN.AND.I?AGt::(IO,J) .EQ.T1.ANJ. 
5 itiAGE(12,J) .t::'.l.BfJ.r\Nll.IPAGE(14,J) .EQ.EE )IFUNC7=J 

C' CHEel: FOR '::lESCrlIPTION' AND SAVE ITS LINE NUMBE[{ 
If( rD~SC.EJ.O .AND.IPAGE(I,J) .~Q.DD.AN0. 

I· :t>AGE (L,J). EtJ.EJ::.AND. IPAGE p,J). E\.i.SS.AND. 
2 l~AGt.(",J) .t:'c!.CC.A!'D.'&:PAGE(5,J) .EQ.RR.ANO. 
J HAGE(o,J).EJ.II.AND.IPAGE(7,J) .£V.PP.AND. 
Ii IPAGE(tJ,J) .EJ.TT.A!iD.IPAGE (,:),J). Ev.rI.ANj). 
5 I?AGE(IO,J) .::I.!.OU.AND.IP';GE(II,J) .EQ.NN ) IDE$C=J 

I!> CON'rINUE 
C S~VE rUE LAST LINA NUM8~R or THE PAL GESIGN SPEClflCATIO~ 

16IEIID=J-1 
CAL L I H I -r L'l (IS A 11 E ,In p t:, L fU S E S, IC , I L,I :Hu 14, I PC T H) 

C PRI~r ER~OH HESS~GE FO~ INVALIU PAL PAHi TYPE 
IF(IT'fPE.:lE.U) GO 1'J 17 
WHI'fE(P;1S; 10) IPAL,INAME 

18 fuRl'1A'l',(/,' PH PART TillE ',HI,5Al,' IS rNCORhECT') 
STOP 

C GET 2~ PIN ~AMiS 
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PALOll10 
PALO 1120 
PAL0111v 
PALOl140 
PALOl150 
k'AL01160 
PALU 1170 
PAL0118lJ 
PALO 1190 
PAL0120u 
PAL0121iJ 
PAL01220 
PALOl23u 
PALOI2~O 

PALOI2::>O 
PAL01260 
PALOl27u 
PALO 1280 
ilALOl290 
P,\L01300 
PAL01310 
PALOl120 
Pl\L01J30 
PALO I j40 
P.uo 1350 
PAL0136C 
PALOI370 
?ALU 1380 
PALOIJ')O 
t"ALOI40a 
PAL0141u 
PAL0142u 
PALOl430 
P.1L01440 
PAL014S0 
;?AL01460 
PALOll.j70 
?ALOliji30 
PALOl49C 
PALO 1:)00 
PAL01510 
PAL01S20 
PAL01530 
PALOl540 
PALOI55.0 
PAL0156u 
i?AL01570 
PAL01580 
PALOI~90 

PAL01600 
PH01610 
P1LOlb20 
PALOl630 
PALOlti40 
PAL01650 



FIl.E: PAL24 t'OR'rRAN A HSC 1I~E SHARING SERVICES V~/SP REL~ASE 2.0 

C 

C 

C 

17 DO 20 J'" 1,24 
20 CALL G~TSY~(LPHASE,ISYM,J,IC,IL) 

23 

24 

25 
28 

. 29 
I 
2 

I 
2 

IF(.tWI. (LEQUAL.IlR.LLEFT.OR.LAND.Ol~.LOR.OR.LRIGHT» Gil TO 24 
"RIrE (Pf"5,23) 
rIlH~AT(/, 1 LESS TdAN 24 PI~ ~AMES IN PIN LISr l ) 

ST(JP 
ILE=IL 
BYPASS ru.:)l. PL01' ASSEI1BLY IF HAL (H Iii LINE 1, COLUMK I) 
rF( IPAL(I).EQ.H ) :;0 1'0 106 
CALL GET:i,{"(LBUF.IBU~·, 1,IC,IL) 

IF(.NOT.LE"UAL) GO TO is 
1LL=1L 
CALL MATCH(1~ATCH,r6UF,ISYM) 
IF( HIArCH.E;;).O ) GO Til 100 
CHECK fOR VALLi) FOLAl/rTY (ACtIVE: LOW) 
LSAI1E = « LPHASqI:'UTCh» .AltD. ( LBur(t» .OR. 

(.NOT.LPHASr;(I!'lATCn» .AHD. (.HOT.LIHlr(l» ) 
I r ( Ir Y' P E • :0; • !) • A 140. (L S U\ E ) ) LAC 'I = • T RUE • 
CHECK FOR VALID IlUTPUT PIN 
IF( (ITypt.EQ.I.OH.ITYPE.EQ.7.0R.lt{P£.EQ.d.Ok.ITrpE.~Q.9.oat 

ITYPE.eQ. Iv) .ANt. (ll1A'f(;H.Lr.l~.oR.I"ATCii.GT. 23) ) 
LOllERR=.TiWE. 

IF( (ITYPE.EQ.2.0R.llYP£.EQ.'I.OR.lTYPE.EQ.12.0R.ITYPE.~Q. lJ 
• 0 R • I 'r HE. Eli. I 4) • AND • (H! ATe H • LT. I!). 0 H • r ~ Arc H • G T • 2 2) ) 
LOPERR=.TRue. 

IF( ITYPE.E.J.J.AIID. (IMAICH.LT. ItJ.OR.HiATCli.GT.21) 
LOPERR'"".'UiiJE. 

IF( ITYPE.EQ.4.AHD. (IMri'rCH.LT.I7.0R.IHATCH.GT.20) 
LOt'ERH=.TRUE. 

IF( (l'n'PE.EI2.5.0R.ITYPE.EQ.6) .AND. 
(1I1ATCH.LT.13.0R.HlATCri.GT.19) ) LOPERR".THUE. 

IF( (LACT).OH.(LOPERR» GOIIJ lou 
ISdPRO-(23-IMATCd).ij • I 

C STARI PALlOCl ON PRODUCT LINi 32 (IBa~HO=3) 
IF(INA~E(J).EIJ.C) I88PRO=H 
IC=O 

30 CALL INCR(IC,IL) 
Ir( .NOT. (L£\lUAL.OR.LLEFT) ):;0 'ro )0 
~PROD(I8ijPRO)=.TRUE. 

If(.HOT.LLEfT) CALL SLIP(LrUSES,Id8PRO,ITYPE,IBLa~) 
J 0 7 0 I 8 P.H a z: I , 1 b 

IF ( (LXOB) .AND.LePRO. NE.l ) GO TO 70 
IPROD = ISOPRO • raPko - 1 
L~HOU(rpkOO)z.TRUE. 

LFIRST=.TRUE. 
SO rL~=IL 

CALL GETSY~(LBUF,IBUF,I,IC,IL) 
CALL ~ATCH(l~AtCH,laUF,IS~~) 

C CHECK FOR INVALID INPUT PIN 
IF ( ITHE.£Q. I.AND. (IriATCIi.GE.14.UID.I"ATCH.LE;.23) 

LIN f = • 'lEW.E • 
IF( ITYPE.EQ.2.AND. (IMAtCH.Gt:.15.UD.IHATCH.LE.22) 

LIMP=.raUE. 
IF( ITYfE.EQ.3.AND. (llUICH.GF..16.AlW.ltUTCH.LE.21) 

I. LINP=.'rRUE. 
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PALOl6bO 
PALOI&70 
PALOl6dO 
PALOl690 
PALOl10U 
PAL0171J 
PALO 1720 
{,ALOIBIJ 
PALOl74v 
PALO I 750 
PAL017bO 
PALOI770 
PAL01180 
PALO 1190 
PALOIBOl) 
PAL01al0 
PALOla2\) 
PAI.OltUJ 
PALOI84~ 
PAI.Ola5v 
PALOl8tjO 
PAL01870 
PALOl8S0 
PAL01e90 
PAL01900 
PAL01~10 

PAL01920 
PALO I'HO 
PAL01940 
[,AL01350 
PAL01960 
PAL01970 
PAL01980 
PAL01990 
P1L02000 
P.\102010 
PAL02020 
PAL02030 
PAL02040 
PAl.Ol050 
PAL02060 
PALOl070 
PAL02080 
PlLOl090 
PAt02100 
PAL02 I 10 
PAL02120 
PA.L021Ju 
PALOl140 
PAL021S0 
PAL02160 
PALO 2110 
PAL02180 
PAL02130 
PAL02200 



C 

C 

C 

fOt{l'RAN A NSC TI~E ShARING SERVICES VM/SP REL~ASE 2.0 

IF( ITYPE.Ei,).4.ASD. (I:1ATCd.G:;.17.AND.I"I~TCH.Lr;.20) ) 
LINP=.TRUE. 

IF ( IT {PE. E'J. S.AND. (J:!':ATCH. E'~. 18 .UR. I'1ATCH. 1::Q. I-}) 
i.lNP=.TRUt:. 

IF( II'Yf-E.t:..).6.'\ND. (rI1A~·CH.E,.".18.uR.Il'1Al'CH.E<J.I~) 
l.I~p=.rt'lut.. 

If( l'rYPE.E"i. 7.A.'ID. (1:'lh'l'Ca.E..?I~.OH.IMATCH.Eil.23) 
i.rkf~.THUE. ' 

1 F ( IT Y P E • E I.! • ti •• /\N' u • (I/'!t\ r C rl • 1:: " • I • V ft • I!1 Af ca. E Q. \3) 
I.I!H=.TnUE. 

r E' ( II Y FE • i'.< • 9 •• A tel) • (Hi ATe H • :; ~ • 1 • 011 • I :1 A £ eli. E Q. I 1) 
I.INf'=.l'RU~ • 

. I r ( L r Y P E • I:: 'J • I (j •• A t\ D. (1 M A 'r C H. i. Q. I • 0 R • 11'1 ATe Ii • E I). I 1) 
1.1!1tl=.frtUt:. 

Ifl IT'{H:.E~.II.AND. (I~,\ICti.E".IS.oR.r:1ArCH~EQ.22), 
1. I ~ 1'= • r H U r; • 

IF( 1~'YP~.;;';.12.t\Na. (UH'!.'Crl.r;".I.iJi\.I:Bl'(;H.I;\2.IJ) 
LlNr=.TRUE. 

II.L=II. 
If (LiI~t') (;u TO 10J 
IF(I:'IATCH.::~.U) GU TO 10:) 
If (Il'!ATCIi.I::", 12) GO TO &4 
If(.N0f.LfIEif) GO ro ~6 

LFIrt:iT=.f;ILSE. 
DO 56 1=1,40 

laLUn = I~LO~ • I 
S6 :.rUSES(I;IPROU)=.fRUE. 
58 CALL 1~l.nfElII~PUT,LPHASE,rMA1CH,LbUF,1TYPE) 

IF(ILNpU1.~~.J) GO ro 60 

1 
60 
b~ 

66 

bd 
10 
n 

lOa 

IdLO" = I~LOW - I 
LFUSr:S (IINPUr,lPROD) =.FALSE. 
CALL PLOr(L5Uf,IBUF,LFUSEs,lPa0D,rITLE,.FALSE.,lT~PE, 

LPdOlJ,IOP,ItlLLJW) 
IF (Lid D) GO ra 50 
IF(.NOT.LHIGH!) GO TO ~d 

CALL .LiCH(H.:,IL) 
rF(.NOl'.I.E"IUAL) GO TO 6b 

F( .NUT.(LOH.OR.L~I.1Ui\L) ) liiJ f0 74 
ONTINUE 

ILL= L 
CALL GET.:;nl(LBUr,lBUf, I,IC,IL) 
iF(LI.~F~.Od.L~iUAI.) GU 70 28 

IF( ILL.E>.I.IruNct.OR.ILL.Ev.ICESC.OR.IJ.L.EQ.IUW ) GO T0 102 
PKIN! ~N ERROR MESSAGE Foa AN UNRECu~hI~A5LE sr~BOL 

ILERa=ILL"4 
WHITE (PI13, 9':J) b:"L 

99'FOR~Ar(1 ',AI) 
WRITt:(Pi'1S,101) (IBUr'{l, I) ,I=l,!:l) ,1L~RR, (IPAGE(I,ILL) ,I=I,dO) 

101 FO?MATCI,' ERhOR 3Yi1UIJL = ',8Al,' IN LINE ~Hll1aER ',IJ, 
I /,' " dOA I) 
PRINT AN ERROR I1ESSA~E rca ACTIVE HIGH/LOW ERRORS 
If( (LACT).AND.(.NOT.LOPERR) ) 'oikITt:(Pr\S,lOJ) IPAL,IlU!'!E 

10J FOR~AI(' 0UTPU~ MilST B~ INVERTiD SINCE I ,JAI,~~I, 

1 I IS Ah ~CIIwE LOW OivrCE'J 
PkINT AN ERROR jE3SA~~ iGH ~N IN~ALrD OUTPUT PIS 
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PALO.!2IG 
PAL02220 
PAL01210 
PAL0224(') 
PALO.!250 
PAL02lbJ 
PAL02270 
PAL022d0 
t>HOi290 
PAL02300 
PAL02J10 
PAL02320 
PAL02330 
I?A L02 34 0 
PAL02J50 
PALu.!360 
PUu2370 
PALOlJ8u 
t'AL02390 
PAL02~CiJ 
PAL02410 
PAL0242U 

'PAL02430 
PAL02440 
PAL024~0 

I?ALOl~60 

PAL02470 
PAL0248J 
PAL02490 

, PAL02500 
i>AL02510 
PAL02~20 
PAL02530 
I?'\L02~4Q 

PAL02550 
?U0256t; 
PAL02570 
PAL02580 
fAL025<.10 
PAL02600 
PA10261(; 
PAL02620 
PAL-02b30 
PAL02&40 
f'AL026S0 
PAL02660 
PAL02b70 
PAL02680 
?AL0269u 
PAL02700 
PAL02710 
PAL02720 
PAL02730 
PAL0274Q 
PAL01750 
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FILE: PAL24 FORTRAN A fiSC TIME SHARLNG SERVICES VM/SP RELEASE 2.0 

IF( (LOPERR) .AHD.I~ATCti.NE.u ) WhlTE(PMS,105) IMATCH,IPAL,INAt!E PAL02760 
105 FORMAT(' TUIS PIN, NUMBER ',12,' IS AN" INVALID OUTPUT PIlI', PAL02770 

1 ' FOR ',3Al,SA1) i?AL027eO 
C PRINT AN ERROR ~ESS~GE FOR AN I~VALID INPUT PIN PALOZ790 

rF(LIHP) WRITE(P~S, 115) I~A'rCH,IPAL,rNAla: PAL02800 
115 F~RMAT(' THIS ~IH UUMbER ',12,' is AN INVALID INPUT Plk', PAL02610. 

1 ' rOR ',JAI,Sid) I?AL02B2() 
STOP PAL0283v 

102 CALL TwEEK (ITYPE, LFUSES) PAL02840 
108 WRITE(o,I06) PALOl850 
106 FORtUT(I,' Of'EHATIOlj CODES:') PALOl86U 

WRITE(6,107} PAL02870 
107 rORMAT(/,' E=ECHO INPUT O=PINOUT T=SIMULAfE P=PLOT B=dRrEF', PAL02880 

1 /, 'C=CA'fALOG H=HEX S=SHORT L==dHLF N=8NPF' PALOl8~O 
2 /,' Q=QUIT F=FAULT 1'i::3TING J=JEDEC fORMAT') PAL02900 

WRITE (0,110) PAL0291u 
110 FORMAT (I,' ENT!::R OPERATION CODE: ') PAL02:,20 

READ(ROC,120) rap PAL02930 
120 FORMA'i' (A I) llAL02940 

C CALL IO~C2 PAL029~O 

I r (PO f • h t:;. b) W nIT £ (t>O F, 125) PAL 0 19 6 0 
125 FOi\MA!(' 1') PAL02370 

IF(IOP.EoJ.E) CALL tCHO(IPAL,INAl1E,REST,PA,l'NUr.,TITLE,COr1P) PAL02980 
IF (IOI?EQ.O) CALL HSOUT (IPAL,I~A!1E,TrrLr;) PAL02990 
IF(IO~.E~.T) CALL I~ST(LPtlASE,LBur,TITLE,IC,IL,ILE,ISYn,laUr, PALOJOOU 

1 I I'l P E , I PC r R , L E R h, r SA F , 1 [)C l' HI, • FA LS E • , • r USE.) PAL 0 3 0 1 0 
IF(IOP.EQ.JJ) CALL PLOTF PAL01020 

C PALOlOJO 
15AF=0 I?AL030~C 

IF(IOP.EJ.f) GO T0 200 PALOJO~O 
C PALOJOGO 

135 IF(lOP.EQ.P) CALL ~LOT(LEUf,rBUf,LFUSES,IPROD,TITLL,.Td~E.,ITYPE, PALO)070 
1 LPROD,IOP,liHOW,IPCTRO) PAL030~O 
IF(rOP.E~.8) CALL t>LOT(LEUr,IBUF,LfUSES,IP~OD,l'ITLE,.TRU£.,ITYPE, PALOJ090 

1 Li-HOD,IOP,IBLOW,IPCTRO) ?ALOll00 
If (lOP. EQ. A) CALL rlEX (LFUSE~, H) PALO.) 110 
IF(IOI?1::\,I.S) CALL HElC(LfUSES,S) ,'t-PAl.03120 
IF(IOP.EQ.L) CALL BINd(LFUSES,H,L) PAL0313u 
IF(IOP.EQ.N) CALL B.l.Nd(LfUSt:S,P,H) PAL03140 
IF(IJP.~~.C) CALL CAr PALOJ1S0 

C CALL IODCq PAL031bO 
LF(IOP.HE.Q) (;0 TO loa PALOJI70 
STOP PAL031~u 

C PALOJ190 
C SETrIN~ lriE PARAHEIt~S FOR THE SAO/SAl 1ESTS PAL03200 

200 IPCTR=O PALOJ21U 
CALL TEST(LPHASE,LBUF,TI1LE,IC,1L,ILE,lSfM,raUf,ITYPE,IPClR, PALOJ220 

I . LEBR,ISAf,IflClRI,.fALSE.,.FnSE.) PALOl23U 
IPCTriO=I?CTR PAL03240 

c- taoPI NG FOR SA I T EST PALO 12S0 
OJ 210 IPCTR1=I,IPC1RO PAL03260 
LSA11=.T3JE. PAL03270 
CALL Tg5I(LPHASE,LBUF,TrTL~,rc,lL,ILE,IsrM,IBUf,ITYPE,lPCTR, PALOl2BO 

I L~RR,ISAF,IPcrRl,L3Al1,.rALS~.) PAL03290 
210 CONTINUE PALOJJOO 
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FILE: PAL24 fORTRAN A NSC TIME SHARING SERVICES VH/SP RELEAS~ 2.0 

ISA l=lSAF 
C LOOPING FOR SAO TEST 

PALOH10 
PAL03320 
PAL033)O 
P.\LOJ340 
PALOJ350 
PAL03360 
pJ\L03370 
PAL033tW 
PAL03390 
i>ALOJ400 
PAL03q10 
PALO)1.i20 
PALO]430 
PALOJl.i40 
PAL034S0 
2A103460 
PALO)47G 
PALOJLidO 
P,UO 34YO 

C 

C 

DO 215 IPCTR1=I,IPCTRO 
.LSAOI=.THUE. . 
CALL TESr{LPHASE,LBUf,TIIILE,IC,IL,ILE,IS~H,IBUF,lrrpE,IPCTH, 

I LZRR,ISAF,IPCT~I,.FALS1.,LSAOI) 

215 CONIINUt; 
ISAO=I5Af-ISA 1 
IFAULT=(lSAF~100)/(2*IPCTRO) 
WRlTE{POF,220) I:iAI 

220 rORl'IAT(I, , NUMBER OF STUCK AT ONE (SAl) f'AULTS ARE =', 13) 
WRITE (llOr, 225) ISAO 

225 FOrl:1AT(I,1 iWI'1BEB OF STUCK IlT ~ERO (SAO) FAULTS ,\dE :01, IJ) 
WRITE(~Of,2]O}IFAULT 

230 FORI1AT(I,' PiiOUUC'I IEt{t'\ COI/I::RAG£ =0' IJ.'~''//) 
GO TO I h 

END 

C*****************~*************************************~***************PALOJ500 
C PAL01SIO 
C PALO)520 
C THIS SUBaOUTIN£ GENERATES JEtLC FOR~~TTED OUTPUT foa IHTEHFACING PAL03530 
C WITH DATA I/O PROGRAM~ER PAL03540 

SUBROUTINE PLOTF PALOlS50 
IMPLICIT IH'l'EGER (A-Z) PALO)SbO 
LOGICAL LFUSE5(40,BO) PALOJ570 
INTEGER IPBUF(';O) ,ZERO,ONE PAL0358G 
1KTEGr.:ti 15UM(4) ,IADk,srx,ETX,IDEC(4) ,IPT,IINP,Jl,J2 £)I\L03590 
INTEGE3 IDECIO(4) ,ISUl'IV (4) ,ISUI'110(4) ,BUFIO(I.Hi) PALOJ600 
COMMON /LUNIT/PMS,POF,PDf PAL0361U 
COMMON /IPT/IPI PALOJ620 
COMMON /LFUSE~/LFUS~S PAL03630 
COhMON /SU~/ISUM,ID~C,IPBUf,BUFIO PAL03640 
DArA /;ERO/'O'/,ONE/'I'/ PAL03650 
IADR=O PAL0366C 
STX=2 PALO)610 
ETX=3 PAL03680 
15UI'\(2) =0 PALOJ690 
ISUI'I(4)=~30 PAL03700 
WRITE(PDF,10) STX PAL03110 

10 FORMAT (' ',A I, '*FO~') t'ALOJ120 
00 300 IPT=l,dO PAL03730 
DO 50 rINP=I,40 PAL01740 
IF(LFUSES(IINP,IP'f» IPBUF(IIHP)=ONt.: PAL037S0 
Ir(.NOT. (1FUS£S(IINP,IPl'») IPIWF(IINP)=ZERO PALO)160 

50 CONTINUE £)ALO)770 
IF(LFOSES(l,IP'f» GO TO 101) PAl.03180 
IF(.MOf.LFUSES(2,IPT» GO 'f0 2S0 l>AL03790 

1~0 IDEC(4)=IADb PAL03800 
DO 150 J=I,3 PAL03810 
Jl:5-J ~AL03a20 
J2=ij-J PALOJ830 
IDEC(J2)=IDEC(Jl)/10 PAL01840 
IDEC (J 1) =IDEC (J 1) -10*IDEC (J2) PALOJBSO 
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FILE: PAL24 FORrRAN A rise TIME SHARLNG~~RVICiS V~/SPliELEASE 2.U 

C 
C 
C 

IDEC10 (J 1) =ICONV (IDle (J t» 
ISO CO~TINUE 

IDE C I 0 (1) = I CON V (I C E C ( 1) ) 
CALL SUMCHK 
WRI1'E(P~F,20tr 1uECLO,IP13Uf 

201 FOtU1AT(' l.',4U,' ',10(4Al,' '),'«') 
250 lADR=IADR~40 
)UO CONTINUE 

15 U 11 10 ( 1) = I CON V (I S U " ( 2) /1 tI ) 
1511.,,\ (l) =110D (1SUM (2) ,lb) 
ISUlHO (2) =ICONV (ISU1'\ (2» 
ISU~IO(1)=1CONV(1SU~(4)/16) 
I5UI1 (4) =l'IvD (ISlj~ (4),16) 

ISUllIO (4) :ICONv (ISJ~ (4» 
WRITE(PDF,400) ~rx,rSUMIO 

400 FOkMAT(' ¢:',A1,4U,'*',/) 
RETURN 

. tN I) 

SUbrtOU7INE SUMCHK 
I~PLrCIT INTEG~R(A-Z) 

LOGICAL LfUSES(40,dO) 
I~TEGEH liJBUF(4v), BUfiO(4U) 
BrEGER rSUM (4), 1Dr.C (4) 
C01H10N /IPT/IP'f 
CO~"ON /LFUSES/LfUSES 
COMMON /SUM/ rSUM, 1DEC,IPBUF,3UfIO 
DO 50 J=1,40 
IF(LFUS~S(J,IPT» UUf10(J)=49 
IF(.NOI.LFUSES(J,lPl» HUFIO(J)=4b 
15 U M (4) = is U M (4) .. B U FI 0 (J) 
IF (15un (~) .GE. 256) 15Ut1 (~) =1:iUrI (2) t I 
1SUM (4) =:10D (15UM (4) ,25b) 

50 COSTItiUE 
DO 100 J=1,4 
ISUM (4) =iSUM (4) HDEC (J) "4d 
IF(ISUM(4) .GE.l50) lSlJt1 (2)-ISUI1 (2) "1 
ISUl1 (4)=l'aOO (ISUM (4) , 2~i» 

100 CONTINUE 
ISUM (4) =l:.:iUI'1 (4) tl73 
1SUM (2) =I3U!1 (2) .. 1 
IF (rSUM (4) .GE. 256) rSUM (4/) =15UM (2) t' 
1SUM (4) =."100 (rSUM (4) ,2:'6) 
RETuaN . 
END 

c*********************************************** 
C 

INTeGER fUNCTION ICONV(K) 
I~I?LICIT INTEGiR (1\-Z) 
DATA A/'O'/,B/' "/,C/'2'/,u/'3'/,E/'4'/,F/'5'/,G/'o'/,H/'7 t / 

DATA I/'S'/,J/'g'/,X/'A'/,L/'S'/,M/'C'/,N/'D'/,O/'E'/,p/'r'/ 
IF(K.E'J.O) ICONV=A 
IF(K.EQ.I) iCONV=B 
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PALOJ660 
?AL03870 
PAL0388l.i 
PAL03t39U 
PALOJ900 
PAL03910 
tJALO;920· 
tlALOJ930 
PAL0J940 
PALOJ9SJ 
i?ALOJ9bO 
PALOJ':J70 
PALOJ9aO 
PALOJ99u 
PAL0400U 
PAL04010 
PAL0402U 
PALOt.OJ0 
PAL04040 
PALO~OSu 

PAL04060 
PAL04070 
PAL0406U 
PAL04090 
PAL04100 
PAL0411u 
i? ... L04120 
PAL041)0 
£>AL04140 
PAL041:)0 
PALOqt60 
PAL04170 
PAL04180 
PAL04190 
PAL04200 
PAL0421v 
PAL04220 
PAL04L30 
PAL04240 
PAL04250 
PAL04260 
PALO",270 
PAL0428i) 
PAL04290 
PAL04300 
PAL0431J 
PAL043~O 

PAL04)30 
PAL04340 
PAL04]:>O 
PAL04360 
PAL04370 
PALJ4J80 
PAL04390 
PALO'4ijOO 



FILE: Pi\L24 FORTRAli A liSC rI~B SHARING SERVICES VH/SP RELEAS~ 2.0 

Ir(K.E~.2) ICONY=C 
IF (K.i>;). 1) ICONY=!. 
IF{K.EI2.~) ICONV=l 
IF (K.EQ.5) ICONV=F 
IF(K.E~.b) ICONV=G 
IF(K.EQ.7) rCONV 2 H 
Ir(K.E~.8) lCONY=l 
IF(K.EQ.'j) ICONV=J 
IF (K. E<;l. '0) ICONV=X 
IF(K.EQ.' 1) !CO~V=L 
IF (K. EQ. '2) ICONV=M 
IF (K. t:Q.1J) ICONV=h 
IF (K.E·.J. 114) ICONV:aO 
IF (K.i::'.J. '5) ICONV=t: 
R.::rURI'i 
END 

C •••••••• * •••••• ** ••• *******.*.**********.********* 
C 
C 

SUBROUTINE INITLZ(INAnE,ITfPE,LrUSES,IC,IL,IbLO~iI?CTH) 
C THIS ~uahOUtINE INlrIALlZILS VARIABLES AND MATCHES P'L PA~~ 
C NUMUEH WITH I!lP~ 

I.1PLICIT INTEGt:H (A-Z) 
INTEGER lNAIH(~) ,INFO (6, '4) 
LOGICAL LBLANK,LLEFT,LAND,LOR,LSLAS~,LEVUAL,LRIGHr,LFUS£S(40,ti0), 

, LMATCH,LXOR 
COMMON L3LANK,LLEF1,LANC,LOR,LSLASH,LEQUAL,LRIGHT,LXOR 
COMMON /PGE/ IPAGE(80,20G) 
DATA INFO/ 

1 '1','2','L','I','0',', 
2 ' I ' , ' 4 ' , • L' , ' d ' " ',2., 
j 'l','6','L','6',' ',3, 
4 "','8','L','4',' ',4, 
~ '2','O','L','2',' ',~, 
I) '2','e','c',"',' ',6, 
7 '2','0','1.','1','0',7, 
8 'Z','iJ','l','l','O',B, 
~ , 2 ' , • 0 ' , ' X '" 'B • " " 9 , 
A 'l','O','X','4',' ','0, 
B '2','0','L','S',' ','I, 
C 'l','O','d','a',' ',12, 
o '2','0','R','EI',' ',13, 
E '~','O','R','4',' ',14/ 

C. INITIALIZE l.FUSES ARrlAY (FUSE ARnAl) 
DO 20 J a 1,bU 

DO 20 I=',41l 
20 LFUSES(I,J)=.FALSE. 

C INITIALIZt: I6LOII (NU~oER OF rUSES BLOIIN) 
rSLO":v 
IPCTR=O 

C INITIALIZE lC AND lL (COLUl1N AND LI~E i?OINTERS) 
lC=O 
IL"" 

C INlrIALIZE IT'tPE (PAL PART r~PE) 
ITYPE=O 
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PALOl&4,O 
PAL04420 
PAL044JO 
PAL04440 
PAL044!)0 
Po\L04460 
PAL04471J 
PAL044HO 
PAL04490 
PAL04S0C 
PALO~5'0 
i?ALO~5.20 
PAL04~30 
PAL04 S4 0 
P1L04550 
&»AL04S60 
PAL04570 
PAL0!45t30 
t>ALO~590 

PALO~600 
PAl.0461u 
PALOQ&2v 
PAL0l46JO 
PAL046qO 
PAL04650 
iAL04660 
PAL04670 
PAL04&80 
PAL04690 
£>AL04700 
PAL04710 
PALO!J720 
PALO~7JO 
PALO~7I.jv 

PALO,,750 
PALOq760 
PAL04770 
PAL04780 
PAL04790 
PALOqSOQ 
£1AL04810 
PAL04820 
PAL048JO 
PAL04840 
PAL04850 
PAL04S60 
PAL04870 
PAL048aO 
PAL0489J 
P~L04900 
PAL04910 
PAL04920 
PAL04930 
PAL04940 
PAL04950 

~ r-
C 
CD 
en 
cS· 
:s 



C 
C 
C 
C 
C 

c 

fORTRAN A ~SC rI~E SHARIhG SKRVICES VM/SP a£LEASE i.O 

IUl>E I.i 
PALl2L10 
PAL20i.L 
PAL2;';Xa 
PAL2J.:tb 

ASSIGNED THE FOlLO~lNG 

1 Pit L I ij i.3 l 
5 PAL2JCI L 
9 ?ALLOX~ 10 

11 PALlOR!4 14 
I/O 40 J= I, 14 

L~Al'Ca=.'IgUL. 

DO ,01=1,4 

VALUES fOR THESE PAL Tr1>£3: 
t'ALI6L6 j PALI:H4 4 
PAL20LIJ 7 PAL20XIO a 
t-AL20LB II PAL20il8 12 

10 If{INAIH(I) .H.'unO(l,J» Lt1A'rCtl=.fALSE. 
[F(L~AfCH) ITrfE=LNrO(b,J) 
If (Lt'!ArCH) GO TO ';)0 

~o CO~'rrNJE 

Ir(r1iPE.i~.U) HE1UR~ 

50 CALL INCR(IC,IL) 
ft r;~' U d N 
END 

PAL04960 
~AL04970 
PAL04980 
PAL049~O 

tAL05000 
PAL05010 
PALOS020 
PALOS030 
PAL0504(i 
t'ALOS050 
PAL05060 
PALOj07J 
PAL0508C 
PALO~090 
PALOS10v 
PAL0511U 
PALOS120 

c~* •• o*********~**~*******************.~**~****************.************PALOSr30 
c PAL051~O 

c 
C 

SUBROUTISi GErS~M{LPHASt,lSYN,J,IC,IL) PAL051~u 

l' HIS ~ U d n u U ~ ItO c: G 1. T') T [I t: PIN N AM E , I It', CO 11 I? L £ I1l!H l. 0 G r c, AN 0 PAL 0:) 1 b J 
'i'Hi:: FOLL.ul.iNG OP£iiATION SntBOL if '\NY PALO:> 170 

HJPLICIT l~TeGr;R (A-l) PAL0511:l0 
INrEGEfi rS'L1 (5, 24) PALO~190 

Lo~rCAL LBLA~"LLtrr,L~~L,LOR,LSLAS",LEJUAL,LRIGHI,LXOR,LPKASE(24)PAL05200 
CO~"ON LBLASK,LL£rI,LANL,LOR,LSLASH,LE~UAL,LkrGa7,LXOR PALOS21C 
COMhJN /~~EI I~~GE(aJ,lOUj PALJ~i2v 

D~rA IdLAaK/' 'I PALOS2JJ 
IF( .NOl. (LLErr.Oh.L~Nu.OH.LOrt.OR.LgQU~L.OR.LalGHT) GO TO Iv PAL05l40 
CALL r.Crl(IC,Il.) PALUS2S0 

10 LPHASl:;(J)=(.sor.L::iL.'tSa) PALOS2bu 
I F ( L P.H A .) L (J» G II 'i' 0 I SPA LOS :2 1 0 
CALL I~Ch(IC~I~) PALOS280 

15 DO 20 i=I,d PALOS290 
20 I.)~rt(I,J)=lBLA~K PALOSJOv 
25 DO ]0 1=1,7 PALOS31~ 
30 lS~~(r,J)=I5~M(r~I,J) PALOS320 

ISYM(d,J)=IPAG£(IC,IL.) PAL05J30 
CALL r~CR(IC,IL.) PAL053~O 

If( LL&Fr.OH.LBLANK.OR.LA~D.OR.LOR.OR.LRIGHr.OR.LEQUAL) RETUHN PALOS35C 
GO Tv LS PAL05360 
E~D PALOS37U 

C PAL05380 
C~*.*****************.**************************************.********** PAL05390 
C PAL05~OO 

C 
C 

SUB80~TINE INCi(IC,IL) 
TdIS SUBdourrNE I~CREMLNT3 COLU~~ ANU Ll~~ POINTERS 

BLANKS AND ChARACTERS ~F;~R ';' ARK IGNORED 
IMPLICIT INl'EGER (1-:':) 
LOGICAL LaLANK,LLEFr,LANG,LOR,LSLASH,LE~UAL,LRIGHT,LXOR,LXORl 

CO~MON LdLANK,LLtFf,LAHU,LOR,LSLASH,LEQUAL,LRIGHl,LXOR 
CO~MON IPGEI IPAGl(dO,200) 
CO~rtON ILUNITI PM5,Por,PDF 
DATA IfjLid,KI' 'I, it.tFT/' ('I,IAND/' *'I,rORI' t'/,CO:1ENT/'; 'I, 

I' LiLASH/'I'I,IF;ilUAL/'='I, IRIGHT/') 'I,ICOLON/': 'I 
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PAL05410' 
PAL05'420 
PAL05~JO 
PALOSq40 
PALOS450 
PAL05460 
PALO~470 
PAL0548u 
PALOS490 
PAL05500 



FILE: PAL2ij FORTHN N~C TInE SHARISG 3ERVICES Vrt/sP &ELEA~E 2.0 

C 

LJLAl~K=. Fr\LSE. 
Lxoa=.FALSE. 
LX.Orl\:.FAL:ii::. 

\0 IC=ICt\ 
rfl I~.L£.7)."riD • .iPAt;E(lC,iL) .!lE.COI1Et1T ) GO 1'0 30 
IL=ILtl 
I f (1 L • L E • 2U.j) G U 1'.0 2 U 

"aITl:': (PMS, \~) 
I ~ F J;~ :1.H (/ , ISO U f( C £ F 1 LEE X C E c: L S 2 0 u LIn 5 0 R 111 S SING I , 

I I JESChl?TION Oil FU~CTION tAHLE KEl ~ORDI) 

S:I.l? 
20 IC=O 

GO TO 1,) 

30 IF(I?Avr:(lC,IL) .N?; • .L:HANI\) GO TO 31 
L3Lr\IH(=. 'i'iWi:. 
GO ToJ Iv 

3 I r F (It' A,-, £ ( I C , it) • Nt; • r C u L UN) GO';: 0 j2 

IF (LlOi-o) ';0 TO 33 
L X 0 a 1 = • 11( lJ t: • 
GOiO 10 

33 LOR=.TnUE. 
Rl:1'Urt~ 

32 If( .NuT.(rt>AG.qrc,lL).:::I.1.rOH.AND.(LXOHt» ) GO 1'0]4 
LX()R=.T.~ul::. 
GO .~J 10 

34 LLIn'T =(IPAG£(IC,IL) .EQ.ILt:.:FT) 
LASJ =(IPAGl:.(lC,IL) .Eij.lAND) 

LuH =(li>AGE(!:C,IL) '£"' • .i..O[q 
LSLASH=(IPAGE(IC,H) .c.\i.lSLAS:i) 
L :: ~< U A 1. -= (1 P A" E (I C , .i L) • 1:: '-I • r E Io! U A L) 
L rI I G H T = ( LP AG E (I C , IL) • r; I.i • I H.1 G H f) 
HE.UiUi 
E:Hl 

PAL05510 
PALOS520 
PALOS5JC 
PAL05540 
PAL05S50 
tlAL05560 
PALOSS70 
p~LOj5aO 

~AL055<jO 

PAL05600 
?Al.OS610 
P~L05620 
PAL056JO 
PAL0564U 
PALOS650 
PALO;J66Ci 
PHOj670 
PAL0568u 
PAL05690 
PALOS7UO 
PAL05710 
PAL05720 
PAL05730 
PALOS7qO 
P.\L05750 
PAL05760 
PALOS 77 0 
ClALO'.l780 
P7\L057,)J 
P,\L05duJ 
t'AL056tO 
PAL05820 
PALOS830 
PAL05840 

C***********************************************************************PALOj85U 
C PAL0586J 

SUaROUllNi M~TCH(lnATCH,IBUf,~S~r) PAL05870 
C TrliS ~U3ROUtINE FlhDS A MATCd BETwE~~ THE PIN ~~~E IN IdS RQUATIONPAL05880 
C A~D fHE PIN NA~E IN 1M! PIN LIST OR FUNCTION ~AaLE ?IS LISt ~ALOS~90 

HI?LICIr IN'rEGi:.R (A-l) PALO~900 

INIr;:;i::i\ IBUf(tl,24) ,IS'iI1(b,24) PAL0591u 
LOGICAL L~ATCH PALOS920 
IMArCH=O PALO~~JO 

DO 20 J=I,24 PAL05940 
LtlATCrl=.THUE. ilAL059S0 
DO 10 1=1,8 PAL0596U 

10 LI1,\TCH=LMATCH.Ari[;. (ltlUf(l, 1) .E'Ii.lSli1(I,J») PAL05970 
IF(LI'1ArCH) 1I1ATCH=J PALOS9dO 

20 CONtINUE PAL05990 
RETUrl~ PAL06000 
E~D PAL06010 

C PAL06010 
C***********¢**************************~******.*************************PALOG03U 
c PAL060~o 

SUBHUUTI~E IXLATE(rINPUT,Li?HAS!.IMArCH,LBUF,ITYP~) PAL0605~ 
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FIl.t:: P,\L24 fORTRAN A NSC TIMi SHAHlhG SERVICES Vrt/SP RELEASE 2.0 

C THIS SJaSOUTINE fr~D5 A MATCH SETWEiN INPUT PIN XUMBE~ AND PAL060GO 
C THt INPJT LINE NUjBER FOR A 3?ECIFIC PAL. ADU 1 TO THE INPUT PAL06070 
CLINE NUI'1dER IF ftl::: PiN IS A CONf-1.ENENf PAL06C80 

C 

IMPLICIT I~rEGER (A-~) PAL06090 
U l' EG :; H I rAil LE ( 2 If , 14) PAL 0 6 10 J 
LOGICAL 1.Pril\SE(2~) ,LBUr'(24) PAL06110 
DATA IIAdLEI 2AL06120 

I 3, " 5 , 9, 1 J, 1 7 , 2 1 , 2. 5 , 2 'J , ) 3 , .3 7 , 0 , .3 ~, 0 , u, G, 0, 0, 0, 0, J, 0 , 0 , 0 , PAL 0 6 1.3 0 
}. 1,I,.l,9,13,17,21,25,"J,33,37,O,J"j,35, 0, 0, 0, 0, 0, 0, 0, O,7,O,PAL06140 
33,1,5,3, 13, 17,21,25,23,31,H,O,B,3~,1I, 0, 0,0,0,0, u,II,7,O,PAL06150 
4 1,1,:>,'J,IJ,17,21,25,23,33,J"l,v,JJ,J5,Jl,27, 0,0,0, O,IS,I1,7,O,PAL06160 
5 3,1,~,'J,lj,17,21,25,29,3J,)1,(),3'J,J5,11,21,23, 0, O,19,15,11,1,O,?AL06170 
b j,I,5,'J,I3,ll,21,25,2.j,3J,J1,U,3'j,J5,JI,27,2J, 0, O,19,15,lI,7,0,PAL06180 
7 3, l,j,1, 13,17,21,25,2.9,33,37,0,3'::1, (;,35,31,27,23,19,15,11, 7,O,O,PALObI90 
d O,I,5,'J,13,17,21,~5,2.'J,33,11,O, O,J9,j:J,J1,27,2),19,1~,II, 7,3,O,PAL06200 
') U, " 5 , 9, 1 J, I 7 , 2. 1 , 2.~, 2 '3 , 3 J , j 7 , 0, 0, JJ , j 5 , 3 1 , 2 1 , 2] , 1 ~, 1 'j, I " 7, J, 0 , PAL 0 6 2 I 0 
A O,I,~,':J,13,17,21,l5,29,J3,J7,O, U,39,35,Jl,27,2J,19,IS,II, 7,3,O,PAL06220 
a J, 1, ::, , J, 1 3, 1 7 , .2 1 , 2 5 , i '1 , 3.J , j 7 , () , 3 'J , j S, (j, 3 1 , (. 7 , 2 ) , 1 9 , I 5 , 1 I, 0, 7 , u , tJ A L 0 6 2 J fj 
C 0,1,5,9,13, 17,21,2S,2'),33,31,0, 0, n,3~,Jl,21,2J, 1:1,15, II, 1,J,O,PAL0624v 
D 0, I,S,J, 13, 11,21,25,2,9,3j, n,iJ, 0,19, j':>,31,21,2J, 19, b, 11, 7,3,O,PALOo25C 
E 0,1,5,'.1,13,17,21,2'),2.9,33,37 ,0, 0, 1'1, 3~,31,27,l'" 1':1, h, II, 7,3,O/PAL062bO 

IBUuL=0 PALOb270 
I F ( « I.. t' H A:; f. (r MAr C Ii ) ) • i\ NO. (. S 0 r • L 8 U r ( 1 ) ) ) • 0 R • PAL 0 G .2 S 0 

I «.sur.LPHI1SE(I~A1Ctt»."~C.( LEUr(I»» IUUdL=1 PALOb290 
IIHPUT=ITABLE(H1AICIl,ITH'E) tItlUllL PAL06JOO 
RETU~N PAL06310 
END PAL06320 

PALO&330 
C**~*~********************************~*********************************PAL06340 
C PAL063~O' 

SUHROUIISi £CHO(IPAL,lNAME,REST,PATNUM,TIrLE,COMP) PAL06360 
C T~IS SU3ROUfINE ~Br~TS rHE PAL DtSIGN S~~ClrICArION INPUT FILE PAL06J70 

I~PLICIT INIEG~rl (A-Z) P~L06J60 

INTEGER IPAL(3),DA:1£(5),REsr(72),PATHUr1(8G),TITLE(aO),C0I1P(dO) PAL06390 
COM~ON /P~E/ IP~GE(dJ,20u) PAL06400 
CO~~ON /LUNIr/ p~S,?aF,PCr PAL06410 
COftMON /rrEST/ IfUNcr,IDESC,IEND PALOG42u 
DATA IilLUK/' 'I PAL064)\) 
WRITE(POr,5) IPAL,INAME,REST,FATNUM,TITLE,CO~P PAL06440 

5 FORI'lAT(I,' ',3A1,SA1,12AI,/,' ',bJAI,/,' ',iWAI,/,' ',80,\1) PALOb4~O 
DO 20 IL=I,IEND PAL06460 

IC=bl PAL0647U 
10 1C=1C-1 PAL064HO 

IF( IPAGi(IC,IL}.E'..!.I13LANK •. UW.IC.Gr.1 ) GO TO 10 PAL06490 
~R1T.E(POF, 15) (IPAGl::(I,IL) ,1=I,lC) PAL06500 

lS fOitMAT(' ',OOAI) PALOb510 
20 CONTINUE PAL06520 

RETURN PALObS30 
E~D PAL06,40 

C PALO&55J 

c***.**************.*********************.****** ••• ******* •• ******* ••••• PAL06560 
C PAL06570 

SUBROUTINE CAT PAL06~au 

C THIS SUJROUTINE PRiNTS THE PALASM CATALOG PAL06590 
IMPLICIT INTEGER (A-Z) PAL06600 
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COr.MON ILUNITI P~S,~OF,POF 

WRITE (i'l'IJ, 10) 
10 FOa~AT(/,' TdIg PALASn Al~S T~£ USEH IN THE J~SIGN AND', 

I ' PROG~i~~lSG OF Til£',I,' ~£RIES 2q ?AL FAMIL~. rHt', 
2 ' fOLLOWING OPtIONS ARi PRJVIOEU:', 
3 I,' ECHO (t:) - l?illtoTS Iht: PAL DESIGlO', 
4 , SPEClflC'TIO~', 

~ II,' PI~OiJr (0) - PRhi:S Tit!:: PI~OUT OF THE PAL', 
b II,' 5.i:I'1ULHE (T) - Ej,ERCLiES friE FUNCrIONTAUL?:', 
7 ' 'r'ECTOiiS IS THE LOGIC'.I,' 
H ' E~UATIONS AND G£~EriAT£S rESr V~CrORS', 

,) II,' PLul (?) - tJuHTS THE E~TI&EFiJSE PLOT') 
IliRITE(PI'1S,/.iJ) 

LV FO:tMAl'(I,' udLf.F (B) - t=f<IhTS OHY THE USEi:> PRODUCT LINES', 
I ' uF I'liE rust: PLO';',I,' PHA!lrO:1', 
/. ' f\jSZ:> Art!:: U~I'Ift:[)', 

II,' JEiJiC (J) - GENiRA;'r:S rust: OUTi?UT FOR DATA 1/0', 
q , l:'aOGRAIH1E~S', 

';) II,' riEX (ii) - GlIIERATtS HEX t>tlOGi{A11~ING FORlHr', 
b II,' :It\O:<T (S) - Gl:td.RATt.$ HEA: ?ROGRAMI1ING FtJdMAl", 
7 II,' JHLF (I.) - GENERATES BHLF PROGtlAM~ING FoaMAT', 
b II,' :jNPF (iI) - Gl:NERATlS dNPF PROGRAMnI~G FJR~AT', 

'j II,' CATALOG (C) - PRINTS 1riE PALASM CAfALOG', 
A. I I, ' '~U r'r 0) - E.{I'I PALASll', 
B II,' FAULT (F) - fAULT TE:iTli\G') 

R £'f U a S 

PAL06610 
PAL06620 
PALO&b30 
P'\L066~ 0 
PAL06650 
PAL06660 
PAL06670 
PAL06680 
PALOo69U 
PAL06700 
PAL06710 
PALOb720 
E'AL0673v 
PAL067~O 
PAL067S0 
PAL06760 
PALOb170 
PAL067du 
PAL0679~ 
PAL06BOO 
PAL06dlO 
t>ALOb820 
~AL06a30 

PAL06B40 
PAL06850 
PAL06860 
P1L06870 
PAL06880 

c******************************************************************.****PAL06d9J 
C PAL06900 

SUUdOUfINE PINOUT(IPAL,rNA~E,TltLE) PAL06910 
c THIS SJUROUrI~E PhI~T5 THE PINOUT Of THE PAL PAL06~20 

I:1PLICIT IHIEGEl{ (i\-Z) . PALOb930 
IN 1 EG L H 1 l' AL (3) , I N A ('\ E ( 5) , TIT L E (d 0) , PIN ( 1 2 , 211) ,I r!i (8, 2) PAL 0694 () 
COM~O~ IPG~I [PAGE(8~,200) PAL06950 
COMjON ILUNITI PMS,POF,i'Cr PALO&Y6J 
DATA IdLANK/' '/,15(A~/'*'1 PAL06970 
no 10 J= I, 2ij PAL0698i) 

i)O S 1=1,12 PAL06990 
5 ~IN(I,J)=IHL\SK PALOI000 

10 CONTINUE PAL07010 
15 DO 25 J=I,2 PAL01020 

DO 20 l=l,a PAL01030 
20 IrN(I,J)=I~LA~K PAL010qO 
is CONTINiJL PAL07050 

lIN (2,1) =IPA L (I) PAL0706U 
IIN('4,I)=':PAL(2) PAL0107u 
IIN(o,I)=J:PAL(3) PAL070ao 
lIN (1,2) =INAME (I) PAL07u9J 
lIS (3,2) =INIH1E (2) PALO 7100 
1111 (S,t)=ItlA~EP) PAL07110 
IIN(7,l)=INAME(4) PAL07120 
IItI(8,2)=UAME(5) PAL07130 
J=O PAL07140 
1L=0 P~L0715U 
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FIl.E: PAL2,'" fORTHAH A NSC TIME SHARING SERVICES VHISP RELEASE 2.0 

30 IC=O 
IL=ILtl 

35 IC=ICtl 
40 IF( IC.GT.dO ) GO 1'0 30 

IF( ItJAGE(IC,IL) .E'.I.IBLANK ) GO TO 3~ 

J=J'" 
IF(J.Gl'.24) GO TO 60 
DO 55 1=1,12 

PH. (.I.,J) =IPAGE (IC,IL) 
IC=IC"1 
IF( rC.GT.dO ) GO TO 40 . 
IF( IPAGE(IC,IL).E\.1.IBLANK ) GO 'ro 40 

55 CONrINU L 
600015 J=I,12 

11=0 
65 11=1:.. .. 1 

IF(II.EI.!.13) GO TO 7S 
IF( P1N{II,J) .NE.li:lLANK ) GO TO 6~ 

1=13 
70 L=1-l 

11=11-1 
PIN (I,J) =PiN (Il,J) 
PIN(II,J)=IBLANK 
IF (II .- In:. 1) GOT 0 7 'oj 

75 CONTINUE 
WRITE (Por, 10) TIT LE 

76 FORI'IA'I'(I,' ',SOA1) 
WRITE(POF,78) 1STAR,ISTAR,ISTAR,ISTAR,1~TAR,1STAR,IsrAR,ISTAH, 

1 ISTAH,ISTA~,ISTAB,ISTAB,ISTAR,ISTAH,ISTAR,ISTAB, 

2 lSTAR,ISIAR,lSTAR,ISTAd,ISTAR,ISTAR,ISTAR,ISTAR, 
3 ISTAR,1STAH,IsrAR,IsTAR,ISTAR,ISTAR,ISTAR,ISTAR 

78 F 0 arM A T (/ " ',18 X , 1 fU I , 3.( , 14 A 1 , 

I I,' ',ldX,Al,1JA,Al,lX,Al,I3X,AI) 
JJ= 2q 
DO aa J=I,12 

WHITE(POF,SO) 1SIAR,1SIAH,ISTAR,ISTAR,ISTAa,ISTAR,ISTAR,ISTAR 
130 FORMAT(' ',15X,4A 1, 29X,4A I) . 

WRUE (POF,81) (PIN (I,J) ,1= 1,12) ,ISTAH,J,ISTAH, 
1 

81 
(11:1(1,1) ,I=l,B) ,ISfAH,SJ,ISTAR', (PIN (I,JJ) ,1=1, 12) 

rORMAT(' ',12AI,lX,Al,,12,Al,'IX,8Al,IOX,Al,I2,Al,3X,12Al) 
WRIT~(POF,d2) ISTAH,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTlR,ISTAR 
rORMA'~ (' ',15X,4A 1,29X,4A 1) 62 

84 

a5 
86 

AJ8 

w1nrE(POr,84) ISTAR, (IIH(I,2) ,1=1,8) ,IS'Uk 
FORI1i\T ( •• , ldX,A " 11X,SA 1, lOX, A 1) 
DO 86 11=1,2 

DO 85 1=1,8 
lIN (1,1.1.) =IBLANK 

CONTINUE 
JJ=JJ- 1 

CONTINUE 
W RITE (PO F, 90) 

1 
lSTAR,iSTAR,lSTAR,IST~R,rSTAR,ISTAR,ISTAR,IsrAR, 

ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,lSTAR, 
ISTAR,ISIAh,ISTAR,IST~R,ISTAR,ISTAR,ISTAR,ISTAB, 

ISTAR,ISIAR,lSTAR,lSfAR,ISTAR,rSTAR,ISTAa 
2 
J 

90 FURI'IAT(' ',18X,31Al) 
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C 

RETURN 
END 

PAL07710 
PAL07720 
PAL01730 

C*******************~*********************************************.* •••• PAL017~O 
C PAL077S0 

SUBROUTINE PLOT(LBUF,IBUF,LFUSES,IPROD,TITLE,LDUMP,ITrPE,LPHOO, PAL0776G 
t rOP,IBLOW) PAL07710 

C THIS SUBROUTINi PbODUCES THE FUSE PLOT PAL07780 
IMPi.ICIT INTEGER (A-Z) PAL07190 
INTEGER IBUF(8,24),IOUT(64) ,ISAVE(tiO,40) ,TITLE(aO) ,IDA'rA(40) PAL07800 
LOGICAL LBU}' (24) ,LFUSES (40,80), LDUl'IP,LPROD(SO) PAL07810 
INTEGER STX,ETX PAL07~20 

COMMON /LUNII/ P~S,POF,PDF PAL07830 
DATA 15AV£/3200. 1 '/,IAND/'*'/,IOH/'~'/,ISLASH/'/'/, PAL078QO 

1 Ia~SH/'-'/,X/'~'/,IBLANK/' '/,P/'P'/,B/13'/, PAL07850 
t. D/'O'/,ZEHO/'O'/,ONE/'I'/,FX/ ' O'I,FIDASH/'O'I PAL01860 

DATA STXl102UOOOOO/,ET'/ZOJOOOOOOI PAL07810 
IF (LUUl'IP) GO TO 5tl PAL0188u 
If'(ISAVE(lPIWD, t) .NE.IiiLA~r\) RETURN PAL01890 
IF(LBUF(t» GO TO :; PAL07900 
00 )0 J=I,J) PAL07910 

30 ISAVE(IPROD,J)=L5AV£(lPROO,J~1) PAL07920 
15AVE(lPrtvD,~O)=ISLASH PAL07930 

5 DO 20 I=l,o PAL019QO 
Ir( l::i.\VE(IPROC,l).NE.IBLANK ) Rl'l'UiOi tlAL07950 
IFe laUF(I,t) .E.!.IBLANK ) GO TO lG PAL07960 
DO 10 J=1,39 PAL07970 

10 13AVi(IPROD,J)2ISAVE(IPROD,J~1) PAL07980 
ISAVE(IPROU,40)=IBUF(1,1) PAL01990 

20 CONTINUE PALO~OOO 

Ir(I3AVE(IPROD, 1) .~E.laLA~K) RETUiiN PALoaOl0 
~o DO 50 J=!,39 PALoa020 
50 ISAVE (IPROU,J)=ISAVJ:: (IPf(OD,J~ t) PALoa030 

ISkVE(IPROD,40)=IAND PAL08040 
RETUHS PAL08050 

C PRINT rUSE PLOT PAL08060 
5~ IF(IOP.~~.D) GU TO 02 PALOB070 

"RITt: (POF,61) TIILE PAL080ao 
61 FORMAT(I,I ',bOA1,/I, PALOd090 

I I 11 1111 1111 2222 2222 2233 3333 333)1 ,1, P.\L08100 
2 I 0123 4SG7 9901 2),,5 678~ 0123 45678901 '2JQ5 6789 1 ,/) PAL08110 

GO T3 64 PAL08120 
c***** SIX DETEHMISE5 ThE STARTIJG CHARACTER FOR DATA 1/0 FOR~AT PAL08130 

62 WRIIE(PiH,6J) SIX PALOlj140 
63 FOtHIAr (I I,A I, I'~LOOOOI/) PALoa 150 
b4 DO tOO r8dPRO=I,73,a PAL08160 

DO 9~ IdPRO=1,8 PALoa170 
IPROD=Ia6PHO~18~hO-1 P~LOB1BO 
lSAVE (IPRGD,'IO) =IOLANK PAL08190 
DO 70 1=1,40 PALOd20C 

IF( 1S~V£ (IPbOD, 1) .!'iE.ISLANK ) ';0 'I'O 70 PAL08210 
DO 05 J=I,33 PALOd220 

65 ISAVE(LPROD,J)=ISAVE{IPHOD~J~l) PAL08230 
ISAVE(IPROO,40)=IELAbK PALOd240 

70 CONTINUE PALO~2S0 
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DO 7S 1=1,24 PAL082b~ 
IOUT(It40)=ISA1E(IPBOO,I) PAL08270 

75 COMTINJE PAL06280 
IF( ISAVE(IPROO,25) .Nt:.IBLAIiK ) IOUT(bq)=IDASH PALOd290 
DO dO 1=1,40 PALOSJOO 

IOUT(I)=X ?ALOS310 
IF(LFU5E3(I,lPROD» IOiJ'r(I)=IDASH PAL08320 

80 CONTINUL PAL08J30 
CALL FANTOM(ITtPE,IOP,IOUT,IPROD,I8PRO) PALOS34v 
IF (lOP. NE.D) GO 10 BS PALOaJ50 
K=O PAL08360 

81 DO'82 1=1,40 PAL0837J 
I F ( (IOU T (1) • E \/ • F X) • 0 R • (IOU T (I) • E Q • FI D ASH» GO ·r 0 alP A L 0 8 38 v 
K=Ktl PAL08390 
I F (IOU T (I) • E Q •• q IDA 'rA (K) = Z E R 0 PAL 0 8400 
rF(IOUT(I).J::Q.IUASH) IOA'U(K)=ONE PAL08410 

62 CON7INUE PALOd420 
UO 03 l=l,QO PAL08430 

IF( (IOUI(I) • l::i;I. X) .OR. (IOUT(I) .EJ.IDASH) ) GO TO 8b PAL08Lt40 
83 CON~INU£ PAL08450 

GO TO 94 PALOS460 
86 wRITE(POF,dij) IDATA PALoa470 
8" FORIUT(' ',LtO(Al,' '» PAL084ao 

JO TO 9Lt PAL08490 
85 I~ROD=IPau~-1 PALOd500 

IF( (IOP.EQ.tI) .OR.lIOP'.EQ.B.AND. (LPROD(lPROOtl))) PAL08SJO 
, WRITE(POF,90) IPRODfIOuT PAL08520 

90 FORrtAT(' ',12,10(1 ',4Al),' ',2ijAl) PAL08530 
9" CONTINUE PALOS5LtO 

wRITE(POF,96) PAL06550 
96 FOR~AT(lX) PAL08S&O 

100 CONTINUE PAL08S10 
IF(IOP.NE.D) GO TO 105 pALoasso 
WRITE (?OF, 101) ETX PALOd590 

101 FORrtATC' ',AI) pALOa600 
RETURN PAL08610 

105 WRITE (pJF, 110) PAL08blO 
110 FORMAT(/, pALOd630 

"LE~END: X FUSE NOT SLOWN (L,N,O) FUSE BLOilN (H,P, 1) ')PALOdG40 
IF(IOP.EQ.P) WRITE(POF,111) PA108650 

111 FORriAT( PAL08660 
l' 0 : PHANtOM FUSE (L,N,Or 0 PHANTOM FUSE (H,P, 1) ') PALOa&70 
WRITE(POf',112) 18LOII PAL086tW 

112 FORMAt (I,' NUMdER OF FUSr.S 8LOIII = ',14) PAL0t3690 
WRITt: (POf, 111) 1'AL08700 

113 rORl'IAT(I/) PALOtHl0 
RETURN PALOd720 
ENDPAL08730 

C PAL087LtO 
c~*~*************~*.*******~***********************.***.*****.**** •••••• PALOb75u 
C PALOS7GO 

SU3ROU4INE HEX(LFUSES,IOf) PAL08770 
C TBIS suaROUTINE GENiRATES dEX PROGRAMMING FORMATS PAL087BO 

IMPLICIT INTEGJ::R (A-Z) PALOd790 
'1 NT E G E a rr E r1 P (60) ,Z I A B L 1 (3 2) , Z TAB L 2 ( 1 6) ,Z C S U Ii (4 ) PAL 0 880 0 
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LOGICAL LFUSES(40,aO) 
INTEGER SuH,STX,ET1,BEL 
COMMON /LUNIT/P~S,POF,PDF 
DATA H/'d'/,S/'S'I,IBLANK/' 'I, 

I ZTAbL1/'00','01','O,','03','04','05','06','07', 
2 'Od','u9','OA','OB','UC','OD','OE','OF", 
3 'IO','II','12','13','14','15','IG','17', 
4 ' 1 B' , , 19' , ' 1 A' , ' 1 fj' , ' IC' " 1 [J' , ' 1 E' , , IF' /, 
5 Z'£AUL2/'O','l','l,',')','ij','5','6','7', 
{) 'd','9','A','B','C','D','t;','F'/ 

DATA SOH/zOl000000/,SlX/Z020000vu/, 
~ EfX/ZOJ000000/,6£L/Z07000000/ 
CSUM=O 
IF (lOPoL'jolt) WHITE (PDF, 10) 

10 FOHMA'f(l/,80(' '),/1) 
C*~**. NOTE: 50~E PROM PROGRAMMEbS NEED A START CItARACTEk. 
C*.**. TrliS PROGdAct OUTPUTS AN STX FON THE DAT~ I/O MODEL 9 
C ••• *. (USE SOH FOR MODEL S) 

WRITE(PDF,5) BiL,~EL,aEL,BEL,BEL,BEL,BEL,STX,SOH 
5 FORMAT(' ','HI) 

DO 40 1=1,41,40 
INC=I-l 

DO 40 iPROD=I,7,1 
DO 20 J=1,2 

00 20 IINfUT=I,40 
IHEX=O 
ISUM2=IPROD t J-l t I~C 

IF'(LFUSES(IINPUT,rSUM2 to» IHEX=IHEXtl 
If(LF'USES(lI~PUr,ISUM2 t 8» lHEX=IHEXt2 
IF'(LfUSES(llNPUT,ISUr.2 t 1& » 1HEX=IHEXt4 
IF(LFUSES(ILNPUT,rSUM2 t l4 » IHEX:IHEXta 
IF(LFUSES(IlNPUI,ISUM2 t 32 » IHEX=IHEXtI6 
CSUM=CSUI1t1it~X 

lSU~X=IINPUrt (qO. (J- I» 
20 ITl::l1P (ISUhX) =i:.TABL 1 (llt£X t I) 

IF(IOP.EQoh) waUl:;(PDF,60) ITEM? 
60 FORL1Al(4(' ',.lO(AL,' '),'.',/» 
~O IF(IOPoEQoS) WRIT!: (PDF,61) I'IErtP 
&1 FORMAl'(4(' ',20A2,',I,,» 

I r (lOP 0 E !J • H) W R I T I:; (P D r', 7 0 ) 
70 FuRI1Al' (1/, 80 (I ') ,/1) 

waITE (PDF, 80) ETX 
ij 0 FOR MAT (' " rt I) 

C CONVERT OECI~AL CHECK SUM INTO HLX CHECK SU~ 

C 

DO dS I=l,~ 

ZTEMP=CSUM-16*(C5Urt /lb) 
ZCSU~(5-I)=lTABL2(ZTEctPtl) 

C5U:1=C5U1'I/10 
ciS CONlINUE 
I IF(ZCSUM(I)oEQ oZTAtH2(1)) lCSUI'I(I)=IBLAH 

WRITE(PI1S,90) ZCSUr1(l) ,ZCSU!1(2) ,ZCSU/1(3) ,ZCSUI1(4) 
90 FO((MAT(I, I HEX CHECK SUli = ','fA 1) 

RETURN . 
END 
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e.*****.**~.****.**.******.*.*.*.**********.**.***** •••••••••••• **.** ••• PAL09360 
e PAL09310 

HLOCK DAIA ?AL09380 
I"PLICIT INTEGER (A-Z) PAL09J90 
COdMON /IiLK/ PR8XIO(10,11t),PBOD8(d,II),PRODLN(40,7) PAL09QOO 
DATA PR8XIO/ PAL09410 

I ~, It, ~, ~, ~, ~, 4, 4, 4, 4, PAL09420 
2 3, 0, 5, 5, 5, 5, 5, 5, 6, 3, PAL09430 
3 3, 3, 7, 1, 8, 3, 7, 1, J, 3, PAL09440 
~ 3, 3, J, 9,10,10, 9, 3, 3, J, PAL094S0 
5 3, 3, 3, 3, 1, 1, 3, 3, 3, 3, PAL09460 
6 2, 2, 2, 2, I, 1, 3, 3, 3, ), PAL09470 
7 11,11,11,11,11,11,11,11,11,1', PAL0948u 
B 11,'1,11,11,11,'1,11,11,11,", PALu9490 
'3 11,11,11,11,11,11,11,11,11,11, PAL09500 
A 11,11,11,11,11,11,11,11,11,11, PAL09510 
8 1, I, I, 1, 1, 1, 1, I, 1, 3, PAL03520 
el, 1, 1, 1, 1, I, 1, I, 1, 3, PAL09510 
D 3, I, I, I, I, I, I, I, 1, 3, PAL09~40 
E 3, 1, 1, I, I, 1, 1, 1, I, 3/ PAL095Sv 

DATA PRODG/ PAL09560 
1 1,1,1,1,1,1,1,1, PAL09570 
2 2,2,2,2,2,2,2,2, PAL09580 
3 3,3,3,3,3,3,3,3, PAL0959U 
~ 4,ij,J,J,3,3,3,3, PAL09600 
5 ~,:l,3,3,3,3,3,l, PAL09610 
6 5,5,5,5,3,3,3,3, PAL09620 
7 6,Q,b,f>,3,3,3,3, l'AL09630 
8 6,&,3,3,3,3,3,3, PAL09640 
9 7,7,7,1,7,7,3,3, PAL036~U 
it 1,7,7,l,3,J,3,l, PAL09660 
il 1,1,1,1,3,3,3,3/ PAL09670 

DATA PROULN/ PAL09680 
I 40*ldl, PAL09690 
2 ~U*'HP, PAL09700 
3 ~O~lHN, PAL09710 
q 6~IHl,2*lrlP,2.IHX,2*'HP,2~IHX,2*'HP,2.IHX, PAL0972J 
q 2*lrlP,2*IHX,2*'H~,l*IHX,2*'HP,2*IHX,2*ltlP, PAL09730 
~ 2*IHI,2*IHP,4*lrtX, PAL097QO 
5 lIH1HX,~*IHP,2*IItX,2CCIHP,2*'lU,2*IHP,2*IHX, PAL09750 
S Z*IHP,2*lrlX,2*IHP,2*IHX,2*IH?,Q*IHX, PAL097&O 
b 14*IHX,2*'HP,2*lrlX,2*lrlP,2*IHX,2*IHP,2*IHX, PAL09770 
b 1*IHL',12*IHX, PAL09780 
7 IS.IHX,2*IHP,2*IHX,2.IHP,I&*IHX/ PAL09790 

END PAL09800 
C PAL09810 

c*****.*****.******.***************.**** ••• **.** •••••• ** •• **.****~.** •• *PAL09820 
C PAL0983u 

SUBROUTINE TWEEK(iTiPE,LfUSiS) PAL09840 
C THIS SUBROUTINE TfjEUS LfUSES (THE PHOGRAI1IHNG FUSE PLOr) PAL09850 
e rOd HIGH AND LO~ PHANTOM rUSES PAL09860 

IHPLICIr INTEGER (A-Z) PAL09870 
LOGICAL LFUSES(QO,~O) ,LBLAIiK,LLEt't,LAHD,LOR,LSLASH, PAL09880 

1 L£QUAL,LdIGHr,LXOR PAL09890 
CO"~OH LBLANK,LLEFI,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR PAL09900 
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C 

COMMON I11LKI PB8x 10 (10,14) ,PHOD8 (tl, II) , PRODLN (40, 7) 
DAt~ P/'P'/,N/'N'/ 
FUSP'rR= I 
DO 30 Oli rpUT= I, 10 

G~TYPE=PRaXl0(OUTPUT,ITYPE) 
DO 30 PRLIHE=I,B 

LNTYPEzPnODtl(~aLINE,GrtrYPi) 

DO 20 COL=I,4U 
rf(PIWDLH(COL,LNTll'E) .£Q.P) 

LFUS~S(COL,fUSPTR)·.lRU!. 

r F (P ROD L H (C 0 L , L N't r' P E) • r; Q • ~ ) 
1 LFUSES(COL,FUSP1R)=.FALSE. 

20 CON7INUE 
FU:ipra=FusPTH.I 

3 0 CO H'rI N U E 
RETURN 
EIIO 

PALO'1910 
PAL09920 
PAL099JO 
PAL099l4 0 
PAL09950 
PAL099bO 
PAL09~10 
PAL099BO 
PAL099YO 
PALIOOOO 
PAL1~OIO 
P.U 10020 
PAL10030 
PAL100l40 
PAL10050 
PAL10060 
PALI0070 
PALI0080 

C •• *********~>l<.**~**"'.*******.* ••• **.lOI ••• ***.****.*********** ••• *******IQlPALI0090 
C PALI0100 

SUBRourINE aINR(LFUSES,rl,L) PAL10110 
C TtlIS SUBRourINE GENERATES arSARY PhOGRAHHING FORMATS PAL10120 

II1PLICIr INTEGEH (A-Z) PAL10lJO 
INTEGER ItEMP(5,IO) PALI014Q 
LOGICAL LFUSES(40,aO) PALIOl50 
COM~ON ILUNI!I PMS,POF,PDF PAL10160 
WRITE(PDr',10) PAL10110 

10 fORMAT(//,' .' ,II) PAL1018J 
DO 2Q 1=1,41,40 PAL10190 
INC=I-I PAL10200 

00 20 IPROD=I,d PAL10210 
00 lO J=l,J I, Iv PAL102.20 

DO 15 K= 1,10 PAll02JO 
IINPUT=JtK-I PAL10240 
ITE~P(I,K)=L PALt0250 
ITEMP(2,K)=L PAL10260 
ITE~P(J,K)=L PAL10210 
11EMP(4,K)=L PAL10280 
ITEMP(5,K)=L. PAL10290 
rsU~3=IPROD.rNC PAL10300 
I F (L F U S'E S (I I H PUT, IS U M 3 0» IT E ~ P (5, K) = H PAL 1 0 3 1 0 
IF(LFU5ES(IINPUT,rSUMl d» ITEMP(~,K)=H PAt10l20 
IF{LFUS£S (I1HPUT,ISUH) • 16 » ITEMP (3,K)=tt PAL10330 
IF (LFUSES (IINPUT,lSUfU • 24 » ITEMP (2,K) =H PAL 10340 
IF(LFUSt;S(IINPUl',rSUI13. 32 ». ITEMP(l,K)=a PAL1()350 

15 CONTINUE PA1103bO 
20 WRITE (PuF, )0) ITEf1P PAL 10]70 
30 FORt'lAT(' ',10('H',:iAl,'F '» PAL10380 

WRITE (PDF, 10) PAL 10390 
RETuaN ' PAL10400 
END PAL10410 

C PAL10420 
C**.*9 •••••••• *9*.9.*.*9 ••••••••••• **9.lOI9 ••••• ** ••• * ••••••••• * ••••• ** ••• PAL10430 
C PAL10440 

SUBROUTINE SLtP(LFU5ES,lBSPHO,ITYPE,IBLOW) PAL10450 
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C THIS SUBROUTINE WILL BLOW THE ENTIRE CONDITIO~AL THREE-STATE PAL10~oO 
PAL10~10 
PAJ.l0,.80 
PAL10490 
PAL1050a 
PO\Ll0Sl0 
PAL10520 
PALIOSlO 
PAL10540 
PAL105S0 
PAL10560 
PALlOS10 
PAL10580 
PALIOS90 
PAL10600 
PALI0610 
?ALI0620 
PALI0630 
PiLl06,.u 
PAL1065u 
PALI066u 
PALt0610 
PALt0680 
PAL10690 
PALI0700 
PALlOllO 
PAL101io 
PALt0130 
PA1.101~O 
PA L' 0150 
PAL10160 

C PHODUCT LINE WHEN 'IF(VCC)' CONDITION IS USED FOR THE 
C CORRE~P~NDING OUTPUt PI~ 

II1~LICIT IhTEGER (A-Z) 
INTEGER r£HABL(10,1~J 
LOGICAL LFUSES(~O,80) 

C l=ENAHLED OUTPUT. J=ANYTHING ELSE FOR THAT OUTP~r 

c 

DATA IENABL/ 
1 0,0,0,0,0,0,0,0,0,0, 
2 0,0,0,0,0,0,0,0,0,0, 
3 0,0,0,0,0,0,0,0,0,0, 
ij 0,0,0,0,0,0,0,0,0,0, 
5 0,0,0,0,0,0,0,0,0,0, 
6 0,0,0,0,0,0,0,0,0,0, 
7 1,1,1,1,1,1,1,1,1,1, 
6 0,0,0,0,0,0,0,0,0,0, 
9 I,O,O,O,O,O,C,O,O,I, 
A 1,1,1,0,0,0,0,1,1,1, 
B 0,1,1,1,1,1,1,1,1,0, 
C 0,0,0,0,0,0,0,0,0,0, 
D 0,1,0,0,0,0,0,0,1,0, 
E V. " 1 , ° , a , ° , 0, I, 1 ,0/ 

IOUT=(IHclPRO-l)/dtl 
IF(IENADL(IOUT,ITYP£) .£0.0) aETURN 
DO 10 I=I,IfO 
IBLOW = IBLOW t 1 

10 LFUSt:S(I,I8dPRO) = .TRUE. 
186PRO ~ 18dPRO t 1 
BETUliN 
END 

C**~ •• *****.***.*** ••••••••• * ••••• * •••• ¥ •••••• ~ ••••••••••••••••••••••••• PALI0110 
C PALI0780 

SUBROUTINE rA~rOK(ITlPE.IOP,IOUT,IPHOD,I8PRO) PAL10790 
C THIS SUBdOUl'IN£ UP1HTES lOUT (T"E PRINTED FUSE ilLOr) PAL 10800 
C FOR HIGH AN~ LOW PtlANTO" FUSES PALI0810 

II1PLICIT rNTEGER (A-Z) PAL10820 
INTEGER IOUi(64) PAL10830 
LOGICAL LBLANK,LLEFf,LAND,LOR,1.SLASH,LEQUAL,LRIGHT,LIOR PALI08~O 
COMMON LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR PAL108S0 
COrtHON /tiLI</ Pd8'Xl0(1O,14),'PR008(8,11),PRODLN(40,7) PALI0860 
DATA B/·B'/,N/INI/,P/·pl/~LorANT/'O'/,HIFANT/IO'/,Ia1.AHK/' II PAL10B10 

C GET OUTPUT GROUPING PALI0880 
OUTPUT=(IPROn-l)/St' PALt0890 
GRTY?E=PHdXI0(OUTPUT,ITXPE) PALI0900 
LNIYPE=paUOd(IdP~O.GRTYPE) PALI0910 
DO 10 COL=I,40 PALl0920 

IF( PROD1N(COL,LNTYPE).E';i.P.AND.IOP.EQ.P IOUT(COL)=liIFANT PAL10930 
If( PRUDLM(COL,LNTtPE).EQ.P.AND.IOP.EQ.B IOUT(C01.)=IBLANK PAL109qO 
IF( PRODLN(COL,LNrrPE).EQ.N ) IOUT(CO~=LOFANT PAL10950 

10 CONTINUE PAL10960 
RETURN PALI0970 
END PAL10980 

C PALI0990 
C~~*~**.*.*.***.*.*.* •••• *.**.**********o***.**.**~* ••• ***.~.* •• O •••• * •• PAL11000 
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C 
SUBROUTINE 100C2 

C***** THIS ROUrIriE IS OPTIONAL, IT MAY HE USED TO TURN PEHIPHEaALS ON 
II1PLICIT INTEGE.R (A-l) 

PAL11010 
PAL 11020 
PAL11030 
PAL 11040 
PAL 11050 
PAL110()v 
PAL 11010 
PAL11080 
PAL11090 
PAL1110J 
PAL11110 
PAL11120 C 

IHTEGEk BEL,DC2 
CO~~ON /LUNIT/ PMS,POf,PDF 
DATA HEL/Z01000000/,DC2/Z22000000/ 
WRITf:(PDf, 10) DC2,a~L 

10 FORMAT(' ',2AI) 
RETUkN 
END 

C***********************************************************************PAL11130 
C PAL 11140 

SUBROUTINE IODC4 PAL11150 
C***** THIS aOUrINE is OPTIONAL, II' MAY BE USLD TO rURS PEiHPitERALS OFF PAL 11160 

IMPLICIT INTEGER (A-l) PAL11170 
INTEGER BEL,JC3,DC4 PAL11180 
DATA BEL/Z07000000/,DC3/Z23000000/,DC4/Z24000000/ PAL11190 
WRIfE(PDf, 10). [lEL,OC3,OC4 PAL11200 

10 FORMAT(' ',JAI} PAL1121U 
RETURN PAL11220 
END PAL11230 

C PAL 11240 
C*****************************~****************.*****************.*****.PAL11250 
C PAL11260 

SUBROUTINE rEST(LPHASL,LBUF,TITLE,IC,IL,ILE,ISYM,IBUF,ITlPE, PAL11210 
1 1PCTR,LERR,lSAF,lPCTR1;LSA11,LSA01) PALl1280 

C THIS SUBROUtINE PERfQH~S THE FUNCTION TABLE SIMULAtION PAL11290 
C AND GENERATES TEST VECTORS PAL11JOO 

IMPLICIT lln'EGER (A-Z) PAL11310 
INTEGER ISrM(8,24) ,ISHII (d,24) ,IBUF(~,24) ,IVECT(24} ,IVEC1t'(24), PALt1320 

I ISTATE (24) ,ISTATI (24) ,IPI~ (24) ,TITL£(80), IPCTa PAL 113JO 
LOGICAL LULA~K,LLEfr,LANo,LOR,LSLASH.L£QUAL,LBIGHf,lXOR,L3Al1E, PAL11l40 

I JlORFND, LERR, LPUASE (24) ,LPHAS 1 (24) ,LBUF (24), LOUT (24) , PAL 11350 
2 LOUTP(24) ,LCLOCX,LPTRs'r,LCTRST,LENABL(24) ,NREG, PALl1360 
3 I.SAll,l.SAI2,LSA01,LSA02. PALl1370 

INTEGER bEL PALllJeO 
COMMON I.BLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LHIGHT,LXOR PAL11390 
COMr.ON /PGE/ IPAGE(dO,200) . PAL11400 
COMMON /LUNIT/ PMS,POF,PDF PAL11410 
COM~ON /FIEST/ IFUNcr,IDESC,IEND PAL11420 
DATA IDASH/'-'/,L/'L'/,a/'u'/,X/'X'/,C/'C'/,Z/'Z'/,NO/'O'/, PAL11430 

I NI/'l'/,EaR/'?'/,IiHAXi\/' '/,COriENT/';'/ PALl11440 
DATAbEL/Z01000000/ PALl1450 

C PRINT AN ERROR MESSAGE IF NO FUNCTIO~ fABLE IS SUPPLIED PAL11460 
IF(IFU!fCT.NE.O) GO 'fO 3 PAL1J1410 
WRITE(PMS,2) PAL11480 

i FORMAT(I,' FUNCTION TABLE I1US1' BE .:iUPPLIED IN oaOER TO PERFORrt', PAL1I490 
t ' SIt1ULATION') PAL11500 

RETURN PAL11510 
C PRINT IITLE PAL11520 

3 IF(.NOT.LSA11).AIW.(.NOT.LSA01») WRITE(POF,4) TITLE PAL11530 
f4 Fi.lldBT(I,' ',SUA1d) PAL11540 

C INITIALIZE LERR (fiJHCTrOH TABl.E ERROR fLAG) TO NO ERROR PAL115S0 
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C 

C 
C 

C 

C 

C 

C 
C 

5 

LERR=.FAL5E. 
UITIALIl:E HERR 
NERR=O 

(NUMliiR OF FUNCTION TABLE ERRORS) 'f0 NO ERROR 

SET THE STARTING POINT OF tHE FUNCTION TABLE TO COLUMN 0 
ANi) lFUNCr • I 

1'.:=0 
IL=IFUNCT • 1 

, INITIALISE SAl/SAO PARA~ET~RS 
IPCTR3=O 
IEi./N=O 
IPCTR=O 
INITIALIZE 
ITRST=\) 

ITBS! (THRE1-STATE ENABLE FUNCTION TABLE PIN NUMBER) 

~AKE A DU~MY CALL TO INCH 
CALL INCa(IC,IL) 
GET THE fUNCTION TABLE PIN LIST (UP TO 22) 

GO ONE nORE TH~N MAX TO LOOK FOR DA~HED LINE 
DO 101:1,23 
CALL GgTSfM(LPHAS1,ISY~1,r,rC,IL) 

no 'j J= 1,8 
ISUF (J, I) =15'(" I (J, I) 

IF (IHUr' (8, 1) .E-". IDAStI) GO TO 12 
CALL MArCH(IMATCH,IBUF,ISYM) 

'IF (II1ATCH. NE .0) GO TO 7 
WiUTE{Pi1S,6) (IBUF(J, I) ,J=I,B) 

6 fOHrlAT(I,' FU;'4CrION 'rl'\BLE PIN LIST ERROR AT', SAl) 
REf URN 

7 LOUT(I)=.FALSE. 
IS~I\TI(I)=X 

IVECTP(I)=X 

PAL11560 
PALl1510 
PAL11580 
PAL11S90 
PAL11GOO 
PAL1tbl0 
PAL11620 
PALllGlO 
FA L 11640 
PAL11GSO 
PAL11660 
PAL 11&10 
PA L11680 
PAL 11690 
PAL11700 
PAL11110 
PAL1172C 
PALll130 
PALII740 
PAL11150 
PALll160 
PAL11770 
PAL11780 
PAL11190 
PAL11800 
i?AL11810 
I?ALtl820 
FALl1830 
PA L 11840 
PAL 1 18S0 

c 
c 

IF APPRoeIATE ~AL TYPE, RE~EMBE8 LOCATION OF CLOCK AND 
E~ABLE PIN IN FUNCTION TABL~ PIN LIST 

tHREE-STATEPALI1860 

c 
C 

c 

IF( .NuT. (IrYPE~EQ.d.OH.ITYPE.EQ.9.0H.IT~PE.EQ.10.0H. 
1 I'r1PE.EI.l.1.2.0R.ITYPE.EQ.l J.mi.q~YPE.EQ.14) ) GO 1'0 10 
IF(IMATCH.EQ.1) lCLOCK=l 
IF(II'lATCH.EQ.13) lTRST=I 

10IPIN(I)=InATCH 
ALL SIGNAL UA~ES f08 tHE FUNCTIONAL TEsr HAVE BEEN RE~O [N 

ADJUSr COUNT 
12 HHX=I-l 

HVEcr=v 

C*****START OF MAIN LOOP FOR SIMULATlON***** 
c 
C 

C 

C 

90 IPCTR4!=O 
IE',2N=O 
IPCTR 3=0 
LSA12=.FALSE. 
LSA02=.FALSt:. 

NVECT=NVi.CTt' 
1C1=0 
IL l=lLr: 
GO PASSED CO~MENT LINES 
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PAL11810 
PAL I 1880 
PAL11890 
PAL11900 
PALI1910 
PAL 11920 
PAL11930 
PAL 11940 
PAL 11950 
PAL 1'1960 
PAL11970 
PAL 11980 
PAL11990 
PALI2000 
PAL12010 
PAL12020 
PAL12030 
PAL12040 
PAL12050 
PAL12060 
PAL12010 
PAL120BO 
PAL12090 
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fIi.E: PA.L2~ rOHTHAN A NSC fI~£ SHARING SERVICES Vrl/SP RELlASE 2.0 

23 IF(It>A~E(I,lL) .NE.CO~LNT) GO 1'0 2~ 

1L=IL'" 
GO TO 23 

2 4 . CO ./T I NUl:: 
C GETS VECTOHS FhJM FUNCTION TABLE 

DO 20 I=l,I:1AX 

c 

c 

If(iPAGi;;(IC,.L) .E~.15LANK} GO '1'0 21 
GO TO 22. 

21 1C=1C"1 
IF{IP,\Gr.:{IC,iL) • t: ...... ltHANK} GO 10 21 

2 2 IV E cr (r) :: I P " :; t: ( I C , r 1.) 
1C=1C .. 1 

20 CO~lINUE 

B 
1 

AOVANC~ LINE COUNT TO ~KIP FUNCTION TABLE COtlMENTS 
IL=IL .. I 
IC= 1 
If{IVEC'r'(I).EQ.IDhSrt) GO TO ')5 

CdECK fUa VALI~ f~NCTrON XABLE VA1UKS (L,H,X,Z,C) 
DO II !=l,IM.\lC 

If( ~V::CT(r) .E'.1. i..UR.IVECT(I) .t:-J.H.Uh.LVECT(I) .E-j.:C.OR. 
IVECT(I).E<';.~.O~.IVECT(l).Ei.l.C) GO TO 11 

wct1'f.t:(PI1S,8) 1VECr~l) ,NVECr 
fOHi'lArv,' ',AI,' I~ NOT AN ALLU,HD fUNCTION TABLE ENnU', 

I B VECrOR ',13) 
RErURt-. 

11 CONTINUf:. 
C INITIALrl~ CLOCK AND ThrlE£-STATE ENAriLE FLAGS 

LCLOCK=. r.HSr;. 
LCTHST=.i'RUr.:. 
LPT~3r=.lHUl;. 

UU 13 I=I,ll'\AX 
13 LENAdL(I)=.rRUE. 

C 1~rTIALIZE NRE~ (NOr REGIStERED OUTPUT) ;0 FAL3~ 
NdEG=.FAi.SE. 

C INITIALIze ISTAIi hdRAi 10 ~LL X'S 
DO 15 1. = " 24 

15I5TAn(I)=X 
C CHECK IF ThIS ?AL TYP~ HAS REGISTEHS 

IF( .NJT. (lTr?E.E~.H.OR.llYPE.EQ.~.OH.IIYPE.E~.IO.OR. 
1 ITYPE.Ev..12.0R.II'lPE.EQ. IJ.OR.ITYPE.EQ.14) ) GO TO 25 

C CHECK CLOCK AN~ rHRKE-STATE iNABLE PINS AND CHANGE FLAG if NEED~D 
IF(IVECT(ICLOCK) .£Q.C) LCLOCi\=.TiliJJ:;. 
IF(ITRsr.EQ.O) liO TO 25 
L5AME=( ( i.PitASqI3».AND.( LPHAS1(ITRSr».OR. 

I (.NUT.LPiiASE(13» .AND. (.NO'l'.LPHAS1(I'fRST» ) 
I r ( I V EC T { I r R 5 T J • E Q • L. AN [J. (. NOT. L SAN E) • 0 R • 

'.IVi:;Cl{ITRST).f.J.tt ... ND.( LSAME)} LPTHSl'=.FAl.SE. 
I F (L P T iL:iq GO l' 0 2 :) 

C DlSAHLE REGISTERED OUfPurs IF APPROPRIATE 
DO 4ti I=I,I:1AX 

J:l~~N (I) 
rF(J.r:~.17.0H.J.Ec./.18.0H.J.E~.19.0R.J.EQ.2() LENAilL(l)2.FALSE. 
IF( (lTYPE.EQ.8.0R.Il'Y£>E.EQ.'1.0R.ITtPE.EQ.12.0R. 

ITYPE.EQ'.I3) .ANU.(J.EQ.lb.OR.J.EQ.21) ) LENA8L(I)=.FALSE. 
r f ( ( If '{ ~ E. E Q • 8 • 0 R • IT Y P E • E ';,t • 9 • JR. 1 T '( P E • E". 1 2) • AND. 
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PALI211·J 
PAL12120 
PAL 12130 
HL12140 
PAL12150 
I?AL1216U 
PAL12110 
PAL12180 
PAL1219J 
PAL12200 
PAL12210 
PAL12220 
PAL12230 
PAL1224Q 
PAL12250 
PAL12260 
lJAL12270 
PAL12280 
£>AL12290 
PAL12JOO 
PAL12310 
?A1.12320 
PAL12J30 
PAL12340 
£>AL12350 
PAL12360 
PAL12370 
PAL 123bO 
PALI2390 
PAL1240(; 
i?AL12410 
PAL12420 
PAL12430 
PAL12440 
PA1.124~O 

PAL12460 
PAL12470 
PAL12480 
PAL12490 
PA L 12500 
PAL12510 
PAL12520 
PAL12530 
PA1.12~4u 

PAL12550 
£>Al12560 

'PAL12570 

PAL12S80 
PAI.1259U 
PAL12600 
PAL12610 
PAL 12620 
t>AL12630 
PAL12640 
PAL12650 

;g 
r 
C 
CD en 
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(J.EU.15.0h.J.£~.~2) ) 
I F ( 1 'r Y Pl. £ Q • d • A N l). (J. E ~. I It • 0 H • J • E Q • 2 3) 

46 CONTINUE 
C 

LENABL(I)=.FALSE. 
LENABL(I)=.FALSE. 

C*****SCAK IHaOUGH TaE LOGIC EQUAiIOKSO**** 
C 
C MAKE ~ DUjKY CALL To INC~ 

C 

C 

25 CALL I~CR(IC1,IL1) 
26 CALL GETSYf'l(LBUF,IfjUt',I,ICI,[LI) 

1F(LI..£FT) GO r;.o 2') 
~7 If(.NOT~LEQUAL) ';0 Iv l6 

C EVALUATE CONDITIO~AL TdREE-3TAT£ PRODUC7 LINE 
29 IF(LE~UALJ GO 10 35 

N R EG= • '£ tlU E • 
33 CALL GE'I.:i'UI(LoUf,lBUf, 1,1Cl,ILI) 

e c\ L L M 1\ T C It (lUH', I U U f' , r S HI I ) 
C CrlECK rON GNU, vce, /GND, OR IVCC IN CONDITIONAL THREE-StAtE 
C PRODUCT LINE 

IF(I[NP.~E.O) GO TO )i 

C 

CALL !'lATCH (I!1ATC:I,ldUF',rSfM) 
1LL=IL1 
I F ( I i't A l' C tC. :£ ~ • I 2 • AND. (L ti U F ( 1) ) • 0 h • 

I H1ATCit.EQ.l4.AND.(.NOT.LtlUF(I») LCTRsr=.FAI..SE. 
IF( IINP.EIJ.O.AIfD.1I'IA-rCH.N£.12.AN;).lNATCH.NE.24 )'GO TO 100 
GO Ii,) 34 

'32 ITEST=IV~CT(IINP) 
IF( ITt:3'r.C:Q.L.ANU.(LPdAS1(IINt'».A!.D.( LBUf(l» 

I .0 R. IT E sr. E Q • h • Ii N D • ( L P lU;j I (I I Ii P» • AND. (. NOT. L Bur ( 1) ) 
2.0H. ITEsr.EQ.iI.AhlJ.( .... OT.1.PH~SI(IINP» .HD.( LaUF(I» 
J.OR. ITEsr.E'oI.L.AND. (,NOT.LPi1hSI (IINP» .AND. (.NOT.LBUF(I) 
4 ) LCTRST=.FALSt. 
IF(ITEST.EQ.X.OR,ITEST.E~.Z) LcrhST=~FALSE. 

JIf Ir(LAND) GO TO 33 
GO TO l.7 

C EVALUATE TH~ L0GIC EQUATION 
C 
C FIND PIN NUMBER or THE OUTPUT VECTORS 
C 

35 IPC'l'R 3=0 
C 

CALL HATCH(IOUlP,IBUF,ISYMI) 
C FLAG FOk UNR£GrSTEHE~ OUTP~TS 

CALL ftATCH(IOUI,IBUF,ISYh) 
IF(ITtPE.LE.7.0R.ITfl?£.f:Q.1l) NREG=.THUE. 
IF( (IrYPE.EQ.9.0R,IT'lP£.E.:J.IO) .AHD. (IOUT.EQ.14.0R.IOUT.E(J.2J) 

I HREu=.TRUB. 
IF ( (Irr~E.EQ. IO.OR.1TYPE.EQ. 13.0R.1TIPE.EQ.1Lt) .AND. 

I (lOUT.EIi.15.0f\.lOUT.EQ.22» NRE.G=.'fRUE. 
IF ( (I T Y P E. E Q. 10 • OR. IT Y P E • E. Q.l 4) • "N D • (lOUT. E ~. 16. i,) H • r OU 'r • E ~ • 21) 

1 NREG=.THUE. 
1LL=ILl 
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FLU:: PAL214 Fa R Ta A ~ " NSC TI"E SHARING SERVICES VM/SP RELEASE 2,0 

rf(IOUTP.EQ.O) GO TO 10\) PAL1l21U 
IF (NREG) L~NABL (lOUT!?) =LcrR5 r PAL 13220 
LO~T(IOUrp)=.THUi. PAL13230 
If( .NOT.LCTRST ) LOUT(IOUTP)=.rALSE. PAL13240 
LCTaSI=.TdUE. PAL13250 
LOUTP (IOiJrP) ::Lilur (I) PAL 13260 

C DETErl~lN~ PHODUCT rlR~ AND ~VENT~ALLt SU~ FOR OUTPUT KEEPING PAL1J270 
C THACK 'N SEt:: .l.F A:4 '(OR (EXCLU:.il'-E JH) HAS 3E£N FOUND PAL1J280 

XO~SJ~=H ~"L1J290 
XJ~FND=.rALSE. PAL1)30~ 
IsuM=L ~ALI3Jl0 

C PAL11320 
28 IPCTR2=IPCTR2tl PAL11J10 

IPCT31=lPCTH)tl PAL13340 
IPcrR=IPC~Rtl PAL13350 

c PAL133bO 
l~aO~=rt PAL13370 

30 ILL=ILI PAL1J3BO 
CALL Gi::TSOI(LBUF,lBur, 1,ICl,ILI) t'ALI3390 
CALL ~ArCd(rINP,raUF,r~l~l) PAL13400 
Ir(IIHP.~E.U) GO TO 47 PAL13410 
CALL ~ATCtl(l~A~CH,IHUf,ISr~) PAL11420 
rt'(II\'\7Cii.:'i::.12.O\hD.ItIArCli.IiE.~4) GO TU IOu f'AL131430 

C T~E~K fOn GND AND vce IN ~RODUCT LINE PAL134QJ 
rf(IMATCh.£Q.Il) ITr;ST=L t'Al13450 
IF(I.1A1'Ctl.EQ.2-.) l'rES'O:;:;ri PAL1.l4i:10 
IINP=lJ _ PAL131470 
LPrtASl (21)=.TRUi. i:>ALB480 
~O TO 11 PAL1349U 

471tESf=IVECT(IINP) PALll500 
C GEt HEGljTERED FEED aACK V~LUES PAL11~tO 

rf(N[{EG) GO 'ro 17 PAL1J~lO 
C~LL rtATCH(IIra,IEUF,ISrM) PAL1J~JO 
If( (IIYP~.EQ.~.Od.ITYPE.£J.9.0R.lrYPE.EU.IU.OR.ITYPE.EQ.12.UR. PAL1J540 

I rrtPE.EQ. I J.OR.IlYPf..EIi. 14) .AND. (IIFS.E'IJ. 17.0H.IIFB.£Q.1B .OR.PAL 13550 
'2 IIFil.EIJ.19.0R.IIFu.Ei.1.2:1» ITr:ST=IVECTCl(IIHP) 'PALI35bO 

I f ( ( r -r Y P E • E'wi • d • 0 k. I; Y P E • E Q • 9 .0 it • I'r (P E • E tJ. 1 2. 0 R • I r't P E • L '.1. I J) • A IH> • P A i. 1 3 570 
1 (lIFt3.E~.lu.On.rrro.Elo/.21) ITt:ST=IVECTP(IINP) PAL1J5aO 
IF( (ITY?E.£\i.8.0ti.lrYPE.EI2.:}.OR.I'r'tPi::.EQ.12) .AND. PALI35'jO 

I (IiFd.£Q.15.0R.lIrb.E~.2l») IT~ST=iVECTP(IlhP) PAL1360u 
U'( IT'C?E.E~.ci.At\D. (IIFb.EQ. 1~.UR.IlFd.Eu.23) ) PALI3610 

I ITEST==lVECTP (IINP) PAL 1362u 
37 IF(ITE5r.EQ.X.OR.11't:51'.l:Q.Z) l'rESl'==L t'AL1.l630 

IF( rTEsr.EQ.L.HD.( LPHA31(lINP»).ANO.( LaUf(I» P~113640 
t.OH. rn:5l'.EQ.ci.Al'ID. ( L?tiASI (lISP» .AND. (.NOT.LBUf(I» PAL13b50 
2.0k. ITESI.i~.H.ANLJ.(.N01.l.PHAS1(Il:H)).rdiD.( LBUF{I» PAL13b60 
3.0R. ITESf.EQ. L.ANO. (.hOI.i.PtlASl (IINP» .AND. (.NOT.LHUF(I» PAL13670 
4 ) IPRuD=L rAL1J660 

C P~L']690 

rf«lPCTR2.F.Q.IPCTdl).AND.(LSAll» GO TO 110 PAL1J700 
c PAL1J71~ 

38 IF (LAND) GO TO 30 PAL13720 
C PAL1J710 

IF «IPCl'R2.EQ.IPCTHI) .AND. (LSA01» GO 10 120 PAL1J740 
C ~~LI37S0 
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C 

C 

C 

C 
C 

C 
C 

C 

121 IF(ISUM.EQ.L.AND.IPROD.£Q.X) ISUM~X 
IF( (ISUtI.NE.ti).AfiD.IPRO[;.£Q.H ) ISU/'I=ri 
CHECK FOri lOR (lXCLUSIVE Oit) AND SAVE rNTEh~EDIATE VALUE 
lr(.tWI.LXOR) liO TO 31 
XOi<SU:1=lSU/,\ 
XOiU'ND=. TauE. 
lSUM=l. 
GO TO 2b 

11 IF(LON) ~o TO 28 
IPCTR3=O 
IF END OF E~UATrON hAS dEIN FCUHU, JETEHMINE FINAL SUM AND SAVE 
IF(.NOT.XJRFND) ISTAT1(IOUTP)=lSUr. 

'IF( (XOftFNO) .AND. «rSUI1.i.~.L.AND.XORSU~.EQ.L) .OR. 
I (ISUt1.EQ.H.AND.'xOHSUM.EQ.H» ) lSIATT(IOUTP)=L 
IF( (XOaFNO) .AN!). «ISUI'1.EQ.H.AND.xoaSUM.EQ.L) .OH. 

I (ISUM.EQ.L.ANO.XOHSU/'l.E~.H» ) lSTATT(IOUTP)=H 
IF( (XORFND).AN:J. (I.5U~.EQ.X.OR. XORSUM.EQ.X» ISTA'rT(IIJUTP)=X 
REGISTEa JOES NOT CHANGE SlATE IF NO CLOCK PULSE IS RECEIVED 
IF ( (LCLUCK) .OR. (NREG) ) GO' fa )6 
LS,\ME = « LCUTP(rOUTP» .ANDo( LPHAsqIou'rp» .Ott. 

I (.NOl.LOUTt>(IOUTP» .AND. (.NOT.LPHASI (IOUTiJ» ) 
IF( IVECTP(IOUTP) .EIJ.L.UD. ( LSAME» ISTATT(IOUTt»=L 
IF( IVECTP(IOUTP) .E'ol.H.Ahu.( LSAi'1E» ISTATT(IOUTP)=U 
If( IYECIP(IOUTi?).EQ.L.AhD.(.NOT.LSAtlE) ) ISTATT(IOUTP)=a 
IF( IVlCTI?(IOUTP) .EQ.H.AhO.(.tWT.LSAI'IE) ) ISTA'fT(IOUTP)=l. 

36 NaEG=.FALSE. 
CflECK IF ALL EQUATIONS HAVE BEEN eROCE5SED 8Y COMPArilNG CUkREftT 

LINE sunbEH WITH FUNCTION TABLE LINE NUft~EB 

IF(IDESC.NE.O.AND.IL1.LT.IFUNCT.AND.IL1.LT.IDEse.Ok. 
I IDESC.EU.O.AND.IL1.LT.lrU~CI) GO TO l7 

OETEkNINE OUTPUT lOGIC Y~LUES 

COMPARE aUT?UT5 TO SEE IF VECTOR A~REE~ WITH k~SULlS 

DO SO r=I,IMAX 
IF (. NOT. LOUT (1» liO TO SO' 
IF(I!)TATT(I) .EQ.i:.AHD.IVECT(l) .Ev.X) GO TO 50 
LSAME = « LOUTP(I».ANO.( Ltlrl:'SI(I» ".OR. 

I ( • Nor • LOU T t' (I) ) • AND. ( • NOT. L PH AS' (I) ) . ) 
I"ESS=40 ' 
If'{ISTATT(i) .E~.L.AIH).IVECT(I) .E',t.L.Al\l.). (.NOl'.LSA:1E» 
IF(ISTATT(I) .E\i.H.ANU.IVECT(I) .J::Q.H.AND. (.NOT.LSAI'IE» 
IF(ISTAT'f(I) .EIoi.L.AND.IVECr(I) .Ev.H.UD. ( LSA:1E» 
If ( IS T ,\ rf (1) • Eli. H • AN D • 1 V Ie T (:i) • E V • L • A If D. ( L SA ME) ) 
If( ( LENAoL(l».AN.:J.IVECT(I).EQ.Z) 
IF( (.NOT.LENAtlL(I) .AND. (LOUT(I») .AIW.IVECT(l).NE.~ 
IF(I~ESS.N£.40) LEaa=.tHU~. 

IF«.NOT.LERR) .A'4C. «LSAtt) .OB. (lSAJI») :GO TO 50 
IF «LELiR) • AN D. «LSi" I) .OR. (LSAO 1») I.iO 1'0 115 

IF(IMESS.Z'J.ltl) ilIiITE(PI1S,~I) livreT, (IS'Ull(J,I) ,J=I,8) 

Il'iESS=4 I 
1:1ESS=42 
ltiZSS=42 
IMESS=41 
HtiSS=43 
111£55=44 

41 fORMA'f(l,' FUNCTION 'fABLE ERROR IN VJ::Cl'OR',13,' PIN =',!HI, 
I EXPECT = ri ACtUAL = L'J 
IF(II'IE5S.EIi.42) "'HITE (Pt1S,1t2) ",YEeT, (ISYI11 (J,I) ,J=l ,g) 

t&2 FIlHHA'r(l, , FUNCTION TAtiLE ERROR IN VECTOR",!],' PIN =',6A1, 
1 ' EXPECT = L ACTun = til) 

24·104 

PALt17tO 
PAL1J710 
PAl.13780 
PAL13790 
PALIJ60tl 
PAL13BtO 
PAL1362U 
PALIJ830 
PAL13840 

'PAL1J8S0 
I11'AL13860 

PAL1J61J 
PAL138BO 
PAL1JB90 
PAL1J300 
?AL13910 
PAL 13920 
PAL 1393\1 
PALI3940 
PAL139~O 
PAL1J:J60 
PAL13970 
PALIJ980 
PAL 13990 
PAL14000 
PALlliOl0 
PAL14020 
PALI40J0 
PAL140'Hi 
PHI4050 
PAL 14060 
PAl.I4010 
PALI4060 
PALI4090 
PAL14100 

,PAL14110 
PAL 14120 
PALH130 
PA1.1414J 
PALI."SO 
PAL14160 
PAL 14170 
PAL14180 

, PAI.14190 
PAL14200 
PAL14210 
PAL142iO 
tJAL142JO 
PAL 14240 
PAL14250 
PALI426v 
PALttt270 
PAL142BJ 
P"L14l90 
f'AL14)OO 



FILE: P,\L24 fORTRAN A NSC TIME SHARING SERVICES V~/SP REL~ASE 2.0 

IF(U1ES~.C:Q.!d) it'nIrl::(t'r1S,l4J) NVEcr, (LiYI'lI(J,I) ,J=I,8) 
~) t'OR:1A'f(/,, FUNCTIC;~ r.1.1iLE EliHOit IN Vr;CrOR',I3,' PIN =',dAl, 

I /,' EXPECl., = OUTPUT ENAbLE AeTU~L:& Z') 
I F (I iii:: S S • r: Q • 4 ~ ) II il I rE (P 1'1 S , 44 ) N VEe T, (IS 'U1 I (J , I) , J:& 1 , 8) , I VEe T (I) 

44 FO~MA~(/,' fUNCTION f'BLE ERROH IN VECTOR',Il,' PIN =',~Al, 
I £.(pr;CI=l: ACTUAl, = ',?\) 
IE'( (1~ES.:i.iiE.40) .I\NIJ.(PMS.:':'.2.o) ) IfdITE(PI'IS,45) ~n;L 

!4~ FJRMAl'(' ',,\1) 
'IF(lM::$S.NE I 40) lHCT(l)=E~R 

IF(lM£33 I NE.40) N~dR=SEHb~1 
50 CONrINUr; 

c CHA~G~ rH~ OR~SR ur V~C~OR~ f~u~ TH~ ORUKJ Of APPiARANCE 1N tHE 
C FUNCTION TABLE TO rH~T OF IH~ ?1~ Ll~; AND r~EKK FOR UUlPut 

00 65 1=1,2~ 

00 5S J=I,II':AiC 
IF(Il'l.N lJ) .S!;;.l) ~u i'O S~ 

I r ( Ii E C: (J) I:;;;;. L • J it • .1 V r; C T (J). E Q • It ) GO ro 5 1 
IS'ri\fio;(I) "'HECl (J) 
GO '.;) 6:::' 

:, 1 L.5I\:1f;= « l.flH.\5E (I» • .\!iiJ.( I.c'HAS I (J» .Ort. 
I (.thH.LPihSE(l)) .AN;). (.NuT.l.PrlASI (J» ) 

1 f ( I i.. '{ t' E • i:.1J • ~ • .\ Ii iJ • (I I 1:: J • I d • 0 1.\ • I I £ ~ I I 'J» LOU r (J) = I 'I It ~J t: • 
If( (.NOf.LOUT(J» .~:tD. ( LSIU'1E) .AIiD. 

IV~CTlJ) .i.",.L ) ISTArE(I)=NU 
1 t' ( (I N 0 '1' • L JUT (J) ) • 1'\ ~H,. ( L S A .11::) • i\ N LJ • 

I· IVSCl:(J).C:Q.h) lSTI\TE(I)=NI 
ir( (.NOL' I LOl1i'(J» .I\Nll. (.:'O'i'.LSA:'IE:) IASD. 

UI::Ci'(J) If-JIL ) ISTI\TE([)=NI 
1 f ( ( • NOT • LOU T (J) ) • AND. (. Nor. L:) A In) • I\h O. 

IVC:CT (J) .E'2.d ) I5TATE(I)=!tO 
If( LJUl'(J»I.\Nll •. ( LSAtIE).ANiJ. 

iHCI (J) II::QI L •. \I'U. ( l.!::NAoL(J» ISfATE(I) =l. 
IF( LOlJ1'(J».AND.( LSA:'II::)lnSD. 

IVi::Cl'(J).I::QIIl.~ND.( LEHBL(J» IS'UT.E(I)=ii 
rF( LOU!(J» .liNC. (.Nor.l.SA~H) .AtiD. 

IVEC'r (J) .1\21 L.AND. ( LENABL (J» I5IATE (I) =H 
iF( LOUT(J» .AND. (.N01:.LSAI'1E) .ANiJ. 

IV!::CT (J) '::~ld.'\!1IJ. ( LENidH.(J» ISTATE(r) =L 
If( I'It-;cr(J).it.t.E;ili{) LST"T::(l)=~RR, 

GO ro 05 
55 CONTINUE 

C SAVE PJE51NT V~CToas rOd FEED ~ACK u~~u WITrl NEXT SET or ¥ECiOHS 
C Ir CLU~K PUL5i ~NJ Nor Z (HI-Z IJ ASYNCHRONOUS) 

b5 IF( (LCL0CK).AND.1V~Cr(J).NL.Z) U'ECTP(J)=IVECT(J) 
C ASSIGN x to GaaUN~ PIN I\h~ 1 TO vec Pi~ 

I.:i'fA'l'::(12)=X 
I,j rAT r; (2 4) = II I 

C PRINT TES1 VECToas 
r F ( ( • NO~ I L S A I I) • U u. (. N 01. L:i A 0 I) ) W R I. r E (i' 0 F r 60) 

I NVt:CT, (lSrATE(I) ,1=1,24) 
60 FOiU'1Al'.(1 ',13,1 ',2~A') 

GO Iu i)O 

C TEa"INAT~ SI~ULATION 
C 

95 IF((.N01'.l.ErlH).ANL.(L';All)) waln:(POr,bO) IrCl'l(!4,lEQNl 
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c 

150 fORMAT(' ',' PrtODUCT: ',13,' OF .','£VUATION',I"3,' 
I U~;"!'l;SIEJ (SA I) raUL'f') 

IF C (. SOT. L E if ii) • AS [;. (L SAO 1» " H n E (P 0 F. I 55) 1 PC 7 R 4 , r E Q !'i1 
bS FOh:1ATC' ',' PRODUCT: ',11,' cr ','EJUATION',13,' 

1 U~TES:~U(SAO) FAULf') 

IF«.Nor.LJ:.H3) .AN:::. «.ttOl,i.SA11) ,AND,(.Nor,LSAOI»J wHrE(POF,67) 
b7 FO,(f'lA£(I,' PASS SII1ULATI0r.') , 

l?Cl'H=IPCff</(NvECT-l) 
Lr" LERk) .AHu, «.:'O'I,LSAtl) ,AN~.'.NUT.LSAOI») 

I"PITE(fJOr,6B) .,t:RR 
6 d F 0 H M A '£ V .' N U:I B £: R or F" U N C '1' 1 0 ~. TAU L E' £: R ~ 0 i{;5=' , r 3) 

RETURN 
C PHIN: AN ~RROR MESS~~£ rOH AN UNDEFINLJ PIN ~AME 

100 lLr.i(i\=l..I.i. .. q 
" iu T f. (?:1 ~, 1 0 I) ( r b J r (r, I) , i = I , 8) , I L ERn, (I P AGE ,I, r L L) ,I = 1 , Ij 0 ) 

101 FORrlA'I(I,' Enih)h Sft1dOL = ',dAI,'IN USE HU~UER ',13, 
I /,' ',a;;';I,;,' THIS ?IN Ni.r'lE IS ~OT iHFINED IN I'HE', 
;. , r u to. C -1 ION T.A B L E PIN L I 5r ' J 

n I:: r u ~( .~ 

C 
11 C Ip~OiJ=a 

LSA 12=.£RUE. 
1r:""Hl=Lc.IIi~ 
IPCTH~=IPCTR) 

GO 1'1.1 3d 
C 
C 
C 

IlC r~!iUl)=1.. 

LSAOl=,ThllL. 
rEQNI=IEQ~ 

IPC'B4=IPC'ff: ] 
GO TO 12 I 

C 
C 
C 

l1S IS;'F=13.\ftl 
LERR=,FI\L:iE, 
nETUHN 

C 
END 
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a:: 
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IJ 

J2 
33 
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co 
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J 

41 
49 

... 
~ 

sa 
SI 

... 

0123 es .9 

Logic Diagram PAL 1 OHa 

INPUTS (0-31) 
110 1611 1011 141S 18193031 

- 11 
toe: • -

- 11 
toe: • -

- 17 
toe: • -

- 16 l-l' , -

- IS 
toe: • -

- Ie 
toe: I -

- 0 
toe: • -

- 11 
toe: I -

... 
11 

~ 

I1Il 1611 2021 2elS 28293031 
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c 
.~ 
tn 
Q) 

C 
....I 
ct 
a.. 

c;;-
eo 

I 

S 
fJ) 

::F: 
a: 
w 
t-
to 
::J 
C 
o 
a: 
a.. 

t 

I 

I 

. 

I 

I 

7 

I 

• 

INPUTS (0-31) 
112 J • 511 •• 121) .. 

~ 
p ~ 

. ' 
~ ,. ~ 

I . 
11 
11 

.. 
~ ,. 

11 
17 

· ~ r-

I' 
II 

· >.. ... 

JI 
Jl 

· ~ ... 

.a 
" 

.. 
~ .. 

.. .. 
II 
It 

.. 
~ ... 

... 
~ .. 

I t II • II 7 I. III1 
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Logic Diagram PAL 12H6 

UIIII17 IIItIOII 

...... 11 -x. .... 

- J' - T 11 

../ - , 

-D ..., 17 ..., 

:Rl 11 ..... 

- 11 

=tS- ~ 

- to - .J --

- I 
-U~ 13 

~-t~ 

~ 
11 

.tit. 
~ 

.... 
;t: 

11 

.... 
10111117 Illtlall 



c;-
eo 

I e. 
en 
:!: 
a: 
w 
t-
to 
:::) 
c 
o 
a: 
0.. 

I 

2 

l 

. 

. 

I 

7 

I 

I 

~ 

... 
~ 

... 
I.? 

.r 

... 
~ 

~ 

... 
~ 

.... 
~ 

... 
l..? 

.. 
~ 

INPUTS (0-31) 
0123 • ril 7 It 1011 121] 20212221 ZCZSU21 212130)1 

" 17 
II 
II 

2' 
25 
21 
27 

12 
Il ,. 
" 

40 
41 
42 ., 

D 12 J • S' 1 .IUtl nil 20212221 24252127 2121l0]l 

24-109 

Logic Diagram PAL 14H4 

.. 
.c;... II 

~ " 

- J - £ "'" 17 

j - \ 

~ J - £ "'" II 

./ - \ 

- J - £ "'" " - • ./ I-- \ 

- J - '£ "'" I. - • ./ - \ 

.c;... Il 

l 

.A 12 

~ 

... 
" <Ci.. 

"'C 
l> 
r-
C 
(I) 
tJ) 

cO· 
::s 



C 
Q 

-c;; 
CD 
C 
....I 
< 
0.. 

M 
CD 

I e. 
CIJ 
:E 
a: 
w 
t-
t
o 
;:) 
c 
o 
a: 
0. 

1 

2 

I 

4 

5 

I 

7 

• 

I 

.. 
~ 

.. 
l2 

.. 
~. 

~ 

l.2' 

... 
~ 

... 
~ 

.. 

. 
~ 

.. 
l.? 

Logic Diagram PAL 16H2· 

INPUTS (0-31) 
o 1 2 I 4 5 6 7 8 91011 12131.15 16171819 20212223 24252627 21291011 

~ 
11 

~ 
11 

... 
17 

~ 

24 
25 
2& 
27 """"'- 11 
21 ./ 29 
10 
II . 

I 
12 r-II 
14 -IS , IS 
16 
17 
18 ,--
19 

~ 
14 

~ 
13 

~ 
12 

~ 
11 

o 1 2 I 4 5 • 7 I 91011 12131415 1&171119 20212223 24252127 21211031 

24·110 



c;;-
eo 

I e. 
en 
~ 
a: 
w 
l-
I
o 
::l 
C 
o 
a: 
Il. 

1 

Z 

3 

4 

5 

6 

1 

B 

9 

.. 

I> 

.. 
I..? 

... 
~ 

.. 
..z 

.. 
..z 

... 
:.z 

.... 
~ 

.. 

01 Z3 46 • I 

a 
1 

• 9 

16 
11 

24 
Z5 

32 
l3 

40 
41 

48 
49 

5& 
51 

0123 45 I' 

Logic Diagram PAL 10L8 

INPUTS (0-31) 
1213 1117 ZOZI aZI ZIZI3031 

- ~ 19 -

- ...... 18 toe: • -

- 17 
toe: I 0 -

- 16 -W- 1 .~ -

- .,... 15 1-(" 1 .~ -

.. 
~ 

14 :!::] 

- .~ 13 

-o---J 

- .- .~ 
toe: • -

~ 
j., 

1213 1&17 2021 2425 2iZ93031 

24·111 



M 
CCI 

I 

e. 
(/) 

~ 
a:: 
UJ .... .... 
o 
:l 
C 
o 
a:: 
a.. 

1 

2 

I 

. 

5 

, 

7 

. 

, 

.. 
~ ... 

.. 
~ .. ~ 

.. 
~ ... 

.. 
~ ... ~ 

.. 
~ 

... ~ 

.. 
~ 

... ~ 

... 
~ ... 

... 
~ .. 

.. 
~ .. 

INPUTS (0-31)" 
012 I • 5' 7 'I 1213 1'17 2021 

, . 
lD 
11 

11 
17 

) 

2' 
JI 

3J 
II 

.D 

.1 

.. .. 
&D 
51 

1123 '1, 7 '1 un 1'17 2IJI 

24·112 

Logic Diagram PAL 12L6 

2C252127 21113031 

..A 11 

"" .... 

--"'"" ,- I' --. -

- .- 17 "'1-ol' , 
~ 

- .- I' 
' "'"" I -

.-- .- 15 

"'"" I -

.- II 

"'"" I -

- J 
l-('~ 13 

./' - \ 

... 
12 

A: ..... 

..A 11 

~! 
2USJ127 JI n 10 11 



M 
CD 

I 

e. 
(J) 

:E 
a: 
w 
l-
I
o 
::» 
Q 
o 
a: 
0.. 

1 

~ 

I 
.. 
~ 

I 
.. 
~ 

. ... 
~ 

.. 
I 

12' 

I 
... 
2 

. ~ .... > 

I .. 
~ 

. .. 
~ 

INPUTS (0-31) , 
D 11J 451}1 IIIDl1 nu 1111 2D212223 2t252121 21111DJI 

11 
II 
II 
11 

I' 
15 
II 
17 

II 
II 
3' 
35 

CD 

" C2 
u 

I 

1113 • 517 ,.1111 11\3 1111 21112113 1'251127 21213111 

24·113 

Logic Diagram PAL 14L4 

... 11 

<.. -

... 11 

<Ci.. 

- J 

" II 

-1"'\.-1 ./-- , 

- 1 
'£ 11 

..n.-I ./-- \ 

- J 
toe I """ 15 

./-- \ 

- J 
toe , 

0 
,. 

toe I 

- \ 
... \3 

.~ 

.... 12 

~ 

.... 11 

~ 

." 
:J> 
r-
C 
CD 
en 

cS" 
::::a 



c:;-
CD 

I 

e. 
en 
~ 
a: 
w .-.o 
:::» 
Q 
o 
a: 
Q. 

1 

I 

3 

4 

5 

I 

7 

I 

I 

.. 
~ 

.. 
2 

.. 
L2> 

.. 
"> 

14 
25 
21 
27 
21 
21 
30 
31 .. 

.z 
32 
33 
34 
35 
3. 
37 
31 
31 

.. 
> 

.. 
> 

.. 
~ 

L2' 

Logic Diagram PAL 16L2 

INPUTS (0-31) 
o I 13 4517 111011 11131415 111711., IOZllH3 HIs/1l7 11113031 

<-
.. 

II 

~ 

~ 
17 

"" II 

-
-

'" 15 

J 

~ 
14 

<... 
13 

<- 12 

~ 
II 

D 123 45 I 1 .11011 12131415 11111111 20212123 24152127 21113031 

24·114 



c;;-
eo 

I e. 
en 
:!: 
a: 
w ... ... 
() 
:::;) 

C 
o 
a: 
Q. 

1 

2 

3 

4 

5 

& 

1 

8 

9 

.. 
~ 

"2 
O' 

.. 
~ 

2 

24 
25 
2& 
21 
28 
29 
30 
31 .. 

L.2" 
32 
33 
34 
35 
3& 
31 
3B 
39 

.. 
2 

.. 
2-

.. 
2-

12-

Logic Diagram PAL 16C1 

INPUTS (0-31) 
o 1 2 3 4 5 6 1 8 11011 12131415 11111111 20212223 24252621 21293031 

... 
11 s...-

... II 
~ 

... 
11 

~ 

j - 11 

~ 15 

I-' 

-,....-

... 14 
Q 

... 
13 <.. 

-""'" 12 
<t 

... 
II 

<CiJ 
0123 4561 191011 121314151&111119 20212223 24252621 28293031 

24·115 



c::: 
.~ 
(/) 
Q) 

C 
..J « 
a.. 

c;;-
eo 

I e. 
en 
:!: 
a:: 
w 
t-
t
o 
:::I 
C 
o 
a:: 
Q. 

2 .... 
~ 

3 .... 
~ ... 

4 ... 
~ 
~ 

5 .... 
~ 

r' 

I ... 
~ 
~ 

7 h. 
~ 

r' 

. .... 
~.I 

r'_ 

~I -

0 
1 
2 
3 
4 
5 
I 
7 

• 9 
10 
·11 
12 
1] 

14 
15 

11 
17 
11 
19 
20 
21 
22 
23 

2. 
25 
28 
27 
21 
29 
3D 
31 

32 
33 
3. 
J5 
J6 
37 
38 
39 

40 
41 
42 
43 
44 
45 
41· 
47 

41 
49 
50 
51 
52 
53 
54 
55 

56 
57 
51 
59 
60 
61 
62 
6J 

Logic Diagram PAL 16L8 

INPUTS (0-31) 

0123 4567 891011 12131415 11171119 20212223 2425262726293031 

:>-J- 19 

.AI 

~ ..... 

~ 
11 

-
..... 

b-J 17 

..... 
~ 

~- 16 -
...---. 

..... 
..... 1---

..... ... 
~ 

~ 
~ 

~ 15 

""-
~ 
~ ... 

..... ... 

~=~~ 11 

..... ... 
~ 

---:>-J 
r"'" 
~ 

13 

~ 

~ ... 

..>-tL 12 

-
.AI 11 
~ ..... 

o 1 2 3 4 5 6 7 8 91011 12131415 .. 16171119 2021222] 24252627 2829]031 

24·116 



M 
CD 

I 

e
·en 
:: 
ex: 
w 
l-
I
t) 
~ 
c 
o 
ex: 
Il. 

1 

0 
1 
2 
J 
4 
5 
6 
7 

~ ... ~ 
8 
9 

10 
11 
12 
1J 
14 
15 

J .. 
~ ... 

16 
17 
18 
19 
20 
21 
22 
2J 

, .. 
~ .... 

24 
25 
26 
77 
76 
29 
30 
J1 

5 .. 
~ 

JI 
J3 
H 
J5 
J6 
J7 
J8 
J9 

6 ... 
A. ... 

40 
41 
41 
4J 
44 
45 
46 
47 

7 ... 
~ ... 

48 
49 
50 
51 
51 
5J 
54 
55 

8 .. 
>.. .... 

56 
51 
58 
59 
60 
61 
61 
6J 

9 .. 
~ ... 

INPUTS (0-31) 

012 J 456 ) b 91011 i~lJ 1~ I:' 1617 io b 2.J2iidj { .. i: ~ 2 Co ~ i .L ~ J jQ 31 

012 J 4567 B 91011 121)1415 16111819 2021222) 14152621 ni93031 

24-117 

Logic Diagram PAL 16R8 

,--

~ 

~~ " :::-, :-/ 
... 

.... 
fC. .... 

,-- 1 

r"~ 

~ :::>- -

~ 
... 

./ ... ... 
.... 
~ ... 

,--

~~ 

~ ~ " ~ ~ :.....--... 
~ 
~ .... 

_ 1 

"""I-

~ ;:::~ 

" 

~ ~ ./ 
~ ... 

£ ..... -.... 
~ ~ 

" ... 
~ 

~ ... 
.... 

S; 

~ ""'" ~ 
/ 

-
.... 

~ 
,~ 

r-
, 

~ 

~ 
.... -....... 

~ 
:::~ 
~ .... 
0- .. 

fC. 

--

~~~ ~ ..-

~ ~ .... 

"tJ 
l> 
r 
C 
CD 
en 

<EO 
::l 



c 
en 

"C;; 
Q) 

C 
..J 
<C 
Q. 

Logic Diagram PAL 16R6 

INPUTS (0-31) 
CK 

I 

01 Z 1 .. 5, 7 IS1011 1l1J141!i 11111819 2021 UU 24252621 28Z!13D31 

0 

~ 
I , 
I 

It . , 
I 
7 

~ 

LIRO 

SR 

I , 

,n-~ 
ID ,. " " ./ 
" .. 
" 

I 
... ~ 

~ c. DO 

00 

.. .... 

" 17 

~ 
10 

""" ~ 
" " ./ 
" " II . .. 

> ~ .. .... 

" 0--

" ~ " , 
Ul " " ./ 

" ID 
II . .. 

~ .~ .. 
" 

.... 
II 

~ " 

~ 
" "-
16 
17 
18 

" 
I 

.. ~ 

~ L .. ~ 

" 
.... , 

.. 
~ 

~ 
., 

Ol " .. ./ .. .. 
" J 

7 
.. ~ 

~ ~ 

.. .. 
~ so 

"'" ~ 
" " ../ 
" 54 

" 
I .. 
~ ~ .. ..... 

05 

05 

51 .... 
" :>-J~ sa .. 

" " i1 

~:J " " 
'~ ~ .... 

SL t 

RILO 

012] .. 5 61 891011 12131415161718" 2D212223 Z4ZS1621 

24·118 



M 
to 

I 

e. 
en 
:!E 
a: 
w 
t-
t
(.) 
::> 
Q 
o 
a: 
0.. 

I 

0 
I 
2 
J . 
I 
6 
J 

~ . , 
10 
II 
12 
IJ .. 
II 

J .... 
.2 
~ 

" " II 
19 
20 

" 22 
2J 

.. . 
~ ... 

2' 
21 
21 
2l 
28 
2' 
JD 
JI .. 

I 
~ ... 

J2 
lJ 
14 
JI 
l6 
11 
JI 
J9 

6 .... 
~ .. -

40 

" '2 
4] 

44 
'1 .. 
" 

J 
.. 
2 .. 

.. .. 
10 
51 
12 
Il .. 
II 

, .. 
~ -

16 
IJ 
\B 

I' 
60 

" 62 
6l 

.. 
~ ... 

.INPUTS (0-31) 

0121 • ~ 6 7 111011 1llll.'S 16111111 2021222] 142S2627 21213031 

0121 4567 .91011 1213141516111119 20212223 24252121 21293031 

24·119 

Logic Diagram PAL 16R4 

.-.... 

::rJ .... 
~ 

II 

.... .... - ..... 
~t--.... -

~ 
- 11 

-

--
~ 

~~ " -,_./ 
-

J 

~ .... 

-

~ " .~ ./ 

J ... 
:e:: ... 

.-.... 

~ 
r-" - M '" 
.... .... 
1.0 

..... 
~ ... 

--
~ ~ 

~ 
./ 

... 
.)(: ..... -

t>-J 1] 

....:l 
... 

~.t---.... 

~ II 

... 
~ ~I--

~ 

" l> ,.... 
C 
en 
In 
cS· 
::::s 



c 
.2> 
1/1 Logic Diagram PAL 16X4 
CD 
C 

CK 
.r... 

...... 
011l 45. 1 r'lUli UIJ14'S 111/111, 1011111) 10DIl1 11;110]1 

, :>J
1 

, 
" . 

,~ 
~t-----' LOAD 

~ 

rJ " 

~ ~~ CLEAR 
~ 

)r> [t~ --..J 

AO 

BO 

-tD 
-~ 

;--... 

~r> u-~ , 
~ 

--tD --
~qJ ---!..../ 

~r> [t 1tJ. .. 
y<>-

o 

-~ 
-::0 ----/ 

~DCfi ~ " ...... 
, 

B3 

~~ 

-cD 
\ 

~ 
,--/ 

"' J " ./ ...... 

J . ... ... NC 

:rJrJ " 
, .... 

~ NC 

NC 

24·120 



Logic Diagram PAL 16A4 

CLOCK 

Dill • ~ ~ I ~ ~,~ 1 I 1}1l141~ 1~11!~1~ }n711171 }l}q~}/ ~'}~lnll 

0 

:>-J , 
" , , ,.~~ lo~ , 

rJ 
, 
" " " 

J " , " .A 
11 ~r 

r ., 

:)D-" [t~ " ,. 
II 
IJ 

AO 

BO ~ 

>-tv 
~R) 

cU,. 
" 

~D- ~ " n " 
II 

" JO 

" . ~ :1.../ 
>-tv 
~~ 

~ 

-/" 

~)D-
JJ 
l4 IJ " ftJ " " 1I ...... 
" " . 

'"""""" 
~t:D 

.-/ 

~=D 

...... 

" }D-fi ~ " " V 

, 
-....../ 

~ 
~ :=D_ 

.-./ 
.. 

>iJ " " " \I 

12 !.....t .. >. " 

" J " 

, .. /~;J 
~ 13 --12 

LIO 

24-121 



Logic Diagram DMPAL12L10 

Inputs (0-39) 

0123 45 8 9 1213 1617 2021 2425 2829 3233 36373839 

1 
~ 

0 23 

1 

~ 

8 22 

9 

3 
~ 

16 21 

17 

4 
~ 

24 ~ 25 

5 
~ 

32 19 

33 

6 
~ 

40 18 
41 

7 >-

48 17 
49 

8 
~ 

56 16 
57 

9 
2 

64 15 
65 

10 
~ 

72 14 
73 

11 
.2 ~ 

13 

0123 45 89 1213 1617 2021 2425 2829 3233 36373839 

24·122 



Logic Diagram DMPAL14L8 

Inputs (0-39) 

o 1 2 3 4 5 6 7 8 9 1213 1617 2021 2425 2829 32333435 36373839 

1 > 

~ 
23 

~ ... 
8 
9 22 

10 
11 

3 
~ 

16 21 

17 

4 
~ 

24 20 

25 

5 
~ 

32 :R::r::)o-!! 
33 

......... -
6 
~ ... 

40 18 
41 

7 
~ 

48 17 
49 

8 
~ 

56 :R::::L 57 
16 

......... -
9 
~ 

64 
65 15 
66 
67 '1..J""""1 

10 
~ ..r.. ----..!! .. ... 

!1...~ ,c. 13 .. 
o 1 2 3 4 5 6 7 89 1213 1617 2021 2425 2829 32333435 36373839 

24·123 



Logic Diagram DMPAL16L6 

Inputs (0-39) 

o 1 2 3 4 5 6 7 8 9 1011 1213 1617 2021 2425 '28293031 32333435 36373839 

1 
~ 

4i= ~ 
23 

3 
.2: :s: 22 

16 
17 21 
18 
19 

4 
.2: 

24 
25 20 
26 
27 

5 
.2: 

32 19 
33 

6 
~ .. 

40 18 
41 

7 
~ 

48 
49 17 
50 
51 

8 
~-

56 
57 16 
58 
59 

9 
~ ~ 

15 

lLtAc ~~ .. 

11 13 
~ ~ 

o 1 2 3 4 5 6 7 8 9 10 11 1213 1617 2021 2425 28293031 32333435 36373839 

24-124 



Logic Diagram DMPAL18L4 

Inputs (0-39) 

0123 4567 8 9 1011 12131415 1617 2021 

!.....t~ 

~ 

3 
~ 

4 
---t~ 

5 
~ 

24 
25 
26 
27 
28 
29 

',! 6 
~ .. 

32 
33 
34 
35 

40 
41 
42 
43 

7 
~ 

48 
49 
50 
51 
52 
53 

8 
.2 

9 
~ 

10 ~ .. 

11 
~ 

0123 4567 891011 12131415 1617 2021 

24-1 25 

24252627 28293031 32333435 36373839 

.s;: 23 

~ 
22 

~ 
21 

r-~ 
I-~ 

~~~ 
r~ . 
t:~ 

19 

18 

r->--
~>--

~>--~ 
~>--
1->--
..... >-- 16 

~ 

~ 
15 

~ 

".~ 

~ .-
C 
CD en 

cC· 
::s 



Logic Diagram DMPAL20L2 

Inputs (0-39) 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 3D 31 32 33 34 35 36 37 38 39 

1 
~ 

4:i= ~ 
23 

L-t.2 "i: 
22 

4 21 
~ i: 

5 .. 20 
~ ~.r--

32 ~~ 33 f-of-' 
34 ...., 
35 ~f-'~ 36 

f-o"'" 37 f-ol-' 
38 

1-<"'" 39 ~I-< 
6 
~ 

40 r-"'h 
41 f-of-' 
42 f-o...., 
43 -~~ 
44 -...., 
45 -I-' 
46 -...., 
47 :1-' 

7 
~ i:. 

17 

8 
~ i: 

16 

9 
.2 .s; 15 

10 
~ So 

14 

11 
;t. ~ 

13 

o 1 2 3 ~ 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 

2~·126 



Logic Diagram DMPAL20C1 

Inputs (0-39) 

0123 4567 891011 12131415 16171819 20212223 24252627 28293031 32333435 36373839 

1 
~ 

~ 23 
~ 

3 
~ 

22 
~ 

4 
.::t. 7 21 

5 
.2 

20 

~ 

32 I)-, 
33 ~ 34 ~ 35 V 36 ~ 37 V 38 ~ 39 

6 
L....J- 19 

.::t. 18 

40 rr 
41 i-'r 
42 f)... 
43 ~ 
44 f)... 
45 :-'r 
46 t-j.... 
47 ::r-

7 
~ 

17 

~ 

8 
.2 S 

16 

9 
.2 

15 

~2 ~ 
14 

~ ~~ 

11 13 
.::t. 

0123 4567 891011 12131415 16171819 20212223 24252627 28293031 32333435 36373839 

24·127 



Logic Diagram DMPAL20L10 

Inputs (0-39) 

o 1 2 3 4 567 891011 12131415 16171819 20212223 24252627 28293031 32333435 36373839 

0 

~ 
1 23 
2 .--
3 

~ ~:I--... 

8 
9 

~ 
10 
11 

3 
~ 
~ 

16 
17 

~ 
18 
19 

4 • 
l>-

24 
25 

~ 
26 
27 

5 
-1~ 

32 
33 

~ 
34 
35 

6 
~ 

40 
41 

~ 
42 
43 

7 
,~ 

48 

~ 
49 
50 
51 

8 
~ 

56 

~ 
57 
58 
59 

9 
.2: 

64 

~ 
65 
66 
67 

10 
~ 

"" 
72 

~ 73 
74 
75 

11 13 
~ ::e:: 

o 1 2 3 4 567 8 91011 12131415 16171819 20212223 24252627 28293031 32333435 36373839 

24·128 



Logic Diagram DMPAL20X10 

Inputs (0-39) 

1 ..... 
V o 1 2 3 4 567 8 91011 12131415 16171819 20212223 24252627 28293031 32333435 36373839 

0 IDD ~IJ " 
1 

2 
D Q V" 

3 Q 

~f-< 
8 IDD IJ. 22 9 

~ 10 r-vo-
11 

3 
2 

16 IDD ~ 17 

~ 18 
19 

4 
~ 

24 IDD ~ 25 

~ 
20 

26 V 

27 

5 
2 4:: 

32 IDD ~ 33 

~ 
19 

34 V 
35 

6 
;t. 

40 IDD ~ 41 

~ 42 
43 

7 
,;;>-.. 

48 

ID~ i;J. 49 

~ 
17 

50 V" 
51 

8 
.:>-

56 IDD I.J. 57 

~ 
16 

58 V 

59 

9 
>-

64 IDD Q. 15 65 

~ 
66 V 

67 

10 
-4>-

72 

~DtUj~" 73 

74 
75 

11 ~ >-

o 1 2 3 4 5 6 7 8 91011 12131415 16171819 20212223 24252627 28293031 32333435 36373839 

24·129 



Logic Diagram DMPAL20X8 

Inputs (0-39) 
1 .... 

..... o 1 23 4 567 8 91011 12131415 16171119 20212223 24252627 21293031 32333435 36373839 

0 m:>h 1 23 
2 
3 

4:c ~ .... 

8 

~D-~~ 
9 22 

10 
11 

3 
--t~ 

16 

~D- I.l. 17 

~ 
21 

18 V 
19 

4 
~ " ~ 
24 

~D- ~ 25 

Pl 26 
27 

5 
A. 

~ 

32 

~D- Q. 33 

~ 
19 

34 ...... 
35 

6 
-1A 

40 

~D- ~ 41 

Pl 42 
43 

......... -
7 
~ 

48 

~D- I.J. 49 

~ 
17 

50 ..... 
51 ....... -

8 
-12 

56 

~D- J.t 57 

~ 
16 

58 ... 
59 ....... -

9 
~ 

64 

~D-~ I.l. 65 15 

66 ... 
67 

10 
~ 

-72 

~1 73 14 
74 
75 -t:J-t-' y 

11 
-:-t2 ".t----' ~ 

o 1 2 3 4 5 67 8 91011 12131415 16171819 20212223 24252627 28293031 32333435 36373839 
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Logic Diagram DMPAL20X4 

Inputs (0-39) 
1 

.... o 1 2 3 4 567 8 91011 12131415 16171819 20212223 24252627 28293031 32333435 36373839 

0 

~I 
1 23 
2 
3 

.ws- ""I-----' ~ 

8 

SP~ 9 22 
10 
11 

3 
~ !C. 

16 

~~ 
17 21 
18 
19 

4 
~ 

24 IDD-~~" 25 

26 
27 

5 
~ 

--~ 

32 IDD- IJ 33 

~ 
19 

34 ..... 
35 

6 
~ 

-~ 

40 IDD- ~ 41 

M 42 .... 
43 

7 
~ 

48 

~D-~ 
i;l 49 17 

50 .... 
51 

8 
~ 

56 

~ 
57 16 
58 
59 

9 
~ < 

64 

~ 
65 15 
66 
67 

~~ !C.: 

72 

J-CL~ 73 14 
74 :8=V V I 75 

11 
~ -t~ ""I-----' 

0123 4 567 89·10111213141516171819 20212223 24252627 28293031 3233343536373839 
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PAL LOGIC DIAGRAMS 
AND 

PROGRAMMING FORMAT 
CODING SHEETS 
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c 
C) .-en 
CI) 

C 
-J 
<C 
Q. 

c;-
eo 
I e. 

(/J 

:!E 
a: 
w 
~ 

~ 
o 
:::I 
C 
o 
a: 
Q. 

, 
~ 

0 , , 
I · 5 
I , 

, ... 
2 

· · " " II 
11 ,. 
15 

I 
.. 
.2 
~ 

" " " " 10 

" II 
II 

· .. 
.2 ... ~ 

" IS 
II 

" II 
21 
II 
II 

I .... 
~ 

12 
II 

" 15 
II 
11 
II 
II 

I 
.. 
.2 

.. ., 
" " .. 
15 .. 
" , .... 

.2 

.. .. 
50 
51 
52 
51 

" 55 

· .. 
~ 

51 
51 
51 
51 
10 
II 
II 
II 

· .. 
.2 

LEGEND: 

INPUTS (0-31) 
.11 J • 5 17 111011 121]1415 11171111 lDllUn lU511U ZlUlDJI 

1 

" " ./ 

"l 

" " ./ 

I--- " 

1 

" II 

./ 

~ 

\ 

~ " ./ 

.... 
It 

""" ./ 
""" """ -

- -

"- II 

./ 

, 
"- II 

t,...../ 

~ " 
a I 1 J .51 7 111011 121l141S 11171111 1DZI2ln 14l!i2lU ZlUlOlI 

• :Phantom Fuse (L, N, 0) D:Phanton Fuse (H, P, 1) n.u.-not used 

FIGURE 3-32. Logic Diagram, PAL10H8. 
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co Z 
J: a: 
0 w 
"r'" I-
..J I-

~ oCt 
a. a.. 

-CU 

E ... 
O 
U. 
C) 
c 
E 
E 
cu ... 
C) 
0 ... 
a. 

W 
:E 
« 
Z 

M 
CD 

I 

e-
en 
:E 
a: 
w 
l-
I-
(J 
~ 
c 
0 
a: 
a.. 

W 
I
oCt 

INPUTS (0-31) 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
WORD 0 1 2 3 4 5 6 7 8 9 A B C 0 E F 10 11 1213 14 15 16 17 18 19 lA 10 lC 10 IE 1F 
04 24 H ~---- H H --~ ~tt -- - 4 4 -- --- I-It ~- r--I-~.~ ---03 16 H ~-a- --I- I-;H_ H 1--- -,1:1.. ~- i-- H 
°2 8 H H H H H. H H H H H 
0, ° H H I-i H H H H H H H H H 

IWORD 20 21 22 23 24 25 26 27 28 29 2A 20 2C 2D 2E 2F 30 31 32 33 34 35 36 37 38 39 3A 30 3C 3D 3f 3F 
04 25 H H H H H H H H H H HIH 
03 17 H H H H H H H H r-- H H H H 
°2 9 H H H H H H H H- H H H H 
0, 1 H H H- H H H H H H H H H 

IWORD 40 41 42 43 44 45 46 47 48 49 4A 40 4C 40 4E 4F 50 51 5251 54 55 56 57 58 59 5A 58 5C 50 5E 5F 
04 26 L L L L IL L L L IL L L L L L L... t- It- t- L L L I II I I -I L 
03 18 L L L L L L , L IL Il I L l IL L r-~ ~ --r I L l I L L II i[ II L It n: it 
02 10 L IL L L L IL L T T II II L L l IL L L l L ,L I L IL Il I I L IlL 
0, 2 L L L L L L L • L IL I L Il L L L L L L L IL L IL L L L L L L L L L L 
WORD 60 61 62 63 64 65 66 67 6B 69 6A 60 6C 60 Sf 6F 70 71 72 73 74 75 76 17 78 79 7A 7B 7C 70 7E 7F 
04 27 L L L L L L L L L L L ~. L L .L. L L L L L l L II .: -L -( n L 
03 19 I L L L L L L L L L L L L L- -C L L T -r L L L L L L L L L L L L L L 
02 11 L L L L IL L L L -L L L l l l l l l IL L It L L It II It 
0, 3 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

IWORD 80 81 82 03 84 85 86 87 80 09 8A 80 8C 80 8E 8F 9091 92 ~3 94 95 96 97 90 99 9A 90 9C 90 9E 9F 
04 28 l Il L L Il l T L l l l l I L l l L l I 
03 20 L l I L I L l L L rL -L -{ rL L L L L I L L L L L L L L L L l l L II 11 l 
02 12 I L L L I L l L l L l l l Il • L l L l l l L 
0, 4 L L L L L L L L L L L L L L L L L L l L L L ILL L l l L l 1 l 

IWORD AD Al A2 A3 A4 A5 AS A7 AB A9 AA AB AC AC AE AF 00 Bl 02 03 84 05 06 B7 00 09 OA 00 OC 00 OE OF 
04 29 I L L L L L L l l L [ l l l l i L l l l l l l l Il I L l l 
03 21 L L Il l l L L rL L L L L L l L IL L L L L ' L L ILL L L l Il l l l 
O2 13 l L IL L l l l L l l l l l l I L Il L L l Il L l l Il L L I L l L L 
° 5 l L I L Il IL L l l L l l l l Il L L L i L L l L L -( "1 T L T -( 

IWORD CO Cl C2 C3 C4 C5 C6 C7 CO C9 CA CO CC CO CE CF DO 01 02 03 04 05 OS 07 08 09 OA DO DC DO DE OF 
04 30 l L IL L l L 1: L Il L L , L L L L L l -[ 1: L l L 
03 22 L L IL L L L II I L L L l l IL L l l L i L L l l l , -I IT .. "1 t 
02 14 L L IL IL l L l L L l l L l l I L L L L I L l l L l L L l l l L l 
0, 6 L 'L L l IL L l L Il L L L L L L L l L I L It IL l L l L L L L L L Ll 

I WORD EO El E2 E3 E4 E5 E6 E7 E8 E9 EA EO EC ED EE EF FO Fl F2 F3 F4 F5 F6 F7 F8 F9 FA FO FC FD FE FF 
04 31 l l L L ILL -[ i[ L It l L L L L L L L il Il L L I[ L 
03 23 L L L L L L L l L L L L L L L L L L L L L L L L L L L -[ LI: rL .( 
02 15 L Il l L Il L l IL -( -( L l l LL IL l l L l L l l Il l L L Il L 
0, 7 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

IWORD 100 101 102 103 104 105 106 107 108 109 lOA 100 10C 100 10El0F 110111 112113 114115 116 117 118 119 llA 110 llC 110 lIE llF 
04 56 H H H H H H H H H H H H 
03 48 H H H H H H H H H H H H 
02 40 H H H H H H H H H H H H 
0, 32 H H H H H H H H H H H H 
WORD 120 121 122 123 124 125 126127 128 129 12A 120 12C 120 12E12F 130 131 132 133 134 135 136137 138139 13A 130 13C 130 13E13F 
04 57 H H H H H H H H H H H H 
03 49 H H H H H H H H H H H H 
O2 41 H H H H H H H H H H H H 
0, 33 H H H H H H H H H H H H 
WORD 140 141 142 143 144 145 146 147 148 149 14A 140 14C 140 14E 14F 150 151 152153 154 155 156 157 158 159 15A 158 15C 150 15E15F 
04 58 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
03 50 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
02 42 L L L L L L L L LL l L l L l L L L L L L L L L L L L L L 
0, 34 L L L L l L 1: L L L 1:l L L L L L L L l L It. l L 
WORD 160 161 162 163 164 165 166 167 168 169 16A 160 16C 160 16E16F 170 171 172 173 174175 176 117 178 179 17A 178 17C 170 17E 17F 
04 59 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
03 51 L L L ILL L L L L L L L L L L L L L L l L L L l L 
O2 43 L L L L L L ILL LL L L l L L IL L L L L L L L L L L L L L L L L 
0, 35 L L L L L L L L L L L L l L L L L L L L L L 
WORD 180 181 182 183 184 185 186 187 188 189 18A 180 18C 180 18E18F 190 191 192193 194 195 196 197 198199 19A 190 19C 190 19E19F 
04 60 L L L L L l l L L L L L l l L L l l l L l L L l L l L L 
03 52 l l L L L l l l L -, -I l L L l L L L L L L L l L l l l l l l l 
O2 44 L L L L l l L l L L Il l L L L L , 
0, 36 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

IWORD lAO lAI lA21A3 lA41A5 lA61A7 lA81A9 lAA lAO lAC lAD lAE lAF lBO lBI lB21B3 lB41B5 186 187 lB8189 lBA lOB lBC lBO lBE 10F 
04 61 l L IL IL l l L LI L L L L L l l L l L L l L L L l L LI L L 
03 53 L L Il L L L L L L L L L L L L L L L L L l L L L L L L L L l ILL 
02 45 IL l L -r L L L L L L L L L l l L L L l l II -[ -1 Ll -l 
° '37 L L l L L L -I. L l L L L L L L L L L L l L l it L L l l L 
WORD lCO lCI lC21C3 lC4 lC5 lC61t7 lC8 lC9 lCA lCO ICC lCO ICE lCF 100 101 102103 104105 106 107 108109 IDA 100 10C 100 IDE 10F 
04 62 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
03 54 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
02 46 l L L L L L I: I: L L L L L L L L L L L L L L L L L L L L L L LI: 
° 38 L IL l Il .L L L It L n L l l l L L Il Lit -L L L I L II L L 

I WORD lEO lEI lE21E3 1E4 lE5 lE6 lE7 lE8 lE9 lEA lEB lEt lED lEE lEF 1F0 1Fl 1F2 1F3 1F4 1F5 1F6 1F7 1F8 1F9 1FA 1FB 1Ft HO IFE 1FF 
°4 63 L l IL L Il L n L Il L L L L L L I L L L L L I L L II -L L n --. L [ 
03 55 l , L L L ILL II L IL I I I I I L L L L L 
°2 47 L L L L L'L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0, 39 L L L L L L L L L L L L L L L L L L L L L L L L L L L l L l l 

COl 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 lB 19 20 21 22 23 24 25 26 27 28 29 30 31 

FIGURE 3-33. Programming IFormat Sheet, PAL 10H8. 
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c 
.~ 
U) 
CJ) 

C 
..J 
<t 
0. 

c;-
<0 

I e. 
en 
:!: 
a: 
w 
l-
I
o 
:::l 
C 
o 
a: 
a.. 

.. 
12 

~ .. ~ 

"I 
.. 
.> 

r 

~ 

, 
~ 

I 
.. 
.> 

, .. 
~ 

I 
.. 
~ .. 

I 
.. 
~ 

LEGEND: 

INPUTS (0-31) 
a I 2 1 t ~ Ii 7 I 91011 12 13 '.'5 "1118'9 2021122] 24H12611 lI19JDJI 

, 

II I~ 1_ ~-
2 -, ~-. DOU. 1- l-
• -, i-

i- ~I ~ 

..c II 

""', , 
I . 

--'~ 1D 
II 11 

1/ ~ 
11 

" 'I 

, 
" " 11 

""" 11 11 
2D j 
11 
22 
21 

" 21 
21 '-- t..-

" 
II 

21 

" ID 
11 

, 
12 
II 

" 1\ 11 
II 
II 

~ 
II 
Ii 

" " " .. , . .. 
• 1 

~ .. 
" 

1 .. .. 
I' 

""" .!I " I' j 
51 
I. 

" , ... .1/ 
~ ""', , ::1 I 

-l-
t- .....: 

" 

~ T; t-
I. 

&-l 
n.u 

ID 

::4 ~ &-1 ~ 
A4 ~ 

Il-j &-1 ~ .... 
~ 

1 
I III I I I I ~ 
IIII IIII 

o 1 11 • S I 1 IIID11 11111415 IIUII19 1011212] 14152621 21213031 

• :Phantom Fuse (L, N, 0) o :Phantom Fuse (H, P, 1) n.u.-not used 

FIGURE 3-34. Logic Diagram,PAL12H6. 
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CD z :z:: c:: 
N w 
T"" I-
....J I-

<t <t 
a. 

Q. 

-C'Q 

E 
'-o. 

LL 
C) 
c: 

E 
E 
C'Q 
'-
C) 
0 
'-

Q. 

Ii.i 
:E 
<t 
Z 

M 
to 

I 

e. 
C/) 

:E 
a: 
w 
l-
I--
u 
::l 
C 
0 
a: 
a. 

Iij 
I-
<t 

"'0 
l> 
r-

INPUTS (0-31) C 
CD 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18' 19 20 21 22 23 24 25 26 27 28 29 30 31 en 
WORD 0 1 2 3 4 5 6 7 8 9 A B C 0 E F 10 11 12 13 14 15 16 17 18 19 lA lB lC 10 IE IF 
04 24 H H HIH H H H H 
03 16 H H H H H H H H 
O2 8 H H H H H H H H 
0, o H H H H H H H H H H H H H H H H H H H H H H H H H 'H H H H H H H 
WORD 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 20 2E 2F 30 3132 33 34 35 36 37 38 39 3A 38 3C 3D 3E 3F 
04 25 H H H H H H H H 
03 17 H H H H H H H H 
O2 9 H H H H H H H H 
0, llH H H H H H H H H H H H H H H H H IH H H H H H H IH H H H H H H H 
WORD 40 41 42 43 44 45 46 47 48 49 4A 4B 4C 40 4E 4F 50 51 52 53 54 55 56 57 58 59 5A 58 5C 50 5E 5F 
04 26 L L L L L L l L L L L L L L l l L L L L L L L L l L L 
03 18 L L L L L L L l L L L l L L L L l L L L L L L L L L L L L L L L' 
O2 10 It H H H H H H H 
0, 2 H H H H H H H H H H H H H H H IH H H H H H H H H H H H H H H li H 
WORD 60 61 62 63 64 65 66 67 68 69 6A 6B 6C 60 6E 6F 70 71 72 73 74 75 76 77 78 79 7A 7B 7C 70 7E 7F 
04 27 L L l l L l l l L L L l L L L L L L l L L L L L L L L l L L L l 
03 19 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
O2 11 Jt H H H H H H H 
0, 3 H H H H H H H H H H H H H H H Ff H H H H H H H H H H H H H HH H 

IWORD 80 81 82 83 84 85 86 87 88 89 8A 88 8C 80 6E 8F 90 91 92 93 94 95 96 97 98 99 9A 98 9C 90 9E 9F 
04 28 L L L L L L L L L L L L L L L L L L L L 1. L L L L ~L L I L L 
03 20 L _L l L l L L L L L L L L L L L L L L L L L L L L L L L L L L L 
O2 12 L L L L L L l L L L L L L L L L L L L L L L L L J. L L L L 
0, 4 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 

IWORD AD AI A2 A3 A4 A5 A6 A7 A8 A9 AA A8 AC AC AE AF BO 81 B2 B3 84 85 B6 87 88 89 8A 88 BC BO BE BF 
04 29 l L L L L L l L L L L L L L L L L L L L L l LL L _L L L L L 
03 21 --'--- _L LL_ -' .. ,~ L L L l L L L l L L L L L L L L L L L L L l L L L l 
O2 13 L L l L L L L L L L L L L L L L L L L L I. L L L I. L L L L I. L L 
~ 5 H H H H H 11_ H H H H _ _ H_ H H ~ Jt Ji H H H H H H H H H H H H H H H H 

LWORD CO Cl C2 C3 C4 C5 C6 C7 CB C9 CA C8 CC CO CE CF DO 01 02 03 04 05 06 07 08 09 OA DB DC DO DE OF 
04 30 L L L L l L L L L L L L L L L L L L L L L L L L L L L L L l L L 
03 22 --'---L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
O2 14 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0 6H _H H H H 1'1 H H H 1'1 -~ H Hit -~ Ji H H H H H H H H H H H H H H H H 

IWORD EO El E2 E3 E4 E5 E6 E7 EB E9 EA EB EC ED EE EF FO Fl F2 F3 F4 F5 F6 F7 F8 F9 FA FB FC FO FE FF 
04 31 L L L L L L L L L L L l L L L L L L l L L L L L L l L L l L L L 
03 23 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
O2 15 L L L L L L L L L L L L L L L L L L L L L L L L L l L L L L L L 
01 7 H H H H H H H H H H H H H H H H H H H H H H H H HlI H H H H H H 
WORD 100 101 102 103 104 105 106 107 108 109 IDA lOB 10C 100 IDE 10F 110 111 112 113 114115 116117 118 119 llA 118 llC liD lIE IIF 
04 56 H H H HH H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 48 HH H H H H H H 
O2 40 H H H H H H H H 
0, 32 H H H H H H H H 
WORD 120 121 122 123 124 125 126 127 128 129 12A 12B 12C 120 12E12F 130 131 132 133 134 135 136 137 138 139 13A 138 13C 130 13E 13F 
04 57 H H H H H H H H H H H H H H H H H H H H H H IH H H H H H H H H H 
03 49 H H H H H H H H 
O2 41 H H H H H H H H 
0, 33 HIH H H H H H H 
WORD 140 141 142 143 144 145 146 147 148 149 14A 14B 14C 140 14E 14F 150 lSI 152 153 154 ISS 156 157 158 159 15A 15B 15C ISO 15E 15F 
04 58 H H H H H H H H H H H H H H H IH H H H H H H H H H H H H H H IH H 
03 50 H H H H H H H H 
O2 42 L L L L L L L L L L L L L L L L L L L L L L L L _~ L L L L L L _k 
0, 34 L L l L L L L L L L L L L L L L l L L L L L L L L J ... L L 1.-
WORD 160 161 162163 164 165 166 167 168 169 16A 168 16C 160 16E 16F 170 171 172173 174 175 176 177 178 179 17A 178 17C 170 17E 17F 
04 59 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 51 H H H H H H H H 
O2 43 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0, 35 L l l L L l L L L L L L L L L 1 L L L L L L L L L L J. L L L 1. 1. L 

IWORD 180 181 182183 184 185 186187 188 189 18A 18B 18C 180 18E18F 190 191 192 193 194 195 196 197 198 199 19A 19B 19C 19019E 19F 
04 60 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 52 L L L L L L L L L L L L L L L I. L L L L L L L L I. L L L I. I. l L 
O2 44 L l L L L L L L L L L L L L L L l L 
0, 36 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

IWORD lAO IAI IA2 lA3 IA41A5 lA6 IA7 lA8 IA9 lAA lAB lAC lAD lAE lAF lBO lBI IB2 lB31B4 IB5 lB6 lB7 IB81B9 lBA lB8 IBC lBO 18E IBF 
04 61 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 53' L L L L L L L L L L L L L L L IL L L L L l. L L L L_ J,. L L L L L I L 
O2 45 L L L L L L L L L L I. L L L I. I. L L L I. I. I. I. I. I. L I. L 1.._ 
0 37 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

IWORD ICO lCI lC2 lC3 IC41C5 IC6 IC71C8 lC9 lCA ICB ICC ICO ICE ICF 100 101 102103 104105 106107 108109 IDA 108 10C 100 IDE 10F 
04 62 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 54 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L LL_ 
O2 46 --'--- _L L Lk L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0 38 L l L l L L l L L L L L L L L L L L L L _L L L L L L 
WORD lEO lEI 1E2 1E3 1E4 1E5 1E6 1E7 1E8 1E9 lEA IEB IEC lED lEE IEF IFO IFI IF2 IF3 IF4 IF5 IF6 IF7 IF8 1F9 IFA IFB IFC IFO !FE 1FF 
04 63 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 55 L L L L L L 
O2 47 L L L L L L L L L L L L L L I. I. L L L L L L L L L L L L L L L L 
0, 39 L L L L L L L L L I. L L L I. I. L L L L L L L L I. L L I. I. I. L _L L 

CO 
::::J 

COl 2 3 4 5 6 7 B 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

FIGURE 3-35. Programming Format Sheet, PAL 12H6. 
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c 
.2> 
U) 
Q) 
c· 
..oJ 
<C a.. 

c;-
eo 

I e.. 
CJ) 

:E 
a: 
w 
l-
I
e.> 
:::I 
C 
o 
a: 
Q. 

2 

I 

~ 
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~ 
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~ 
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2 

LEGEND: 

0 

I 

I , , 

, , 
10 
11 

" Il 

" " 

" 11 

" " 10 
11 
II 
II 

" " 16 

" 18 

" !D 

" 

!l 
J] ,. 
" " " " " 

" " " " .. ., .. ., 

.. .. 
" " " Il 
\4 

" 

" " " " 6D 
61 

" 6l 

INPUTS (0-31) 
o 1 21 4515 1 '91011 121]1415 161111119 20212213 2t2!'i26l1 28U)0)1 

ill Jill , - ~ .- - n.u. 

nrr nn ~ 

" 1 ~ 
,UU .L .... , 

~ ~ --- I""" -~ - ~ 
~~ - --- I"'" 

-4 .... 
-~ r"' n.u. -~~ ~ I""" - i"'" - .... 

" -& , 

""'" " ./ 
,....-

..... 
r-,.. 

" ,.. 
..... -

" ./ 

..-- """ 
~ U 
~ 

~ ...+.+,,+, .... -
~~ 

f--r"' 

~nu. ~~ 

si 
1- i"'" n-

~ ~II 
::,....-.. _~l+( 

H-<H-<~ -
.... 

" ~ 
" 

• .~ 
.... 
i"'" 

--l) n.u. 
I"'" 
r"' =., r"' 

Tr -
~ 

" II ~ 
III 

o 1 2 J 4515 1 1"011 121l141S '&111111 l021121J 14252111 lIUlI]! 

• :Phantom Fuse (L, N, 0) o :Phanton Fuse (H, P, 1) n.u.-not used 

FIGURE 3-36. Logic Diagram, PAL 14H4. 
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~ Z 
:I: a: 
~ w ,... t-
...J t-

~ oCt 
a.. a. 

-eQ 

E 
~ 

O 
U. 
C) 
c:: 
E 
E 
eQ 
~ 

C) 
0 
~ 

a.. 

Iii 
~ 
oCt 
Z 

c;;-
(0 

I 

e-
en 
::!: 
a: 
w .... 
.... 
(J 
:::) 

c 
0 
a: 
a.. 

Iii .... 
oCt 

WORD 
04 24 
03 16 

°2 8 
01 ° 
WORD 
04 25 
03 17 

°2 9 
01 1 
WORD 
04 26 
03 18 
02 10 

°1 2 
WORD 

°4 27 
03 19 
02 11 
01 3 

I WORD 
04 28 
03 20 
02 12 
01 4 

IWORD 
04 29 
03 21 
02 13 
0 5 

IWORD 
04 30 
03 22 
02 14 

"'tJ » r-
INPUTS (0-31) C 

CD 
o 1 2 3 4 5 6 1 8 9 10 11 12 13 14 15 16 11 18 19 20 21 22 23 24 25 26 21 28 29 30 31 en 

ceo 
::::l 

0 1 2 3 4 5 6 1 8 9 A 8 C 0 E F 10 11 1213 14 15 16 17 18 19 lA 18 lC 10 IE IF 
H H H H 
H H H H 

H H H H H H H H IH H H H H H H H H H H H H H H H H H H H H H H H 
H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
20 21 22 23 24 25 26 21 28 29 2A 28 2C 20 2E 2F 3D 31 32 33 34 J5 36 37 38 39 3A 38 3C 3D 3E JF 

H H H H 
H H H H 

H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
40 41 42 43 44 45 46 47 48 49 4A 48 4C 40 4E 4F 50 51 52 5J 54 55 56 57 58 59 5A 58 5C 50 5E 5F 

H Ii H H 
H H H H 

H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
60 81 62 63 64 65 66 81 68 69 6A 68 6C 60 6E 6F 70 71 72 73 74 75 76 77 18 19 7A 78 7C 70 7E 7F 

H H H H 
H H H H 

H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
80 81 B2 83 84 85 86 87 8B 89 BA 88 BC 80 BE BF 90 91 92 9J 94 95 96 97 98 99 9A ~8 9C 90 9E 9F 
_L l l l l L l l l l l l l l l l L l L l l l L L L L L L L L L L 
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
H H H H H H' H H H H H H H H H H H H H H H H H H H H H H H H H H 
H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
AD AI A2 A3 A4 A5 A6 A7 AB A9 AA A8 AC AC AE AF 80 81 82 83 84 85 86 87 88 89 8A 88 BC 80 8E 8F 
L l L l L l L L L l L l L l L L L L l l L L l L L L L L L L L L 
L L L L L L L L L L L L L' L L L L L L L L L L L L L L L L L L L 
H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
H H H H H H H HIH H HH H H H H H H H H H H H H H H_ H H H H H H 
CO CI C2 C3 C4 C5 C6 C7 CB C9 CA C8 CC CO CE CF DO 01 02 OJ 04 05 06 07 DB 09 OA 08 DC DO DE OF 
l L L L L L l L I L l l L l l l ' l L l l l L l l l l L L L 
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 

01 6 H H H H H H H H H H H H H H H H H t1 H H H H H H H H H H H Jt t1 H 
IWORD ED EI E2 E3 E4 E5 E6 E1 EB E9 EA E8 EC ED EE EF FO FI F2 FJ F4 F5 F6 F7 F8 F9 FA F8 FC FO FE FF 

04 31 L L L L L L l L L L L L L L L L L L L L L L L L L L L L L L L L 
03 23 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
02 15 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
~ 7 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
WORD 100 101 102 103 104 105 106 107 108 109 IDA lOB 10C 100 IDE 10F liD III 112 113 114 liS 116 117 118119 IIA 118 IIC liD lIE llF 
04 56 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 48 H M H H H H H H H H H H H H H H H H H H H H H H H H HH H H H H 
O2 40 H H H H 
01 32 H H H H 

IWORD 120 121122 123 124 125 126 127 128 129 12A 128 12C 120 12EI2F 130 131 132133 134 135 136 137 138 139 13A 138 13C 1301JE 13F 
04 57 H H H H H H H H H H H H H H H H H H H H H H H H H H_ H H H H H H 
03 49 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
02 41 H H H H 
01 33 H H H H 

IWORD 140 141 142 14J 144 145 146 147 14B 149 14A 148 14C 140 14E 14F 150 lSI 152 153 154 155 156 157 158 159 15A 158 15C 150 15E 15F 
04 58 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 50 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
02 42 H H H H 
01 34 H H H H 
WORD 160 181 162 163 164 165 166 167 168 169 16A 16816C 160 16E 16F 170 171 172 17J 174 175 176 177 178 179 17A 17817C 17017E 17F 
04 59 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 51 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
O2 43 H H H H 
01 35 H H H H 

IWORD 180 181 182 183 184 lB5 186 187 18B lB9 lBA IB8 lBC IBO 18E IBF 190 191 192 193 194 195 196 197 19B 199 19A 198 19C 190 19E 19F 
04 60 H .H H H H H H H H H H H H H H H H H IH H H H H H IH H H H H H H H 
03 52 H H H H H H IH H H H IH H H H H H H H 'H H H H H H IH H H H H H H H 
02 44 L L L L l L L L L L l L L L L l L L l l L l L L L LL L L L LL 
01 36 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
WORD lAO tAIIA2 IAJ lA4 lAS IA61A7 lAB IA9 IAA lA8 lAC lAD IAE IAF 180 181 182 18J 184 185 186 187 IBB 189 18A 18818C 18018E 18F 
04 61 H IH H H H H K ~ H H H H H H H H H H H iH IH H H H H H H H IH IH H H 
03 53 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
02 45 L L L L L L L L L L L L L L 
01 37 L l L L L L L L L L L L L L L L L L L L l L L L l L L L L L L L 
WORD ICO ICI IC2 lCJ lC4 IC5 IC6 IC7 ICB IC9 ICA IC8 ICC lCO ICE ICF 100 101 10210J 104105 106107 lOB 109 IDA 10810C 100 IDE 10F 
04 62 H _H H H H H IH H H H H H H H H H H H H 'H H H H H H H H H IH H H H 
03 54 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
02 46 L L L l L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

° 38 L L L L L L L L L L L L L 
IWORD lEO lEI 1E2 lEJ 1E4 lE5 1E6 1E7 lEB 1E9 lEA 1E81EC lED lEE 1EF IFO IFI lF2 IFJ lF4 IF5 IF6 1F7 HB lF9 lFA IF8 lFC IFO HE IFF 

04 63 H H H H H H H H H H H H H H H H H H H H H H H H H H H H IH H H H 
03 55 H H H H H H H H H H H H H H H H H H H H IH H H H H H H H H H H H 
02 47 L L L L L L l l l L L l L l L L L l L L L L L L L L L L L L L L 
01 39 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

COl 2 3 4 5 6 7 B 9 10 II 12 13 14 IS 16 17 IB 19 20 21 22 23 24 25 26 27 28 29 30 31 

FIGURE 3-37. Programming Format Sheet, PAL t4H4. 
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INPUTS (0-31) 
01 Z l .5& 1 B 91011 121]1415 "'.''' "'''''' fill """" ... 

:2 , 
1_ IIIIII~I~~II • 1t'I1t'I_ n.u : ~~= , 

... 
~ 
~ 

'-IR ':: ~ 
12 

::~fii~ ~ ff fl-
... 
~ ... 

". -. lilt ..... , 
"-I r-" 
:: -! 

i""I ~nu " " 
i""I 

II i""I 
~ lJ-t .... 

... 
~ 
~ 

14 
, 

IS ~ 
16 

" " ./ 
" 3D 
]I -... 

~ 

II ..... 
II 
J4 

IS i""I 
l6 ~o--- ./ Jl 

" l! -... 
~ 

40 ~ ~ 

" 
'~I jI- _I'tt'tttt't\ 
" .. ~ n.u . 

'5 
~ ~ - --- - ;r 

:: -ifii* ~ 

.. Tm TIm 
~ I 1ClLt I I I I 

"IWl • [[- ~n.u 
51 ~_ ~ 

~: ~ 
... 
~ .... 

16- f-
, 

\I- f-,,- f- -::- f- n.u 
r-

" r-
" f-
6J r-

IT ... 
.2. 

T f t 
LEGEND: • :Phantom Fuse (L, N, 0) o :Phanton Fuse (H, P, 1) 

FIGURE 3-38. Logic Diagram, PAL 16H2. 
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C\I Z 
J: a: 
(0 w ,... r-
..J r-
« < a. 
Q. 

c; 
E ... 
O 

U. 
Cl 
r:: 
E 
E 
m ... 
Cl 
0 ... 

Q. 

Iii 
:E 
< z 

M 
(0 

I 

e-
en 
:E 
a: 
w .... 
r-
() 
:::) 
c 
0 
a: 
a. 

W 
r
et 

'WORD 
04 24 
OJ 16 

"'C 
l> 
r-

INPUTS (0-31) C 
CD 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 76 27 28 29 30 31 en 
0 1 2 3 4 5 6 7 8 9 A B C 

H H H H H H H H H H H H H 

D E F 10 11 12 13 14 

H H H H H H H H 

15 16 1718 19 lA 

H H H H H H 

lB lC 

H H 

lD IE 1f 

H H H 
(Q 
::J 

°2 8 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
0, ° H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H K 

IWORD 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F 3D 31 32 33 34 35 36 37 38 39 3A 3B 3C 3D 3E 3F 
04 25 
OJ 17 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
°2 9 H H H H H H H H H H H H H H H H H H H .H H H H H H H H H H H H H 
0, 1 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 

IWORD 40 41 42 43 44 45 46 47 48 49 4A 4B 4C 4D 4E 4F 50 51 52 53 54 55 56 57 58 59 5A 5B 5C 5D 5E 5F 
0. 26 
03 18 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
02 10 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
0, 2 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 

'WORD 60 61 62 63 64 65 66 67 6B 69 6A 6B 6C 6D 6E 6F 70 71 72 73 74 75 76 77 78 79 7A 7B 7C 70 7E 7F 
04 27 
03 19 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H~ 
O2 11 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
0, 3 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 

,WORD 80 81 B2 83 84 8586 87 B8 89 8A 8B BC 8D 8E 8F 90 91 9293 94 95 96 97 9B 99 9A 9B 9C 9D 9E 9F 
04 28 
03 20 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
02 12 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
0, 4 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
WORD AD Al A2 A3 A4 A5 A6 A7 A8 A9 AA AB AC AC AE AF BO Bl B2 B3 B4 B5 B6 B7 BB B9 BA BB BC BO 8E 8F 
D. 29 
OJ 21 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
02 13 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
° 5 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 

,WORD CO Cl C2 C3 C4 C5 C6 C7 C8 C9 CA CB CC CD CE CF DO Dl D2 D3 D4 D5 D6 07 DB 09 OA DB DC DO DE OF 
0. 30 
03 22 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
O2 14 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
0, 6 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 

,WORD EO El E2 E3 E4 E5 E6 E7 E8 E9 EA E8 EC ED EE EF FO Fl F2 F3 F4 F5 F6 F7 FB F9 FA FB FC FD FE FF 
0. 31 
03 23 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
02 15 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H Hl1_ Jt 
0, 7 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 

'WORD 100 101 102 103 104 105 106 107 108 109 IDA lOB 10C 100 IDE 10F 110111 112113 114 115 116 117 lIB 11911A lIB l1C 110 lIE l1f 
D. 56 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 48 H H H H H H H H H H H H H H H'H H H H H H H H H H H H H H HIH H 
02 40 H H H H H H H H H H H H H H H IH H H H H H H H H H H H H H H IH H 
0, 32 

'WORD 120 121 122123 124 125 126 127 128 129 12A 12B 12C 12D 12E12F 130 131 132 133 134 135 136137 138 13913A 13B 13C 130 13E13F 
0. 57 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 49 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
02 41 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
0, 33 

'WORD 140 141 142 143 144 145 146 147 148 149 14A 148 14C 140 14E 14F 150 151 152 153 154 155 156157 158 159 15A 15B 15C 15D 15E15F 
0. 58 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 50 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H IH H 
02 42 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
0, 34 

'WORD 160 161 162 163 164 165 166 167 168 169 16A 168 16C 160 16E16F 170 171 172 173 174175 176 177 178 179 17A 178 17C 170 17E 17F 
0. 59 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 51 H H H H H H H H H H H H H H H IH H H H H H H H H H H H H H H H H 
02 43 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
0, 35 
WORD 180 181 182 183 184 185 186 187 188 189 18A 188 18C 180 18E 18F 190 191 192 193 194 195 196 197 198 199 19A 198 19C 190 19E19F 
0. 60 H H H H H H H H H H H H H H H tt H H H H .H H H H H H H H H H H It 
03 52 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
02 44 H H iH H H H 'H H H H 'H H H H H HH H H H H H H H H H H H H H H H 
0, 36 

'WORD lAO lAl lA21A3 lA41A5 lA61A7 lA81A9 lAA lAB lAC lAD lAE lAF lBO lBl lB2 183 184185 186187 188189 18A lB8 18C 180 lBE 18F 
0. 61 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 53 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
02 45 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 

° 37 

'WORD lCO lCl lC2 lC3 lC4 lC5 lC61C7 lC8 lC9 lCA lC8 ICC lCO ICE lCF 100 101 102103 104105 106107 108109 IDA lOB 10C 100 IDE 10F 
D. 62 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 54 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
02 46- H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
° 38 

IWORD lEO lEI lE2 1E3 lE4 lE5 lE6lE7 lE8 lE9 lEA lE8 lEC lED lEE 1EF 1f0 1F1 1F21F3 1F4 1f5 1F6 lF7 1f8 1F9 1FA 1f8 1fC 1F0 1fE IFF 
0. 63 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 55 _H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
02 47 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
0, 39 

COl 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 2] 24 25 26 27 28 29 30 ] 1 

FIGURE 3-39. Programming Format Sheet, PAL 16H2. 
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LEGEND: 

INPUTS (0-31) 
D , 1 l "S' 1 •• 1011 UUI.IS 11111111 l02111U lUS2iZJ I.ZUDll 

1ill 1ill t: 
, 

'-1 
1~ 
1--1 ~ I~ ".u. · -· · -, 

rm 1-

Tm ~ 
11 

T 1 I I I III II II I II I IIII ~ 

l.lU · 1'fi"I'ififi · 1D - ~ 11 
. ~ n.u . 

11 -U-1 
"-1 ~ 11-1 nr m ~ 11 

III IIII IIII III ~ 

"-
Llll 

... 
,... 

" - I"'" 
11 J n.u. ;: ~ I 11 A-i 
II e--l ~ IH fT-i 
IJ ~ IH ~ -

.A 11 

~ 
1 

I' 
II 
II 

~~ 
;; 
II 
I. 
11 

11 

11 

II 
II 
30 
IS 
II 
31 
II 
II 

-A " ~ ... , .. .. 
'1 

:)n.u . 
• 1 .. 
os .. .. 

~ 

~ 
13 

, .. .. 
" II n.u. 
51 
51 .. 
is 

~ 
11 .~ .. 

" 
~ 

" ::::l -" 51 n.u .. 
11 
II 
II 

~ 

~ 

• 1 l l "5 11 .IIGII 1l1l1.a '1111111 20211223 Z.UUll 21UlOll 

• :Phantom Fuse (L, N, 0) o :Phahtom Fuse (H, P, 1) n.u.-not used 

FIGURE 3-40. Logic Diagram, PAL 16C1. 
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T"" Z W 
() II: ~ 
co w <t: 
T"" .... Z 
-oJ .... « <t: a. Co 

-C'O 
E ... 
O 
u. 
C) 
c: 
E 
E 
C'O ... 
C) 
0 ... 
a. 

M 
CD 

I 

e-
C/) 

:E 
a: 
w .... 
.... 
u 
::J 
C 
0 
a: 
Co 

w .... 
<t: 

INPUTS (0-31) 

o 1 2 3 4 5 6 1 8 9 10 11 12 13 14 15 16 11 18 19 20 21 22 23 24 25 26 21 28 29 30 31 
LWORD 0 1 2 3 4 5 6 1 8 9 A 8 C 0 E F 10 11 1213 14 15 16 11 18 19 lA lB lC 10 H H 

04 24 
03 16 H H H H H H H H H H H H H H H H H H H H H H H H H H IH H H H H H 
°2 8 !t H H H H H HJi H HJiH H H H H H H H H H H H H H H H H H H H H 
01 ° H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 

LWORD 20 21 2223 24 25 26 27 28 29 2A 2B 2C 2D 2E 2f 30 31 32 33 34 35 36 31 38 39 3A 3B 3C 3D 3E 3F 
0. 25 
03 17 H H H H H H H H H H H H H H H H H H H H H H H Jf H H -'''I H H R HH 
°2 9 H H H .~ H H H H IH H H H H H H H H H H H H H H H H H IH H H H H H 
°1 1 H H H H H H H H IH H H H H H H ,H H H H H H H HH H H H H H H H H 

IWORD 40 41 42 43 44 45 46 41 48 49 4A 48 4C 40 4E 4F 50 51 52 53 54 55 5651 58 59 5A 58 5C 50 5E 5F 
04 26 
03 18 H H H H H H H H IH H H H H H H H H H H H H H ,H H H H H H H H H H 
02 10 H H H H H H H H IH H H H H H H H H H H H H H HJi H H Ji H H .If ~H 
01 2 H H H H H H H H IH H H H H H H IH ·H H H H H H H H H H H H H H H H 

IWORD 6061 6263 64 65 66 61 68 69 6A 6B 6C 60 6E 6F 10 11 12 13 14 15 16 11 1819 7A 7B 7C 70 lE 1F 
0. 21 
03 19 H H H H H H H H H H H H H H H IH H H H H H H H H H H H H H H H H 
02 11 H H H H H H H H IH H H H H H H H H H H H H H H H H H H H H H H H 
01 3 H H H H H H H H HH H H H 1i Ji IH Itt Ji H H~ H H H H H H H H H H H H 

IWORD 8081 82 B3 84 85 86 81 88 89 8A 8B 8C 80 8E 8F 90 91 92 93 94 95 96 91 98 99 9A 90 9C 90 9E 9F 
0. 28 
03 20 li ~ H ~ H_ H H Ji H H -.K _H H R -.H. IH H H H H H H IH H H H H H H IH H H 
O2 12 H H H H H H H H IH H H H H H H :H H H H H H H IH H H H tt H H K H H 
01 4 it H H H H H H H IH H IH HIH H H IH H H H H H H H H H H H H H H H H 
WORD AD Al A2 A3 A4 A5 A6 Al AB A9 AA AO AC AC AE AF 00 01 02 03 04 05 06 01 OB 09 8A 00 BC 00 OE BF 
O. 29 
03 21 H H H H Ji H H Ji H H'.H _H H HJi H H Ji H H H H H H H H H H H H H H 
02 13 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
0..1- 5 !'1 H H H H ti ti H H H H H H H H H I"t H H H H H H H H H H H H H _H H 

LWORD CO Cl C2 C3 C4 C5 C6 Cl CB C9 CA CO CC CO CE CF DO 01 tl2 03 04 05 06 07 08 09 DA DB DC DO DE OF 
04 30 
03 22 H H H H. Jf H H H H H lJi LH H .Ii _H IH HJi H ~ Ji H IH H 'H H H H H 1i JiJi 
02 14 H H H H H H H H H H H H H H H IH H H H H H H H H H H H H H H H H 
1!1. 6 l1. 11 H H H H H J"I H Hl"! H H .H H IH Ii H H H' .H H H J1 H H 111 H H ft H H 

(WORD ED El E2 E3 E4 E5 E6 El E8 E9 EA EO EC ED EE EF FO Fl F2 F3 F4 F5 F6 F7 F8 F9 FA FB FC FD FE FF 
O. 31 
03 23 H H H H H H H H H H IH ti H H H H H H H H H H H H H H IH H H H H H 
02 15 H H H H H H H H H H IH H H H H IH IH H H H H H H H H H IH H H H H H 
°1 1 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
WORD 100 101 102 103 104 105 106 107 108 109 IDA lOB 10C 100 10El0F 110 111 112 113 114 115 116 117 118 119 I1A 110 I1C 110 lH I1F 
O. 56 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
03 48 ~ ...L. L L. LL L L L L J. L LL L L L. L L L L L L L L L L L L L _LL 
O2 40 L L L L L L L L L L L L L L L L L L L L L L L L L L I L L L L L L 
01 32 
WORD 120 121 122 123 124 125 126 121128 129 17A 120 12C 120 12E12F 130 131 132 133 134 135 136 131 13B 139 13A 13B 13C 130 13E 13F 
0. 57 L L L L L L L L L L I L L L L IL L L L L L L L L L L L 1J •• _ LL.... L L L I L 
03 49 L L L L L L L L L L L L L L I L L L L L L L L L L L L L L L L L L 
02 41 I.. I.. I.. I.. I.. I.. I.. I.. I.. I.. I.. I.. I.. I.. I.. I.. I.. L L L L. L L L L L L. IL L L L L 
01 33 
WORD 140 141 142 143 144 145 146 147 148 149 14A 14B 14C 140 14E 14F 150 151 152 153 154 155 156 157 158 159 15A 15B 15C 150 15E 15F 
O. 58 I.. I.. I.. I.. I.. I.. I.. I.. I.. I.. .1.. I.. I.. I..~ I.. I.. I., _I.. I.. I.. L I.. I.. I.. I.. I.. II.. I.. I.. L L L 
03 SO L L L L L I.. I.. I.. I.. I.. I.. I.. I.. I.. I.. I.. I., I.. I.. I L. I.. I.. 1..1.. I.. I.. L L L LI.._ I.. 
02 42 L L L L L L L L L L L L L L L L L L L L L L L L L L I L L L L L L 
01 34 

WORD 160 161162 163 164 165 166 161 16B 169 16A 160 16C 160 16E 16F 170 171 112 173 174 175 116 111 178 179 17A 170 17C 170 17E l1F 
O. 59 L I.. I.. L I.. I.. L L L L L I.. L L L L I.. L L I.. L I.. I.. L L L L L L L L L 
03 51 L L J.. L L L L L L L L L L L L L L L L L L .L L L 
02 43 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L . L L L 
° 35 

IWORD 180 181 182183 184 185 186 187 188 189 lOA 18B 18C 180 18E 18F 190 191 192 193 194 195 196 197 198 199 19A 19B 19C 190 19E19F 
O. 60 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
03 52 L L L L L L L L LI.. J... L. L L I.. I.. k I.. I.. L~ L I.. I.. _L. I.. I.. _.L.... I.. I.. ~I..- 1..1.. 
O2 44 ..L. J.. L L 1. .L L 1. L L 1. L L L L L L L L L L L L L L L L L , l L L L 
1!1. 36 
WORD lAO lAI lA21A3 lA4 lAS lA6 !A7 lA81A9 lAA lAB lAC lAD lAE lAF 100 lBI lB21B3 104 lOS 106107 1081B9 lOA lBO lBC 100 10E 10F 
0. 61 L L L L L L L L L L L L L .L. L I.. I., J .• L L. L L I.. J •• L :L J.. .L ,L ILL 
03 53 I.. L I.. L L I.. L I.. I.. L L I.. L L I.. I.. I.. L I.. I.. I.. L I.. I.. L I.. L L I.. I.. L L 
O2 45 L L L L L L L . L L ,L 
° 37 

(WORD lCO lCI lC2 lC3 lC4 lC5 lC61C7 lC8 lC9 lCA lCO ICC lCO ICE lCF 100 101 102103 104105 106107 108109 IDA 100 lDC 100 IDE 10F 
0. 62 L L L I.. I.. I.. L L L L L L I L U .•. _L.. I.. I.. 1..1.. L.. _L._ I.. II.. J... LI.. I L L L L L L L 
03 54 I.. I.. I.. L I.. I.. I.. L I.. I.. L L I L I L L ' L L L L L L L L L L L L L L L L L 
02 46 l- I.. L I.. I.. L L L I.. L I.. L l L L L ,L I.. L I.. L I.. IL Il l I.. L l L L L L 
° 38 

LWORD HO lEI H2 lE3 H4 H5 H6 H7 lE8 H9 lEA lEB HC HO HE 1EF HO 1F1 H2 H3 lF4 H5 H6 H7 H8 H9 lFA HO 1FC 1F0 !FE IFF 
04 63 l I.. L. .J. J. L L L L L L L L L L L L L L L L L L L L L L I L L ILL 
03 55 J... J. _l. L L L L L L L L L L L L I L L L L L L L L L L L I L L L L L L 
O2 47 I.. I.. I.. I.. I.. I.. I.. I.. I.. I.. L I.. I.. I.. I.. I.. I.. L I.. I.. ,L L I.. L I.. L l L L L L L 
01 39 

COl 2 3 4 5 6 1 8 ,.9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 20 29 30 31 

FIGURE 3-41. Programming Format Sheet, PAl16C1. 
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LEGEND: 

INPUTS (0-31) 
o I 2 1 • S I 1 .11011 nll14IS 11111111 20212123 :unU21 212tlDli 

0 
I , 

~ 11 I . ,... . 
I 
I 

I 
I 

1D 
~ 11 11 

" ~ 
11 .. 
15 

- . 
11 

" 11 
11 ..... " '0 j 

" " ZI 

... 
" ,. 
ZI 

~ 11 

" ZI j 
ZI 
10 
11 

. 
IZ 
II 
IC 

""-15· 15 

II 
17 

~ 
II 
II 

.. .. 
" u L-.. .. .. 
'5 

j .. 
'1 

-.. .. 
SO 

""- II 51 

" ~ 
51 

" 
.... 

51 ... 

... , .. I-
51 .... 

~ .. I- " 51 
10 ~ 
11 
IZ 
II ... 

... 
-(: 11 

~ 

o I 2 l • 5 17 111DII 1ZU141S 1IU1I1I 2021212J 24251121 21213031 

• :Phantom Fuse (L, N, 0) o :Phanton Fuse (H, P, 1) n.u.-not used 

FIGURE 3-42. Logic Diagram, PAL 10L8. 
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co Z 
...J a: 
o UJ 

l
I
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~ 
0. 

-~ 
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u. 
C) 
c: 

E 
E 
~ 
"-
C) 
0 
"-
0. 

INPUTS (0-31) 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
IWORD 0 1 2 3 4 5 6 7 8 9 A 8 C 0 E F 10 11 12 13 14 15 16 17 18 19 lA 18 lC 10 lE 1F 

O. 24 H H H H H H H H H H H H 
03 16 H H H H H H H H H H H H 
O2 8 H H H H H H H H H H H H 
01 0 H H H H H H H H H H H H 

IWORD 20 21 2223 24 25 26 27 28 29 2A 28 2C 20 2E 2F 3D 31 32 33 34 35 36 37 38 39 3A 38 3C 3D 3E 3F 
04 25 H H H H HH H H H H H _H 
03 17 H H H H H H H H H H H H 
O2 9 H H H H H H H H H H H H 
01 1 H H H H H H H H H H H H 

IWORD 40 41 42 43 44 45 46 47 48 49 4A 48 4C 40 4E 4F 50 51 52 53 54 55 56 57 5859 5A 58 5C 50 5E 5F 
04 26 L L L L L l L L L L L L L L L L L L L L L L L L L L L L L L L L 
03 18 L L L L L l L L L L L L L L L L L L : L L L L L L L L L L L L L L 
O2 10 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
01 2 L L L L L L L L L L L L L L L L L L L L L L l l l l L L l L L L 

IWORD 60 61 6263 64 65 66 67 6869 6A 68 6C 60 6E 6F 70 71 72 73 74 75 76 77 7879 7A 78 7C 70 7E 7F 
04 27 L L L L L L L L L L L l L L L L L l L L L L L L L l L L L l L L 
03 19 L l l l l l l l l l l l l l l l l l l l l l L l l l l l l l l l 
O2 11 L L L L L I L L L L L l L L I L L IL L L L L L L I L L L 
01 3 L l l L L l L l l l l L L L l L l l l L l l l l l L l l l L L L 

IWORD 80 81 8283 84 85 86 87 88 89 8A 88 tiC ,.n BE 8F 90 91 92 93 94 95 9697 98 99 9A 98 9C 90 9E 9F 
04 28 ~ L 1. L L ~ L ! L ~ ~ L 1 L 1 LL L L IL ~ , L L L 
03 20 L L L L L L L L L L L L L L L L L L I L L I L L L L L L L L i L L L L 
O2 12 I L L I L I L L ~ IL 'L L L I L 
01 4 L L L L L L L L L L L L L L L L L l L L I L L L L L L l. 1 L L L L 

IWORD AD Al A2 A3 A4 A5 A6 Al A8 A9 AA A8 AC AC AE AF 80 81 B2 83 84 85 B6 B7 8B 89 8A 88 8C 80 BE BF 
04 29 L L L L L 1 L L L L L L L L L L L L I L L L .L ~ , L L ~ 
03 21 L L L I L L L L L L L L L L L L L L L L L L L I L L L L L L L L L L 
O2 13 L L I L L L L L L L L L L L L L I L I L L L L ' L L L L L L L L L L l L 
0 5 L L I L L L L L L l L 1 L L L L L L L L L I L L L l l L L L L l L L 

IWORD CO Cl C2 C3 C4 C5 C6 Cl C8 C9 CA C8 CC CO CE CF DO 01 02 03 04 05 06 07 08 09 OA 08 DC DO DE OF 
O. 30 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

M 
co 

03 22 L L L L L l I L L L L 1 L L L L I L L l L L I L L L L L L L 1 L L L L 
O2 14 L l L I L L l l L L L L 1 l L 1 L L L L L Il L l L L l L 1 1 L L L 

I 

e- °1 6 1 L 1 1 1 1 L ! 1 1 L L L L L L L ~L LL ~ 'l L L L L L L 1 L L 1 L 
IWORD EO El E2 E3 E4 E5 E6 E1 E8 E9 EA E8 EC ED EE EF FO Fl F2 F3 F4 F5 F6 F7 F8 F9 FA FB FC FO FE FF 

en 04 31 I L L L L 1 L L L L L L L l L L L L L L L L L L L L L L L L L L L 
~ 03 23 .L LLL LJ. L ~ L L L L L L LL L ~ L L LL 1. L 1 1 l L L 1 L L 
a: 02 15 L L 1 L 1 L 1 L l 1 1 L L L L L L 1 L L L 1 1 L L L 1 L L L L L 
UJ 0, 7 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
l- WORD 100 101 102 103 104 105 106 101 108 109 IDA lOB 10C 100 10E 10F 110 111 112113 114 115 116 117 118119 llA 118 llC 110 lIE l1F 
I- 04 56 H H H H H H H H H H H H 
0 03 48 H H H H H H H H H H H H 
::J 
C 
0 
a: 
a.. 

O2 40 H H H H H H H H H H H H 
01 32 H H H H H H H H H H H H 
WORD 120 121 122 123 124 125 126 127 128 129 12A 12B 12C 120 12E 12F 130 131 132 133 134 135 136 131 138 139 13A 13813C 130 13E13F 
04 57 H H H H H H H H H H H H 
03 49 H H H H H H H H H H H H 
02 41 H H H H H H H H H H H H 
01 33 H H H H H H H H H H H H 

IWORD 140 141 142 143 144 145 146 141 148 149 14A 148 14C 140 14E 14F 150 151 152 153 154 155 156 151 158 159 15A 15815C 150 15E 15F 
04 58 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
03 50 L l L l l l L l l l l L L l l L L L L L L L L L L L L L L L L L 
02 42 L L L L L L L L L L 1 L L L L L L L L L L L l L L L L L L L L L 
01 34 L l L L L L l L l L L L L l 1 l L l 1 1 L 1 1 1 1 l l 1 1 1 l 1 

IWORD 160 161 162 163 164 165 166 167 168 169 16A 168 16C 160 16E16F 170 171 172 173 174 175 116 171 178 119 17A 178 17C 170 l1E 17F 
04 59 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
03 51 --'-- L ~L -~ ..L L .J. L L _L L .1 L L _L L L L L L L L _L ~ 
02 43 L 1 L L L L L L 1 L L L L L 1 L L L L L L L L L L L L L L L L L 
01 35 L L L L L L L 

IWORD 180 181182 183 184 185 186 187 188 189 18A 188 18C lBO 18E lBF 190 191 192 193 194 195 196 197 198 199 19A 19819C 190 19E19F 
04 60 ~ L ~ L L ~ L L L L L L L L L L L L L L 1 L L L L L L .L L L LL 
03 52 L L 1 l L L L L L L L L L L L L L L L J. L L L L 1 L L l L L l l 
02 44 L L 1 L L 1. L 1. L .L _L L L L L L L 1. L ~ 1 ~ 
01 36 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L l L 
WORD lAO !AI lA2 lA3 lA4 lA5 lA6 lA7 lA8 lA9 lAA lAB lAC lAD lAE lAF 180 181 182 183184 185 186 lBl 188189 18A lBB 18C 180 18E 18F 
04 61 L L l l l L l L 1 L l L l L L L L L L L L L L L L L L 1 l L L 1 
03 53 L L L L L L L L L L L L L L L L L L l L L L L L L L L L L L L L 
02 45 l L L L l 1 L L L L L L L L 1 1 l L L L L L L 1 L L L 
° 37 L 1 1 L L L L 1 1 L L L L L L L L L 1 L 1 L L l L L l 

IWORD lCO lCl lC2 lC3 lC4 lC5 lC6 lC7 lC8 lC9 lCA lC8 ICC lCO ICE lCF 100 101 102 103 104105 106 107 108109 IDA 108 10C 100 IDE 10F 
04 62 L L l L L l l L L L L L l L L L L L L L L L l L L L L L L L L L 
03 54 L l L L l l L L L L L L L L L L L L L L L l L. L L L L L L L L L 
02 46 L L L L L L L 1 L L L L L L l L L L L L L L. L L L L L L L L L L 
° 38 L L 1 l L L l L L L L L L L L L 1 1 1 L L L L L L 1 L 1 L L L L 

LWORD lEO lEI lE2 lE3 lE4 lE5 lE6 lE7 lE8 lE9 lEA lE8 lEC lED lEE 1EF 1F0 1Fl 1F2 lF3 1F4 lF5 1F6 lF7 1FB 1F9 1FA 1F8 1FC 1F0 1FE 1FF 
0. 63 L L ~ L _L L 1 .J. L L L L L L L L L L L .J. . L L 1 1 L _1 L J. 
03 55 --'-- L ~ L L 1 L L L L ~ L L L L L L L L L L L L L L L L L L L L L 
02 47 l L LL L J. L L LL L l L L L L l L L L L L l L L L l l L L L l 
0. 39 L l L L l L l L L L L L l l L L L L L l L L L L L L L L L L L L 

Il.i 
~ 
COl 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

FIGURE 3-43. Programming Format Sheet, PAL 10L8. 
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" 11 
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" " IS 

.. 
~ 

11 

" " " '0 

" 22 

" .. 
~ 
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" II 

" IS 
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~ 
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• s 

" ., 
.. 
~ ... 

.. .. 
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51 
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SI 
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~ 

~ 

S. 
S, 
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" II 
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LEGEND: 

Logic Diagram PAL 12L6 

INPUTS (0·31) 
o 1 1 J "S 6 1 • 9 lOll 12 Ill. I!! 16111819 20llUU 24252&27 212930]1 

~ 

~ n.u 

""'" ""'" - ..... 
" ~ 

""'" " .-

, 

...-.-
""'" " ,/-

--

1 

~ " /'" 

~ 

""'"" " ./'" 

, 
-

'" " /'" 

- , 1) 

,/-

... 
" ~ , 

po n.u, 

..... 11 

~ 
0121 "5 & 7 I !I 1011 12UI"n 111111" 20212223 242H127 1I2!1l0l1 

• :Phantom Fuse (L, N~ 01 o :Phanton Fuse (H, P,1) n.u.-not used 

FIGURE 3-44. Logic Diagram, PAL12L6. 
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(C Z 
..J a: 
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oe( 
a.. 
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..J 
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O 
u. 
C) 
c: 
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M 
CD 

I 

e-
en 
~ 
a: 
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::::) 

c 
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a: 
a.. 

w .... 
<t 

"tJ » 
r 

INPUTS (0-31) C 
CD 

o 1 2· 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 3D 31 en 
WORD 0 1 2 3 4 5 6 7 8 9 A 0 C 0 E f 10 11 12 13 14 15 16 17 18 19 lA 10 lC 10 lE IF 
04 24 H H H H H H H H 
03 16 H H H H H H H H 
O2 8 H H H H H H H H 
0, 0 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

IWORO 20 21 22 2] 24 25 26 21 28 29 2A 20 2C 20 2E 2f 3D 3132 33 34 3536 31 30 39 JA 30 3C 3D 3E 3f 
O. 25 IH H H H IH H IH H 
03 17 H H H H H H H H 
O2 9 H H H H H H H H 
0, 1 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

LWORD 40 41 42 43 44 45 46 41 48 49 4A 40 4C 40 4E 4f 50 51 52 53 54 55 56 51 58 59 SA 58 5C 50 5E 5f 
04 26 ~ .1. II. ~ LI. I. . I. I. L I I. L I. I. L L L L I. I. I. I. I. I. . L I. I. L L I. I. L 
03 18 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
O2 10 H H H H H H H H 
0, 2 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

IWORD 60 61 62 63 64 65 66 61 68 69 6A 60 6C 60 6E 6f 10 11 12 13 14 15 16 71 18 79 7A 10 lC 10 1E 1f 
O. 27 J,L L L L L L I. 11. L L L I. I. L L L L L I.l L L L L L L L L L L L 
03 19 L L L L L L L L L L L L L I. L L L L L L L L L L L L L L L L L L 
O2 11 H H H H H H H H 
0, 3 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

LWORO 80 81 82 83 84 85 86 81 88 89 8A 80 8C 80 8E 8f 90 91 92 93 94 95 96 91 98 99 9A 98 9C 90 9E 9f 
O. 28 L L l I. Il l L L L ILL l l l l l 
03 20 L L I. I. L L l l L L L l I I. ILL L L L L L L L L L L L L L L L IL L 
O2 12 L l L L IL L· l L L L l L 'l 'l L L L L L L I L l L L I L L L L L L .L L 
0, 4 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

LWORO AD Al A2 A3 A4 AS A6 Al AO A9 AA AO AC AC AE Af 00 01 B2 B3 B4 B5 B6 01 8B B9 BA BB BC BO BE Bf 
04 29 I I. l l l L I. L l I L l L L L l L L LI. I. 
03 21 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
O2 13 L L L L I. L L I. L L L L I. L L L L L L L L L L L L L L L L L L L 
0 5 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

IWORD CO Cl C2 C3 C4 C5 C6 Cl C8 C9 CA CO CC CO CE CF DO 01 02 03 04 05 06 01 08 09 OA DO DC DO DE Of 
04 30 I. L L ..L I I. L L L L L L L I. L L L L L L L I. L L L L L L L L L L L 
03 22 L L l l Il L L l l L L L l L L L L l L L L L L L L .L L L L L L L 
O2 14 L L L L L L L L L L L L L L L L L L L L L L L L L L L L l L L L 
0, 6 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

I WORD EO El E2 E3 E4 E5 E6 El E8 E9 EA EO EC ED EE EF fO fl f2 FJ f4 F5 F6 f1 F8 f9 fA fB fC fO FE ff 
O. 31 I.L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
03 23 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
O2 15 L L l L l L L l L L L L L L L L L L L L L L L L L L L L L L L L 
0 7 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

IWORD 100 101 102 103 104 105 106 107 108 109 IDA lOB 10C 100 IDE 10f 110 111112 113114 115 116 111 118 119 llA liB llC 110 lIE llF 
O. 56 L L I. l L L L L L l L l l l L L L L L L L l L L L L L L L L L L 
03 48 H H H H H!i H H 
O2 40 H H H H H H H H 
0, 32 H H H H H H H H 
WORD III 121 ll2 123 124 125 126 127128 129 12A 120 12C 120 12E12f 130 131 132133 134 135 136 131 138 139 13A 130 13C 130 13E 13f 
O. 57 I. I. L L I. I. L L L L L L I. L L I. L L L L L L L L l L L L L L L L 
03 49 H H H H H H H H 
O2 41 H H H H H H H H 
0, 33 H H H 'H H H H H 
WORD 140 141 142 143 144 145 146 147 148 149 14A 14B 14C 140 14E 14f 150 151 152 153 154 155 156 151 158 159 15A 15B 15C 150 15E 15f 
04 58 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
03 50 H H H H H H H H 
O2 42 .L I. L L L I. I. I. L I. L L L L L L L L L L L L L L L L L L L L L L 
0, 34 L L L l L L L L L L l L L L L L L L L L L L L L L L L L L L L L 
WORD 160 161 162 163 164 165 166 161 168 169 16A 160 16C 160 16E16f 170 111 112 173 114 115 116 171 118 119 l1A 110 l1C 110 l1E l1f 
04 59 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
03 51 H H H H H H H H 
O2 43 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0, 35 L L .1. L I. I. L L L L I. I. L I. I. I. L L LI. l 

IWORD 180 181 182 183 184 185 106 181 108 189 lOA 180 18C 180 18E18f 190 191 192 193 194 195 196 191 198 199 19A 190 19C 190 19E19f 
O. 60 L _I. I. L L L L L L L L L I. L L L L L L L L L L L L L I. l L L L L 
03 52 L L L L L. L L L L L L L L L L L L L L L L L L L L L L L L L L L 
O2 44 ~ _L I. .L I. I. L L L I. L I. L L L l L L L L L L I. L L L L L L L L L 
0, 36 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

IWORD lAO lAI lA2 lA3 lA4 lAS lA6 lA7 lA8 lA9 lAA lAB lAC lAD lAE lAf lBO lBI lB2 lB3 lB4 lB5 106 107 lB8 lB91BA 100 lBC lBO 10E 10f 
O. 61 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
03 53 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
O2 45 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
~ 37 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

IWORD lCO lCI lC2 lC3 lC41C5 lC6 lel lC8 lC9 lCA lCO ICC lCO ICE lCf 100 101 102 103 104 105 106 101 108 109 IDA 100 10C 100 IDE 10f 
04 62 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
03 54 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
O2 46 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0 38 L L L L L L L L L l L L L L L l I. l J. l L l I. J. L L I. l .1.1. 

IWORD lEO lEI lE2 1E3 lE4 1E5 lE6 IEl lE8 lE9 lEA lEO IEC lED lEE 1Ef IFO IFI IF2 IF3 1f4 IF5 1f6 1fl U8 U9 1fA IFO IFC 1f0 HE 1ff 
04 63 L L l I. L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
03 55 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
O2 47 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0, 39 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

(Q 
::J 

COl 2 3 4 5 6 7 0 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

FIGURE 3-45. Programming Format Sheet, PAL 12L6. 
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c: 
.2> 
U) 
cu 
C 
..J 
<C 
Il.. 

c;
<0 

I e. 
en 
:E 
a:: 
w 
l-
I
e.> 
~ 
c 
o 
a:: 
D.. 

1 
.. 
12 

2 
.. 
~ 

l 
... 
~ 

. .. 
.2 
~ 

5 
... 
~ 

I 
... 
~ 
~ 

1 
.. 
~ 

I 
.. 
2-

I 
.. 
.2 

LEGEND: 

· 1 
2 
l · 5 · 1 

, , 
10 
11 
12 
11 .. 
15 

11 
11 

11 

" 20 
21 
22 
13 

" 25 
21 
21 
21 

" 30 
11 

" II 

" 15 
31 
11 

" l! 

.. 
" " " .. 
" .. 
" 

.. 
" 50 

" 52 
53 

" " 

" 51 

" " .. 
11 
12 
13 

INPUTS (0·31) 
o 1 ~ 3 4!t 6 1 e 9 1011 111314 1~ 1& 1/18 19 20111113 lOS 26 11 ]819]031 

.... , 
t::r-4 Donu .. .. .. 
""'" 

< " 
~~ 

-

n.u 

.... 
" <: 

~ 

,~ 11 

----< ~ -
L.o -

, 

" 11 

./ 

,... 

""'" ""'" "" 
15 

.... ./ 
""'" ""'" --

" ../ 

~ ... 11 

~ 

M.U. -

~ 
11 

~ , 
~ M.U . 

s;, 11 

~ 

Dill 4 S 61 111011 121l141S 11111119 20212213 2052611 2829]0]1 

• :Phantom Fuse (L, N, 0) o :Phantom Fuse (H, P, 1) n.u.-not used 

FIGURE 3-46. Logic Diagram, PAL 14L4. 
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~ Z 
...J a: 
~ UJ 
T'" I-
...J I
~ <t n. 0-

-C'Q 

E .... 
o 
U. 
C> 
c:: 
E 
E 
C'Q .... 
C> 
0 .... 
n. 

INPUTS (0·31) 

o I 2 J 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 2J 24 25 26 27 28 29 JO Jl 
IWORD 0 1 2 J 4 5 6 7 8 9 A 8 C 0 E F 10 11 12 lJ 14 15 16 17 18 19 lA lB lC 10 IE IF 

L L L LL .L l.t L J. L 
~; ~: ----~- ~ c- -- ~ ~!-l+--t-t---+--t--+-+--+-jr-t--t--t--t 
O2 6 L L L L L L L L L L L C -C L C I-t- TL-HL-'-· r.Lc'+L.-+-;-t-rl~r.--h-+'-+'+'+'-+-rlrl 
0, 0 L L L L L L L L L L L L L L L L L "L. L L L L L L L L L L L L L L 
WORD 20 21 22 23 24 25 26 27 28 29 2A 28 2C 20 2E 2f 30 31 J2 J3 34 J5 J6 J7 J8 J9 3A JB JC JO JE 3F 
~~ HH HH 
03 17 H H H H 

L L L L L L L L L L L 
L L L L L L L L L L L ~~ ~ t t t t t t t t t t t t t t t t t t t t'+ft'-+-'''-+';=+~-f'-1-T'-H''-t-i''-+;'''"+7'-+f=-t-i''-i 

WORD 40 41 42 4J 44 45 46 47 48 49 4A 4B 4C 40 4E 4F 50 51 52 5J 54 55 56 57 58 59 5A 5B 5C 50 5E SF 

04 26 -t--+--1--HH!++.,..,H,-t--+--+.,..,H-t-+,H;+--+--f---t-t--+--+--+--+-+--Ir-t--i 
03 16 H H H H 
O2 10 L L L L L L L LI,. "l,.L. L L L L L L.~~rl=- Lr.L'-t-oL+'L--+cL'-+'L-t-.-L+'L-hL-hL'-+-;-L-h-L+'L-+'L-I 
~ 2 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
WORD 60 61 62 63 64 65 66 67 68 69 6A 68 BC 60 6E 6F 70 71 72 73 74 75 76 77 78 79 7A 7B 7C 70 7E 7F 
04 27 H H H H 
03 19 H H H H 
O2 11 L 1 1 L L 1 L L 1 L L L 1 L L L L_ L L L L 1 L L L L 1 1 L L 1 L 
~ 3 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

W I WORD 80 81 82 83 84 85 86 87 B8 89 BA 88 8C 80 8E 8F 90 91 92 9J 94 95 96 97 98 99 9A 9B 9C 90 9E 9F 
:!: 04 26 L 1 L' L L L L L L L L 1 1 
<! 03 20 L L L L L 1 L L . L L L L 1 L 1 Il 1 II L L L 1 1 L L L L I L L 1 L 
Z O2 12 L 1 Il L ,l L L L 1 1 L L • L L L I L L L L' L 'l L 1 L L 1 L 1 1 L L 1 

M 
(0 

I 

S-
en 
:!: 
a: 
UJ 
I--
I--
u 
:J 
0 
0 
II: 
0-

W 
I
<! 
o 

~ 4 L L L L L L L L L L L L L L L L L L L L L L 1 1 1 1 1 1 Il 1 1 1 
I WORD AO AI A2 A3 A4 AS A6 A7 AB A9 AA AB AC AC AE AF BO' Bl 82 B3 84 85 86 B7 8B 89 8A 8B 8C 80 BE BF 
~~ ~ ~LllL LL LL LLL L1l II 
~~LLLLLLLL~~~~~~~~.L~LLLLLLLLLLLLLlL 
O2 13 L L L 1 ,L L 1 L 1. L L I L.. 1... -C L n: I L L • L 'L LL L _L L. L J. . L 1 L 1 1 
0, 5 L 1 L L L L 1 L L L L L L 'r-c L L L l' 1 1 L 1 L L L L L L L 1 1 

I WORD CO Cl C2 C3 C4 C5 C6 C7 CB C9 CA CB CC CO CE CF 00 01 02 03 04 05 06 07 DB 09 OA DB DC 00 DE OF 

~. L 'LLLLIlLLLL L1L.1. 1 L1Ll LLJ.LJ.~ 
~~L lL Lllll LIlLl LL L~~~~LLLL L 1 L LLLL III 
O2 14 L L L L L L L L L L l.. L L 1 L J..I L -[ 'L L L L L L L L L . L L . LL L 
0, 6 L L L L IL L L L IL L L L L L L L L L L L L L L L L L L L L L L L 

I WORD EO El E2 E3 E4 E5 E6 E7 E8 E9 EA EB EC ED EE I Ef fO Fl F2 FJ F4 F5 f6 f7 F8 F9 FA FB FC FD FE FF 

04 31 L L L L I 1 L L L L L L L L L L L L L L 1. L 1 L 1 L L L L 1 L L L 
03 23 L L L L L L L L L L LL L .1. L1 _l L L L L L L 1 L 1 L 1 L 1 1 1 
O2 15 L 1 L l! 1 1 L L L L 1 1 L L l L L _!-- L. L L L L L L L L L L L L L 
~ 7 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

IWORD 100101102 10J 104105 106 107 lOB 10910A lOB 10C 100 10E 10F 110 111112113114115116117118119 llA liB llC 110 lIE llF 

~:ttttttttttt~t+t~~±ittttttttttttt 
~~ ~~ ~ ~ *~-f+-+-j--t-+--t--+-t-t-'r-+--t--i 
WORD 120121122 12J 124 125 126 127 12B 129 12A 12B 12C 120 12E 12F 130 lJl 132 13J lJ4 135 136 lJ7 13B 139 lJA 13B 13C 130 13E 13F 

04 57 L L L L L L L L L 1 ill L L L ~_ r.~Ll,. ~. L I,. L L_. L L L L L L L L L 
03 49 L L L L L L L L L L L _I"..I"..,=-~ I" ,l:..j..\"_~-+:l;.. '=- _,=-_L L L L L L L L L L 

~~ ~~ ~ r~- r-+-- ,*- ~~+-+---1,--t--+--+--+--+-t-r--+-+--i 
WORD 140 141 142 14J 144145 146147 14B 149 14A 146 14C 14U 14E 14F 150 lSI 152 15J 154 155 156 157 15B 159 15A 158 15C 150 15E 15F 

04 56 L L L L L L L L L L !- L L L_~~r.l,... -;1,. L L L L L L L L L L L L L L 
~ ~ L L L L L L L L L L L L L ~ ~ ~ L L L L L L I,. L L L L L L L L L 

~~ ~: --*~----* .~~'-I---t--+--+--I---+--+--+--+-f---I,--t--i 
IWORD 160161162163164165166167168169 16A 16B 16C 160 16E 16F 170 171172173174175176177 17B 179 17A 178 17C 170 17E 17F 

~ ~ L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
03 51 L L L L L l L L L L L \,._ f-I" I" r.l;..~- f-I,,- ... L L L L- L L L L L L L L L L L 

~~ ~~ ~ ~+- - ++i~:+:~-H--+--+--i-t--t--t--+-+-t-t-+--i 
LWORD lBO 1811B2 183 184 165 lB6 187 lBB 189 18A 18B 18C 180 lBE 18F 190191192193194195196197198199 19A 19B 19C 190 19E 19F 

~WLJ.1~ LL LL L LLL L LLlL L LL LLL LLL LLL L LL 
~Hl L l 1 L L lL L l L L Ll L lL L L~ L L l l l L ll'l l II 
~« lL~L~L~L~L~~ LLLL L~ LLll~L~J. 
0, 36 L L L L L L L L L L L L L L L L L l L L L L L L L L L L L L L L 
WORD lAO lAl1A2 lA3 lA4 lAS lA6 lA7 lAB lA9 lAA lA8 lAC lAO lAE lAF 180 lB1182 lB3 lB4 185 lB6 lB7 lB8 lB9 lBA lBB lBC lBD lBE lBF 

~:ttt t tt ttttttttttttttttt ttt tttttt 
O2 45 L L l L L L 1 l L L L L L L 1 L 1 l 
~~LL Ll LLJ.lL Ll L1 L~L~ lLl Ll LJ.~L~LJ. LJ.~ 

I WORD lCO lCI lC2 lC3 lC4 lC5 lC6 lC7 lCB lC9 lCA lC8 ICC lCD ICE lCF 100 1111 102 lDJ 104 105 106 107 108109 IDA lOB lDC 100 IDE lDF 

~ ~ L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
~ ~ LL L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
02 46 ll Ll L II L l LLLl L LLLLLLLLLLLLLLLLLL 
~~lL l LLl II lLl L Ll lLL 1 

I WORD lEO 1E1 1E2 1E3 1E4 1E5 1E6 1E7 IEB 1E9 lEA 1E8 IEC lEO lEE 1EF IFO 1F1 IF2 IF3 1F4 1F5 IF6 1F7 HB IF9 IFA IFB IFC HO IFE IFF 

~ ~ ~ J. ~ ~ lL LL lL L L l L L 1 L 1 L L 1 L L L L L 1 L L L L L 
~elJ. L~ L l LL LLl Ll LLLl L lLLL 1 L II lL LllL 
~ u L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
01 39 L L L L L L L L L L L L L L L L L L L L L L L L L LL L J. L _t ..L 

o 1 2 3 4 5 6 7 8 9 10 11 12 lJ 14 15 16 17 lB 19 20 21 22 23 24 25 26 27 28 29 3D 31 

FIGURE 3-47. Programming Format Sheet, PAl14l4. 
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CD 
tJ) 

lCo 
::J 



c 
.~ 
tJ) 
Q) 

C 
...J « a. 

M 
CD 

I 

e. 
en 
~ 
a: 
w 
t-
to 
~ 
o 
o 
a: 
0.. 

1 
... 
~ 

, ... 
.> 

3 
',:. 

:2 
v 

" 

. ... 
.> 

5 
... 
12 

, ... 
.> .. 

, ... 
~ 

. ... 
~ .. 

, ... 
~ .. 

LEGEND: 

INPUTS (0·31) 
o 1 2 J 4 ~ 6 1 8 9 10 11 11 I] 14 I ~ 16 111 B 19 20 21 21 1J 14 25 16 21 28 2!JD 31 

I , 
0 
1 , 
:- n.U. 

5 , , - .... 
11 

~ 
8 , 

lD 

" n.u. 
n 

" " " ... 18 

~ , 
" 

.... 
~~ " " " I"" o.u. 

ID """ 21 """~r 
11 ~r-
2l 1..0 

I 
~ 17 

~ 
1 . ,. 

15 ~ 

" 11 

"""'"' 
16 

" ..;.r 
" 3D 
11 

J2 
.... 

lJ 

1=)---; l4 
lS 15 
l! 

""" 
,~ 

" r 
18 
19 - .... 

<.. 
14 

" 
.... , 

" " " .. n.u . 

" -.. 
" ... 13 

~ 
v 

.. ... .. 
50 

" n.u 
1/ 

""" 53 
14 ~>-
" -

~ 

" M , 
" 

.... 
" " lJon.u. " ~ " " ..... -
" I " ... 

" ~ ... 
o 1 1) 4 5 6 7 8 910 II .'21114 IS 1611U19 1[1111111 142516]1 2819 JOll 

• :Phantom Fuse (L, N, 0) o :Phanton Fuse (H, Pi 1) n.u.-not used 

FIGURE 3-48. Logic Diagram, PAL 16L2. 
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N Z Iii 
..J a: ~ 
<0 UJ ct 
:i 1= z 
<t <C 
a. 0. 

-CU 

E 
~ 

O 
u. 
C) 
c 
E 
E 
~ 
C) 
0 
~ 

a. 

M 
CD 

I 

e-
(f) 

~ 
a: 
UJ 
l-
I-
() 
=> c 
0 
a: 
0. 

W 
I
<C 

"'C 
l> 
r-

INPUTS (0·31) C 
CD 

o 1 2 3 4 5 6 1 B 9 10 11 12 13 14 15 16 11 18 19 20 21 22 23 24 25 26 21 28 29 3D 31 en 
(WORD 0 1 2 3 4 5 6 1 B 9 A 8 C 0 E F 10 11 1213 14 15 16 11 18 19 lA 18 lC 10 IE IF 

04 24 
03 16 l L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 'L 
O2 8 L L L L L' L L L L L L L L L L U'L L L L L L L L L L L L L L L L I L 
0, 0 L L L 'L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
WORD 20 21 22 23 24 25 26 21 28 29 2A 28 2C 20 2E 2F 30 31 3233 34 35 36 31 38 39 3A 38 3C 3D 3E 3F 
04 25 
03 17 L L L L L L L L L L L L I L L L L I L L L L L L I L I L I L L IL L ILL 
O2 9 L L L L L L L L L L L L i L L L L L L L L L L L L L I L L L L L L L 
0, 1 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

IWORD 40 41 42 43 44 45 46 41 48 49 4A 4B 4C 40 4E 4F 50 51 52 53 54 55 56 51 58 59 SA 5B 5C 50 5E SF 
04 26 
03 18 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
O2 10 L L L L L L L L L L L L L L l L L l L l L L L L L L L L L L L L 
0, 2 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

(WORD 60 61 62 63 64 65 66 61 6B 69 6A 68 6C 60 6E 6F 70 71 72 73 74 75 76 77 78 79 7A 78 7C 70 7E 7F 
04 27 
03 19 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
O2 11 L L L L L L L L L L L L L L L L L L L L L L L L L L 
0, 3 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

IWORD 80 81 82 83 84 85 86 87 88 89 8A 88 8C 80 8E 8F 90 91 92 93 94 95 96 97 98 99 9A 98 9C 90 9E 9F 
04 28 
03 20 L L L L L L L L L L L L L L L L L L L L L I L L L L L L L L L L L 
O2 12 L L L L L L L L L L L L L L L L L L L L L L L 
0, 4 L L L L L L L L L L L L L L L _L_ L L L L L L L L L L L L L L L L 
WORD AD AI A2 A3 A4 AS A6 A7 A8 A9 AA AB AC AC AE AF 80 Bl B2 B3 B4 B5 B6 87 BB 89 8A 8B BC Bo BE BF 
04 29 
03 21 L L L L L _ _ L _ _ L L L L L L L L L L L L L L L L L L L L L L L L 'LL 
O2 13 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0 5 L L L L L L L L L L L L L L L L l. L L L L L L L L L L L L L L L 

IWORD CO Cl C2 C3 C4 C5 C6 C7 C8 C9 CA CB CC CO CE CF DO 01 02 03 04 05 06 07 08 09 OA 08 DC DO DE OF 
04 30 
03 22 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
O2 14 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
oL 6 L L L L L L L L L L L L L L t t L L L L L L t L L L 'L 

IWORD ED El E2 E3 E4 E5 E6 E7 E8 E9 EA E8 EC ED EE EF FO Fl F2 F3 F4 F5 F6 F7 F8 F9 FA F8 FC FO FE FF 
04 31 
03 23 L L L L L L L L L L L L L L L L L L L L L L 11 IL L L L L L L L L 
O2 15 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0 7 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L LIL 
WORD 100 101 102 103 104 105 106 107 108 109 IDA lOB 10C 100 10E 10F 110 111112 113114 115 116 111 118 119 llA 118 llC 110 lIE11F 
04 56 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
03 48 L L LI.. k _k L L L L L L L L L L L L L L L L L I L L L L 
02 40 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0, 32 

IWORD 120 121 122 123 124 125 126 127 128 129 12A 128 12C 120 12E 12F 130 131 132 133 134 135 136 137 138 139 13A 13B 13C 130 13E 13F 
04 57 L L L L L L L L L L L L I L L I L L L L L L L L L L L L L L L L L L 
03 49 I L L L L L L L L L L L L L L I L L L L L L L L L L L L L L L L L L 
O2 41 L L L L L L L L L L L L L L L L L L IL L L L L L L L L L L L LL 
0, 33 
WORD 140 141 142 143 144 145 146147 148 149 14A 148 14C 140 14E 14F 150 151 152 153 154 155 156 157 158 159 lSA 158 15C 150 15E 15F 
04 58 L L L L L L LL L L L L L L L L L L L L L L L L L L L L L L L L 
03 50 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
O2 42 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0, 34 

LWORD 160 161 162 163 164 165 166 167 168 169 '6A 16B 16C 160 16E 16F 110 111 172 173 174175 176 177 178 179 17A 17B 17C 170 17E 17F 
04 59 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
03 51 L L L L L L L L L L L L L L L L 
O2 43 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0, 35 

(WORD 180181 182 183 184 185 186 187 188 189 18A 18B 18C 180 18E 18F 190 191 192193 194 195 196 197 198 199 19A 198 19C 190 19E 19F 
04 60 L L L L L L L L L L L I L L L L L L L L L L L L L L L L L L L L L 
03 52 L LL_ L LL_ L L L L L L L L L J.,_ L L L L L L L L L L L L L L L L 
O2 44 L L L L L L L L L L L I L L L Ll L L L L L L L L L L I L L I L L L ~ 
0, 36 
WORD lAO lAI lA21A3 lA41A5 lA6 !A7 lA81A9 lAA lAB lAC lAD lAE lAF lBO lBI lB2183 184185 1861B7 188189 18A lB8 lBC 180 lBE 18F 
04 61 L L L L L L I L L L L L L L L -L L L L L L L L L L L 
03 53 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
02 45 L L L L L L ,L 
0t 37 
WORD lCO lCI lC21C3 lC4 lC5 lC61C7 lC8 lC9 lCA lC8 ICC lCO ICE lCF 100 101 102103 104105 106107 108109 IDA lOB 10C 100 IDE 10F 
04 62 L L- L I L L L L L L L _L L L. L L-"'-L LL LL L L L L L L L L L L L 
03 54 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L; L 
O2 46 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0 38 

I WORD lED 1E1 1E2 1E3 lE4 1E5 1E6 1E7 lE8 1E9 lEA IEB IEC lED lEE 1EF lFO 1F1 IF2 IF3 1F4 IF5 1F6 IF7 lF8 1F9 1FA 1F8 IFC IFO IFE IFF 
04 63 L L L L L L L L L L L L L L L L L L L L L L L L L L L L I L L ,L L 
03 55 L L L L L L L L L L L L L L L L L L L I L L L L L L L L L L L L l 
02 47 L L L L L L L L L L L L L L L L L L L L L L LL L L L L L L L L 
0, 39 

(Q 
::l 

COl 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

FIGURE 3-49. Programming Format Sheet, PAL 16L2. 
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c 
C) .-en 
CI) 

C 
....I 
< 
Q. 

c;;-
eo 

I e 
en 
~ 
a: 
W 5 

t-
t
U 
:::::I 
C 
o 
a: 
Q. 

l~ 

... 
,. 

h.. 
.J .. 

INPUTS (0·31) 

0123 4567 891011 12131415 16171819 20211113 1'15161118193031 

.... 

i!~~~~~~~~~~itit~it~~~~~~~~i~~~::==~;~:~~~~'O-'-~~18 
~ ..... 

11 

r ' 2 3 • 5 ~; '! 11" '11)1415 16171819 10111111 14151617 " 1930 31 

FIGURE 3-50. Logic Diagram, PAL 16L8. 



IWORD 
04 24 
03 16 
O2 8 
01 0 

IWORD 
04 25 
03 17 
O2 9 
01 1 

IWORD 
04 .26 
03 18 

. O
2 10 

01 2 
WORD 
04 27 
03 19 
O2 11 
01 3 

IWORD 
04 28 
03 20 

co Z Ii.i 
-J a: :E 
CO w c:t O2 12 

01 4 
IWORD 

04 29 
03 21 

,.. I- Z 
-J l-
e:( <t 

a. a. 
O2 13 
01 5 

IWORD 
04 30 - 03 22 
O2 14 
01 6 

I WORD 
04 31 

c;-eo 
E CD 

I ... 8-0 
u. CJ) 03 23 

O2 15 
0 1 

IWORD 
04 56 
03 48 
O2 40 
01 32 

IWORD 
04 57 
03 49 
O2 41 

C) :E 
a: c w 

E l-
I-

E (J 

eo ::J ... C 
C) 0 
0 a: ... c.. a. 

01 33 
I WORD 

04 58 
03 50 
O2 42 
01 34 

IWORD 
04 59 
03 51 
O2 43 
01 35 

I WORD 
04 60 
03 52 
O2 44 
01 36 

IWORD 
04 61 
03 53 
O2 45 
0 31 

IWORD 
04 62 
03 54 
02 46 
0t 38 
WORD 

°4 63 
03 55 
O2 47 
01 39 

INPUTS (0·31) 

o 1 3 4 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
0 1 2 3 4 5 6 7 8 9 A B C 0 E F 10 11 12 13 14 15 16 17 18 19 lA lB lC 10 IE IF 

20 21 22 23 24 25 26 27 28 29 2A 2B 2C 20 2E 2F 30 31 3233 34 35 36 37 38 39 3A 3B 3C 3D 3E 3F 

40 41 42 43 44 45 46 47 48 49 4A 4B 4C 40 4E 4f 50 51 52 53 54 55 56 57 58 59 5A 58 5C 50 5E 5F 

60 61 62 63 64 65 66 67 68 69 6A 6B 6C 60 6E 6F 70 71 72 73 74 75 76 71 78 79 7A 7B 7C 70 7E 7F 

BO Bl 82 83 84 85 86 87 88 89 8A 8B 8C 80 8E 8F 90 91 92 93 94 95 96 97 98 99 9A 9B 9C 90 9E 9F 

AO AI A2 A3 A4 A5 A6 A7 A8 A9 AA AB AC AC AE AF BO Bl B2 B3 B4 B5 B6 B7 B8 89 BA BB BC BO BE BF 

CO Cl C2 C3 C4 C5 C6 C7 C8 C9 CA CB CC CO CE CF DO 01 02 03 04 05 06 07 08 09 OA DB DC DO DE OF 

EO El E2 E3 E4 E5 E6 E7 E8 E9 EA EB EC ED EE EF FO Fl F2 F3 F4 F5 F6 F7 F8 F9 FA FB FC FO FE FF 

100 101 102 103 104 105 106 107 108 109 lOA lOB 10C 100 10E 10F 110 111 112113 114115 116 117 118 11911A lIB l1C 110 llE llF 

120 121 122 123 124 125 126 127 128 129 12A 12B 12C 120 12E 12F 130 131 132 133 134 135 136 137 138 139 13A 13B 13C 130 13E 13F 

140 141 142 143 144 145 146 147 148 149 14A 14B 14C 140 14E 14F 150 151 152 153 154 155 156 157 158 159 15A 15B 15C 150 15E 15F 

160 161 162 163 164 165 166 167 168 169 16A 16B 16C 160 16E 16F 170 171 172 173 174 175 176 171 178 179 17A 17B 17C 170 17E 17F 

180 181 182 183 184 185 186 187 188 189 18A 18B 18C 180 18E 18F 190 191 192 193 194 195 196 197 198 199 19A 19B 19C 190 19E 19F 

lAO lAl lA2 lA3 lA4 lA5 lA6 lA7 lA8 lA9 lAA lAB lAC lAD lAE lAF lBO lBl lB2 lB3 lB4 lB5 lB6 lB7 188 lB9 lBA lBB lBC lBO lBE lBF 

lCO lCl lC2 lC3 lC4 lC5 lC6 lC7 lC8 lC9 lCA lCB ICC lCO ICE lCF 100 101 102 103 104 105 106 107 108 109 IDA lOB 10C 100 IDE 10F 

lEO 1E1 lE2 lE) lE4 lE5 lE6 lE7 lE8 lE9 lEA lEB lEC lED lEE lEF IFO IFI lF2 IF3 IF4 IF5 lF6 IF7 H8 IF9 lFA IFB IFC IFO 1FE IFF 

2 3 4 7 8 9 10 11 12 13· 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

FIGURE 3-51. Programming Format Sheet, PAL 16L8. 
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c:: 
C) .-
tn 
Cl) 

C 
..J 
« 
CL. 

c;;-
eo 

I 

e
rn 
~ 
a: 
w 
t-
t
o 
::J 
C 
o 
a: 
a.. 

\ 

0 
\ 

2 
3 
4 
5 
6 
7 

~ .. ~ 
8 
9 

10 
1\ 
\2 
13 
\4 
\5 

j ... 
~ .. 

\6 
17 
18 
19 
20 
2\ 
22 
23 

: .. 
.>,. ... 

2_ 
15 
26 
/7 
28 
29 
30 
31 

5 . 
.>. .. -

31 
33 
H 
35 
36 
37 
38 
39 

6 h 
~ ,.. 

40 
4\ 
42 
43 
44 
45 
46 
47 

I ... 
~ .. 

48 
49 
50 
5\ 
52 
53 
54 
55 

8 .. 

~ ... 
56 
57 
58 
59 
60 
61 
62 
63 

9 .. 

.>.. 
r-

INPUTS (0·31) 

0\ 23 4567 89101\ Ill] 141~ 1617 10 1~ 2i.Jll lUJ '.2:12.:.2-12 ... i,3031 .... 
t::,-

~~ 
poo "-
poo 

./ 

1-0 
L.. 

~ - ...... 
~ .... 

1-0 -

~ 
~ 

poo 
~ t::~ 

poo ..... 

.~ -

~. ~ 
-

.---

~ .... 

~ ~ " ./ 

... 
... 
~ - .... ... 

""' ~ ~ 
,.. 

" 1:-

""' L.. ... 
So. - ..... 

.... 
t::~ 

~ ""' g ./ 
1-0 ... 

So. - .... 
~.---

~ 
r-" 

~ 
poo 
1-0 

:;:--
... 

~ - .... 

.... ~ t::.-

~~ 1-0 .... ./ 
1-0 .... ... 

~ A:. - .... 
a 1 2 3 4 5 6 7 CI 910\1 Ill) 1415 16111819 20217]2) 24252b27 {IU9]0 31 

FIGURE 3-52. Logic Diagram, PAL 16R8. 
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co Z a: a:: 
co UJ ,... I-
..J I-

~ 
e::( 
Il. a. 

-co 
E ... 
0 u. 
C') 
r::: 
E 
E 
CO ... 
C') 
0 ... 
a. 

IWORD 
O. 24 
03 16 
O2 8 
0, 0 

IWORD 
O. 25 
03 17 
02 9 
0, 1 

IWORD 
04 26 
03 18 
O2 10 
0, 2 

IWORD 
04 27 
03 19 
02 11 
0, 3 

.IWORD 
04 28 
03 20 
O2 12 
0, 4 

IWORD 
04 29 
03 21 
02 13 
0, 5 

(WORD 
0. 30 
03 22 

c;- O2 14 
CD 0, 6 

I (WORD e. 
en 
~ 
a:: 
UJ 
l-
I
o 
:::J 
o 
o 
a:: 
Il. 

W 
l
e::( 

O. 31 
03 23 
O2 15 
0, 7 
WORD 
04 56 
03 48 
02 40 
0, 32 

IWORD 
O. 57 
03 49 
02 41 
0, 33 
WORD 
04 58 
03 50 
02 42 
0, 34 

IWORD 
04 59 
03 51 
02 43 
0, 35 

IWORD 
0. 60 
03 52 
02 44 
0, 36 
WORD 
0. 61 
03 53 
02 45 

° 37 
IWORD 

O. 62 
03 54 
O2 46 
0, 38 

I WORD 
04 63 
03 55 
O2 47 
0, 39 

INPUTS (0·31) 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

0 1 2 3 4 5 6 7 8 9 A B C 0 E F 10 11 12 13 14 15 16 17 18 19 lA lB lC 10 IE 1F 

20 21 22 23 24 25 26 27 28 29 2A 2B 2C 20 2E 2F 30 31 3233 34 35 36 37 38 39 3A 3B 3C 3D 3E 3F 

40 41 42 43 44 45 46 47 48 49 4A 48 4C 40 4E 4F 50 51 52 53 54 55 56 57 58 59 SA 58 5C 50 5E SF 

60 61 62 63 64 65 66 67 68 69 6A 6B 6C 60 6E 6F 70 71 72 73 74 75 76 77 78 79 7A 78 7C 10 7E 7F 

80 81 82 83 84 85 86 87 88 89 8A 8B 8C 80 8E 8F 90 91 92 93 94 95 96 97 98 99 9A 98 9C 90 9E 9F 

AD AI A2 A3 A4 AS A6 A7 A8 A9 AA AB AC AC AE AF BO Bl B2 83 B4 85 B6 87 88 89 8A B8 BC BO BE BF 

CO Cl C2 C3 C4 C5 C6 C7 C8 C9 CA CB CC CO CE CF DO 01 02 03 04 05 06 07 08 09 OA DB DC DO DE OF 

EO El E2 E3 E4 E5 E6 E7 E8 E9 EA EB EC ED EE EF FO Fl F2 F3 F4 F5 F6 F7 F8 F9 FA FB FC FD FE FF 

100 101 102 103 104 105 106 107 108 109 IDA lOB 10C 100 IDE 10F 110 111 112 113 114 115 116 117 118 119 llA lIB l1C 110 lIE l1F 

120 121 122 123 124 125 126 127 128 129 12A 128 12C 120 12E 12F 130 131 132 133 134 135 136 137 138 139 13A 13B 13C 130 13E 13F 

140 141 142143 144145 146 147 148 149 14A 148 14C 140 14E 14F 150 151 152 153 154 155 156 157 158159 15A 158 15C 150 15E 15F 

160 161 162 163 164 165 166 167 168 169 16A 168 16C 160 16E 16F 170 171 172 173 174 175 176 177 178 179 17A 178 17C 170 17E 17F 

180 181 182 183 lB4 185 186 187 188 189 18A 18B 18C 180 18E 18F 190 191 192 193 194 195 196 197 198 199 19A 198 19C 190 19E 19F 

lAO lAl lA2 lA3 lA4 lA5 lA6 lA7 lA8 lA9 lAA lA8 lAC lAD lAE lAF lBO 181 lB2183 184 1851B6 lB7 188 189 18A lBB 18C 180 lBE lBF 

lCO lCl lC2 lC3 lC4 lC5 lC61C7 lC8 lC9 lCA lC8 ICC lCO ICE lCF 100101 102103 104105 106107 108109 IDA lOB 10C 100 IDE 10F 

lEO lEI 1E2 1E3 lE4 1E5 1E6 1E7 lE8 1E9 lEA IEB lEC lED lEE lEF 1F0 1F1 H2 1F3 1F4 1F5 1F6 1F7 1F8 1F9 1FA 1FB 1FC 1F0 HE IFF 

COl 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 2B 29 30 31 

FIGURE 3-53. Programming Format Sheet, PAL 16R8. 
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INPUTS (0·31) 

CK~ 
0123 4561 891011 12 U 14 1~ 1617 18 19 20212223 24 2!t 26 27 28293031 

SR 

0 

~~ 
I , 
l 

" 4 , 
6 
) 

~ 

LlRO 

. , 
, 

n-~ 
ID 

" " ./ Il 
14 

" 
l 

.. 
~ <: DO 

00 

~ 

" 

01 

" 
~ " >----< 

Ul " 7D ./ 
" " Il . :> ~ 

'" c:;-
eo 

I e. 
en 
~ 
a: 
w 

02 .... 

" " ~ " , 
Ul " " " ..-... 

lO 

1I 

, 
~ ~ 

~ .... 
U 11 

:::l 
C 
0 
a: 
a. 

03 

II ,...., 
~ " " Ul " " J1 

" " 
6 

.. 
~ ~ 
~ .... 

40 .... 41 

~ " .... ~ 

~ 
4l 
44 .... -
" 46 ~>-
41 

.. ... ~ 

) 

12 ~ 

" 
" 

~ " ~ 

~ 
" " ./ 
" " " . ... 

~ ,<: 05 

" 

~~~ 
" " " Il 
50 

" 61 
6l 

, ... 
~ ~. SL 

RILO 

FIGURE 3-54. Logic Diagram, PAL 16R6. 
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CD 
a: 
CD ,.. 
-I 
<t 
a. 

-m 
E 
~ 

O 
11. 
C) 
c 
E 
E 
m 
~ 

C) 
0 
~ 

a. 

:Z 
a: 
UJ 
I-
I-
<t 
0.. 

-Uj 
:E 
<t 
Z 

M 
co 

I 

e-
C/) 

:E 
a: 
UJ 
l-
t-
0 
:;) 

c 
0 
a: 
0.. 

Uj 
I
<t 
o 

INPUTS (0·31) 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
IWORD 0 1 2 3 4 5 6 7 8 9 A 8 C 0 E F 10 11 12 13 14 15 16 17 18 19 lA lB lC 10 lE 1F 

04 24 
03 16 
O2 8 
0, 0 
WORD 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 20 2E 2F 30 31 32 33 34 35 36 37 38 39 3A 38 3C 3D 3E 3F 
04 25 
03 17 
O2 9 

~ 
1-

WORD 40 41 42 43 44 45 46 47 48 49 4A 48 4C 40 4E 4f 50 51 52 53 54 55 56 57 58 59 5A 58 5C 50 5E 5F 
04 26 
03 18 
O2 10 
0, 2 
WORD 60 61 62 63 64 65 66 67 68 69 6A 68 6C 60 6E 6f 70 71 72 7J 74 75 76 77 78 79 7A 7B 7C 70 7E 7F 
04 27 
03 19 
O2 11 
0, 3 

IWORD 80 81 82 83 84 85 86 87 88 89 8A 88 8C 80 8E BF 90 91 92 93 94 !l5 96 97 9B 99 9A 9B 9C 90 9E 9F 
04 28 
03 20 
O2 12 
0, 4 

IWORD AD Al A2 A3 A4 A5 A6 A7 AB A9 AA A8 AC AC AE AF 80 81 B2 B3 B4 B5 B6 B7 BB B9 BA BB BC Bo BE BF 
04. 29 
03 21 
02 13 
0 5 

IWORD CO Cl C2 C3 C4 C5 C6 C7 C8 C9 CA CB CC CO CE CF DO D1 02 03 04 05 06 07 DB 09 oA DB DC DO DE OF 
O. 30 
03 22 
O2 14 
0 6 

IWORD EO El E2 E3 E4 E5 E6 E7 EB E9 EA E8 EC ED EE EF FO Fl F2 F3 F4 F5 F6 F7 F8 F9 FA FB FC FO FE FF 
O. 31 
03 23 
O2 15 
0 7 

IWORD 100 101 102 103 104 105 106 107 lOB 109 IDA lOB 10C 100 10E 10f 110 111 112 113 114 115 116 117 118 119 llA lIB llC 110 lIE lH 
04 56 
03 48 
O2 40 
0, 32 

IWORD 120 121 122 123 124 125 126 127 12B 129 12A 128 12C 120 12E 12F 130 131 132 133 134 135 136 137 138 139 13A 13B 13C 130 13E 13F 
04 57 
03 49 
O2 41 
0, 33 

IWORD 140 141 142 143 144 145 146 147 14B 149 14A 148 14C 140 14E 14F 150 151 152 153 154 155 156 157 158 159 15A 158 15C 150 15E 15F 
04 58 
03 50 
02 42 
~ 34 
WORD 160 161 162 163 164 165 166 167 16B 169 16A 16B 16C 160 16E 16f 170 171 172 173 174 175 176 177 17B 179 17A 17B 17C 170 17E 17F 
04 59 
03 51 
O2 43 
~ 35 

IWORD lBO 181 lB2 lB3 lB4 lB5 lB6 lB7 lBB lB9 lBA lBB lBC lBO lBE lBF 190 191 192 193 194 195 196 197 198 19919A 19B 19C 190 19E 19F 
04 60 
03 52 
02 44 
0, 36 

IWORD lAO !AI lA2 lA3 lA4 lA5 lA6 lA7 lAB lA9 lAA lAB lAC lAD lAE lAF lBO lBl lB21B3 lB4 lB5 lB6 lB7 lBB 189 lBA lBB lBC lBO lBE lBF 
04 61 
03 53 
O2 45 
0, 37 

IWORD lCO lCI lC2 lC3 lC4 lC5 lC6 lt7 lt8 lt9 ItA ICB ICC lCO ICE lCF 100101 102103 104105 106 107 lOB 109 IDA lOB 10C 100 IDE 10F 
O. 62 
03 54 
O2 46 
01 38 
WORD lEO lEI lE2 lE3 lE4 lES lE6 lE7 lE8 lE9 lEA lEB lEC lED lEE 1EF HO lFl H2 H3 H4 1F5 1F6 IF7 HB lF9 HA HB Ht HO !FE IFF 
04 63 
03 55 
02 47 
0, 39 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1 B 19 20 21 22 23 24 25 26 27 2B 29 30 31 

FIGURE 3-55. Programming Format Sheet, PAL 16R6. 
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c 
.~ 
Ul 
(1) 

C 
...J « a. 

M 
eo 

I e. 
C/) 

:E 
a: 
w .... 
.... 
(.) 
=:l 
C 
0 
a: 
D. 

.. 

4 
~ .. 

... 
1 

~ .. 

6 ... 
~ 

I ... 
~ 

, .. 
.:k .. 

... 
~ .. ~ 

INPUTS (0·31) 

2' 

" 26 

" 2B 
2. 
30 
31 

J2 
JJ 

3' 
31 
36 
31 
3B 
39 

40 

" '2 
43 .. 
" 46 
41 

.. 
49 

" " " 13 

" " 

" " " " 60 
61 
62 
63 - .... 

~---~O".,I!--
0123 4!i 61 891011 1213141511171819 2021222324252621 2829 J031 

FIGURE 3-56. logic Diagram, PAl16R4. 
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~ 
ex: 
(0 ,... 
-l 
e:( 
a. 

-~ 
E 
a.. 
0 u. 
Ol 
c:::: 

E 
E 
~ a.. 
Ol 
0 a.. 
a. 

z 
a: 
UJ 
I-
l-
<t 
a.. 

W 
~ 
<t 
Z 

M 
CD 

I 

8-
C/) 

:E 
ex: 
UJ 
l-
I-
() 
::::> 
C 
0 
a::: 
a.. 

W 
I
<t 
c 

IWORD 
04 24 
03 16 
02 8 
0, 0 
WORD 
04 25 
03 17 
O2 9 
0, 1 

IWORD 
04 26 
03 16 
O2 10 
0 , 2 

IWORD 
04 27 
03 19 
O2 11 
0 , 3 

(WORD 
04 26 
03 20 
02 12 
0, 4 

IWORD 
04 29 
03 21 
02 13 
0 5 

(WORD 
04 30 
03 22 
O2 14 
0, 6 

I WORD 
04 31 
03 23 
O2 15 
0 7 

IWORD 
04 56 
03 48 
O2 40 
0, 32 

IWORD 
O. 57 
03 49 
O2 41 
0, 33 

I WORD 
O. 58 
03 50 
O2 42 
0, 34 

IWORD 
04 59 
03 51 
O2 43 
0, 35 

IWORD 
04 60 
03 52 
02 44 
0, 36 

lWORD 
04 61 
03 53 
O2 45 
O~ 37 

IWORD 
04 62 
03 54 
02 46 
01 38 

IWORD 
o. 63 
03 55 
02 47 
0, 39 

INPUTS (0·31) 

3 4 5 6 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

0 1 2 3 4 5 6 7 8 9 A 8 C 0 E F 10 11 12 13 14 15 16 17 18 19 IA 10 IC 10 IE IF 

20 21 22 2J 24 25 26 27 28 29 2A 2B 2C 20 2E 2F 30 31 32 33 34 35 36 37 38 39 3A 3B 3C 3D 3E 3F 

40 41 42 43 44 45 46 47 48 49 4A 4B 4C 40 4E 4F 50 51 52 53 54 55 56 57 58 59 5A 5B 5C 50 5E 5F 

60 61 62 63 64 65 66 67 68 69 6A 68 6C 60 6E 6F 70 71 72 73 74 75 76 77 78 79 7A 70 7C 70 7E 7F 

80 81 82 83 84 85 86 87 88 89 8A 88 8C 80 8E 8F 90 91 92 93 94 95 96 97 98 99 9A 90 9C 90 9E 9F 

AD AI A2 A3 A4 A5 A6 A7 A8 A9 AA A8 AC AC AE AF 00 01 02 03 B4 05 06 07 B8 B9 OA BO OC 00 OE OF 

CO Cl C2 C3 C4 C5 C6 C7 C8 C9 CA CB CC CO CE CF DO 01 02 03 04 05 06 07 08 09 OA DO DC DO DE OF 

EO El E2 E3 E4 E5 E6 E7 E8 E9 EA EO EC ED EE EF FO FI F2 F3 F4 F5 F6 F7 FB F9 FA FO FC FO FE FF 

100 101 102 103 104 105 106 107 108 109 lOA 108 10C 100 10E 10F 110 111 112 113 114 115 116 117 118 119 llA liB llC 110 llE llF 

120 121 122 123 124 125 126 127 128 129 12A 12B 12C 120 12E 12F 130 131 132 133 134 135 136 137 138 139 13A 13B 13C 130 13E 13F 

140 141 142 143 144 145 146147 148,149 14A 148 14C 140 14EI14F 150 151 152 153 154 155 156 157 158 159 15A 150 15C 150 15E 15F 

160 161 162 163 164 165 166 167 168 169 16A 168 16C 160 16E 16F 170 171 172 173 174 175 176 171 17B 179 17A 170 17C 170 17E 17F 

"-

180 181 182 183 184185 186 187 188189 18A 180 18C 180 18E 18F 190 191 192 193 194 195 196 197 198 199 19A 19B 19C 190 19E 19F 

lAO IAI IA21A3 IA4 lAS IA61A7 IA8 IA91AA lAB lAC lAD IAE IAF 100 IBII82 1031B4 105 106 107 IBB IB91BA lOB IBC 100lBE 10F 

ICO ICI IC2 IC3 IC41C5 IC61C7 IC8 IC9 ICA Ice ICC ICO ICE ICF 100101 102103 104105 106107 108109 IDA 100 lDC 100 IDE IDF 

lEO lEI 1E2 1E3 1£4 1E5 1E6 1E7 1E8 1E9 lEA lEO IEC lED lEE IEF IFO IFI IF2 IF3 IF4 IF5 IF6 IF7 IF8 IF! IFA IFO 1FC IFO IFE IFF 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 2D 21, 22 23 24 25 26 27 28 29 3D 31 

FIGURE 3-57. Programming Format Sheet, PAL 16R4. 
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c 
.~ Logic Diagram PAL 16X4 
Cl) 

C CK 

...I 
<t 

,too... 
...... 

D17) • ~ I 1 8 ~ 10 II 111)" 1~ '& 11 11" 101111 1J H J~ 1611 }8 19]0]1 . 
~ m ~)-J " 

~0 LOAD ,~ 

" ,J 
" " 

./ A...... I , .. " 
~ ~.t----' CLEAR 

IT 

" 

~I> R " 

~ 
" ...... 

" 

AO 

BO 

=D 
=D 
~ 
.-../ 

I 

" 

~I> ~ " t{t ...... ,. 
, 

~ _I ./ 

-R:> -
-~ 

.-../" . 
" ~I> ~ ~ " . . _ . 

.J " ---"" 
~tD 

r-FD 
-../ 

~[>rr ~ ...... 
, 

~ 
B3 

~tD 

r-FD 
.J 

~ " 
, .. 

NC 

J 
" 

./ ...... 

I , .. .... 
~ NC 

NC 

FIGURE 3-58. Logic Diagram, PAL 16X4. 
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~ Z a: a: 
co w 
T"" .... 
-I .... 
« <t 
a. c.. 

co 
E ... 
O 
u. 
C) 
c: 

E 
E 
co ... 
C) 
0 ... 
a. 

Iii 
:IE 
<t 
Z 

M 
CD 

I 

e-
en 
:IE 
a: 
w .... 
l-
(J 
::;) 

c 
0 
a: 
a.. 

Iii 
I
<t 

IWORD 
04 24 
03 16 

°2 8 
0, ° 

IWORD 
04 25 
03 17 

°2 9 
0, 1 
WORD 
0. 26 
03 18 

°2 10 
0, 2 

IWORD 
0. 27 
03 19 
O2 11 
0, 3 

I WORD 
04 28 
03 20 

°2 12 
0, 4 

I WORD 
04 29 
03 21 
O2 13 

° 5 
IWORD 

D. 30 
03 22 
O2 14 
0, 6 

I WORD 
04 31 
03 23 
O2 15 

° 7 
IWORD 

04 56 
03" 48 
O2 40 
0, 32 

IWORD 
04 57 
03 49 
O2 41 
0, 33 

LWORD 
04 58 
03 50 
O2 42 
0, 34 

tWORD 
04 59 
03 51 
O2 43 
0, 35 

I WORD 
04 60 
03 52 
O2 44 
C!t38 
WORD 
04 61 
03 53 
O2 45 

° 37 
I WORD 

04 62 
03 54 
O2 48 
0, 38 

I WORD 
04 63 
03 55 
02 47 
0, 39 

INPUTS (0-31) 

o 1 3 4 7 8 9 10 II 12 13 14 IS 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
0 I 2 3 4 5 6 7 8 9 A B C 0 E F 10 II 12 13 14 IS 16 17 18 19 IA IB IC 10 IE IF 

20 21 22 23 24 25 26 27 28 29 2A 2B 2C 20 2E 2F 30 31 32 33 34 35 36 37 38 39 3A 3B 3C 3D 3E 3F 

40 41 42 43 44 45 46 47 48 49 4A 4B 4C 40 4E 4F 50 51 52 53 54 55 56 57 58 59 SA 5B 5C 50 5E SF 

60 61 62 63 64 65 66 67 68 69 6A 68 6C 60 6E 6F 70 71 72 73 74 75 76 77 78 79 7A 7B 7C 70 7E 7F 

BO 81 82 83 84 85 86 87 88 89 8A 8B 8C 80 8E 8F 90 91 92 93 94 95 96 97 98 99 9A 9B 9C 90 9E 9F 

AD AI A2 A3 A4 AS A6 A7 A8 A9 AA AB AC AC AE AF BO BI B2 B3 B4 B5 B6 B7 B8 B9 BA BB BC Bo BE BF 

I 

CO CI C2 C3 C4 C5 C6 C7 C8 C9 CA CB CC CO CE CF DO 01 02 03 04 05 06 07 08 09 oA 08 DC DO DE OF 

EO EI E2 E3 E4 E5 E6 E7 E8 E9 EA E8 EC ED EE EF FO FI F2 F3 F4 F5 F6 F7 F8 F9 FA F8 FC Fo FE FF 

100 101 102 103 104 IDS 106 107 108 109 IDA lOB 10C 100 IDE 10F liD III 112 113 114 liS 116 117 118 119 IIA 118 IIC liD lIE IIF 

120 121 122 123 124 125 126 127 128 129 12A 12B 12C 120 12E 12F 130 131 132 133 134 135 136 137 138 139 13A 138 13C 130 13E 13F 

140 141 142 143 144 145 146 147 148 149 14A 14B 14C 140 14E 14F ISO lSI 152 153 154 ISS 156 157 158 159 15A 158 15C ISO 15E 15F 

160 161 162 163 164 165 166 167 168 169 16A 16B 16C 160 16E 16F 170 171 172 173 174 175 176 177 178 179 17A 17B 17C 170 17E 17F 

180 181 182 183 184 185 186 187 188 189 lSA 18B 18C 180 18E 18F 190 191 192 193 194 195 196 197 198 199 19A 198 19C 190 19E 19F 

lAD lAI IA2 IA3 IA4 lAS IA6 IA7 IA8 IA9 lAA lAB lAC lAD IAE IAF IBO 181 182 183 IB4 IB5 IB6 187 IB8 189 18A IBB IBC IBo 18E 18F 

ICO ICI IC2 IC3 IC4 IC5 IC6 IC7 lC8 IC9 lCA ICB ICC ICo ICE ICF 100 101 102 103 104 105 106 107 108 109 IDA lOB 10C 100 IDE 10F 

lEO lEI 1E2 1E3 1E4 IE5 IE6 1E7 1E8 1f9 lEA IEB IEC lED lEE IEF IFO 1F1 IF2 IF3 IF4 IF5 IF6 IF7 IF8 lF9 IFA IFB IFC !Fo IFE IFF 

COl 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

FIGURE 3-59. Programming Format Sheet, PAL 16X4. 
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CLOCK 

01 }J ~ ~ ~ I P ~\Olt 17q!4l~ '~ll'~!q 7n}!7JJ1 74/~?~;'1 7P}Ql0Jl 

, , J " 

10 ,~ 
/~~ 

CIN 

" , J , 

" 
1 .. " /0 

I, ~ 

" ?D-~~ '" 
" " " 

AO 

BO 
..rJ 

tD 
~~ 

~ 

" 1\ 

P " I.:l " 

~ " " v " 10 

" 
, 

"'" ~tD 

r-FD 
-L/ 

JI 
Jl » ,. 

I:l " 

~ " " v '" " 
, 

0 
tD 
~=D 

"'" 

)o-~ 
" I:l " 
" 

v 

-

tV 
r-~ 

-<L/ 
OR 

'" J " \1 

_ J 
12 

, J " 

13 
, 
~ 

/~;J 
~ ~ 

LID 

FIGURE 3-60. Logic Diagram, PAL 16A4 . 
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INPUTS (0-31) 

o 1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
IWORD a I 2 3 4 5 6 7 8 9 A B C 0 E F 10 II 12 13 14 15 16 17 18 19 lA lB lC 10 IE IF 

O. 24 
03 16 
O2 8 
0, 0 
WORD 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 20 2E 2F 30 31 32 33 34 35 36 37 38 39 3A 3B 3C 3D 3E 3F 
o. 25 
03 17 
O2 9 
0 1 

IWORD 40 41 42 43 44 45 46 47 48 49 4A 4B 4C 40 4E 4F 50 51 52 53 54 55 56 57 58 59 5A 58 5C 50 5E 5F 
O. 26 
03 '8 
O2 '0 
0, 2 

IWORD 60 61 62 63 64 65 66 67 68 69 6A 6B 6C 60 6E 6F 70 71 72 73 74 75 76 77 78 79 7A 7B 7C 70 7E 7F 
O. 27 
03 '9 

O2 " 
0, 3 

~ z u.i 
a: a: :!: 

WORD 80 81 82 83 84 85 86 87 88 89 8A 88 8C 80 8E 8F 90 91 92 93 94 95 96 97 98 99 9A 9B 9C 90 9E 9F 
O. 28 
03 20 

<0 UJ < 
T"" ~ Z 
..J ~ 
<t <C 
Q. 

0.. 

02 '2 
Dt 4 
WORD AO AI A2 A3 A4 A5 A6 A7 A8 A9 AA AB AC AC AE AF 80 Bl B2 B3 B4 B5 B6 B7 B8 B9 BA BB BC BO BE BF 
O. 29 
03 21 
O2 '3 
Dt 5 

IWORD CO Cl C2 C3 C4 C5 C6 C7 C8 C9 CA CB CC CO CE CF DO 01 02 03 04 05 06 07 08 09 OA DB DC DO DE OF 
o. 30 - 03 22 

eo c:;- 02 '4 

E co 
I a- S 0 

Dt 6 
IWORD EO El E2 E3 E4 E5 E6 E7 E8 E9 EA EB EC ED EE EF FO Fl F2 F3 F4 F5 F6 F7 F8 F9 FA FB FC FD FE FF 

O. 31 
U. en 
C) :!: 

a: c UJ 

E ~ 

~ 

E CJ 
eo ::> 
a- C 
C) 0 
0 a: a- 0.. Q. 

03 23 
O2 15 
0, 7 

IWORD 100 101 102 103 104 105 106 107 108 109 IDA lOB 10C 100 IDE 10F liD III 112113 114 115 116 117 118 11911A lIB IIC liD liE l1F 
O. 56 
03 48 
O2 40 
0, 32 

IWORD 120 121 122 123 124 125 126 127 128 129 12A 12B 12C 120 12E 12F 130 131 132 133 134 135 136 137 138 139 13A 13B 13C 130 13E 13F 
O. 57 
03 49 

. ~ 41 
0, 33 
WORD 140 141 142 143 144145 146 147 148149 14A 14B 14C 140 14E 14F 150 151 152 153 154 155 156 157 158 159 15A 15B 15t 150 15E 15f 
O. 56 
03 50 
02 42 
0, 34 

IWORD 160 161 162 163 164165 166 167 168 169 16A 16B 16C 160 16E 16F 170 171 172 173 174 175 176 177 178 17917A 17B 17C 170 17E 17F 
O. 59 
03 51 
O2 43 
0, 35 

IWORD 180 181 182 183 184 185 186 187 188 189 18A 18B 18C 180 18E 18F 190 191 192 193 194 195 196 197 198 19919A 19B 19C 190 19E 19F 
O. 60 
03 S2 
O2 44 
0, 38 
WORD lAO IAl lA2 lA3 1M lAS lA6 1A7 lA8 lA9 lAA lAB lAC lAD IAE lAF IBO lBI lB21B3 lB4 lB5 lB6 lB7 lBB IB91BA lBB lBC lBO lBE lBF 
O. 61 
03 53 
O2 45 
Dt 37 
WORD lCO lCl lC2 lC3 IC4 lC5 IC6 lC7 lC8 lC9 ICA lCB ICC lCO ICE lCF 100 101 102103 104105 106 107 lOB 109 IDA lOB 10C 100 IDE lDF 
O. 62 
03 54 
O2 46 
0 38 

I WORD lEO lEI IE2 1E3 lE4 1E5 1E6 1E7 1E8 1E9 lEA IEB IEC lED lEE IEF IFO IF1 1F2 1F3 1F4 1F5 1F6 IF7 IFB IF9 !FA !FB IFC IFO IFE IFF 
O. 63 
03 55 
02 47 
0, 39 

2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 1 B 1.9 20 21 22 23 24 25 26 27 28 29 30 3 I 

FIGURE 3-61. Programming Format Sheet, PAL 16A4. 
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~National ' 
a Semiconductor 
Application Suggestions 

Using PALs, you may not only replace conven
tional logic in existing products but also op
timize the design of new products. The other 
chapters of the book discuss the PAL concept 
and provide information on the advantages 
gained and the techniques used when design
ing with PALs. This section shows practical ap
plications that range from simple logic gate 
replacements to complex control sequencers. 

Each example is presented as a complete PAL 
design, carried through step by step, from the 
selection of the best PAL to solve the problem 
to the writing of the logic equations in 
PALASM notation. In most cases, manual 
coding is shown as well. This makes the ex
amples complete enough for you to incor
porate into your own system designs. 

The uses to which PALS can be put are virtually 
limitless. Let your imagination run wild! 

EXAMPLE 1: 
BASIC GATES 
B = IA 

.A ---J>o---- 8 

H = F + G ~:::D-H 

L=/I+/J+/K ~~l 

0= 1M */N :=L>-o 
R = P: +:0 
= P */0 + IP * 0 

Programmable Logic 

Here is a list of the design .ideas you'll find in 
the ensuing pages: 

Example 1-Basic Gates .. , . , .... , , . 
Example 2-6-Bit Shift Register "., , 
Control store sequencer , , , , , , , , , , . 

Memory-mapped I/O , , , , . , . , , , , , , , 
8080 Control Logic for CPU Board ". 
Hexadecimal Decoder & Lamp Driver, 
Hex Keyboard Scanner ."".,'.," 
Micro Floppy Control Logic .. ' . , .. , , -
Between-Limits Comparator ,.,'". 

Priority Encoder with Register, , , , , , 
Quad 3-line/1-line Data Selector, , , , 
4-Bit Counter with Multiplexing. , , .. 
4-Bit Up/Down Counter with Shift .' , 
ALU Accumulator, , , . , , , , ... , , .. , . 

c 

o 

F 

G 

M 

N 

P 

a 

GND 

.PAL12H6 

PAL12H6 
PAL16R6 
PAL16R4, 

16R6 
PAL 16L2 
PAL 16L8 
PAL 16L8 
PAL16R4 
PAL 14H4 
PAL16X4, 

16C1 
PAL16R4 
PAL14H4 
PAL 16R4 
PAL16X4 
PAL16X4 

This example demonstrates how 'usable logic can implement 
the basic inverter, AND, OR, NAND, NOR, and exclusive·OR 
functions. Note the one to one correspondence between con· 
ventional logic symbology and PAL logic symbology. The 
PAL 12H6 is selected because it has 12 irtputs and 6 outputs. 
For this this example, the fuse ·pattern is generated using 

a) PALASM 
b) Manual Programming Format (BHLF) Manual Coding 
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Basic Gates 

INPUTS (0-31) 
o IZ J 451 J II 

c , ... 
~ 

1 
.. 
~ o .. 

I 
I 

" " 

I 
.. 
~ 

r 

" 11 

G r;-
. .. 

~ 

eo 
I e. " " en 

:e 
a: 
w 

M t-
, .. 

>.. r ~ 
t-o 
:::) " c Il 

0 
a: 
11. 

N 
. .. 

~ ... 

" " 
, .. 

~ 

.. .. 
" 51 

a I 
.. 
~ ... ~ 

I .. 
~ 
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Logic Diagram PAL 12H6 

~ 

" ~ A .... 
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1 " B - \ 

- 11 
1.0( 2 E -

:R j 3 " .... H 
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-
""" I 5 
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U) 
c o -U) 
CI) 
C) 
C) 
:::s en 
c 
o 
;: 
CO 
.2 
Q. 
Q. 
c( 

Manual Coding Basic Gates 

CD Z :x:: II: 
C'I w ,... .1-
...J I-

<C < 
Q. 

Il. 

-as 
E ... 
o 

LL 
en .: 
E 
E' 
as ... 
en 
0 ... 

Q. 

UJ 
:E 
< 
Z 

M 
<0 

I e-
C/) 

:E 
II: 
w 
l-
I-
(.) 
::l 
C 
0 
II: 
Il. 

III 
I
< 

INPUTS (0-31) 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
WORD 0 1 2 3 4 5 6 7 8 9 A B C D E F 10 11 12 13 14 15 16 17 18 19 lA lB lC 10 IE IF 
04 24 1711- ~ I'" "11- I.e '# H H 7tI- "1(. H H W. ?I- H H 11- ?I- H H -". -H' -". 1-"'" "R' 'II-I~ I 'If. 
03 16 1'-: ~ I~ 71- I~ ~ H H "11- ?/- H H "* ?I- H H 11- 'H- H H "H I", .* I·~ 71- '# I·A' I?l'-
°a 8 ?tI- ?l- I",. 7i' ~ . .". '» f!J! I"¥ ?I- H H 11- )I. H H ?I- ?1- H H ~ 'II- H H I"» "". 
0, ° H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
WORD 20 21 22 23 24 25 26 27 28 29 2A 28 2C 20 2E 2F 30 31 32 3l l4 35 l6 37 l8 39 lA 38 lC lO lE IF 
04 25 I~ ?lL ?I ?I- 1"1(. 1:1- ""?It tI!."1(. H H IN- 1)1. H H '# III- H H ~ "II- H H 
03 17 Irt: d:: l.;e ;£ 1.1: .r.. ~. ~I';c .,;I! H H ;t:. .::£ H H ~ ;;t; H H ;;r. it:. H H lC. ~ I~ liC 
O2 9 I.t: fIC fI! ~I~ eI! ~ .t: IfIC IlL. H H et:. ;L H H ;L ;I:. H H ;J! tIe H H ~ .L 

0, 1 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
WORD 40 41 42 4l 44 45 46 47 48 49 4A 48 4C 40 4E 4F 50 51 52 5l 54 55 56 57 58 59 5A 5B 5C 50 5E 5F 
04 26 L L L L L L L L L L L L L L L L L L 
03 18 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
02 10 let: ;;e ;I!~ oI!,;;t; ~;I! 1;;1; rL. H H ;;I; ;;t; H H.;I! .,;I! H H4. #.H H 4.1,;t!. ;I! ~ et. iJ! I~ #! 
0, 2 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 

LWORD 60 61 62 &l 64 65 66 67 &8 69 6A 68 6C 60 6E 6F 70 71 72 73 74 75 76 77 78 79 7A 78 7C 70 7E 7F 
04 27 L L L L L L L L L L L L L L LL L L L L L L L L 
03 19 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
O2 11 1£ I..f lot! let:' ~et:: ;t!J! .eiC H H .e.eH H.r: ~H H.e iI! H H.;I! 1# ~ ',,;I! ~ 4- I~ ~ 
0, 3 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 

LWORD 80 81 82 83 B4 85 86 87 88 89 8A B8 BC 80 8E 8F 90 91 92 93 94 95 96 97 98 99 9A 9B 9C 90 9E 9F 
04 28 L L L 
03 20 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
02 12 L L L L L L L L L L L I L L L L L L L L L L L L L L L L L L L L L 
0, 4 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 

LWORD AD AI A2 Al A4 AS A6 A7 A8 A9 AA A8 AC AC AE AF BO Bl 82 Bl B4 85 86 B7 BB 89 BA B8 8C BO BE BF 
04 29 L L L L L L L L 
03 21 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
02 13 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0, 5 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 

IWORD CO CI C2 C3 C4 C5 C6 C7 C8 C9 CA C8 CC CO CE CF DO 01 02 03 D4 D5 D6 07 D8 09 DA D8 DC DO DE DF 
04 30 L L L L L L L L L L L 
03 22 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
02 14 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0, 8 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 

I WORD EO EI E2 El E4 E5 E6 E7 E8 E9 EA ED EC ED EE EF FO FI F2 Fl F4 F5 F6 F7 F8 F9 FA FB FC FD FE FF 
04 31 L L L L L L L L L L L L L L L L L L L L L L L L L L l L L l l L 
03 23 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
O2 15 L L L L l L L L L L L L L L L L L L L L l L L L L L L L L L L l 
0, 7 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 

IWORD 100 101 102 10l 104 IDS 106 107 108 109 IDA 108 10C 100 IDE 10F liD III 112 113 114 liS 116 117 118119 IIA liB I1C liD lIE IIF 
04 56 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 43 I ":lit ?J. "At. "~ 1'71' I ... • 11- "/I. ?It 1·11- H H .JI.~~ H H I"JJ. I~ H H 1'JJo ~ H H I")f. "JI'. 'II- 'Jl'1'J1. 16= . .". W1j.. 
02 40 I~ ?l- I"" ~11I' I'N ~ 11'1",", I~ H H 71- l?w'o H H I?$. I?$. H H 1011:: I~ H H I~ #. I ?I- ~ ~ I~ ?J. 'JI. 
0, 32 I~ ~ I'" ~I"A' I'" 11- .?/- 171' I~ H H 111'- ';I: H H 1i9- Iete' H H 1"'11- 71- H H 1 "A'- ~I"»- "JI. 
WORD 120 121 122 12l 124 125 126 127 128 129 12A 128 12C 120 12E 12F 130 131 Il2 III Il4 135 136 Il7 13B 139 13A Il8 13C 13D IlE 13F 
04 57 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 49 I~ ?l'- 11t. ')I. H H :?f ?f H H I ?I-I~ H H I?f- ?I- H H ".. ?t-II! 
02 41 1"101 "11'")11:. ."/1. 1f.?t- H H i"- ."A' H H ?i' ?j. H H ?I- 41! H H ~'11-
~ 33 I~ ~ I~ ,;J: I":: .,;/! H H iC;I: H H .~ l"c H H I~ ,,;C H H 1 tiC I~ #- JI! 
WORD 140 141 142 14l 144145 146 147 148149 14A 148 14C 14D 14E 14F 150 151 152 15l 154 155 156 157 158 159 15A 158 15C 15D 15E 15F 
04 58 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 50 I~ ?l- I?#- 'IS- 1'Jt ?I- ?I H H ."14- ?II- H H "Irt "11- H H 1 "If 1'71' H H 11 'JI. "It-
02 42 L L I L L L L L L L L L L L L L L L L L L L L L L L L L L L L l L 
0, 34 L L L l L l L L L L L L L L L L L L L L L L L L L 
WORD 160 161 162 16l 164 165 166 167 168 169 16A 168 16C 16D 16E 16F 170 171 172 173 174 175 176 177 178 179 17A 178 17C 17D 17E 17F 
04 59 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 51 1# I.e I.e I.e ~~ ~ JI! f/!I~ H H#. .,: H H .,7: loJI:' H H 1<11'- If/! H H .ll!6! #-J#! I#- I~ ~ ~ 
02 43 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0, 35 L L L L L 

IWORD 180 IBI 182 183 184 IB5 186 IB7 IBB 189 lBA 18B 18C 18D 18E 18F 190 191 192 193 194 195 196 197 198 199 19A 19B 19C 19D 19E 19F 
04 80 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 52 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
02 44 L L 1 L l 1 L L l L L l l l L L L l l l L L 1 L l l l L L l L l l L L 
0,- 38 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
WORD lAO IAI lA2 IA3 IA4 lAS IA6 IA7 lAB IA9 lAA IA8 lAC lAD IAE IAF IBo 181 IB21Bl IB4 IB5 186 IB7 IBB IB9 IBA 18B IBC 18D IBE 18F 
04 61 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 53 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
02 45 L L L L L L L L L L L LL L L L L L L L L L L L L L 
0, 37 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

IWORD lCo ICI IC2 ICl IC41C5 IC6 lC7 IC8 IC9 ICA ICB ICC ICD ICE ICF IDo lDI ID21D3 ID4 IDS ID6 ID7 ID8109 IDA 108 10C 100 IDE 10F 
04 62 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 54 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
02 46 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0, 38 l L L L L L L L L L L L L L L L L L L 

IWORD lEO lEI 1E2 1E3 IE4 1E5 IE6 1E7 lEa 1E9 lEA IE8 lEt lED lEE IEF IFO IFI IF2 IF3 H4 IF5 H6 IF7 Ha H9 HA IF8 Ht HD lFE IFF 
04 83 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
03 55 l l L L L L L L L L l L L L L L L L L L L L L L L l L L L L 
02 47 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0, 39 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

COl 2 3 4 5 6 7 8 t 10 II 12 13 14 IS 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
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l> 
PALASM Output: Basic Gates Design Specification PAL 12H6 -C 

-C 

(') 
S» .... 

PAL12H6 PAL DESIGN SPECIFICATION 0 
P0055A ::s BASIC GATES EXAMPLE 
S. V. CA en 
CDFGMN P Q I GND J K L R 0 H'E B A vec C 

B=/A 
CC 
CC E=C*D CD H=F+G 

O=/M*/N en 
R=P*/Q+/P*Q =. 
L=/I+/J+/K 0 

::s 
DESCRIPTION: THIS EXAMPLE ILLUSTRATES THE USE OF FUSIBLE LOGIC TO en 

IMPLEMENT THE BASIC GATES. 

NUMBER OF FUSES BLOWN = 306 

PALASM Output HEX FORMAT 

B F B F 7 F F D F F F F F F F F F F F F F F F F F F F F F F F F 
9 9 9 9 9 9 9 9 1 9 F F 9 9 F F 9 9 F F 9 9 F F 9 9 9 9 9 9 9 9 
1 1 1 1 1 1 1 1 1 1 3 3 1 1 3 3 1 1 3 3 1 1 3 3 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 3 3 1 1 3 3 1 1 3 3 1 1 3 3 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1. 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1. 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
F F F F F F F F F F F F F E F F F E F F D F F F F D F F F B F F 
E E E E E E E E E E F F E E F F E E F F E C F F C E E E E E E A 
C C C C C C C C C C C C C C C C C C C C C C C C C C C 8 C C C C 
8 8 8 8 8 8 8 8 8 8 C C 8 8 C C 8 8 C C 8 8 C C 8 8 8 8 8 8 8 B 
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
8 8 8 8 8 8 8 8 e 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
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U) 
c 
o .--U) 
Q) 
C) 
C) 
::s 

UJ 
c 
o 
;: 
«S 
.~ 
Q. 
D

c:( 

PALASM Output: Basic Gates 

BHLHHF BHHHHF BHLHHF 
BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF 
BHLLHF BHLLHF BHLLHF 
BLLLHF BHLLHF BHHHHF 
BHLLHF BHLLHF BHHHHF 
BHLLHF BHLLHF BHLLHF 
BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLHHF 
BLLLHF BLLLHF BLLHHF 
BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLHHF 
BLLLHF BLLLHF BLLHHF 
BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF 
BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHLF BHHHHF 

I BHHHHF BHHLHF BHHHHF 
BHHHLF BHHHLF BHHHLF 
BHHHLF BHHHLF BHHHHF 
BHHHLF BHHHLF BHHHHF 
BHHLLF BHHHLF BHHHLF 
BHHLLF BHHLLF BHHLLF 
BHHLLF BHHLLF BHHLLF 
BHHLLF BHHLLF BHHLLF 
BHHLLF BHHLLF BHHLLF 
BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHHLLF 
BHLLLF BHLLLF BHHLLF 
BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF 
BHLLLF BHI.LLF BHLLLF 
BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF DHLLLF 
BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF 

BHLF Format PAL 12H6 

BHHHHF BLHHHF BHHHHF BHHHHF BHHLHF 
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF 
BHLLHF BHLLHF BHLLHF BHLLHF BHLLHF 
BHHHHF BHLLHF BHLLHF BHHHHF BHHHHF 
BHHHHF BHLLHF BHLLHF BHHHHF BHHHHF 
BHLLHF BHLLHF BHLLHF BHLLHF BHLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLHHF BLLLHF BLLLHF BLLHHF BLLHHF 
BLLHHF BLLLHF BLLLHF BLLHHF BLLHHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLHHF BLLLHF BLLLHF BLLHHF BLLHHF 
BLLHHF BLLLHF BLLLHF BLLHHF BLLHHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF ·BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHLF BHHHHF BHHHHF 
BHHHHF BHHLHF BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHLHHF BHHHHF BHHHHF 
BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF 
BHHHHF BHHHLF BHHHLF BHHHHF BHHHHF 
BHHHHF BHHHLF BHHLLF BHHHHF BHHHHF 
BHHHLF BHHHLF BHHHLF BHHHLF BHLHLF 
BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF 
BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF 
BHHLLF.BHHLLF BHHLLF BHHLLF BHHLLF 
BHLLLF BHHLLF BHHLLF BHHLLF BHHLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHHLLF BHLLLF BHLLLF BHHLLF BHHLLF 
BHHLLF BHLLLF BHLLLF BHHLLF BHHLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BI:ILLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF . BHLLLF BHLLLF BHLLLF 
DHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
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» 
PALASM Output: Basic Gates Fuse Plot PAL 12H6 "0 

"0 

n" 
D) 

:= 
11 1111 1111 2222 2222 2233 0 0123 4567 8901 2345 6789 0123 4567 8901 ::::J 

a 0000 0000 0000 0000 0000 0000 00000000 en 
1 0000 0000 0000 0000 0000 0000 00000000 C 
2 0000 0000 0000 0000 0000 0000 0000 0000 CO 3 0000 0000 0000 0000 0000 0000 0000 0000 CO 4 0000 0000 0000 0000 0000 0000 0000 0000 CD 5 0000 0000 0000 0000 0000 0000 00000000 en 6 0000 0000 0000 0000 0000 0000· 00000000 := 7 0000 0000 0000 0000 0000 0000 0000 0000 

0 
8 ---x --00 --00 --00 --00 /A ::::J 
9 xxxx xxxx XXOo XXOo XXOo XXOO xxx x xxxx en 

10 xxxx xxxx XXOO XXOO XXOO XXOO xxxx xxxx 
11 xxxx xxx x XXOO XXOO XXOO XXOO xxxx xxxx 
12 0000 0000 0000 0000 0000 0000 0000 0000 
13 0000 0000 0000 0000 0000 0000 0000 0000 
14 0000 0000 0000 0000 0000 0000 0000 0000 
15 0000 0000 0000 0000 0000 0000 0000 0000 

16 X-X-. ---- --00 --00 --00 --00 C*D 
17 XXXX xxxx XXOO XXOO XXOo XXOO XXXX xxxx 
18 0000 0000 0000 0000 0000 0000 0000 0000 
19 0000 0000 0000 0000 0000 0000 0000 0000 
20 0000 0000 0000 0000 0000 0000 0000 0000 
21 0000 0000 0000 0000 0000 0000 0000 0000 
22 0000 0000 0000 0000 0000 0000 0000 0000 
23 0000 0000 0000 0000 0000 0000 0000 0000 

24 X--- --00 --00 --00 --00 F 
25 X-OO --00 --00 --00 G 
26 0000 0000 0000 0000 0000 0000 0000 0000 
27 0000 0000 0000 0000 0000 0000 0000 0000 
28 0000 0000 0000 0000 0000 0000 0000 0000 
29 0000 0000 0000 0000 0000 0000 0000 0000 
30 0000 0000 0000 0000 0000 0000 0000 0000 
31 0000 0000 0000 0000 0000 0000 0000 0000 

32 --00 -XOO -XOO --00 /M*/N 
33 XXXX xxxx XXOo XXOO XXOo XXOO XXXX XXXX 
34 0000 0000 0000 0000 0000 0000 0000 0000 
35 0000 0000 0000 0000 0000 0000 0000 0000 
36 0000 0000 0000 0000 0000 0000 0000 0000 
37 0000 0000 0000 0000 0000 0000 0000 0000 
38 0000 0000 0000 0000 0000 0000 0000 0000 
39 0000 0000 0000 0000 0000 0000 0000 0000 

40 --00 --00 --00 X-OO -X-- P*/O 
41 --00 --00 --00 -XOO X--- /P*O 
42 0000 0000 0000 0000 0000 0000 0000 0000 
43 0000 0000 0000 0000 0000 0000 0000 0000 
44 0000 0000 0000 0000 0000 0000 0000 0000 
45 0000 0000 0000 0000 0000 0000 0000 0000 
46 0000 0000 0000 0000 0000 0000 0000 0000 
47 0000 0000 0000 0000 0000 0000 0000 0000 

48 --00 --00 --00 --00 -X-- /1 
49 --00 --00 --00 --00 ---x /J 
50 --00 --00 --00 --00 ---x /1< 
51 XXXX XXXX XXOo XXOo XXOO XXOO xxxx XXXX 
52 0000 0000 0000 0000 0000 0000 0000 0000 
53 0000 0000 0000 0000 0000 0000 0000 0000 
54 0000 0000 0000 0000 0000 0000 0000 0000 
55 0000 0000 0000 0000 0000 0000 0000 0000 

56 00000000000000000000000000000000 
57 0000 0000 0000 0000 0000 0000 0000 0000 
58 0000 0000 0000 0000 0000 0000 0000 0000 
59 0000 0000 0000 0000 0000 0000 0000 0000 
60 0000 0000 0000 0000 0000 0000 0000 0000 
61 0000 0000 0000 0000 0000 0000 0000 0000 
62 0000 0000 0000 0000 0000 0000 0000 0000 
63 0000 0000 0000 0000 0000 0000 0000 0000 

LEGEND: X FUSE NOT BLOWN ( L,N,O) - : FUSE BLOWN (H,P,l) fa 0 PHANTOM FUSE ( L,N,O) o : PHANTOM FUSE (H,P,I) 
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o 
c 
o EXAMPLE 2: = o 6-BIT SHIFT REGISTER WITH THREE-STATE OUTPUTS 
4), 
C) 
C) 
::J en SL 

C 
o = co 
.2 
C. 
Co 
<t 

SR 

1 

2 

3 

4 

5 

I ..... 
.... I 

I ..... 
.... 

I 

SL 

I J J 
J ~ 

~ 

~ ~ = ::::=::::J 
~t-~~ 

-

~ ~~f-

~ 
r-

f------=r= 

~t-~FtL- ~ rf}, 
~ ~~~ 

~F4~ 
~~~= .~. 

~I-

~~ ~ 
~ 

=~ rn 
--" 

SA 
1 1 

1 
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1I 

Q 

0 -, 

05 

A 

""" 
CLOCK 



Manual Coding: 6-Bit Shift Register 
with Three-State Outputs 

INPUTS (0-31) 

CK 
I 

o , ~ ] 4 ~ , 1 '!101' IlIlUI~ 16IJII" 20212111 HoHal1 21293031 , 
I 

I 
1-. 
I 
I 
1 

SR ~ 
~ 

I 
I 

" " " " " 1\ 

DO I 
.. 
~ 

" 11 

" " " " " " . 
~ 

,. 
" " " " " " " 

I 
.. 
2. 

" " " " " " " JI . .. 
~ .. 

.. 
" " ., .. 
II 
Ii 

" 
1 .. 
~ 

II 
01 

" \I 

" " II 
\I 

I 
.. 
~ 05 .. 

\I 

" \I 

" .. 
II 
11 
11 

SL 
I .. 
~ .. 

D I 1 1 4 ~ • 1 ., 10 11 U 1114 IS 11111111 201112 21 24 2~ 2121 21 U 20]1 
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Logic Diagram PAL 16R6 

~ " LlRo 

n~ """ 
j 

~ 

00 

..... 

~ ~ , 
~ ...... 

~ """ ~ ~ 

\ ~ 

~ ~ 

~ 7 
...... 

~ ~ j 

.... 
~ 

~ """ ~ .... 
1!. 

as 

..... 

~ " 

~ 

RILO 

l> 
"C 
"C 

n" 
0) 

~ 
o 
:::J 

en 
c 

(Q 
(Q 
CD 
tJ) 

~ 
o 
:::J 
tJ) 



U) 

c 
.2 Manual Coding: 6-Bit Shift Register with Three-State Outputs -U) 
CD 
C) INPUTS (0-31) 
C) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 21 23 24 25 26 27 28 29 30 31 
::l en 
c o 
;: 
co 
.2 
c. 
c. 

<C 

co Z 
J: a: 
C\I UJ 
,- I-
..J I-

c:t <t 
a.. a.. 

-m 
E ... 
0 
LL 
C) 
c: 

E 
E 
CQ ... 
C) 
0 ... 
a.. 

W 
~ 
<t 
Z 

M 
<0 

I e. 
en 
~ 
a: 
UJ 
I-.... 
u 
::J 
C 
0 
a: 
Il. 

Iii .... 

rWORD 0 1 2 3 4 5 6 7 8 9 A B C 0 E F 10 11 12 13 14 15 16 17 18 19 lA lB lC 10 lE 1F 
04 24 1"11'10( 1-"'" -R-Iot: I'A! l?f 
03 16 I,... I~ I'.¥ ~I~ I~ 1-"'" I-'~ -". I ?at. l.:l I'.¥ I'll I'll I'll I'll I~ I"A' I'.¥-
°2 8 I'" I~ I'.¥- I~ I~ I'" I~ 1.1: I~ I~ I'.¥- I?i' I~ -,q. -,.,.. -19- -JII- 1-'" I-JII- -R- -R -~ I" I~ I'.¥ 
0, ° 1;( 1':11' I,,;¥ I'" I~ 1':11' I".¥ lOW I'N- ?l'11Il 1')1. 11f'. IW I 'At I~ I '?II- l-No 

IWORD 20 21 22 23 24 25 26 27 28 29 2A 28 2C 20 2E 2F 30 31 32 33 34 35 36 37 38 39 3A 3B 3C 3D 3E 3F 
04 25 lolC. I?t£. I?#. l')t I~ I~ l?t I~ I 'At IIl.l I., II),l. 11)1 ~ 1'.4- L"~ L.1: [ .. ", l"N 
03 17 1;( 1"Jf. I "No 1"lI' I~ IN I~ low. IIV lOW' IN 1.1 12l f'llt 14Jl I'.W. lilt ",-11Jt. IWo 
°2 9 liiI: ?I- I;C I~ I~ I'H 10lt. 

0, 1 I"N- I?!' I~ 1.1: ION- I?I- 1?iI- I'" 1'Jl I "No I"H- I~ ~ I"ll: 1'lJ. "H 
IWORD 40 41 42 43 44 45 46 47 48 49 4A 4B 4C 40 4E 4F 50 51 52 53 54 55 56 57 58 59 5A 5B 5C 50 5E 5F 

04 26 I~ I.:t: 11:1. I".b:- lot: f~ I~ fiJi. I!:L 1'1:t 1'1:t1"l-

03 18 1"Jt.1.t: I 'No I if. I~ I~ lIN 
O2 10 111. I;C I~ 1£ 1"'-I~ I"'" I 'No 17l 11lt. 1"-' I fit I~ I~ I~ I~ I".W. I~ I~ 1.oC I?i- 1')11. I ?If. 
0, 2 lit IZ let: I~ liC 1.1: I::t" 1.::1' I~ l::t 1:1" 1,;( lot ~I..:t' 1:1" l.:.f l.zl ,:r 1.:11' l.zl I.L ~ rz I~ lot. l::l lot. I~ lal. lit- 1-' 

IWORD 60 61 62 63 64 65 66 67 68 69 6A 6B 6C 60 6E 6F 70 71 72 73 74 75 76 77 78 79 7A 7B 7C 70 7E 7F 
• 04 27 I.:t: I'~ I"J$. 1"J:t. I"¥-I~ I~ I"l:t. 11t. IL. 11t. 1'Jt. 11:11 rll4 I~ IQI I'tf. 1'tL I~ Ilf. ,"tl- l"" I~ 

03 19 1,;( 11l' I'JI. I ?I- ~I~ I~ 1'2i. 1~1;f. 1'2£ 11L. ?l-I~ I'lt. I ?to 1'7t- II)$. I "It. I~ I~ I~ '}$.~ Ie( I?I- I'" IJ. 
02 11 1.oC I ?I' I'¥ 171'- IW- let:. 'Jt.1~ 1'Jj. I'N- 1'7t. In 1"Jt. I~ 'JI. I~ 11t I 'it. I "It. I'lL I '}t I 'It. I 'It I~ I'M. 1'11. II)$. I~ i£ I~ I'.¥. I '.It 
0, 3 1"- 1,( lel 1:£ I.:t. Ill. 1,;( 1:£ I:f. I:f. l::f 1:[ I.:l. I:f. IL IL I£. I-L .t.. I:L 1:1.. l::l IL I:L. 1£ :C. I~ lot: I~ lit:. 1:t::1;{ 

IWORD 80 81 82 83 84 85 86 87 88 89 8A 8B 8C 80 8E 8F 90 91 92 93 94 95 96 97 98 99 9A 9B 9C 90 9E 9F 
04 28 lel II!.. loC 1,;( I.e. 1,1:. 1.1 IL 10£ .Ill L l.t I~ Iel. 11:. :I:. ' L. I.:t. ::l. IL 1:1: I::t'. III I:t. .71.. lit 111:. III: ,;S: 1;;( 1;;(1" 
03 20 loe. let. Io! J:I..!: :l. L l..t IL I.d: IL I~ I~ Iil. I:l. 14- IL 1"- lof I~ 1;(, lot: 1;;[ IL. IL I:S:: 1% Itr- It: let. I:f.. 1;1:. 
02 12 IJ: I~ l&f I~ I;t:: IL l.:l lot: lat 1£ IL Is:. I;! lot let I~ I.t: l;t I~ I:t. I~ lot. IL I" I;t. I:S:: I-L I;:S: '~ I~ I a:. I~ 
0, 4 ~ I"' 1£ 1£ I;/. l.t rot I.e I~ lot- I'S. 14 lil I.t. I~ ~I;I. ;t:1.t I'S. lot I~ r~ I~ I~ 1.1:. 1;:[ 1-' I~ let. 1;( I;!, 

IWORD AD AI A2 A3 A4 A5 A6 A7 A8 A9 AA A8 AC AC AE AF 80 Bl B2 B3 B4 B5 B6 B7 88 B9 BA BB BC BO BE BF 
04 29 liL 1.£ I.;C 1"'- ~ I.e I~ IL 1£ I~ IL IL IL Itll I~ !~ I~ f~ I~ lot:. I~ IL I~ I of. I;/. I;C:: I#. I.e I#. I#- I.t: 1# 
03 21 I.e I~ I..;C I~ I~ I~ 1.1:. I~ I~ lit I~ It: III I~ loL lot: IL ~-rz loIt: r~ I~ r;c i.L 1:£ I~ I.;C. I.ot: IS. IS. Ia: I~ 
02 13 I;L 1.1:: 1;( 11: ,~ 1:£ I~ 1£ I~ I;C 1£ It: 1£ IL ~I~ 1.1:: I~ 1£ 11t. l.:e 11: I~ 1iC. I~ I..:t: I~ 1,iI: I~ I~ I~ I~ 
0, 5 1,;[ 1& 1;1. lot: I;$:. I~ I~ 1.1:. I~ I~ I~ It: It: I.;C I~ I~ lot:. I~ I~ I~ I~ I~ I~ I~ I~ IS. I.s;. I~ ~ ~ I,,;! 14-

IWORD CO Cl C2 C3 C4 C5 C6 C7 C8 C9 CA CB CC CO CE CF 00 01 02 03 04 05 06 07 08 09 OA DB DC DO DE OF 
04 30 ..e. I#. 'IlL I~ L IIIC I~ 1.01: IL ~ .z lol I~ .L. .II 7 1.1' JI' ~ !.if -z IX :r. ~-.:l :f. 4- J! 14- 1,;[ I;!, J!. 
03 22 Iii!- I~ lS- IoF- ;/! 1.£ I~ I.e. I.e. .?IZ I~ ~ I~ r~ I if; ~ rz z -;z ~ :::z. i::l ?: liE.. ;&. 4.. it. 1;[, Lof. I~- I~ 
92 14 I;J!.. IS- I~ IL ~ I~ IL IL- I.e. I.e. £. I~ IL I~ I.:t: L.. .;C. 1.:£ L ~ J .p I ..... ~ :L. ;L. .£ ~ ;;[.. s.. s- 14-
°i 6 ;e. I~ I~ I~ I.? I~ I~ ~I# 1.;1:. I~ I#- 10£ :L I~ I.:!. 1,;1. .:&. I~ J. 1;;[" lot:- ~ I~ 

I WORD EO El E2 E3 E4 E5 E6 E7 E8 E9 EA E8 EC ED EE EF FO Fl F2 F3 F4 F5 F6 F7 F8 F9 FA FB FC FO FE FF 
04 31 I~ :r I~ :.r :f. I.:f: I~ ~ ~ l;l ,;II l.of [?" 7..l let. liL 1£ 4- J!~ 
03 23 let:. I:e. I.;C. lot: .~ ~ '" I..., I'" I::t. I~ I~ 14 I;J! ;J:. I~ 14- Io!. I if- .;l l.l .;L 1;1:. l;t 1£ .1: I.t: '~ let:: I;#:. ;I. I~ 
O2 15 I~ I.;t: 1.;1:. l:l I.:t: 1.Ii: Iir. f';c' l.il lot: #:. I~ ~ r:z 7. z II -r I? r:£ IZ iI:. I~ S- Iif- IS- .~ I.e 
° 71~ 1.;1:. 14C let! 'or. I~ I~ I.e I~ I~ lot:. I,;!: I~ I~ ~ I~ I~ -' 1,1 14 I~ I~ Is.. I~ 1.1: I~ ~ I.a: 1.1: I.;t: I~ I~ 

IWORD 100 101 102 103 104105 106 107 108 109 IDA lOB 10C 100 IDE 10F 110 111 112113 114115 116 117 118 119 llA liB llC 110 liE l1F 
04 56 I'U- I~ ~I"Ho ,?/- R- 'Ni~ ?#- lOW 14 -..., 'Nora ~ I7iT rv 1'Jt. I~ 1ft. 1"lJ. 
03 48 In. lot: I ?if. I~ !~ I~ I~ I~ I~ I"" I~ "At. I~ I "No "N-Ift. I~ I~ IWo 11t 11t. I~ I~ I~ I~ Ii#: I"JI. 14-
02 40 I"N- iI:. "''A' ""I'H I~ I~ I~ I~ ~~. 14< l.w- -~ IN 141 ~ "'11-~ ~ rw rz ~ ,.. I,.,. If-l'-: I'N- 1I-
0, 32 I~ 4.. I"W. I~ I'H I~ I~ I~ I'N I~ niL f~ I~ r!:t. I~ I'>t. 1'\11. I~ 11.i' I~ 1;1: I?$. -:It 
WORD 120 121 122 123 124125 126 127 128 129 12A 12B 12C 120 12E 12F 130 131 132 133 134 135 136 137 138 139 13A 138 13C 130 13E 13F 
04 57 ,~ 1t. 1"Jt I'JI. -fir It. 
03 49 I.e ?:l- I-'#' I~ 17J. I~ 1t1~ ?I. I~ 1"'# 6",. r"B. ?#- 1-/10 '-R- I~ I~ I~ I"H I.>f' I"HI"" 

02 41 I~ ~ I?L 11t I~ 1"]1. 1"It. 1"Jt I~ I1#- I'lt. I"X f~ I~ lot: ,,", ~ 
0, 33 1'-:' ~ I '..It. I <it I~ 1#)1. I <it. 1'711. I~ I#J:£ 1 'IS. '"No I·]#. 
WORD 140 141 142 143 144145 146147 148149 14A 148 14C 140 14E 14F 150 151 152 153 154 155 156 157 158 159 15A 15B 15C 150 15E 15F 
04 58 lot. 1£ lot: lot: I.e: let: I:t. IL I": I~ 14- 1.;1:. 14' I.:t: 14- 1.;1:. I"' I~ 14: 12': I~ I.e ~I£ I.;e. \,;C leC 1'-'::: lac. I~ I~ Iar:. 
03 50 1"Jt lot: I "It '7t/. "1it1~ l?t '.¥1'7i l"lt 1'# I~ I '.It. I~ 1"1#- I~ I"JI. .",. "R- I~ I~ I 'IS- I'n-
02 42 L"#. l,c 1"# 1"1$ 1"11- I~ I'JI. I~ I'" I'N- '71-111- I~ I~ 1"'- I~ I~ I'H- ~ I~ 
0, 34 I~ I.e 1']1. I~ I"" I.,.,. I~ I~ I~ I "No I~ I~ I~ I~ 1% I 'No 1")1- I~ I'R- I'" I~ ~I~ 
WORD 160 161 162 163 164 165 166 167 168 169 16A 16B 16C 160 16E 16F 170 171 172173 174 175 176 177 178 179 17A 17B 17C 170 17E 17F 
04 59 I~ I';: let: Ia= lot' I~ Ia= ~ let let:. ;l!1~ #.1& ~~ I~ I#. lof I.;t: Ire let. I~ I~ I~ 1:1: I~ I~ I~ I~ I~ lcf. 
03 51 f~ f~ 1'21' r~ I~ l~ I~ I~ f1l- I"B f'I1 I'fl 1""- I'JI. I~ 
02 43 I.;t:. I"H- 171- I~ I~ I~ I~ 11t I:¥ I "}So I~ I~ IWo ~-

0, 35 I~ I1¥- I~ I ?I- I~ I~ I~ I~ lti: roC r.,; rtl I".. I~ 11f I~ 1'-: I?i- IW- I.". 
IWORD 180 181 182 183 184 185 186 187 188 189 18A 188 lBC 180 18E 18F 190 191 192193 194 195 196 197 198 199 19A 19B 19C 190 19E 19F 

° 4 ' 60 I~ I&- I.e I~ I;:t:: 14: l.:t L..E I~ ~ I~ Ill! 1.:£ 1.£ I~ 1,£ .2 I~ I~ ~Io:.f: 14 1.£ .:£ :£~ I.e I.;S: .;j; I'" 1-= Id: 
03 52 Ice. ~ ~ I;;C ..1::1:t! J.;e l..e I..:t' I~ I ...... ...,1 ..... " I~ I.e 1..£ I.::t: ~I~ I~ I~ 1.:£ 1.£ I...t: I.::t: lot:' let: 1,;( ~1c1: I~ 
02 44 lot: I;;t:: ~ I§! 14 l.:t I.;t:' I~ l.z I~ I.:t:: I.::l! I~I~ I.L I.:t' I::f: I~ I;:t: I~ I.:t: I~ lot 
0, 36 liiC I.:t: 1£ I~ I.:;t: iae .el# IJ:' #1.., I ..... ." I., ..p 1..- ... I..., 1-'"" 1-4" ~1-4" I~ ~ 14: I~ I,#: I~ 
WORD lAO lAI lA21A3 lA41A5 lA61A7 lA81A9 lAA lAB lAC lAD lAE lAF lBO lBI lB21B3 lB41B5 lB6187 188 lB9 lBA lBB lBC lBO 18E lBF 
04 61 I~ I~ # Iii! lat I.e l.r;e lot. lot. I~ I;t: I.e 1;1; I~ I.e I.e ~ -~ r::e ~ J>;eL -?~ I::£. I~ I~ I~ I~ I~ IS. I&. 
03 53 IJ! I.e I.e I~ I.e l..e :L ~ I~ r~ ~ I~ ~ I~ IL 1£ I~ I cit I~ I'" I.:t: I~ I~ l..e I~I~ 1"- I~ I~ I.e. I.f. I&. 
02 45 1# lot: I~ I~ I.e 1.1! 1.1! I~ I~ .~ I~ I~ I~ I~ I~ I.e. I~ i::C ~ I~ r;c:. 13:': 1.£ I~ I~ ~ I~ I~ I~ I~ IS la::-
o, 37 I..;C I~ I'"' I;t: I.;t: 14. I~ ~ I~ r~ fZ l-t r~ I? fr ~ 1.1: l::e IS' I,;C I~ 1,£ ~I::e l::t 1.1:' I~ I !Co I~ I~ IS. I:f: 

IWORD lCO lCI lC21C3 lC41C5 lC61C7 lC8 lC9 lCA lCB ICC lCO ICE lCF 1001Dl 102103 104105 106107 108109 IDA lOB lDC 100 IDE 10F 
04 62 I~ let. I of. I'" Ig. I.e. 18- I.e I~ Ig ~1.1! I~ 1£ I.l! I.L I;:t' I~ 11: I..i£ 1~1..:t: .£I..t' 1~1..e .£1£ lot: 1&1: l.t Itf 
03 54 .t.14t I~ I~ IS I&- I~ I~ I~ I~ I.e I~ I~ Ie#! I~ I~ I~ 1£ I;e. I~ :Lot. IL ;l!1:L I.L Iii! 1£ I,#:, I~ I~ laC 
02 48 l~ lot 101: l~ I~ 1& I.e r~ I~ I~ IS' I if: S!#- I~ 1# I.:t. 1:C ~Irt: I:LI~ II!I~ l.el-P ~ .... -or I-#' I~I£ 
0, 38 1;;It: I~ I~ I~ 1.;1: 1.;1: 1& I~ I~ I~ I~ I~ I.e I.e. I.;t" I~ IZ ~ G: rz ~.e ~ ~ I~IL 1£ lee I.e 1G1! I.e. I~ 
WORD leO lei lE2 1E3 lE4 lE5 lE6 lE7 lE8 1E9 lEA lEB lEC lED leE IEF 1F0 lFI 1F2 1F3 lF4 1F5 lF6 lF7 1F8 lF9 1FA 1FB 1FC 1F0 lFE IFF 
04 63 1£ L ~.e. I of. ;C -P7' ~-~ ~I~ ~ <J!~ r.:r. IL IL I"': ~ fZrL ~ 7IT ,., ;£;.1! ~I,:t: I~ I~ 
03 55 I of' ;;It:1..t: I~ ~I~ 4.1~ 15! I~ I~ .t14 ~I~ l:to l ", ~I~ I .... [~ I~ liC 
O2 47 loe j!.;t. l&. I~ Ieit' l~ ~Ict! <J!I-P I~ 1-4> 14' I~ 1& 1;1: "'I~ IS: ~I~ r~ fit- I~IL l';cl~ let I~ I.e. I~ 
0, 39 4 I.:t= let. I~ 1'-: I.:t' ~#. I~ I.e lei! 1# ~I~ I~ 4!1..e f~ I~ L£ 1000IL I:.t. I.e 1~1...::t: I~I# 1# I&- I~ 1'-:' 

~ 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 28 27 28 29 30 31 
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PALASM Output: 6-Bit Shift Register 
with Three-State Outputs 

Design Specification PAL 16R6 

PAL16R6 PAL DESIGN SPECIFICATION 
PAT0005 
6-BIT SHIFT REGISTER WITH THREE-STATE OUTPUTS 
MMI,SV 
CK SR DO D1 D2 D3 D4 D5 SL GND /E RILO Q5 Q4 03 Q2 Q1 QO LIRO VCC 

IF(SR*/SL) /LIRO=/QO 
/00 : = /SR*/SL*/QO + SR*/SL*/01 + /SR*SL*/LIRO + SR*SL*/DO 
/01 : = /SR*/SL*/Q1 + SR*/SL*/Q2 + /SR*SL*/QO + SR*SL*/Dl 
/02 : = /SR*/SL*/02 + SR*/SL*/03 + /SR*SL*/Ol ~ SR*SL*/D2 
/Q3 . - /SR*/SL*/Q3 SR*/SL*/04 + /SR*SL*/02 + SR*SL*/D3 
/Q4 : = /SR*/SL*/04 SR*/SL*/05 + /SR*SL*/Q3 + SR*SL*/D4 
/05 : = /SR*/SL*/05 + SR*/SL*/RILO + /SR*SL*/04 + SR*SL*/D5 
IF(/SR*SL) /RILO=/05 

DESCRIPTION: 
THE 6-BIT SHIFT REGISTER WILL HOLD, SHIFT RIGHT, SHIFT LEFT, OR LOAD 
ON THE RISING EDGE OF THE CLOCK (CK). 
THE THREE STATE OUTPUTS ARE HIGH-Z WHEN THE ENABLE LINE (/E) IS HIGH AND 
ENABLED WHEN ENABLE LINE (/E) IS LOW. 

-----------------------------------------------------------------------------
INPUTS OUTPUTS 

-----------------------------------------------------------------------------
! SL SR ! RILO ! LIRO ! CLOCK ! RILO ! 05 Q4 03 Q2 01 00 ! LIRO ! OPERATION ! 
-----------------------------------------------------------------------------

L L X X L-H Z 05 Q4 03 02 Q1 00 ! Z HOLD 
L H RI X L-H Z R1 Q5 04 03 02 01 ! Q1 RIGHT SHFT! 
H L X LI L-H 04 04 03 Q2 01 00 LI ! Z ! LEFT SHFT! 
H H X X L-H Z D5 D4 D3 D2 D1 DO ! Z ! LOAD D 

------------------------------------- ---------------------------------------

NUMBER OF FUSES BLOWN 818 

PALASM Output HEX FORMA"!' 

E F F F F F D F F F B F F F 7 F F F F F F F F F F F F F 0 F F 
1 F F F F F F E F F F D F F F B F F F 7 F F F F F F F F F 1 F F 
E 0 E C E E E A E E E 6 E E E E E E E E E E E E E E E E 0 E E E 
0 E E E E C E E E A E E E 6 E E E E E E E E E E E E E E 0 E E E 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
F 0 F F F F F F F F F F F F F F F F F E F F F D F F F B 7 e F F 
8 F F F F F F F F F F F F F F F F F F F F F F E F F F 5 F 8 F B 
7 0 7 7 7 7 7 7 7 7 7 7 7 7 7 6 7 7 7 5 7 7 7 .3 7 7 7 7 0 7 7 7 
0 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 6 7 7 7 5 7 7 7 3 7 7 0 7 7 7 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O· 
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PALASM Output: 6-Bit Shift Register 
with Three-State Outputs 

BIIIIHLF BLLLHF BIIHHfIF BHHHHF BHHHHF 
BHHHIIF BHHHIIF BHHHHF BHLHHF BHHHIIF 
BHHHHF BHHHHF BHHHHF BHHHflF BHHHHF 
BHIIHHF BHHHHF BHHHHF BHHHHF BHHHHF 
BLLLHF BHHHHF BHHHHF BHHHHF BHHHHF 
BHHHHF BIIHHHF BHHHHF BHHLHF BHHHHF 
BHHHHF BHHHHF BHHHHF BLHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF BIIHHHF BHHHHF 
BHHHLF BLLLLF BHHHLF BHHLLF BHHHLF 
BHHHLF BHHHLF BHHHLF BLHHLF BHHHLF 
BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF 
BHHHLF BHHHLF BHHHLF BHHHLF BLLLLF 
BLLLLF BHHHLF BHHHLF BHHHLF BHHHLF 
BHHHLF BHLHLF BHHHLF BHHHLF BHHHLF 
BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF 
BHHHLF BHHHLF BHHHLF BHHHLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BHHHHF BLLLLF BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF BHHHLF BHHHHF 
BHHHHF BHHHHF BHHHHF BHLHHF BLHHHF 
BHLLLF BHHHHF BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF BLHLHF BHHHHF 
BLHHHF BLLLLF BLHHHF BLHHHF BLHHHF 
BLHHHF BLHHHF BLHHHF BLHHHF BLHHHF 
BLHHHF BLHHHF BLHHHF BLHLHF BLHHHF 
BLHHHF BLHHHF BLHHHF BLHHHF BLLLLF 
BLLLLF BLHHHF BLHHHF BLHHHF BLHHHF 
BLHHHF BLHHHF BLHHHF BLHHHF BLHHHF 
BLHHHF BLHHLF BLHHHF I3LHHHF BLHHHF 
BLHHHF BLLHHF BLHHHF BLHHHF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
DLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF DLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 

24-174 

BHLF Format PAL 16R6 

BHHHHF BHHHHF BHHLHF , 
BHHHHF BHHHHF BLHHHF 
BHHHHF BHHHHF BHHHHF 
BLLLLF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHLF 
BHHHHF BHHHHF BHLHHF 
BHHHHF BHHHHF BHHHHF 
BLLLHF BHHHHF BHHHHF 
BHHHLF BHHHLF BHLHLF 
BHHHLF BHHHLF BHHHLF 
BHHllLF BHHHLF BHHHLF 
BHHHLF BHHHLF BHHHLF 
BHHLLF RHHHLF BHHHLF 
BLHHLF BHHHLF BHHHLF 
BHHHLF BHHHLF BHHHLF 
BHHHLF BHHHLF BHHHLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BHHHHF BHHHHF DHHHHF 
BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHLHF 
BHLLLF BHHHHF BHHHHF 
BHHHHF DHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF 
BHHHHF DHHHHF BHHHLF 
BHLLLF BHHHHF BHLHHF 
BLHHHF BLHHHF BLHHHF 
BLHHHF BLHHHF BLHHLF 
BLHHHF BLHHHF BLLHHF 
BLHHHF BLHHHF BLHHHF\ 
BLHHHF BLHHHF BLHHHF 
BLHHHF BLHHHF BLHHHF 
BLHLHF BLHHHF BLHHHF 
BLHHHF BLHHHF BLHHHF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF DLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 



PALASM Output: 6-Bit Shift Register Fuse Plot PAL 16R6 
l> 

"C 
with Three-State Outputs ~ _. 

(') 
Q) -_. 
0 

11 1 1 1 ~ 111' ;'2:>7 2272 2213 ::l 
0121 4567 8901 2345 6789 0123 4",67 8901 (J) 

0 x--- -x-- SR*/SL C 
1 ---x /00 co 
2 XXXX xxxx XXXX XXXX XXXX xxx x xxxx XXXX co 
3 XXXX XXXX XXXX xxxx xxxx xxxx XXXX XXXX CD 
4 xxxx XXXX XXXX xxxx XXXX XXXX XXXX xxxx en 
5 xxxx xxxx xxxx xxxx XXXX xxxx XXllX xxxx -_. 
6 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxx x 0 
7 XXXX XXXX xxxx xxxx XXXX XXXX XXXX xxxx ::l 

en 
8 -x-- ---x -x-- /SR*/SL*/QO 
9 x--- ---x -x-- SR*/SL*/Ql 

10 -x-x x--- /SR*SL*/LIRO 
11 x--- -x-- x--- SR*SL*/DO 
12 xxxx xxxx XXX.X xxxx xxxx XXXX XXXX XXXX 
I 3 XXXX xxxx xxxx xxxx XXXX xxxx xxxx XXXX 
14 xxxx XXXX xxxx xxxx xxxx XXXX xxx x xxxx 
15 XXXX xxxx xxxx xxxx xxxx xxx x xxxx xxxx 

16 -x-- ---x -x-- /SR*/SL*/Ql 
17 x--- ---x -x-- SR*/SL*/Q2 
18 -x-- ---x x--- /SR*SL*/QO 
19 x--- -x-- x--- SR*SL*/DJ 
20 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxx x 
21 XXXX XXXX xxxx xxxx xxxx xxxx XXXX XXXX 
22 xxxx XXXX XXXX XXXX xxxx XXXX xxxx XXXX 
23 XXXX xxxx xxxx XXXX xxx x xxxx xxxx XXXX 

24 -x-- ---x -x-- /SR*/SL*/Q2 
25 x--- ---x -x-- SR*/SL*/Q3 
26 -x-- ---x x--- /SR*SL*/Ql 
27 X--- -X-- --- - X--- SR*SL*/D2 
28 xxxx xxx x XXXX xxxx XXXX XXXX XXXX XXXX 
29 xxxx xxx x xxx x XXXX XXXX XXXX XXXX xxxx 
30 xxx x xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
31 XXXX xxxx xxxx xxxx xxxx XXXX xxxx XXXX 

32 -x-- ---x -x-- /SR*/SL*/Q3 
33 x--- ---x -x-- SR*/SL*/Q4 
34 -x-- ---x x--- /SR*SL*/Q2 
35 x--- -x-- x--- SR*SL*/D3 
36 xxxx XXXX xxxx xxxx XXXX xxxx XXXX XXXX 
37 xxxx XXXX xxx x XXXX XXXX XXXX xxx x XXXX 
38 XXXX XXXX xxxx XXXX xxxx xxxx xxxx xxxx 
39 XXXX xxxx xxxx xxx x xxxx xxxx xxxx xxxx 

40 -X-- ---x -X-- /SR*/SL*/Q4 
41 x--- ---x -x-- SR*/SL*/Q5 
42 -x-- ---x X--- /SR*SL*/Q3 
43 x--- -X-- X--- SR*SL*/D4 
44 XXXX xxxx xxxx xxxx XXXX xxxx xxxx XXXX 
45 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
46 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
47 XXXX XXXX XXXX XXXX XXXX XXXX xxx x xxxx 

48 -x-- ---x -X-- /SR*/SL*/Q5 
49 x--- -x-x SR * /SL* /R I LO 
50 -x-- ---x x--- /SR*SL*/Q4 
51 x--- -x-- x--- SR*SL*/D5 
52 xxxx XXXX XXXX XXXX XXXX XXXX XXXX xxx x 
53 XXXX XXXX xxxx xxxx xxxx XXXX xxxx xxxx 
54 XXXX xxxx xxx x XXXX XXXX XXXX XXXX XXXX 
55 XXXX XXXX xxxx xxxx xxxx xxxx xxxx XXXX 

56 -x-- x--- /SR*SL 
57 ---x /Q5 
58 xxxx xxxx xxxx xxx x xxxx xxxx xxxx x'XXX 
59 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
60 xxxx xxxx xxxx xxxx xxxx xxxx xxxx XXXX 
61 XXXX XXXX xxxx xxxx xxxx xxxx xxxx XXXX 
62 XXXX xxxx xxxx xxxx xxxx xxxx xxxx XXXX 
63 XXXX xxx x xxxx xxxx xxxx xxxx xxxx xxxx 

LEGEND: X : FUSE NOT £lLOWN (L,N,O) - : FUSE £lLOWN (H, P, 1 ) fa 
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CONTROL STORE SEQUENCER 
Solutions to control store sequencing are as 
varied as the problems that are solved by 
microprogrammed hardware. The traditional 
approach tends to be horizontally structured, 

whereas the application described here is 
designed for use with a vertical control store 
structure. The vertical control store has narrow 
control fields and may share field functions to 
increase efficiency. It is fast. 

PAL 16C1 

TEST 
INPUTS 

SELECT{ 
INPUTS 

ClK 

TF 

SKIP 

ill 
BAO 

BA1 

BA2 

BA3 

BRANCH 
ADDRESS 

BA4 

BA5 

BA6 

BA7 

BA8 

BA9 

PAL 16R4 

COND 

CSAO 

CSA1 

CSA2 

CSA3 

ro 

CONTROL 
STORE 

ADDRESS 

CSA4 

CSA5 

CSA6 

CSA7 

CSA8 

CSA9 

Control Store Sequencer Logic Schematic. 
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How It Works 
This control store sequencer is designed to 
use a minimum of control bits while providing 
sufficient sequencing flexibility. Only three 
bits are required for the basic sequencer con
trol. They make three things happen: 

GSA = GSA + 1 Increment control store address 
GSA = GSA + 2 A sort of branch instruction 
GSA = SA Load a branch address 

The three control bits are SKIP, COND, and TF. 

Skip defines whether the sequencer will skip 
or load. 

Cond is the condition that is tested to see if 
the sequencer executed the operation defined 
by Skip. 

TF defines whether Cond is tested true or 
false. 

Table below lists all of the states the se
quencer can assume. 

Sequencer States 

Skip Cond TF Operation 

0 0 0 Load 
0 0 1 Increment 
0 1 0 Increment 
0 1 1 Load 
1 0 0 Skip 
1 0 1 Increment 
1 1 0 Increment 
1 1 1 Skip 

There are two additional control bits, whose 
use is left to your discretion. They are ISET and 
ITSEN. 

fSet is a synchronous preset that is usually us
ed as a power-on reset; however, it may also be 
used as a one-bit vector to the last ad
dressable location during normal operation. 

fTsen is the enable for the TRI-STATETM out
puts. This has several possible uses, one of 
which might be testing the hardware by the 
method of disabling the outputs, then supply
ing a test address from an external source. 

The sequencer generates ten bits, which are 
divided into two parts. The least-significant 
four bits are constructed from a PAL 16R4, and 
control the skip operation. During a skip, the 
state of the LSB is maintained and the next 
three bits function as a three-bit binary 
counter. During an increment, all four 

least-significant bits function as a binary 
counter. Carry out (/CO) is generated during 
skip when CSA1 through CSA3 = 1, and during 
increment when CSAO through CSA3 = 1. 
Load (fLO) is also generated by the 
least-significant part, as a function of COND 
and TF. (See table below.) 

flO States 

TF Cond flO 

0 0 0 
0 1 1 
1 0 1 
1 1 0 

The most-significant six bits are constructed 
using a PAL 16R6, functioning as a six-bit 
binary counter with carry-in (CI), synchronous 
load (/LD), and synchronous set (lSET). There is 
an extra pin that can t-eused to generate 
carry-out if you need more than ten bits, 

System Integration 
One of the first feature~ that is desirable from a 
system standpoint is the expansion of the 
COND input to accommodate more than one 
condition for testing. The can be done nicely 
by using a 16C1 as a multiplexer. In this 
scheme, four terms are used as input selects. 
This leaves 12 terms to be used as condition in
puts. This might seem wasteful at first, as 4 
select terms could decode 16 inputs. Using the 
PA.L, however, it is only a superficial waste, and 
the trade-off is the greater design flexibility 
you have by comparison with a standard 
multiplexer. 

One COND output should be either true or 
false in order to generate unconditional in
crements, skips, or branches. The true or false 
state needs only to be a function of the four 
select terms, and doesn't require a condition 
input to be grounded or pulled up. Other func
tions, such as AND, OR, or XOR, can be per
formed on the condition inputs internally, 
too--functions a multiplexer would force you 
to design in external logic. 

The following Figure shows how the sequencer 
design described here can be integrated into a 
system that provides subroutine capability. In 
the'figure, the same control-store field is used to 
generate literals and branch addresses. 
Subroutining is accomplished by loading the 
return address into the register file before the 
subroutine jump is taken and then reading the 
return address out of the file when the 
subroutine's return executes. 
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Control Store Sequencer, 
Most Significant Stage 

Design Specification PAL 16R4 

PAL DESIGN SPECIFICATION 
PAT 002::: 
CONTROL STORE SEOUENCER, LEAST SIGNIFICANT STAGE 

eLK NC TF SKIP /SET BAO BAI BA2 BA3 GND /TSEN /CO /LD 
CSA3 CSA2 CSAI CSAO /ICoND CoND VCC 

/CSAO .- /SET./IcorID.CSRO + /SET.rCOND+SKIP./CSAO + /SET.ICoND./SKIP./BAO 

/CSAI .- /SET.CSAO+CSAI./ICoND + /SET./ICoND./CSAO./CSAI 
+ /SET.ICoND.SKIP.CSAI + /SET.ICoND./SKIP./BA2 

/CSA2 := /SET./ICoND+CSAO.CSAI.CSA2 + /SET./ICoND./CSAO./CSA2 
+ SET./LD./CSA1./CSA2 + /SET./ICoND.SKIP.CSA1.CSA2 
+ /SET.ICoND./SKIP./BA2 

/CSA3 := /SET~/ICoND.CSAO.CSAI.CSA2.CSA3 
+ /SET./ICoND./CSAO./CSA3 + /SET./LD./CSA1./CSA3 
+ /SET./LD./CSA2./CSA3 + /SET.ICoND.SKIP.CSAI.CSA2.CSA3 
+ /SET.ICoND./SKIP./BA3 

IF ('.,,'CC) CO CSAO.CSAI·CSA2.CSA3 
+ TF.CoND·SKIP.CSAI.CSA2.CSA3 
+ /TF./CoND.SKIP.CSAl.CSA2.CSA3 

IF (',,ICC) Icorm = TF.cmm + .····TF •. ····cmm 

IF(VCC) LD = TF.CoND./SKIP + /TF./CoND./SKIP 

DESCRIPTION: SEE TEXT 

PAL16R4 

Logic Symbol 

Control Store Sequencer, Least Significant Stage, Design Specification. 
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Control Store ·Sequencer, 
Most Significant Stage 

Fuse Pattern PAL 16R4 

--x- TF+CDND 
-x-- /TF+/CDND 

,:",,'-',.:':, ,"', •... " .. :.,:.:,.:.:, •··· •• ···'0···"··:, .:.:,.:.;, •... , •... , , ... " ..... :-:, •.. :. ,"'0"'0":,,", 

,:':',:':,,:':,,", ..... ' ...• ':-: ..... ' ,:-:,,:", ,:':, ,":, 0'-"0":'0":":':' ... : ..... " ... , •.... 
.:.:,.:.:":.:,, ...• ,'-:, ,'-',,"',,"', 

-->-::- --::<-

->::-- " 
. :.: .. : .. " .. : ..... , .... , ..... ,: .. ,.:.:, .,.:, •.. : ••... , •... , •··· •• ···'0··· •• ··: • ,: ..••... " ... , •... , ,:':,,:-:,,:",,"', 

,;.: .... " •........ , ............. ;,.;.:, •.. :, •.. :, •... , ..... '···.0··· •• ···,.···. .: .. , •...••... , ..... 
,:':',;",.:';'0"', , ...••. <,,:.:,,:.;, ,:':,.;':, ,:':, ,":, ,:-:,,:':.,:':,,:':, .: ... ,.'., •... , .. '., .:': .. :':.,:".,"' . 

....•..... , ...• ,";, ,":, ,:':, , ...••...• ,.' ............... ;, 
,: .......• , .... , ... , ... ,., .. :.,: ....... . 

-->::- --::<-
--::<-

/SET+/ICDND+CSRO 
/SET+ICDND+SkIP+/CSRO 
/SET.ICDND+/SkIP+/BRO 

/SET+CSRO+CSR1+/ICDND 
/SET+/ICDND+/CSRO+/CSRI 
/SET+ICDND+SkIP+CSRl 

-::.::-- -x-- /SET+ICDND+/SkIP+/BR2 
.. -:, ..... , .. : ..... , 

--::<- -->::- --;:'::-

--::<- ,. >::->::- --::<-
,. -::<-- ., ---

--;:'::- --::.:;- -->::-
--::<- :: ::<---

--:< 

--;:'::-

.; .... : .. ,.: .... : .. , .:.: .. :.:, •... " ...• 

--::<-

-::<--

-->::-
---::-:: 
---;:':: -->::-

--;:'::-

/SET+/ICDND+CSRO+CSA1+CSR2 
/SET+/ICDND+/CSRO+/CSR2 
/SET+/LD+/CSR1+/CSR2 
/SET+/ICDND+SKIP+CSR1+CSR2 
/SET+ICDND+/SKIP+/BR2 

/SET+/ICDND+CSRO+CSR1+CSR2+CSR3 
/SET+/ICDND+/CSRO+/CSR3 
/SET+/LD+/CSR1+/CSA3 
/SET+/LD+/CSR2+/CSR3 
/SET+ICDND+SKIP+CSR1+CSR2+CSR3 

-x-- /SET+ICDND+/SkIP+/BR3 

-->::- ::<--.. - -::<--
---;:':: -::<-- -::<--

~<xx xxxx xxxx xxxx xxxx xxxx xxxx xxx x 
::-::::-::::':;::0:: ........ ,., .. : ••.. :. .:':.,:':.;:-: •• :':, xxxx xxxx xxxx xxxx 
,:':,,:':,,:",.";, 

--x- --x- --x- --x-
--::.::- " --::-=:- -->::- --::0::-

., -::<-- -->::- --::<- --::<-
xx>~ xxxx xxx x xxxx 

, .. :., .. ;, ..... , .. " .:':,,:': .. :':,,:':. 

TF +cmm+/SK I P 
./TF+""CD~iD+/:S:~:: I P 

CSRO+CSA1+CSR2+CSR3 
TF+CDND+SKIP+CSA1+CSR2+CSR3 
/TF+""CDND.SKIP+CSR1+CSA2+CiR3 

Control Store Sequencer, Least Significant Stage, Fuse Pattern. 
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Control Store Sequencer, 
Most Significant Stage 
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Control Store Sequencer, 
Most Significant Stage 

Design Specification PAL 16R6 

PAL 1~,P6 PAL DESIGN SPECIFICATION 
PAT 002':;' 
CONTPOL STOPE SEQUENCEP~ MOST SIGNIFICANT STAGE 

CLK /SET BA4 BAS BA6 BA7 BA8 BA3 /LD'~ND /TSEN NC CSA3 CSA8 CSA7 CSA6 
CSAS CSA4 /CI VCC 

'CSAS .- /SET.CSA4.CSAS.CI./LD + /SET./CSAS./CI./LD 
+ /SET./CSA4./CSAS./LD + /SET.LD./BAS 

.. C:::A6 : == ..... :S:ET.C:S:A4.CSAS.C:::A6.C I •. ····LD + .···:S:ET./CSA6 ...... C I •. ····LD 
+ /CSA4./CSA6./LD./SET + /SET./CSAS./CSA6./LD 
+ .····:::ET.LD ...... BAE, 

/CSA7 .- /SET.CSA4.CSAS.CSA6.CSA7.CI./LD 
~ /SET./CSA7./CI./LD + /SET./CSA4./CSA7./LD 
+ /SET./CSAS./CSA7./LD + /SET./CSA6./CSA7./LD 
+ LD ...... BA7 •. ····SET 

/CSA8 .- /SET.CSA4.CSAS.CSA6.CSA7.CSA8.CI./LD 
+ /SET./CSA8./CI./LD + /SET./CSA4./CSAS./LD 
+ /SET./CSAS./CSA8./LD + /SET./CSA6./CSA8./LD 
+ /SET./CSA7./CSA8./LD + /SET.LD./BA8 

/CSA3 .- /SET.CSA4.CSAS.CSA6.CSA7.CSA8.CSA9.CI./LD 
+ /SET./CSA9./CI./LD + /SET./CSA4./CSA9./LD 
+ /SET./CSAS./CSA9./LD + /SET./CSA6./CSA9./LD . 
+ /SET./CSA7./CSA3./LD + /SET./CSA8./CSA9./LD 
+ .····SET.LD ...... BA9 

I1E:::CP I PT I m~: 

THE 6-BIT COUNTER INCPEMENTS WHEN THE /LD LINE IS HIGH 
IF CAPPY AND /SET. THE OUTPUTS APE ENABLED WHEN /TSEN IS LOW. 

! ,<:ET ! C I! .····LD ! CLK ! CSA OPERATIm~ 

L ::-:: ::0:: L-H ALL. HIGH SET. 
H i< L L-H BA LD 
H H H L-H CSA r-mp 
H L H L-H CSA PLUS 1 ! ItiCP 

Control Store Sequencer, Most Significant Stage, Design Specification. 
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Control Store Sequencer, Fuse Pattern PAL 16R6 
Most Significant Stage 

)8XX xxxx ~~xx xxxx XA~~ XXXX xxxx xxxx 
xxxx xxxx x>~x ~~xx xxxx xxxx XXXX AX~~ 
xxxx xxxx xxxx xxxx xxxx A~X~ xxxx xxxx 
xxxx xxxx xxxx XAAX XXXX XXXX xxxx ~~xx 
xxxx xxxx xxxx xxxx xxxx ~yyy XA~~ xxx x 
xxxx xxx x xxxx xxxx xxxx xxxx xxxx ~~~x 
xxxx xxxx xxxx xxxx xxx X xxxx xxxx yyyy 

xxxx xxxx >~xx xxx x xxxx xxxx xxxx xxx x 

x--x --x- x--- '5 T.CSA4.CI./lD 
x-x- ---x /C A4./CI.,lD./SET 
):;--- -;,<-- -;,<-- ~ T·lD./BA4 
XXXX X)8X XXXA XXXX AAXX XXXX XXXX A~AA 
>:: >~ ::-:; >:: ::< >:: :~: ;-:: ::.:: jI.: ~< :,:: ::< ;>:;;<;:.c: ;.:; ;"c: ;>:; >:: ::< ;:>:: ;:v:: ;:v:; ;::; >:: ;:':: >< >< ;:< >< :,:: 
xxxx XXXX XXXX xxxx xxxx XXxx xxxx xxxx 
>~XX xxx X XXXX AXAX XXXX XXXX xxxx XXXX 
xxxx XXXX XXXX AXXA XXXX XXXX xxxx xxx X 

--->:: 
..... --- ---:-< 

/SET·CSA4.CSA5.CI·/lD 
/SET./CSA5./CI./lD 
/SET./CSA4./CSA5./lD 

-><-- -x-- /SET.lD./BA5 

XXXX X~~X XXXX XXXX AAXA XXXX XXXX xxxx 
XXXX XXXX XXXX AAAA ~~~x XXXX .~: • • y.. ,':-:, ,:':, 

x--X --X- --X- --x-
X-x- ---x 
X--- ---x ---x A--- ---x ---x 

/SET.CSA4.CSA5.CSA6.CI./lD 
/SET./CSA6./CI./lD 
/CSA4./CSA6·/lD./SET 
/SET./CSA5./CSA6./lD 

X--- -X-- -x-- /SET.lD./BA6 
xxxx xxx X xxxx xxxx XXXX XXXX XXXX AAXA 
xxxx XXXX XXXX XXXX XXXX XXXX AAAA AAAA 
~<XX xxx x XXXx xxxx XXXX xxx X XXXx XXxx 

x--x --x- --x- --x- --X-
X-X- ---x 

:x;--- /SET.CSA4.cSAS.CSA6.cSA7.c I./lD 
x--- /SET./CSA7./CI./lD 

X--- ---x ---x x--- /SET./CSA4./CSA7./lD 
X--- ---x ---x X--- /SET./CSAS./CSA7./lD 
x--- ---x ---x x--- /SET./CSA6./CSA7./lD 
X--- -x-- -x-- lD./BA7./SET 
XXXX XXXX XXXX xxx x XXXX XXXX XXXX XXXX 
xxxx xxx x xxxx XXXX xxxx xxxx xxxx xxxx 

X--x --X- --X- --x- --X- --x
:x:-;x:- ---:-: 

>::--- SET .CSA4.CSAS.CSA6.CSA7.CSAS.C I 
X--- /SET./CSAS./CI./lD 

X--- ---x ---x x--- /SET./CSA4./CSAS./lD 
x--- ---x ---:.:: x--- /SET./CSAS./CSA8./lD 
x--- ---x ---x x--- /SET./CSA6./CSA8./lD 
x--- ---x ---x x--- /SET./CSA7./CSA8./lD 
:x:--- -:x:-- -x-- /SET.lD./BA8 
xxxx XXXX XXXX XXXX XXXX XXXX XXXX xxxx 

x--x --x- --X- --x- --X- --X- --x- X---
:x:->~- ---;..; x---
>~--- --->< ---;.c: i<---
~.::-':""- ---:)(: ---x x---
X--- ---x ---;.c: >(---

---x ---x x---
;.::--- ---:x: ---:~ ;~~---

~.::---

xxxx xxx X XXXX XXXX xxx X XXXX XXXx XXXX 
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
XXXX XXXX XXXX XXX X XXXX XXXX XXXX XXXX 
XXXX XXX X XXXX XXXX XXX X XXXX XXXX XXXX 
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
XXX X XXX X XXXX XXXX XXXX XXXX XXXX XXXX 
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
XXX X XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

/SET.cSA4·CSAS.CSA6.CSA7.cSAS.c 
/SET./CSA9./CI./lD 
/SET./CSA4./CSA9./lD 
/SET./CSAS./CSA9./lD 
/SET./CSA6./CSA9./lD 
/SET./CSA7./CSA~./lD 
/SET./CSAS./CSA9./lD 
/SET~D·/BA9 

Control Store Sequencer, Most Significant Stage, Fuse Pattern. 
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MEMORY-MAPPED I/O Functional Description 
Memory-mapped 1/0 is an interface technique 
that treats 1/0 devices' physical addresses as 
undifferentiated from memory address space. 
That is, no Memory-I/O decoding is required. 
Furthermore, most computers have more in
structions to manipulate the contents of 
memory than they have 1/0 instructions. 
Therefore, the use of memory mapping can 
make 1/0 control much more flexible. PALs can 
be used to make memory-mapped 1/0 im
plementation easy, even if changes in memory 
addresses are required. 

The figure below shows a circuit that is typical 
of those found in memory-mapped 1/0 applica
tions. The inputs to the decode logic are the 
system memory address lines, AO-AF. The 
logic shown compares the address on the 
memory bus with the programmed comparison 
address. When an address on the bus matches, 
the corresponding 1/0 port enable signal is set. 
In conjunction with other system control 
signals, this enable can be used to transfer 
data to and from the system data bus. 

PORT 0 = 1F78 

ABF D----[>[>."'"-__ ~ 
ABE D . " 
ABO I>-----f >>0-------1 
ABC 

ABB ~-----------------~ 
ABA 

AB9 ~------------------------f 

AB8 

AB7 D----------[>O-------~~, 
AB6 L>-----------------------t 
ABS 

AB4 ~----------------------__f 

AB3 L>-----------------------t 

AB2 D----1[>[> 
AB1 D - O-------f 
ABO D [>o--------t 

ABF D 
ABE 

ABO 

ABC 

ABB 

ABA 

AB9 

AB8 

AB7 D 
AB6 

ABS 

AB4 

AB3 

AB2 

AB1 

ABO 

MEMORY MAPPED 10 

PORT 1 = 1F79 

[> 

MEMORY MAPPED 10 

Memory-Mapped 110 Logic Diagram 
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PAL Design 
One PAl1Sl2 can be used to monitor a 1S-bit 
address bus, fully decode addresses, and fur
nish enables to two ports, each of which could 
be anywhere within S4K of address space. Par
tial decoding for a larger number of ports could 
be done using other members of the PAL fami
ly . 

Typical logic equations for the memory-map
ped 110 logic are as follows: . 

Port a = IABO • IAB1 • IAB2 • AB3 • AB4 • 
ABS • ABS • AB7 • AB8 • AB9 • 

= ABA • ABB • ABC • IABD • IABE • IABF • 
[Note: source data incorrect] 

Port 1 = ABO • IAB1 • IAB2 • AB3 • AB4 • 
ABS • ABS ./AB7 • AB8 • AB9 • ABA 
• ABB • ABC ./ABD ./ABE. 

IABF· 

The above example shows address decoding 
for memory locations 1 F78H and 1 F79H. The 
equation terms could be changed to accom
modate any 1S-bit address. 
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Design Specification PAL 16L2 
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Memory Mapped 110 Logic Diagram PAL 16L2 
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CONTROL LOGIC FOR 8080 CPU 
BOARD 
The 8080 is one of the most widely·used of all 
current microprocessor designs. However, us· 
ing it in a system requires that you decode and 
supply a fairly complex set of control signals. 

With the rapid decline in 8080 prices, the logic 
required to perform this control decoding has 
become more expensive than the 8080 itself. 
This application note shows how a PAL can be 
used to eliminate much of this costly support 
logic on an 8080 CPU board. 

EN--------------------------~--------_4~ 

EO--------------------------~--------~ ~-------------------------C3 

EA--------------------------~--~ 

EJ--------------------------~--------_; 

)O-----HA 

SJ--------------------------~--------__{ 

SA------------~--__{ ~----------------~ >o------ss 

)o--------LA 00-------------------------------------------------------1 

PAL 16L8 Control Logic for 8080 CPU Board, Combinatorial Logic Diagram. 
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Portion of Random Control Logic for 
8080 CPU Board (Improved Design) 

Design Specification PAL 12H6 

PAL12H6 PAL DESIGN SPECI~ICATION 
PAT001:::: 
PORTION OF RANDOM CONTROL LOGIC FOR 8080 CPU BOARD 
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HOTE: THIS DESIGN IS IMPROVED OVER THE PREVIOUS EXAMPLE AS WE WERE 
ABLE TO IMPLEMENT THE SAME EQUATIONS IN A SMALLER PAL. THIS WAS 
ACCOMPLISHED BY INVERTING THE EQUATIONS, THUS, REDUCING THE NUMBER OF 
PRODUCTS PER OUTPUT TO A MAXIMUM OF TWO. 
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Fuse Pattern PAL 12H6 
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HEXADECIMAL DECODER/LAMP 
DRIVER 
The increasing use of microcomputers has led 
to an increased need to display numbers in 
hexadecimal format (0-9, A-F)_ Standard drivers 
for this function are not available, so most ap
plications are forced to use several packages 
to decode each digit of the display. Since 6 to 
12 digits are often being displayed, this ap
proach can become very expensive. This exam
ple demonstrates how the hexadecimal display 
format can be both decoded and the LED in
dicators driven using a single PAL for each 
digit of the display. 

Functional Description 
A hex decoder/lamp driver accepts a four-bit 
hex digit, converts it to its corresponding 
seven-segment display code, and activates the 
appropriate segments on the display. These 
drivers can be used in both direct-drive and 
multiplexed display applications. A single PAL 
can provide both the basic decode/drive func
tions, and additio~al useful features as well. 

Circuit Description 
The figure shows three digits of a display 
system that uses three PALs to implement the 
complete decoding and display-driving func
tions. The inputs to each section are a hex 
code on pins 00-03, a ripple blanking signal, an 
intensity control signal, and a lamp test signal. 

The hex codes are decoded to form the seven
segment patterns shown in the figure. The in
put codes, digit. represented, and segments 
driven are as follows: 

D3 D2 D1 DO Digit Segments 

0 0 0 0 0 ABCOEF 
0 0 0 1 1 BC 
0 0 1 0 2 ABOEG 
0 0 1 1 3 ABCOG 
0 1 0 0 4 BCFG 
0 1 0 1 5 ACOF 
0 1 1 0 6 ACOEF 
0 1 1 1 7 ABC 
1 0 0 0 8 ABCOEFG 
1 0 0 1 9 ABCFG 
1 0 1 0 A ABCEFG 
1 0 1 1 B COEFG 
1 1 0 0 C AOEF 
1 1 0 1 0 BCOEG 
1 1 1 0 E AOEFG 
1 1 1 1 F AEFG 

Ripple-blanking input RBI is used to suppress 
leading zeroes in the display. The signal is pro
pagated from the most significant digit to the 
least significant digit. If the digit input is zero 
and RBI is low (indicating that the previous 
digit is also zero), all segments are left blank 
and this digit position's ripple-blanking output 
RBO is set low. 

Intensity control signallC controls the duty cy
cle of .the display driver. When IC is high, all 
segment drivers are turned off. PulSing this pin 
with a duty-cycled signal allows the adjust
ment of the display'S apparent brightness. 

Lamp test signal LT lets you check to see if all 
LED segments are energized. 

PAL Implementation 
The PAL 16L8 has both the required 110 pins 
and the drive current capability to perform as 
the complete display decoder-driver circuit 
with seven inputs and eight outputs. The logic 
equations for this circuits are shown in the 
listing. One PAL drives each digit; they may be 
cascaded without limit. With minor changes, 
the same logical structure could be used with 
multiplexer logic to allow a single PAL to 
decode and drive multiple digits. 
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Hex-Decodern Seg. Driver w/Ripple Blanking, 
Intensity Con., & Lamp Test 

Logic Schematic 

THREE STAGE HEXADECIMAL DECODER /DRIVER 

DISPLAY j 
LEADING 6 VCC 

..... 

ZEROS r-----------~~ 

BLANK .y. 
LEADING -=

ZEROS 

HEXADECIMAL 
INPUTS 

OFF ~VCC 
INTENSITY r------...-+-+--=-l 

LAMP TEST 

ON..£. 

ON~ 
OFF 

-=-

PAL 16L8 
BCD TO HEXADECIMAL 
DECODER/7SEGMENT 
DRIVER WITH RIPPLE BLANKING 

1.5 

TO NEXT STAGE 

co 
(/) 

~ 

lI) 
(/) 
..J 

LED/LAMP 
DRIVER OUTPUTS 

, Hex Display Decoder·Driver, Combinatorial Logic Diagram. 
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Hex Decoder/7 Seg. Drive w/Rlpple 
Blanking, Intensity 

Design Specification PAL 16L8 

Con., & Lamp Test 

PAL DESIGN SPECIFICATION 
1='8T 11007 

HE::: DECODEP,· 7Sfl;;. DF'I\,tEP I,L·PIF'H.E I:LAtHHH.:;, IrnEtEIT'!, Corio ~ t· LAt'1F' TEST 

VBI DO TIl 112 [13 IC L T tiC tlC l;;t1D nc G ·PF:O F E [I C f: A "iCC 

IF ' .... IC:' ··R 

I F 0' Ie., .... B 

I F IC' .... 1 

I F IC .··D 

I F I I -.") 'E -

/PBO./DO./[l2 + /PBO./DO.D3 + .... PBO.Dl.D2 + 
.... PBo.nl ..... D2.-D~ + .... PBO.DO.D2.,D3 + /~BO./Dl.-D2.D3 + LT 

.... PBO./D2./D3 + .... PBO./DO./D2 + .... PBO ..... DO./Dl./D3 + 

.... RBo.no.nl ..... D~ + /RBO.DO.·Dl.D3 + LT 

/PBo.nO.'Dl + .... PBO.DO ..... D2 + /PBO.·Dl.·D2 + 
/RBO.D2./D3 + /RBO./D2.D3 + LT 

.... PBO./Dl.D3 + /PBO./DO./D2./D3 + 

.... PBO.DO.Dl.,D2 + .... PBO./[l0.Dl.D2 + .... PBO.DO.·Dl.D2 + LT 

/PBO./DO./D2 + .... PBO.D2.D3 + .... RBO., DO.Dl + 
·'PBo.nl.D3 + LT 

IF (/IC) 'F = .... PBO./DO./Dl + .... PBO./D2.D3 + /PBO.Dl.03 + 
/PBO ..... DO.D2 + .... RBO./Dl.D2 •. D3 + LT 

IF (',iCC) F'f:O 

IF ( ..... IC) .... G 

DE:CP I F'T I Otl: 

/PBO.Dl./D2 + /PBO.DO.D3 + .... PBO./D2.D3 + 
/PBO./DO.Dl + .... PBO./Dl.D2.,D3 + LT 

THE HEXFDECIMAl DECODEP/7-SEGMENT DRIVER FEATURES ACTIVE LOW OUTPUTS 
FOR DRIVInG DISPLAY DIRECTLY. 

IF DATA INPUT IS ZERO AND RIPPLE BLANKING INPUT (/RBI) IS LOW THAT 
DIGIT WILL BE BLANKED AND RIPPLE BLAnKING OUTPUT WILL BE LOW. 

THE RIPPLE BLAnKING OUTPUT (/RBO) PROVIDES BLANKING INFORMATION 
FOP THE NEXT LEAST SIGtlIFICANT STAGE. IT PPOVIDES A LOW IF /PBI IS 
LOW AND THE DATA In IS ZERO. 

WHEtl HI5H THE INTENSITY CONTROL (IC) WILL TURN OFF THE EtlTIRE DISPLAY. 
IC MAY BE PULSED TO VAPY THE INTEtlSITY OF THE DISPLAY. 

1,IHEtl HIGH THE LAt'lF' TE:S:T Ir'iPUT (L n 10.11 LL TURn orl THE D EPLA'{. 

INPUTS OUTPUTS ! 
---~------------------!---------------------! 
LT IC .... RBI DO Dl D2 D3!A BCD E F G /RBO 
----------------------!---------------------! 

L H ::.:: ,;-:. ::.:: ;:-:; ;:.:: ! Z Z .:.::. 2 Z - L ;:':: 

L L H L L L L !L L L L L L H L 
L L L L L L L !H H H H H H H L 
H L >: ;:.:: >:: ::< ::< !L L L L L L L ::< 

Hex Display Decoder·Driver, Design Specification. 
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Hex Decoder/7 Seg. Driver 
w/Ripple Blanking, Intensity 
Con., & Lamp Test 

-'-:;-- -';.,:--
-':":--

::<--- .:.,:---
-':.,:-- -;:.::--

- ::;-- -': . .'--

->.:-- - ;",--
-':<-- - :':,--
-~-- -x-- -x--

,,<--- -:0.::--

...... :: .. :.: .. : .. , ... :.... . ... :.;,.:.:,.: .. , ,:':.:':,:':, 

--- -':.:;--
-,:<-- ->:'--

.'--~ -;:.::--
->::--

.. :, ..... :.: .. :.:. .. ... : ........ . 

->-=:--
-~-- -\-- -~--

.. ,:--- -::0::--
- '0:;--

-::<--

->::--
--:<-

--::.:'-

--';":-

-;:..:--
--><-
--';.::-
--,:.::-
--::-:,-
--,: .. '-

-'; .. :--
--':.::-
--':.:'-

-->:,-
--':.,:-
--.;<-

;..::;...: •. ;: ... ,' .• ' ..••.. .'';..' : .... :-:, .. :, ... :. :.0:::.-::: :>: 

-- ~':.-

--:<-
-->-::-

,:<---
.\.......... ""0":"":,,':, >.:.............. .:-:, .... , .... ,.... . .. : ...... ,: .. :':, 

-':<--

:'0:;--- . ---
- :<-- --':'::-

--.:<-

... ,: .... : ... ,:.: .... : .... : .... : .. :.:, 
... : ... ; .. .:'.,.:':,.:': .. :':, 

-.:-:;--
- :<-- -.:<-- --':.::-

-.:<-- --:;<-
--::.::-

-.-:;-- --':<-
-::.,:-- ,. --':':.-

.......... :.: •• ;.;. :'-:;::-::"-::;:< , ........ " ....•...•... :., .. : ......... :. ,: .... :-: .. : ... , ... .. ·:.' ..... ··.0···' 
.............. 

,;';,,:':,':-:.,:': . 

_ ....• ' .... - ->:-- -:.-::--... ' ....•...... : ... . ......... ,: ...... : .... :-............ ,;,:,.;,:" .. : .. :.;. 
':-" .. ; •... : .. :.:. ; .... :.:,,:.: .. :.:. ::-::>::>.:>:' ....•... : .... ; .... :. ;" .. :,:.:,:,.:.: .. :.:, .... , .... , ..... 

.......... '., .. .;.: .. ;.;., .. : .... :. . ... " ... " .. ;, •... , ,:':,,;':,.:':,,\ ,'';.:':,.:'',.:-: ................ , •.. , 
t";.,:':,.:':.,:';. :':,.:': .. :':,,:':, "-::::'::::':::--:: ,: ... -=.",;.,.,:. ' ..• ' ... ' •...•• ; .. ' ...... : •... :.,... .:-:,.:.:.,: ...• :.:, , ...• / .•.... ,: .. : • 

. : .... ;.: .... : .. :.:, ...... ;, .•. :., .. :. •.. .' .....•.. .'.:.: . 

->::--
';.::--- -';.::--

--':.::-
->::--

-.:0::-- --' . .:;-
-::<-- -:.<-- -->:-

.. """:,,:': .. : .... : .. :.;.,:.:. •...• ,:-.......... ;, .;': .• :':,.:': .• :-: .•.. :,.:-., .. .; ••. .; ............... =-.,:.: .• :.: ••.. ;, 

Fuse Pattern PAL 16L8 

.. Ie 
/1= E:O •.. ' [II). / fl.::' 
· 1=' f;O •.. ' [, f). I,:: 
,.j;:'F:O·.D1.[12 
... p E:O. ri 1 ..... [,,:: •. ' r,:: 
· P PO. [I (I. [1,=: •. ' fi:: 
... PPO···l.I1.···fiE:.r'~ 
LT 

· I': 
.. p£:o ... [I'::' •.. [;::' 

";::"BO.·· [10 •.. ' fiC' 
.' Pf:O •.. ' [111.····11 1.··· [,~: 
·PPO.[li,.D1 •.. ' [I? 
.·P1:;iJ·(lO····[lI.O:' 
LT 

· I': 
.. PHo.n,l •.. ' [11 
.... ~·f:o.r") •. · D2 
,··PHO •.. ' [11 •.. ' Dc: 

.... ;::':£:0. D,:: .... D:; 
· ~:F:O ... [J.:::.n~: 
LT 

· IC 
..'F=:·E:0· .. [l1.[l3 
..'F'BO .... D O •.. ' Dc: •.. ' [I:: 
.... Pf:0·fiO.D1 ..... Vi.~ 
.... P1::0 ..... [1,-,. D 1.[1,,: 
.. J;'f;O.[II) •.. ·· [l1.[lc· 
LT 

.... rc 
.... ":BO.>[lI.I •. [',:' 
.. ' J;:f:D·D2.r .. :~: 
.J;' Em ... · D o.n 1 
.... ,"'1::0. [11. D,;: 
LT 

... Ie 
.... ,::·1::0 ..... [10.·· D1 
.... ·P£:O •. ··· [l2.D:;: 
.... "·F:O.Dl·D~: 
.... J;:E:O ..... [I 0- [12 
.' ;;'£:0.·,'[11.112 •... z.::: 
LT 

..' Ie 
·~·F:O.Dl····rI2 

.'F=' E'O. D (I. [I~: 
··1='1::0- .. ' D,::. D 
·';;'£:0., D(I.[I 
···':;'f;O ... fil-II •... [1:' 
LT 

Hex Display Decoder-Driver, Fuse Return 
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Hex Decoder/7 Seg. Driver 
w/Ripple Blanking, Intensity 
Con., & Lamp Test 
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Logic Diagram PAL 16L8 
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Hex Display Decoder·Driver, Coded PAL Logic Diagram. 
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HEXADECIMAL KEYBOARD 
SCANNER 
The popularity of pocket calculators and home 
computers has created a large market for low
cost keyboards. The logic required to scan 
small keyboards is typically implemented 
either in SSI/MSI logic or in a computer
generated software scan. In the first case, the 

logic may be rather expensive; in the second 
case, if the microcomputer system is a busy 
one, the software scan may be unacceptably 
slow. A single PAL and just a few inexpensive 
parts can do. the task. 

Hex Keyboard Scanner 

v+ 

HEX 
KEYBOARD 

MATRIX 

ASCH 
or 

OTHER CODE 

6331-1 

-----iIT~@ 
-----f::I 02 E1 ~ 

-----fIT 03 A4 ~ 
-----f::1 04 32x8 A3 ~t---....... 

-----f:I 05 PROM A2 ~t-----+ ..... 

-----i-'6 06 A1 'Wt----t--f--.. .... ~ 

-----iIT 07 AO ii2}t-----+-f--f-... 

IT GND ~8~ 

BINARY 

Logic Diagram PAL 16~8 

rH-

> 

EXT CLOCK 
(Approx. 10KHz) 

74122 

a 

KEY PRESSED 

Hex Keyboard Scanner, Combinatorial Logic Diagram. 
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Hex Keyboard Scanner 

PAL 1 t.F'4 
F-'AT0017 
HEX VEYBOA~D SCANNE~ 

CL~ AO A1 A2 A3 A4 A~ Ab A7 GND /EN ~ SB 

IF': '.,,'C( " "'::A .. ··0·::: 

IF' ',iCC' "'ne ·AO. 0 .... I} 1 • ..' 2 + 1 • 
A2. C I .'~I 1 .···0 + ... 8 ·0 

·A4. C I •. · .. 0 1 .0 + ... A .0 
A':,. 0 ., I 1 .02 

00 .- OO.~ + /OO ... ~ 

. (11 .- O').Ol.~ + ··CtO.· 01.P + ..... Ol ..... P 

IF'" \,'(( .' .' .~.B 0'::: 

I~ ... ',iCC, .···R ."riC + .... A7.0 0.0 1.02 

DE~:CF: IF' T I Drl: 

Design Specification PAL 16R4 

PAL DESIGN SPECIFICATION 

03 02 01 00 He SA vce 

O. (:I 1 .... ClE' + 
.0 1 •. ··02 + 
•. ···01 .0;:.' + 

THE KEYBOARD SCAnnER IJILL SCAn A 16 KEY KEYBOARD ARRAnGED IN A 
2X8 MATRIX. THE SCAnnER WORKS BY SELECTInG onE ROW OF 8 SWITCHES 
Arw THEn~CAriH HiI::; THE ::: ItiF'UT:::. A LOI.o.I OH Arfr' IrWUT I.,.II LL II I SAE:LE THE CLOD:, 
GOIHG INTO THE ONE-SHOT. THE ONE-SHOT IS USED AS A DELAY TO ALLOW THE 
SWITCH BounCE TO SETTLE OUT. AT THE END OF THE TIME DELAY (10MS). KEYPRESSED 
WILL GO LOW. THE OUTPUTS WILL THEn GIVE THE BIHARY CODE FOR THE SWITCH 
:ELECTED. 1,.IHEri THE :::loIITCH E RELEA:::ED~ f<E'lPRES:SED loIILL GO HI'::;H~ AriD 
SCAHHInG WILL CONTINUE. WHEn THE EHD OF THE ROW IS REACHED~ THE 
SCAHNER SWITCHES TO THE OTHER ROW AND conTINUES SCANNING. 

THE EXTERNAL CLOCK SHOULD RUH IN THE RANGE OF 10 KHZ. 
IF ASCII OR OTHER CODED CHARACTERS ARE DESIRED~ THE BIHARY CAN BE 

CONVERTED USING A PROM. 

PAL16R4 

Logic Symbol 

Hex Keyboard Scanner, Design Specification. 
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Hex Keyboard Scanner 

.>.,·< •• ··.0··;. ..... ; .. , .... " .. :, ,:',,:-:,,:", .... ,:.,.: ... : .• :, •.... : .. ;.:,.: ... 
.. .. , .... ,.:.:., . .; .. ,' ,',,', .... ,.: .. " .. ,., .. , 

"""1'" •.•• ,' .•• , •••• ' •. ; •.• , ••••• . ::., ...... .; .. :-:. .,:':,:':,. .:· •• ·:'0··· • 

. ::,,':,,": .. ":, ,:-:":',,,,: .. :.: . ,.:",.,-:',", ,:-: .. >.,:':,:':, ,;':,"',,:':, 

: .. , ..... :-: .. :. : .. : .......... :. ",,:':, ; ... , .. :,: ..•..... .:. .. , .. ' ....... .; .... ' ... :' ........ .. 

--':.,:-
--.:<-

--"-:'- -

--~- --x- -x--
--x- --x- -X--

Fuse Pattern PAL 16R4 

.·~(I •.. ·(,(I····CI1···02 
··81.0 O. "'0 1. ,,'02 
··8E: .... 00.01 .... ··02 
··8 :::.,) n.o 1 .... ('2 
···84····00·.···01·('2 
"'85.0 0.·· (11.02 
"'8':' •. "'00.') 1.('2 

--.:<- -->::- OO·P 
,,·OO+ ... F<: 

... : ............ ; ...•... " .. ., ...... :.: . .:.: .. :.:., ... , •....• :-:.':·:'0···.'···, ,:':,,:-:, .. \,:", 
. : ...• : . , .. : •. :.: ........ < ••.• : •• : ... " .... , .••• : ...... :., ... , •... , .:.:.,:.: .... : ... -:, . ...•... ' ... ' ... ' 

.. :.: ....... ; .... : .. ,'; ... :., 
....... :.;.,... ,.:.:. 

... , .. :., .......... :",,"',.:' ,.:".,":,,:-:, .:': .. :':,.":.,:':, .: .. ,.:.:, •... " .. . . .. ; .... :, ......... , ::-::::.::;:'::::.:: 
... ::,.: ............. : .. , ....... . .: .... :.: ....... ; .. . ..,: •• :':, ..... ,.... .. ••••••.• ,·"f ,.", ;:'.; ::< ::< >:~ 

--':":- -- ;':,- --::<- 00·01·f;· 
---::.:: --':<- /1) 0 ...... 0 1.J::: 

....... Ol ..... P 
, .... :.,: ..• , .. , ... : .... :" ......... :':, ,:':, , ...• ,.,:. , .. :,.:.: ......... , •.... ,' ..••... , ..... , .. :., .. :., ...••.. :. 

.... ' ..••...••... ' .:':.,:':, ,:':, ,:': . 
: ... : .... : ........... :,.:.:.,:-..•...• ...... ;.: .......... , .:.:,.:.:, ... ;..... .:.:.,:.: ..... , •.. :, :=-::::-::::-:::;.:: ' ... ' ............ . 
.:.:.:.:.:., ...... :.; .. ;.: .. :.; .... :. .:.:,.:.:, •... " ............. , ......... . .. .. , ... :, .......... >::::-::::.::::-:: 
..... • >:. /,. ". ::.:: ::< ::.:: ::.:: :.< : .. ,: >:::=-:: •...• ,:': ••... , •.... .:.: .• :.:. •.... •.... ::-:: >:: >:: ;:':: .. ,: .. :':, ..... ,":, >::::< >:: ::.:: 

--::-::- -->::- -->:;- -->::- 00·01.P2.P 
--::..;- ..... OO ...... 02·P 
--;:'::- .····01 •. ·· .. 02·J::· 
--->:: ..... 02 ...... P 

.:.: .....•. :", ,.... ::< ;:':: ::< ::< ;:.:: ;:..: ::< ::< xxxx xxx x xxxx XXXX 

--x- --X- --x- --X- --x- 00.01.02.03.P 
--;:<- .····00·.··-03·P 

---::-:; --;:'::- ····01./1):3.F: 
---::-:: --::<- ..... 02./1):3·F' 

--->:: --->:: ..... 03 •. ····1': 
::-::::.::::-::::.:: ............ ;.,.... >::::-::::.::::.:: ::.::::<>::::< ::-::::-::::<::-:: >::::.::::.::::-:: >~>::::-::::-=: ::.::::-::::-::::-:: 
:::: ::-:: ::< ::< ::< ;:':: >:: ;:< ::< ::< ;:-:; ::.:; ::< ;:':: ;:< ;:.:: ;:-:; ::.; ::-:; ::< >:: ::-:; ::< >:: ::-:; ;:':; >:: >:: ::.:: ;:':: ::< ::.:: 
xxxx XX~< XXXX XXXX xxxx XXXX XXXX XXXX 

--;:.:;-
xxxx XXXX xxx X XXXX XXXX XXXX xxx X XXXX 
XXXX xxx x XXXX XXXX XXXX XXXX XXXX XXXX 
xxxx XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
XXXX xxxx XXXX XXXX XXXX XXXX XXXX XXXX 
XXXX Xxxx XXXX XXXX XXXX XXXX XXXX XXXX 
XXXX XXXX xx~x XXXX XXXX XXXX XXXX XXX X 

---;:-:; 

::-::::.::::.::::< ; .. ;::.::;:.::::< 
::-::::-::::-::;:':; ::'::i:-::::-:::x: 

->::--
::-::>~~-::::o:: 

:x:>:::>~:>; 

XXXX ~XXX XXXX XXXX XXXX XXXX XXXX XXX X 
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

/tiC 
..... A7.0 0.0 1.02 

Hex Keyboard Scanner, Fuse Return 
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Hex Keyboard Scanner Logic Diagram PAL 16R4 
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MINIDISKETTE CONTROL LOGIC 
The flexible diskette (floppy), and its smaller 
brother, the minidiskette, are very popular as 
mass storage on small systems. Most of these 
s~all ~ystems .are destined for high-volume ap: 
plJcatlons, so all possible production 
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T 
01 

WCK 

01 
02 

WE 

CRB 

WCRC 

02 

WE 
T 

<h 

WCRC--t> 

DO 

02 

04 

T 

WE 

Co 

economies should be explored. The disk con
troller is the most complicated (and expensive) 
part of the disk subsystem; this example 
shows how a PAL can reduce the size and cost 
of the controller for a minidiskette-drive con
troller. 

SHIFT 
DATA 
REG 

SHIFT 
CLOCK 

REG 

DATA BIT 

CLOCK BIT 

Minidiskette Control logic Diagram. 
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Portion of Micro Floppy Control Logic 

PAL14H4 
PATOOc:4 
PORTION OF MICRO FLOPPY CONTROL LOGIC 

SCPEG= 02.01.1 .• IE + SO':.·· I .•. IE + loiE .I .• .II.~~. 

CVE:= 02.04 + T ..... I,IE + I .• IE.CO 

PES:CP I PT I ON: 

PORTION OF FLOPPY DISC CONTROL LOGIC 

Design Specification PAL 14H4 

Minidiskette Control Logic Design Specification. 
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Portion of Micro Floppy. Control Logic Fuse Pattern PAL 14H4 

--::<-
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: ..• ,:-: ......... . 

..... , ......... , .. , .:':, ,:':. ,;",,:-:, ,:': .. :-:,,:-: .. :':. 

........ : ......... :, 

...: .. :.: .. : .... :.:, 
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Minidiskette Control Logic, 14H4 Fuse Pattern. 
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Portion of Micro Floppy Control Logic Logic Diagram PAL 14H4 
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Minidiskette Control Logic, Coded 14H4 PAL Logic Diagram. 
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BETWEEN LIMITS COMPARATOR/ 
REGISTER 
It is often needed to keep data between limits 
as it is processed, or to halt a process when 
limits are reached. This may be done for 
system security, or as a means of self
checking. The checker described here might 

search for a specific value, search for missing 
values: values either in or out of a certain 
range. The sample circuit shown monitors a 
16-bit bus, using two PAL types, and latches a 
complementary pair of STWL status signals in· 
to its output registers. 

Limit Checker Combinatorial Logic Diagram. 
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Between Limits Comparator/Register Design Specification PAL 16X4 

;:'1-'1[. 1,:: :,.l 
f"'-'lT n I"e 1.1 

PFiL [lE~U:;ti :t=-'ECIFICATIOti 

t'''' TI.lFFti I.. I r'11 T: '. Or'lF'Hf:'ATO~' 

IF,' \,1 (C I I.. T 'H '.:. 1:: :~:, + 
'H2. B2' • (8~.E0.B3' + 
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HII : = H(' • U)~nl •. I L tH~' + E: fl' ·U1AT.!.· '~LEHf.: 
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PAL 16X4 Limit Checker Design Specification. 
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Between Limits Comparator/Register Fuse Pattern PAL 16X4 

xxx- /A3.B3 
:x::x:::<:- i<--X /A2.B2~3. EQ. B3 

:x::x:x- ~-<--:x: ~<:--x .·· .. Al.Bl.;t3.EQ.B:3.A2.EQ.B2 
xx::<- x--x ;·::--x ::<--x .... ·AO.BO.A3.EQ.B3.A2.EQ.B2.Al.EQ. 

xxxx XXXX xxxx xxxx xxxx xxx x xxxx xxx x 
xxxx xxxx xxxx xxx x xxxx xxxx xxxx xxxx 
xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

-xxx A3./B3 
-xxx x--x A2./B2.A3.EQ.1l3 

-xxx x--x x--x Al./Bl.A3.EQ.B3.A2.EQ.1l2 
->::::<::< ::.::--;:< ~<--::< : ;--;:.:; Fto.·····p, O+A::::. EO. B:;:.R2. EQ. B2.A 1. EQ. 

-::0::--
;:0::--- -::<--
AAAA XXXX xxxx XXX X ~(XX xxxx xxxx xxxx 
........... ' .... :.:. ::-::::<::<>:: XXXX xxxx xxxx xxx x xxxx 

xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
~~~~ xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
AAA~ XXXX AAAA XXXX XXXX AAAA XXXX XXXX 

->::-- ->::--
::<--- -::<--
... " .. :., ...... . XXXX xxxx xxxx xxxx xxxx 

XXXX ~o~ xxxx .: .. " .. :,,:.: ..... . ... : .. :.: ....... :.:. 
•...• , ...• , .. :, •.... ' .............. .. 

...... : ...... :,'; .. , 
.... " .. : ....... :.:. ;:'::::<::<~< , ... " ..... : .. , .... , •.. : .. :.: .... :,.:.:. 

->::-- -::<--
-::<--

..... , ...••... , ... :, .: .. ,.: .... :.: .... : ......... : ...... ,:.:, I ••••••• ' ••••.••• 

.......... , .. :, •... , •... , •.. :.,: .. , .. : .... :,.: .... :.:,.: .... : .. , .............. , ........ :., ...••.. :, ... :, ........ :, •.... , ...• , .. :, •... " ... , 
•... ,'; ..• , .• : •• : ..• /·,.··· •• :··0.··· ••... , •...••.. :,.: ..• >~>::>::::.:: ,:':, ,":, ,;':, ,":, , .. :,.:.:, .... ,,:.:, 

-,>:,-- ->::--
-;;.::--

•........••... , ......... , .... , •.. : .. : .... : ... , ... ,:-., •... , ,":,,:",,":,,:", .: ........... :, .. ':, ,'.", .. :" ... , ..... ,:':.;':,.:':,.":, 

.... " .. :.,; .. " ...• . ... , •.... , ....•.. :. 
,;", , ... , •... , ,.,: .. ":,.:",,":,,:':, .:",.'-:,.:': .. :':. , .. : ..... , •... , ............... , ....•.. : . 

.... ,.: ........ ,: .. , >::::<>::::< ,:':,.:",,:':,.:", .:.:., ... , ... :" ...• , ...••.. :, ..... , .. :, 
•... " .. :" ... , •...• ':-',.:".,"',,:", ,:".,:-:'.:",,':, .: .... :.:,,:.:, ... :, •.. : .... ;" .. ;" .......... :.: ......... :, 

.... " ...• , ... , .... , ...... ; ...... :,.; .... :.: .... ;,.:.:, ... : . .:.: .. :.: .. :.:., ...••... , ... :, •.. :,,:.:, 
•... " .. :,.: .. , ...... ": .. :".,:':,.;", .: ..••.. : .. : .... :.:. .:.:, ... :,.:.: .... :, ..... :.:" ...... :, ... : ...... , ............. , .. -:, .... , .... . 

.... , ••. ;, •...••. -:, , ...•• : ...... : •• > .• •... :,.:-: .... : .. :-:. . .. : .. :.:., .... :.: . 

::-::::-::::-:;;:':: ........ ; ....... : .. , 
... :, •... , .................. :., ... , ... :. 

,:".,;';./' .. ::, ,:':,/',.;';,,:':. ':-'.,:':,.;".,"', ,:';,,":,.:':,,:':, ..... ,.-:" ... " .. : .... :, ...... :.: .... :. ... " .. ,' ... "". 
~~A~ ~~~A A~AA ~A~~ AXAX ~~x~ AX~X 

,:-:, ,":, ,:", t":, •.•.• /" 0":, ,:", ,:', ,'-:' ,:", ,":, ,:':, ,:':, ,:", ,:':, ,":, ,'<, ,:-:, .... , ::-:; ~< ::< ;:':: ,";, ,"', .... , .... , ::-:: ::< ::.:;;.:: 

/A O •. ····LOAII./CLEAP 
.····11 O.LORII.""CLEAP 

.···A 1 •. ····LOAII ...... CLEAR 

..... F: 1.LOAn •. ···CLEA"~ 

H':::. ··'LOAn •. ···CLEAP 
..... E:2.LOAn ...... CLEAP 

,...A3.""LORn.""CLEAR 
/F:3·LOAn ..... CLEAF~ 

PAL 16X4 Limit Checker Fuse Pattern. 

24-210 



Between Limits Comparator/Register Logic Diagram PAL 16X4 
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Between Limits Comparator/Logic 

PAL16Cl 
PAT0021 
BETWEEN LIMITS COMPARATOR / LOGIC 

Design Specification PAL 16C1 

PAL DESIGN SPECIFICATION 

/EQ1U /LTl /EQIL /6T2 /EQ2U /LT2 /EQ2L /GT3 /EQ3U GND 
/LT3 /EQ3L NC NC MC /BTWL /GTO /LTO /6T1 vec 

6T3 + GT2+EQ3U + 6Tl+EQ3U.EQ2U + GTO+EQ3U+EQ2U+EQIU + 

LT3 + LT2+EQ3L + LT1+E03L.EQ2L + LTO+EQ3L+E02L+EQ(l 

IIES:CRIPTION: 

THE BETWEEN LIMITS LOGIC DETERMINES THE BTWL STATUS AS 
A FUNCTION OF THE GT, IT AND EO STATUS FROM THE COMPARATOR 
REGISTERS. 

PAL16C1 

Logic Symbol 

PAL 16C1 Limit Checker Design ~pecification. 
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Between limits/Comparator/Logic Fuse Pattern PAL 16C1 

-:x:-- Gr~: 
-::-::-- -;:'::-- GT2.EO:3U 

---::.:; -::-:;-- -x-- GTl.E03U.E02U 
-x-- GTO.E03U.EQ2U.EQIU 
---:~: L r;: 

---x LT2.EQ3L 
-;:-:;-- ---x LTl.EQ3L.EQ2L 

-::<-- -;:.:;-- ---x LTO.EQ3L.EQ2L.EQIL 
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>::;:'::::-::;:< ::<>:::'-::::< ::.::::.::::-::::< ;:-:;i.;:;:"::>< ::-::;:.<>~~ .. :: 

...... ...••...• , ...• ;:'::::':;>:;;:':; , ......... , ...••... , ;:-::::-::::-:;;:-:; ::-::::.::::.::>-:; ;:.::;:.c:;:':::x: >:::x:>::;:.:: 
, .. : ...... , .. :., ...• >::::-::::<>:: ::<::-::::-::::-:; >::::<>::::-:: >::::.::::.::::< ;:'::::·::;:'::i<: ;:.:::)::~.:::>:: ;:·:::>:;x:x: 

>::::-::::-:;::.:: >::;:':;;':;;':; ;:<>::::-::::< ::-:;>:::;.::: .. :: ::-:;::.:;;:.c:>:: :;,:::",::y.:~-=: i'::>-::)'~;X; 
;:-:;>:;;:':;::.:; ;:-:;>::;:'::;:':: >::::<::-:::;.:: ::.::::0:;::-:;;':: ::.::::.:::;.:::x: ::-:;:.,,:;.:::x: ;:.~>::;x:::o:: i·::>::X:X: 
;:<>::::.::::< ;:-:;::-:;::.::::< ::<;<;:'::::':: ,:';, , ... 

" 
...... ::.::::<;:.::~ .. :: ::'::::-::;:'::>< ::<i<:X:X i<>C::~:X ... , ....... , ..... >:: >:: >:: >~ ::< >~ >:: >:: ......... ' ......... >::::.::::-::::-:: >::>::~,,::x: >~:X:i<:>C: ::<><:x::..: 

::-:;>::>::::< ;:'::::.:;::<>:: ::-:;::-:;::.::>:: ;:.:::=-:::>::;:':; >:::;.:::.,,:x ::<><><>< :~::l(:X>C: 

;:'::>::::<;:':: ::-::::<;:'::;:':: >::::-:;i-:;>:: ::-:;>::::-:::x: ;:.::~ .. :::x:>:; :"::":Xi<: :": >c:x X 

..........•......... ::.::::-::::-:;;< .:-: .. :':,.:-:,.:': . >::::.::::-:;::.:: >::::-::::-::::.:: ::.:::x:::':::X: ;:'~:x:X:X: ~<,,::x:x 
;:<>:;;:'::;:< ;:.::::-:::;.::::< ::-:;::-:;>::;:.:; ::-::::-::::<>:: ::.;:::-:;;:..;>:: ::<i<::,,:>:: ;.:::x::~:x ::<::x:xx 

;:'::::-::::-:;;:':: ;:<>::;:.:;>:: ;:'::::-::;:'::;:':; >:;;:':::X:>:: ::<:~:><:-:: ::<:>~>::x )~:~:xx 
....... , ...•.... ' ;:<>::;:'::::< :;.::;:.::::.:;>.:; ::<;:'::::-::::.:: ::.~::<:::<;:.:; ;:.:::-:::x::x: ::<x>:::)(: ::.::::<::<:x: 
::.::::.::::<>:: • :·:./.':-:.l·. .:.: .. :-: .. : .......... ><>::::.::;:':: >::::.::>:::x: ::<:x:,,:x >::;-:::;"::::0:: ::.::;-:::)(:>~ 

:.: .. :.: .. :': .. :". ::-:;::-:;::-::::.:; ;:'::;:'::;:'::::< :;.::::-::;:.::::< .:':,1':.;-:,.:-:, ::<>::>::i< ;:'~i~:x:::<: ~:>::>-~x 
;: .. :;:.::::-:;>:; ;:-:;::'::;:'::::< ::-:;>::::-:;:;.:: ,:':,,":.,>:.,':. ::< ::< >< :x; ;:.::::<>::X ;:':::x::x::X: :x:>c:xx 
>::>:;::<::< ;:-:;::-:;::<:::< .:':.,:-:,.>:.,:':. ;:.::;:.::::.::;:.:: >::::-:::>:::x: >:::;.::>::~\(: ::<><:x::X: ~~:?'~>~x 

::<>::;:'::::-:: ;:.::;:.::;:.:::,:: ::<>:;;:.::::.0:; ;:':;;:'::i<i-:; ;:-:;::';;><i-:; ::-:::X:>::i<: ::<~':X:X: :,::~x:-: 
.......... , ......... " :: .. ::-.:; ::<;:-::::<::<: ::·~:>::;:.~x ;:'::>::><:~: >:::x::x:x :~:xx>:: :x:x:x:x .. 
;:<>::::-::>:: ::<::<>~>:: ::<::-::;:'::::-:: >::::.::::<>:: >:::x:~-::;.:: ::<i<:X:X: i<:X?~X ::.<:><:xx 
;'::::-::::<i< ::-::>::::<::.0:: ::<;<><>:: :;.::::-::::.o:::x: :':>:::x::..: ::<:::.c;xx :x:xxx :~xx:x: 
;:.::::<:;.::>~ ;:<;::-:::;.::::< ;:-::;"::::<;>< >:::x::X::X: ::<x:x::x: :': x i<:X ~~:xxx :x:xxx 
::-:;>:::.,,:;:-:; : .. ::::<::<::< ::-:;:x::,,::x: ::<x:x::>:: :X:>::><X ::<::x:x:x: :x::x:xx :x::x:x:x: 
,:': .. :':.,'/..,;". .:': •• :-:,,>:.,:/., :..::::.::x >c: ::.o:::~:X:;:": :,,::x:x~: :x::x:x:x: :x:xxx i<:><:X:X: 
::<;..~::-::;< ::<;:.c::~::x: :x: x x:.:: ::-::::..:;x:x: :x:;~x:x: :x:>::x:x: xx:x:x x>c:xx 
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a-BIT I/O PRIORITY INTERRUPT 
ENCODER WITH REGISTERS 

PAL16fN 
PAT0005 

Design Specification PAL 16R4 

PAL DESIGN ?PECIFICATION 

8 BIT I/O PRIORITY INTERRUPT ENCODER WITH REGISTERS 

CK 11 12 13 14 15 16 17 18 GND /E NC NC 04 03 02 01 NC NC VCC 

"'01 .- /11.12 + /11./12./13.14 + /11./12./13 .... 14./15.16 + 
/11./12./13·/14./15./16./17.18 

"'02 .- ... 11./12.13 + /11+/12./13+14 + /11./12./13./14 .... 15./16.17 + 
/11+/12·/13·/14./15./16+/17.18 

/03 .- /11./12./13./14.15 + /11./12./13./14./15.16 + 
"'11./12./13./14./15./16.17 + /11./12+ ... 13./14./15./16./17.18 

/04 .- 11+12+13+14+15+16+17+18 

DE~:Cr;:: 1 PT ION: 
THE 1.···0 F-'r;:' I Dr;:' ITY ItHEr;::r;:'UPT EtKODEr;:' PP I O~' IT I ZES :::: 1.··(] i.. HiE': 

(11 THPU 18) OUTPUTING III (Q3~Q2~&01 RESPECTIVELY) FOP THE H1GHE:r 
F-'PIORIT\' 1 ... ··0 DE'·lICE nu At·m 1)1)0 FOR Ati rrnEr;::RI..IPT Fr;:'ml THE LOI,.lt:ST 
P~IOPITY I/O DEVICE (18). OUTPUT 04 SERVES AS THE INTERRUPT FLAG 
Arm 130ES LOl,i lo.IHEti An .... · OF THE ::: 1 ... ·0 INPUT: 1:;[1 HII:;H. THE pr;:'IOPIT\ 
ItHEPr;:'UPT ENCODER r;::EG E:TEJ;':: Ar;:'E UPDATED Dri THE P IS rrjl~ HI!:'E (W T~E 
CLOCK ItlPIJT O:CY:). THE:::-:'TATE 01.1 rpl..ITS APE H 1(3H-2" 1.,IH;:)·1 THE. Eti~HLE 
LHiE C"E) I:~,: I4I(3H Arm Et'iA~;LEV 1,IHEt'i THE Etl~F'LEfI LItlE I ··E:' 1: ~OI'I. 

TPUTH TAPLE 

..-IIIIIIIIOOOI) 
E 8 7 6 5 4 321 432 1 

H ;::; ,:", x Y X A X Z ~ _ ~ 

L >:: :.-:; ..... i'. 
L ."'. >': ',.,: :,.:: 
L ,\: ':." ;:.:: 
L ..... : .. ,: ;:.,: .... 
L ., ::-:: ': . .' H 
L ::< ,:". H L 
L ,':. H L L 
L H L L L 
L L L L L 

::.:: H 
..... ' H L 
.:'. Ii l. L 
H L L L 
L L L L 
L L L. L 
L L L L 
L L L L 
L L L L 

L H H H 
l. H H L 
L H L H 
L H L L 
L L H H 
L L H L 
L L l. H 
L L L L 
H H H H 

Eight·Bit Priority Interrupt Encoder with Registers, Designs Specification. 
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Design Specification PAL 16R4 
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PAL 16R4 Eight·Bit Priority Interrupt Encoder with Registers, Coded Logic Diagram. 
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QUADRUPLE 3-LlNE/1-LlNE 
DATA SELECTOR MULTIPLEXER 

~'AU4H4 

F'AT 001 E. 

Design Specification PAL 14H4 

PAL DESIGN SPECIFICATION 

QUADPUPLE 3-LINE-TO-l-LINE DATA SELECTOR MULTIPLEXER 

lA 2A 3A 4A 18 2B 38 48 lC GND 2C 3C 4C 4Y 3Y 2Y lY SI SO VCC 

2Y 2A+/SO+/Sl + 28+S0+/S1 + 2C+/SO+Sl 
-,I,.' 
':-1 3A+/SO+/Sl + 3B+SO+/Sl + 3C+/SO+Sl 

4 .... ' 

. DESCF.'IPTImi: 

A 4-E:IT WORD IS SELECTED FROM ONE OF THREE SOURCES AND IS ROUTED 
TO THE FOUR OUTPUTS. TRUE DATA IS PRESENTED AT THE OUTPUTS. IF 
INVERTED DATA IS DESIRED, USE THE SAME EQUATIONS WITH THE PALI4L4. 

-------------------
! SO ! :3: 1 ! OUTPUT:S: ! lA 1 + + 20 ","CC 
-------------------

L L A DATA 2A 2 + + 1'31 SO 
! H ! L ! E: DATA 
! L ! H ! C DATA 3A .-, + + 1::: SI .;-

! H ! H ! LOI.oI ! ! 
------------------- 4A 4 + + 17 1 ' .... 

IE: 5 + + lEo 2' .... 

2E: E· + + 15 3\' 

38 7 + + 14 4· .... 

4E: ::! + + 13 4C 

lC '31 + + 12 ::::C 
! ! 

Gr·m 10 + + 1 1 2C 

PIr·mUT 

Quad 3·to·1 Data Selector·Multiplexer, Design Specification. 
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PAL 14H4 Quad 3·to·1 Data Selector Multiplexer, Coded Logic Diagram 
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4-BIT COUNTER WITH 2 
INPUTMUX 

F'AL 16P4 
F'AT0034 
4- E: I T CoUtHEP 1 .• 1 I TH 2 I tWUT t"U::< 

Design Specification PAL 16R4 

PAL DESIGN SPECIFICATION 

CLOCK AO Al A2 A3 BO Bl B2 B3 GND /E CoUT 11 03 02 01 00 10 CIN VCC 

/00 .- /11./10./00 + /ll.IO./AO + 11./10./BO + 11.10./CIN./00 + 
11.10.CH1.00 

/01 .- /11./10./01 + /ll.IO./AI + 11./10./Bl + Il.IO./CIN./OI + 
11.10.CIN.Ol.00 + 11.10./01./00 

/02 .- /11./10./02 + /ll.10./A2 + 11./IO./B2 + 11.10./CIN./02 + 
11.10.CIN.02.01.00 + 11.10./02./01 +11.10./02./00 

1 

/03 .- /11./10./03 + /ll.10./A3 + 11./10./B3 + 11.10./CIN./03 + 
11+10.CIN+03.02.01+00 + 11.10./03./02 + 11.10./03+/01 + 11.10./03+/00 

IF(VC:C) /CoUT 

DE::;:CR I PT I ml: 

THE 4-BIT COUNTER LOADS A OR B FROM THE MUX~ OR COUNTS UP. 
THE THPEE STATE OUTPUTS ARE ACTIVE WHEN /E IS LOW. 

! /E ! 11 10 ! CIN ! CLOCK! OUTPUT 0 ! OPERATION! 

L L I,- ::< L-H I) tmp 
L L H ;:.:: L-H A LOAD A 
L ! H L ! ::< L-H B ! LOAD B 
L ! H H ! L L-H I) ! NoP 
L ! H H ! H L-H I) PLU:S: ! I NCPEt"EtH 

CARRYIN_ r---CARRY OUT 

4-BITCOUNTER 
WITH 

2-1NPUTMUX 

. ~ AND i-CLOCK 
OP SELECT --v 3-STATE OUTPUTS I-ENABLE OUTPUT 

~----~~----~ 
~. 
OUTPUTS 

Four·Bit Counter with Two·lnput Multiplex, Design Specification. 
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4-Bit Counter with 2 Input Mux Logic Diagram PAL 16R4 
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4-BIT UP/DOWN COUNTER WITH 
SHIFT AND THREE-STATE 
OUTPUTS 

Design Specification PAL 16X4 

PAL DESIGN SPECIFICATION 
PAT0026 
4 BIT UP.··,· DOI . .!rl courHER 1.011 TH :SH 1 FT ArID THREE-STATE OUTPUTS 

CLOCK 10 11 BO B1 B2 B3 12 CLEAR GND /E /LIo NC A3 A2 A1 AO NC /RIo VCC . 

····AO .- (, .... 110:;. •. ·· .. 12.·····11.··'10 + (···--:E:0:;. •. · .. 12.· .... ll.10 + ( ... ··Al:;. •. ····12.ll •. ·· .. 10 + 0::'····AO:;..12.ll 
:+: /RIo.12./11./10 + 

RIO. I 2. I 1 •. ···· I 0 + 
RIo.I2.I1. 10 + CLEAR 

."'-A1 .- ( ..... A1> ... ··12 •. ·'·I1 •. ····IO + ·:,..B1> •. ····12 •. ,··11.10 + (.··A2:;. •. ···12.ll •. ·· .. 10 + (,,·A1>.I2.11 
:+: (/AO).I2./11./IO + 

( AO:;'.RIo.I2.11./IO + 
(/AO:;'.RIo.I2.11. 10 + CLEAP 

/A2 .- (/A2)./I2./11./10 + (/B2) ..... 12./11.IO + (/A3)./I2.11./IO + (/A2).12.ll 
:+: (/A1)·12·/ll./IO + 

( A1).( AO).Rlo.I2.I1 ..... IO + 
(/A1).(/AO).RIO.12.11. 10 + CLEAR 

/A3 .- (/A3)./12./11./IO + (/B3)./I2./11.IO + /LIO./12.11 ..... IO + (/A3).12.ll 
:+: (/A2)·I2./I1./10 + 

A2).( Al).( AO).PIO.I2.ll./10 + 
(/A2).(/A1).(/AO).PIO.12.Il. 10 + CLEAP 

IF ( 12 LID = (A3).I2./11./12 + ( A3).( A2).( Al).( AO).PIO.I2.11./IO + 
(/A3).(/A2).(/A1).(/AO).PIO.I2.I1. 10 

DE:S:CPIPTIml: 
THE UP/DOWN COUNTER WITH SHIFT WILL LOAD~ SHIFT~ COUNT UP~ COUNT DOWN~ 
CLEAR OR NOP ON THE RISING EDGE OF THE CLOCK AS SPECIFIED BY THE 
INSTRUCTION~ I. SHIFT I/O~ CARRY AND BORROW SHARE THE SAME I/O LINES 
(LID AND RID). ACTIVE HIGH OUTPUTS~ A~ ARE ENABLED WHEN /E IS 
LOW. NOTE: THE IMPLIED EXCLUSIVE OR~ :+: , MUST BE PLACED BETWEEN 
THE FOURTH AND FIFTH PRODUCT TERMS. 

INPUTS OUTPUTS 

CLEAR! 12 11 10 ! LID RID! CLOCK! LID! A3 A2 A1 AO ! RID! OPERATION! 
------- ---------- ----------------- ------------------- ------------

L L L L X >~ L-H Z A:;: A2 A1 AO Z l'IOP 
L L L H X >:: L-H Z B3 BO:· .... Bt BO Z LOAD B 
L L H L RI Z L-H Z RI A:::: A2 Al Al SHIFT RT 
L L H H X ~'< L-H Z ALL HIGH 2 S:ET 
L H L L Z LI L-H A2 A2 At AO LI Z SHIFT LT 
L H L H Z X L-H L ALL HIGH Z SET 
L H H L Z CIN L-H COUT! A PLU~; ONE Z INC IF CIN! 
L H H H Z BIN L-H BOUT! A MINUS miE z DEC IF BIN! 
H X X X X X L-H Z ALL LOt..I Z CLEAR 

----------------------------------------------------------------------------

Four·Bit Up/Down Counter with Shift and TRI·STATE (R) Outputs, Design Specification. 
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ALU ACCUMULATOR Design Specification PAL 16A4 

F'AL I':. 4 
PATOO t. 

PAL DE: IGti:PEC IFICATIOti 

ALUA CUt'\ULAToP 

(LoO 10 I I 1:1) 1:1 I:':' I::: 12 I:: Gti[l E LID .p A:: Ac' AI AO /G CHi ·· ... CC 

Afl:= I::.· c·. 11.·10.' II.EC'.I:I)' + 1::.·12.···Il.IO.· .. ·AO.· + ··I:::.···I2.II.···IO.(./E:0)+ 
I ::. I • I I •. 1 (I •. I: • : + : I::. 1 2./ I I • I O. ' ... ' A 0.· I: O· + 
I::.I.II.IO.·CI + 1::.12.11.10.' AD + I:::.'.··AO' + CA!"P\'O 

AI: = I:::. .:. .• I I. J 0.· AI. EC'. 1:1' + 1::.·12 •. ···11.10. './AI:o + .. ' I:::.··· 12.1 I.···· I 0.0;,·· E:I) + 
1:::.1 • II.· IO.'!:I' :+: 1:::.12. II.IO.o:·AI.··BI) + 
1::.1 .II.·IO.'AO' + I:::.I2.II.IO.·A2' + I,::.'/AD + CAPVl1 

A2:= 1:::. 2. II. li:1.' A.::. EO. I:':".' + I::.· 12.·II.IO.'./A2) + ··I:: •. ···12.11 •. -··10.(./E:2)+ 
1::.1.11.·1(1.'1:2' :+: 1:::.I2.·II.IO.'···A2 •. -1:2:' + 

'1::.1 .11.·10.0: AI· + 1::.lc·.II.IO.'./A:::' + 13. (.···A2·:o + CAP!':'r'2 

H:::= I::. 2.11. 1(1.'':1,:. EC'. 1::::' + 1::.·12.·II.10.c·A3·:o + ··I:::: •. ··12.11.···10.0;'····E:::::)+ 
I ::. I •. ' I I. I I) •• f: ::. : +: I ::. I 2.·/ I I. 10 ••. A::: •. ·· E:::) + 
1·::.1 .11.,·IO.'·Ac·, + 1::.I2.11.10.·LIo to 1:::.,··A:::::o + CAP!':'{::: 

IF •·•· ... CC· G = I:::· . Ic·. I I • 10 • ·.A'::·1:::' + 

IF • ..... CC· P 

IF· 

IF· 

tiDTE: 

I::· 12·· I I. 
I::· . 12. I I. 
I::· 12.· I I.· 

10 
"10 
10 

• 
• 
• 

'A:::+1:::'. o:A2.1:2·' + 
'A3+B3'.o:A2+B2'·(AI.BI)+ 
'A3+B':::o.'H2+B2' •• AI+BI).o:AO.BO) 

I::.· 12. ~I.· 10 • 'A·::+1:::'.o:A2+1:2:o.'AI+E:I:·.oAI)+1:0,:o + 
1:::.12.11.10 • '··A::'.',,·A2··.0 .. ·AD.O:···AO) + 
1'::.lc·.II./IO • '.·B:::'. /1:2,:o.0/1:I·.0/BO:' + 
I'::.· Ic·.II.IO • '·A::+·· :::).O: .. ·A2+ .. ··1:2·:o.0:.···AI+.··BD.C··AO+··BO) + 
1::.12.·'11.10 •• ·A::: ... ::;-..c·A2.···1:2).(/HI •. ·· 1:1,:0. 0.·' A 0 •. ·· 1:(1,:0 + 
13.12.11./10 • 'A2:o. cAl'.O/AO'.cCIN + 
13.12.11.10 .LIo.( A3,.'/A2).0/AI) 

CAPP·,.I 

CAPPY::: 

LID • ··A::::o 

/C Hi 

I ::: •. ' 12.·' I I. I 0 • 'AO.1:O:o + 
I:::. 12·· I I •. ··· 10 • 0: A 0+ I: 0:0 .C Hi 

I:::.·· 12· I I •. ··· I (I • ' .. AI.Bl '. + 
I:::. 12· I I •. · 10 • 'AI+1:I' .'AO.BO)+ 
I'::·· Ic·· . I I.· I 0 • oAI+E:I .0AO+1:0) .CHi 

I:: ... 12.·/11.···10 • ·A2.I:2)+ 
'1::.··12.·· 11 •. ·· 10 • (A2+1:c·:'.o:AI.1:1)+ 
1::.··12.····11 •. ··10 • OA2+I:2).OAI+BD.(AO.1:0)+ 
I:: •. · 12 ... II ... · 10 • 'Ac·+1:2::O.':Al+1:D.(AO+E:O::O.CIti 

DE:CPI TIOtn 
THE AL ACCUt'lULAToP LOAD: THE A-PEGETER I.lITH ONE OF EIGHT OPERANDS Oti 
THE P I I til:;; EDGE OF THE C LoC ~. G Atm F' OUTPUT GEtiEPATE AtW F'PoF'AGATE 
oti THE ADD ItETPUCTIOti. F' OUTPUT:: OF' = :EPo ON ItETPUCTlmc 1.2.::::.5.6.7. 

ItWUT: oUTF'UT: 
OPE RAT lOti 

! I::: 12 I I I 0 ! LI 0 C Iti ! LI 0 ! A::: A2 A I A 0 ! C Iti ! 
-------------

L L L L 
L L L L 
L L L H 
L L H L 
L L H H 
L H L L 
L H L H 
L H H L 
L H H H 
H 

--._------------ -------------------
:.< L A PLU:: I: 

H A F'L 1: PL 1 
H::: A2 Al AO 

,:':, 1:::: 1:2 E:I 1:0 
A Arm I: 

/1:3/B2 .. ··E:l.·· I: (I 
A OP 1: 

LI A2 He: Al HIJ LI 
PI PI A::: A2 Al Al 
.:':, A::: A,,: Al AO 

ADD 
ADD 
rmp 
LOAD 
AtW 
LOADCoMP 
OP 

A: =A PLU::: E: 
A: =APLU:S:E:PLUS 1 
A:=A 
t='1: =1: 
A: =A.1: 
A:=.····l! 
A:=A+1: 

:::H I FT 
SHIFT 
rmp 

LEFT 
RIGHT 

ALU Accumulator, Design Specification. 
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Fuse Pattern PAL 16A4 

. I.:::. 12. I 1. I (I 
·AO 

I:::.· 12 •. II •. ·· 10.A:::.!:::: 
·'1:::.· 12 •. ·· II.·' 10.A3+E::::.A2.!:2 
"'1:::: •. · 12 •. ··· II.· 10.A3+!::::.A2+!:2.t=n • 
... I .::: •. , 12.·· I 1 •.. ' I O.A':::.· !::::.A2+ !:2.A 1 + 
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., .............. :.:. 
, ...••...••... , •... , •... , ....• , .. :., .. :. 

-::.:;-- -;:'::-- " 
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->.:--
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;:.::- - - - >:: - - t':,,:-:, -,:':, 

::::---

-;:'::-- -::.';--
-;:<--

->.::-- _.;..'_ •... ' 

->::-- ->::--
::.::--- ->::-- •...• ' .... _ ... ' 
->::--

->:;--
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-,;':,-- -::<--

-::-::--
.... _--

-;:<-- -::.::--
::<--- -;:<--
-;:.::-- II 

-;:<-- -;:.::--
::.:;--- -::<--
-;:<--
::.::--- II 

. ... , ...... : .. ,.:.: .. :':,.:.;,.:.,.:';, .: .... ;.:.,: .. ,';.:. ,:.: .. :-:..: ... , ...• 

-~-- -~-- '13 .... 12 .... 1l./10.AO.EO.E:O 
->.:-- ->:-- ... I 3 •. ·· 12 •. · I 1. I O.,·A 0 
-~-- -x-- "'13.,12.1l./!O./E:O 

-x-- "'1':::.12./1l./10.E:O 
-x-- "'1':::.12./1l.10./AO.,E:O 
-x-- "'13.I2.1l./10./C1N 
-x-- "'13.12.1l.10./AI 

-::<-- -::<--
->.:-- -;:'::--
-::.::-- -';-.,--

-;:<--
->:;--
->.:--
-::<:--

-::-::-- -;:<--
-::.::-- ->::--
-.:.:,-- ->::--

->::--
->::--

.... --- -::-::--
-;:<--

" -::<-- ->:;--
-;:':;-- -;:<--
->:;-- -::<--
::.:;--- -::<--

::-::::<-::< .. -::0::--
>:;--- -;:'::--

>:;---

1::::.···AO 

... 13.··12 .... 1l./10.Al.EO.Bl 
'13 .... 12.'1l·10./AI 
"'13./12.1l./10./E:l 
"'13.12./1l./10.E:l 
... 13.12./1l.10 .... Al.-E:l 
"'13.12.1l./10./AO 
/1:::.12.1l.10.··A2 
13.··Al 

... 13 .... 12 .... 1l./10.A2.EO.E:2 
/1::::.··· 12.· ... 1 1.1 O •. ···A2 
"'13./12·1l./10./E:2 
"'1.:::.12./11./10.E:2 
... 1.:::.12./1l.10 .... A2.,E:2 
"'13.12.1l./10./Al 
... 1::::.12.1l.10 •. ····A3 
1::: •. ···A2 

"'13./12./Il./10.A3.EO.B3 
"'13./12.,1l.10./A3 
"'13./12.11./10./E:3 
"'13.12./1l./10.E:3 
"'13.12./11.10./A3.,E:3 
/13.12.Il./IO./A2 
/13.12.11.10./LI0 
1::;: •. ···A:::: 

-x-- -x-- --x- --x- --x- --x- -x-- -x-- "'13./12./11./10.A3+E:3.A2+E:2+Al+ 
, x--- -x-- xx-- ~~-- -x-- -x-- "'13./12+/Il.10./A3./A2./Al./AO 

-x-- x--- -x-x -~-~ -x-- -x-- /13./12.11+/10./E:3./B2./E:l./E:O 
x--- -x-- -x-- -x-- -x-- -x-- -x-- "'13./12+1l.10./A3+/E:3./A2+/E:2./ 
x--- -x-- xx-x xx-x xx-x ~~-~" -x-- /13.12+/11+10./A3./B3./A2+/E:2., 
-~-~.. xx-- xx-- ~~-- x--- -x-- /13+12.1l./10./A2./Al./AO+/C1N 

xx-- -x-x /13.12.1l.10./LI0+/A3./A2+/Al 

->::-- ::.::---

•.. " .. , ....... . •... , ......... ", .. ,:': .. :':.,:': .. :': . 

ALU Accumulator, PAL 16A4 Fuse Pattern. 
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ALU Accumulator Logic Diagram PAL 16A4 
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PAL 16A4 ALU Accumulator, Coded Logic Diagram. 
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Physical Dimensions 

PACKAGES 

Dual·ln·Llne Packages 

(N) Devices ordered with "N" suffix are supplied in plastic molded dual·in-line packages. Molding material is a highly 
reliable compound suitable for military as well as commercial temperature range applications. Lead material is copper or 
alloy 42 with a hot solder dipped surface to allow ease of solderability. 

(J) Devices ordered with the "J" suffix are supplied in a CERDIP package (ceramic lid and base sealed with high 
temperature vitreous glass). Lead material is solder dipped alloy 42. 

(D) Devices ordered with the "0" suffix are supplied in side brazed, multi-layer, ceramic dual-in-line packages. The leads are 
Kovar or alloy 42 and either tin-plated, gold-plated, or solder-plated. 

(Q) Devices ordered with the "Q" suffix are supplied in either a "0" or "J" package, but with a UV window. 

Metal Can Packages 

(H) Devices ordered with the "H" suffix are supplied in a metal can package. The cap is nickel finish and the leads are gold
plated Kovar. Gold free construction using epoxy D/A is also available, with a tin-plated finish. 

Flat Packages 

(F) Devices ordered with the "F" suffix are supplied in a multi-layer, ceramic bottom brazed flat package. The lid is plated 
alloy 42, and leads are gold-plated, tin-plated, or solder-plated alloy 42 or Kovar. 

(W) Devices ordered with the "W" suffix are supplied in a low-temperature ceramic flat package. 





~National All dimensions are In Inches (millimeters) 

~ Semiconductor 

D16A package Is replaced by D16C package. 

PIN NO.1 
10ENT 

16.858-7.747) 

~r.h~~~~~~ 

I::~~~)~~ 
MIN~II 

R
'T~~ 

10.2ol-o.l81) 10.127) 
MIN 

0.165 
14.191) MAX 

0.008-0.015 o.o~o 

I------l 0.080 J L 0.015-o.o2l .JL 0.125-0.200 
0.290-0.l20 12.0l2) 10.l81-0.584) Il.175-5.08o) 

17.l66-8.128) MAX TVP 0.100,0.010 

12.540,0.254) 
10.100/12.540) Bse 
TVP REL TO LEADS 
1 AND 16) 

NS Package D16C 
16·Lead Cavity DIP (D) 

..I 
~ 

0.610 

115.49) 

~~~~~J 
0.050 0.150-0.200 

11.270) Il.810-5.08o) 

0.008-0.015 ~=--=~~t~'--==-==!=-==' =====:=:===~======~~==~TV~P:::;;~;;;;::::;;:--jll::~~~=~:~~~) 
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I-~ _I ~LEADSVERTIeAL SEATING ~ _I 1_. 0.015-0.o2l .11_ 

114.99-15.75)~ lOI5.MAX PLANE 12.540±0.254)1 I 10.l81-0.584) 1 I 
REF OUTWARD TVP TVP TVP 

NS Package D40C 
4O-Lead Cavity DIP (D) 

A-3 

0.125 

13.175) 
MIN 

04OC(REVG) 

""C :::r 
~ 
C;
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o c o 
-C;; 
c 
CD 
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i5 
ca u 
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I .. 
2.434 

(61.82)MAX 

41 .. 45 44 4J 42 41 40 JI JI 31 36 35 34 J3 J2 31 30 21 21 21 

Tl 
0.580 0.610 

(14.73) (15.49) D 
jPIN NO. 110ENT 

I' 10 13 14 15 11 II 20 21 22 
~~~~~~~~JLJ 

23 24 11 12 16 11 

0.110-0200 
(1.143) r----..!!!!.. MAX---j (2.794-5.080) 

(17.018) ~ 

~MAXTYP1 
0.030-0.060 

(0.762-1.524) rI=;;:====::;;;:::iJ 
~ 0 0 

NS Package D48A 
48·Lead Cavity DIP (0) 

=fT 
~MIN 
(3.175) 

I
I::::;~:~ f~;-=-f-~ :cu.::: 

0,25Lo.330 
(6.350 - 8.382) 

__ ~~ i 
0.130 ~ 
(3.302)MIN~ 

t 
0.030 

(0.762) 
MIN 

0.004 - 0,006 II 
TYP (0.102-0.152)-11-

61514131211109 -r-
0.245-0.Z85 

PIN NO 1 /' ~ 2 3 4 S 8 7 8 (&'Z23,r

ml 

10ENT ....... 

TVP 0,015-0,019 ~l-
(D.381-0.483) 

NS Package F16B 

0.250-0.330 ,) 
II- 0.005 

-1 (0,127) 
MIN ALL ENDS 

. 16-Lead Flat Package (F) 

A·4 

F1&8 (REV G) 

0.008-0.015 
(0203-0.381) TYP 

0.590-0.620 --J 
(14.99-15.75) 

REF 

LEADS 
VERTICAL 
TO 15° MAX 
OUTWARD 
TYP 

D48A(REVO) 



REFERENCE PLANE 

G12C package Is replaced by H12C package. 

(~:~:) TYP 

0.315-0.335 
f-------"f-t (8.001-8.509) DIA 

NS Package HOSC 

(::::~..j~_0:!_:_)_-I r!t;- ~ 
L II G""1:"':~::"'" 

REFERENCE PLANE 
~ 0.035 - - - SEATING PLANE 
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(0.406-0.413) 

NS Package H10C 

0.02'-0.045 
10.737-1.143) 

H1OC(REVC) 

S·Lead TO·S Metal Can Package (H) 1Q.Lead TO·S Metal Can Pickage (H) 
(Low Profile) 

I 0.440-0.460 1 

OI"~'" I O';"U";U I'~I (3.159-4.512) -.l 0.020 ~:~ONTRDLLED t- ::::;:.JIO.SOI) LEAD DIA 

0.500 -+--r 
(L~~ ~ ~~ 
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<
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+--~----::oo~ $' 0.026-0.031 
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HI2C(REVB) 

NS Package H12C 
12·Lead TO·S Metal Can Package (H) 

A·5 
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(4.&7Z) 

1i.001-0.01Zh . 85° ±S' 

(0.203-0.305) -- <0025 -l . 0.385 -0:060 I--
. : . (9.771 ~~::m . 
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(0.254) 

RAD TVP 

MAX GLASS 

0.200 
(5.080) 
MAX 

j 't 0.018 '0.003 0.125-0.200 
-J (0.457 '0.076) (3.175-5.080) 

0.100 '0.010 
(2.540 '0.254) 

NS Package J08A 
8-Lead Cavity DIP (J) 

, 0.290-0.320 

, ,~ 

--LI" "I 
!:!!!.MAX 
(4.&72) 

0.025 
(0.635) 

RAD 

0.098 
(Z.419) 

MAX BOTH ENDS 

"I 
t 
0.220-0.310 
(5.588-7.874) 

a.....-.....,.,...,~~~~~ 

L~-l~ ~ (0.457 10.076) (3.175-5.080) 

0.100 to.Ol0 0.150 

(2.540 '0.254) (3.811 

J08A(REvG) 

MIN J1U (REV F) 

0.400 ~::: I--
(10 11 + 0.635) 

. -1.524 

NS Package J14A 
14-Lead Cavity DIP (J) 

0.025 
(0.635) 

RAO 

NS Packag. J18A 
18-L.ad Cavity DIP (J) 

A-6 

0.005-0.020 
~ 
RAD TYP 

J1SA {REV H) 



.!!!!. 
14.5121 
MAX 

0.290-0.320 
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I~:~~) RAO MAX TYP (~3~~:) MAX I 
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18·Lead Cavity DIP (J) 
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0.008-0.012 

~ 

NS Package J20A 
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J20B package Is replaced by J20A package. 
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RADTYP 
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0.008-0.012 J 
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f-~~ 

(2.540 ±0.254) 

I _11- _ 0.018 to.OOl 86' 0.125-0.200 
f-- II (0.457 to.076) 94' (l.175-5.080) 

TVP MIN 

0.150 
(l.810) 

MIN 

NS Package J24A 
24-Lead Cavity DIP (J) 

J24C package Is replaced by J24A package. 

~-----------(~~)------------~ 
MAX - O.OlD -0.055 

~) 
RAD TVP 

NS Package J24E 
24-Lead Cavity DIP (J) 

A·8 

0.008-0.012 
~ 

TVP 

J24E(REYF) 
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NS Package J24F 
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0.514-0.526 
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NS Package J28A 
28·Lead Cavity DIP (J) 
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J28A(REVEJ 
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kage Is replaced by N08Apac N08E package. 

NS Package N08E 
d Molded DIP (N) 8·Lea 

0.092 

(2.337) 
DIA NOM 

PIN NO.1 IOENT 

~(~'!::)j 2 3 4 ~ 6 1 MIN 

0.300-0.320 0030 

I ".~:n'~ '"I'" "" I MAX iT.65i'i 

R fJ -~;Ott (::b 0.009-0.015 ~I 0003 ~ MIN 
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0

,5° - --(0229-0.381) ~ L 1-~(3.175) 
I . 0.07510.015 (0.457 '0.07 MIN I (1905,0.381) 0.100 '0 010 

+0025 (2.540 ,0254) ""AlREVB, 

0.325 -0.015 

(8.255~:;m 

NS Package N14A 
d Molded DIP (N) 14·Lea . 



~(~~~t~)~ ~ 
0300-0.320 (~~6i)· ~ 

gr:~'~:'11 I "L 
95·±5· ~fJ 
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I 0030±O.015 I 
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~) 
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2221201911111615141312
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NS Package N22A 
22·Lead Molded DIP (N) 

0.018 ±0.003 

(0.457 ±0.076) 

1270 
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MAX 

13 
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I 0.540 to.005 iW5i 

RAO 

PIN NO.1 !DENT ~~~~~~~~~~~~~~~~~!~ .. u" 
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r:
~:l MOLDED BODY CONFIGURATION 
(14.73) 0.030 

MIN (-0.-76-2)' 0.075 

0.600-0.620 MAX (1.905) 

r,US24-15.748) LI"Y"'I'-----------:..;.;.......,r-t----r:,--t-
0.160 to.005 

NS Package N24A 
24·Lead Molded DIP (N) 

A·12 



0.009-0.015 
(0.229-0.381) 

0.300-0320 

!~"::-',"" I 

J 
0.280 

0.325 +0.025 -" 11',112) 
-0.015 MIN 

/8 255 + 0.635) - ---

" -0.381 

1.270 
~------------(32.2~)------------~ 

MAX 

NS Package N24C 
24-Lead Molded DIP (N) 

N28A package Is replaced by N28B package. 

r 
~ 

'''''I 
PIN NO. 110ENT7ttITl .... 1 __ 2 ___________ 1.420 

136.07) MAX 

0.03i~MAX I~-j ~ 
'''''f=R='''.'H'''''-.~' 

95°±5° 0.009-0.015 J 
0.580 1~·229-0.~'1) 

(14.73)1I1IN 0.050±0.015 

0625+ 0.025 . (U70±0.381) 
. -0.015 

15.B8~~:~~ 

NS Package N28B 
28·Lead Molded DIP (N) 

A·13 

(::~~:) MIN 

N26BtREVC) 
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(1.575) 

RAD 

PIN NO.1 IDENT 

0.075 ±0.015 
(1.905 ±0.381) 
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1------------(52.57·)--------------<·~1 

MAX %1 

1 
0.550 ±0.005 
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NS Package N40A 
4O-Lead Molded DIP (N) 

NS Package N48A 
48·Lead Molded DIP (N) 
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0.050 
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-y 
86'94' 

TYP 

N48A(AEYB) 



W14A package Is replaced by W14B package. 

0.050_0.08°

1f 
(~ 

0.004-0.006 
(0.10Z-0.15Z) 

~~ 

0.372-0.315 

.. ,,-, . .JL 
(0.508-0.889) 

~~~ 
(0.311-0.413) 

TYP 

NS Package W14B 
14-Lead Flat Package (W) 

A·15 

0.050±0.OO5 
(I.Z7D±0.1Z7) 

W1"B(REYO) 




