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INTRODUCTION

Silicon General is committed to innovative
excellence in the manufacture of integrated
circuits. A unique combination of design and
processing skills developed over the past ten
years results in the continual generation of
leadership solid state products.

All Silicon General devices are processed in the
finest facilities available in strict accordance
with the requirements of MIL-STD-883 level B
and a complete range of screening and testing
capabilities to higher levels is available.

This book describes Silicon General's
complete line of products and includes
information which will allow you to both specify
and apply these products. Also included is a
section describing our quality and reliability
program.

If you need more information on these
products or on other applications, please
contact the nearest Silicon General representa-
tive listed in the back of this product catalog.







PRODUCT SELECTOR GUIDE

REGULATORS

Positive Adjustable
100/200/300
105/205/305/305A
117/217/317
723/723C
1532/2532/3532

Negative Adjustable
104/204/304
1511/3511

Dual Tracking
1501A/2501A/3501A
1568/1468
4194/4194C

4501

Dual Tracking Adjustable
1502/2502/3502

Positive Fixed Voltage
109/209/309
123/223/323

7805/7805C (140/340-05)
7806/7806C (140/340-06)
7808/7808C (140/340-08)
7812/7812C (140/340-12)
7815/7815C (140/340-15)
7818/7818C (140/340-18)
7820/7820C

7824/7824C (140/340-24)
7805A/7805AC
7806A/7806AC
7808A/7808AC
7812A/7812AC
7815A/7815AC
7818A/7818AC
7820A/7820AC
7824A/7824AC

High Current Positive
Fixed Voltage
153/353

Negative Fixed Voltage
120/220/320-05
120/220/320-5.2
120/220/320-08
120/220/320-12
120/220/320-15
120/220/320-18
120/220/320-20
7905/7905C
7905.2/7905.2C
7908/7908C
7912/7912C
7915/7915C
7905A/7905AC
7905.2A/7905.2AC
7908A/7908AC
7912A/7912AC
7915A/7915AC
7918A/7918AC
7920A/7920AC

Regulating Pulse
Width Modulators
1524/2524/3524
1525/2525/3525
1526/2526/3526
1527/2527/3527
Power Supply Output
Supervisory Circuit
1543/2543/3543

Voltage Sensing
1542/2542/3542
3523/3523A/3423/3423A

Precision Voltage Reference
1503/2503/3503

OPERATIONAL
AMPLIFIERS

General Purpose,
Compensated
107/207/307
741/741C

1760

1217/3217

General Purpose,
Uncompensated
101/201
101A/201A/301A
748/748C
777/777C

1660

High Voltage,
Compensated
1536/1436/1436C

Dual Compensated
747/747C
1558/1458

High Performance
1556/1456/1456C
108/208/308
108A/208A/308A
1118/218/3118
1118A/2118A/3118A

Micropower/Programmable
1250/2250/3250/4250/4250C
(single)

1252/2252/3252 (dual)
1253/2253/3253 (triple)
Voltage Followers
102/202/302

110/210/310

High Slew Rate
741S/741SC

Quad

124/224/324

High Performance Quad
4136/4136C
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High Current

Output Drivers

1627/3627 87
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Timers
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556/556C 115
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6118 123
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ORDERING INFORMATION

Inquiries may be directed to the nearest distributor, representa-
tive or the factory. Headquarters’ offices are located at 11651
Monarch Street, Garden Grove, California 92641. Telephone:
(714) 892-5531, TWX: 910-596-1804. Telex. 69-2411.

MIL-STD-883 Program — Parts tested and processed to 883 Level
A, B or C are marked with the appropriate level immediately after
the part no., i.e., SG101AT/883A, SG101AT/883B, SG101AT/
883C.

Integrated Circuit Marking and Product Code Explanation —
Where Silicon General is second-sourcing an existing device, the

company will use the number assigned by the company which
introduced the circuit, adding only an SG prefix.

Part number may include suffix letter A" indicating an improved
electrical specification (SG101AT). Suffix letter ““C’" indicates
Commercial temperature range (SG741CT).

Federal Supply Code Number — Silicon General’s Federal Manu-
facturer’s Supply Code Number is 34333.

WHEN ORDERING
STANDARD PRODUCT
Specify:

® Generic part number (Includes designation for both electrical
grade and temperature range)

® Package type (see Table A, below)

Example:
SG, 1524 |J
R LrJ
{1 2 (3
(1) = Silicon General manufacture
(2) = Generic part type
(3) = Ceramic dual-in-line package

WHEN ORDERING
MIL-STD-883 SCREENED PRODUCT

Specify:

® Generic part number (prime electrical and ~-5650C to +1250C
temperature range is standard)

® Package type (see Table A below)
® Class of 883 screening

WHEN ORDERING CHIPS

Refer to appropriate technical data sheet for schematic dia-
grams, electrical characteristics and other data. Order by SG
type numbers. All chips are 100% electrically tested @25°C to
minimum specifications on all key parameters. All chip lots are
visually inspected per MiL-STD-883, Method 2010, Condition B
minimum. Unless otherwise requested, visual characteristics are
guaranteed toa 10% LTPD.

All chip lots contain units which will meet both 0°C to +70°C

‘‘‘‘‘ Chips can be
guaranteed to military temperature range (-55°C to +125°C
specifications) upon special request. Chips can also be guar-
anteed to meet special parameter limits. Consult factory for
details.

All chips are available with gold backing. Please specify at time
of order if back metalization is required. Electrically tested,
inked wafers (scribed and unscribed) are also available (20%
LTPD).

Chips are shipped in 100-unit trays. Minimum order: $250.00
for standard device. Contact factory for additional pricing and
delivery.

*See page 166 for details of package outlines.

Example: . TABLE B
‘iqj 1524 L:']'l ! IB_?EJ L?J Lead Finish Description 38510 Designator
(1) (2)  (3) (4)  (5)
~ Hot Solder Dip A
(1) = Silicon General manufacture Acid Tin Plate B
(2) = Generic part type Gold Plate c
(3) = Ceramic dual-in-line package
(4) = Full screening to MIL-STD-883A
(5) = Class B screening level
TABLE A
Silicon General | MIL-M-38510 Silicon General | MIL-M-38510
Package Description Package Package Package Description Package Package
Designation Designation Designation Designation
2 Pin Metal Can TO-3 - K Y 16 Pin 1/4’* x 7/8" Plastic Dip N -
2 Pin Metal Can TO-66 R — 8 Pin 1/4"" x 3/8" Ceramic Minidip Y P
3 Pin Metal Can TO-5 or TO-39 T X 14 Pin 1/4"" x 3/4’’ Ceramic Dip J [
3 Pin 3/8"" x 3/8" Plastic TO-220 P — 16 Pin 1/4"" x 7/8'" Ceramic Dip J E
8 Pin Metal Can TO-99 - T G 14 Pin 1/4’ x 3/4'' Metal/Glass Dip D Cc
9 Pin Metal Can TO-66 R — 16 Pin 1/4" x 3/4'" Metal/Glass Dip D E
10 Pin Metal Can TO-100 & TO-96 T | 10 Pin 1/4"" x 1/4’* Metal Flat Pack F H
12 Pin Metal Can TO-101 T M 14 Pin 1/4"" x 1/4"" Metal Flat Pack F A
8 Pin 1/4" x 3/8"* Plastic Minidip M — 16 Pin 1/4’* x 3/8’* Metal Flat Pack F F
14 Pin 1/4"' x 3/4" Plastic Dip N -




PACKAGE
SUFFIXES

CROSS REFERENCE

RAYTHEON

A
o, % SG Direct SG Direct SG Direct SG Direct
’4‘; P Raytheon | Replacement Raytheon | Repl. Raytheon | Repl ayt
3 N A 2\ ¢
O\E\S\%, A > \% RM101D SG101D RC105T SG305T RC723D SG723CD | RC1458T SG1458T
Package S \% 'é:‘%@ AN ?& RM101Q SG101F RC105AT | SG305AT | RM723T SG723T RC1488D | SG1488J
SNZA\Z\ZA\E\CN\ 2\ %, RM101T SG101T RC107D SG307D RC723T $G723CT RC1489D | SG1489J
NN\ \® \7\ 2 RM101AD | SG101AD | RC107Q SG307F RC723DP | SG723CN | RC1489AJ | SG1489AJ
RM101AQ | SG101AF RC107DN | SG307M RM733D SG733D RC1556T SG1456AT
3,8, 10 Pin Metal Can TIH|H[LIG|T|T | T RM101AT | SG101AT | RC107DP | SG307N RC733D SG733CD | RC1656T | SG1456T
RM105Q SG105F RC107T SG307T RM733T SG733T RM1556AT | SG1556AT
8 Pin Plastic DIL M{N[T(P|PIlE|N |V RM105T SG105T RC108D $G308D RC733T SG733CT | RM1566T | SG1556T
RM107D $G107D RC108Q SG308F RC733DP | SG733CN | RC1568T SG1568T
- - ] RM107Q SG107F RC108T SG308T RM741D $G741D RM4194L | SG4194J
14,16 Pin Plastic DIL N|N{P|N|P|E Sg N RM107T $G107T RC108AD | SG308AD | RC741D SG741CD | RC4194L $G4194CJ
RM108D $G108D RC108AT | SG308AT | RM741Q SG741F RM4194TK | SG4194R
14,16 Pin Ceramic DIL | J |4 [D|J|L|F bc RM108Q SG108F RC109H SG309T RC741Q SG741CF RCA4194TK | SG4194CR
i RM108T S$G108T RC109L SG309K RM741T SG741T RC7520M §G7520J
- RM108AD | SG10BAD | RMS555T SG555T RC741T SG741CT RC7520MP | SG7520N
3 Pin TO-3 Power K|K|K|—|K|—]|LK|DA RM108AQ | SG108AF | RCs58T SG555CT | RC741DN | SG741CM | RC7521M | SG75214
RM108AT | SG108AT | RC555N SG555CM | RC741DP | SG741CN | RC7521MP | SG7521N
8 Pin Ceramic DIL Yi-l=|=lul=1| = RM109H SG109T RM710T SG710T RM747D SG747D RC7522M | SG75224
RM109L SG109K RM710AT SG710AT RM747T SG747T RC7522MP SG7522N
. . RM101T SG301T RC710T SG710CT RC747DF $SG747CD RC7523M $G7523J
3 Pin TO-220 Plastic PITIUIKITI=| Y | = RCI01AD | SG301AD | Rc710DP | SG710CN | RC747T sg7a7¢T | RC7523mP | sG7523N
RC101AQ | SG301AF RM711T SG7T1T RM748T SG748T RC7524M | SG7524J
3,9 Pin TO-66 Power R|{—-|]J|—|R|—|TK| DF RC101DN SG301AM RC711T SG711CT RC748T $G748CT RC7524MP | SG7524N
RC101DP | sG301AN | Rc711DP | sG711CN RC748DP | SG748N RC7525M | SG75254
See page 169 for addition of package information. RC101AT | SG301AT | RM723D $G723D RC1458N | $G1458M | RC7525MP | SG7525N
RC105DP SG305N
FAIRCHILD
SG Dir i SG Direct
Fairchild Rsﬁaeév:';:\t Fairchild R?;(r;laz;::;t Fairchild Regacéﬁzm MOTOROLA
710F SG710F 7470C SG747CD | 7815HM SG7815T SG Direct i SG Direct SG Direct
710H SG710T 747AHM SG747AT | 7816HC SG7815CT Mo
710HC SG710CT 747ADM SG747AJ 7815KM SG7815K MC1436G | SG1436T MC1711CF  [SG711CF MC7806CG | SG7806CT
7100 SG7100 747EHC SG747ET 7815KC SG7815CK MC1436CG | SG1436CT | MC1711CG  [SG711CT MC7806K | SG7806K
710DC $G710CD 747EDC SG747€EJ 7818HM SG7818T MC1455CG | SG555CT MC1711CL  [SG711CD MC7806CK | SG7806CK
711F SG711F 748F SG748F 7818HC $G7818CT MC1455CP 1| SG555CM | MC1711F  |DG711F MC7808G | SG7808T
711H SG711T 748H $G748T 7818KM SG7818K MC1456CG | SG1456CT | MC1711G  [SG711T MC7808CG | SG7808CT
711D $G711D 748HC SG748CT 7818KC $G7818CK MC1456G | SG1456T MC1711L  [SG711D MC7808K | SG7808K
711DC sG711CcD | 748D SG748D 7824HM $G7824T MC1458P 1 | SG1458M | MC1723CG  [SG723CT [ MC7808CK | SG7808CK
723H $G723T 748DC SG748CD | 7824HC 5G7824CT MC1458G | SG1458T | MC1723G  [sG723T MC7812G | SG7812T
723HC $G723CT | 776H SG1250T* | 7824KM $G7824K MC1468G | SG1468T | MC1723CL  [SG723CD  {MC7812CG | SG7812CT
723D $G723D 776HC $G3250T* | 7824KC SG7824CK MC1468L | SG1468J MC1723L  [sG723D MC7812K | SG7812K
723DC SG723CD 777H SG777T 9665D SG2001J MCJ 468P SG1468N MC1741CF SG741CF MC7812CK | SG7812CK
733F SG733F 777HC SG777CT 9666D $G2002J MC1488L | SG1488J MC1741CG  [sG741CT | MC7815G | SG7815T
733H SG733T 777CT sG777cM | 9667D $G20034 MC1489L | SG1489J _ | MC1741CL  [SG741CD [ MC7815CG | SG7815CT
733HC SG733CT 7805HM SG7805T 78MO5HM SG7805T* MC1489AL SG1489AJ MC1741CP-1 |SG741CM MC7815K SG7815K
2330 $G733D 7805HC SG7805CT | 78MosHM | sa7s06T* MC1495L [ SG1495D | MC1741CP-2 [SG741CN [ MC7815CK [ SG7815CK
733DC $G733¢D | 7805KM SG7805K 78MosHM | se7s0sT* MC1496G | SG1496T | MC1741F  [SG741F MC7818G | SG7818T
741F SG741F 7808KC sa780scK | 78m12nm | sars12Te MC1536G | SG1536T | MC1741G  [SG741T MC7818CG | SG7818CT
2414 SG7MT 7806HM SG7806T J8m15HM | sa7815T* MC1565G | SG555T . | MC1741L  [SG741D MC7818K | SG7818K
G7818CK
741HC SG741CT | 7806HC SG7806CT | 78M24HM | SG7824T* MC1556G | SG1SS6T | MC1741SG  [SG741ST | MC7818CK |
741D s6741D 3806KM SGYB0BK Jemosne | sargoscTe MC1568G | SG1558T | MC1741SCG [SG741SCT |MC7824G | SG7824T
MC1568G | SG1568T | MC1741SCP-1|DG741SCM | MC7824CG | SG7824CT
741DC SG741CD | 7806KC SG7806CK | 78MOSHC | SG7806CT* MC1568L | SG1568J | MC1748G  [sG748T MC7824K | SG7824K
741CT SG741CM | 7808HM .| SG7808T 78MO8HC | SG7808CT* MC1595L | SG1595D | MC1748CG  [SG748CT  MC7824CK | SG7824CK
741AHM SG741AT | 7808HC SG7808CT | 78M12HC | SG7812CT* MC1596G | SG1596T MC3302P-1 [SG3302N | MC7905CK | SG320K-05
741ADM SG741AJ 7808KM SG7808K 78M15HC SG7815CT* MC1710CF | SG710CF MC3302L SG3302L MC7912CK | SG320K~12
741EHC SG741ET | 7808KC SG7808CK | 78M24HC | sG7824CT* MC1710CG | SG710CT | MC7805G  [SG7805T [ MC7915CK | SG320K-~15
741EDC SG741EJ 7812HM $G7812T 75450AN SG75450BN MC1710CL [ SG710CD | MC7805CG  [SG7805CT [MC7952CK | SG320K-5.2
747H SG747T 7812HC SG7812CT | 75450AJ SG754508) MC1710F | SG710F MC7805K  [SG7805K | MC75450P | SG75450BN
747HC SG747CT 7812KM SG7812K 75460AJ SG75460J MC1710G | SG710T MC7805CK  [SG7806CK | MC75450L | SG754508J
747D SG747D 7812KC SG7812CK | 75460AN SG75460N MC1710L | sG710D MC7806G  |SG7806T

*Similar, not identical
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SIGNETICS

SG Direct
. Signetics Replacement|
' u I DE LM1001AF |SG101AD MA711CA SG711CN
LM101AK SG101AT UA711CK sG711CT
LM101F $G101D |MA723L SG723T
wmio01Q SG101F HAT723CL $G723CT
NAT'ONAL LM101K SG101T UA723CA  |SG723CN
- LM107K SG107T MAT733K sG733T
SG Direct SG Direct SG Direct SG Direct LM109DB SG109T HA733I SG733J
R N Repl National Replacement LM109DA SG109K UAT733CA SG733CN
LM10oH | sG100T LM140K-18 | SG140K-18 | LM309H | SG309T LM723CH | sG723CT LM20TAF  1SG201AD | uA733CK  |SG733CT
LM101D | sG101D LM140H-24 | SG140T-24 | LM309K | sG309K LM723CN | SG723CN LM201AK | SG20TAT | uA733CI  [SG733CJ
LM101F SG101F LM140K-24 | SG140K-24 | LM310H | sGa10T LM741F SG741F LM201DF  |SG201D | pA741T sG741T
LMi0tH | sG1o1T LM200H | sG200T LM311H | SG311T | LM741H | sG7a1T LM201K ~ |SG201T | uA741CA  |SG741CN
LMI01AD | SG101AD | LM201H | SG201T LM312H | SG3118AT | LM741CH | SG741CT LM201AN-14) SG201AN | uA741CT  SG741CT
LMIOIAF | SG101AF | LM201AH | SG201AT | LM317T | sG317T LM741CN | sG741cm Lm201Y sczg:r uA741CY :g;z;g”
LM101AH | SG101AT | LM202H | sG202T LM317K | sa317k LM741AD | sG741AJ tm;g;z 222071’ T in |oararen
LM102H | sG102T LM204H | sG204T LM320H-05 | $G320T-05 | LM741AH | SG741AT pa747C
LMI04H | sG104T LM205H | SG208T LM320K-05 | $G320K-05 | LM747D | $G747D Y zggg;’: “‘":;,Cr'( :g;:;?
LM105F SG105F LM207H | sG207T LM320H-5.2| $G320T-5.2 | LM747CD | sG747¢cD tmgib A |sa200K ““‘2; soehn  |saaasoN
LM10SH | SG105T (M208H | sG208T LM320K-5.2| SG320K-5.2 | LM747F | sG747F oiar - |scaotan |harescr  [earaser
oo | sgro7p Lm209H | sG209T LM320H-12 | SG320T-12 | LM747H | SG747T ms01aH  |ses01aT | harescy  |saramcm
wmio7 | sGio7F Lm210H | sG210T LM320K-12 | SG320k-12 | LM747CH | sG7a7CT a0t AN-14] S0t AN | ot o anor
LM107TH | sG107T LM211H | sG211T LM320H-15 | SG320T-15 | LM747CN | SG747CN maoran |Scaoram | pomere Soramor
Lm108D | sG108D LM212H | SG2118AT | LM320K-15 | SG320K-15 | LM747AD | sG747AJ vaork |saa0rt | Necees ospradd
.| tmicer | saiosr M217T | sG217T LM323K | SG323K LM747AH | SG747AT maora  |scaomm | seoee P
LM108H | SG108T M217K | sG217K LM324D | DG324 LM748H | sG748T va0o0e  |scaoer | e Saracar
LM10BAD | SG108AD | LM220H-05 | 5G220T-05 | Lm32an | sGazan LM748CH | sG748CT Cvaoer |Scavex | Nomeed oy aam
LM10BAF | SG108AF | LM220K-05 | SG220K-05 | LM339D | sGa3es LM748CN | sG748CM puliy oot | sooos P
LM108BAH | SG108AT | LM220H-5.2| SG220T-5.2 | LM339AD | SG339AJ | LM1458N | SG1458M s cosmser | mooane poshned
LM109H | SG109T LM220K-5.2 | SG220K-5.2 | LM338N | SG338N LM1458H | sG14s8T Neveer  |ecoosom | Nesose oy
LM109K | SG109K LM220H-12 | SG220T-12 | LM330AN | SG339AN | LM1496N | SG1496N
LMI10H | sG110T LM220K-12 | SG220K-12 | LM340H-05 | SG340T-05 | LM1496H | SG1496T SES56K SGSS6T | SN7520A  |SG7520N
Mi1H | se111T LM220H-15 | SG220T-15 | LM340K-05 | SG340K-05 | LM1568H | SG1588T DaosbK[SSSseCT | Swmsaia [sSTsIN
LM112H | SG1118AT | LM220K-15 | SG220K-15 | LM340H-06 | SG340T-06 | LM1596H | SG1596T MA710Q  |SG710F | SN7622A  |SG7522
17T | se17T LM223K | sG223K LM340K-06 | SG340K-06 | LM3302D | $G33024 ma710K SGOT | SN7523A  |SG7523N
117k | se117k LM224D | sG224) LM340H-08 | SG340T-08 | LM3302N | SG3302N MA710CA  |SG710CN | SN7624A  |SG7524N
LM120H-05 | $G120T-05 | LM239D | sG239u LM340K-08 | SG340K-08 | LM4250H | SGa250T MA710CK  |SG710CT | SN7525A  |SG7525N
LM120K-05 | SG120K-05 [ LM239AD |SG239AJ | LM340H-12 | SG340T-12 | LM4250CH | SGa250CT ma7na SG71TF | SN75450A  |SG754508N
LM120H-5.2| SG120T-5.2 | LM239N | SG230N LM340K-12 | SG340K-12 | LM4250CN | sGa250cM HATUIH SG7IT
LM120K-5.2| SG120K-5.2 | LM239AN | SG239AN | LM340H-15 | LM340T-15 | LM75200 | $G75204
LM120H-12 | SG120T-12 | LM3ooH | sG300T LM340K-15 | LM340K-15 | LM7520N | SG7520N RCA
LM120K-12 | SG120K-12 | LM301AH | SG301AT | LM340H-18 | LM340T-18 | LM7521D | sG75214 YT
LM120H-15 | SG120T-15 | LM301AD |SG301AD | LM340K-18 | LM340K-18 | LM7521N | SG7521N RCA | Replacement
LM120K-15 | SG120K-15 | LM301AF | SG301AF | LM340H-24 | LM340T-24 | LM75220 | sG75220
LM123K | sG123K LM301AN | £3301AM | LM340K-24 | LM3d0K-24 | Lm7s22n | sa7522n CA3001 $G3001 CA3083E | SG3083N
M124D | sG124s LM302H | sG302T LM367N | SG30SM | LM7523D | sG7523J CA3018T | SG3018T  |CA3083F | SG3083J
LM139D | sG139 LM304H | sG304T LMS55H | SGB55T LM7523N | $G7523N CA3018AT | SG3018AT |CA3086E | SG3086N
LM139AD SG139AJ LM305H S$G305T LM555C SG555CT LM7524D $G7524) CA3026T $G3822T CA3086F $G3086J
LM140H-05 | SG140T-05 |LM305AH |SG305AT | LMsssN | sassscM | Lm752an | sG7524n CA3045F | SG3821J  |CA3146E | SG3146N
LM140K-05 | SG140K-05 |LM3070 | SG307D LM710H | sG710T LM7525D | sG75254 CA3046E | SG382IN  |cA3183E | sG3183N
LM140H-06 | SG140T-06 |LM307F | sG307F LM710AH | SG710AT | LM7525N | sG7525N CA3084E | SG3822N  |CA3183AE | SG3183AN
LM140K-06 | SG140K-06 |LM307H | SG307T _ | LM710cH | sG710cT | Lm7528D | sG7528 CA3085T | SG300T  [cA37a1T | sGazaiT
LM140H-08 | SG140T-08 [Lm307n | sG308M LM710CN | SG710cN | LM7528N | sG7528N CA3058F | SG3058)  |CA3741CT | SG741CT
LM140k-08 | SG140k-08 |Lm308D  [sG30sD LM71TH | se71T LM75290 | sG7529 CA3059F/E | SG3059J/N |CA3747CT | SG747CT
LM140H-12 | SG140T-12 | Lm308F | sG3osF wm711cH | sG711eT | Lmszen | sa7szen cA3079e | SG3079N  |ca3747e | sgra7n
LM140K-12 | SG140K-12 | LM308H | SG308T LM711CN | SG711CN | LM75450N | sG754508N CA3081E | SG308IN  |ca3747T | sG747T
LM140H-15 | SG140T-15 |LM308AD |[sG308AD |LM7230 | sG723D CA3081F | SG3081J  |cA374sCT | sG74sCT
LM140K-15 | SG140K-15 | LM308AF | SG308AF . | LM723cD | sa723cD CA3082€ | SG3082N  |ca374sT | sG74sT
LM140H-18 | 5G140T-18 | LM308AH | 5G308AT ~ | LM723H | sG723T CA3082F | 5G3082)
TEXAS INSTRUMENTS
Texas SG Direct Texas SG Direct Texas SG Direct Texas SG Direct Texas SG Direct Texas SG Direct
Instruments Instruments | R Instruments t Repl.
ULN2001J | SG2001J | SNS2108L | SG108T SN554508) | SG55450B. | SN72308) | SG308D SN75201 $G75200 | SN75138) | SG75138J
ULN2002J | $G20020 | SN52108AF | SG108AF | snssasts | sGs5451J | SN72308L | sG308T SN7520N | SG7520N | sN75138N | SG75138N
ULN2003J | $G2003J | SN52108AJ | SG108AD | snssas2s | SG55452) | SN72308AZ | SG308AF | sn7521 | sG75210 | sG7s154) | SG75154)
SNB520J | SG55205 | SN52108AL | SG10BAT | SNS5453) | SG55453J | SN72308) | SG308D SN7521N | SG7521N | sG753280 | SG753250
SN55214 | sGB5214 | SNS2655L | sGss5T SNS5454) | SG55454) | SN72308L | SG308T SN7522) | SG7522) | SN75325N | SG75325N
SN5522) | sGB5220 | SNs27104 | sG710D SNS5460) | SG554604 | SN72555L | SG555CT | SN7522N | SG7522N | sN75450BN | SG75450BN
SN55230 | sass23s | sns2710L | sa710T SN55461J | SG554614 | SN72555P | SGE55CM | SN75230 | SG7523) | sN75450By | SG754508BJ
SNS524J | sG5524) | SNS2710S | SG710F . | SNs5462) | sG554620 | SN727104 | sG710cD | sg7s23n | sG7523N | sn7sasty | sG7s4510
SN5525) | sG5525J | SNS2711J | sG711D SN55463) | SG56463) | SN72710L | SG710CT | sn7524) | SG75248 | sn7s4s20 | sG754520
SN5526) | sGss26s | SNs2711L | sG711T SN55464) | SG55464) | SN72711J | SG711CD | SN7524N | SG7524N | sN784530 | SG754534
SNS527) | SGB527J | SNS2711Z | SG711F SN55471J | 56554714 | SN72711L | SG711CT | sn75250 | SG75250 | sN7s454 | SG754544
SNS528) | sG5528) | SN52733L | sG73aT SN55472) | $G56472) | SN72733L | SG733CT | SN7525N | SG7525N | SN75460N | SG75460N
SN55200 | s$G55204 | SN52733N | SG733N - | SN55473) | sG55473) | sN72733N | sG733cD | sn7s28) | sG7528 SN75460J | SG754604
SNS534) | sSG5534s | SN52741F | sG741F SN55474) | 5G55474) | SN72741z | sG741CF | sn7528N | SG7528N | sn7s461 | sg7s4614
SN5535) | sGS535J | SN527414 | sG741D SN72301J | SG101D SN72741) | sG741CD | sN75205 | SG75294 SN754620 | $G754620
SNS536) | sG5536) | SN52741L | sG7a1T SN72301L | SG201T SN72741L | SG741CT | SN7520N | SG7529N | sN754630 | sG75463)
SN5537) | sG55370 | sNs2747 | sG747D SN72301Z | SG201F SN72741P | SG741CM | SN7534) | SG7534) SN75464) | sG754644
SNB538J | SG5538) | SN52747L | SG747T SN72301AJ | SG301AD | SN72741N | SG741CN | SN7534N | SG7534N | SN754714 | sG754714
sNS539) | sG5539) | sns2748F | sG74sF SN72301AL | SG301AT | SN727470 | SG747CD | sN7535) | SG7535 SN754720 | sG754724
SN52107J | SG107D SN52748) | SG748D SN72301AZ | SG301AF | sN72747L | SG747CT | sN7835N | SG7535N | SN75473) | sG75473
SN52107L | $G107T SN52748L | SG748T SN723074 | SG307D SN72747M | sG747CN | sn7s38s | sG7538 SN75474) | sG754744
SN52107Z | SG107F SNS5138) | SG55138) | SN72307L | SG307T SN72748F | SG748CF | sN7538N | SG7538N | sG1524 SG1524
SN52108F | SG108F SN55154) | sG55154) | SN72307z | SG307F SN72748) | sG748CD | sn7s30) | sG7539) 562524 $G2524
SN52108) | sSG108D SN55325) | SG553250 | SN72308z | SG308F SN72748L | SG748CT | sn7s3an | sG7s39N | sa3s24 SG3524
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Negative Voltage Regulators

SG104[/204(304

This circuit is a negative voltage regulator dasigned for both linear and
switching applications. It is a complement of the SG 100/200/300, SG 105/
205/305 and SG723/723C intended for systems requiring regulated
negative voltages having a common ground with the unregulated supply.
With an input voltage rating of up to 50V, this device will deliver load

currents to 25mA. Adding external transistors will increase the current
capability to greater than 10 amps and further improve regulation. -

® Output voltage adjustable from 15mV to 40V
® 1mV regulation no load to full load

©® 0.01%/V line regulation

® 1% maximum temperature variation

PARAMETERS* 104 204 304 UNITS

Operating Temperature Range —55 to +125 —25 to +85 0 to +70 oC
Package Types T
Input Voltage Range —50 to —8 —40 to —8 \%
Output Voltage Range —40 to —0.015 —30 to —0.035 \4
Input/Output Differential 15 = 20 mA! 2.0 to 50 2.0to 40 \%
Load Regulation” 0 < Ig < 20 mA, Rg = 150 5mV —

. .3 Vour< -5V
Line Regulation AVin = 0.1 Vi 0.1 %
Ripple Feed thru Cqg = 10uf, f = 120Hz, =7V < V;, < —15V 1.0 1.0 mV/V
Output Voltage Scale Factor Rp3 = 2.4k 1.8 t02.2 1.8 10 2.2 V/k$2
Temperature Stability Vo < —1V 1.0 1.0 %
Output Noise Voltage C1g = OuF BW = 10Hz to 10KHz V4 < -5V 0.007 (typ) 0.007 (typ) %
Standby Current Drain V5 =0, I =5mA 25 25 mA
Long Term Stability Vg < —1V( 1.0 1.0 %

*Parameters apply at junction temperatures equal to or less than operating temperature range unless otherwise specified. The line and
load regulation specifications are for constant junction temperature. Temperature drift effects must be taken into account
separately when the unit is operating under conditions of high dissipation.

1With lo = 5 mA, min differential is 0.5V. With external transistors differential is increased, in the worst case, by approx. 1V.

OQutput current and load regulation can be improved with external transistors. Improvement factor will be approx. equal to the
composite current gain of added transistors.

3WIth zZero output, the dc line regulation is determined from the ripple rejection. Hence, with output voltages between 0 volts
and —5 volts, a dc output variation, determined from the ripple rejection, must be added to find the worst-case line regulation.

Basic Negative Regulator Circuit High Current Regulator

L

$G104/204/304 Chip (See T-package
diagram for pad functions)

——————950 ———————4

ausl %wxnz
J Vi < - 14V

CONNECTION DIAGRAM GRouND
UNREGULATED
mmv\ .
T com
©-0 REFenENCE

BOOSTER [ /7) 3
ouTRyT [\ ToRView O,SU”

PR AN
REGuLATED ®© ™ D) aerenence
UTPUT )
\® mO®

)
GND \.;}’), ADJUST
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LimIT
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5 Volt Fixed Voltage Regulators

SG109/209/309

The SG109 series is a completely self-contained 5V regulator. Designed
to provide local regulation at currents up to 1 amp for digital logic cards,
this device is available in two commonly used transistor packages — the
solid header TO—5 and the TO—3 power package.

® Fully compatible with TTL and DTL
A major feature of the SG109's design is its built-in protective features ® Output current in excess of 1 amp
- . . . ® Internal thermal overload protection

v'vht.c_h make it essentially blowout proof. These consist of both current e No additional external components

limiting to control the peak currents and thermal shutdown to protect

against excessive power dissipation. With the only added component being

the possible need for an input bypass capacitor, this regulator becomes

extremely easy to apply.

PARAMETERS! 109 209 309 UNITS

Operating Temperature Range —55 to +150 —25 to +150 0to +125 oC
Package Types T, K T,K —
Output Voltage 4.9 to 5.1 4.8 t0 5.2 \
Line Regulation 7V < V;, < 25V 50 mV
Load Regulation 5mA < lg4t < 0.5A (1.5A for TO-3) TO-5: 50; TO-3: 100 mV
Total Output Voltage Tolerance® 4.75 t0 5.25 \%
Quiescent Current Vi, < 25V 10 mA
Ripple Rejection 10 Hz < f < 10kHz 75 (typ) dB
Output Noise Voltage 10Hz < f < 100kHz 40 (typ) uVrms
Output Impedance 10Hz < f < 10kHz 0.1 (typ) Q
Long Term Stability 10 mV

L Unless otherwise specified, Tj = 25°C, Vi, = 10 Volts, and Igyt = 0.1A.
tv< Vin <25V, 5mA < Igyt < 1.0A (0.2A for TO-5), P < 20W (2W for TO-5), AT; max.
Tjmax = —550C to +150°C for the SG109
= —250C to +150°C for the SG209
= 0°C to +125°C for the SG309

C_ONNECTION DIAGRAMS

Adjustable Output Regulator Current Regulator TOP VIEWS
1 2 ) GROUND
1 2
INPUT $G109 output INPUT $G109 @
30 ® @
R1*
c1 A 3 0.22uF I 3 @ outPuT QUTPUT  INPUT
0.224F T = ouTPUT (0}
* DETERMINES OUTPUT CURRENT & /GROUND
INPUT
TPackage
J_ TO-39
= K-Package
TO-3

(CASE IS INTERNALLY
CONNECTED TO GROUND)

P-Package
T0-220
Front ouTPuT INPUT
View @

1= Input GROUND
2 — Output

3 — Ground O

Tab — Ground

Fixed 5V Regulator

1 2
INPUT $G109 ouTpuT
5V
1 3
0.224F —[ ]— czt

L

* REQUIRED IF REGULATOR IS AN
APPRECIABLE DISTANCE FROM

POWER SUPPLY FILTER $G109/209/309 Chip
T ALTHOUGH NO OUTPUT CAPACITOR

IS NEEDED FOR STABILITY, IT DOES
IMPROVE TRANSIENT RESPONSE

R-Package
TO-88
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Three Terminal Adjustable Voltage Regulator

SG117/SG217 | SG317

Description Features
This monolithic integrated circuit is an adjustable 3-terminal positive ® Output adjustable between 1.2 and 37 volits
voltage regulator designed to supply more than 1.5 amps of load current ® Output current in excess of 1.5 amps
with an output voltage adjustable over a ‘!.2 to 37 volt range. Although ease * Floating operation for high voltages
of setting the output voltage to any desired value with only two external . 0.1% li d load ati
resistors is a major feature of this circuit, exceptional line and load -1% line and load regulation
regulation are also offered. In addition, full overload protection consisting e Full overload protection
of current limiting, thermal shutdown and safe-area control are included in * High-reliability, hermetically-sealed package
this device which is packaged in proven-reliability steel TO-3, TO-66 and e S$G317 available in TO-220
solid-based TO-39 packages. The SG117 is rated for operation from —55°C
to +150°C, the SG217 from —25°C to +150°C and the SG317 from 0°C to
o
+125°C. CONNECTION DIAGRAMS
TOP VIEWS
Absolute Maximum Ratings
R . OUTPUTI(CASE)
Power Dissipation Internally Limited ® ® INPUT O ADIUST
Input-Output Voltage Differential 40V ® INPUT  ADJUST
Storage Temperature -659C to +150°C @)]) ApsusT
Operating Junction Temperature Range O @ CAsE 1S S‘Sséu'i
SG117 -550C to +150°C INPUT outeut
SG217 -259C to +150°C T-Package
$G317 0°C to +125°C To-s K-Package RrPackege
TO-3 3
Electrical Characteristics (See Note)
$G117/217 SG317
Tab P-Package
PARAMETER CONDITIONS MIN | TYP | MAX | MIN | TYP | max JuNITS T0-220
Front
Line Regulation Ta = 250°C, 3V < (V)N — Vo) < 40V 001 | 0.02 0.01 | 0.04 %/V View
Load Regulation Ta =250C, Vo < 5V 5 15 5 25 mv 3 f;:""""
3~ Output
10mA < Ig < Iyax Vo > 5V 01 | 03 01 | os % Tab— Output
Adjustment Pin Current 50 100 50 100 MA
Adjustment Pin Current Cha 25V < (V)N - Vo) < 40v,
noe INT YO0 0.2 5 0.2 5 LA
10mA < Ig < Imax
Reference Volt: 3V < (VN - Vo) € 40V
) oltege IN-Yo 120 |1.25 | 1.30 J1.20 [ 1.25 | 1.30 \Y
10mA < Ig < IMax, P < Ppmax
V< Vi — Vo! < 40V 802 | 005 802 007 § %V
Load Regulation Ta = 25°C, Capy=0 20 50 20 70 mV
=120 Hz Capy = 10 mfd 03 | 10 03 | 15
Temperature Stability TMIN S Tj < Tmax 1.0 10
Minimum Load Current Vin = Vo) = 40V 3.5 5.0 35 10 mA
Current Limit (ViN = Vo) < 15V 15 |22 15 2.2 A
(ViN = Vo) = 40V 04 04
Output Noise, RMS Ta =259C, 10 Hz < £ < 10 kHz 0.003 0.003 %
Ripple Rejection Ta = 25°C, CaADJ =0 65 65 db
f=120 Hz CADJ = 10 mfd 66 80 66 80 db
Long Term Stability Ta = 125°C 03 1 0.3 1 %/khr
Thermal Resistance, Junction K Package 23 3 23 3 ocmw
to Case R Package 5 6 5 6 oc/w
P Package 3 5 3 5 oc/w
T Package 12 15 12 15 oc/w

NOTE: Unless otherwise noted, the above specifications apply over the following conditions

SG117: -650°C < T;< 150°C
SG217: -25°C < Tj< 150°C
SG317: 0°C< T;< 125°C
K, R, P-Package: (V|n - Vg)=5V,Ilg=05A, Iyax = 1.5A
T-Package: (VIN = Vo) =5V, 10 =0.1A, Imax = 0.5A

All regulation specifications are measured at constant junction temperatures using low duty-cycle pulse testing.
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Three Terminal Adjustable Voltage Regulator

Typical Performance Characteristics

Current Limiting

OUTPUT CURRENT (A}

Tj= 25°C

“f

10 20
INPUT-OUTPUT DIFFERENTIAL (V)

Temperature Stability

1.280

1.250
s / \
z 4 \
5
]
z N\
2 1200 N
2
g
]

1.230

1220

-5 -5 -25 5 S0 100 125 150

JUNCTION TEMPERATURE (°C)

Dropout Voltage

T T
AVgyr=100mV

§ _\\\ Iy < 158

E ~\\‘ .
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5 d e~ e~ I}

3 N~ ~— I\ = 500 mA
Z 45 ~

B T ] 2 50 s 100 125 150
JUNCTIGN TEMPERATURE (°C)

Minimum Operating Current

I

2

QUIESCENT CURRENT (mA)

e - as0c
0 F -
05 =

1 10 20 30 a0
INPUT-OUTPUT DIFFERENTIAL (V)

APPLICATION DATA

The SG117 adjustable 3-terminal regulator is actually designed
to provide a fixed 1.25 volt reference voltage between the out-
put and adjustment terminals. This voltage is converted to a
programming current by the action of R1 as shown in Figure 1
and this constant current then flows through R2 to ground.
The output voltage of the regulator is then:

R2
Vout = VRer <’ *ﬁ)* lapy R2

Since lpp, is controlled to less than 100 pA, the error asso-
ciated with this term is negligible. It should be noted that the
method of keeping Iop; small is to return all the regulator
quiescent current to the output terminal. This imposes the
requirement for a minimum load current. If the load is less
than this minimum, the output will rise.

Since the SG117 is a floating regulator, it is only the input-
output voltage differential which is important to regulator
performance and operation at high voltages with respect to
ground are possible.

Good load regulation can be achieved with the SG117 even
without remote sensing, since the case is the output terminal
of the regulator which can be a very low impedance point.
For best performance, the programming resistor (R1) should

be connected as close to the regulator as possible; perhaps even
with a separate connection to the case. The ground end of R2
can be used as a remote sense lead and should be connected as
close to the load as possible.

No external capacitors are required with the SG117, but in
some’ applications, performance may be improved with added
capacitance as follows: -

1. An input capacitor at 0.1 mfd will protect against
problems when high line impedance is present. The
device can be more sensitive to input impedance when
output or adjustment capacitors are used.

2. Bypassing the adjustment terminal to ground with a
10 mfd capacitor will improve the ripple rejection by
about 15 dB.

3. A 1 mfd tantalum capacitor on the output will improve
transient response and keep the regulator from ringing
due to light capacitive loading.

In addition to external capacitors, it is sometimes good prac-
tice to add protection diodes as shown in Figure 2 if there is a
chance that a capacitor may discharge through the regulator IC.

o1
sG117
1N4002
npuT ——Vin Ve
¥ 3 SG117 -
ADJ Vaer 9 ZR“DQ INPUT Vin Vo . ouTeUT
‘Am*i I R1
ADJ
Vi 02 240
P, ouT 1N4002
r{ ciL 4
R2 0.1 mFD
p: c2
P - B2 10 mFD
I IS
FIGURE 1. Basic Adjustable Regulator Circuit FIGURE 2. Diode D1 protects against C3 with an input short.
Diode D2 protects against C2 with an output short.
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3 Amp, 5 Volt Positive Regulator

SG123/SG223/SG323

Description Features

The SG123 is a three terminal, three amp, five volt * 3A Output Currents

regulator similar to the LM123 but with a special low e Full Internal Protection

voltage zener instead of the band gap reference. The SG123 e 7.0 V Minimum Input Voltage, Typical
L]

has superior load regulation, lower input-output differential z Ref for Top Perf
minimums, lower quiescent current, and better temperature ener Reterence for Top Performance
coefficient. The circuit is specified identically to the

LM123 and is pin for pin compatible with that device. SCHEMATIC
The SG123 uses special processing techniques to achieve .

reliable operation at high temperatures and high current A F‘{j -
levels for extended periods of time. ®

om0
The SG123 has been designed for ease of operation as well ®5
as performance. It is completely internally phase w o NGl
compensated, and requires no externai capacitors uniess | l

used with long lead lengths or high speed transients.
The device is protected by thermal shutdown, standard
current limiting, and an instantaneous power limiting 92 Q2
circuit sensitive to high input voltages. In addition, the
power transistor is an upgrade of previous three terminal

Vour
»-ouTPuT
SENSE

designs and is unusually rugged. R2
Operation is guaranteed over the junction temperature i ¢ %”
range of —55°C to +150°C. The SG223 is a similar N

device guaranteed to operate from —25°C to +150°C. R3
The SG323 is guaranteed over the junction temperature

range of 0°C to - 125°C. ~Jeno
CONNECTION DIAGRAM CHIP LAYOUT
Absolute Maxi B
Input Voltage 20V
Power Dissipation Internally Limited
Operating Junction Temperature Range
SG123 —55°C to +150°C
SG223 —25°Cto +150°C
SG323 0°Cto +125°C
Storage Temperature Range —65°C to +150°C
TOP VIEW Lead Temperature (Soldering, 10 sec) 300°C
K-Package
TO-3 ) -
Eiectricai Characteristics (Note 1)
SG123/58G223 SG323
PARAMETER CONDITIONS UNITS
- MIN TYP MAX MIN TYP MAX
T = 25°C
Output Voltage vV = ;5\/’ 1 =0 4.7 5 53 | 4.8 5 5.2 \Y
7.5V <V 15v
Output Voltage 0< |S< 3A,§P < 30W 4.6 54 | 475 5.25 v
T = 25°C
Line Regulation (Note 2) 75V <V < 15V 5 25 5 25 mV
T = 25°C,V = 7.5V
Load Regulation (Note 2) 0< ]25< 3A 25 100 25 100 mV
. \ 15V,
Quiescent Current (7, 5<V‘§< 3;? 5 12 20 12 20 mA
T = 25°C
Short Circuit Current Limit V = 15V 3 4.5 3 4.5 A
V = 7.5V 4 5 4 5 A
Long Term Stability 35 35 mV
Thermal Resistance Junction
to Case (Note 3) 2 2 °C/W

Note 1: Unless otherwise noted, specifications apply for —55°C < T < + 150°C for the SG123, --25°C < T < 4 150°C
for the SG223, and 0° < T'< +125°C for the SG323. Specifications apply for P < 30W. -

Note 2: Load and line regulation are specified with high speed tests in order to separate their effects from temperature
coefficient. Pulse testing is required with a pulse width < 1 ms and a duty cycle < 5%.

Note 3: The junction to ambient thermal resistance of the TO-3 package is about 35°C/W.
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High Current Fixed Voltage Regulators

SG153/SG253/SG353 ADVANCED DATA

SG153/SG253/SG353
Performance data described herein represent design goals.
Final design specifications are subject to change.

DESCRIPTION

The SG153 family of fixed-voltage, three-terminal regulators
are designed to supply load currents in excess of three amps

FEATURES

e Load current in excess of 3A

over a wide range of operating conditions. Requiring nothing o Output voltage trimmed to 2%
more than a small output capacitor, these regulators feature . .
output voltages internally trimmed to greater than +2% ac- ¢ Complete self-contained protective features

curacy. In addiﬁon to excellent line r_egu[alion. a‘voltage-boost « Correction for line resistance
circuit provides positive load regulation (increasing output vol-

tage with increasing load current) to help correct for line losses. o Eliminates external voltage setting resistors
All protective features of thermal shutdown, current limiting, ¢ Hermetically sealed steel power package

and safe-area control have been designed into these units with e Available with 5, 8, 12, 15, and 18 volt outputs
added reliability offered by a hard-solder eutectic die attach and

an hermetically sealed TO-3 power package.

CHIP LAYOUT
INPUT

GROUND

ABSOLUTE MAXIMUM RATINGS

Input Voltage
Power Dissipation (Internally limited)
Operating Temperature Range (T )

35 Volts
50 Watts

SG153 Series —-55°C to +150°C
SG253 Series -25°C to +150°C
SG353 Series 0°C to +125°C
Storage Temperature —65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C
SIMPLIFIED SCHEMATIC CONNECTION DIAGRAM
%\. j j j +VIN TOP VIEWS
K (Case is internally
¢ J D D '\\ N connected to ground)
T~
D) i B
= jﬂ | )
T -
1
VouTt
4 i
N
v:$
7.4 , b
| GROUND K-PACKAGE
l : e) TO-3

16



General-Purpose Positive Regulator

SG723|723C

This regulator is designed for use with either positive or negative
supplies as a series, shunt, switching, or floating regulator with currents
up to 150mA. Higher current requirements may be accommodated
through the use of external NPN or PNP power transistors.

@ Positive or negative supply operation _

® 0.03% line and load regulation

® Output adjustable from 2 to 37V

® Low standby current drain

@ 0.002%/°C average temperature variation

PARAMETERS 723! 723c! UNITS

Operating Temperature Range —55 to +125 0to +70 oC
Package Types T*,J T*,J,N —
Input Voltage Range 9.5 to 50 9.5 to 50 Y
Output Voltage Range 2.0 to 37 2.0 to 37 \Y
Input/Output Differential 3.0 to 38 3.0 to 38 \"
Load Regulation®*> 0.15 , 0.2 % Vout
Line Regulation Vi, = 12 to 40V 0.2 0.5 % Vout
Ripple Rejection Cpef = 5uF; f = 50Hz to 10KHz 86 (typ) 86 (typ) dB
Reference Voltage 6.95 — 7.35 6.80 — 7.50 \
Temperature Stability 0.015 0.015 %/°C
Output Noise Voltage Cref = 0; BW = 100Hz to 10KHz 20 (typ) 20 (typ) uV rms
Standby Current Drain 3.5 4.0 mA
Minimum Load Current 0 0 mA
Long Term Stability 0.1 (typ) 0.1 (typ) %/khr

lF‘arameters apply at Tp = +259C, except temperature stability is over temperature ranges.

2Applies for constant junction temperature. Temperature drift effects must be taken into account separately
when the unit is operating under conditions of high dissipation.

3L =1to 50 mA.
* T-package is TO-9¢ (can heiaht: 240" max., 230" min.)

WG

Asc

Vin -——E ve Vout
sc
AEGULATED v vz REGULATED
oureur Asc  outeut

Vuw‘VuV‘Nlﬂ-:’z A3 { :“F o
'
v- m
come
100 pF Rz
GROUND
$G723/723C Chip somo Vou ® IVagr x 257
(See T-Package for pad functions) R R
Note: Vz (Pin X) is available only in High Current Regulator Basic High'Voltage Regulator
J or N-Package External NPN Transistor Vout = 7 to 37 volts
IL=1A
CONNECTION DIAGRAMS . v Ve
w v REGULATED
V- z fAsc  OUTPUT
Vout T~ VREF VRer o
Ne (i [ v ® O @ m N cs
(G O) w
-~ '\ NON-INVERTING v- ]
vz fi [#] VRer - [2 Tqr%v;ésw\’)\‘ INPUT caer N come o
~ 96 100
Vour fd [5) o, INVERTING (1) T-Package (2) / INVERTING [T
Topview [0 INPUT NO @/ INPUT arouno
JorN INVERTING RO . IVage x
ve Plcok'age a INPUT . FREQ COMP ™~ ”) ~ csgz;EEMT Vour ® Vaer x i)
v+ g 7] SURBEV cunmEnT Basic Low Voitage
Regulator
M CURRENT
FREQ COMP fij 2] CumA Vout = 2 to 7 volts
N 4 { } [1] Nc

VZ available only in
J or N Package
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Dual-Polarity Tracking Regulators

SG1501A[/2501A[3501A/4501

SG1501A dual tracking regulators are factory set to provide In the SG1501A, a built-in sensing circuit monitors junction
balanced £15V outputs, but a single external adjustment can be temperature and‘ shuts down the regulator above 170°C
used to change both outputs simultaneously. Line regulation of eliminating the need for concern about power dissipation under
20 mV and load regulation of 30 mV is guaranteed and, stability, short circuit conditions. The SG1501A series also offers superior

current limiting and operation in excess of 2 amps is feasible with to table of specifications).

_ over temperature, is 1% or less. Provision is made for adjustable input/output voltage range and current handling capability (refer

external transistors.

@ Thermal shutdown protection

® 135V inputs

® Output current to 200mA

@ Output adjustable from 10V to 23V

PARAMETERS! 1501A 2501A 3501A 4501 UNITS
Operating Temperature Range —55 to +125 0to +70 0to +70 0 to +70 ocC
Package Types T J T.J.N -
Output Voltage 1+14.8/15.2 +14.5/15.5 | +14.25/15.75 | V
Input Voltage +35 +30 +30 v
Input/Output Differential 2 2 2 \
Output Voltage Balance 150 300 300 mV
Line Regulation (Vi = 17 to Vmax)® 20 20 20 mv
Load Regulation (I_ =0 to 50mA)° 30 30 30 mV
Output Voltage Range 10 to 23 10t023 . | 10t0 23 \
Input Voltage Range (8Vq 1) 10 to 35 101030 | 1210 30* v
Ripple Rejection (f = 120Hz) 75 (typ) 75 (typ) 75 (typ) dB
Temperature Stability 1.0 1.0 1.0 %
Short Circuit Current Limit” 60 (typ) 60 (typ) 60 (typ) mA
Output Noise Voltage3 50 (typ) 50 (typ) 50 (typ) uVrms
Positive Standby Current 4 4 4 mA
Negative Standby Current 5 5 5 - mA
Long Term Stability 0.1 (typ) 0.1 (typ) 0.1 (typ) %/khr
Output Current 200 200 100 mA
Thermal Shutdown Protection yes yes yes —

lAII specifications apply to both positive and negative sides of the regulator, either singly or together. Unless otherwise specified
Ta = +25°C, Vi =20V, Voyut =15V, I =0, Rsc = 02, C1 = C2 = 0.01 mfd, C3 = C4 = 1.0 mfd, voltage adjust pin open

2 Rsc = 1082 3BW =100Hz to 10kHz 410V output sOver temperature range

CONNECTION DIAGRAMS

NEG. INPUT V-~ L; z POS. INPUT V+
; 5 NEG. INPUT V-
NC s URL NEG. OUTPUT POS. INPUT v+
NEG. OUTPUT f 5} POS. OUTPUT
TOP VIEW.| NEG. SENSE TOP VIEW @ POS. OUTPUT
NEG.SENSE B} Jor ' |¢] POS. SENSE a Thum (7
package . NEG. STAB. (& (z) POS. SENSE
NEG. STAB. 1 3] POS.STAB. @ @
R VOLT. ADJ. \ POS. STAB.
NC b 2] BALANCE ADJ. e Ing
- . GND
VOLT ADJ. i M 1] GND
| -

SG1501A/2501A/3501A Chip (See T-package diagram
for pad functions) Note: Balance Adjust (Pin X) is
available only on D or N package.)

See Applications Notes for additional information
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Adjustable Dual-Polarity Tracking Regulators

SG1502[/2502(3502

This circuit is identical to the SG1501 series of dual polarity tracking e Positive and negative output voltag
regulators except that the internal voltage setting resistors are not included Independently adjustable from 10 to 28V
and the current limit inputs have been disconnected from the pass ¢ Output currents to |1°|°'"A' 0.1%
transistors. While this circuit does require external divider resistors, : :;/nem:';?""z:’ "::‘u ::;::r: ";Ia:l on
maximum versatility is offered in adjusting the output voltage levels, and . s::ndby current d‘:aln only 4mA
additional current-limit inputs ease the application of foldback current « Internal thermal shutdown protection
limiting. In all other respects, this circuit performs as the SG1501.

PARAMETERS* 1502 2502 3502 UNITS
Operating Temperature Range —55 to +125 0to +70 0to +70 oc
Package Types 4N J, N =
Input Voltage Range +12/30 +12/25 \Y
Output Voitage Range +10/28 +10/23 \"
Input/Output Differential 2 2 \%
Line Regulation (AVj, = 10V)° 0.2 0.2 % Vout
Load Regulation (I_ = 0 to 50mA)°> 0.3 0.3 % Vout
Temperature Stability 1.0 1.0 % Vout
Current Limit Sense Voltage 0.6 (typ) 0.6 (typ) \
Reference Voltage 6.3/6.6 6.2/6.8 \]
Ripple Rejection f = 120Hz 75 (typ) 75 (typ) dB
Output Noise Voitage2 50 (typ) 50 uVrms
Positive Standby Current® 4 4 mA
Negative Standby Current® 5 5 mA
Long Term Stability 0.1 (typ) 0.1 (typ) %/khr

1AII specifications apply to both positive and negative sides of the regulator either singly or together. Uniess otherwise specified
TA = +259C, Vip = +20V, Vout = +15V, I =0, Rgc =082, C1 = C2 =0.01 mfd, C3 = C4 = 1.0 mfd.

2BW = 100HZ to 10kHz 3Divichar 1=0.5mA 41502 not available in plastic SOver temperature range

CONNECTION DIAGRAM

7] POS. INPUT v+

POSITIVE POSITIVE NEG. INPUT V- [8
INPUT ouTPUT _ N
3ms NEG. OUTPUT [?] 5] POS. OUTPUT
3 | t
g CURRENT fa ') CURRENT
=7 umT i
o rorview L
NEG. SENSE {1 <) pos. seNsE
GROUND NEG. STAB. fi2 [1] pos. sTAB.
i
I 13 BALANCE
REF. BYPASS 13 (7] BALANG
-3y : N
S o VOLTAGE ADJUST b4 )\ 1 GND
NEGATIVE NEGATIVE
INPUT v ouTPuT
.5 x (R1 x R2
NEGATIVE Vg = 5’-—1—37———’ , POSITIVE Vo = &3 NEGATIVE Vo

that of R3 and R4 should bé 10 K. Increasing the
value of C1and C2 will reduce the frequency response
while transient response may be improved by increas-
ing C3 and C4. For very low-noise applications, a 4.7
mfd capacitor for Cref may be added. Rsc is selected -
such that a sense voltage of 0.6 volts (at Tj = 250C) '
is developed at the maximum load current desired.

For best temperature performance, the parallel im- w.umll\
pedance of R1 and R2 should be 6.3 K ohm while ﬁjl_l-_-'\.'

See Applications Notes for additional information
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PRECISION 2.5 VOLT REFERENCE

S$G1503/SG2503/SG3503

DESCRIPTION FEATURES

This monolithic integrated circuit is a fully self-contained
precision voltage reference generator, internally trimmed
for £1% accuracy. Requiring less than 2 mA in quiescent

Output voltage trimmed to 1%

current, this device can deliver in excess of 10 mA with * Input voltage range of 4.5 to aov

total load and line induced tolerances of less thian 0.5%. In e Temperature coefficient of 10 ppm/°C
addition to voltage accuracy, internal trimming achieves a i

temperature coefficient of output voltage of typically * Quiescent current typically 1.5 mA

10 ppm/°C. As a result, these references are excellent
choices for application to critical instrumentation and D Output current in excess of 10mA

to A converter systems. The SG1503 is specified for ¢ Interchangeable with MC1503 and AD580
operation over the full military temperature range of

-55°C to +125°C, while the SG2503 and SG3503 are

designed for commercial applications of 0°C to +70°C.

ABSOLUTE MAXIMUM RATINGS

Input Voltage 4.5 — 40V Operating Temperature Range
Power Dissipation 600 mW SG1503 -550C to +1250C
Derate Over 250C 4.8 mW/oC SG2503/3503 00C to +70°C

Storage Temperature Range -650C to +1500C

CONNECTION DIAGRAMS

CHIP LAYOUT M or Y PACKAGE T-PACKAGE
MINIDIP TO-39
TOP VIEWS

NG [B [4) nC. Gnd

Ne. [6] 3] Gnd @
@ Vout

e [7] 2] vour - NERO)

Q
Vv
nC. [B] ﬂ 1] VIN N
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PRECISION 2.5 VOLT REFERENCE

S$G1503 / SG2503 / SG3503

ELECTRICAL CHARACTERISTICS

(Input Voltage = 15V, I|_ = 0 mA, T = Operating Temperature Range unless otherwise stated.)

$G1503/2503 SG3503
PARAMETER TEST CONDITIONS MIN | TYP | MAX| MIN | TYP | MAX | UNITS
Output Voltage Ta =250C 2.485| 2.50 | 2.515| 2.475| 2.50| 2.625| Volts
Input Voltage Range Ta =250C 4.5 - 40 45 - 40 Volts
Input Voltage Range Over Operating Temperature 4.7 - 40 4.7 - 40 Volts
Line Regulation VIN =5 to 15V - 1 3 - 1 3 mV
Line Regulation VIN = 15 to 40V - 3 5 - 3 10 mV
Load Regulation Al =10mA - 3 5 - 3 10 mV
Load Regulation AlL=10mA, VN = 30V - 4 8 - 4 15 mV
Temperature Regulation -550 to +1250C - 15 20 - - - mV
Temperature Regulation 00C to +70°C - 25 5 - 5 10 mV
Quiescent Current VN = 40V - 1.5 | 2.0 - 15| 20 mA
Short Circuit Current 15 20 30 15 20 30 mA
Ripple Rejection f=120Hz, Ta =250C - 76 - - 76 — dB
Output Noise B.W.=10kHz, Tp = 250C - 100 - - 100 — | #Vims
Stability - 250 - - 250 —  |uV/kHr
OUTPUT VOLTAGE vs. TEMPERATURE RIPPLE REJECTION
I
b s /
-:2520 ) TA=25°C /
40
N /
s //
2,480 /
- —
-80
-50 o 50 100 150 10 100 10k 100k ™

Junction Temperature — °C

1
Frequency — Hertz

Data subject to change without notice.
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Precision Negative Regulator ,

SG1511/SG3511

Description

This monolithic voltage regulator is designed for negative Absolute Maximum Ratings

applications as a compiement to the popular SG723 Input voltage 40 volts

positive regulator and has the same high degree of Input-output voltage differential  —40 volts |
versatility, and wide range of applications. The SG1511/ Maximum output current —50mA 2
3511 regulator consists of a temperature compensated Current from Vgge — 5mA

reference, error amplifier, series pass transistor, Power dissipation 680mW

temperature compensated, low-threshold current limit and Derate above 25°C 5.4 mW/°C

remote shutdown circuitry. This device by itself will Operating temperature range _55°C to +125°C

supply load currents of up to 50mA with higher current Storage temperature range __65°C to +150°C J¢——— 047 ——>]

requirements easily accommodated through the use of
external NPN or PNP power transistors.

The SG1511 is specified to operate over the full military CONNECTION DIAGRAMS
temperature range of -—55°C to +125°C while the SG3511

is designed for commercial applications of 0°C to +70°C. ne. i fnc.
N.C. [i] s N.C.

Features Vour B ew B
® Output adjustable from -2 to —37 volts Current Limit fi P-:g;_:’ [9'Vaer
e Output current to 50mA Current Sense [ 1) Ground
® ,002%/°C average temperature variation Compensation [2] tnvert Input
¢ Temperature compensated current limiting Note: Pin 5 is connected to case snovtown /() [ Nom. . Inur
® .03% line and load regulation Pl

Electrical Characteristics Unless otherwise specified,

Ty=25°C,V,, = 12V, V, 5V, I, =1mA, Rgc= 0g, C = 2200 pf, Ry, = 0Q.
Parameters Conditions Min. Typ. Max. Units
Input Voltage Range —9.5 40 \
Output Voltage Range 2.0 37 \'
Input-Output Differential -3.0 38 \
Line Regulation V,, = ~9to -12V .01 0.1 % Vo
V,, = -12to --40V .02 0.2 % Vo
Load Regulation I, = 1to 20mA .03 0.1 % Vo
Ripple Rejection f == 50 Hz to 10 kHz 86 db
Temperature Stability Over Operating Range .002 .015 % /°C
Current Limit Sense Voltage 70 mV
Current Limit T, +0.2 mV/°C
Reference Voltage —5.9 —6.2 —6.5 \
Shutdown Resistance (Ry,,) . 2.0 3.0 5.0 K ohm
Standby Current Drain Vi, = 30V 1.5 2.5 mA
Output Noise Voltage BW = 100Hz to 10KHz 20 A,
Long Term Stability 0.1 % / Khr.
Applications "
Basic Negative Voltage Regulator (Fig. 1) (Fig. 1) .
1. For low voltage applications, (Vo = —2 to —6V): B A Vet J by -
Vo = Veer Rz Ry — R; R Gnd saisi cL
OV" Ry * R ' *“RITR — cs.
7 “_EFRZ < 500,A, Ry= oo R NI Comp. SD.__lInv R
2. For high voltage application, (Vo = —6 to —37V) 1 c I
 Viee (Rs * Re) " RsRs " g‘j‘ n R
Vo= R . Ri=p g, R=co “ |
3. For constant-current limiting: na0ss
70 mV
Re = T tman) s¢0 Trasos ..
4. If shut-down is not required, set Rg, =0. N R.
Regulator will shut-down when Rg;, > 5K ohms. "—L- v.. v \1‘ w
Rs.
S61511 CcL o
High Current Applications (Fig. 2) Vaar c AR 10.F
1. Select Ry, Rz, R; and R4 as per basic regulator application. A . 3 T
2. For thermal shutdown, mount thermistor R, with close ' :
thermal coupling to the 2N3055 power transistor.
3. Rs and Re provide foldback current limiting: Ra Re R
_ 70mv T 70mv_ Vo Rs p
* 7 R, * Cmax T R, R.-(Rs + Re) (Fig. 2)
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Regulating Pulse Width Modulator

SG1524 | SG2524 | SG3524

Description

This monolithic integrated circuit contains all the control
circuitry for a regulating power supply inverter or switching
regulator. Included in a 16-pin dual-in-line package is the
voltage reference, error-amplifier, oscillator, pulse width
modulator, pulse steering flip-flop, dual alternating output
switches and current limiting and shut-down circuitry. This
device can be used for switching regulators of either polar-
ity, transformer coupled DC to DC converters, transformer-
less voltage doublers and polarity converters, as well as
other power control applications. The SG1524 is specified
for operation over the full military temperature range of
—55°9C to +125°C, while the SG2524 and SG3524 are
designed for commercial applications of 0°C to +70°C.

Features

Complete PWM power control circuitry
Single ended or push-pull outputs

Line and load regulation of 0.2%

1% maximum temperature variation
Total supply current less than 1T0mA
Operation beyond 100kHz

Absolute Maximum Ratings Power Dissipation (package limitation) 1000mwW
3 o
Input Voltage 20V Dergte above 25°C 8mw/"C
Operating Temperature Range
Output Current (each output) 100mA ° °
Reference Output Current 50mA 5G1524 —55 Cto+125 C
Oscillat:r Chu rplijn gurrent 5mA $G2524/5G3524 0°C to +70°C
arging m Storage Temperature Range —65°C to +150°C

BLOCK DIAGRAM

Vaer

REFERENCE
REGULATOR

+5V
Yo
¢ P g | OSCILLATOR
(Ramp)

45V to all
internal circuitry

@

®@-

Inv. Input

COMPARATOR

® Lnne?\.
AMP
N.1. Input| +

1

"Ground
(Saml ()
Shut Down

CONNECTION DIAGRAM

TOPVIEW
Compensation [| 9 8 [J Ground
Shutdown (] 10 e
Emintar A [ 11 6[ar
Cotlector A (] 12 5 [Ji-)c.L. Sense
Collector B E 13 4 ] (+) C.L. Sense
Emitter 8 |14 3 [J osc. Outpur
v (15 2 [J Non. Inv. Input
Vaer [] 16 ﬂ 1D invert tnput

o
48V -
o
W _ Sense
Compensation =

CHIP LAYOUT
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Regulating Pulse Width Modulator

SG1524 | SG2524 | SG3524

Electrical Characteristics (Unless otherwise stated, these specifications apply for Ta=—55°C to +125°C for the SG1524 and 0°C to
+70°C for the SG2524 and SG35624, V,n = 20V, and f = 20kHz)

$G1524 _ SG2524 S 24
PARAMETER CONDITIONS WWW'%‘TAT UNITS
Reference Section:
Output Voltage: 4.8 5.0 5.2 4.6 5.0 5.4 \4
Line Regulation Vin =810 40 Volts - 10 20 - 10 30 mV
Load Regulati I =0to20mA - 20 50 - 20 50 mV
Ripple Rejection f=120Hz, T, = 25°C — 66 - - 66 — dB
Short Circuit Current Limit Vger =0, Ta =25°C - 100 - - 100 - mA
Temperature Stability Over Operating Temperature Range — 0.3 1 — 0.3 1 %
Long Term Stability Ta =25°C - 20 - - 20 - mV/khr
Oscillator Section:
Maximum Frequency Cy =.001 mfd, Ry = 2kQ2 — 300 — — 300 - kHz
Initial Accuracy Ry and Cy constant — 5 — — 5 — %
Voltage Stability Vin =8 to 40 Volts, T, = 25°C - - 1 — — 1 %
Temperature Stability Over Operating Temperature Range - - 2 - - 2 %
Output Amplitude Pin 3, To = 25°C — 3.5 — - 35 - v
Output Pulse Width Cy = .01 mfd, To=25°C - 0.5 - - | 08 - uS
Error Amplifier Section:
Input Offset Voltage Vem= 2.5 Volts -l os 5 - 2 10 mV
Input Bias Current Vem= 2.5 Volts - 2 10 — 2 10 HA
Open Loop Voltage Gain 72 80 - 60 80 - dB
Common Mode Voltage Ta= 25°C 1.8 — 3.4 1.8 — 3.4 Vv
Common Mode Rejection Ratio Ta=25C - [ 70 | - — [ 70 | — B |
Small Signal Bandwidth Ay =0uB, To=25°C - 3 - - 3 - MHz
Output Voltage Ta= 25°C 0.5 - 3.8 0.5 - 3.8 \
Comparator Section:
Duty Cycle % Each Output On 0 — 45 0 — 45 %.
Input Threshold Zero Duty Cycle — 1 — — 1 — \4
Input Threshold Max. Duty Cycle - 3.5 — - 3.5 — \
Input Bias Current - 1 - - 1 - MA
Current Limiting Section: Pin 9 = 2V with Error Amplifier
Sense Voltage Set for Max Out, Ty = 26°C 190 | 200 | 210 | 180 | 200 | 220 mV
Sense Voltage T.C. - 0.2 - - 0.2 - mv/C
Common Mode Voltage -1 - +1 -1 - +1 \
Output Section: (Each Output)
Collector-Emitter Voltage 40 - - 40 - - A4
Collector Leakage Current Ve =40V - 0.1 50 - 0.1 50 HA
Saturation Voltage Ic =50mA - 1 2 - 1 2 v
Emitter Output Voltage Vin =20V 17 18 — 17 18 - \
Rise Time Rc= 2K ohm, Ty = 25°C - 0.2 - - 0.2 - uS
Fall Time Rc= 2K ohm, T, = 26°C — 0.1 - - 0.1 — HuS
Total Standby Current: Vin =40V - 8 10 - 8 10 mA
(Excluding oscillator charging
current, error and current limit
dividers, and with outputs open)
OPEN LOOP TEST CIRCUIT
2 % S 2k
WS Sw
Vin
15 12 O outpus
0Osc. Oout O— 3 $G1524 11—
Vaer O-4—(16 7 2 1 ) 10 4 . s W
(l)ﬁ <|) NI Inv, J) Shut urrent
amp Input énﬂul émﬂn- Down ) Limit
Vin >
. >
ooV S 2 ok
4 | 1
015 Ry 3; Cr = 310k ®S
<
A -
S 2k
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Regulating Pulse Width Modulator

SG1524 | SG2524 | SG3524

Oscillator

The oscillator in. the SG1524 uses an external resistor (R)
to establish a constant charging current into an external
capacitor (Ct). While this uses more current than a series
connected RC, it provides a linear ramp voltage on the
capacitor which is also used as a reference for the compara-
tor. The charging current is equal to 3.6V + Ry and should
be kept within the range of approximately 30 uA to 2 mA,
i.e., 1.8k < Ry < 100k. The range of values for Ct also has
limits as the discharge time of C; determines the pulse
width of the oscillator output pulse. This pulse is used
(among other things) as a blanking pulse to both outputs
to insure that there is no possibility of having both outputs
on simultaneously during transitions. This output dead
time relationship is shown in Figure 1. A pulse width below
approximately 0.5 microseconds may allow false triggering
of one output by removing the blanking pulse prior to the
flip-flop’s reaching a stable state. |f small values of Cy
must be used, the pulse width may still be expanded by
adding a shunt capacitance (= 100 pf) to ground at the
oscillator output. (Note: Although the oscillator output is
a convenient oscilloscope sync input, the cable and input
capacitance may increase the blanking pulse width slightly.)
Obviously, the upper limit to the pulse width is determined
by the maxirhum duty cycle acceptable. Practical values of
Cr fall between .001 and 1.0 mfd.

The oscillator period is approximately t = R+Cy where tis
in microseconds when Ry = ohms and C; = microfarads.

i y.d
g
=z
:
H
2 1 o]
- -
o
=
3 0
001 002 005 0 02 05 Bl

TIMING CAPACITOR VALUE (Cr) - MICROFARADS

FIGURE 1. Output stage dead time as a function
of the timing capacitor value.
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The use of Figure 2 will allow selection of Ry and Cy
for a wide range of operating frequencies. Note that for
series regulator applications, the two outputs can be con-
nected in parallel for an effective 0 - 90% duty cycle and
the frequency of the oscillator is the frequency of the out-
put. For push-pull applications, the outputs are separated
and the flip-flop divides the frequency such that each
output’s duty cycle is 0 - 45% and the overall frequency is
% that of the oscillator.

If it is desired to synchronize the SG1524 to an external
clock, a pulse of = + 3 volts may be applied to the oscilla-
tor output terminal with R+Cy set slightly greater than
the clock period. The same considerations of pulse width
apply. The impedance to ground at this point is approxi-
mately 2k ohms.

If two or more SG1524's must be synchronized together,
the easiest method is to interconnect all pin 3 terminals,
tie all pin 7’s together and to a single Ct, leave all pin 6's
open except one which is connected to a single Rt.

/

4

TIMING RESISTOR (Ry) — KILOHMS
3

\‘\‘ 0’-1
DO
NG N
N
N
N

NN

/

7

s 2 E 100 200 500  1ms  2ms

OSCILLATOR PERIOD — MICROSECONDS

FIGURE 2. Oscillator period as a function of RT and C7.




Regulating Pulse Width Modulator

SG1524 | SG2524 | SG3524

transition region as the current limit amplifier takes over

Current Limiting
pulse width control from the error amplifier. For testing

Tr\e current limiting circuitry of the SG1524 is shown in purposes, threshold is defined as the input voltage to get
Figure 3. 25% duty cycle with the error amplifier signaling maximum
By matching the base-emitter voltages of Q1 and Q2, and duty cycle.
assuming negligible voltage drop across R4,
Threshold = Vgg (Q1) + 13R; — Vge (Q2) = 11 Ry If this current limit circuitry is unused, pins 4 and 5 should
~ 200 mV both be grounded.

Although this curcuit provides a relatively small threshold
with a negligible temperature coefficient, there are some
limitations to its use, the most important of which is the
+1 volt common mode range which requires sensing in the
ground line. Another factor to consider is that the frequency
compensation provided by R,C; and Q1 provides a roll-
off pole at approximately 300 Hertz.

Since the gain of this circuit is relatively low, there is a

COMPARATOR
ERROR
AMPLIFIER

FIGURE 3. Current Limiting Circuitry of the SG1524.

O ! 0.9mH :
+28V [ +5v A
5K e " T
Viu 1K 1K
W ¢ _— Vin WS W
N
1800 C,
v ' 3 seso 5K " EY I y— DSR0S0 1oy
, %sx B - ™ =K 500uf Le Ea 2073 "
4t Voer %sx x® "‘l sT woourts Y
x 1t Ve < 2
Ry & " "3 VJ E"
E
02, T~
M o o, o . SVT60-5 DSRE060
O o
O——ox € - b——
O . Dn fo! sh.On.  Comp L
Gnd == 001 - Joor T"’"“'
Gnd
50K o1
. 20K
RETURN (XD Ao RETURN
AA Gnd

<
P
P

In this conventional single-ended regulator circuit, the two outputs of  Push-pull outputs are used in this transformer-coupled DC-DC regu-

the SG1524 are connected in parallel for effective O - 90% duty-cycle  lating converter. Note that the oscillator must be set at twice the

modulation. The use of an output inductor requires and R-C phase  desired output frequency as the SG1524’s internal flip-flop divides the

compensation network for loop stability. frequency by 2 as it switches the P.W.M. signal from one output to the
other. Current limiting is done here in the primary so that the pulse
width will be reduced should transformer saturation occur.
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REGULATING PULSE WIDTH MOD TORS

S$G1525/2525/3525
S$G1527/2527/3527

ADVANCED DATA
Performanc_e data described herein represent design goals.
Final device specifications are subject to change.

DESCRIPTION

The SG1525/1527 series of pulse width modulator integrated circuits
are designed to offer improved reference accuracy and lowered ex-
ternal parts count when used to impiement switching power supplies.
The on-chip +5.1 volt reference is trimmed to +1% initial accuracy; and
the common mode range of the error amplifier includes the reference
voltage, eliminating external divider resistors. A Sync input to the
oscillator allows multiple units to be slaved together, or for a single unit
to be synchronized to an external system clock. A single resistor be-
tween the Ct1 pin and the Discharge pin provides a wide range of
deadtime adjustment. These devices also feature internal clamp diodes
and current sources for soft-start. A timing capacitor is the only external
component required. A Shutdown pin controls the soft-start circuitry,
allowing external monitoring devices to initiate soft-start cycles. The
output stages are totem-pole designs capable of sourcing or sinking
100mA. The SG1525 output stage features NOR logic, giving a nor-

Kl

FEATURES

® 8 to 40 VOLT OPERATION

® 5.1 VOLT REFERENCE TRIMMED TO :1%

® ADJUSTABLE DEADTIME

¢ INTERNAL SOFT-START

® 5.1 VOLT ERROR AMP COMMON MODE INPUT
® DUAL 100mA SOURCE/SINK OUTPUT DRIVERS
® OSCILLATOR SYNC TERMINAL

ORDER INFORMATION

mally LOW output level. The SG 1527 utilizes OR logic, which results in Package Temperature Range Part Number
anormally HIGH output level. The SG 1500 series parts are specified for )
operation over the full military temperature range of —55°C to +125°C. | 16-pin Ceramic DIP -55°Cto +125°C $G1525J/8G1527J
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REGULATING PULSE WIDTH MODULATORS

SG1525/2525/3525 o ADVANCED DATA
erformance data described herein represent design goals.
SG1527/2527/3527 Final device specifications are subject to change.
ABSOLUTE MAXIMUM RATINGS
Supply Voltage (+Vin) 40 Volts Derate above 50°C 10mw/°C
Output Collector Voltage (VC) 60 Volts Operating Ambient Temperature Range
Output Current, Source or Sink 200 mA SG1525, SG1527 -55°C to +125°C
Reference Output Current 50 mA S$G2525, SG2527 -25°C to +85°C
Oscillator Charging Current 5mA SG3525, SG3527 0°C to +70°C
Power Dissipation 1000mW Storage Temperature Range -65°C to +150°C
ELECTRICAL CHARACTERISTICS:
Note: These specifications apply for the specified operating
temperature range, Vin = 20V, RT = 2kQ . Ct = .01mF: SG1525/2525 SG3525
RpB = 0<. unless otherwise specified. SG1527/2527 SG3527
Parameter [ Conditions Min T Typ [ Max Mn [ Typ | Max Units
REFERENCE SECTION
Output Voltage Ty =25°C 5.05 5.10 5.15 5.00 5.10 5.20 1
Line Regulation Vin = 8 to 30V 10 20 10 20 mV
Load Regulation IL = 0to 20mA 20 40 20 50 mV
Temp Regulation Over Operating Temp Range 20 50 20 50 mV
Total Output Variation Line, Load & Temp 5.00 5.20 4.95 5.25 \
Short Circuit Current VReg =0, Ty = 25°C 80 100 80 100 mA
Output Noise Voltage 10Hz<f<10kHz2.TJ = 25°C 40 40 uVrms
Long Term Stability Ty=125C 20 20 mV/khr
OSCILLATOR SECTION
Maximum Freq. Rt = 2ks:,CT= .001mF 300 300 kHz
Initial Accuracy +5 +5 %o
Voltage Stability Vin = 8 to 30V 1 1 %
Temperature Stability Over Operating Temp Range +2 +2 %%
Clock Amplitude CT = .01mF 3.0 3.5 3.0 35 Vv
Clock Width CT = .01mF 0.5 0.5 usec
Sync Threshold 1.0 20 1.0 2.0 \
Sync Input Current Sync Voltage = 3.5V 0.2 0.4 0.2 0.4 mA
Sawtooth Valley Voltage 0.6 1.0 0.6 1.0 Vv
Current Mirror IRT = 2mA 1.8 2.0 2.2 1.8 2.0 2.2 mA
ERROR AMPLIFIER SECTION
Input Offset Voltage Vem= 5.1V 0.5 5 2 10 mV
Input Bias Current 1 10 1 10 uA
Input Offset Current 1 1 uA
CMRR VcM= 2to 12 Volts 60 72 60 72 dB
PSRR Vin = 8 to 30 Volts 50 60 50 60 dB
Output Low Level 0.5 0.5 Vv
Output High Level 3.8 38 Vv
Open Loop Gain RL = 10 Meg$ 60 72 60 72 dB
Bandwidth 2 2 MHz
COMPARATOR SECTION
Min. Duty Cycle 0 0 %
Max. Duty Cycle 45 49 45 49 %
Input Threshold Zero Duty Cycle 1.0 1.0 \
Input Threshold Max. Duty Cycle 3.3 33 \
Input Bias Current 1.0 1.0 uA
SHUTDOWN SECTION
Soft Start Current Vsp = 0V 50 100 175 50 100 175 uA
Soft Start Voltage Vgp =2V 0.15 0.15 Vv
Error Clamp Voltage Vsp =2v 0.15 | 0.15 Vv
Input Current Vgp =2V 3 3 mA
OUTPUT SECTION
Isink = 20mA 0.2 0.4 0.2 0.4 v
Output Low Level Isink = 100mA 1.0 2.0 10 2.0 v
. Isource = 20mA 18 18 \
Output High Level Isource = 100mA 17 17 Vv
Collector Leakage Vc = 50V (Note 1) 100 100 uA
Rise Time 100 100 nsec
Fall Time 100 100 nsec
Shutdown Delay Time Vgp =2V 1 1 u sec
TOTAL STANDBY CURRENT
[ Vin = 30V. Shutdown = 2V | [ 14 T 2 [ [ 14 1 20 [ mA

Note 1. Anblies to SG1525/2525/3525 onlv. ae



REGULATING PULSE WIDTH MODULATOR

$G1526/5G2526/5G3526

ADVANCED DATA
$G1526/SG2526/SG3526

Performance data described herein represent design goals.
Final device specifications are subject to change.

DESCRIPTION

The 1526 is a high performance monolithic pulse width modulator
circuit designed for fixed-frequency switching regulators and other
power control applications. Included in an 18-pin dual-in-line pack-
age are a temperature compensated voltage reference, sawtooth
oscillator. error amplifier. pulse width modulator, pulse metering
and steering logic. and two low impedance power drivers. Also
included are protective features such as soft-start and under-
voltage lockout, digital current limiting. double pulse inhibit, fre-
quency limiting, adjustable deadtime, and provision for symmetry
correction inputs. For ease of interface. all digital control ports are
TTL and B-series CMOS compatible. Active LOW logic design
allows wired-OR connections for maximum flexibility. This versa-
tile device can be used to implement single-ended or push-pull
switching regulators of either polarity. both transformerless and
transformer coupled. The SG1526 is characterized for operation
over the full military junction temperature range of —55°C to
+150°C. The SG2526 is characterized for operation from —25°C
to +150°C, and the SG3526 is characterized for operation from
0°C to +125°C.

FEATURES

* 8 TO 40 VOLT OPERATION

® 5 VOLT REFERENCE TRIMMED TO *1%

® 50 HZ TO 300 KHZ OSCILLATOR RANGE

® DUAL 100 MA SOURCE/SINK OUTPUTS

* DIGITAL CURRENT LIMITING

¢ DOUBLE PULSE SUPRESSION

* PROGRAMMABLE DEADTIME

* UNDERVOLTAGE LOCKOUT

® PULSE METERING FOR FREQUENCY LIMITING
* PROGRAMMABLE SOFT-START

® HIGH CURRENT LIMIT COMMON MODE RANGE
® HIGH ERROR AMP COMMON MODE RANGE

e TTL/CMOS COMPATIBLE LOGIC PORTS

* SYMMETRY CORRECTION CAPABILILITY

® GUARANTEED 6 UNIT SYNCHRONIZATION
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REGULATING PULSE WIDTH MODULATOR

$G1526/5G2526/SG3526 ~ ADVANCED DATA
Performance data described herein represent design goals.

Final device specifications are subject to change.

ABSOLUTE MAXIMUM RATINGS (Note 1)

Input Voltage +45V Power Dissipation at Ta = +25°C (Note 2) 1000mW
Collector Supply Voltage +60V Thermal Resistance: junction to ambient 125°C/W
Logic Inputs -0.3Vto +5.5V Power Dissipation at Tc = +25°C (Note 3) 3000mW
Analog Inputs -0.3Vto +Vin Thermal Resistance: junction to case 42°C/W
Source/Sink Load Current (each output) 200mA Operating Junction Temperature +150°C
Reference Load Current 50mA Storage Temperature Range -65°C to +150°C
Logic Sink Current 15mA Lead Temperature (Soldering, 10 seconds) +300°C

Note 1. Values beyond which damage may occur.
Note 2. Derate at 8mW/°C for ambient temperatures above +25°C.
Note 3. Derate at 24mW/°C for case temperatures above +25°C.

RECOMMENDED OPERATING CONDITIONS (Note 4)

Input Voltage +8V to +40V Oscillator Timing Capacitor 1nF to 10xF
Collector Supply Voltage +5V to +50V Programmed Deadtime Range 3% to 50%
Sink/Source Load Current (each output) 0to 100mA Operating Junction Temperature Range

Reference Load Current 0 to 20mA SG1526 -55°C to +150°C
Oscillator Frequency Range 50Hz to 300kHz SG2526 -25°C to +150°C
Oscillator Timing Resistor 2ksto 150kn SG3526 0°Cto +125°C

Note 4. Range over which the device is functional and parameter limits are guaranteed.

ELECTRICAL CHARACTERISTICS (+Vin = 15V, and over operating temperature, unless otherwise specified)

PARAMETER CONDITIONS SG1526/2526/3526 UNITS
MN | TYP | MAX
REFERENCE SECTION (Note 5)
Output Voitage Ty = +25°C 4.95 5.00 5.05 \Y
Line Regulation +Vin = 8to 40 V 10 mV
Load Regulation IL = 0to20mA 10 i . mv
Temperature Stability Over Operating Ty 15 mV
Total Output Over Recommended
Voltage Range Operating Conditions 5.00 \
Short Circuit Current VREF = 0V 50 mA
OSCILLATOR SECTION (Note 6)
Initial Accuracy Ty = +25°C 3 %
Voltage Stability +Vin =8to 40V 0.5 %
Temperature Stability Over Operating T 1 %
Total Oscillator Over Recommended I
Frequency Stability Operating Conditions 2 %
Minimum Frequency RT = 150 ka.CT = 104F 50 Hz
Maximum Frequency RT =2ka,C1 = 1.0nF 300 kHz
Sawtooth Peak Voltage +Vin = 40V 3.0 Y
Sawtooth Valley Voltage +Vin =8V 1.0 Vv
SYNC Pulsewidtn CL = 15pF 05 usec

Note 5. I = 1mA.
Note 6. F = 40kHz (RT = 3.65k%2 :1°c. CT = .01uF + 1°:. Rp = 002)
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REGULATING PULSE WIDTH MODULATOR

$G1526/9G2526/SG3526

ADVANCED DATA
Performance data described herein represent design goals.
Final device specifications are subject to change.

ELECTRICAL CHARACTERISTICS (continued)

PARAMETERS CONDITIONS SG1526/2326/3526 UNITS
MIN ] TYP | max
ERROR AMPLIFIER SECTION (Note 7)
Input Offset Voltage Rg<2kn 2 mv
Input Bias Current —-350 nA
Input Offset Current 35 nA
DC Open Loop Gain RL - 10 Megn 75 dB
Open Loop Bandwidth CL = 15pF 1 MHz
O\‘,'éz‘,"H\fg:age Swing RL-50 ka2 42 v
Vout Low RL-50 k2 0.1 v
Common Mode Range +Vin =8V 0 5.2 Y
Common Mode Rejection Rg=<10ka 72 - dB
Supply Voltage Rejection F = 120 Hz,aVin = 1V 80 dB
DIGITAL PORTS (SYNC, SHUTDOWN, and RESET)
HIGH Output Voltage Isource = 40uA 2.4 4.0 \"
LOW Output Voltage Isink = 3.6 mA 0.2 0.4 \
HIGH Input Current VIH = +24V -125 —200 LA
LOW Input Current VL= +04V -225 360 A
CURRENT LIMIT COMPARATOR
Common Mode Range +Vin = 40V 0 37 \"
Sense Voltage Vcm =0t 37V 100 mVv
Input Bias Current VCM = 0to 37V -3 uA
Voltage Gain SHUTDOWN Isink = 360xA 68 dB
Response Time 100 mV Step, 5 mV Over—
to Output Driver drive, Rgource<50 2 03 usec
SOFT—START SECTION
Error Clamp Voltage RESET = +0.4V 0.1 \Y
Cs Charging Current RESET = +2.4V 100 “A
OUTPUT DRIVERS (Each Output) (Note 8)
HIGH Output Voitage Isource = 20 MA 135 v
Isource = 100 mA 3 v
LOW Output Voltage Isink = 20 mA 02 v
Isink = 100 mA 1.2 \%
Collector Leakage Vg =50V 0.1 uA
Rise Time CL = 1000 pF 0.3 usec
Fall Time C = 1000 pF 0.2 usec

POWER CONSUMPTION (Note 9)

Standby Current

SHUTDOWN = +0.4V

30 1 J mA

Note 7.VCM = 0t0 5.2 v

Note 8. Vcollector = +15 V., Rcollector = 0£2
Note 9. +Vin = 40 V. RT = 3.6 kQ2




REGULATING PULSE WIDTH MODULATOR

$G1526/5G2526/5G3526 ADVANCED DATA
Performance data described herein represent design goals.

Final device specifications are subject to change.

OSCILLATOR CONNECTIONS FOLDBACK CURRENT LIMITING
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Figure 1. The totem-pole output drivers of the SG1526 are ideally suited for dri-

ving the input capacitance of power FETs at high speeds.

Figure 2. In this circuit, current limiting is accomplished by using the current limit
comparator output to reset the soft-start capacitor.




Precision General-Purpose Regulator

SG1532/SG2532 | SG3532

DESCRIPTION

This monolithic integrated circuit is a versatile, general-
purpose voltage regulator designed as a substantially improved
replacement for the popular SG723 device. The SG1532 series
regulators retain all the versatility of the SG723 but have the
added benefits of operation with input voltages as low as 4.5
volts and as high as 50 volts; a low noise, low voltage refer-
ence; temperature compensated, low threshold current limit-
ing; and protective circuits which include thermal shutdown
and independent current limiting of both the reference and
output voltages. Also included is a separate remote shutdown
terminal and — in the dual-in-line package — open collector
outputs for low input-output differential applications.

These devices are available in both hermetic 14-pin cerdip DIL
and 10-pin TO-96 packages. In the T-package, these units
are interchangeable with the LAS-1000 and LAS-1100
regulators. The SG1532 is rated for operation over the tem-
perature range of -550C to +1250C while the SG2532 and
SG3532 are intended for industrial applications of 0°C to
+700C.

CONNECTION
DIAGRAMS

TOP VIEWS

FEATURES:

ABSOLUTE MAXIMUM RATINGS:

Input Voltage
SG1532/2532
SG3532

Output Current

Reference Current

Zener current (J-package only)
Storage Temperature Range

Power Dissipation
T-~Package (TO-96)
Derate Above 25°C
J-Package (TO-116)
Derate Above 25°C
Operating Temperature Range

SG15632
SG2532 and SG3532

Input voltage range of 4.5 to 50 volts
2.5 volt low noise reference
Independent shutdown terminal

Improved line and load regulation

80 mV current limit sense voltage

Fully protected including thermal shutdowr
Useful output current to 150 mA

50 Volts
40 Volts

250 mA

25 mA

25 mA

-650C to +1500C

800 mw
6.4 mw/oC

1000 mW
8 mWw/oC

-550C to +1250C
00C to +700C

Vo & v+

FREQ
COMPENSATION

CURRENT LIMIT
CURRENT SENSE

SIMPLIFIED SCHEMATIC

Pins numbered for J-Package — T-Package numbers in parenthesis

&

Q17

T-Package (TO-96) - v+®
8)
SHUTDOWN | 8 7{v-
V2|9 6 | Veer
Vour |10 5 | N.LINPUT
Ve {11 4 | Inv. INPUT
v+ 12 3 | CURRENT SENSE
FREQ. COMP |13 2| CURRENT LIMIT
Ne. |14 ﬂ T|NC.

J-Package (TO-1186)

CHIP LAYOUT (J-pkg)

—@O Ve

8)

Vour

(6)

Q32

R12 R13 |
Q21 Q25

INV
2)

o

(8) Veaed

(13)comp
9)

sD.
—® )

Data subject to change without notice.



Precision General-Purpose Regulator

SG1532/SG2532 | SG3532
ELECTRICAL CHARACTERISTICS (See Notes 1 & 2)
S$G1532/2532 SG3532
PARAMETER CONDITIONS MIN| TYP |[MAX|MIN| TYP|MAX| UNITS

Input Voltage TA =250C 45| — 50 | 45| — 40 Volts
Input Voltage Over Temperature Range 47| — 50 | 4.7 | — 40 Volts
Output Voltage 20| — | 38 20| - 38 Volts
Max Output Current Rsc=0,Vo=0, TA =250C — | 1751250 | — | 175 | 250 mA
Min (VIN - VO) 10 =100mA, Ta = 250C — 1.7 1 20| — 1.7 | 2.0 | Volts
Reference Voltage TA = 250C 2.40{ 2.50| 2.60|2.40| 2.50| 2.60 | Volts
Reference Voltage Over Temperature Range 235/ — [265[235] — |2.65| Volts
Temperature Stability — | .005|.015] — |.005|.015] %/°C
Ref Short Ckt Current VREF =0, Ta = 250C - 15 | 25 - 15 | 25 mA
Line Regulation 8V < VN < 40V — | .005| .01 — | .005| .02 %IV
Line Regulation 8V<VIN<S20V,I0=25mA | — | .01 | .02| — | .01 | .03 %/V
Load Regulation TmMA<IQ<25mA — | .002|.004| — |.002|.004| %/mA
Load Regulation 1TmA<I1p< 100 mA — | .002|.005| — |.002| .005| %/mA
Current Limit

Sense Voltage Rsc=100Q,Vp=0 .06| .08| .10} .06 | .08 | .10 | Volts
Shutdown Voltage

Threshold 40| .70 | 1.0 40| .70 | 1.0 | Volts
Shutdown Source

Current Vo = high 100 | 200 | 300 | 100 | 200 | 300 uA
Zener Voltage J-Package only 6.0 64| 70| 6.0 6.4 | 7.0 | Volts
Standby Current VIN = 40V - 25| 35| — 25| 3.5 mA
Error Amplifier

Offset Voltage — 1201 10| — | 20] 15 mV
Error Amplifier

Input Bias Current — 4 15 — 4 20 uA
Open Loop Gain TA =250C 66 | 68 | 72 | 60 | 68 | 72 dB
Ripple Rejection f=120Hz, Ta = 250C - 66 - - 66 - dB
Output Noise 10Hz < < 100kHz, Ta =250C| — 50 - — 50 — | uVrms
Long Term Stability VIN =30V, TA = 1250C — 03] 10} — 0.3 1.0 | %/kHr
Thermal Shutdown 175 | — — | 175 -— oC

Note 1: Unless otherwise specified, VIN = 10V, Vo =5V, 0 =1 mA, TA = specified operating range.
Note 2: All regulation specifications are measured at constant junction temperature using low duty-cycle

pulse test.
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Precision General-Purpose Regulator

SG1532/SG2532 |/ SG3532

STANDBY CURRENT

MINIMUM INPUT — OUTPUT VOLTAGE

Frequency — Hertz

Time — Microseconds

Vo =5V V+ 10V0 e
Rsc=0 VctoVQ -—w
AVp =100 mV
2.0
3 >‘ Ty=-559C
_———'__—
% 15 74=250C e
K Ty =1250C s — I
Lt F | Tz 120
g Ty = 250C §
5 [
5] Ty = -560C
2 f
°
§
&
0
0 10 20 30 40 50
Input Voltage — V Load Current — mA
CURRENT LIMITING RIPPLE REJECTION
| J
ViN = 10V
0 Vo=sv | - z‘” -V
Rsc = 102 E 0=5vV /
" . 20 IL=1mA
2 \ £ Cc = 1000 PF
S -2 Ky Ty =250C
g Ty=1250¢ 3 -40
o &
< Ty= 250C = « /
g 4 — - 50,
3 Ty=-859C —-\ /
-60
‘_/
-5 3
L1
0 20 40 60 80 100 10 100 1k 10k 100k ™
Current Limit Sense Voltage — mV Frequency — Hertz
FREQUENCY RESPONSE TRANSIENT RESPONSE
80
e VIN = 10V
SO Vo =5V A
60 T +50
\\\ Open Loop Gain_> IL=1mA t \
\\\ | cc=0 >g 0 o Line Response \
@ N Cc = 1000 PE i AVIN =3V
‘1’ 40 4 180 % S 50 | |
£ AN \ g 3 ! VIN=10V, VQ=5V
i . Phase Angle \\ g H IL=1mA, Cc= 1000 PF
N - S | 5 Ty =250 =
£ S cc=0 =" 2N 30 o 2 . J C. Rsc=0
S N Cc = 1000 PF N 17 g g ™ ! !
\\( \\>,/’ ; 0 Load Response
\\___4_______)\ b TESTET /
0 280 50
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Precision General-Purpose Regulator

SG1532/SG2532 /SG3532

APPLICATIONS
BASIC LOW CURRENT REGULATOR HIGH CURRENT REGULATOR WITH FOLDBACK
CURRENT LIMITING AND REMOTE SHUTDOWN
+VIN ’
T nveoss | ]
+VIN ——[ ve Vo 2N6055
Ve Vo
V+ vz
V+ vz
VREF C.L.|
<
Rsé Rsc VREF cL. VWA~
NI cs. +o R3 3300 g RsC
2400 >.050
R1 N.I. cs. +Vo
s.D. INV R1¢
51003
TTL 8.D. INV
V- comp $ ko Shutdown LS
V- comp $PRs S Twro
CCT . 347k g3
C 510Q
GND GND 1000 PFT
R se \ GND GND -
Vo= VREF (1+5- Isc =———9-"s;‘slg‘a =
2 Output Voltage = 5V Line Reg 10 - 30V = 3mV
R3= :: ?Zﬂz Cc = 1000 PF Max Output Current = 8A Load Reg 0 - 5A = 17 mV
10 to 100 mA Min ViN at No Load =6.9V  ghort Circuit Current = 1.8A
Min VN at 5A = 8.2V
HIGH EFFICIENCY, LOW VOLTAGE REGULATOR 90% EFFICIENT LINEAR REGULATOR
™ neoso | High 8 PNP
HVIN +VIN +Vo
| |
| - ¥ 7 ! Rs
—W——] v, Vo
L ~—o 2 ¢
Ve Vo V+ Vz | 1N4002 2R1
315k
V+ Vz VREF C.L.
R3§ RsCS +l Co
75002 1003 T 100
VREF C.L. N.IL Cs. MFD
R3 E Rsc <
2400 010 <
NI cs. 019 —— +V0 s.D. INV.
R
! 3 R4 <
51005 3
S$.D. INV. +| Co 7500 < V- COmMP <R2
100 3500
rr L MFD Cc
V- comp 2 < 1000 PF T
5100 & GND ¢ GND
Cc
T 1000 PF Notes:
GND GND Output Voltage = 5V (Note 1) = 1. For output voltages above 8 volts and load currents
. Max Output C = 3A (Note 2) which allow PNP base current to be limited to 25 mA,
Output Voltage = 5V Line Reg 7 - 20V = 10 mV ax Output Current = ote the internal zener may be used, eliminating the need
Max Output Current = 9A Load Reg 0 - 5A = 25 mV Min (VN - VO) at 2A = 0.4V for the two external diodes and the divider on VREF.
i = imiti Line Reg 6 - 30V =10 mV
Min ViN at 5A = 7.0V Constant Current Limiting 9 P 2. Rgc can be eliminated if the 200 mA current limit
Load Reg 0 - 2A =20 mV on VQ is adequate. Overall current limiting is depen-
dent upon PNP g. For greater accuracy, load current
may be sensed in the ground line.
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VOLTAGE SENSING CIRCUIT

S$G1542 / SG2542 / SG3542

DESCRIPTION

This monolithic integrated circuit provides the control
functions necessary to protect sensitive electronic

FEATURES

Operation from 4.5 to 40 volts

circuitry from over-voltage transients or the effects of e Useful for either over- or under-voltage
voltage regulator failure. It is designed for use with an sensing
external SCR “crowbar” forimmediate shutdown of the . o
power supply, but additionally provides logic level e Sensing threshold accurate to =2%
outputs for regulator turn-off and/or operatororsystem aap s s .
out-of-tolerance indication. * Built-in input hysteresis
This device contains an accurate, stable 2.6 volt e Zero to 35 volt sensing capability
reference which allows the sensing threshold to be set .
predictably without the need for potentiometers. * Programmable time delay
Uncommitted availability of both polarity inputs to the o SCR “Crowbar” drive of 200mA
sensing comparator allows a wide flexibility of use . . .
including the ability to sense voltages less than the * Remote activation capability
reference voltage. An exter_nal capacitor can be used to e 2.6V 1% reference available
program an accurate time delay between fault
occurrence and crowbar triggering, but this delay may
be bypassed by inputing at the Sense 2 terminal or by
using the remote activation capability.
For additional circuit functions, see SG1543 data
sheet.
BLOCK DIAGRAM
@ VREF
@ v
l @® 2500a Ve
26V
REF
h r 3 (a) scR
TRIGGER
+ —<—® ABOVE
LMt
__® WITHIN
% LimiT
@ COMMON

NI @ é INV.  DELAY é

SENSE 1 SENSE 1

CHIP LAYOUT

(45 REMOTE

CURRENT SENSE 2

ACTIVATE

CONNECTION DIAGRAM

ne.[]8 7[n.c.
WITHIN LIMIT ]9 6[] SENSE 1INV.
REMOTE ACT.[]10 5[] SENSE 1N.I.
ABOVE LIMIT 11 4[] SENSE 2
COMMON [ 12 3[] DELAY CURRENT
VRer |13 2[] v+
SCR TRIGGER [ 14 ﬂ 1Jve

J, N PACKAGES (TO-116)

37




VOLTAGE SENSING CIRCUIT

SG1542 / SG2542 / SG3542

ABSOLUTE MAXIMUM RATINGS

Input Supply Voltage, V+

Collector Supply Voltage, V¢

Sense Voltage (1)
Sense Voltage (2)

Remote Activation Input Voltage

SCR Trigger Current

Limit Indicators Output Voltage
Limit Indicators Output Sink Current

40V
40V
V+
6.5V
7.0v
300mA*
40V
50mA

ELECTRICAL CHARACTERISTICS

(Unless otherwise stated, these specifications apply for V+=5t0 35Vand T

Power Dissipation
(Package Limitation)
Derate above 25°C

Operating Temperature Range

SG1542
SG2542
SG3542

Storage Temperature Range
*At higher input voltages, a dissipation limiting resistor, R, is required. See graph.

—25°C to +85° C for the SG2542, and 0°C to +70° C for the SG3542.)

1000mW

8.0mw/°C

—55°Cto +125°C
—25°Cto +85°C
0°Cto +70°C

—65°Cto+150°C

=-55°Cto+125°C for the SG1542,

SG1542/2542 SG3542

PARAMETER CONDITIONS MIN | TYP |MAX | MIN | TYP | MAX | UNITS
Input Voltage Range Tj=25°C to Trpax 45 - 40 | 45 - 40 \Y%
Input Voltage Range Tmin t© Tmax 4.7 - 40 4.7 - 40 \)
Supply Current V+ = 40V, Outputs open - 5 7 — 5 10 mA
Reference Voltage Ty= 25°C 258 | 2.60 | 2.62 | 255 | 2.60| 2.65 \"
Reference Voltage Over Temp. Range 2.55 — 2.65 | 2.50 - 2.70 \
Line Regulation V+ =5 to 40V - 1 5 - 1 5 mV
Load Regulation IRgr = 0 to T0mA - 1 10 - 1 10 mV
Short Circuit Current VReg =0 12 15 25 12 15 25 mA
Temperature Stability - .005 - - .005 — %/°C
Sense 1 Offset Voltage Sense 1 (+) rising -10 | .0 +10 | -20 0 +20 mV
Sense 1 Offset Voltage Sense 1 (+) falling <35 | -25 | -15 | -50 | -25 0 mv
Sense 1 Common Mode 0 — |(vh-3 0 - (V+) -3 Vv
Sense 1 Bias Current - -0.3 | -1.0 - -0.3| -1.0 MA
Sense 2 Threshold 250 | 2.60 | 2.70 | 250 | 2.60 | 2.70 \%
Sense 2 Bias Current — 1.0 10 - 1.0 10 uA
Delay Current 200 | 250 | 300 | 200 | 250 | 300 HA
Remote Activation Current - 120 | 180 - 120 | 180 uA
Remote Act. Threshold 0.8 1.0 2.0 0.8 1.0 2.0 \%
Peak Output Current Vg=5V,Rg=0,Vg=0 100 | 200 | 400 100 | 200 | 400 mA
Peak Output Voltage Ip = 100mA VINT2|Vn—16] —  |VinN-2|vin-18 — \V
Output Off Voltage V+=V¢ =40V - 0 0.1 - 0 0.1 v
Limit Indicators VgaT I =-10mA — 0.2 0.5 - 0.2 0.5 \%
Limit Indicators Leakage ViND =40V — .01 1.0 | — .01 1.0 MA
Propagation Delay To Ind., Tj=25°C - 500 - - 500 - nS
Propagation Delay To Trigger, Ty = 250C - 500 - - 500 - nS
Output Current Rise Time R =500, Ty= 25°C - 400 - - 400 - mA/uS
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VOLTAGE SENSING CIRCUIT

SG1542 / SG2542 / SG3542

TYPICAL CHARACTERISTICS

MINIMUM GATE CURRENT LIMITING RESISTANCE ACTIVATION DELAY VS. CAPACITOR VALUE
/ @ ! 2.6 C
g 100 g 1.0———DELAY = —,I-)Jl
? 2 = 10 mS/uF
<]

€ 75 Rg> X%—éi / S o1
%] - / =3
S T
[ w
2 S
§ 50 2 o
2 / S o1
2 > .001
w / 3
= w
< a
o

[ 10001

0 10 20 30 20 001 01 0.1 1.0 10
COLLECTOR VOLTAGE, V¢ - VOLTS DELAY TIME — MILLISECONDS

BASIC OVER-VOLTAGE PROTECTION CIRCUIT CONFIGURATION

L L2

POWER
SUPPLY

Fq = Only necessary if power supply is not current
F1 \ / + ..
limited
o
> +
;»“l VTRIP = 26V (Ry + Rp) , Rp < 100k2
SCR 2
CROWBAR
roem A4 tp = 10* Cp

[:163 sG1542 14 —"g\gv—7 TO LOAD Rg > V%‘— 5

L 3 410 12
E:Rz L1, Ly = Indicator selected for max. current =
10mA @ VTR|p
TCD’ B SCR = Selected for max. peak current capability

S$G1542 SIMPLIFIED SCHEMATIC DIAGRAM

VREF SENSE 1(-) SENSE 1(+) DELAY SENSE 2 REMOTE
® ® . NIL (B () CurrReNT (@ (9 ACTIVATE
- B B ") o
N
AT ] b .
'\..«»—K c

%

IN— SCR
_ZF ® Triceer

3 100uA
i = Jn—t
w- WITHIN
4 E vy LIMIT

]

7

ABOVE

K
LN
.—-ﬁ ._Kl WANTT
({2 COMMON

SUBSTRATE n
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. "

SENSING CIRCU

S$G1542 / SG2542 / SG3542

APPLICATIONS

OVER-VOLTAGE SENSING FOR
VOLTAGES ABOVE 2.6 VOLTS

POWER SUPPLY OUTPUT VOLTAGE

OVER-VOLTAGE SENSING FOR
VOLTAGES LESS THAN 2.6 VOLTS
POWER SUPPLY OUTPUT VOLTAGE

LOW-CURRENT BIAS SUPPLY | (OPTIONAL) BIAS SUPPLY > 4.7V
Eé L ve ve — ]_ ve ve __J
—— Vpep  ABV.LMT/ VREF  ABV.LMT,
WTH. SCR WTH. <7 SCR
NS uT £ cROWBAR g S 7? CROWBAR
ccn\l(c): 1 TRIGGER SENSE 1 TRIGGER
> )
Ry S DELAY REM. ACT. Ra DELAY REM. ACT. .
S
SENSE 2 coMm. R2 g SENSE 2 com.|
C| Ci
T° R T° R
Rq+ = _N2__
GROUND VTRIp = 26V <_1R__Z_2> GROUND VTRIP =26V <R1 3 R2>
OVER-VOLTAGE SENSING FOR
NEGATIVE OUTPUT VOLTAGES* UNDER-VOLTAGE SENSING
NEGATIVE POWER SUPPLY OUTPUT VOLTAGE
E
POSITIVE BIAS SUPPLY POWER SUPPLY OUTPUT VOLTAGE
BIAS SUPPLY
>
> R1 v, J
T 'R Ve c " <— HIGH INDICATE
WA VRep ABV.LMT. b A c \_
WTH. R1g VRer  ABV.LMT. ————— LOW INDICATE
SENSE 1 TR RGK l WTH
(53} G Qq SENSE 1 .
SENSE 1 TRIGGER e LMT.
" SCR SENSy ! TRoGER OUTPUT SIGNAL
DELAY REM.ACT. N
CROWBAR DELAY REM. ACT.
SENSE 2 com. Ry S
o 23 SENSE 2 com.
T ! | Tto
GROUND Rq .
VTRIP = -2.6V ( == GROUND
R2 Vrgip=2%v(R1*R2
*Without a positive bias supply, the basic OVP circuit on page 3 can be used Rz
equally well with either positive or negative voltages.
DELAYED THRESHOLD SENSE PLUS IMMEDIATE OVER-VOLTAGE SENSING
TRIP FOR HIGH OVER-VOLTAGE WITH MINIMUM TIME DELAY
POWER SUPPLY VOLTAGE
POWER SUPPLY OUTPUT VOLTAGE ’
BIAS SUPPLY
‘ v+ Ve
—1 v+ ve — ——{ VRgr  ABV.LMT.f—
S
R13 | VREF ABV.LMT.— R13 —{SENSE 1 wril Z
21 SENSE 1 WIH ) -l Ra
ZS +) LMT. GFN(?)E1 T
“":f,” TRIGGER |— p——| DELAY REM.ACT.
Ra2 F DELAY REM.ACT. SENSE 2 com
p SENSE 2 com. l—l 3}1,( Ry :E
T “D
GROUND GROUND VTRIP = z.ev<ﬁlgzﬂ>

OVER-VOLTAGE LATCH WITH RESET
POWER SUPPLY VOLTAGE

Ry :’ e v+ Ve b—
<
—— VREF  ABV. LMT.[——
WTH.
SENS+E 1 LMT.

— SENS)E 1 TRIGGER|——
(-]

DELAY REM.ACT|

Ry $
22 F SENSE 2 com,|
RESET

GROUND

INTERCONNECTING MULTIPLE SG1542'S

10K |
Qq

v+
ABV. LMT.
REM. ACT.
31K com.
TO ADDITIONAL
OVP CIRCUITS

Q1 must provide >2mA for each OVP circuit. With thisarrangement, activation
of any circuit will activate all. For a master-siave relationship, the WITHIN
LIMIT terminal of the master may be directly connected to the REMOTE
ACTIVATE terminals of all the slaves.




Power Supply Output Supervisory Circuit

SG1543 /2543 /3543

DESCRIPTION

This monolithic integrated circuit contains ali the
functions necessary to monitor and control the output
of a sophisticated power supply system. Over-voltage
(O.V.) sensing with provision to trigger an external
SCR “crowbar” shutdown; an under-voltage (U.V.)
circuit which can be used to monitor either the output
or to sample the input line voltage; and a third op
amp/comparator usable for current sensing (C.L.) are
all included in this IC, together with an independent,
accurate reference generator.

Both over and under-voltage sensing circuits can be
externally programmed for minimum time duration of
fault before triggering. All functions contain open
collector outputs which can be used independently or
wire-or'ed together, and although the SCR trigger is
directly connected only to the over-voltage sensing
circuit, it may be optionally activated by any of the
other outputs, or from an external signal. The O.V.
circuit also includes an optional latch and external
reset capability.

The current sense circuit may be used with external
compensation as a linear amplifier or as a high-gain
comparator. Although nominally set for zero input
offset, a fixed threshold may be added with an external
resistor. Instead of current limiting, this circuit may
also be used as an additional voltage monitor.

The reference generator circuit is internally trimmed
to eliminate the need for external potentiometers and
the entire circuit may be powered directiy from either
the output being monitored or from a separate bias
voltage.

ABSOLUTE MAXIMUM RATINGS

Input Supply Voltage, VIN 40V
Sense Inputs VIN
SCR Trigger Current 300mA*
Indicator Output Voltage 40V
Indicator Output Sink Current 50mA
Power Dissipation (Package Limitation) 1000mwW
Derate Above 25°C 8.0mwW/°C
Operating Temperature Range
SG1543 ., —55°Cto+125°C
SG2543 —25°C to +85°C
SG3543 0°Cto+70°C
Storage Temperature Range —65°Cto+150°C

* At higherinputvoltages, adissipationlimiting resistor,
RG, is required.

FEATURES

e Over-voltage, under-voltage, and current
sensing circuits all included

¢ Reference voltage trimmed to 1% accuracy
e SCR “Crowbar” drive of 300 mA

* Programmable time delays

¢ Open-collector outputs and remote

activation capability

e Total standby current less than 10mA

CHIP LAYOUT

Ie

b

[EeE] s i ¢ ==

BLOCK DIAGRAM

CONNECTION DIAGRAM

uv. woicate [ s
cL v ineut [ 10 7
e N meuT [ 1 6
oreser/come [ 12 5
oL oureur [ .
GrouNd [ 14 3

vin [t 1

S I S—

J-Package

] O.V. INPUT

[ ov.oeuar

[ o morcate

:] RESET

[] memote acTivate

[] scr TRiGaer

TO-116 Cerdip

VIN

VIN

= ©
. INDICATE

U. V.

@
OFFSET/COMP

0.V.DELAY l

REMOTE
ACTIVATE

AJR ESET

(GROUND TO ACTIVATE)

DS.C.R.
TRIGGER

0. V.
INDICATE
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Power Supply Output Supervisory Circui

SG1543 /2543 /3543

ELECTRICAL CHARAC

TERISTICS

(Unless otherwise stated, these specifications apply for Ty = —55°C to +125°C for the SG1543, —25°C to
+85°C for the SG2543 and 0° C to +70° C for the SG3543; and for V|j\y =10 Volts.

$G1543/2543 SG3543
PARAMETER CONDITIONS MIN TYP | MAX | MIN | TYP | MAX | UNITS
Input Voltage Range Ty =25°C to Trmax 45 - 40 45 - 40 \
Input Voltage Range Tmin t© Tmax 4.7 - 40 4.7 — 40 \%
Supply Current Ty=25°C, V| = 40V - 7 10 - 7 10 mA
REFERENCE SECTION (Pins 15, 16)
Output Voltage Ty=25°C 248 | 250 | 252 245 | 250 | 255 \Y
Output Voltage Over Temp. Range 245 - 2.55 2.40 - 2.60 \%
Line Regulation VN = 5 to 30V - 1 5 — 1 5 mV
Load Regulation IREF=0to 10mA — 1 10 — 1 10 mV
Short Circuit Current VREfF =0 12 15 25 12 15 25 mA
Temperature Stability - 50 — - 50 — |ppm/°C
SCR TRIGGER SECTION (Pins 1, 2, 3)
Peak Output Current VIN=5V,Rg=0,Vp=0 100 200 400 100 200 400 mA
Peak Output Voltage VN =15V, 19 = 100mA 12 13 - 12 13 - \Y
Output Off Voltage VN =40V - 0 0.1 - 0 0.1 \%
Remote Activate Current Pin 2 = Gnd - 4 .8 - 4 8 mA
Remote Activate Voltage Pin 2 open - 2 6 - 2 6 \
Reset Current Pin 3 = Gnd, Pin 2 = Gnd - 4 .8 — 4 .8 mA
Reset Voltage Pin 3 open, Pin 2 = Gnd - 2 6 - 2 6 \%
Output Current Rise Time RL= 5082 — 400 — - 400 - mA/uS
Prop. Delay from Pin 2 T;= 25°C V(Pin 2) = 0.4V - 300 - - 300 - nS
Prop. Delay from Pin 6 Cp=0 V(pin6) =27V, - 500 — - 500 - nS
COMPARATOR SECTIONS (Pins 6,7,5,8,4,9)
Input Threshold (Input Tj=25°C 245 | 250 | 255 | 240 | 250 | 260 V
voltage rising on Pin 6
and falling on Pin 7) Over Temp. Range 2.40 - 2.60 2.35 - 2.65 \
Input Hysteresis - 25 - — 25 - mV
Input Bias Current Sense input = OV - 0.3 1.0 - 03 1.0 MA
Delay Saturation - 0.2 05 - 0.2 0.5 \%
Delay High Level — 6 7 - 6 7 \
Delay Charging Current Vp =0V 200 250 300 200 250 300 MA
Indicate Saturation I =-10mA — 0.2 0.5 — 0.2 0.5 \
Indicate Leakage VinD = 40V - .01 1.0 — 01 1.0 HA
Viring) =27V | cp=0 - 400 - - 400 - nS
Propagation Delay V(Pin 7) = 2.3V
T, = 25°% Cp = 1uf - 10 - — 10 - mS$S
CURRENT LIMIT SECTION (Pins 10, 11,12, 13) -
Input Voltage Range 0 — Jyy-3W} O - vyn3Y \
Input Bias Current Pin 12 open, Vom = OV - 0.3 1.0 - 0.3 1.0 MA
Input Offset Voltage Pin 12 open, Vopm = OV — 0 10 - 0 15 mV
Input Offset Voltage 10kS2 from Pin 12 to Gnd 80 100 120 70 100 130 mV
CMRR 0OSVem <12V, Vi = 15V 60 70 - 60 70 - dB
AVOL Pin 12 open, Vgm = OV 72 80 - 72 80 - dB
Output Saturation I = -10mA - 0.2 0.5 — 0.2 05 Vv
Output Leakage VIND = 40V - 01 1.0 - .01 1.0 UA
Small Signal Bandwidth Ay = 0dB, T = 25°C - 5 - - 5 - MHz
Propagation Delay Voverdrive = 100mV, Ty=25°C| - 200 - - 200 - nS
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Power Supply Output Supervisory Circuit

SG1543 /2543 /3543

OPEN LOOP VOLTAGE GAIN — dB

RG. SERIES GATE RESISTANCE — OHMS

DELAY OUTPUT VOLTAGE — VOLTS

TYPICAL CHARACTERISTICS

SCR TRIGGER POWER LIMITING

ACTIVATION DELAY VS. CAPACITOR VALUE

} J |
200 - ; 10
RECOMMENDED SERIES GATE RESISTANCE, Rg ” _25C
FOR USE WITH HIGHER SUPPLY VOLTAGES e DELAY = S
z =10 mS/uF
o
150 g o1 —_—
s
|
3
z
100 :f 01
5]
<
[N
<
o
>
50 <.001
8
0 10001
0 10 15 20 25 30 35 40 001 o1 0.1 1.0 10
VN SUPPLY VOLTAGE — VOLTS DELAY TIME — MILLISECONDS
COMPARATOR INPUT HYSTERESIS CURRENT LIMIT INPUT THRESHOLL
200 \
OVER-VOLTAGE UNDER-VOLTAGE 2 ViN = 10V
INPUT INPUT | 100 TTTRL = 2k0
6 A —\/ >~ w 70
\ 2 s
=
) 3
h A > 3 N
9
3 s Q 20—
@ v
& TH
o
1( £ 10— \
g J | . s
0 > A, < > " \\
T N
s = N\,
2 | | N
2.46 2.48 ) 2.50 252 2.54 1k 2k 3k 5k 7k 10k 20k 30k 50k 70k 1M 2M 3M 5M 1M
SENSE INPUT VOLTAGE — VOLTS Ry, THRESHOLD SETTING RESISTOR — OHMS
CURRENT LIMIT AMPLIFIER
CURRENT LIMIT AMPLIFIER GAIN FREQUENCY RESPONSE
Rt =® Vi
80 et 80 R
vin = oV —— g
RT = 100kQ T",‘ =25°C 3
\\ i PIN 12 OPEN \ ?
o 2 60— 180 &
RT = 30kQ - \ o] T NS [
N
qu [=]
\ :—( N, - !
N - w
RT = 10kQ 2 N =Dt 2
Y D\ Q40 == L E
- o <
8 w
2 g
z
NOTE: RT IS CONNECTED FROM PIN 12 TO GND. @ | .01mFdTO GROUND e
50— VALUES OF Ry BELOW 5.0kQ MAY CAUSE ——t—— o 20}
AMPLIFIER CUTOFF AT ~55°C 100 pF TO OUTPUT
GAIN MAGNITUDE
PHASE ANGLE | — —
40 0
100 1k 100k ™M 1k 10k

10k
FREQUENCY — HERTZ

100k
FREQUENCY — HERTZ
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Power Supply Output Supervisory Circuit

SG1543 /2543 /3543

APPLICATIONS
The values for the external components are deter-
mined as follows:

TYPICAL APPLICATION
BIAS SUPPLY Current limit input threshold, Vth & %)
QUT-OF-TOLERANCE
FROLoNER SUPPLVI NV 2 INDICATORS Cs is determined by the current loop dynamics
—— Peak current to load, Ip = m E (L)
onTa™ Rsc Rsc \R2 + R3,

) Vth
Short circuit current, Isc = —
Rsc

S.C.R
“CROWBAR™

25V

REF, 35,
TO VOLTAGE )
CONTROL LOOP

S

Low output voitage limit, 5 g (R4 + R5 + R6)
volow= T ReTRe

5
o.v.
®
®
S Re
3 R3 S

High output voltage limit, 5 5 (R4 + R5 + R6)

® !
Vo (High) =
o (High) R6

“TT

= Vin -5
SCR trigger power limiting resistor, Rg > ‘0 2

¢ Voltage sensing delay, td = 10,000 Cd

SENSING MULTIPLE SUPPLY VOLTAGES
BIAS

SUPPLY. TO SG139 COMPARATORS
MAIN r-—-——@—-—————————— - — — — — Bl

POSITIVE $G1543
SUPPLY |
|
|
1
I TO
SHUTDOWN
| CIRCUIT
|
|
GROUND =——¢ ~ — T T YT T T T T T T T -@2e--
MASTER POWER SUPPLY
r—————— . "™ CONDITION INDICATOR
o SG139 QUAD COMP.
ADDITIONAL 4
POSITIVE
SUPPLY
Rs. % |
NEGATIVE = Rg R’% ! !
SUPPLY .
VOLTAGE 1
|
= .
I . |
| . |
INPUT LINE MONITOR OVERCURRENT SHUTDOWN

MAIN SUPPLY BUSS

BIAS VOLTAGE ﬁ

S.C.R.
“CROWBAR"

PIN8 SUPPLY BUSS AA
DELAY RETURN v

OUPUT — W [_ -
OoN Data subject to change without notice.




Dual-Polarity Tracking Regulators

SG1568[1468

$G1568/1468 is a dual polarity tracking regulator designed to provide balanced positive and negative output voltages at currents to 100mA. The
device is set internally for 15V outputs but a single external adjustment can be used to change both outputs simultaneously from 14.5 to 20 volts.
Input voltages up to 30 volts can be used and there is provision for adjustable current limiting.

o Outputs balanced to within 1% (SG1568)
e Line and load regulation of 0.06% CONNECTION DIAGRAMS -
® 1% maximum output variation due to temperature changes r
e Standby current drain of 3.0mA NEG. INPUT V- [ 1] POS. INPUT V4
e R ing provisi ne ] ;me
NEG OUTPUT@: E POS. OUTPUT
o sense T ovm" 1]0os.sewse
PARAMETERS* SG1568 SG1468 UNIT nes. cowe i oo (1] os. cone
Operating Temperature Range —55 to +125 0 to +75 oCc Ne ﬁ 7] 8aLANGE ADS
Package Types T,J T.J,N - voLTAD) E{ [l P GND
Peak Load Current 100 mA
Storage Junction Temp Range —65 to +175 oC NEG.INPUT V-
Output Voltage 14.8/15.2 14.5/155 v R SNO TS N
Input Voltage 30 30 V] NEG. SENSE /E or view ,:@,\ POS. OUTPUT
Input-Output Voltage Differential 2.0 2.0 \" NEG. cnuvk\:'\ \'M*{ 20/ pos. sense
Output Voltage Balance +150 1300 mV voLT. An}‘;\ glr Qf{os comp
Line Regulation Voltage GND
(Vin = 18V to 30V) 10 10
1 2 mV TO-66
(TIOW ©° Thlgh ) 20 20 NEG. QUTPUT, g NEG. INPUT Vv
Load Regulation Voltage
(I =0 to 50 mA, Tj = constant) 10 10 mv NEG. SENSE POS. INPUT V
(TA = Tiow to Thigh) 30 30 NEG GOMP POS. OUTPUT
Output Voltage Range 8/20 8/20 Y
Ripple Rejection (f = 120Hz) 75 (typ) 75 (typ) dB VOLT. ADY POS SENSE
Output Voltage Temperature Stability vore o5 cour
(Tiow to Thigh) 1.0 1.0 % CASE IS GROUND
Short-Circuit Current Limit
(Rsc = 10 ohms) " 60 (typ) 60 (typ) mA =
Output Noise Voltage
(BW = 100Hz — 10kHz) 100 (typ) 100 (typ) pV(rms) 1
Positive Standby Current °
(Vin = +30V) 4.0 4.0 mA S
Negative Standby Current
(Vin = =30V) 3.0 3.0 mA
Long-Term Stability 0.2 (typ) 0.2 (typ) %/k Hr SG1568/1465 Ghip (Ses J-Package

diagram for pad functions)

(VCC = +20V, VEg = —20V, C1 = C2 = 1500 pF, C3 = C4 = 1.0 uF, Rgc* = Rgc™ = 4.0,
IL* =17 =0, Tc = +259C unless otherwise noted.)

LT\ ow = 00C for 1468 Thigh = +75°C for 1468

= o = o
—550C for 1568 +1250C for 1568 +1.5 Amp Regulator

(Short Circuit Protected,
with Proper Heatsinking)

Basic 50 mA Regulator

INPUT (+) L d
C1 and G2 should be located as close eBVeey  OREQUV nsct e
el R i to the device as possible. A 0.1uF P v
' " ceramic capacitor may be required on o ﬁ oW
Vo o Vo the input lines if the device is located .
Rsct Rsc an appreciable distance from the T W
+Sense ~Sense rectifier filter capacitors.
She C3 and C4 may be increased to i Yo :sc'.;; *“—1(—1
+Comp —Comp 1 i o8V 561568 15000F
: ‘ raduce the output orse votage, Atiow W) SR serm 1
15005% 18005¢ reduce the outp X w ~Com | © ‘_j =
. 7 . temperature operation it may be i Ve S [T 1.
w i L B “ necessary to bypass C4 with a 0.1uF and
asvee € = o 15vi ceramic disc capacitor.
o &
D | 0
v
[E A P8 iy "

See Applications Notes for additional information.
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Over-Voltage Sensing Circuit

SG3523/3523A /3423 /3423A

DESCRIPTION FEATURES

This monolithic integrated circuit provides the control e Operation from 4.5 to 40 volts
functions necessary to protect sensitive electronic N - .

circuitry from over-voltage transients or the effects of e Highly accurate sensing threshold

voltage regulator failure. It is designed for use with an

external SCR “crowbar” forimmediate shutdown of the ¢ Built-in input hysteresis

power supply, but additionally provides logic level ¢ Programmable time delay

outputs for regulator turn-offand/oroperatororsystem « v 3

out-of-tolerance indication. * SCR “Crowbar” drive of 200mA
This device contains an accurate, stable 2.6 volt ¢ Remote activation capability

reference which allows the sensing threshold to be set
predictably without the need for potentiometers. An
external capacitor can be used to program an accurate
time delay between fault occurence and crowbar
triggering, but this delay may be bypassed by inputing
atthe Sense 2terminal or by using theremote activation
capability.

For additional circuit functions, see SG1542 and
SG 1543 data sheets.

BLOCK DIAGRAM

| Do
REF

1)+VIN

-
—{\ A _{\ (®ouTPuT
_{/_'\ + INDICATOR
OUTPUT
% ¢————(7) GROUND
@ curReNT® @ éREMOTE
SENSE 1 SOURCE  SENSE2  ACTIVATE
CHIP LAYOUT CONNECTION DIAGRAM
Top View
REMOTE ACT. E 3 CURRENT SOURCE
INDICATOR OUT E 3 SENSE 2

GROUND E 3 SENSE 1
OuUTPUT [8_ ﬂ 3 VN

Y, M-PACKAGES (MINIDIP)




Over-Voltage Sensing Circuit

SG3523/3523A /3423 /3423A

ABSOLUTE MAXIMUM RATINGS
Power Dissipation (Package Limitation)

Input Supply Voltage, V|N 40V Ceramic minidip (Y-pkg.) 800mW
Sense Voltage (1) VIN Derate above 25°C 8.0mw/°C
Sense Voltage (2) 6.5V Plastic minidip (M-pkg.) 400mwW
Remote Activation input Voltage 7.0V Derate above 25°C 4.0mwW/°C
SCR Trigger Current 300mA Operating Temperature Range

Indicator Output Voltage 40V SG3523/3523A —55°Cto +125°C
Indicator Output Sink Current 50mA SG3423/3423A 0°Cto+70°C

ELECTRICAL CHARACTERISTICS

(Unless otherwise specified, these specifications apply for Vi = 5 to 35V and T = —55°C to +125°C for the
SG3523/3523A and 0°C to +70°C for the SG3423/3423A.)

SG3523A SG3423A $G3423/SG3523
PARAMETER CONDITIONS MIN | TYP [MAX| MIN | TYP [MAX| MIN | TYP | MAX | UNITS
Supply Voltage Range 45 - 40 4.5 - 40 45 - 40 \%
Supply Current - 5 7 — 5 7 — 5 10 mA
Sense Threshold Ty= 25°C 255( 260|265 250260270 245|260} 2.75 \
Sense Threshold Over Temp. Range 250 — 12.70] 245 - 2.75| 2.35 - 2.85 Vv
Input Hysteresis Sense 1 only - 25 - - 25 - - 25 - mV
Input Bias Current Sense 1 - | -03|-1.0 - |-03}-10 - - - MA
Sense 2 - +5 | +10 - +5 | +10 - - - MA
Current Source 200 | 250 | 300 | 200 | 250 | 300 | 100 | 250 | 300 MA
Remote Activation Vping =20 - 5 40 - 5 40 - 5 40 MA
Input Current - Vpin 5 = 0.8V — | -120|-180| — |[-120|-180| - |-120|-180 MA
Output Voltage lg = 100mA in-22|vin 18| — Jvin-22|vin-18] — Jviy-22|vn 18] — \
Peak Output Current VN =5V.Vp = ov - 200 | 300 — 200 | 300 — - - mA
Output Off Voltage VN =40V - 0 0.1 - (o] 0.1 — - - \"
Indicator Saturation I =-16mA - 0.1 - - 0.1 — — 0.1 | 04 \Y
Voltage I, =-10mA - |02}j05] — ]J02]|05| — |04]| - \Y
Indicator Leakage Vpin 6 = 40V - 01 | 1.0 - 01| 1.0 - - - MA
Propagation Delay - 259¢ Sense 1 - 1.0 - - 10 — — 10 - MS
to Output Sense 2 -]os5| -} - fosf - | - |05| — us
Output Current Rise Time T,=25°C — | 400 ]| - — | 400 | — — |400| — | mA/uS

giLicon GRneral

11651 Monarch Street ¢ Garden Grove, CA 92641 ® (714) 892-5531 « TWX: 910-596-1804 * Telex: 69-2411
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Dual Tracking Voltage Regulator

SG4194

DESCRIPTION

The SG4194 is a dual polarity tracking regulator
designed to provide balanced or unbalanced output
voltages at currents up to 200 mA. Both output
voltages may be programmed between the limits of
+100 mV and £42 volts by a single resistor. A balance
terminal allows adjustment for non-symmetrical
positive and negative output voltages.

This device is designed for ease of application with a
minimal number of external components. In addition,
internal current limiting and thermal shutdown
provide full overload protection.

The SG4194 regulator is available in two package
types to meet a wide range of dissipation requirements.
The R (TO-66) power package is rated at 3W at
TA = 250C, while the J (TO-116) 14-pin ceramic
DIP will dissipate TW at TA = 250C.

Balanced Output Voltage —

001uF I‘f { l

Vin* O———--_

Vin -

+Vs=15

*Vin C+ vo*
5G4194
-Vin
- R -
15k LAS_C- GND Ro vo
RO == 4 7uF -V§=-15
T
001uF ~ RO (k) = 25 Vout

Unbalanced Output Voltage —

+V§=12v
oonr =
== [ Lo
c+ Vo + S miide

Vin + O——————* Vin

Vin - O

2ahl.

© Simult: ly adju
resistor to +42V

® Load current +200mA

® internal thermal shutdown at T=175°C

® Provision for *V unbalancing

* 3W power dissipation

® .2% load regulation

outputs with one

ABSOLUTE MAXIMUM RATINGS

Input Voltage *V to Ground . . .. ... .. SG4194: 45V
SG4194C: +35V
Input-Output Voltage Differential . . . . . SG4194: 45V
SG4194C: 35V

Power Dissipation at TA = 250C
JPackage. .. ....... ... ... 1.0W
Derate above 250C. . .. ............... 8 mw/oC
RPackage . ..................o ..., 3.0w
Derate above 250C. . ... ............. 24 mw/oC

Load Current

JPackage. . ... ... .. 150 mA
RPackage . ..............iuuun.... 250 mA

Operation Junction Temperature Range
SG4194
SG4194C

-550C to +1500C
00C to +1250C

Storage Temperature Range. . . ....... -650C to +1500C
+3000C

Lead Temperature (Soidering, 10s). .. ... ... ..

CONNECTION DIAGRAMS

vo+ 1 U W]V
ne [J2 13[] N
cowe + Ja 12Fovo  “J” Dual In-Line Package
(TOP VIEW)
1 RSET
eaL [Ja wa SG4194J
come - []5 10[] Ro SG4194CJ
ne []6 9[Inc
v-[O7 8[] Vo-

$G4194 BAL
- Vin % “R"" (TO-66) Package R-Pack.
- vo-| R8 ackage
715k LPS_C- GND RO OL (TOP VIEW) Pin Numbers
+ww—] I RO ¢ R o SGA4194R *
_1—. f0 (K2) =25 VO .:l:: - dL4Iv4aLH
001uF = Adjust RO for -V§ = -6V (15K2) then
Adjust RB for +V§ = +12V (20KQ)
CASE -V (PAD 10) B
ELECTRICAL CHARACTERISTICS
SG4194 $G4194C

PARAMETER CONDITIONS MIN TYP | MAX MIN TYP | MAX UNITS
Line Regulation AVin = 0.1Vin 0.02 0.1 0.02 0.1 % Vout
Load Regulation 4194R: IL =1 to 200 mA 0.001 | 0.002 0.001 | 0.004 % Vo /mA

4194J: 1L = 1 to 100 mA
TC of Output Voltage 0.002 | 0.015 0.003 | 0.015 %/0C
Stand-~By Current Drain Vin = Vmax, Vo = 0V +0.3 +1.0 +0.3 +1.5 mA
(Note 1) Vin = Vmax, Vo =0V -1.2 -2.0 -1.2 -3.0
Input Voltage Range *9.5 +45 +9.5 +35 iV
Output Voltage Scale Factor Rset = 715K, Tj = 250C 2.45 25 2.55 2.38 2.5 2.62 KSYV
Output Voltage Range Rset = 71.5K 0.10 +42 0.10 132 \
Output Voltage Tracking 1.0 2.0 %
Ripple Rejection f = 120Hz, Tj = 250C 70 70 dB
Input-Output Voltage IL = 50mA 3.0 3.0 . v
Differential
Output Short Circuit Current Vin = ¥30V Max 300 300 mA
Output Noise Voltage CL = 4.7UF, Vo = ¥15V 250 250 LV RMS
f = 10Hz to 100kHz

Internal Thermal Shutdown 175 175 oc

Note 1: *I qujescent Will increase by 50LLA/Voy¢ on positive side and 100 A/V ot on negative side.
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Three Terminal Positive Regulators

SG7800/ 7800C
SG140/240/340
SG7800A | 7800AC

DESCRIPTION

The SG7800A/7800/140/240/340 series of positive regulators offer self
contained, fixed-voltage capability with up to 1.5amps of load currentand input
voltages up to 50 volts on the SG7800A series only.

These units feature a unique on-chip trimming system to set the output
voltages to within +1.5% of nominal on the SG7800A series, =2.0% on the
SG140/220 series, and £4.0% on the SG7800/340 series. The SG7800A versions
also offer much improved line and load regulation characteristics.

All protective features of thermal shutdown, current limiting, and safe-area
control have been designed into these units and since these regulators require
only a single output capacitor for satisfactory performance, ease of application
is assured.

Although designed as fixed-voltage regulators, the output voltage can be
increased through the use of a simple voltage divider. The low quiescent drain
current of the device insures good regulation when this method is used.

Product is available in hermetically sealed TO-3, TO-39 and TO-66 power
packages and commercial product is also available in the plastic TO-220
package.

FEATURES

Output voltage set internally to £1.5%
on SG7800A

Input voitage range to 50 volts max.
on SG7800A

Two volt input-output differential
Excellent line and load regulation
Foldback current limiting
Thermal overload protection

Voltages available — 5V, 6V, 8V, 12V,
15V, 18V, 20V, 24V

CONNECTION DIAGRAMS CHIP LAYOUT
Tab I3
GROUND OUTPUT INPUT O P-Package
@ TO-220
0 O FRONT VIEW
@ OUTPUT  INPUT
@ OUTPUT 1~ Input <
O 2 — Output <
INPUT 3 — Ground
v Tab — Ground
T-Package R-Package 1
To-% K-Package TO-66 2 =
TO-3 3 '_;l__
TOP VIEWS

ABSOLUTE MAXIMUM RATINGS

out Detv‘i,cf vlnlput 7800A Series Input-Output Storage Temperature Range ............. ... —65°C to +150°C
utpu svo tage 03:-:,9° Inpuls\;sllage lefearsvlhal Lead Temperature (Soldering, 10Sec).............. +300°C
6V 35V 50V 35v Power/Thermal Characteristics
8v 3sv Sov sv Package | K (T0-3)| R (T0-66)] P (T0-220)| T (T0-39)
12v 35V 50V 35v 25°C Case
15V 35v 50V 35v Rated Power | 20W 15w 15w 2w
18V 35V 50v 35v 25°C
20v 35V 50V 35V Ambient 23W 3.0W 2.0W 10w
2av a0v 50V 35V Rated ’ ’
Power
Operating Junction Temperature Range ng:.geat 1.5A 1.5A 1.0A 0.5A
SG7800A/7800/140 ...............oueeeennen.. -55°C to +150°C Therm. Res.
SG240 ... e 0°C to +150°C 6JC (°C/W) 3.0 5.0 3.0 15
SG7800AC/7800C/340 ............ccvveerennn. 0°C to +125°C 9JA (°C/W) 35 40 60 120
APPLICATIONS

High Input Current, Short Circuit Protected

Circuit for Increasing Output Voltage

INPUT RsC Vi ! POSITIVE 2 .
é,_ll i INC 1 REGULATOR [T ¥ T © Vo
i R
30 OUTPUT e T | Vxx § 1 = 0.1uF
Laan 20124 i—l—o ToswE 19 ‘ L
Ry T 0.1uF - R, Ry =
T Vo= Vxx (1+ == )+IgR
uF | 0= Vxx ( A )+iQR2 i
£ ~ VXX =
= R =2
15mA
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Three Terminal Negative Regulators

SG7900A|7900AC
SG120/220/320
SG7900/7900C

DESCRIPTION FEATURES
The SG7900A/7900/120/220/320 series of negative regulators offer self- e Output voltages set internally to
contained, fixed-voltage capability with up to 1.5 amps of load current. With a +1.5% (SG7900A)
variety of output voltages and four package options, this regulator series is an -
optimum complement to the SG7800A/7800/140/240/340 line of three terminal
regulators. ¢ Output current to 1.5 amp
These units feature a unique on-chip trimming system which allows the
SG7900A series to be specified with an output voltage tolerance of £1.5%. The e Excellent line and load regulation
SG7900A versions also offer much improved line regulation characteristics.
All protective features of thermal shutdown, current limiting, and safe-area P
control have been designed into these units and since these regulators require * Foldback current I"m“ng
only a single output capacitor for satisfactory performance, ease of application )
is assured. * Thermal overload protection
Although designed as fixed-voltage regulators, the output voltage can be
increased through the use of a simple voltage divider. The low quiescent drain e Voltages available — -5V, —5.2V,
current of the device insures good regulation when this method is used. —8V. —12V, —15V, —18V, —20V
These devices are available in hermetically sealed TO-3, TO-39 and TO-66 ’ ’ ’ ’
power packages as well as the plastic commercial power TO-220 package.
CONNECTION DIAGRAMS CHIP LAYOUT
Tab PACKAGES
INPUT (case) OUTRUT ROUND F O % P-Package
® 2 1 O O [ FRONT VIEW
OUTPUT GROUND
@ OUTPUT I | 1 - Ground
2 — Output
@ 3 — Input
QO INPUT \ Tab - Input
GROUND R-Package 1
T-Package K-Package TO-66 2
TO-39 0-3 3
TOP VIEWS
ABSOLUTE MAXiIMUM RATINGS
Device Output Input Input-Output Storage Temperature Range .............. —65°C to +150°C
V°|?v§e V°|2‘;?° D'"‘;?v"t'a' Lead Tamperature (Soldering, 10Sec)............. +300°C
—5.2V _25v 25V Power/Thermal Characteristics
—8v —35V 30V ::(::kgga K (T0-3) | R (TO-66) |P(T0-220) T (TO-39)
-12v -35V 30V °C Case 20w 15W 15W 2w
-15v —a0v 30v :::f:d Power
-18vV -40v 30v Ambient
—20V —40V 35V Rated 4.3W 3.0w 2.0w 1.0W
Jower
Design
Operating Junction Temperature Range CU,rgn' 1.5A 1.5A 1.0A 0.5A
SG7900A/7900/120 .............cciivriiiiinnn —55°C to +150°C Therm. Res
SG220 ... it 0°C to +150°C 64C (°C/W) 3.0 5.0 3.0 15
SGT900AC/7900/320 . ... ...ueeneeeeinnrnenens 0°C to +125°C 0JA (°C/W) 35 40 60 120
APPLICATIONS Fixed Output Regulator Circuit for Increasing Output Voltage
'I; c3 1t Ru/‘
L T L 25uF R
= J* R Cc1 4 £ C2
c1 = 1 T C2 2.2uF 1.04F
2.2uF 1.0uF 1 R2 Ou
INPUT 3 NEGATIVE 2 OUTPUT 3 2
REGULATOR INPUT A roR ouTPUT
NOTE: 1. C1is required only if regulator is separated from rectifier fiiter. NOTE: C3 optionali for improved transient response
2. Both C1 and C2 should be low E.S.R. types such as solid tantalum. If aluminum and ripple rejection.
electrolitics are used, at least 10 times values shown should be selected.
3. If large output capacities are used, the regulators must be protected from Ry + Rp V(REG)
momentary input shorts. A high current diode from output to input will suffice. VouTt = V (REGULATOR) —5-1— = iSr;’\A
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OPERATIONAL AMPLIFIERS

General Purpose, Compensated Op Amps
General Purpose, Uncompensated Op Amps
Dual, Compensated Op Amps

Quad Op Amps

High Performance Op Amps

High Voltage Op Amps

Low Power Op Amps

Voltage Followers

High Performance Quad Op Amp
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Uncompensat erational Amplifiers

SG101/201

The SG101/201 are general purpose operational amplifiers. Features

SG101A/201A/301A

The SG101A/201A/301A offer improved performance over the SG101/

include excellent input bias/current and drift characteristics plus short 201 operational amplifiers and also provide short circuit protection and pin

circuit protection and pin compatibility with many industry-standard

operational amplifiers.

compatibility with industry standard types.

® Frequency compensated with a single capacitor — no resistor ® 3mV offset voltage over temperature
required ® 100nA input current over temperature
® Low current drain: 1.8mA at+20V @ 20nA offset current over temperature
® Continuous short circuit protection ® Guaranteed drift characteristics
L aosp;;%t\i/on as a comparator with differential inputs as high # Offsets guaranteed over full common mode range
® No latch up when common mode range is exceeded
PARAMETERS* 101 201 101A 201A 301A UNITS
Supply Voltage +5to +20 +5to +20 +5 to +£20 +5to £15 | V
Operating Temperature Range —55 to +125 0to +70 —55 to +125 —25 to +85 0 to +70 oC
Package Types T,Y,J,F T,YJ,F.N,M T,Y,J,F T,Y,J,F,N,M —
Input Offset Volitage 5.0 75 2.0 (3.0) 75 (100 | mv
Input Offset Current 200 (500) 500 (750) 10 (20) 50 (70) nA
Input Bias Current 0.5 (1.5) 1.5 (2.0) 0.075 (0.1) 0.25 (0.30)} uA
Temp Coeff Input Offset Voltage (3.0 typ) (6.0 typ) 15 30 uV/oC
Temp Coeff INput Offset Current — 0.2 0.6 nA/oC
Large Signal Voltage Gain' 50 (25) 20 (15) 50 (25) 25 (15) | v/mv
Common Mode Rejection (70) (65) (80) (80) dB
Power Supply Rejection (316) (316) (100) (100) uV/V
Input Common Mode Voltage Ftange2 (+12) (£12) (+15, —12) (+15,-12)| v
Differential Input Voltage +30 +30 +30 +30 Vv
Slew Rate Ay =1, 0.2 0.2 0.2 0.2
V/uS
v=10 3 (typ) 3 (typ) 3 (typ) 3 (typ)
Unity Gain Bandwidth 0.5 (typ) 0.5 (typ) 0.5 (typ) 0.5 (typ) MHz
Supply Current 3.0 3.0 3.0 3.0 mA
Vout RL =2kQ +10 +10 +10 +10 v
R =10k +12 +12 +12 +12 \'%
Noise
Rg =1k f=10Hz to WOkHz 4 4 4 4 ©V(rms)
Rg =500k2 f=10Hz to 10kHz 25 25 25 25 (typ)

*Parameters apply over supply voltage range and are min./max. limits either at Ta = 259C (or over operating temperature range

if enclosed in parentheses), unless otherwise indicated.
1
R =2k

2yg = +15V

Compensation and Optional
Balancing Circuit

CONNECTION DIAGRAMS

$G101/201, SG101A/201 A/301A Chip
{See T-package diagram for p:
functions)

Feedforward Compensation

INCREASES SLEW RATE AND GAIN BANOWIDTH
TYPICALLY BY A FACTOR O

150 pF

OFFSET ADJUST [§]

V-
4] NON-INVERTING INPUT
[3] INVERTING INPUT

(2] OFFSET ADJUST/COMP.
[ ne

TOP VIEW
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Voltage Followers

SG102[202[302

The SG102/202/302 are high-gain operational amplifiers designed
specifically for unity-gain non-inverting voltage follower applications. The
devices incarporate advanced super-beta transistor processing techniques to
obtain very low input current and high input impedance. The input trans-
isters are operated at zero collector-base voltage to virtually eliminate high
temperature leakage currents resulting in extremely low input current and
low offset voltage drift.

SG110/210/310

The SG110/210/310 are high gain operational amplifiers internally
connected as unity-gain non-inverting amplifiers. Super-beta transistors are
used in the input stage to obtain extremely low bias currents without
sacrificing speed. These devices are directly interchangeable with the 101,
102, 741 and 709 in voltage follower applications. Internal frequency
compensation and offset balancing are provided. The SG110 family is
useful in fast sample and hold circuits, active filters or as general purpose
buffers.

® Low input bias current — 100 nA ® 10nA input current max over temperature

®  High input resistance — 10,000M 2 ®  20MHz small signal bandwidth — typ

® Internal frequency compensation ® 30V/us slew rate — typ

® Fast slewing — 10V/Us — typ ® 15V to 218V supply voltage range

® Simple offset balancing with 1k p: i t ® No external frequency compensation necessary

PARAMETERS* 102 202 302 110 210 310 UNITS

Supply Voltage +15 £15 +15 15to £18 45 to £18 +5to £18 v
Operating Temperature Range —55 to +125 —25 to +85| 0 to +70 ~55 to +125 —25 to +85 0to +70 oc
Package Types T,J,Y T,J,M,N, Y T,J,Y T,J,M,N, Y
Input Offset Voltage 5.0 (7.5) 10 (15) 15 (20) 4.0 (6.0) 4.0 (6.0) 7.5 (10) mV
Input Bias Current 10 (100) 15 (50) 30 (50) 3.0 (10) 3.0 (10) 7.0 (10) nA
Temp Coeff Input Offset Voltage 6 (typ) 15 (typ) 20 (typ) 12 (typ) 6 (typ) 10 (typ) uVv/oc
Large Signal Voltage Gain (0.999) 0.999 0.9985 0.999 0.999 0.999 VIV
Power Supply Rejection 60 60 60 70 70 70 dB
Input Common Mode Range +10 +10 10 +10 +10 +10 +10
Input Resistance 1010 1010 109 1010 1010 1010 Q
Output Resistance 25 25 25 25 25 25 Q
Vs Adjust 1kQ2Pot 1kS2Pot 1kQ2Pot 1kQ2Pot 1kS2Pot 1k2Pot -
Slew Rate A, =1 10 (typ) 10 (typ) 10 (typ) 30 (typ) 30 (typ) 30 (typ) V/uS
Unity Gain Bandwidth (typ, MHz) 8 (typ) 8 (typ) 8 (typ) 12 (typ) 12 (typ) 12 (typ) MHz
Supply Current 5.5 5.5 5.5 5.5 5.5 55 mA
Vout R = 10kQ +10 +10 +10 +10 +10 +10 v

*Parameters apply over supply voltage range and are min./max. limits either at T = 259C (or over operating temperature range if enclosed in

parentheses), uniess otherwise indicated.

CONNECTION DIAGRAMS

P S

Package

BALANCE

B—[ﬁ i
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v+ i}
ﬂ BALANCE
p-mr—=lg
$G102/202/302, SG110/210/310 NC fid

Chip_(See T-package diagram for
pad functions)

v-
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© @ TOP VIEW
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Top viEw outeuT 5] (1) weur
ouTPUT 099 Ne MorY |
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BALANCE
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R1
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INPUT
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100
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*May be added to reduce
internal dissipation
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General-Purpose Compensated Operational Amplifiers

SG107[207|307 SG741/741C SG1217[3217

The SG107/207/307 offer excellent input SG741/741C are pin compatible with the These devices are identical to the SG741/
bias currents and drift characteristics as wellas ~ most widely accepted operational amplifiers 741C types, except internal compensation is
short circuit protection and pin compatibility and provide excellent performance for a wide reduced from 30pF to 3pF. Frequency response
with the 741 class of amplifiers. range of applications. is ten times that of the standard device.

Stability is unconditional from open loop to a
® 3mV max offset voltage over closed loop gain of 20dB. These devices are

. :zzu:ja:;: input bias current e Complete short circuit protection especially useful .in hy_brid applications since

over temperature @ Offset voltage null capability higher bandpass is achieved without an out-
®  20nA max offset current over ® High common mode voltage range board capacitor.
temperature ® High differential input voltage range e Slew rate typically 5V /usec
o g:'ﬁzgu:‘?;:er::;ver full o 10 times frequency response 741/741C
® Guaranteed drift characteristics e ldeal chip for hybrid applications
PARAMETERS* 107 207 307 741 741C 1217 3217 Units

Supply Voltage +5to £20 +5to £20 | £15 +15 +15 +15 \Y

gperating Temperature —55 to +125 | —25 to +85 0to +70 —55 to +125 0to +70 —55 to +125 0to +70 oC
ange

Package Types T,J,F, Y T,J,F,Y,M,N T,J,F, Y TJ,Y,F.M,N T,J,F, Y TJ,Y,FM,N —

Input Offset Voltage 2.0 (3.0) 7.5 (10) 5.0 (6.0) 6.0 (7.5) 5.0 (6.0) 6.0 (7.5) mV

Input Offset Current 10 (20) 50 (70) 200 (500) 200 (300) 200 (500) 200 (500) nA

Input Bias Current 0.075 (0.1) 0.25 (0.3) | 0.5 (1.5) 0.5 (0.8) 0.5 (1.5) 0.5 (0.8) rA

Temp. Coeff. Input Offset (15)2 (302 (3.0 typ) (6.0 typ) (3.0 typ) (6.0 typ) wv/oc

Voltage

Temp. Coeff. Input Offset (0.2) (0.6) (0.5 typ) (0.5 typ) (0.5 typ) (0.5 typ) nA/oC

Current

Large Signal Voltage Gain 50 (20) 25 (15) 50 (25) 20 (15) 50 (25) 20 (15) V/mV

Common Mode Rejection (80) (80) (70) 70 (70) 70 dB

Power Supply Rejection (100) (100) (150) 150 (150) 150 uVv/iv

Input Common Mode Range +15, —12 +15, -12 +12 +12 +12 +12 \%

Differential Input Voltage +30 +30 +30 +30 +30 +30 \

Unity Gain Bandwidth 0.5 (typ) 0.5 (typ) 0.8 (typ) 0.8 (typ) 0.8 (typ) 0.8 (typ) MHz

Slew Rate’ 0.2 0.2 0.3 0.3 5.0 (typ)> 5.0 (typ)® | V/uS

Supply Current 3.0 3.0 2.8 2.8 2.8 2.8 mA

Output Voltage Swing i

Ri =2kQ +10 +10 +10 +10 +10 +10 \Y
R = 10k +12 +12 +12 +12 A\
Noise (typ)
R¢= 1k
2 10Hz to 10kHz 4 4 s 3 8 3 “(:’ (')’"‘)
Rg = 500k$2 yp
f: 10Hz to 10kHz 25 25 25 25 25 25

*Parameters apply over supply voltage range and are min./max. limits either at T = 250C (or over operating temperature range if enclosed in
parentheses), unless otherwise indicated.

ZTA = +250C < +125°C 3Minimurn recommended closed loop gain of 10.

lvg=+15v

ADJUST NON-INVERTING
INPUT

Optional
Balancing
Circuit
(741)

ToP view INVERTING
.outeut| (® RO (@)1

OFFSET
ADJUST

$G107/207/307 Chip (See T-Package SG741/741C Chi Ne f3 7Ne
p (See T-Package
diagram for pad functions) diagram for pad functions) OFESET v
. u -
Optional ADIST NON-INVERTING
— Balancing OUTPUTE rop vigw 2 INPUT
OFFSET [} V- . . Ve Jor N [ INVERTING
Amus‘r[r 0P VIEW Circuit OFFSET ADJUST [§ [ v- Package |4 INPUT
ourpur[§f  Minidip 5] NEANVERTING (107) outPuT [1] NONINVERTING INPUT  nc 3] gFEseT
v Package o inveATiNG v ohey [2) INvERTING INPUT 4
AL INPUT NC F Packsge (2] OFFSET ADJUST ne 2] NC
Ne 8 OFfSET Ne fig [Onc NC i ne
i 1 SG1217/3217 Chip (See T-Package
§ - diagram for pad functions)
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High Performance Operational Amplifiers

SG108/208/308 SG10SA[208A[308A
SG1118/2118/3118 SG1118A[2118A[3118A

This series provides input currents and offset voltages which approach performance levels previously associated only with FET or chopper
stabilized amplifiers. Superior power supply rejection ratio allows use of unregulated supplies and internal short circuit protection makes appli-
cation nearly foolproof. Also, these devices feature low power consumption over a wide range of supply voltages. Frequency compensation for the
108 series is accomplished with a single external capacitor.

The SG1118 types are internally compensated versions of the 108 devices. Since a 30pF capacitor is built into the chip, no external components
are needed for frequency compensation. In addition, provision is made for paralleling the internal capacitor making it possible to over-compensate to

increase stability margin.

® Extremely low input bias currents

The “A" versions are high performance selections from the 108 and 1118 types.

® Offset currents less than 1.0nA
@ Guaranteed voltage and current drift characteristics
® 300UA power supply current
@ Internal compensation on 1118/2118/3118 types
PARAMETERS*! 108/1118 208/2118 308/3118 108A/1118A rZDSA/2118A 308A/3118A UNITS
Supply Voltage 15 to +20 +5to +15 +5 to £20 +5to £15 \4
Operating Temperature Range —55 to +125 —25to +85| Oto +70 —55 to +125 —25 to +85 0to +70 ocC
Package Types J,Y, T,F JY,T,F,M J,Y,T,F JY, T,F,M -
Input Offset Voltage 2.0 (3.0) 7.5 (10) 0.5 (1.0) 0.5 (0.73) mV
Input Offset Current 0.2 (0.4) 1.0 (1.5) 0.2 (0.4) 1.0 (1.5) nA
Input Bias Current 2.0 (3.0 7 (10) 2.0 (3.0) 7 (10) nA
Temp Coeff Input Offset Voltage (15) (30) (5.0) (5.0) uVv/oC
Temp Coeff Input Offset Current (2.5) (10) (2.5) (10) pA/°oC
Large Signal Voltage Gain 50 (25) 25 (15) 80 (40) 80 (60) V/mV
Common Mode Rejection (85) (80) (96) (96) dB
Power Supply Rejection (100) (100) (16) (16) uV/VvV
Input Common Mode Range (£13.5) (£13.5) (£13.5) (+13.5) v
Slew Rate A, =1 0.1 0.1 0.1 0.1 V/uS
Ay =10 3 (typ) 3 (typ) 3 (typ) 3 (typ)
Unity Gain Bandwidth 0.3 (typ) 0.3 (typ) 0.3 (typ) 0.3 (typ) MHz
Supply Current 0.6 0.8 0.6 0.8 mA
Vout RL = 10k +13 +13 +13 +13 \
Noise
Rs=1k&  f=10Hz 10 10kHz 4 4 4 4 ¥ {rms}
Rs =500k f = 10Hz to 10kHz 20 20 20 20 (typ)

*Parameters apply over supply voltage range and are min./max. limits either at Ta = 2590C (or over o

parentheses), unless otherwise indicated.

Qerating temperature range if enclosed in

Inputs are shunted with back-to-back diodes for overvoltage protection. Excessive current will flow if a differential inputvoltage in excess of
one volt is applied between the inputs unless some limiting resistance is used.
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Quad Operational Amplifier

SG124/224/324

The SG124 series integrated circuit contains,four true-differ-
ential, independent operational amplifiers. Each amplifier has
been designed to operate from either a single supply voltage or
plus and minus voltages and features internal frequency compen-
sation, high gain, and very low supply current requirements. An
additional significant advantage of these amplifiers is that when
using a single supply, the input and output can be operated down
to ground potential. Thus, they can be powered by a standard
+6V DC logic supply and still be compatible with all forms of

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, V*
Differential Input Voltage
Input Voltage

Power Dissipation (Note 1)

32Vpc or ¥#16Vpc
32Vpc
—-0.3Vpc to +32Vpc

logic inputs and outputs.

® Four internally compensated op amps in a single
package

* Inputs and outputs can go to ground with a single
supply voltage

* Input bias current is both low and constant with
temperature

® Wide supply voltage compatibility with low current
drain

® Available in 14-pin plastic or cerdip package

N Package (plastic) 600mW
Derate above 250C 6.0mW/oC

J Package (cerdip) 1000mW’
Derate above 250C 6.7mW/oC
Output Short-Circuit to Gnd (Note 2) Continuous

V#<15Vpc and Tp = 250C
Operating Temperature Range

SG124

$G224

SG324
Storage Temperature Range
Lead Temperature (Soldering, 60 sec)

Electrical Characteristics (V' =+5V DC and T = 250C unless otherwise noted)
$G124 $G224/5G324
Parameter Conditions Min Typ. Max. Min. Typ. Max Units
Input Offset Voltage Rs =02 - 2 5 — 2 7 mVpc
Input Bias Current (Note 3) [N B+ ] 72 — 45 300 — 45 500 nADC
Input Offset Current N ) =1y ) — £3 +30 - *5 +50 nADC
Input Common-Mode Voltage
Range (Note 4) 0 —-—  V*45 0 -  Vv*as5 | Vpc
Supply Current R =< On All Op Amps - 0.8 2 — 08 2 mADC
Large Signal Voltage Gain RL = 2kQ _ 100 —_ - 100 - V/mVv
Output Voltage Swing RL=2kQ 0 ——  V*as5 0 —— V*15 | Vpc
Common Mode Rejection
Ratio DC - 85 - - 85 — dB
Power Supply Rejection
Ratio DC —— 100 - — 100 - dB
Amplifier-to-Amplifier
Coupling f=1kHz to 20 kHz
(Input Referred) — -120 — - -120 - dB
Output Current Source VINt =+1VpC. VINT =
0Vpc . 20 40 - 20 a0 - mADC
Output Current Sink VINT =+1Vpc, VINT =
0Vpc 10 20— 10 20 - mApC

Note 1: For operating at high temperatures, the SG324 must be
derated based on a +1250C maximum junction temperature and
a thermal resistance of 1759C/W which applies for -the device
soldered in a printed circuit board, operating in a still air amb-
ient. The §G224 and SG124 can be derated based on a +150°C
maximum junction temperature.

Note 2: Short circuits from the output to V* can cause ex-
cessive heating and eventual destruction. The maximum output
current is approxil i of the gnituds

of V*. At values of supply voltage in excess of +15Vpc, con-

tinuous short-circuits can exceed the power dissipation ratings
and cause eventual destruction.

Note 3: The destruction of the input current is out of the IC
due to the PNP input stage. This current is essentially con-
stant, independent of the state of the output so no loading
change exists on the input lines.

Note 4: The input common-mode voltage of either input signal
voltage should not be allowed to go negative by more than 0.3V.
The upper end of the common-mode voltage range is V¥-1.5V,
but either or both inputs can go to +30Vpc without damage.

—550C to +1250C
—~250C to +850C
0°C to +70°C
—659C to +150°C
3000C

CONNECTION DIAGRAM
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APPLICATIONS INFORMATION

To reduce the power supply current drain, the amplifiers have a class
A output stage for small signal levels which converts to class B in a large
signal mode. This allows the amplifiers to both source and sink large out-
put currents. Therefore both NPN and PNP external current boost tran-
sistors can be used to extend the power capability of the basic amplifiers.
The output voltage needs to raise approximately 1 diode drop above
ground to bias the on-chip vertical PNP transistor for output current sink-
ing applications. *

For AC applications, where the load is capacitively coupled to the out-

put of the amplifier, a resistor should be used, from the output of the amp-
lifier to ground to increase the class A bias current and prevent crossover
distortion. Where the load is directly coupled, as in DC applications, there
is no crossover distortion.

Capacitive loads which are applied directly to the output of the amp-
lifier reduce the loop stability margin. Values of 50 pF can be accommo-
dated using the worst-case non-inverting unity gain connection. Large
closed foop gains or resistive isofation should be used if larger load capaci-
tance must be driven by the amplifier.

T
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™
Ry
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v Ry n
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"
LR
vin it M v
% 100 %SG124 - Vout
= o a
1oom
o R
<L o

SINGLE SUPPLY INVERTING AC AMPLIFIER WITH
INPUT BIASED TO ONE—HALF SUPPLY

TTL INTERFACE

SINGLE SUPPLY NON-INVERTING DC AMPLIFIER
71 (OV INPUT = OV OUTPUT)




SG741S[|SG741SC

High Slew Rate Operational Amplifier

MAXIMUM RATINGS (TaA

= +259C unless otherwise noted)

Rating SG741S |SG741SC| Unit
The S67418/741SC has been designed to provide a slew rate in excess
of 20 times that of the popular SG741 circuit and yet be fully interchange- Power Supply Voltage +22 +18 Vde
able in all other aspects. With input and output protection, internal com- -22 -18
and single-comp offset nulling, this amplifiey has all the Differential Input Signal Voltage 130 Volts
features which have made the SG741 so easy to use. A guaranteed mini- Common-Mode Input Voltage Swing 115 Volts
mum slew rate of 10 volts per microsecond makes this device ideally suited (See Note 1)
for [). to A converters and all applications requiring greater power Output Short-Circuit Duration Continuous
bandwidth. (See Note 2)
Power Dissipation (Package
e 10 V/us minimum slew rate Limitation)
[ |nie|-na||y compensated T-Package- -TO-99 MetaIOCsn 680 mvx
Derate above Tp = +26°C 4.6 mW/°C
* Wide common mode and differential voltage M-Package-Plastic Dual 625 v
range in-Line Minidip
® M, T, and Y Packages available Derate above T p = +25°C 5.0 mw/°C
Operating Temperature Range 5510 +125[ 010 +75 | °C
Storage Temperature Range oc
T-Package 65 to +150
M-Package -55 to +125
Note 1. For supply voltages less than +15 Vdc, the absolute maximum

input voltage is equal to the supply voltage.
Note 2. Supply voltage equal to or less than 15 Vdc.

TYPICAL CHARACTERISTICS
+16 Vdc, V— = -16 Vdc, Tp = +25°C unless otherwise noted.)

(V+

POWER BANDWIDTH
Output Voltage vs. Frequency with <5% THD
T T T T T T T +120,

LI Al L R

Pesk Output Voltage (V)

Voltage Gain (d8)

Slew Rate, 1 uS/div., 5V/div.

0100 100100k om
Froquency (Hz)
ELECTRICAL CHARACTERISTICS (V+=+15 Vdc, V— = -15 Vdc, Ta = +25°C unless otherwise noted)
SG741S SG741SC**
Characteristic Min. Typ. Max. Min. Typ. Max. Unit
Power Bandwidth A, =1, Ri_=2.0kQ, THD =5%, Vg =20 V(p-p) | 150 | 200 - 150 200 - kHz
Large-Signal Transient Response (Slew Rate) ‘ -
V(=) to V(+) 10 20 - 10 20 - Vius
V(+) to V(-) 10 12 - 10 12 -
___Settling Time (to within 0.1%) - 3.0 - - 3.0 - Us
Small-Signal Transient Response (Gain = 1, Ejp = 20 mV)
Rise Time - 0.25 - - 0.25 - us
Fall Time | - 0.25 - - 0.25 = us
Propagation Delay Time | - 0.25 - [ 0.25 - HUs
Overshoot [ 20 - - 20 - %
__Short-Circuit Output Currents 110 - 135 +10 — 135 mA
Open-Loop Voltage Gain (R = 2.0 k{2) -
VQ =110V, T = +25°C 50,000 | 200,000/ - 20,000 | 100,000 -
VQ =410V, TA = Tign" t0 Thigh* 25,000 - - 15,000 - -
_ Output Impedance (f = 20 Hz) — 75 — I 75 —
Input Impedance (f = 20 Hz) 03 1.0 - | o3 1.0 —
Output Voltage Swing |
R =10k§2, Ta = +25°C 112 114 - ! 112 114 - CONNECTION DIAGRAMS
RL =20k, Tp=+25°C 110 113 - 110 113 -
RL =20k, Ta = Tiow 10 Thigh 110 - - 110 - -
Input Common-Mode Voltage Swing T 112 113 - ;312 +13
__Common-Mode Rejection Ratio (f = 20 Hz) T 70 90 - 70 90
Input Bias Current i o 1 ( N |
Ta = +259C - 0.2 05 | - 0.2
TA= Tiow - | 05 15 | - -
Input Offset Current [
Ta = +25°C - | o003 0.2 - 003 | 02 -
___.TA= Tiow 1 Thign - . = 05 - - 03 %i&%dmp VIEW b“'
{nput Offset Voltage (Rg= < 10 k§2J L mV oureur[il Minidip  [;) NONINVERTING
Ta = +25°C - 1.0 50 | - 20 | 60 g Yorm [
TA = Tiow 10 Thigh - - 6.0 - - | s Packege [t
Average Temperature Coefficient of Input Offset Voltage ey [P ot
(TA = Tiow t0 Thigh)
Rg = 5082 - 3.0 - - 3.0 - uv/°c
Rg =10k - | 60 - - 6.0 -
Average Temperature Coefficient of Input Offset Current ! nA/oC
(TA = Tiow to Thigh) - 30 - - 30 -
DC Power Dissipation (Power Supply = £15 V, Vg = 0 = 30 85 = 30 | 85 mwW
Positive Voltage Supply Sensitivity (V— constant) B - 2.0 150 - 20 | 150 LV/IV
Negative Voltage Supply Sensitivity (V+ constant) - 10 | 150 - 10 | 150 uV{V:

*Tiow = 0 for SG741SC

Thigh = *+75°C for SG741SC
= -55°C for SG741S

**Plastic Minidip (M-package) offered in limited temperature
= +125°C for SG741S

range device only
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Dual Compensated Operational Amplifiers
SG747[747C SG1558(1458

The SG747/747C are dual operational amplifiers offering performance SG1558/1458 are internally compensated dual operational amplifiers
which is identical to that of the 741/741C. intended for a wide range of analog applications where board space and/or
weight are important. High common mode voltage range and absence of

“latch-up” make these devices ideal for use as voltage followers. High gain

e Complete short circuit protection and wide operating voltage range provide superior performance in
@ Offset voltage null capability integrator, summing amplifier and general feedback applications.
e High common mode voltage range
e High differential input voltage range ® Internally compensated
e Short-circuit protected
@ Low power consumption
e 6dB/octave roll-off
o Minidip package
PARAMETERS* 74775 747¢%5 15587 14582 1458C? Units
Supply Voltage +15 +15 +15 +15 +15 \
Operating Temperature Range —55 to +125 0to +70 —55 to +125 Oto 75 Oto 75 oc
Package Types T,J,N ™M —
Input Offset Voltage 5.0 (6.0) 6.0 (7.5) 5.0 (6.0) 6.0 (7.5) 10.0 (12.0) mV
Input Offset Current 200 (500) 200 (300) 200 (500) 200 (300) 300 (400) nA
Input Bias Current 05 (1.5) 0.5 (0.8) 0.5 (1.5) 0.5 (0.8) 0.7 (1.0) uA
Temp Coeff Input Offset Voltage (3.0 typ) (6.0 typ) (3.0 typ) (6.0 typ) (6.0 typ) uv/oc
Temp Coeff Input Offset Current (0.5 typ) 0.5 typ) (0.5 typ) (0.5 typ) (0.5 typ) nA/°C
Large Signal Voltage Gain 50 (25)° 20 (15)° 50 (25)° 20 (15)° 20 (15)* V/mv
Common Mode Rejection (70) 70 (70) 70 60 dB
Power Supply Rejection (150) 150 (150) 150 30 typ uv/v
Input Common Mode Range +12! +12! 12! +12! +11! \YJ
Differential Input Voltage +30 +30 +30 +30 +30 \Y
Unity Gain Bandwidth 0.8 (typ) 0.8 (typ) 0.3 (typ) 0.8 (typ) 0.8 (typ) MHz
Slew Rate 0.3 0.3 0.3 0.3 0.3 V/uS
Supply Current 282 2.8° 28° 282 4.0° mA
Output Voltage Swing R =2k +10 +10 +10 +10 19 \Y
R =10k +12 —_—— +12 +12 +11 \
Noise
Rg = 1kQ f=10Hz to 10kHz 3 (typ) 3 (typ) 3 (tvp) 3 (tvp) 3 (typ)
Rg =500k f=10Hzto 10kHz 25 (typ) 25 (typ) 25 (typ) 25 (tvp) 25 (typ) #V(rms)
*Parameters apply over supply voltage range and are min./max. limits either at Ta= 2590C (or over operating temperature range if enclosed in
parentheses), unless otherwise indicated.
le =315V 2Ea(:h half 3RL =2k ARL = 10k sV + A and V + B are internally connected
Balancing Circuit (optional)
(J or N Package only)
: ) G —H
s SG747/747C Chip (See 747J-Package for SG1558/1458 Chip (See 1558 M-Package for
pad functions) pad functions)
2;5355;5 Him’ﬂ?“ uonn:'\‘/PE:TrLNG ‘ ‘,V!;\\ ‘,,"%,1,.:“““ NUN.,,‘IY‘ES?SE b NON-INVERTING NONANVERTING ) ve
Ve ) NONINVERTING ERTING ® v ®/\\m¥5ﬂmc J::/PE‘:‘TTF,‘G J n;v;;n:smmﬁ
TR e | AT " e B e (@ BE @) e I
NEE’ Pacinge i ( o ® Q ouTPuT ve s ouTRUT A
oureuTa 3 % ) geeser ouTeuT \U A
V'AF ’ZJ (NN%PL‘)‘{’NAVERTING v+
RBTsTa b . N A CONNECTION DIAGRAMS
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Uncompensated Operational Amplifiers

SG748[748C SG777|777C

The SG777/777C are precision operational amplifiers featuring low
input offset current and low bias current. This device is available in most

The SG748/748C are high performance devices which are similar to the
741/741C but without internal compensation. The 748/748C are func-

tional and pin for pin replacements for the 301A and 201 type operational

amplifiers.

popular package styles, including minidip.

® Complete short circuit protection @ Low input bias current — 25nA
® Offset voltage null capability ® Low input offset current — 3nA
® High common mode voltage range @ Low input offset voltage — 2mV
® High differential input voltage range ® Low offset voltage and current drift
® Auvailable in minidip ® Short circuit protection
PARAMETERS* 748 748C 777 777C UNITS
Supply Voltage +15 +15 +15 +15 \2
Operating Temperature Range —55 to +125 0to +70 —55 to +125 0 to +70 oC
Package Types T,J,F, Y T,J,F,Y,N,M 'T,J,F,Y T,Y,J,F,NM -
Input Offset Voltage 5.0 (6.0) 6.0 (7.5) 2.0 (3.0) (5.0) mV
Input Offset Current 200 (500) 200 (300) 3.0(10.0) 20 (40) nA
Input Bias Current 500 (1500) 500 (800) 25 (75) 100 (200) nA
Temp Coeff Input Offset Voltage (3.0 typ) (6.0 typ) 15 30 uv/ocC
Temp Coeff Input Offset Current (0.5 typ) (0.5 typ) 0.15 0.6 nA/oC
Large Signal Voltage Gain 50 (25) 25 (15) 50 (25) 25 (15) V/mV
Common Mode Rejection (70) 70 (80) (70) dB
Power Supply Rejection (150) 150 (100) (150) uv/Iv
Input Common Mode Voltage Range +12 +12 (£12) (+£12) \Y
Differential Input Voltage 130 130 +30 +30 \J
Slew Rate Ay= 1, 0.3 0.3 0.5 (typ) 0.5 (typ) V/uS
Ay =10 3 (typ) 3 (typ) 5.5 (typ) 5.5 (typ)
Unity Gain Bandwidth (typ) 0.8 0.8 0.5 0.5 MHz
Supply Current 2.8 2.8 2.8 2.8 mA
Vout RL = 2kQ (+£10) +10 (+£10) (+£10) v
R = 10k (£12) - (£12) (£12) Vv
Noise
Rg = 1kQ f=10Hz to 10kHz 4 4 4 4 uVirms)
Rg = 500k2 f=10Hz to 10kHz 25 25 25 25 typ

*Parameters apply over supply voltage range and are min./max. limits either at Ta = 250C (or over operating temperature range if

enclosed in parentheses), unless otherwise indicated.

CONNECTION DIAGRAMS

Compensation
and Optional

Balancing Circuit
nel e 9
OFFSET -
ADJUST E :ﬂ v
s| NON-INVERTING
ot 1op vigw [T
INVERTING
vef Jor N i uER
Package OFFSET ADJUST/
COMPENSATION 4 [l e naanon -
$G748/748C W L v SG777/777C Chip
g}
NCR ﬂ [i] N
V-
OFFSET . OFFSET _— o~
W v— ADJUST ©® NON-INVERTING
ADJUST [5] — [« I [ v- /@) @\ WUt
NON-INVERT!
3] -4
outeuT [ Minidip 0] INPUT output[1] Torview [4] NON-INVERTING INPUT ouTPuT @ veop:zw @ WVERTING
v Yor M 17 InveaTING v+ Fawacs INVERTING INPUT TPackage INPUT
+ Package |3 INPUT COMPENSATION (3] FPacksee [2] OFFSET ADJUST/COMP. ®
OFFSET ADJUST/
COMPENSATION (1] [1] COMPENSATION ne o] [ we OFFSET ADJUST/
COMPENSATION =
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Low Power Operational

$G1250/5G2250/SG3250 — Single
§$G1252/5G2252/SG3252 — Dual
$G1253/8G2253/SG3253 — Triple
$G4250/SG4250C — Single

Amplifiers — Single, Dual, Triple

ADVANCED DATA

Performance data described herein represent design goals.
Final device specifications are subject to change.

DESCRIPTION

SG1250/1252/1253 operational amplifiers are single. dual. and
triple operational amplifiers which have been designed to offer
exceptional performance under conditions of extremely low internal
power consumption. Quiescent current is determined by a single
external resistor which permits operation over a wide range of
currents and voltages.

FEATURES

® Adjustable power consumption to less than 20 microwatts
® Supply voltages from :0.75 to * 18 volts

® Less than 15 nA bias currents

@® Complete short-circuit protection

@ Internally compensated

DESCRIPTION
S$G4250/4250C

The SG4250/4250C are intended for applications requiring
extremely low internal power consumption. The device is pin com-
patible with the 741 type operational amplifiers and is an exact re-
placement for the industry standard 4250/4250C.

FEATURES

® + 1V to + 18V power supply operation
@ W standby power consumption

@ 5nA input bias current

@ 35nV VHz input noise voltage (typ)
@ Internally compensated

SCHEMATIC DIAGRAM (Each Amplifier)

CONNECTION DIAGRAM

in

POSITIVE
SUPPLY

QUIESCENT
CURRENT O-
SET

INVERTING
INPUT

NON - INVERT
INPUT

BALANCE

BALANCE

Ra
3o
4

INVERTING I
INPUT

OouTPUT

NON-INVERTING
INPUT

NEGATIVE
SUPPLY

NOTE: TggT is required to establish the in-

NOTE: Balance adjust not available in triple op amp

ternal operating currents. Its value may be
determined on the table given on page 2.

CONNECTION DIAGRAMS (Top Views)

SINGLE . DUAL TRIPLE
QUIESC
NC 8! CURRENT SET A
OFFSET FESET 'sev INV INPUT A [Z -DC SUPPLY A
a0y @] { S]RsET ou [T} - NON-INV INPUT A [} 7@ oUTPUT A
whor (2] [s1v oreser our ouTeUT B (7] T3 NON-INV INPUT B
NV 1ADJUST) . UPPLY B&C
NON-NV 3] OUTPUT it orrser | €SV ] INVINPUT B
" ADJUST QUIESC e ) QUIESC
v @] L] CURRENT SET C CURRENT SET B
4 el SEZSET }m nv inpUT C (7] {10) OUTPUT C
v
M NON-INV INPUT C {3] DC supPLY
TOP
VIEW TOP VIEW TOP VIEW
1250/2250/3250/4250/4250C 1252/2252/3252 1253/2253/3283
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S$G1250/SG2250/SG3250 — Single
$G1252/5G2252/SG3252 — Dual
S$G1253/SG2253/SG3253 — Triple
S$G4250/SG4250C — Single

ABSOLUTE MAXIMUM RATINGS

SETTING QUIESCENT CURRENT

Low Power Operational Amplifiers — Single, Dual, Triple

ADVANCED DATA

Performance data described herein represent design goals.
Final device specifications are subject to change.

RESISTOR BIASING

Vs QUIESCENT CURRENT
Supply Voltage 18V 1044 WA 100.A 3004A
D e e 2 y LR TR
u ge (Note
Output Short Circuit Duration Indefinite (Note 3) :3 3:3Ma AL 330K 100ka
Power Dissipation (Pkg. Limitation) _.28 75Ma  27Ma  750Ke 20K
T-Package 680mW +9 13MQ aMQ 1.3M0 350K
Derate above 25°C 5.4mW/°C 112 18M 5.6MQ 1.5M0 510K
M-Package 400mW +15 2M0Q 7.5MQ 2.2M0 620K
o o
Derate above 25°C 4.0mW/r°C CURRENT SOURCE BIASING
Storage Temperature Range " 100 000
T.Y Package ~65°C to +150°C [[*] 10uA 30u. u A u
M-Package -55°C to +125°C Iset 1.3uA 4uA 15uA S0uh
v
Note 1. This rating applies to maximum voltage differential between input ter- “ Vout
minals. The maximum input voltage on either input terminal is limited to supply © Vout
voltage up to a limit of £ 15V
Note 2. This rating limited to $supply voltage to a maximum of #15V. ' V- tovl-07 W-1-07
Note 3. With the output shorted to ground or either supply. Rating applies to set = T Reer “Ro
+~125°C case temperature or +~75°C ambient temperature. set
V-
ELECTRICAL CHARACTERISTICS
PARAMETERS/CONDITIONS 1250/1252/ |2250/2252/ | 3250/3252/ 42502 4250C2 UNITS
1253 2253 3253
Operating Temperature Range -55t0 +125 | Oto -70 0to -70 55t0 -125| 0to +70 °C
Supply Voltage t18
Differential Input Voltage 3 15
Common Mode Range3 +15
Package Types TY TYM TYM TY TYM
Input Offset Voltage RS <100KQ - - - 3(4) - mv
RS < 10K™ 3(4) 3(4) 6.0(7.5) - 7.5
Input Bias Current Vs = +3V 18(20) 18(20) 40(50) nA
VS = 215V 12(15) 12(15) 25(30) (15)2 30(50)2
Input Oset Current 5(8) 5(8) 10(15) (5) 10(15) nA
Input Resistance 3 3 3 3 3 M
Large Signal Voltage Gain RL = 10K Vs=13V 40(25 40(25) 40(25) - - V/mV
RL = 10K VS =115V 400(50) 100(50) 75(50) 100(50)2 75(50)2
Output Voltage Swing VS =13V, RL = 10KQ 21.5(21.0) - - v
VS =15V, RL = 10K +11(210) +11( £10)2 112
CMRR RS «10Ks2 (70) (70) (70) (70) (70) dB
PSRR RS~10Ks: Vs = 3V (200) (200) (200)
VS = 215V (150) (150) (150) (150)2 (150)2 KV
Power Consumption VS =43V (240) (240) (240)  _
VS =#W.RL=0 | (1200 _(1200) (1200) ~ (480)2 (600)> uw
Average TC of Offset Voltage RS = 10K (215V for 1250) 4(typ) 4(typ) 6(typ) 5(typ) 5(typ) uV/eC
Average TC of Offset Current RS = 20K (¢15V for 1250) 2(typ) 2(typ) 1(typ) 1.7(typ) 1(typ) pA/°C
Equiv. Input Noise Voltage f=10Hz (215V for 1250) 35(typ) 35(typ) 35(typ) 35(typ) 35(typ) nV/vVHz
Equiv. Input Noise Current f=10Hz (£15V for 1250) 0.5(typ) 0.5(typ) 0.5(typ) 0.5(typ) 0.5(typ) pA/JHz
Slew Rate RL = 10K, CL = 100pF 0.2(typ) 0.2(typ) 0.2(typ) 0.16(typ) 0.16(typ) ViuS
Small Signal Unity Gain-Bandwidth Rf =0 - - - 250(typ) 250(typ) kHz
Vin = 20mV, RL = 20KQ

Parameters for 1250/1252/1253 are min/max limits either at T = 25°C (or over operating temperature range if enclosed in parentheses). for supply voltage of ~3V to - 15V

and for a quiescent current of 30 A

established by an Rget of 1.1

Parameters for 4250/4250C are min/max limits either at T 25°C (for over operating temperature range if enclosed in parentheses.) for supply voltage of -6 and quiescent

current of 30
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General-Purpose Compensated Operational Amplifiers

SG1536[1436[1436C SG1556(/1456[1456C

$G1536/1436/1436C are intended specifically for use in high voltage This series offers excellent input characteristics plus a five-times
applications where high common mode input ranges, high output voltage  improvement in slew rate over conventional amplifiers.
swings and low input currents are required. These devices are internally
compensated and are pin compatible with industry-standard operational

amplifiers.
o Low bias current 15nA max
e Low input offset voltage 4.0mV max

e Usable with up to 40V supplies o Fastslew rate 2.5V/us typical

o Provides up to +30V output voltage swing ® Low power consumption 45mW max

e Common mode voltages to 24V e Output short circuit protection

® input current 35n A max over temperature

PARAMETERS* 1536 1436' | 1a36C'! 1556 1456 1456C | UNITS
Supply Voltage +40 +34 +30 +15 +15 +15 \
Operating Temperature Range —55 to +125 0to +75 0to +75 —55 to +125 0 to +75 0 to +75 oc
Package Types TY TY -
Input Offset Voltage 5.0 (7.0) 10 12 4.0 (6.0) 10 (14) 12 mV
Input Offset Current 3.0 (7.0) 10 (14) 25 2.0 (5.0) 10 (14) 30 nA
Input Bias Current 20 (35) 40 (55) 90 15 (30) 30 (40) 90 nA
Large Signal Voltage Gain 100 (50) 70 (50) 50 100 (40) 70 (40) 25° V/mV
Common Mode Rejection 80 70 50 80 70 110 (typ) dB
Power Supply Rejection 100 200 50 100 200 75 (typ) pV/V
Input Common Mode Range” 24 +22 118 +12 +11 +105 v
Differential Input Voltage (V) +(VH+|V—| - 3V) Vg +Vg +Vg \Y;
Unity Gain Bandwidth 1.0 (typ) 1.0 (typ) 1.0 (typ) 1.0 (typ) 1.0 (typ) 1.0 (typ) MHz
Slew Rate” 2.0 (typ) 20 (typ) | 20 (typ) | 25 (typ) 25 (typ) | 25 (typ) | V/uS
Supply Current 40 5.0 5.0 15 3.0 4.0 mA
Output Voltage Swing Ry =2k +22! 207 +207 +12 +11 +10 v

RL=10kQ | +30° - - - - — v
Noise (typ)
Qv\c : }OOOH?S =10k, f=1.0 Kﬂz, 50 50 50 as 45 a5 ?t\c{)()Hz)‘/z

*Parameters apply over supply voltage range and are min./max. limits either at Ta = 259C (or over operating temperature range if
enclosed in parentheses), unless otherwise indicated.

1Vs = +28V 2Vs =415V 3Inputs are shunted with back-to-back diodes for over voltage protection

4R =5 kO SR = 5.0k2, Vg = £36V.

CONNECTION DIAGRAMS

OFFSET 1;
ADIUST = 1oP VIEW

[gv-
[
| Minidip ;) NON-NVERTING
OuTPUT [g  Minidip 3] (g

MorY |
+ [;; Package [3) INVERTING
vy 9¢ [ Niveur~
NC [3) M 7] OFFSET

+ ADJUST

SG1536/1436/1436C Chip (See T-package diagram $G1556/1456/1456C Chip
for pad functions) - (See T-package diagram for pad functions)

OFFSET

ADJUST NON-INVERTING
INPUT

Balancing Circuit (Optional)

TOP view INVERTING
ourrut| ® T @ |'eur

OFFSET
ADJUST
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SG1660

The SG1660 is a superior, functional, and pin for pin, replacement for
the 301A, 748C and 201 operational amplifiers. The SG1660 is also
frequently a desirable replacement for the 308/308A types due to its lower

cost.

SG1760

High Performance Operational Amplifiers

The SG1760 is an internally compensated version of the SG1660 and is
a superior replacement for the 307 and 741 type op amps.

® 15nA input bias current @ 15 nA input bias current
® 2.0nA input offset current ® 2.0 nA input offset current
® Low power — 7.5mW (typ) @ Low power — 7.5 mW (typ)
® CMRR of 80dB ® CMRR of 80 dB
® PSRR of 80dB e PSRROf80dB
@ Available in minidip ® Available in minidip
PARAMETERS* 1660 1760 UNITS
Supply Voltage +5to +15 15 to £15 \
Operating Temperature Range 0 to +70 0to +70 oC
Package Types T4 MY, F -
Input Offset Voltage 7.5 (10.0) 7.5 (10.0) mv
Input Offset Current 2.0 (4) 2.0 (4) nA
Input Bias Current 15 (25) 15 (25) nA
Temp Coeff. Input Offset Voltage 30 30 uv/oc
Temp Coeff. Input Offset' Current 0.04 0.04 nV/oC
Large Signal Voltage Gain 25 (15)! 25 (15)" V/mV
Common Mode Rejection (80) (80) dB
Power Supply Rejection (80) (80) uVv/v
Input Common Mode Voltage Range3 (:t:13.5)3 (£13.5)° \
Differential Input Voltage +14 +14 \%
Slew Rate A=t 0.1 01 V/uS
Ay =10 1 (typ) 1 (typ)
Unity Gain Bandwidth 0.3 (typ) 0.3 (typ) MH2z
Supply Current Cl.752 0.75% mA
Vout RL = 10k +13 +13 v
Noise
Rg = 1kQ f=10Hz to 10kHz 4 4 uV(rms)
Rg = 500k f=10Hz to 10kHz 20 20 (typ)

Compensation Circuit
R2

INVERTING
INPUT

R1

R3 ‘s

B
5= 100 pF

I

INVERTING
INPUT

R1

e AAA—O—
NON-INVERTING
INPUT

A3

—AAA———O—]
NON-INVERTING
INPUT

Co = 30 pF

o
(not required for 1760)

ouTPUT

*Parameters apply over supply voltage range and are min./max. limits either at
Ta = 250C (or over operating temperature range if enclosed in parentheses),

unless otherwise indicated.

1Ry = 10kQ, Vg = £15V, Voug = £10V

3vg= 15V

2T A = 700C (1000 A at 0°C)

4 Iinputs are shunted with back-to-back diodes for overvoltage protection.

R

e
e

SG1660 Chip (See T-package diagram
for pad functions)

OUTPUT

SR IR we [l D v-
TOP VIEW

Minidip  [5] NON-INVERTING
M o INPUT

7] INVERTING
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OUTPUT |8,
v+ El Package

[
FREQ COMP B E{ (\‘ ‘Fj FREQ COMP A

SG1760 Chip (See T-package diagram

for pa

v [
outPuT[7]
v+ 3]

FREQ COMP B [3]

d functions)

s

ToP VIEW
Flatpack

FREQ COMP A [10]
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Quad High-Performance Operational Amplifiers
SG4136 / SG4136C

DESCRIPTION FEATURES

The SG4136 and SG4136C are quad high-performance oper- e Continuous Short-Circuit Protection
ational amplifiers with each amplifier electrically similar to o Wi "
UuA741 except that offset null capability is not provided. g::rgzgzn\?;ggo: ;:r?ges

The high common-mode input voltage range and the absence ¢ No Frequency Compensation Required

of latch-up make these amplifiers ideal for voltage-follower « Low Power Consumption

applications. The devices are short-circuit protected and the . h

internal frequency compensation ensures stability without No Latch-up

external components. e Unity Gain Bandwidth 3 MHz Typical

The SG4136 is characterized for operation over the full mili- * Gain and Phase Match Between Amplifiers
tary range of —55°C to 125°C; the SG4136C is characterized o Designed to be Interchangeable with

for operation from 0°C to 70°C. Raytheon RM4136 and RC4136

SCHEMATIC (each amplifier)

o~ 1 L
o gg(
} 7
] ( I
vee - T »

outPLT

CONNECTION DIAGRAM
PIN  FUNCTION PIN FUNCTION
' - 1 —INPUT (A) 8 —INPUT C
H FYEH S 2 +INPUT (A) 9  +INPUT (C)
% = = § 3 OUTPUT (A) 10 OUTPUT (C)
)z — —z8l3 4 OUTPUT (B) 11 +vce
SR T “lez(s 5  +INPUT (B) 12 OUTPUT (D)
z|.c .ol 6 —INPUT (B) 13 +INPUT (D)
S P31 s[28) - 7 -vce 14 —INPUT (D)
N EE g,g p— o e
AR
': %§ e b3e)
ER T 1855y = -w T >
> _< ¥ _z| 2 {2 1 14 13—
S Eg P © éf 2 =3 RpE=———
= 2 2 =4 1 f=——n
s 22 <} femmm— Y 10
oL hatl 23 [ ==———=—6 7 8 9
] =
J/N PKG F PKG

CHIP LAYOUT

79



Quad High-Performance Operational Amplifiers
$G4136 / SG4136C

ABSOLUTE MAXIMUM RATINGS

SG4136 SG4136C UNIT

Supply voltage V¢ + (See note 1) 22 18 \
Supply voltage Vcc - (see Note 1) -22 -18 \Y
Differential input voltage (see Note 2) +30 +30 \
Input voltage (any input. see Notes 1 and 3) +15 +15 \
Duration of output short-circuit to ground, one amplifier at a time (see Note 4) unlimited unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 800 800 mwW
Operating free-air temperature range —55 to 125 0to 70 °C
Storage temperature range —65 to 150 —65 to 150 °C

NOTES: 1 Allvoltage values. unless otherwise noted are with respect to the zero reference level (ground) of the supply voltages where the zero reference level is the midpoint
between VCC and VCC
2 Differential voltages are at the noninverting input terminal with respect to the inverting input terminal
3 The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts. whichever is less
4 Temperature and/or supply voltages must be limited to ensure that the dissipation rating 1s ot exceeded

ELECTRICAL CHARACTERISTICS

electrical characteristics at specified free-air temperature, Voc+ = 15V, Veg— = =15V
PARAMETER TEST CONDITIONS? 136 136C UNIT
MIN TYP MAX MIN TYP  MAX
25°C 05 5 0.5 6
\% Input offset voitage Rg < 10kQ2
10 Py tag s Full range 6 75 mv
25°C 5 200 S 200
o Input offset current . nA
Full range 500 300
. 25°C 40 500 40 500 A
i n
IR Input bias current Full range 1500 800
7 Input voltage range 25°C 12 +14 £12 +14 v
R =10kQ [25°C 24 28 24 28
Maximum peak-to-peak =
Vorp N i RL =2k 25°C 20 26 20 26 \Z
output voltage swing RL > 2k | Full range 20 20
Large-signal differential RL=>2k&2, |25°C 50 350 20 300
AVD ) - V/imv
voltage amplification Vo = +10V | Full range 25 15
819 Unity-gain bandwidth 25°C 2 35 3 MH2z
r Input resistance 25°C 03 5 0.3 5 MQ
CMRR Commcn-mode rejection ratio Rg < 10kQ | 25°C 70 90 70 90 dB
AV|0/AVCC  Supply voltage sensitivity Rg<10kQ | 25°C 30 150 30 150 | uV/V
A =100,
Equivalent input VD
) Rg =1 k€, )
Vn noise voltage =1 kHz 25°C 10 10 nV/{/Hz
(close-loop) BW = 1 Hz
s ) " No load 25°C 5 1.3 5 113
uj current ,
'ce A"p'py " litiers) NO o | MIN TaA 6 133 6 137 mA
four am sign.
{ i © siona MAX Ta 25 10 a5 10
No load 25 C 150 340 150 340
iy oad,
Pp 1‘::7‘ power :;isslp)atlon No _a . MIN TA 180 400 180 400 mwW
mplifiers: os
(All four amp 1one MAX Tp 135 300 135 300
Open loop | Rg =1k 25°C 105 105
| ti = dB
Vo1/Voz  Channel separation |- = 0ol ¢ = 10kHz | 25°C 105 105
' All characteristics are specified under open-loop operation, unless otherwise noted. Full range for SG4136 is -~ 55°C to 125°C and for SG4136C is 0°C to 70°C.
= - — o
OPERATING CHARACTERISTICS, Vcc+=15V,Vcc-=-15V,Ta=25°C
SG4136 SG4136C
PARAMETER TEST CONDITIONS UNIT

MIN TYP MAX | MIN TYP  MAX

Vi =20mV, R =2k,

ise ti 0.13 0.13 us
tr Rise time Cy = 100 pF
Vi=10V, Rp=2k,
i i 15 10 Vlius
SR Slew rate at unity gain CL = 100 pF
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INTERFACE CIRCUITS
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Voltage Comparators

SG111/211/311

The SG111/211/311 are medium speed, high input impedance devices
which are especially well suited for use in level detection and low level
voltage sensing applications. Operation may be obtained from supply
voltages ranging from £15V down to a single +5V source.

The output, an open collector NPN capable of switching 50V and
50mA, can drive RTL, DTL, TTL, MOS logic, relays or lamps. Both input
and output can be isolated from ground and the output can drive loads
referred to a positive supply, ground or a negative supply. These devices
also offer offset balance, strobe capability and pin configuration of the

@ Differential input voltage range of 30V
® 150nA maximum bias current
® Consumes 135mW at +15V

SG710 Comparator.

PARAMETERS* 111 211 311 UNITS
Operating Temperature Range —55 to +125 —25 to +85 0 to +70 oC
Package Types TJ TJ4M
Supply Voltage +15 \%
Input Offset Voltage Rg < 50k 3(4.0)° 7.5(10.0)2 | mv
Input Offset Current 10 (20)2 50 (70)2 nA
Input Bias Current 100 (150) 250 (300) | nA
Voltage Gain 200 (typ) 200 (typ) V/mV
Response Time! 200 (typ) 200 (typ) | nS
Saturation Voltage lgjnk = 50 mA 1.5 15 \

vt =45v .

v—=0V lsink = 8 MA 0.4 0.4 v
Output Leakage Current 10 (500) 50 nA
Differential Input Voltage max +30 +30 \
Total Supply Voltage, Vgq max 36 36 \
Input Voltage Range 114 (typ) +14 (typ) |V
Positive Supply Current 6.0 7.5 mA
Negative Supply Current 5.0 5.0 mA
Output Voltage, V74 50° 40° v

*Parameters apply over supply voltage range and are min./max. limits either at Ta = 250C
(or over operating temperature range if enclosed in parentheses), unless otherwise indicated.

lThe response time specified is for a 100mV input step with 5mV overdrive.

2The offset voltages and offset currents given are the maximum values required to drive the
output down to 1V or up to 14V with 1mA load.

3Output voltage levels can be changed for compatibility with DTL and T2L logic levels.

BAL/STROBE
BAL

v

$G111/211/311 Chip (See
T-package diagram for pad
functions)
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Quad Comparators

SG139/239/339 SG139A/239A[339A |SG3302*
SG139B/239B/339B

The SG139 series describes a monolithic IC containing four inde- hd W:“" "‘P:'V l‘“""g‘ range: 2 to 36 volts or
pendent voltage comparators designed to provide maximum utility and . #1to £18 volts. o
versatility in a single package. Unique features of this device include the Low supply current (0.8 mA) insensitive to

supply voltage.

Input bias current of 25 nA typically.

Compare voltages at ground common mode.

® Output compatible with DTL, TTL, ECL,
MOS, and CMOS Logic.

ELECTRICAL CHARACTERISTICS (T = 250C, see Note 3)

ability to operate with either a single or dual-polarity power supply and
a common-mode voltage range including ground, even when using a single
supply voltage. Additionally, the open-collector output stage provides
easy interfacing with all types of logic circuitry.

$G239/339
SG139 SG239A/339A
SG139A/1398 ﬁ‘ 398/3398
Parameter C iti Min.| Typ.| Max. Min. | Typ.| Max. | Units
Input Offset Voltage At Output Switch Point, +2.0| 5.0 $2.0| 5.0 | mVpC
Vo= 1.4 VpC. VREF =
ABSOLUTE MAXIMUM RATINGS +14 Vpg and Rg = 02 - ~
Supply Voltage +36V or +18V A" Versions 2.0 _ £2.0 | mVpc
Differential Input Voltage 36V t Bias Current (Note 4) N (+) or HiN(-) With Output 25 100 25 250 | nApcC
Input Voltage Range (Note 1) ~0.3V to +36V “B” Versions (only) in Linear Range ; 200 EOO
Input C: (V, . <-0.3Vdc) Input Offset Current HING+) - TIN(-) +3 +25 +5 +50 | nApC
put Current (V,,<-0.3Vdc| 50mA “B" Versions (only) +50 +100
Qutput Sink Current 20mA Input Common-Mode Voltage 0 V15| 0 V15| Voc
Power Dissipation Range (Note 1) 55 55
N Package (plastic) 600mW Supply Current | g - co0Qn All Comparators 08 55 08 55— mApc
Derate above 250C 6.0mW/oC B” Versions (only) 3. X
J Package (cerdip) 1000mW Voltage Gain R > 15kQ2 - 200 200 VimV
Derate above 260C 6.7mW/oC Large Signal Response Time Vin = TTL Logic Swing, 300 300 ns
- N VREF =+1.4 VpC. VRL =
Output Short Circuit to Gnd (Note 2) Continuous 50 Vpe and RL = 5.1k82 |
Operating Temperature Range _ -
R Time (Note 5) \% =5.0Vpcand R = 1.3 13 Hs
$G139 (Jpkg only) -550C to +1259C esponse Time ( SRLooYRe L
-250 01 ~
6239 259C to +850C Output Sink Current ViN(-) =+ 1.0VpC. VIN(+) = O 6 16 6 16 mADC 3
$G339 0°C 10 +70°C " Versions (only) and Vo <+ 15Vpg 15 25 | 15 | % -
Storage Temperature Range -65°C 10 +150°C Saturation Voltage VING) =+ 1.0VDC, ViNGs) = 0 250 | 500 250 | 500 | mVpc
Lead Temperature (Soldering, 10 sec.) 300°C and Ig) <4.0mA
. SINK L i
Output Leakage Current VIN(+) =+ 1.0 VpC. VIN(-) =0 0.1 0.1 nApC
=5.0V;
CONNECTION DIAGRAM and Vour =50Vpe S S
TA = Operating Temperature Range
Input Offset Voltage [ At Output Switch Point, Vg = 1 } +9.0 | +9.0 | mVpc
8 7
= iR 1.4 Vpc, VREF = +1.4 Vpc and | |
Py - INPUT 2+
INPUT 3- L RS - OS) |
2 S S
Input Offset Current ‘F | | £150 |
9 6 e - | - hIN(- nADC
—— HINPUT 2- B” Versions (only) INW-ING . £300
Input Bias Current 1IN(+) or lIN(-) With Output in 400 nADC
10 “B” Versions (only) Linear Range 800
INPUT 4- INPUT 1+ Input Common-Mode Voltage 0 0 V*-2.0f Vpc
Range
“ . Saturation Voltage VIN(-) = * 1.0 VpC, VIN(+) = 0 700 700 | mVpc
INPUT 4+ | TiNPUT 1- R and ISINK <4.0mA
Output Leakage Current VIN(+) 2=+ 1.0VpC. VIN(-) =0 1.0 1.0 HADC
3 and VQUuT = 30 VDC
H 12 G Bv+ 7
¢ ‘S‘ESQE&NG GND i Differential Input Voltage Keep All ViN's =0 VpC for 36 3 | Vpc
V-, if used) | L
13] 2
Pt i % v i the SG139, 239 and 339: d VT = 15 its for the
ouTPUT 4 STPUT 1 e o cor marmn o caosing o inbot curront  SG130A, Z30A, and SI9A. - vols forthe
and possible faulty outputs. This condition is not destructive providing  Note 4: The direction of the input current is out of the IC due to the
the input current is limited to less than 50 mA. PNP input stage. This current is essentially constant, independent of
14 1 Note 2: Short circuits from the OutpuT 10 V+ can cause excessive heat-  the state of the output so no loading change exists on the reference or
-y PUT 2 ing and eventual destruction. input lines. ) 3 )
OUTPUT 3 ouTey Note 3 Unless otherwise stated, these specifications apply for V* = 5 Note 5: The response time specified is for & 100 mV input step with
TOP VIEW 5.0 mV overdrive, For larger overdrive signals 300 ns can be obtained.

* Contact factory for 3302 test limits.

APPLICATIONS INFORMATION

These comparators are high gain, wide bandwidth devices; which, rise very rapidly. The amount of saturation voltage is determined by
like most circuits of this type, can easily oscillate with stray feedback the rgap of the output transistor which is approximately 60 ohms.
paths from output to input. This only occurs during the output voltage
transition intervals as the comparator changes state and can be mini-
mized by reducing the value of the input resistors to less than 10k§2,
using P.C. board wiring rather than sockets, or providing a small
amount of positive feedback to cause rapid transitions. Power supply
bypassing is not normally required with this circuit.

All pins of any unused comparators should be grounded.

The differential input voltage may be larger than V+ without caus-
ing damage but if negative excursions greager than -0.3 volt are possible,
protection should be provided by a clamp diode and/or input resistor.

The output of this comparator is an uncommitted collector of a
grounded-emitter NPN transistor. Several collectors may be tied
together to provide a' wired-OR function. An output pull-up resistor
can be connected to any available power supply voltage up to 36 volts
with respect to the GND terminal, regardiess of the voltage level applied
to the V+ terminal. The output can also be used as a simple SPST
switch to ground when no pull-up resistor is used. S

The amount of current which the output transistor can sink is
limited by its drive to about 16 mA. Exceeding this current will cause
the transistor to come out of saturation and the output voltage will

+15v

TO MOS CKTS

MOS TO TTL TO MOS LEVEL SHIFT
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Voltage Comparators

SG710/710C

The SG710/710C are high-speed voltage comparators designed for use
in level detection, low-level sensing and memory applications. Inherent
component matching provides low offset voltage and drift as well as high
accuracy and fast response. The output of the comparator is compatible

with all forms of saturating logic.

SG711/711C

The SG711/SG711C are dual voltage comparators designed for use in
core-memory sense amplifier applications, pulse height detectors, and as a
double-ended limit sensor for automatic go/no-go test equipment. Inherent
component matching provides low offset voltage and drift as well as high
accuracy and fast response. With an output compatible with all forms of
saturation logic, the device also has provisions for independent strobing of
each comparator channel.

PARAMETERS* 710 [ 710c 7113 711¢c® UNITS
Operating Temperature Range —55 to +125 Oto +70 —55 to +125 Oto +70 oC
Package Types T 4N T.4N -
Supply Voltage (max) +14.0, —-7.0 +14.0, —7.0| +14.0,-7.0 +14.0, —7.0 \
Input Offset Voltage® 2.0 (3.0) 5.0 (6.5) |35 (6.0) 5.0 (10) mv
Input Offset Current? 3.0 (7.0) 5.0(7.5) 10 (20) 15 (25) pA
Input Bias Current 20 (45) 25 (40) 75 (150) 100 (150) BA
Voltage Gain 1250 (1000) 1000 (800) | 750 (500) 700 (500) V/V

Response Time! (typ) 40 (typ) 40 (typ) 60 (max) 40 (typ) nS
Differential Input Voltage 15.0 +5.0 +5.0 5.0 \"
Output Sink Current 2.0 (0.5) 1.6 (0.5) 0.5 0.5 mA
Positive Output Voltage 2.5/4.0 2.5/4.0 2.5/5.0 2.5/5.0 \
Negative Output Voltage -1.0/0 -1.0/0 -1.0/0 -1.0/0 \
Input Common Mode Range 5.0 5.0 +5.0 5.0 \")
Common Mode Rejection Ratio 80 70 - - dB
Power Supply Current 9.0 9.0 10.0 7.2 (typ) mA
Power Consumption 150 150 150 150 mW
Strobe Current - - 25 25 mA

*Parameters apply over supply voltage range and are min./max. limits either at To = 25°C (or over operating
temperature range if enclosed in parentheses), unless otherwise indicated.

lThe response time specified is for a 100mV input step with 5mV overdrive.

2The offset voltages and offset currents given are the maximum values required to drive the output to 1.4Vvdc at
250C, 1.8Vdc at 0° or —55°C, 1.0Vvdc at +70° or 125°C.

3Eat;h comparator.

S$G710/710C Ne d
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Line Drivers

SG1488

The SG1488 is a monolithic quad line driver designed to interface data @ Current limited output
terminal equipment with data communications equipmentin conformance 10mA typ
with the specifications of EIA Standard No. RS-232C. e Power-Off source impedance

300 ohms minimum

o Simple slew rate control with
external capacitor

o Flexible operating supply range

® Compatible with all DTL and
TTL logic families

PARAMETERS* 1488 UNITS
Supply Voltage (max, T = 250C) +15, —15 v
Input Signal Voltage (max, Ta = 25°C) -15<Vin<7.0 \
Output Signal Voltage (max, Ta = 250C) +15 \
Package Types J -
Operating Temperature Range Oto+75 oc
Forward Input Current (Vj, = 0 Vdc) 1.6 mA
Reverse Input Current (V;, = +6.0 Vdc) 10 HA
Output Voltage High
(Vijn = 0.8 Vdc, R_ = 3.0k$2, v+ =49.0 Vdc, V= = —9.0 Vdc) +6.0 v
(Vijn = 0.8 Vdc, R = 3.0k2, v+ =413.2 Vdc, V— = —13.2 Vdc) +9.0
Output Voltage Low
(Vin = 1.9 Vdc, R = 3.0k2, V* = 9.0 Vdc, V— = —9.0 Vdc) —-6.0 v
(Vin = 1.9 Vdc, R|_ = 3.0k, V* = +13.2 Vdc, V— = —13.2 Vdc) -9.0
Positive Output Short-Circuit Current +6.0/+12 mA
Negative Output Short-Circuit Current —6.0/—12 mA
Output Resistance (V= V= =0, |Vl = £2.0V) 300 (min) Q
Positive Supply Current (R_ = o)
Vin=08/1.9V  Vt=1+9V 6/20
vt=12v 7125 mA
V*=15v 12/34
Negative Supply Current (R = =)
Vin=08/19V  V—=-9V 0/-17
V= =-12V 0/-23 mA
—=-—15V —2.5/-34
Power Dissipation
(V*=9.0 Vdc, V= = —9.0 Vdc) 333
(V¥ = 12 Vde, V— = —12 Vde) 576 mW
SWITCHING CHARACTERISTICS (V* = 49.0 £ 1% Vdc, V— = —9.0 + 1% Vdc, Tp = +250C)
Propagation Delay Time (Z|_ = 3.0k and 15 pF) 200 nS
Fall Time (Z|_ = 3.0k and 15 pF) 75 nS
Propagation Delay Time (Z|_ = 3.0k and 15 pF) 120 nS
Rise Time (Z|_ = 3.0k and 15 pF) 100 nS
*Parameters are min/max limits with V* = +9.0 + 1% Vdc, V™ = -9.0 + 1% Vdc, Ta = 0to+75°C

uniess otherwise noted.

Typical Application
Logic Diagram
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Vo =01 SG1488 Chip_(See logic diagram

CONNECTION DIAGRAM for pad functions)
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Line Receivers

SG1489(1489A

The SG1489 monolithic quad line receivers are designed to interface data terminal equipment with data communications equipment in
conformance with the specifications of EIA Standard No. RS-232C.

e Input Resistance — 3.0k to 7.0k
o Input Signal Range — +30 Volts
e Input Threshold Hysteresis Built In
o Response Control
a) Logic Threshold Shifting
b) Input Noise Filtering
PARAMETERS* 1489/1489A UNITS
Power Supply Voltage (max, T 5 = 250C) 10 Y
Input Signal Range (max, T o = 259C) +30 \Y
Output Load Current (T 5 = 250C) 20 mA
Package Types J -
Power Dissipation (Package Limitation, Ceramic Dual In-Line Package) 1000 mW
Derate above T 5 = +250C 6.7 mW/oC
Operating Temperature Range 0to +75 oC
Storage Temperature Range —65 to +175 oC
Positive Input Current (Vin = +25 Vdc) 3.6/8.3
(Vin = +3.0 Vdc) 0.43 mA
Negative Input Current (Vijn = —25 Vdc) —-3.6/-8.3
(Vip = 3.0 Vdc) —0.43 mA
input Turn-On Threshold Voltage
(Ta =+250C, Vg < 0.45V) SG1489J 1.0/1.5 v
SG1489AJ 1.75/2.25
Input Turn-Off Threshold Voltage
(TA = +259C, Vou > 25V, || =—0.56 mA) SG1489J 0.75/1.25 v
SG1489AJ 0.75/1.25
Output Voltage High (Vin = 0.75V, I = —0.5mA) 2.6/5.0 Vv
(Input Open Circuit, |} = —0.5 mA) 2.6/5.0
Output Voltage Low (Vin = 3.0V, I = 10mA) 0.45 \Y
Power Supply Current (Vip = +5.0Vdc) 26 mA
Power Consumption {Vin = +5.0Vdc) 130 mW
SWITCHING CHARACTERISTICS (T = +250C)
Propagation Delay Time (R = 3.9k§2) 85 nS
Rise Time (R = 3.9k2) 175 nS
Propagation Delay Time (R =390 ) 50 nS
Fall Time (R =390 Q) 20 nS

i?_(a ‘3:)?_0”
12

*Parameters are min./max. limits with response control pin open, V* =

otherwise noted.

Logic Diagram

$G1489/1489A Chij
(See_logic diagram for
pad functions

CONNECTION DIAGRAM
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Dual High-Current Output Driver

SG1627 /3627

DESCRIPTION

The SG1627 and SG3627 devices are monolithic, high-
speed driver integrated circuits designed to interface
digital control logic with high current loads. Each device
contains two independent drivers which will either source
or sink up to 500 mA of current. The sink transistor is
designed as a saturating switch while the source
transistor can be used either as a switch or as a constant
current generator with external resistor programming.

Each half of this device contains both inverting and non-
inverting inputs which have two volt thresholds for high
noise immunity. Either input can be used alone to switch
the output, or one input can be strobed with the other.
These units have been designed to directy interface with
the SG1524 Regulating Pulse Width Modulator Circuit.

These devices are supplied in ceramic 16-pin D.L.L.
packages. The SG1627 is specified for operation over a
-55°C to +125°C temperature range while the SG3627 is
intended for industrial applications of 0°C to +100°C.

FEATURES

¢ Two independent driver circuits

e Outputs will source or sink currents
to 500 mA

100 nSec response time

Full compatibility with SG1524 PWM circuit
Constant current drive capability

Two volt threshold for high noise immunity

Source and sink can be separated for
complementary outputs

To Side B

SCHEMATIC (one half of total device shown)
W, a To Side B L
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Dual High-Current Output Driver

SG1627 3627

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Vcc 30V Operating Temperature Range
Output Collector Voltage 30V $G1627 -550C to +1250C
ute . g SG3627 00C to +100°C
Source or Sink Current 500 mA St T ture Range 650C 1 +1500C
e {emperatur an ~
Input Voltage 5.5V orag P g
InPUt Current . . 10mA Note 1: Total power dissipation is the sum of the control
Avg. Total Power Dissipation (Note 1) 1000 mW logic power plus the power of each source and sink output
Derate Above 500C 10 mW/oC transistor, factored for duty cycle.

ELECTRICAL CHARACTERISITICS
Unless otherwise stated, these specifications apply for Tj = -550C to +125°C for the SG1627 and
00C to +1000C for the SG3627. Vcc =5V.

PARAMETER CONDITIONS MIN TYP | MAX UNITS
High-Level Input Voltage 2.8 - 5.5 Volts
Low-Level Input Voltage 0 - 1.4 Volts
Input Threshold - 2.0 - Volts
Low-Level Input Current Vi=0 — -1.0 -2.0 mA
Source Off, Leakage Current Collector V = 30V — 0.3 1.0 mA
Source On, Collector Sat. lsource = 50 mA - 1.1 1.7 Volts

(Source Emitter Grounded, lsource = 300 mA - 1.2 1.9 Volts
Rsc =0) lsource = 500 mA — 1.3 2.0 Volts
Source On, Emitter Voltage lsource = -50 mA (Vee—3V) - - Volts
Sink Off, Leakage Current Collector V = 30V - 1.0 100 MA
lsink = 50 mA — 0.2 0.4 Volts
Sink On, Collector Sat. lsink = 300 mA, Ve = 20V 0.5 0.7 Volts
lsink = 500 mA, Ipoost = 25 mA 0.5 0.7 Volts
Current Limit Sense Voltage Rsc =102, Ta = 250C 600 700 800 mV
Sense Voltage Temp. Coef. Rgc = 10Q — 1.8 - mV/oC
Supply Current Vce =5V 15 20 mA
(Both sink transistors on) Vee =20V 50 65 mA
Vee = 30V 80 90 mA
QOutput Response, Turn On Fig. 4, R =248, Ta = 250C - 50 - nS
Output Response, Turn Off Fig. 4, R =24Q, Tpa = 250C — 100 - nS
Thermal Resistance 8 jA - 80 110 oc/wW
Thermal Resistance 6 yC - 45 60 oc/w

TOTEM POLE OUTPUT SWITCH CIRCUIT

+4.0v

+2.0v |

| [l 1nput Voltage| i
.
+0.5V - e -

oo J8 | e

-0.5V { J

200 ns/division




Dual High-Current Output Driver

SG1627 3627

INPUT THRESHOLD vs. TEMPERATURE
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SG1627 /3627

Dual High-Current Output Driver

APPLICATIONS

Vin = +10V

S$G1524

P.W.M. Power

Switching
Transistor

Figure 1. Basic 300 mA switched drive circuit. If the external output transistor
is to be on when the driving transistor is on, use the inverting input with the
non-inverting input left open. For opposite phasing, use the non-inverting
input with the inverting input grounded.

Vin = +20v

R1
150 2

[ 100mA
| Constant

Power
Switching
Transistor

Figure 2. Use of higher input voltage provides greater drive for higher
sink-transistor peak current while R2 provides constant source current. R1
helps minimize power in the SG1627. Althiough the sink emitter may be
connected to a different ground point from pin 5, any voltage differences
between them will directly affect the input threshold level.

+ViN

2N6109

or equiv

$1Amp

Power
Switching
Transistor

Figure 3. Additional source current or power handling capability may be
added with the use of an external PNP transistor. For optimum performance, a
low storage-time unit should be selected. |f current limiting is not required, an
NPN emitter follower could also be used for source boost.

vee = +5V

< <

> >
200:: SRL :» RL
SOURCE] SINK

Figure 4. Source and sink transistors can be used separately for
complementary outputs. At low supply voltages the sink current is limited to
approximately 100 mA, but if current limiting is not required a sink drive boost
may be added with R1. The current in R1 should be .05 times the sink load
current to insure saturation.

M7 7 Sisewzr
|
|
Other

Half
| scie27

Figure 5. Source and sink transistors can be used separately for an efficient
transformer driver. Here the source provides constant current drive with
magnetic reset accomplished by a flux clamp utilizing the sink transistor. With
the source current sense terminal connected to ground, there will be a residual
collector current of approximately 300uA. If this is objectionable, insert a
diode between current sense and ground.

Via

sG1526 |
WM.

]

P

Figure 6. Simuitaneous conduction of the output switching transistors can be
positively prevented by using diodes to cross-couple a gating signal into the
non-inverting inputs. For maximum power handling capability, the source
transistor is driven into saturation with the current limiting provided by R1.

Data subject to change without notice.
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HIGH-CURREN

FLOATING SWITCH DRIVER

$G1629/SG3629

DESCRIPTION

The SG1629 and SG3629 are monolithic integrated circuits
designed to generate the positive and negative base drive
currents {lbi and Ip2) required for high-speed, high power
switching transistors. These units are intended to interface
between the secondary of a drive transformer and the base of
an NPN switching device. Positive drive current can be made
constant with an external programming resistor, or can be
clamped with a diode to keep the switching device out of
saturation. Negative turn-off current is derived from a
negative voltage generated in an external capacitor. All
operating power is supplied by the transformer secondary
and these devices can be floated at high levels with respect to
ground for off-line, bridge converters.

For medium power applications, these units are available in
10-pin, TO-100 package; while high power capability is offered
in a 9-pin, TO-66 case. In either package , the SG1629 is
specified for operation over an ambient temperature range of
-65°C to +125°C while the SG3629 is intended for industrial
applications of 0 to 70°C.

FEATURES

e Seif-generating positive and negative currents

e Constant source current (Ip1) to one amp

* Two amp peak sink current (Ip2) to negative voltage
* Floating operation

* Baker clamp input for non-saturated switching

* Provisions for source and sink gating

* 100 nanosecond response

SCHEMATIC 03
O 1 v -
l R7
[ 200
o1 2 a3 pa ‘T{
O} as some”
g.nu @ |
rve
Smk | Sink
Gate &/ a1 Collecto
10K
VWA a Q2
>
oz &
Vin @—~ 2:::".
Substrate & Case
CHIP LAYOUT CONNECTION DIAGRAMS
R-PACKAGE
O~
T-Package
TOP VIEWS
TO-100 O
Sink Col
Sink Gate Sink Em
Cur. Sen Sink Dr
Sa. Clamp Vin
Source Em “Vin

N.C.

Note: Case is internally
connected to pin 4.

SEPTEMBER 1978
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HIGH-CURRENT FLOATING SWITCH DRIVER

$G1629/SG3629

ABSOLUTE MAXIMUM RATINGS

Input Voltage + or - Inputs 20V Operating Junction Temperature Range
Collector to Emitter Voltage, Source SG1629 -559C to +150°C
or Sink 20V SG3629 0°C to +125°C
Source Current 20A Storage Temperature Range  -65°C to +175°C
Sink Current 30A
Sink Rectifier Current (peak) 20A
Average Total Power Dissipation (Note 1)
R-Package (TO-66) 3000 mW
Derate above 50°C 24 mW/°C Note 1: Total power dissipation must include
T-Package (TO-100) 680 mW the power in both source and sink tran-
Derate above 50°C 54 mW/°C sistors times the duty cycle for each.

ELECTRICAL CHARACTERISTICS

Unless otherwise stated, these specifications apply for Tj = —55°C to +150°C for the SG1629 and 0°C to
1259°C for the SG3629.

PARAMETER CONDITIONS MIN | TYP | MAX | UNITS
Collector to Emitter Voltage _
Source or Sink VBe=0 20 30 B Volts
Collector to Emitter Leakage _ _
Source or Sink Vge =0.Vce = 18V - 5 100 HA
Input Leakage V+ to V- Input Voltage = +15V - 1 100 uA
Input Leakage V- to V+ Input Voltage = -15V - 2 4 mA

Sink Emitter = -5V
1k from -V to Sink Drive
Source Emitter Connected to - 5 10 mA
Sink Collector
+V|N = —VlN =0V

Standby Current from
Sink Emitter Voltage

+V|N =15V
- 2 A
Clamp Current V clamp = OV 10 15 0 m
| source = 100 mA - 1.7 — Volts
Source Saturation Voltage | source = 500 mA — 1.8 — Volts
I source = 1A T, =25°C - 2.0 3 Volts
. . | sink = 100 mA — 1.2 — Volts
S'"'F‘ Sa‘“:tt'm_‘ Yggage I sink = 500 mA — [13 ] - | vons
oree beta Isink = 1A T, = 250C — [15 | 2 | Voits
Sink Current Gain I'sink = 2A, Vg = 3V 300 | 500 -
Current Limit Sense Voltage Rgc =072 T,y=25°C 9.55 | 0.65( 0.80 | Volts
Sink Rectifier Forward Voltage lg=1A T)= 25°C - 1.0 20 Volts
Sink Gate Output Saturation Sink Drive = 10 mA
- - . K Vol
Sink Gate Input Current = 1 mA 0.2 04 olts
Source Response | source = 1A - 100 - nS
Sink Response I sink = 1A - 100 — nS
6JA — 40 — oc/w
R-Package 81C — 5 — SC/W

Thermal Resistance

6JIA - 150 - oC/W
9JA — 25 — oC/W

T-Package




HIGH-CURRENT FLOATING SWITCH DRIVER

$G1629/5G3629

SOURCE SATURATION

SINK SATURATION

40 40
Rgc = on Force he, = 100
2
£30 § sof-
; )= -58°C i-
= = C =
2 50l AN 3 20 %
5 L 2 Ty=25C
5 7,=125°C / H T A §50C
3 10 3 10 1 “’—f——‘ =
v r T,=125%C
° 0
[ 04 [X] 12 16 20 0 0.4 o8 12 16 20
Source Current—Amps Sink Current—Amps
CONSTANT SOURCE CURRENT RECTIFIER FORWARD VOLTAGE
20 40
Rgc = 0702 T,=25°C
o8 230
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|
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£10 y. S 20 7
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HIGH-CURRENT FL

ING SWITCH DRIVER

$G1629/SG3629
APPLICATIONS
e 1

2N6583

l «[
To +
Oriver Cs

201 |
+10v

201
To
Driver

Corn Same $31629 Circurt
22139 3¢8 s above
= |

2N6583

Figure 1. Two SG1629 devices can be combined to form
the drive signals for the power transistors in a 5-amp, half-
bridge switching supply.

N
LIS
5G1629
r———>-">>—-- A
- >——
! |
|
, l ——1
1 |
"E I 1 1
|
‘ I
S [
-~ o
L -

Figure 2. A load-dependent drive current may be provided
by eliminating the current sensing resistor and adding the
anti-saturation clamp diode D1.

Figure 3. Where transformer inductance would normally
degrade turn-on current rise time, the use of the sink gate
with a relatively slow external transistor, Q1, will delay the
sink turn-off until after source current has been
established.

Eui{”

Figure 4. A simplified drive system for a half-bridge
switched mode converter. A full bridge drive may be
accommodated with four SG1629 drivers and additional
current boosting for the SG1627.




'SG5520/7520 Series Sense Amplifiers

SG7520/39 — High Speed Sense Amplifiers will detect bipolar
differential signals from memory core arrays and provide logic-level
outputs for interfacting with external logic. These devices are intended
for systems requiring threshold voltage levels of £15 mV to 40 mV.

SG7520/21 — Two sense amplifiers are connected to a common
output stage with capability of being flip-flop connected as part of the
memory output register.

SG7522/23 — Two sense amplifiers are connected to a common
output stage. Open collector output transistors may be used as
wired-OR.

SG7524/25 — Two sense amplifiers with independent output stages.
SG7528/29 — Similar to SG7524/25 except analog test points are

brought out.

SG7534/35 — Similar to the SG7524/25 except it has logically

inverted outputs with open collectors for wired-OR.

SG7538/39 — Similar to the SG7528/29 except it has logically

inverted outputs with open collectors for wired-OR.

SG55XX Series — Available for operation over full temperature range.

SG7520,
21, 22,23
24,25,28,29
PARAMETERS! CONDITIONS 34,35,38,39 UNITS
Operating Temperature Range Free Air 0 to +70 oC
Package Types J, N (16 pin) ocC
Differential Input Threshold Voltage (min/typ/max)2 Vief = 16mV SG7520, 22, 24, 28, 34, 38 11/15/19
SG7521, 23, 25, 29, 35, 39 8/15/22
Vref =40mV  SG7520, 22, 24, 28, 34, 38 36/40/44 mv
$G7521, 23, 25, 29, 35, 39 33/40/47
Common Mode Input Firing Vol'(age3 TA = 250C, Common Mode Input Pulse: v
=t < 15ns, tp(in) = 50ns +2 (typ)
Differential input Bias Current '\I'J~ =5.25V, V™~ = —5.25V, Vijnp = OmV 75 MA
Logical 1 Input Voltage (gate & strobe inputs) vt =475V, V—=-475V, Vin(0) = 0.8V 2 \Y
Logical O Input Voltage (gate & strobe inputs) Vvt =475V, V—=.4.75V, Vin(1) = 2V 0.8 \
Logical O Level Input Current (gate & strobe inputs) V=525V, V== —5.25V, Vi(0) = 0.4V -1.6 mA
Logical 1 Level Input Current (gate & strobe inputs) Vvt =525V, V—=-5.25V, Vin(1) = 2.4V 40 MA
(with Vin(1) = V¥) 1 mA
Logical 1 Output Voltage V+ =475V, V—=—-475V, l|gag = —400uA, 24 v
Vin(1) =2V, Vin(0) = 0.8V
Logical 0 Output Voltage (\)HS.V 4.75V, V—=—4.75V, l5ink = 16mA Vi0) = | 04 \
V+ Supply Current Ta =250°C 28 (typ) mA
V— Supply Current Ta =250C —15 (typ) mA
Output Short Circuit Current (except 7520/21Q) V+ =525V, V— =525V 2.1/3.5 mA
Output Q Short Circuit Current 7520/21 vt =5.25V, V— =5.25V| 3.3/5.0 mA
Output Leakage Current (7522/23/34/35/38/39) V+ =475V, V— = —4.75V,V,,: = 5.25V,Vj = 2V | 250 HA
Differential Input Overload Recovery Time” VinD = 2V, ty = tf = 20ns T 5 = 256°C 20 (typ) nS
Common Mode Input Overload Recovery Time® VinCM = 22V, ty =t = 20ns Tp = 250C 20 (typ) nS
Minimum Cycle Time Ta =250C 200 (typ) nS
PROPAGATION DELAY (nS 7524/25 (nS 7534/35 (nS
TIMES (Tp = 25°C) OUTPUT Q OUTPUT Q 7522/23 MAX) 7528/29 MAX) 7538/39 MAX)
Input: Aj —AgorBq— B2 | tpd(1)D (40) tpd(0)D (55) | tpd(0)D (45) tpd(1)D (40) tpd(0)D (40)
Input: Strobe A or B tpd(1)S  (30) tpd(0)S (55) | tpd(0)S (40) tpd(1)S (30) tpd(0)S (30)
Input: Gate Q tpd(1)Gq (20)  tpd(0)Gq (30) | tpd(0)G (25)
Input: Gate Q tpd(1)GQ
! parameters are min./max. limits with V+ =5V, V—=—5V, T = 0°Cto +700C unless otherwise specified.
2V-r is defined as the d—c input voltage required to force the output of the sense amplifier to the logic gate threshold voltage level.
3VCMF is the common-mode voltage that will exceed the dynamic range of the input at the specified conditions and cause the logic
output to switch. The specified common-mode input signal is applied with a strobe-enable signal present.
4Time necessary for the device to recover from the specified differential-input-overioad signal prior to the strobe-enable signal.
5Time necessary for the device to recover from the specified common-mode-input overload signal prior to the strobe-enable signal.
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Quad Bus Transceiver

SG55138/SG75138

Description: Features:

The SG55138 and SG75138 Quad Bus Transceiver are Single 5V Supply

designed for two way data communication over single High Threshold Receivers

ended transmission lines. Each of the four identical High Input Impedance Receivers

channels consists of a TTL input driver and a TTL output Four Independent Channels

receiver. The driver output is of the open-collector type, Common Driver Strobe

and is designed to handle loads of up to 100 mA TTL/DTL Compatible Driver and Strobe Inputs
(50 ohms to 5V). The receiver input is internally With Clamp Diodes

connected to the driver output, and has a high impedance High Speed Operation

to minimize loading of the transmission line. Because of 100 mA Open-Collector Driver Outputs

the high driver current, and the high receiver impedance, TTL Compatible Receiver O

a very large number (typically hundreds) of transceivers Available in 16-Pin Ceramic (J) Packages

may be connected to a single data bus. The receiver
design alsc features a threshold of 2.3V (typical), pro-
viding a greater noise margin than would be possible
with a TTL threshold receiver. This device also features a

Absolute Maximum Ratings

. Supply voltage, Vcc .oV
common driver strobe which turns off all drivers (high ln;?upt {loltags Voo ; gv
impedance), but does not affect receiver operation. This Driver output‘sirﬁ( current 15;0 mA
circuit is designed for operation from a single 5 volt Storage temperature —65°C to 150°C

supply, and it includes a provision to minimize loading

of the data bus when the power supply voltage is zero.
This circuit is available in the 16-pin ceramic (J) package.
The SG75138 is characterized for industrial temperature
range operation (0°C to 70°C), and the SG55138 is
characterized for military temperature range operation
(—50°C to 125°C).

- Electrical C istics over ing free-air temp range. Switching Characteristics, Vee = 5.0V, TA = 25°C

Operating free air temperature,

$G55138 —55°C to 125°C
SG75138 0°C to 70°C

PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT PARAMETER TEST COND. | MIN. NOM. MAX. [UNITS
e Tova Vot Propagation delay. | Vs =04V
igh Level Input Voltage, (pLy(DB) 'oW to high leve 50pf 15 24 | ns
Vi Driver or Strobe Inputs 2.0 v P (08) ::liz.n’u:::::rom stzgm
P tion delay,
High Level Input 5655138 3.2 v Pigh o low level
Viner) ton (0-B) (8" 0 N rom 14 28 | ns
Voltage, Rec. Input SG75138 29 v a:::yu.::m. ©
Propagation delay,
Vio Low Level Input Voltage, low to high level
Driver or Strobe Inputs 0.8 v trn(S8) bus output ;rum 18 28 | ns
strobe input.
SG55138 1.5 v P tion delay,
Vo Lo Level input ¢ 58y hR ol 2 2| m
(R) Voltage, Rec. Input SG75138 1.8 v PHLB)  bug output from
| strobe input.
High Level Output Voltage, Vee =MIN., lgy = 4mA Propagation delay, | Vg iz.‘v'
Vou Rec. Output Vi =MAX, Vg = 2.0V 24 35 v tpua(@R) 190 tohiah level | G =150 7 15 |
l t | V=50V
v Low Level Output Voltage, Vee =MIN, Iy, — 16mA 400 . e
ot Rec. Output Vinr) = MIN,, Vg = 2.0V t.. 8.y high to low level 8 15 s
28R receiver output
v, Low Level Output Voltage, Vee = MIN,, |y, = 100mA 450 mv from bus input.
oL Driver Output Vg = 0.8V, V, = 2.0V
| High Level Input Current, Vee = MAX I V, = 2.4V 40 pA
m Driver or Strobe Inputs - g "VX — Vee 1 mA
| High Level Input Vee = 5.0V, V, = 4.5V 25 300 LOGIC DIAGRAM
H Current, Receiver Input Vg = 2.0V A Voo B4 R& D4 S D3 R3 B3
cc
Low Level Input Current _ _ —
i, Driver or Strobe Inputs Vee = MAX., V, = 0.4V 1 1.6 mA 161514413412 1110[— 9
| Low Level Input Vee = MAX., V, = 0.45V 50 WA
mw Current, Receiver Input V= 2.0V
Short Circuit Output V¢=0.8V,V, = 2.0V _ - .
los™ Current, Rec. Output V::c = MAX. 18 30 55 mA
Supply Current, Vee = MAX,, Vy = 0.8V
lect. Al Drivers On v, = 2.0V | %0 65 mA
Supply Current, MAX., Vs = 2.0V
leon Al Drivers Off s 42 55 mA TH2HsH+HsHeH7He
GND Bl R1 DI D2 R2 B2 GND
Rux Input Current with Vee = 0.0V, V; = 4.5V 11 15 mA
A ower Off, Receiver Input Positive logic: B—D + S,R =B
Input Clamp Voltage — S — N I
Vie Strobe, Driver Inputs Vee = MIN., I, = —12mA 1.5 v

* Not more than one output at a time should be shorted.

CHIP LAYOUT

Recommended Operating Conditions -
MIN. NOM. MAX. UNIT

Supply Voltage, Vcc, SG55138 45 50 55 v
Supply Voltage, Vcc, SG75138 4.75 50 5.25 v
Driver Output Low Current, |y, 4, 100 mA
Receiver Output Low Current Ioy, (r, 16 mA
Receiver Output High Current, loy (g, —4 mA
Operating Free-Air Temp.,

SG55138 —55 +125 °C
Operating Free-Air Temp.,

SG75138 0 +70 °C
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Quad Line Receiver

SG55154 | SG75154

Description

The SG55154 and SG75154 are monolithic Quadruple Line
Receivers designed to meet the requirements of EIA
Standard RS-232-C. These devices are intended to inter-
face between data terminal equipment and communication
equipment but they can also be used for many other types
of relatively short, single-line, point-to~point data trans-
mission systems. While these devices are normally operated
from a single 5-volt supply, a built-in regulator allows
operation to 12 volts without additional components.

Two forms of hysteresis are provided: For normal opera-
tion, the threshold-control terminals are connected to
VCC]v pin 15 and the circuit operates with a wide hystere-
sis loop which yields no change in the output should the
inputs go to zero. In the fail-safe mode of operation, the
threshold-control terminals are left open and the hysteresis
loop is reduced such that the output will always go high if
the input goes to zero.

These units are packaged in a 16-pin hermetic cerdip dual-
in-line package. The SG55154 is rated for -55° to +125°C
operation while the SG75154 is specified for operation over
a 0° to +70°C range.

Features

e Fail-safe capability with adjustable input

threshold

e 3k to 7 kQ input resistance

e OQutputs compatible with DTL or TTL

e Built-in hysteresis

e 5V or 12V single supply operation

Absolute Maximum Ratings
Normal Supply Voltage (pin 15)

Alternate Supply Voltage (16 pin)

Input Voltage to Tp = 700C
to Ta = 1250C
Operating Temperature Range
SG55154
SG75154
Storage Temperature Range

Power Dissipation
Derate above 25°C

Electrical Characteristics over recommended operating free-air temperature range (uniess otherwise noted) (See Note 1)

MIN TYP MAX

PARAMETER TEST CONDITIONS (SEE NOTE 2) UNIT

ViH High-level input voltage 3 v

ViL Low-level input voitage -3 v
. . Normal operation 0.8 2.2 3

Vs Positive-going v
threshold voltage Fail-safe operation 08 22 3

vr Negative-going Normal operation -3 -1 0 v
threshold voltage Fail-safe operation 0.8 1.4 3
Normal operation 0.8 3.3 6

VT4+=VT~ Hysteresis \%

Fail-safe operation

A%
14v
+25V
+ 10V

-550C to 125°C
0° to 70°C

-65°C to +150°C

1000 mW
8 mw/°C

CHIP LAYOUT

*Tp = +70°C Maximum
**Not more than one output should be shorted at a time.

NOTE 1: Above specifications guaranteed over -552C < Tp < +1250C for SG55154 and 00 < T <700C for SG75154. All typical

values are at Vg = 5V, Ta = 250C.

NOTE 2: The algebraic convention where the most-positive (least-negative) limit is designed 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.

Switching Characteristics, Vocy =5V, Ta = 250C,N =10

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
tPLH Propagation delay time, low-to-high level output 22 ns
tPHL Propagation delay time, high-to-low level output 20 ns

CL = 50pF, R =390
tTLH Transition time, low-to-high output 9 ns
tTHL Transition time, high-to-low output 6 ns
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VoH High-level output voltage loH = —400 A 24 3.5 \2
VoL Low-level output voltage loL=16mA 0.23 04
AV| = -25V to -10V* 3 5 7 THRESHOLD OUTPUTS
ALT NORM CONT
Vecz Veer  aT 1Y 2y 3v 4y RY
Avy=-10V1o -3V 3 5 7 W= U=l
r Input resistance AV = -3V 103V 3 6 392
AV =3V to 10V 3 5 7
AV =10V to 25V* 3 5 7
Vi(open)  Open—circuit input voltage =0 0 0.2 2 \
— D
Ios Short-circuit output current** Vool =568V, Vy=-5V -10 -20 40 | mA 3" ; "‘ \‘. :‘ ; L
Icct Supply current from Vccq Veetr =56V,  Ta=250C 20 35 o THRESHOLD NPUTS ogc: V=&
lcc2 Supply current from Vo2 Veez =132V, Ta =25°C 23 40 CONNECTION
DIAGRAM

DUAL-IN-LINE
PACKAGE
(TOP VIEW)




DUAL SENSE AMPLIFIER/DATA REGISTERS

SG55236 Pert data described herei ADVAN‘?E DATA
erfor| i .
SG75236 O Einal device specifications are subject to change.

HIGH-SPEED SEWNSE AMPLIFIERS WITH BUILT-IN DATA REGISTER AND BUFFER
FOR APPLICATION IN COINCIDENT-CURRENT CORE MEMORIES

e + 2-mV Threshold Sensitivity with

Threshold Voltage Independent of

Temperature and Supply-Voltage vee, me u

Variations upnpn []
e Adjustable Differential-Input

Threshold Voltage L
e Reference Amplifier Inherently Stable "

with No External Frequency N

Compensation Required
o Built-In Data Register with Provisions l

for External Data Inputs [T

1 2 3 4 1] L] 7 . L) » " 2

® Built-In Data Buffer Drives 450-pF WA aa veo * ' B

Load in 15 ns PIN 5 1S IN ELECTRICAL CONTACT WITH N AL BASE
® Low Power Consumption NC—No internal connection

* Internal Reference Voltage Attenuator Makes Reference Amplifier Less Sensitive to Noise
o Two Independent Channels with TTL Compatible Logic Inputs and Outputs

FUNCTION TABLE FUNCTION TABLE FOR DUAL-CHANNEL
TNPUTS SUTPUTS DETECTOR OPERATION
AC SIWRTILDRG]Y Z (2W connected to TW/1R1)
HHH L [xXx XxH[H L INPUTS OUTPUT
HHHl L Ix X XLIH H 1A 1C 2A 2C_S | 1W-2W
P HH[ t [LXHH[H L H H X X H L
Pt HHl t JLXHLIH H X X H H H L
H 4 Hl t |LXHH|H L L H L X H t
H 4 Hl t JLUXHL[H H i H X L H t
HH | ¢t |JLXHH|H L L X & H H t
HH 4l ¢t JLXHLIH H X L & H H t
LXX H [HHXX[L H Any Other
LXX H [HLXH[H L Combination H
L XX H HL XL H H H = high I | (steady st ), L= I | (steady state)
- evel (9 ly state), = low level (s y state
L X x H L xLXx L H X = ant (sny input, i
cox xlou leox e xly u vant 2 .
- NN Ll LS S Y ) L3 La 4+ = transition from high levei to iow level, T = transition from iow levei t0 high level
X L X H HHXX| L X TThe W/RI column shows the output from the detector resuiting from the inputs A,
XL Xl H [HL xXH|H L C. and S. In positive logic, W = ACS. For dual operation with 2W connected to 2RI,
X L X H HL XL H H this column represents an intermediate node and can be ignored.
xLx| Hluxexle w For independent operation of register 2, this column Is an input end the A, C, end §
XL X H L Xt X L Y :‘::":n:l'::um.:."na::d‘ ith 2w ted to 1W/1RI, this col is th 1
ual-channal operstion wi connected to . olumn is the result
X X LI H JHHXX|L X of W = STTA-TC+ZA-2C) as shown In the table sbova.
X XLl H [HL XH|H L definiti f logic level
xxtl wilniexclw n inition of logic levels
X XLl H |[LxLx|fL H INPUT H L
X X L] H Juxtx|L H
At ViD > VT max [ VID € VT min
The normal sequence of operation is LOGIC V1> Vidmin | V1 < ViL mex

shown in the timing disgram
1A is o differential voitage (V p) between A1 snd A2. For these circuits, V|p is

consider positive regardiess of which terminal is positive with respect to the other.
fi ional block diag
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DUAL SENSE AMPLIFIER/'DATA REGISTERS

S$G55236

SG75236
recommended operating conditions
MIN NOM MAX | UNIT
Supply voltage, Voc+ 475 .5 526]| V
Supply voitage, Vco— —4.78 -8 -6526| V
Reference voitage, V,e¢ +1.6 £2.1 45| V
High-level output voitags, Vo | Detector and butter Vecl V
High-level output current, Ig) | Register —400| uA
Register 16
Low-leve! output current, I [ Buffer 26| mA
| Detector 3.2
Width of reset pulse, ',\ﬂ_ﬂ) 118 ns

ADVANCE DATA
Performance data described herein represent design goals.
Final device specifications are subject to change.

Supply voltages (see Note 1)

vVees v
vee- - - -7V
Reference volup VM 85V
Differential input voltage, VD BV
Voltage from any input to ground .526V
Continuous total dissipation at (or below) 70°C frn-mr tomp'uture 450 mW
(see Note 3)
Operating free-air temperature range: SG 55236 ~56°C to 126°C
SG 75236 . 0°C t0 70°C
Storage Temperature range . . —85°C to 150°C
Lead temperature 1/16 inch h'omcnlfor&)ucond: 300°C

NOTE: 1. Voltage values, except differential input voitage, are with respect to the network ground terminal.

electrical characteristics over recommended operating free-air temperature range, Vgt =+2.1V

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP! MAX|UNIT
SG55236 5 7 9
Vce+=BV, Vee-=-5V.
Ta=26°C SG75236 4 7 10
Differential-input threshold
vr mv
voitage (see Note 3) Vee+ =6V £ 5%, SG55236 4.5 7 96
Voo = =5V ¢ 6%
S$G75236 4 7 10
Vec+ =5V, Vee-=-5V
Vigp  Sommon-moda input f= 0.1 MHz t0 20 MHz 1.5 v
firing voltage
Yig Differentisl-input bias current | Vec+=58V, Veg-=-5V, Vip=0 20 kA
lyo  Differential-input otfset current | Vec+ =5 V., Vec—=-5V. Vip=0 0.5 uA
R -
Vin igh-level input v.olw 2 v
{strobe and logic inputs)
viL Low-level mpuf voltage 08 v
(strobe and logic inputs)
v, =475V, Voc—=—4.75V, Vig=2V,
' Register CC+ cc H
Vo High-level Vi =08V, IQH = —400 kA 24 v
t volt =475V, Vee-=—4.75V, Vig=2V, !
output voltage Detector Vee+ 5 cC H
vy =0.8V
High-level Vecs =475V, Vee—=—4.75V, Vi =2V,
lo igh Butter cc+ cc H 260 | wa
output current Vi =08V, VoH =475V
=4 B Vee—=-4.75V, V=2V,
Regirter | VCC™ 475V ce H 04| v
Vi =08V, 1oL = 16 mA
level =475V, Vec—=—4.75V, Vig=2V,
voL oo Butter | VCC™47S cc H 05| v
output voitage Vi =08V, igL = 25 mA
Vec=4.75V, Vee-=-4.75V, Vig=2V,
Detector | /CC 475 ce H 04| v
V=08V
Input current at maximum .
" input voltage (logic inputs) | YCC+ =525V Voo = -6.28V, Vg =5.25V 1| mA
S o
Highlevel [ iter input 2RI 760
. egister inpu —
LIT") input Strobe, reset, or Vee+ =525V, Vec-=-528V, V=24V BA
current . 80
butfer input
Data loed 160
Strobe, reset, or 32
Heor i .
Lowlevel :‘-.' ::m:n 2R1 3
81 n, -
' input =525V, Vg = -5.. . =04V
s inpu Chennel n Vee+ = 5.25 cc 526V, Vi_=0. Y mA
current
Data {oed —6.4
Data in -2
| Short-circuit Register | V. 525V v 525V, Vo =0 20 60 | mA
v =5, , _ = 5. , = _
OS  Gutput current? oo cc+ cc o
v =526V, VeC—= =525V, Vigf = -2.1V,
Iref  Refersnce-input current Tf‘i‘zsfczs cC—= ~8.25V, Vref 05 | ma
Icc+  Supply current from Voo Vees =626V, Veg— = —5.25V, Ta = 26°C 55 | mA
Icc— Supply current from Voo — Vee+ =526V, Vee— = —5.25V, Tp = 25°C 18 | mA
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Memory Drivers

S$G55325/SG75325

PERFORMANCE

® 600-mA Output Capability L]
e Fast Switching Times (]
e Output Short-Circuit Protection .
e Dual Sink and Dual Source Outputs L]
e Minimum Time Skew between L]

Address and Output Current Rise .
® 24-Volt Output Capability .

EASE OF DESIGN
Source Base Drive Externally Adjustable
TTL or DTL Compatibility
Input Clamping Diodes
Transformer Coupling Eliminated
Reliability Increased
Drive-Line Lengths Reduced
Use of External Components Minimized

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SG55325 SG75325 |UNIT
Supply voltage VCC1 (see Note 1) 7 7 v
Supply voltage VCC2 (see Note 1) 25 2% v
Input voltage (any address or strobe input) 55 55 v
Continuous total at (or below) 100°C case temperature 1 1 w
Operating free-air temperature range —55 to 126 01070 °C
Storage temperature range —85 to 150 —65 to 150 °C
Lead temperature 1/16 inch from case for 60 seconds [ J_package 300 300 °c
Lead temperature 1/16 inch from case for 10 seconds IN packuage 260 260 °c
NOTE: 1. Voltage values are with respect to network ground terminal.
electrical characteristics over rated operating free-air temperature range (uniess otherwise noted)
S$G55325 S$G75325
PARAMETER TEST CONDITIONS WMIN TYPT MAX|MIN TYPT MAX UNIT
ViH High-level input voltage 2 2 4
ViL Low-leve! input voltage 08 c o8l v
Vecr1 =456V, Veca=24V,
[l -1.3 -17 -13 -17
\7] nput clamp voltage i) = ~10 mA, Ta = 25°C v
—
| Source-ollectors terminal Vce1 =45V, [ _Full range 500 200 uA
) ott.state current Vec2 =24V [Ta-2%7¢C 3 150 3 200
Vcc1 =45V, Vecez =24V,
VOoH High-level sink output voltage I:S‘O cc2 19 23 19 23 v
Veec1=45V,
Vee2=15V, Full range 09 0.9
Source outputs | R|_ =24 2,
l{source) ~ —~600 mA. T, = 25°C 043 07 043 0.75
V(sat) Saturation voltage Voor= 45V, v
Vee2 =15V, Full range 09 09
Sink outputs | R|_=24Q,
I(sink) ~ 600 mA, Ta=25°C 043 07 043 0.75
| Input current at maxi-| address inputs | Vcc1 =55V, Veca=24V, \s 1
! mum input voltage strobe inputs | V| =55V & 2 2 mA
\ High-level input address inputs | Vg1 =55V, Veez=24V, 3 40 3 40 A
tH current strobe inputs | V| =24V 6 80 6 80 u
' Low-level input address inputs | Vcc1 =55V, Veccz=24V, -1 -16 -1 -16 A
L current strobe inputs | V) =04V -2 -32 =2 32| "
\ Supply current, all | from Vcey Veer1 =55V, Vcea=24V, 14 22 14 22 A
CCLOH)  urces and sinks off [rom Vegz | Ta = 25°C 75 20 75 20| "
Supply current from Vcey, Vecr =55V, Veez =24V,
Ll h ) : o 7
CcC1 either sink on I(sink) = 50 mA, Ta=25°C 55 0 55 70| mA
lec2 Supply current from Ve, Vee1=55V, Vec2 =24V, 12 50 32 50| ma
either source on )(source) = 50 mA, Ta =256°C,
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Memory Drivers

S$G55325/5G75325

—

STROBES

—— 088

switching characteristics, Vocc1 =5V, Ta = 25°C

PARAMETER TO (OUTPUT) F::S;E TEST CONDITIONS MIN TYP MAX|UNIT
1 \7 =15V, RL=24 0, 25 50
PLH Source collectors 9 ccz L ns
tPHL CL =25pF 25 50
t =20V, Ry =1kQ, 55
TLH Source outputs 10 Veez L ns
TTHL Cp = 25pF 7
tPLH ) Vec2=15V, Rp=249, 20 45
k ns
ohL Sink outputs 9 CL = 25pF 30 3
tTLH i Veez =16V, RL=240, 7 15
k t: ns
THL Sink outputs 9 Cy = 26pF ° 20
V = B RL=24q,
tg Sink outputs 9 cc2=18V L 15 30| ns
Cp =25pF
StoLn=p detay time, I high-level output J. OR N DUAL-IN-LINE
PHL = gation delay time, high-to-low-level output OR F FLAT PACKAGE (TOP VIEW)
tTLH = transition time, low-to-high-level output
tTHL = transition time, high-to-low-level output NODE
tg = storege time vgcz X 8 R Rt D 2  vccr
wlwWwijujuriniinl}e
TRUTH TABLE P
ADDRESS INPUTS |STROBE INPUTS] OUTPUTS
SOURCE | SINK | SOURCE | SINK | SOURCE. SINK
B|C D s1 $2 w X Y z
L H X X L H ON OFF [OFF OFF L 2 L b $ ' ! '
SOURCE W A (ST 82, C ¥V GND
H L] X X L H |OFF ON |OFF OFF COLLECTORS STROBES
X XjL H H L |OFF OFF| ON OFF PIN 8 OF THE F FLAT PACKAGES IS IN
X X| H L H L |OFF OFF |OFF ON ELECTRICAL CONTACT WITH THE METAL BASF
X X[ x x H H |OFF OFF |OFF OFF N ]
H H H H x x |OFF OFF |OFF OFF positive logic: See truth table
H = high level, L = low level, X = irrelevant
NOTE: Not more than one output is to be on at any one time. OOEOOOEY
I i o e i
—_ o

Vee 1

NODE

PRI L]

|
WL

]
OOOOOOOG
F-FLAT PACKAGE
16 PIN CERAMIC

R
s
-
=
b
o
o A

4' e { e L

N-PACKAGE
16-PIN PLASTIC
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Memory Drivers

S$G55326/SG75326
S$G55327/SG75327

FEATURES

® Quad Positive or Sink Memory Drivers
600 mA Output Current Sink Capability
24V Output Capability

Clamp Voltage Variable to 24V
S$G55327, SG75327 PERFORMANCE
Quad Memory Switches

600 mA Output Current Capability
VCC2 Drive Voltage Variable to 24V

Output Capable of Swinging Between
VCC2 and Ground

* High-Repetition-Rate Driver Compatible
with High-Speed Magnetic Memories
¢ Inputs Compatible with TTL Decoders

® Minimum Time Skew between Strobe
and Output-Current Rise

® Pulse-Transformer Coupling Eliminated
® Drive-Line Lengths Reduced

ABSOLUTE

absolute maximum ratings over operating free-a

MAXIMUM RATINGS

ir temperature range (unless otherwise noted)

$G55326 $G75326 S$G55327 SG75327 UNIT
Supply voltage, Vcc or Vg (see Note 1) 7 7 7 7 v
Supply voltage, Vcc2 25 25 \
Input voltage, any address or strobe 5.5 5.5 5.5 5.5 v
Output collector voltage 25 25 25 i 25 o v
Output clamp voltage 25 25 v
Output collector current 750 750 750 750 mA
Continuous total dissipation at (or below) 1 1 1 1 W
100°C case temperature (see Note 2)
Operating free-air temperature range —~551t0 125 0t 70 —55 to 125 0to70 °c
Storage temperature range —65 to 150 —65 to 150 —65 to 150 —65 to 150 °c
Lead temperature 1/16 inch from 300 300 300 300 oc
case for 60 seconds: J, Y or M package "
Lead temperature 1/16 inch from 260 260 260 260 oc
case for 10 seconds: N package

recommended operating conditions
S$G55326 S$G75326 SG55327 S$G75327 UNIT
MIN NOM MAX [ MIN NOM MAX | MIN NOM MAX | MIN NOM MAX

Supply voltage, Vcc or Vet 4.5 5 65 | 45 5 6.5 45 5 65 | 4.5 5 65| V
Supply voltage, VG2 a5 24 [ 45 24| V
Output collector voltage 24 24 24 24 v
Output-clamp voltage, V(clamp) 4.5 24 | 45 24 v
Output collector current 600 600 600 600 | mA
Operating free-air temperature, Ta -55 126 o 70 | -55 - 126 ] 70| °C

NOTE: 1. Voltage values sre with respect to network ground terminal(s).
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Memory Drivers

S$G55326/SG75326 SG55327/SG75327

S$G55326, SG75326 electrical characteristics over recommended operating free-air temperature
range (unless otherwise noted)

$G55326 SG75326
PA| TEST CONDITIONS? UNIT
RAMETER MIN TYPI MAX | MIN TYPI MAX
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 \"
Vcc=45V, Iy =—10mA,
\ I t cl It -1 =17 -1 1.7 v
.l nput clamp voltage Ta=25°C
VoH High-level output voltage Vcc =45V, lo=0 19 23 19 23 v
Vcc=45V, g [Fut range 09 09
V(sat) Saturation voltage I{sink) =600 mAS, v
s:'e"No 3 Ta = 25°C 043 0.7 043 0.75
Output-clamp-diode Vi(clamp) = 0. H{clamp) = —10mMA,
\% P! P 15 .
Flclamp) o ward voltage Ta=25°C v
Output-clamp current,
Vclamp) one output on I(sink) =50mA, Ta=25C 5 7 5 7] mA
Input current at Address 1 1
[ i input V=55V mA
voltage Strobe 4 4
High-level Address 40 40
] V=24V
H input current Strobe ! 160 160 A
Low-level Add -1 - -1 -
n ! ress V=04V 1 16 1 1.6 mA
input current Strobe —4 64 —4 -64
Iccloff) Supply current, all outputs off Allinputsat5V, Tp =25°C 18 25 18 25 | mA
Icclon) Supply current, one output on I(sink) =50 mA, T =25°C 58 7% 58 75 | mA
$G55326, SG75326 switching characteristics, Vgc = 5V, Tai = 25°C
PARAMETERY TO (OUTPUT) TEST CONDITIONS § MIN TYP MAX |UNIT
PLH 30 50
tPHL W XYooz % s | "
en Vs =V(clamp) = 15V, RL=24Q, C_=25pF, ;
W, X, Y, or2 See Figure 5 7 5 ns
TTHL 10 20
tg W, X YorZ 24 35 ns
Vg=V =24V, R =47Q, C_=25pF,
VoH W, X Y,orZ s (clamp) L i L P Vs—25 mVv
I(sink) = 500 mA, See Figure 5

S$G55327, SG75327 electrical characteristics over recommended operating free-air temperature
range (unless otherwise noted)

$G55327 $G75327
PARAMETER TEST CONDITIONS? T
MIN_TYPE MAX | MIN TYPT MAX |~
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 v
V=45V, I} = —10mA
\% i t cl: Itage -1 =17 -1 1.7
1 nput clamp voltagy Ta = 25°C
| Collectors terminal Vee1=45V, Full range 500 200 A
loff) off-state current V(col) =24V Ta=25C 150 200 | ¥
V, =45V,
Vgc: o Full range 0.9 09
V(sat) Saturation voltage ! _ § \"
source) = —B00MAS, | o _ agoc 043 07 043 075
See Notes 3and 4
Input current Address 1 1
n at maxi V)=5.5V mA
inputvoltage | Strobe 4 4
High-level Address 40 40
| V=24V BA
H input current Strobe ! 160 160
- A -1 -1.6 -1 —-16
- Low-level ddress V=04V mA
input current Strebe —4 64 -4 -64
Supply current, | From Voot . ° 7 10 7 10
All inputsat5 V, Ta=25°C mA
lcclof) all outputs off | From Voo P A 13 20 13 20
\ Supply current, | From Veeq | Vicol) =6V, {source) = —50 MA, 8 12 8 12 mA
CClon)  ne output on | From Veea| Ta = 25°C, See Note 3 36 55 6 55
S$G55327, SG75327 switching characteristics, Vocq = 5V, Ty = 25°C
PARAMETER Y TO (OUTPUT) TEST CONDITIONS § MIN TYP MAX |UNIT
tPLH Collectors Vg=Vcge2=15V, RL=24Q, C__=25pF, 35 55 ns
tPHL W,Zor X, Y See Figure 5 and Note 4 30 55
TLH WX Y. orZ V(cot) = VcCc2=20V, R =1009,C = 25pF, 30 ns
THL v See Figure 6 and Note 4 10
Collectors Vg=Vgc2=24V, RL=47Q, C_=25pF,
VoH . Vs-25 mv
W,Zor X, Y V(sink) = 500 mA, See Figure 5 and Note 4
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Memory Drivers

SG55326/SG75326
S$G55327/SG75327

CONNECTION DIAGRAMS

S$G55327, SG75327
J OR N DUAL-IN-LINE OR
SB FLAT PACKAGE (TOP VIEW)

S$G55326, SG75326
J OR N DUAL-IN-LINE OR
F FLAT PACKAGE (TOP VIEW)

coL coL
W, Z X, Y

Veez w A NODE  Rint B X GND
)

PIN 8 OF Y AND M PACKAGES IS IN
ELECTRICAL CONTACT WITH THE METAL BASE

[T A Rea NC ) X GND

PINS 1 AND 8 OF Y AND M PACKAGES ARE
IN ELECTRICAL CONTACT WITH THE METAL BASE

SCHEMATICS

$G55326, SG75326

NI

)

a2

@

uy

o

WV ¥ W ...Vce Veer, or Veea bus, respectively.

S$G55327, SG75327

o . w

v

09 corecton
"z

e

o

Resistor values shown are nominal and in ohms.




Memory Drivers

S$G55326/SG75326
S$G55327/SG75327
THERMAL INFORMATION
CASE TEMPERATURE FREE-AIR TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
1200 1200 T— T T T
SERIES 75 SERIES 56 ol
E 000 2 ™ MAX Ta MAX Tp H
71 10 1
ENNARY £ N :
i % N g N .
2 goo N 2 800 he +
2 ) XN g N ]
& a _— hJ, JB, N +
\ 2 ~ s H
600 \\ 3 600 N +
N H N N :
€ ]
S a00f—t—t | | N 8 400 e < NeH
PKG DERATE FROM \\ P 1
SB 22mw/°C 104°C \x 2
200l N 24 mw/°c 108°C A £ 200 [[PKG — DERATE FROMH >
S JB 30mw/°C 117°C Note s SB 60mW/C 25°C
0 J_3BmW/SC 121°C A 0 J,JB,N 104 mW/°C 54°C
100 110 120 130 140 150 20 30 40 50 60 70 80 90 100110120130
Tc~Case Temperature—°C TA—Free-Air Temperature—"C

NOTE A: Rated operating free-air temperature ranges must be
observed regardless of heat-sinking.

FIGURE 1 FIGURE 2
PACKAGES
OOOOOO®O
—ofe- JRTTE— =i,
L]
-yl g
e -
s W = Py
] | -
~F TR iy
B 4
E IS E};ﬁ

~ e JLwaJLu

OCOOOOOOO AL LLADS ant GOLO MATID

F-FLAT PACKAGE N-PACKAGE J-PACKAGE
16-PIN CERAMIC 16-PIN PLASTIC 16-PIN CERDIP
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SG55450B/754508B

ual P

The SG55450B and SG55460 Series are general purpose dual
peripheral drivers whose output stage includes a completely un-
committed, high-voltage, high current NPN transistor. Inputs to
the standard TTL gates are diode clamped and fully DTL/TTL
compatible. The output transistors of the SG55450B and
SG75450B are capable of sinking 300 mA and will withstand 30
volts when off. The SG55460 and SG75460 devices have the
same current rating but with higher voltage capability of 40 volts
and only slight reduction in switching speeds.

The SG55450B and SG55460 are characterized for operation
over the full military temperature range of -559C to +125°C
while the SG75450B and SG75460 are designed for 0°C to
+70°C operation.

® Current capacity of 300 mA per
driver

® High output voltage capability
@ High-speed switching characteristics

@ Both military and commercial tem-
perature ranges

ipheral Driv
SG55460[75460

ABSOLUTE MAXIMUM SGE54508 SG55460
RATINGS (Note 1) SG754508 SG75460
Supply Voltage, Vcc wv v
input Voitago 8.5V 5.5V
VCC to Substrate Voltage 38V 40v
Collector to Substrate Voltoge 3BV 40V
Collector to Base Voltage 35V 40V
Collector to Emitter Voltage (Note 2) 30v 40V
Emitter to Base Voltage 3% sv
Collector Current (Note 3) 300mA 300mA
Power Dissipation
N Package (plastic) 600mwW 600mwW
Derate above 26°C 6.0mW/°C  6.0mW/°C
J Package (cerdip) 1000mwW 1000mwW
Derate above 25°C 6.7mW/°C  6.7mW/°C
Operating, Free Air Temperature
Range

—56°C to +125°C
0°C to +70°C
—65°C to +150°C

SG654508, SG55460
S$G754508, SG75460
Storage Temperature Range

NOTES:

1. Voltage vaiues shown are with respect to ground terminal uniess
otherwise specified.

With base-to-emitter resistance less than 50082,

106

2.
3. Both sides of circuit may conduct rated current simultaneously
PO rating is not
ELECTRICAL CHARACTERISTICS
(over operating temperature range and with VCC = 6V £ 6%, unless otherwise specified)
TTL GATES
Parameter Test Conditions Min. Typ. Max. Units
High-level input voltage, V|H VoL <04V, Ig, =16mA 2 _— —_— v
Low-level input voltage, V| VoH > 2.4V, gy = —.4mA — — 0.8 v
High-level output voltage, VoH ViL= 08V, Igy = —.4mA 24 33 p— \Z
Low-level output voltage, VoL ViH = 2.0V, IgL =16 mA —— .25 0.4 Vv
Input clamp voltage, V| I = —12mA — -1.2 —-1.5 Vv
High-level input current, |j V| =24V —— — 20 [y
High-level strobe current, 15 V| =24V — — 80 LA
Low-level input current, 1) V=04V — p— ~16 mA
Low-level strobe current, Ig| V| =04V —— —— —-3.2 mA
input current at max. V, |} V=55V —— — 1.0 mA
Strobe current at max. V, Ig Vg =55V —_ j— 2.0 mA
Output short circuit current, |gg -18 —35 —55 mA
Supply current, high out, IccH Vi=0 p— 2 2 A (TOP VIEW)
Supply current, low out, IccL Vi =5V — 6 11 mA SUBSTRATE[S 7] cRouno
OUTPUT TRANSISTORS (High current measurements made with pulse techniques) = emiTTER
™ 0
Parameter Test Conditions 664508 75450B 55460 75460  Units € I""Ei i
Collector-base breakdown BVCRO Ic = 100UA, Ig = 0 35 35 40 40 V min, cotLectonfio} [£] couecron
Collector-emitter BVCER \c = 100UA, Rgg = 50080 30 30 40 40 V min. Base [i7} 4] sase
Emitter-base breakdown BVEBO g = 1000A, Ic=0 5 5 5 5 V min. ouTRUT 3] ourrur
Base-emitter voltage Vg Ig = 10mA, Ic =100 mA 1.2 1.0 1.2 1.0  Vmax b
1g = 30mA, Ic =300mA 1.4 1.2 1.4 1.2 Vmax INPUT 13} 2] INPUT
Collector-emitter saturation VCE (SAT) 1g = 10mA, Ic = 100mA 5 4 5 4 Vmax wec[id 7) sTRoBE
g =30mA, Ic =300mA 8 7 8 .7 Vmax
Current transfer ratio hFg VCE = 3V, Ic = 100mA, TA = 250C 5 75 25 25 min. CONNECTION DIAGRAM
VCE =3V, Ic=300mA, Tpo=260C 30 30 30 30 min A
VCE=3V, Ic=100mA, To=min. 10 20 10 20 min Nota: 2"(“:,”’“:;;'“(:&3".‘,’;“;‘0‘.3;'{‘
= = -mi . at the i or
VcE =3V, Ic =300mA, Ta = min. 15 25 15 25 min proper device operation.
SWITCHING CHARACTERISTICS (Ve =5V, Ta =25°C)
554508, 754508 55460, 75460
Parameter Test Conditions. Typ. Max. Typ. Max. Units
TTL GATES
Propagation delay time
Low-to-high-level output, tpLH CL=15pF 12 22 22 —_ nS
Propagation delay time -
High-to-low-level output, tPHL Rq = 40052 8 15 8 J— nS
OUTPUT TRANSISTORS
* Delay time, tg Ic = 200mA 8 15 10 — nS
Rise time, t, :bu)TﬁmA 12 20 16 — nS CHIP BONDING
_ b(2) = —40mA DIAGRAM
Storage time, tg VBE(OH) = -1V 7 15 23 J— nS
Fall time, 1 CL = 16 pF, [ 15 14 p— ™S
Ry =508
GATES & TRANSISTORS COMBINED
Propagation delay time
Low-to-high-level out, tp| H Ic = 200mA 20 30 45 65 nS
High-to-low-level out, tpH| CL=15pF 20 30 35 50 nS
Transition time
Low-to-high-level out, tT| 4 Ry =508 7 12 10 20 ns
High-to-low-level out, tTHL 9 15 10 20 nS



TRANSISTOR ARRAYS
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High Voltage, Medium Current Driver Arrays

SG2001/sG2002/SG2003

Description
These high voltage, medium current driver arrays are
comprised of seven silicon NPN Darlington pairs on a

Absolute Maximum Ratings (at 25°C free-air temperature
for any one Darlington unless otherwise noted).

common monolithic substrate. All units feature open Output Voltage, Ver 50v
collector outputs and integral suppression diodes for Input Voltage, Vi, 20v
inductive loads. Peak inrush currents to 600mA are Peak Collector Current, IC 600mA
allowable, making them ideal for driving tungsten filament Cont}nuous Collector Current, IC 500mA
Jamps also. Continuous Base Current, IB 25mA
Three different input configurations provide optimized Pov\fgtgns;;zitam:,‘ PL?"E:;Z;S:V]W) ;gx
designs for interfacing with TTL, DTL, PMOS, or CMOS R e on p o
drive signals. Derating Factor above 25°C 13mW/°C
o . . Ambient Temperature Range
In all case§, thg individual Darlington pair collector (Operating) TA —55°C to +125°C
current rating is 500mA. However, outputs may be Storage Temperature Range, TS —65°C to +175°C
paralleled for higher load current capability. All devices .
are supplied in a 16-pin dual in-line ceramic package. ,‘,’:f’;&%‘zﬁ"‘.ﬁ.’.#%&""g °°\"f""%‘c‘2‘;ﬁ$:1‘51‘:'2.:?:‘:3" 3.51»0""
and a duty cycle of 30%.
Features PARTIAL SCHEMATICS
e Collector currents to 600mA $G2001 $G2002 $G2003
o Low saturation voltage (each driver) v (each driver) “V (each driver) v
® High speed switching O~ e
® Ciosely matched parameters

|
I
7 3»('*
|
-

I —

—_———— _n__r.j._
ol
Electrical Characteristics at 25°C (unless otherwise noted)
Limits
CHARACTERISTICS SYMBOL TEST CONDITIONS Min. Max. Units
Output Leakage Current lox Veg = 50V; T, = 70C 100 sA
Collector-Emitter Vee (Sat) lo =350mA; |;; = 5004A 1.6 v
Saturation Voltage lc = 100mA; 1, = 2504A 1.1 v
Input Current lin on
Type SG-2002 ,,, = 17V 1.3 mA
Type SG-2003 V,, = 3.85V 1.35 mA
Input Current SG-2002 liy off V,, =86V, T, =70°C 50 uA
lnnut Unltaoa \ an
Input Voltage Vi, on
Type SG-2002 Ve = 2V; Ig = 350mA 13 \s
Type SG-2003 Vee = 2V; g = 350mA 3.5 v
DC Forward Current hpg
Transfer Ratio
Type S$G-2001 Veg = 2V; IC = 350mA 1000
Input Capacitance Cin 30 pf
Turn-On Delay toLnm 0.5E,, to 0.5E,,,, 5 uS
Turn-Off Delay truL 0.5E,, to 0.5E,,,, 5 uS
Clamp Diode Leakage Current [ Vg = 50V 50 A
Clamp Diode Forward Voltage Vi lp = 350mA 2.0 v
CONNECTION DIAGRAM CHIP LAYOUT TYPICAL APPLICATIONS
PMOS TO LOAD . TTL TO LOAD
- e (]
= oo )
o 2 G- o
==
) (>0t 1)
O
ral T>ot5 |
m| Doy |
o)
10
2 Dot m

PMOS.
ouTPUT E’ L)
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Transistor Arrays

SG3018/3018A/3821/3822/3823/3086
(CA3018/3018A) (CA3045, 3046) (CA3026/3054) (CA3086)

These transistor arrays offer VBE typically matched to +0.5 mV, less than 10% variation in hfe, operation from
dc to 300 MHz, high current gain from 10 A to 10 mA and high voltage capability.

SG3018/SG3018A (CA3018,
3018A) Darlington Transistor
Pairs — consists of four mono-
lithic transistors. Two of the four
are internally connected into a
Darlington configuration with a
typical current gain of 4000. The
other two transistors are separate
conventionai types.

ABSOLUTE MAXIMUM RATINGS

SG3821° (CA3046, 3045)
Matched Transistor Array — five
general purpose monolithic NPN
transistors internally connected to
form two independent differential
amplifiers, each with its asso-
ciated current source transistor.

$G3822 (CA3026, 3054) Dual
Differential Transistors — six
monolithic NPN transistors inter-
nally connected to form two
independent differential ampli-
fiers, each with its associated cur-
rent source transistor.

S$G3823 Dual Darlington Transis-
tor Array — six monolithic tran-
sistors. Four are internally con-
nected as two independent
Darlington Amplifiers with a
typical gain of 4000. The other
two transistors are separate con-

Collector-substrate Voltage
Collector-base Voltage
Collector-emitter Voltage

40V (CA Series 20V)
40V (CA Series 20V)
25V (CA Series 15V)

Emitter-base Voltage
Collector-Current

Operating Temperature Range

ventional types.

5V
50mA

0—1250C (CA Series 0 - 70°C)

3018, 3018A, 3821, | CA3018/3026/3054

PARAMETERS* CONDITIONS 3822, 3823, 3045/3046/3086 UNITS
Collector-Substrate Breakdown Ic=10uA,Ig=0 40 20 \
Coiiector-Base Breakdown iIc=10pA,ig =0 40 20 \
Collector-Emitter Breakdown Ic = 100uA, Ig =0 25 15 \2
Emitter-Base Breakdown Ig =10uA, Ic=0 5 5 \Y
Collector-Substrate Leakage Vgcs=20V,1g=0 80 80 nA
Collector-Base Leakage Veg =20V, Ig=0 40 40 nA
Collector-Emitter Leakage Vce =20V, Ig=0 500 500 nA
Forward Current-Transfer Ratio VgE =5V, Ic = 10uA 80 (typ) 80 (typ) -
Forward Current-Transfer Ratio Vcg =5V, Ic=1mA 50/400 50/400 -
Forward Current-Transfer Ratio VgE =5V, Ic = 10mA 80 (typ) 80 (typ) -
Collector-Emitter Saturation Ic=10mA, Ig = TmA 0.5 (typ) 0.5 (typ) V;n
Gain-Bandwidth Product Vcg =5V, Ic =3mA 500 (typ) 500 (typ) MHz
Collector-Substrate Capacitance Ves =5V, Ic=0 2.0 (typ) 2.0 (typ) pF
Collector-Base Capacitance Veg=5V,Ic=0 0.4 (typ) 0.4 (typ) pF
Noise Figure f=1kec, Vcg =5V, Ic = 100uA, Rg = 1k 4 (typ) 4 (typ) dB
Input Offset Voltage for any two transistors Vce =5V, Ic =1mA 5 5 mV
Input Offset Current for any two transistors Vcg =5V, Ic = TmA 4 2 HA
Forward Current Transfer Ratio (Darlington Pair), Ve =5V, Ic=1mA 1500 1500 -
$G3018/3018A/3823

*Parameters apply for Tp = 250C and are min/max limits unless otherwise specified.

Note: Substrate pin (/77 must be connected to the most negative DC potential -- which should also be a good AC ground -- for

proper isolation between transistors.
SG3018/3018A is offered in 12-pin metal can.

3018/3018A

e
=T

3018

b 03¢ ——

-3821/3046/3045/3086

299
&Y &
Bt

e
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All other 3800 Series arrays are offered in N and J 14-pin dual-in-line packages.
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Transistor Arrays

SG3081/3082

The SG3081 and SG3082 each have seven high-current silicon e Collector current to.100mA
NPN transistors integrated into a single monolithic chip. The o Low saturation voltage
SG3081 has all seven emitters common while the SG3082 is e Closely matched parameters

connected in a common collector configuration. Both devices
have a separate substrate pin for more versatile applications.
With current capability to 100 mA per transistor, these arrays are
ideally suited for driving all types of seven-segment displays as
well as other general purpose driver applications.

MAXIMUM RATINGS, Absolute-Maximum Values at Tp = 25°9C The following ratings apply for each transistor in the device:
Power Dissipation: Collector-to-Emitter Voltage (VCgQ) 16 \4
Any one transistor 500 mw Collector-to-Base Voltage (Vcgo) 20 \4
Total package** 750 mwW Collector-to-Substrate Voltage (Vcso) 20 v
Above 25°C Derate linearly 6.67 mW/°C Emitter-to-Base Voltage (VEgQ) 5 \
Ambient Temperature Range: Collector Current (Ig) 100 mA
Operating —40to +85 ©°C Base Current (Ig) 20 mA
Storage —55 to +150 °C **SG3081 and SG3082 are available in N and J 16-Pin dual-in-line
packages
PARAMETERS* SYMBOL CONDITIONS SG3081/SG3082 | UNITS
Collector-Base Breakdown Voltage BVceo Ic=500uA, Ig=0 20 \%
Collector-Substrate Breakdown Voltage BVcso Ic) =500uA, Ig=0,Ig =0 20 v
Collector-Emitter Breakdown Voltage BVcEO Ic=1mA,Ilg=0 16 v
Emitter-Base Breakdown Voltage BVEBO Ic = 500uA 5 \
DC Forward-Current Transfer Ratio hre VCE =50V, I¢ = 30mA 50
VGE=5.0V, Ic = 50mA 40
Base-Emitter Saturation Voltage VBEsat Ic=30mA, ig = TmA 1.0 \
Collector-Emitter Saturation Voltage:
$G3081, SG3082 Ic=30mA, Ig = TmA 0.5
SG3081 VCEsat Ic =50mA, Ig = 5mA 0.7 \Z
$G3082 Ic =50mA, Ig = 5mA 0.8
Collector-Cutoff-Current ICEO Vcg=10V,Ig=0 10 A
Collector-Cutoff Current IcBO Ve =10V, 1g=0 1 kA

*Parameters are for T = 250C and are min/max limits.

SG3081

R R e e et

S$G3082

$G3081 Chip (See schematic SG3082 Chip (Ses schematic
for pad functions) for pad functions)
NOTE:  Substrate pin (/77) must be to the most DC ial — which should also be a good AC

ground — for proper isolation between transistors.
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High Current NPN Transistor Arrays

SG3083 SG3183/3183A

This series of arrays consists of five closely-matched, high current
NPN transistors. Although sharing a common monolithic substrate, the
transistors are connected such that all terminais are independent,
including the substrate bias connector. With current capability to 100
mA per transistor, these arrays are ideally suited for all types of driving
applications including relays, lamps, and thyristors. The SG3183 and
SG3183A are higher voltage versions of the SG3083.

ABSOLUTE MAXIMUM RATINGS

Power Dissipations:

Any one transistor 500 mW L T
Total package 750 mW Ef tgﬁ ’
Above 25°C derate linearly 6.67 mW/°C i jﬂ
Ambient Temperature Range: R:l o Eﬂ g
Operating (N-Package) —40 to +85°C x |
Operating (J-Package) —55 to +125°C f i J

Storage (both packages) —65 to +150°C
S$G3083 Chip (See schematic

Maximum Collector Current 100 mA for pad functions)
Maximum Base Current 20 mA

ELECTRICAL CHARACTERISTICS AT TA = 25°C

FEATURES

High voltage capability
Collector current to 100 mA
Low saturation voltage
Closely matched parameters

SUBSTRATE

Ty
L0 o2

NOTE: The collector of each transistor is isolated from the substrate by
an integral diode which must be reverse biased by connecting *he sub
strate 1o a voltage more negative than any collector. To prevent undesired
coupling between transistors, the substrate connection should be con

nected to an AC or DC ground

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNITS

Collector-Substrate Breakdown Voltage, BVCsO' 'C =100 uA

SG3083 20 60 - \Z

SG3183 40 70 - v

SG3183A 50 70 - A
Collector-Base Breakdown Voltage, BVCBO' 'C =100 A

SG3083 20 60 - v

$G3183 40 70 - \%

SG3183A 50 70 - v
Collector-E mitter Breakdown Voltage, BVCEO' = 1mA

SG3083 15 24 - v

SG3183 40 - v

SG3183A 40 50 — v
Emitter-Base Breakdown Voltage, BVEBO‘ |E =100 uA

All types 5 69 - v
Collector Cutoff Current, lceor \/CE =10V - - 10 KA
Collector Cutoff Current, ‘CBO‘ VCR =10V - - 1 uA
OC Forward Current Transfer Ratio, hee

All types VCE =3V, IC =10mA 50 100 -

VCE.: 5V, Ic=50mA 40 75 -

Collector-Emitter Saturation Voltage, Ve (SAT)

SG3083 LS Ic= 50 mA, g= 5 mA - 0.40 0.70 v

SG3183 /SG3183A ‘C =50 mA, 'B =5mA - 17 3.0 v
Base to Emitter Voltage, VBE' VCE =3V, 'C =10 mA 0.65 0.75 0.85 v
For Q, and 02 Matched Pair
Input Offset Voltage tV|01 VCE =3V, 'C =1mA - 1.2 mV
Input Offset Current ll'ol VCE =3V, IC =1mA - 0.7 25 uA
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High Voltage, High Current Darlington Transistor Arrays

SG3851/SG3852 |/ SG3853

Description

These high voltage, high current Darlington transistor
arrays are comprised of seven silicon NPN Darlington
pairs on a common monplithic substrate. All units feature
open collector outputs and integral suppression diodes for
inductive loads. Peak inrush currents to 750mA are
allowable, making them ideal for driving tungsten filament
lamps also.

Three different input configurations provide optimized
designs for interfacing with TTL, DTL, PMOS, or CMOS
drive signals.

In all cases, the individual Darlington pair collector
current rating is 600mA. However, outputs may be
paralleled for higher load current capability. All devices
are supplied in a 16-pin dual in-line ceramic package.

Features
e Collector currents to 750mA $G3851
e Low saturation voltage (each driver)

e High speed switching

Aheal Mayi R

tings (at 25°C free-air temperature
for any one Darlington unless otherwise noted).

Output Voltage, Vg 50V
Input Voltage, V,, 25V
Peak Collector Current, IC 750mA
Continuous Collector Current, IC 600mA
Continuous Base Current, IB 25mA
Power Dissipation, PD (per device) 1.0W
Total Package* Limitation 2.0W
Derating Factor above 25°C 13mW/°C

Ambient Temperature Range
(Operating) TA

Storage Temperature Range, TS

“Under normal operating conditions, these units

per output with VCC = 1.6V at 70°C with a pul
and a duty cycle of 30%.

PARTIAL SCHEMATICS

SG3852
(each driver)

v 10K

—55°C to +125°C
—65°C to +175°C

will sustain 350mA
se width of 20ms

SG3853
(each driver)

+V

O~ | |
e Closely matched parameters ! I i |
1 | 3
1 7K 3K * | 7K 3K #
L < ! L et
———— — —_ ——4
ntr r7
Electrical Characteristics at 25°C (unless otherwise noted)
Limits
CHARACTERISTICS SYMBOL TEST CONDITIONS Min. Max Units
Output Leakage Current lopx Vg = 50V; T, = 70°C 100 A
Collector-Emitter Ve (Sat) lc = 500mA; I, = 8004A 2.0 v
Saturation Voltage lc = 100mA; 1; = 2504A 1.1 '
Input Current l;, on
Type SG-3852 Vi, = 24V 3.0 mA
Type SG-3853 Vi, = 5.0V 3.0 mA
Input Current SG-3852 lin off Vi, =6V, T, =70°C 50 vA
Input Voltage Vi, on
Type SG-3852 Veg = 2V; lg = 500mA 17 v
Type SG-3853 Vee = 2V; g = 350mA 3.5 v
DC Forward Current heg
Transfer Ratio
Type SG-3851 Ve = 2V; IC = 350mA 1000
Input Capacitance Cin 30 pf
Turn-On Delay toum 0.5E;, to 0.5E,,, 0.5 uS
Turn-Off Delay tour 0.5E,, to 0.5E,,, 0.5 uS
Clamp Diode Leakage Current Ix Vg = 50V 50 #A
Clamp Diode Forward Voltage Vi Iz = 500mA 3.0 v
TYPICAL APPLICATIONS
CONNECTION DIAGRAM CHIP LAYOUT PMOS TO LOAD TTL TO LOAD

Dot

v
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¥
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ETEEEHETE

™
ouTPuT

s EIEIER!
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ouTPUT
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OTHER CIRCUITS

Videc Amplifiers

Wideband Amplifiers/Multipliers
Wideband Video Amplifiers

Multipliers

Modulators

Zero Voltage Switches

Timers

Dual Timers

High-Voltage Fluorescent Display Driver
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Timer

SG555/SG555C

The SG555 integrated circuit has been designed to generate
accurate time delays with provisions for remote triggering or re-
setting. An external resistor and capacitor will provide precise
control of time delays from microseconds to hours. This circuit
can also be used as a stable oscillator with accurate control of
both frequency and duty cycle through the use of two external
resistors and a single capacitor. The output circuit is designed for
use with load currents to 200 mA and is fully compatible with

TTL circuitry.

ABSOLUTE MAXIMUM RATINGS:

Supply Voltage
Power Dissipation
T—Package (TO—99)
Derate above 250C
M-—Package (Minidip)
Derate above 250C
Operating Temperature Range
SG555
SG555C
Storage Temperature Range

—650C to +1500C TRgcER —{V
Lead Temperature (Soldering, 60 seconds) +3000C B

@ Direct replacement for SE555/NE555
@ Both astable and monostable mode of

operation

@ Timing range from microseconds through

hours

] 209 mA output capability (source or

sin

.005%/°C temperature stability

® TTL compatible

CHIP BONDING
DIAGRAM

FUNCTIONAL
DIAGRAM
+18V
680mW contRoL  §
5-4mw/ec mnss:on.n
400mwW o
4.0mw/°C ¢

—550C to +126°C
00C to +70°C

outeur | O0TRUT
STAGE

DISCHARGE
7

GROUND
1

ELECTRICAL CHARACTERISTICS (Tp = 250C, V* = +5V to +15V unless otherwise specified)

SG555 SGB56C
Parameter Conditions Typ. Max. Units
Supply Voltage 45 —— 18 45 —— 16 \
Supply Current VvVt =56V, R = -~ 3 5 -— 3 6 mA
Vt=15V, R = - 10 12 -— 10 15 mA
Low State (Note 1)
Timing Error Ra, Rg = 1KQ to 100K
Initial Accuracy C=0.1uF (Note 2) — 05 2 1 —
Drift with Temperature -= 30 100 50 ppm/°C
Drift with Supply Voltage —— 0,005 0.2 -~ 001 —— %/Volt
Threshold Voltage -— 23 — -— 2/3 —- x vt
Trigger Voltage vt =185V 48 5 52 -— 5 - \
vt =sv 145 167 1.9 - 167 — v
Trigger Current -— 05 —— -— 05 —- uA
Reset Voltage 04 07 1.0 04 07 10 v
Reset Current - 01 - -— 01 - mA
Threshold Current (Note 3) — 01 .25 -— 01 .25 HA
Control Voltage Level vt =15v 96 10 104 90 10 11 v
vt=sv 29 333 38 26 333 4 \Y
Output Voltage Drop (low) vt =185V
IsINK = 10mA —— 0.1 0.15 25 v
ISINK = 50mA -~ 04 05 75 \Y
ISINK = 100 mA — 20 22 25 v
ISINK = 200mA — 25 —— — v
v+ =5V
ISINK = BmA -~ 01 025 — —— - v
ISINK = SmA -— = - -— 25 .35 v
Output Voltage Drop (high)
ISOURCE = 200mA — 125 —— - 125 —— v
v+ =15V
ISOURCE = 100mA
v+ =15V 130 133 —— 12.75 133 —— v
vt =5y 30 33 275 33 —— v
Rise Time of Output —— 100 —— - 100 —— nsec
Fali Time of Output —= 100 —— -- 100 —— nsec
Note 1: Supply Current when output high typically 1mA less. Note 3: This will determine the maximum value of Ra + Rg.
Note 2: Tested at V* = 6V and V* = 15V. For 15V operation, the max total R = 20 megohm.

14

CONNECTION
DIAGRAMS

RESET

THRESHOLD(® R @ | TRIGGER

T-rRcRAGE

v
APPLICATIONS
v
1
L3 1
a3
s
i i
L-< ® saess 4| OUTRUT
INPUT TRIGGER 1
o— 2
¢= 5 1 B %»oumuv
<3 v .[ L  OFF LOAD
1 ol | ;
T )
L g-tiRrac
MONOSTABLE
OPERATION
v
{ 1
%9 !
[ LT
L
’ |
Reg
sasss outPuT }
Ll !
T O1uF 1 )
T 3
11 (OUTPUT HIGH) = 0,69 (Rp + Rg) C L
12 (OUTPUT LOW) = 0.69 (Rg) C =
144
!"maszmgc
ASTABLE
OPERATION



"Dual Timer

SG556/SG556C

The SG556/SG556C IC timing circuit is the equivalent of two 555-
Each section of the
device is capable of producing accurate time delays or oscillations. A
resistor and a capacitor are the only external parts needed to control
time delays from microseconds through hours. For use as an oscillator,
two external resistors and a capacitor provide control of the free run-
ning frequency and duty cycle. Triggering and resetting terminals are
provided and the circuit will trigger and reset on falling waveforms.

type timers in one 14-pin dual-in-line package.

The SG556/SG556C Dual Timer lowers over-all system cost, reduces
board space and assembly time required and provides matching and
tracking characteristics which are superior to two separate timers.

Direct replacement for SE556/NE556

Both astable and monostable mode of operation

Timing range from microseconds through hours

200 mA output capability (source or sink)

.005%/°C temperature stability
TTL compatible

FUNCTIONAL DIAGRAM

{Each Side) v
ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAM o
S %
upply Voltage +18V TRIGGER B [1] [7] GROUND controL o7 WH RESET
Power Dissipation 3,11 O——odf © 410
N—Package (plastic) 600 mW ouTPUT B [3] [¢] TRIGGER A : con
Derate above 250C 6.0 mw/oC THRESHOLD PARA.
RESET B 10 5] OUTPUT A TOR
J—Package (cerdip) 1000 mw EsE Bg worwen [ OUTPY 2120— o
Derate above 250C 6.7 mW/oC CONTROL B [11 [4] RESET A :: A e I ouv;ugr
3 X Y .
Operating Temperature Range THRESHOLD B [ [3] CONTROL A STAGE
SG556 -550C to +1250C
13 2
SG556C 05C to 47000 DISCHARGE B [ [2] THRESHOLD A “ecen con~
Storage Temperature Range ~-650C to +1500C v+ 4] ﬂ [1] DISCHARGE A 6.8 O- OR DISCHARGE
Lead Temperature (Soldering, 60 seconds) +3000C S t————0 1,13
3
GROUND
-0 7
ELECTRICAL CHARACTERISTICS (T4 = 25°C, V* = 45 to +15 V unless otherwise specified}
$G556 $G556C CHIP BONDING DIAGRAM
Parameter Conditions Min.  Typ. Max. Min.  Typ. Max. | Units
Supply Voltage 45 —— 18 45 - 16 |V
Supply Current (each side) VF=5V, R = — 3 5 - 3 6 mA
V=15V, R =% - 10 " - 10 14 mA
Low State (Note 1)
Timing Error (Monostable) RA. RB = 2 k€2 to 100 k§2
C= 0.14F (Note 2)
Initial Accuracy -~ 05 15 - 075 —— | %
Drift with Temperature - 30 100 - 50 —- | ppm/oC
Drift with Supply Voitage 005 0.2 — 0.1 —— | %/Volt
Timing Ercor (Free Running) | RA, Rg = 2 kQ to 100 k§
C=0.1pF (Note 2)
Initial Accuracy - 15 — — 226 —— | %
Drift with Temperature - 90  —- -- 150 -- | ppm/oC
Drift with Supply Voltage - 0.15 —- — 03 —- | %/Volt
Threshold Voltage — 213 —— —— 273 —- | XV*
Trigger Voltage V=15V 48 5 5.2 45 5 56 | Vv APPLICATIONS 5
vt=5Vv 1.45 167 19 11 167 22 v
Trigger Current - 05 — — 05 —- |uA
Reset Voltage 0.4 0.7 1.0 0.4 07 10 |V -
Reset Current - 0.1 —— - 01 —- mA N
A
Threshold Current (Note 3) - 003 0.1 — 003 0.1 | pA v FESET A 3 HommaLLy
Control Voltage Level VE=15v 96 10 104 90 10 11 %
Vt=5V 2.9 333 38 26 333 4 v ns HRESHOLD outeur
Output Voltage Drop (low) vVt=15V
- 0.1 0.15 — 01 02| Vv TRIGGER
j— 04 05 - 0.4 075| Vv o COIOL GND R, @’1’325”
_— 2 2.25 - 2 275 v onr
ISINK = 200 mA - 25 —- — 25 - | v T T sesss
vt=5Vv
T 1) (OUTPUT HIGH - 063(R + R
ISINK =8 mA - 01 028 | — — - |v ASTABLE 12 (OUTPUT Low - 0s8iRgIC
ISINK = 5 mA - - - -— 025 035( Vv OPERATION 1o (n“‘n -
'a ¢ Rgl
Output Voltage (high) ISQURCE = 200 mA
VE=15V - 125 —- - 128 - |v v
ISOURCE = 100 mA
VH=15V 13 133 —— 1275 133 - |V .
A
Vt=5Vv 3 33 - 275 33 -- |V v RESET RS O loas
Rise Time of Output —— 100 —— — 100 - [~ 4 THRESHOLD
Fall Time of Output — 100 — ~— 100 -~ | ons NeuT [: DISCHARGE outeut
Discharge Leakage Current - 20 100 — 20 100 | nA "“GGEC" TRIGGER
Matching Characteristics €1 7 |_contRoL  awo AL S NORMALLY
Between Each Section ¢ vave T OFF LoAD
OwF 4SGS56
Initial Timing Accuracy — 005 0.1 —_— 01 02| % T i
Timing Drift with
Temperature - 10 - - +10 - ppm/OC MONOSTABLE = 9= LURAIC
— . . — 02 05 | %/Vol
Drift with Supply Voltage 01 02 o OPERATION

NOTES

(1) Supply current when output is high is typically 1.0 mA less. (2) Testedat V* =5V and V* = 15 V.
3) This will determine the maximum value of R + Rg. For 15 V operation, the maximum total R = 20 meg-ohms.
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Video Amplifiers

SG733/733C

The SG733/733C are monolithic two-stage wideband amplifiers. These
devices offer excellent gain stability at any gain setting and provide fixed
gain options of 10, 100 and 400 without external components. All stages
are current source biased to obtain high common mode and power supply
rejection and emitter followers are used at the output to minimize the
effects of capacitive loading. The devices are particularly well suited for
applications requiring a fast linear function such as video and pulse
amplifiers.

® 120MHz bandwidth

® Gain options of 10, 100, 400 without external p t

® 250k~ input resistance

® No external freq Y p Y
PARAMETERS* 733 733C UNITS CONNECTION DIAGRAMS
Supply Voltage 16V 16V \
Operating Temperature Range —55 to +125 0to +70 oc
Package Types T,J T,J,N - o
Differential Voltage Gain O——{
Gain 1 300/500 250/600 | .\, w0 ®
Gain 2? 90/110 80/120
Gain 3° 9/11 8/12 = r
Bandwidth
Gain 1 40 (typ) 40 (typ) Hc.
Gain 2 Rg =50 90 (typ) 90 (typ) MHz CONNECTION
Gain 3 120 (typ) 120 (typ) T PACKAGE PIN DESIGNATION) v
Risetime
Gain 2, Rg = 500, Vout = 1Vp.p 10 12 nS
Propagation Delay
Gain 2, Rg = 5002, Vout = 1Vp.p 10 10 nS
Input Resistance
Gain 2 20 10 k2
Input Capacitance
Gain 2 2 (typ) 2 (typ) pF
Input Offset Current 3 5 MA ssnanc Chip
Input Bias Current 20 30 uA [ondi e At
Input Voltage Range +1 +1 \"
Common Mode Rejection Ratio
Gain 2 Ve £ 1V, £ < 100kHz 60 60 .
Vem £ 1V, f = BMHz 60 (typ) 60 (typ) P b auteura
Supply Rejection Ratio " -
Gain 2 AV = 0.5V 50 50 dB " .
Output Offset Voltage . Top View [ .n
. oprion Al JorN [ Gerioy 1g
Gain 1 1.5 15 v an 8 Package aan
Gain 2, Gain 3 1.0 1.5 " b i we
Output Common M.ode Voltage 24/3.4 2.4/3.4 \% weur 1§ F) weur2
Output Voltage Swing 3 3 Vp.p ; “LL
Output Sink Current 25 2.5 mA
Output Resistance 20 (typ) 20 (typ) Q
Power Supply Current 24 24 mA

*Parameters apply for Vg = 16V, at 259C only and are min/max limits
unless otherwise specified.

lGain Select pins G p and G; g connected together.
2Gain Select pins G a and G, g connected together.

3AI| Gain Select pins open.
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Video Amplifiers

SG1401/2401/3401

The SG1401/2401/3401 video amplifiers are useful over a frequency
range from DC to 200MHz. Internal emitter followers are used to achieve
high input and low output impedances, allowing simple capacitor coupling.
Biasing and gain-setting resistors are internally diffused, eliminating
external resistor networks. The gain may be externally varied through the
use of AGC diodes which are included in the circuit.

20dB voltage gain at 100MHz
Snsec rise and fall times
Fixed or variable gain

Single power supply voitage

external t

Symmetrical limiting

PARAMETERS/CONDITIONS* 1401 2401 3401 UNITS
Operating Temperature Range —55 to +125 0to +70 0to +70 ocC
Package Types T,J T,J,N -
Supply Voltage 6/20 6/20 \%
Power Consumption, no AGC voltage 110 120 mwW
DC Output Volitage 8.7 (typ) 8.7 (typ) \%
Peak-to-Peak Output, Pin 3 (4) to AC gnd 4 (typ) 3 (typ) \%
Voltage Gain, Pin 3 (4)% open 2.2/3.2 2.2/3.2 dB
Voltage Gain, Pin 3 (4)% coupled to Pin 8 (11)? 9/11 9/11 dB
Voltage Gain, Pin 3 (4)% coupled to Pin 9 (12)? 18/21 18/21 dB
Voltage Gain, Pin 3 (4)* to AC gnd 26/31 24/31 dB
Unity Gain Freqguency, Pin 3 (4)? to AC gnd 200 (typ) 200 (typ) MHz
Input Resistance, 20 dB gain 2.5 (typ) 2.5 (typ) kQ
Output Resistance, 20 dB gain 25 (typ) 50 (typ) Q
Input Capacitance, 20 dB gain 5 (typ) 5 (typ) pF
Maximum Power Gain, 20 dB gain, R|_ = 500 30 (typ) 30 (typ) dB
Temperature Stability, 20 dB gain _11l +21 dB
AGC Range 20 (min) 22 (typ) dB
Noise Figure, 20 dB gain, Rg = 1k 8 (min) 6 (typ) dB

*Parameters apply only for T = 250C, Vg = +12V, and f = 1 MHz, and are
min/max limits unless otherwise specified.

1over operating temperature range.

ouTPUT
—

Y

1Al

Cr

3d8 O-—mw—"

1

where f. is low frequency corner

Cg = ——
F 2Mf. R and R is the gain setting resistance.

Cg = 0 to 10 pF to minimize high frequency peaking.

2Numbers in parentheses refer to dual-in-line package.

g™ {—(@) stasiLizaTioN
S
CONNECTION DIAGRAMS < 3 DIODE
S DRIVE
P
ouTPUT 6 ab
INPUT
OUuTPUT ( :)
: 1.2 460
FEEDBACK 'AGC
4 | ® 1
b b3 208
%0
()10
i 0 GROUND
Ve |8) 7
ouTPUT 029
we ¥ nc —‘
eyt f () sTas.
TOP VIEW

2048

Package

we il  JorN  [4FeEDsack ﬂ"""'
[T 0l oRive 'J_mg

e i 1 ne $G1401/2401/3401 Chip
{See T-Package disgram

GND [—ﬂ-_ﬂ Ace for pad functions)

See Applications Notes for additional information.
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ideband Amplifier/Multiplier

SG1402/2402/3402

$G1402/2402/3402 are monolithic four quadrant multipliers offering
excellent frequency response and provision for use as a variable gain
amplifier with both non-inverting and inverting outputs available. In addi-
tion to linear amplification, the device is also ideal for balanced modula-
tion, pulse or gated amplification, and coincidence detection.

® Single power supply voltage
® Self-contained biasing
® 25dB voltage gain
® Differential or single ended inputs and outputs
® Large bandwidth
® Low power dissipation
PARAMETERS, CONDITIONS* 1402 2402 3402 UNITS
Supply Voltage +18 +18 \Y
Load Current 15 15 mA
Operating Temperature Range —55 to +125 0 to +70 0to +70 oc
Package Types J, T J, T,N -
Maximum Voltage Gain, single ended 23 20 dB
Variable Gain Range, with ext. balance 55 40 dB
Frequency Response, f — 3 dB 40 (min) 50 (typ) MHz
Input Impedance, Pin 5 or 7 (7 or 10)T 1.2 (typ) 1.2 (typ) K
Input Impedance, Pin 2 or 9 (3 or 12)! 1.8 (typ) 1.8 K
Output Impedance, Pin 3 or 8 (4 or 1! 100 (typ) 100 (typ) Q
Output Voltage Swing
R = 100K 3 3
RL = 1K 13 13 Vep
Quiescent DC Levels
Pins 5,6 and 7 (7, 8 & 10)" 3.6 (typ) 3.6 (typ) v
Pins 2and 9 (3 & 12)’ 1.8 (typ) 1.8 (typ) v
Pins 3and 8 (4 & 11)! 6.5/7.5 7.0 (typ) v
Output Offset Voltage
Minimum Gain 100 300 mv
Maximum Gain 200 500
DC Output Shift, with max gain change 100 200 mV
Differential Control Voltage, for max
gain change 200 (typ) 200 (typ) mV
tl\gz:c‘;r;:zgam Variation, over ) 3 a8 . ~ w {_I f‘] - -
Equivalent Input Noise * s S o1 o
(BW = 10MHz, Rg = 50Q) 25 (typ) 25 LVrms E—l P o] ane
Power Consumption 85 85 mW < o

*Parameters are for T = 25°C, v* =10V, f = 100KHz and are min./max. limits

unless otherwise specified.

1Numbers in parentheses refer to dual-in-line package.

BALANCE

Loy
output\' Y

$G1402/2402/3402 Chip (See
T-package diagram for pad functions)

See Applications Notes for additional information.

ADJUST _~
INPUT (/ 1)
B ]
=3
H
o

s
CONTROL

)
ABSTE L FJ INpUT
INPUT
Ty sias N 8 [_‘ Ne
ONON - ,
5\ outeut INPUT fd Is] sias
ovset ] Topview |
Thcos (1) |contaoL OUTPUT i yorN 4] OUTPUT
N ~/ | Package
) - (D) S/ CONTROL h [3] conTroL
) =, 1 !
T Ne f3 2] NC
GND |
GND é«f e

L 1.

CONNECTION DIAGRAMS
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€jn = 20 mVrms
f = 100KHz

i




Multipliers

SG1595/1495

The SG1595/1495 four quadrant analog multipliers are designed for b i’;‘,""“’;““"’l'“fy
applications where the output voltage required is a linear product of two : Ex:::m‘::: °r:$::'mbim
input voltages. Both types provide excellent linearity and operation over ® Wide bandwi dtp: 4
a wide supply rapge and input voltage range. Applications include use as e High input voltage range
:llﬂtlph:;rs, :.Iiw;ders, squarers, phase detectors, frequency doublers and as ® Wide supply voltage operation
alanced modulators.
PARAMETERS/CONDITIONS* 1595 1495 UNITS Multiply with Op Amp Level Shift
Dperating Temperature Range —55 to +125 0 to +70 oC sy B ;:__0'“"’ sy
v
2ackage Types J J, N - OUTPUT OFFSET
applied Voltage? 30 30 \Y Ry g ¥ * % A g Ao
Sifferential Input Signal Vg —V12=1(6+113Rx) ) !
_ Vx o—Ts
V4—-Vg = +(6+13Ry) X OFFSET . lu  scises "‘VNL Eour
Maximum Factor Adjust Current 10 10 mA Ry
Vy ot v
Linearity Error in Percent of Full vio,,s; Rg
Scale (T = 25°C) ADJusT O ! " S y
=10 <Vy <+10 (Vy = £10V) 1.0 2.0 v- o—41 " a bt
{% max) A L
=10 <V <+10 (Vy = £10V) 20 4.0 . == -ev
Squaring Mode Error
Ta = 25°C 05 0.75 ne
Ta = 0°C to +70°C - 1.0 (% typ) L I crom somsr
Ta = —550C to +1250C 0.75 - T
Scale Factor (adjustable) SET|RESISTOR® Ry |Rs | Rg |R7 |Rg |Ro |R13[RA|Rg [Ry |Rx|Ry |
2R UP [YGLERANCE 5% 1% | 1% | 1% | 1% |1% |1% |5% | 20%|0.5%5% | 5%
) m 01 frve) 0.1 eyp) - Vt=432V, V"= -15V
1 -10 V <Vy <410V 9.1/121[100{11 |121{15 [13.7]12 |5.0 {11 |15 |15
- +10V
Input Resistance’ 35 (typ) 20 (typ) M vlo,‘i;‘lz ‘v— v
Differential Output Resistance’ 300 (typ) 300 (typ) KQ 2 :.5.‘63‘ : :gz 3.0/ 300| 100/ 100 300 13712 150134 18282
Input Bias Current 8.0 12 pA V= nsyv, V- 15V
lnput Offset Current 1.0 2 0 “A 3 =10V <V, <+10 V 1.2| 121/ 100| 11 |910{13.7]13.7{12 | 5.0 [1.5 [15 | 15-
: - —10 V <Vy <410V
Common Mode Gain -50 —40 dB <Al resistors are k ohms.
Output Common Mode Voltage 21 (typ) 21 (typ) \J
Differential Output Voltage Swing 114 (typ) 114 (typ) \%
Pos Supply Voltage Rejection Ratio 5 (typ) 5 (typ) mVv/V
Neg Supply Voltage Rejection Ratio 10 (typ) 10 (typ) mV/V
Neg Supply Current 7.0 7.0 mA
Power Consumption 170 170 mW
Average TC of Input Offset Current 2.0 (typ) 2.0 (typ) nA/oC
Frequency Response (typ)
—3 dB Bandwidth 3.0 (typ) 3.0 (typ) MHz
30 Relative Phase Shift 750 (typ) 750 (typ) kHz ‘smp_r,‘%s/'ug?cm{, (See D-package diagram
jor inctions,
1% Absolute Error Due to 30 (typ) 30 (typ) kHz "
Input-Output Phase Shift
*Parameters apply over operating temperature range and are min/max limits T
unless otherwise specified. -vineur i M-
lf =20 Hz 2Voltage applied between pins 2-1, 14-1, 1-9, 1-12, 1-4, eyt 0 O] EVM":*:'{]TJW

1-8, 12-7, 9-7, 8-7, 4-7. . ¥
. . s B o view [ pneur

JorN
-X INPUT 4]
GAIN ADJUST i Package 1 ov weur
=X INPUT E E} YK FACTOR ADJUST
XK FACTOR f [ +output (Kxv)

CURRENT BAL.

—outeur (kxv) 4 ﬂ g AMPLIFIER

CONNECTION DIAGRAM
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Modulators

SG1596[1496

The SG1596/1496 are monolithic double-balanced modulator/demodu-
lator devices designed for use where the output voltage is a product of an
input voltage (signal) and a switching function (carrier). Typical applica-
tions include modulation and demodulation of AM, SSB, DSB, FSK, FM
and phase encoded signals. Additional uses include frequency doubling,
linear mixing and chopping.

Excellent carrier suppression
Fully balanced inputs and output
Low offsets and drift
High common mode rejection
Adjustable gain and signal handling
Useful to 100MHz

PARAMETERS/CONDITIONS* 1596 1496 UNITS
Operating Temperature Range —55 to +125 0to +70 oC
Applied Voltage! 30 30 \
Differential Input Signal, (V7 — Vg) +5.0 +5.0 \
Differential Input Signal, (V4 — V1) +(5 + 15 Re) \
Input Signal, (Vo — V1, V3 — Vyg) 5.0 5.0 \'
Package Types J, T J, T,N et
Carrier Feedthrough
ve = 60 mV(rms) sine wave, fc = 1.0kHz, offset adjusted (typ) 40 40
vc = 60 mV(rms) sine wave, fc = 10MHz, offset adjusted (typ) 140 140 wVrms
Ve = 300 mVp, square wave, fe = 1.0kHz, offset adjusted (max) 0.2 0.4
V¢ = 300 mVp, square wave, fe = 1.0kHz, offset not adjusted (max) 100 200
Carrier Suppression >
fg = 10kHz, 300 mV(rms), fc = 500kHz, 60 mV(rms) sine wave offset adjusted (min) 50 40 o8
fs = 10kHz, 300 mV(rms), f; = 10MHz, 60 mV(rms) sine wave offset adjusted (typ) 50 50
Transadmittance Bandwidth
RL =50, Carrier Input Port, vc = 60 mV(rms) sine wave, fg = 1.0kHz, 300 mV(rms) sine wave | 300 (typ) 300 (typ) MHz
Signal Input Port, vg = 300 mV(rms) sine wave® 80 (typ) 80 (typ)
Voltage Gain, Signal Channel vg= 100 mV(rms), f = 1.0kHz” 2.5 2.5 VIV
Input Resistance, Signal Port f = 5.0MHz2 200 (typ) 200 (typ) k2
Input Capacitance, Signal Port f= 5.0MHz? 2.0 (typ) 2.0 (typ) pF
Single Ended Output Resistance f = 10MHz 40 (typ) 40 (typ) k2
Single Ended Output Capacitance, f = 10MHz 5.0 (typ) 5.0 (typ) pF
Input Bias Current (19 + 14)/2 or (17 + 1g)/2 25 30 pA
Input Offset Current (11 — Ig) or (17 —Ig) 5.0 7.0 KA
Average TC of Input Offset Current 2.0 (typ) 2.0 (typ) nA/oC
Output Offset Current (Ig — Ig) 50 80 RA
Average TC of Output Offset Current 90 (typ) 90 (typ) nA/oC
Signal Port Common Mode Input Voltage Range fs= 1.0kHz 5.0 (typ) 5.0 (typ) Vp-p
Signal Port Common Mode Rejection Ratio? —85 (typ) —85 (typ) | dB
Common Mode Quiescent Output Voltage 8.0 (typ) 8.0 (typ) v
Differential Output Swing Capability 8.0 (typ) 8.0 (typ) Vp-p
Positive Supply Current (Ig + Ig) 3.0 4.0 uA
Negative Supply Current (l10) 4.0 5.0 mA
Power Dissipation 33 (typ) 33 (typ) mW
*Parameters are for Tp = 259C and are min/max limits unless otherwise specified.
1Voltage applied between pins 6—7, 8—1, 9—7, 9—8, 7—4, 7—1, 8—4, 6—8, 2—5 and 3—S5.
2vy — Vg =0.5 Vdc
CONNECTION DIAGRAMS
TYPICAL MODULATOR CIRCUIT ’C'?’T‘RT"E‘?Q e
e 3] [$vgs
vu“"f/\/m;;;g‘\'s'ﬁmt' ! T 1) TOP VIEW o
B e 0\ " AT PERRL
BE\® P Dl T Pl
NSO (D/ / ADJUST ne ﬂﬁsmy
Vo (- - o7 ~sionat v- | ﬂ [ eyt ﬁ;ﬁﬁ::ﬁ;ﬁp (See J-package diagram




Wide-Band Video Amplifier

SG3001T

Description Features

The SG3001T High Frequency Video amplifier is designed °
for broad-band operation to 30 MHz. This monolithic
integrated circuit features differential inputs and outputs,
a voltage gain of 19 dB and AGC capability of 60 dB. The
SG3001T is designed for operation over the full military
temperature range of -55°C to +125°C and is packaged
in a 12-pin TO-5 style hermetic package.

Full differential operation
150 kQ input impedance
45 ) output impedance
30 MHz bandwidth

19 dB voltage gain

Absolute Maximum Ratings

Output Current 25 mA
Positive Supply Voltage 1ov Power Dissipation 450 mW
Negative Supply Voltage -10Vv Derate above +850C 5 mW/°C
Differential Input Voltage +2.5V Operating Temperature -550C to +125°C
Common Mode Input Voltage +2.5V Storage Temperature -659C to +150°C

SCHEMATIC

C? -

CHIP LAYOUT E I I il
CONNECTION DIAGRAM @ o . @
-1 R32 Rg
2 2K
C 50 @ @
-1 Jr=
sF e EA ~®
g Ti= \ 9]
{ . T "—k a7
SR
Rg g 28K < gy
CC 5K S 500 12
be— 042 ——> h A
o 3
are in ohms
Rz
22k VEE@
*Internal Connection - DO NOT USE
Electrical Characteristics (Ty = 25°C, Voo = +6V, Vg = -6V, f=1.75 MHz, R| =1MQ)
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Input Offset Voltage - 1.5 - mV
Input Offset Current - 1 10 HA
Input Bias Current - 16 36 MA
Output Offset Voltage Rg = 1kQ - 54 300 mV
Quiescent Output Voltage Pins 4 and 5 open 38 44 5.0
Pin5to -Vge - 48 -
Pin4to-Vgge - 27 - \
Quiescent Power Dissipation Pins 4 and 5 open 60 78 120 mWv
Pin6to -Vgg - 7 — mW
Pin4to-Vege - 110 - mW
Differential Voltage Gain 16 19 - dB
f =20 MHz 10 14 — dB
3 dB Bandwidth Rg =509 16 30 MHz
Maximum Output Swing Rg =508 - 5 — Vop
Noise Figure Rg = 1k - 5 - dB
Common Mode Rejection Ratio f=1kHz - 88 - dB
Input Impedance - 150 — kQ
input Capacitance — 3.4 - pf
Output Resistance - 45 - Q
AGC Range 55 60 - dB
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ero Voltage Switch

SG3058/SG3059 /SG3079

Description

The SG3058, SG3059 and SG3079 zero crossing switching
circuits are designed for a wide variety of AC power
applications. These devices will operate with AC input
voltages of 24 to 277 volts at frequencies of 50 to 400
Hertz and will provide an output capable of controlling
most common triacs and thyristors. Each circuit contains
a limiting power supply, a differential sensing amplifier,
a zero-crossing detector and a triac gating circuit. The
SG3058 and SG3059 additionally contain protective
circuits to inhibit thyristor firing under abnormal condi-
tions. The SG3058 is specified over the full military

Absolute Maximum Ratings
DC Supply Voltage (between pins 2 & 7)

S$G3058, SG3059 14v

SG3079 10v
Peak Supply Current

(between pins 5 & 7) =50 mA
Output Pulse Current (pin 4) 150 mA
Power Dissipation

J Package (cerdip) SG3058J 1000 mw

Derate above 25°C 6.7 mW/°C

N Package (plastic)SG3059N/SG3079N 600 mW
Derate above 25°C 6.0 mW/°C

Operating Temperature Range
SG2058J
SG3059N, SG3079N

Storage Temperature Range

Lead Temperature (soldering 60 sec.)

—55°Cto ~125°C
--40°Cto +85°C
—65°Cto ~150°C

+300°C

temperature range of —55°C to +125°C while the SG3059
and SG3079 are designed for —40°C to +85°C
applications.

Features

e 24V, 120V, 220V, 277V operation at 50, 60 or 400 Hz

e Built-in power supply

e High-gain differential sensing amplifier

® Output synchronized with zero crossing for minimum RFi.
e 150 mA output pulse current

3

Zero
Crossing

Input
Voitage

Note: Pins 12, 1, 14 and 6 are not specified for operation in $G3079
See table for value of Ry

Electrical Characteristics (T, = 25°C, AC Line Voltage = 120 Vrms, 50-60 Hz unless otherwise specified)

Rr=Rx. Range = 2 to 100K0 for SG3058 and SG3059,
= 2to 50Kq for SG3079

Applications Data (SG3058 and SG3059 only)

1. Fail-safe protection (pin 14) — When pin 14 is
connected to pin 13, a special protection circuit is
activated which inhibits the output if the sensor either
shorts or opens. To assure proper operation of this
protection, the following conditions should be
observed:

a. Limit the output current to 2 mA with a 5K
dropping resistor.

b. Set the value of R, and the sensor resistance,
Rx, between 2K and 100K ohms.

c. Maintain a ratio of Ry to R,. between 0.33 and 3.0
over all operating conditions.

. Inhibit command (pin 1) — A priority inhibit command
at pin 1 will eliminate any output pulse. This signal

N

w

»

should be at least 1.2V at 10,A and is compatible
with DTL or T2L logic outputs.

. External Trigger (pin 6) — The base of the Darlington

NPN output stage is brought out on pin 6 for direct
control of the output. Signal requirements are the

same as for pin 1.

DC Mode (pin 12) — Connecting pins 7 and 12 disables
the zero-crossing detector and allows the flow of output
current on demand from the differential sensing
amplifier. This mode of operation is useful when
comparator operation is desired or when inductive loads
are switched. To avoid overloading the internal power
supply, the output current should be limited to 2mA
with a 5K dropping resistor.
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Limits AC Input Voltage | Input Series | Power Rating
T A i « for Ry
Parameter Conditions Min. Typ. Max. Units (50/60‘7;(:00 H2) Res's,:of; R °:~R
DC Supply Voltage: 24 2 0.5
Inhibit Mode 120 10 2.0
@ 50/60 Hz Ry = 10k, |, 6.1 6.5 7.0 \" 208/230 20 4.0
@ 400 Hz R = 10k, I, — 6.8 —_ v 277 25 5.0
@ 50/60 Hz R 5k, I, = 2mA — 6.4 — v
Pulse Mode .
@ 50/60 Hz R =0 6.0 6.4 7.0 v
@ 400 Hz R =10k, I, =0 — 6.7 — %
@ 50/60 Hz R 5k, I, = 2mA — 6.3 - v
@ 50/60 Hz, SG3058 Ry =10k, I, =0 5.5 _ 7.5 v
T,= —55°C to +~125°C
- CHIP LAYOUT
Peak Output Pulse Current Pin 3 open, Vg =0 50 84 —_ mA
Pin 3 & 2 connected, Vgr = 0 90 124 — mA %ﬂql
Inhibit Input Ratio: All Types Pin 9 to 2 Voltage Ratio .465 .485 .520 — = I =3
SG3058 T,=--55°C to +125°C 450 — .520 —
Total Gate Pulse Duration: =1
. dv 50-60 Hz 70 100 140 us o
Positive - { 400 Hz — 12 — us @ h
. dv 50-60 Hz 70 100 140 us
NegatlveW { 400 Hz - 10 __ s ‘
Output Leakage Current: All Types — .001 10 uA BY \ 3058 .
SG3058 T.= -55°Cto +125°C — —_ 20 uA oy |‘T
Input Bias Current: SG3058, SG3059 — 220 1000 nA j——— 052 ——————
SG3079 — 220 2000 nA
Common Mode Input Voltage Range Pins 9 and 13 connected —_— 1.5t05 —_ \'
Pulse Mode Sensitivity AV at pin 13 tochange output — 6 — mv




High-Voltage Fluorescent Display Driver

SG6118 ADVANCED DATA

SG6118
Performance data described herein represent design goals.
Final device specifications are subject to change.

DESCRIPTION FEATURES

This monolithic multiple driver IC is designed to interface be-
tween low-level digital logic and vacuum fluorescent displays.

Eight independent high-voltage stages with a common bias ® Eight independent darlington drivers

supply are included and each output can drive either digits or ® Digit or segment driving capability
segments of these displays. Each driver stage is completely @ 80 volt operation with 25mA loads
self-contained with all voltage level-shifting and pull-down .
components incorporated within the chip. Output activation is ® Integral pull-down current sinks
effected when the input is pulled high. @ TTL input compatibility

SCHEMATIC DIAGRAM (one of eight circuits shown)

Inputs
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SG6118

High-Voltage Fluorescent Display Driver

ADVANCED DATA
SG6118

Performance data described herein represent design goals.
Final device specifications are subject to change.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Vt
Output Voltage, Vo
Input Voltage, Vin
Output Current, lout
Power Dissipation, Pd
derate above 25°C

25 to 85V Operating Temperature Range 0°C to +85°C
85v Storage Temperature Range —55°C to +150°C
20V

40mA
1.0W
8mW/°C

ELECTRICAL CHARACTERISTICS over operating temperature range and at Vt — 80V.

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Output Leakage Current Vin = 0.4V — 0 1ﬁ ) 15 wA N
”butput on Voltage Vin = 2.4V, IoutV:ESmA 75 7 7§7 . \
Pull-down Current Input open, Vout = 80V T — k7100 450 ;_‘
Input on Voltage lout = 25mA o 1 1.8 2.4 \Y
mlnput on Current Vin = 5V | 250 500 WA |
Supply Current (on) All inputs = 2.4V —_ 7114 6.0 mAiﬁ
“’S‘Jpply Current (off) All inputs open — 100 225 bA
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APPLICATIONS NOTES

SG1401 Video Amplifier

SG1402 Wideband Amplifier/Multiplier

SG1501A Dual Polarity Tracking Regulator
SG1524 Regulating Pulse Width Modulator
SG1543 Power Supply Output Supervisory Circuit
SG1627/1629 Dual High Current Output Driver
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The SG1401-SG3401 has been designed to provide maximum versatility
as a general-purpose, single-ended amplifier. With its broad frequency
capability, this circuit will be useful in a wide range of applications
provided that the usual considerations for high-frequency circuit designs
are observed. The following information is presented toward aiding in the
optimization of the many passible configurations of this device.

FIXED GAIN

In the circuit configuration shown in Figure 1, the overall voltage gain
is approximated by resistors R1 and the parallel combination of R2 and
R3, as

R R,HR
Av%1+—1.,whereR= A
R R2+R3

Cin

Figure 1.

With no external connections, the voltage gain is determined solely by R1
and R2 and is 1% or 3 dB. Decreasing the effective value of R2 by
capacitively coupling a lower resistor in parallel, raises the gain. Four fixed
gain settings are provided internal to the circuit; however, any other setting
within the maximum gain of the amplifier is possible with external resistors
as shown in Figure 2.

The value of the coupling capacitor, Cf is determined by the low
frequency response desired, as its capacitive reactance will add to the value
of the resistance it couples. Therefore, the lower cutoff frequency will be

f ~_1__
¢ 2mR4C

Utilizing the internal 90 or 460 ohm resistors for higher gain settings
provides the added advantage of maximum temperature stability since the
close tracking of adjacent diffused resistors keeps their ratio constant.
Typical temperature variation of this circuit is shown below:

Applications Notes — The SG1401 Video Amplifier

30

VOLTAGE GAIN ~ DB
3 & 8

N

5 N—

1 10 100 1k 10k
EXTERNAL PARALLEL RESISTOR — OHMS

Figure 2. External Gain Control.

30 T T
!
PIN 3 TO AC GROUND

25

N
=3

PIN3TOPINO

VOLTAGE GAIN — DB
a

=5

PIN3TOPINS

PIN 3 OPEN
1 1
-50 -25 0 +25 +50 +75 +100 +125
AMBIENT TEMPERATURE — °C

Figure 3. Temperature Stability.

VARIABLE GAIN

Since the dynamic impedance of a forward-biased diode is inversely
proportional to the current through it, a convenient gain control can be
achieved by using a pair of diodes as a variable impedance. In the circuit of
Figure 4, R3 has been replaced by two diodes whose impedances act in
parallel due to the decoupling of Cp. If the diodes are driven from a
voltage source, a logarithmic relationship between gain and control signal is
achieved (see Figure 5); while if a current source is used, the relationship is
linear as shown in Figure 6.

There are two limitations on this form of gain control. First, the diodes’
capacitance limits their effectiveness to frequencies below 20 MHz and,
secondly, the signal voltage across the diodes should be held to less than 50
millivolts RMS to minimize self-modulation of amplifier gain. Additionally,
the AGC current should be limited to 3 mA maximum to keep the diodes
out of saturation.
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Figure 4.

Applications Notes — The SG1401 Video Amplifier

/

Figure 5. Gainvs. AGC
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HIGH FREQUENCY STABILITY

With the capability of operation at 100 MHz, the SG1401-SG3401 also
has some susceptibility to external stray reactances; however, with
reasonable care, complete stability may be assured. Some general precau-
tions which should be considered include the following:

(1) Power supply decoupling close to the circuit terminals (a 0.1 mfd
capacitor is usually adequate).

(2) Maintain separation of input and output lines.

(3) Minimize load capacitance or insert a series resistor (up to 50 ohms)
in the output.

(4) Purposely limit the high frequency response with a stabilizing
capacitor Cg between pins 3 and 4.

Since the gain of this circuit is reduced by increasing the amount of
feedback, the potential for instability is greatest when the gain is at its
minimum value. This characteristic and the stabilizing effects of a 4.7
picofarad capacitor between pins 4 and 3 are illustrated in the frequency
response curves presented in Figure 7. The relationship between the value
of Cg and the upper cutoff frequency of a 20 dB gain setting is shown in
Figure 8 below.
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Figure 8. Upper Cutoff Frequency vs. Cg Value.
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INTRODUCTION

Rapid advances in the state-of-the-art of processing monolithic linear
integrated circuits have made the use of tightly matched components a
practical reality. This in turn has opened the doors to a new class of circuit
characterized by its utility, versatility, and ease of application. It is now
possible to include on a monolithic chip, many of the components which,
because of relatively poor tolerances, were formerly required to be external
to the circuit. The SG1402, shown schematically in Figure 1, illustrates
this capability both by its inclusion of all necessary biasing networks and
by the nature of the circuit itself which requires extremely well matched
component parameters for successful operation.
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Figure 1. $G1402 Schematic Diagram.

HOW IT WORKS

The heart of the SG1402 is a four quadrant multiplier consisting of two
cross-coupled differential amplifiers which are jointly controlled by a third
differential amplifier. This part of the circuit is shown in simplified form as
Figure 2. The constant current, |y, is divided by Q6 and Q10 and divided
again by each of the upper diff amps such that, for balanced operation,
transistors 05, Q7, Q9, and Q12 each have % Iq flowing through them. An
examination of the way in which the above diff amps are cross-coupled will
show that while the collector load resistors receive a portion of their
current from each diff amp, the signals will arrive out of phase with respect
to each other. This is because the input voltage, v, is amplified common
emitter — with 1800 phase shift — through Q9 and summed at resistor R7
with the signal which has gone common collector-common base — with 00
phase shift — through Q7 and Q5. Therefore, with the circuit perfectly
balanced, the two signals completely cancel out and the output has zero
signal. This can be shown mathematically as follows:

Application Notes— SG1402— Wideband Amplifier/MuItiplier
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Figure 2. Simplified Schematic of the Multiplier Section
of the SG1402.

The collector current in one side of a simple differential amplifier (Q5
and Q7, for example) is:

1
q
Hex"(’ﬁ"c)

Igq =sum of currents in each collector

_kc;_l' = 26 millivolts at 25°C

where:

Ve = differential input voltage

This equation can be differentiated to obtain the transconductance
which, for small values of vg, is:

TS
and the total voltage gain, Av is:
di di
Av=R, d—” + Fi
Ve 0V
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Since Ig1 + Ig2 = lo, it can be seen that when viy =0, Ig1 = Ig2 = %
lg and Av= 0. With Igq and Ig2 being collector currents of another
differential amplifier, the total small-signal gain equation may be written:

V0 RLIOq 1 1
N ) q
¢ 1+exp (ﬁ "m> 1+exp (:ﬁ—' Vm>

The circuit gain of the SG1402 is less than that predicted by the above
equation due to the local feedback offered by the 20 ohm emitter resistors.
The actual relationship between Av and vy, is shown in Figure 3 while
Figure 4 graphs the full four-quadrant transfer function between the input
voltage, v¢, the control voltage, vy, and the output voltage. Note that the
20 ohm emitter resistors provide linearity for 60 millivolts of input
voltage while the modulating voltage is only linear for approximately half
that value. It should be recognized from Figure 4 that output limiting
occurs at a constant input voltage regardless of the modulating voltage. In
other words, reducing the gain reduces the maximum peak-to-peak output
swing.
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BIASING CIRCUITRY

Key to the utility of the SG1402 is the inclusion of all the biasing and
level shifting circuitry normally required as external components. This is
provided by matched current sources and low impedance voltage sources.

Resistors R1, R2, R3 and R4 are directly acrass the supply voltage and
establish a current:

Vs —Vaea
Ib = m =1mA at 10 volts
Transistors 014 and Q16 have the same geometries and emitter resistors
as Q1 and therefore, with the same base voltage, they each are also
conducting one milliamp and provide the loads for the output emitter
followers, 013 and Q15. This saves chip area as a transistor requires less
space than a resistor which would establish the same current.

Transistor Q8 has four times the emitter area and % the emitter resistor
as 01 and thus defines a current level |5 of 4 milliamps.

The bias voltage levels required at different points in the circuit are all
defined by the same resistors which set the current levels but there is no
mutual interaction due to the insertion of Q2 and Q3 which act as
low-impedance isolators.

Transistors Q4 and Q11 serve only as common-base stages to isolate the
load resistor from the collector capacitance of the parallel diff-amp
transistors. Thus, frequency response is improved with only slight increase
in circuit complexity.

The chip layout of the SG1402 was done to optimize the component
matching regardless of mask registration and process variations. From the
photomicrograph shown in Figure 5, it can be seen how the symmetrical
nature of the circuit was exploited to obtain matched parameters. The chip
has an area of 48 by 39 mils.

i

i

H}’Hiﬂ
=] ﬂgg

Figure 5. Photomicrograph of SG1402 Chip.



VARIABLE GAIN AMPLIFICATION

The circuit of Figure 6 shows the simplest application of the $G1402 as
a single-ended, variable-gain amplifier. The signals at the two outputs are
always equal in magnitude and opposite in phase. As the gain control
potentiometer is moved from one end to the other, each output will start
with a maximum signal, reduce to a minimum when the pot is centered,
and increase to maximum again in the opposite phase as the wiper gets to
the other end of the potentiometer.

O *out

“Vout

10K GAIN
CONTROL

0.1 "L
_I._

Figure 6. Single-Ended Variable-Gain Amplifier Configuration with
Manual Gain Control to Provide Maximum Output of Either Phase.

For applications where a phase change is not desired, the incorporation
of a diode as shown in Figure 7 will allow a DC control voltage to vary the
input-output transfer function from a gain of +25 dB to an attenuation of
—25 dB. This relationship is plotted in the graph of Figure 8.

Since this change in transfer function is accomplished with no net
change in either operating currents or bias levels, it is transient-free and
extremely fast-reacting. Thus, the circuit of Figure 7 may also be used as a
gated amplifier with the control requirements compatible with 0 to 5 voit
logic levels. The waveform in Figure 9 shows a 1 MHz signal controlled
with a 10 microsecond pulse.

+10vV

*Vout

CONTROL
VOLTAGE

~Vout

Figure 7. Addition of Diode Provides Gain Control Without Phase
Change. Balance May be Eliminated if Maximum Attenuation is
not Required.
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Figure 8. Gain Variation as a Function of Control Voltage with
Diode Coupled Input.

Figure 9. Gate Amplifier or Pulse Modulator Response. Input is
10 mVrms, 1 MHz and Control Voltage is 0 to 5 Volt Square
Wave with f =50 kHz.

MODULATION

The multiplying function of the SG1402 can be used to provide both
balanced and amplitude modulation utilizing the basic circuit shown in
Figure 10. With the potentiometer adjusted for optimum balance, the
carrier signal is canceled out producing a doublesideband waveform at the
.output. Depending upon the amplitude of the carrier signal, higher
frequency harmonics can also he generated; however, if only the lower
sideband is used, filtering of the upper sideband will also eliminate all the
harmonics. It should be noted that this balanced modulation is achieved
without the need for the usual transformers and only capacitive coupling
is required. Typical waveforms are shown in Figure 11.

+10V
0.1
0.1

Ve
(carrier)
51
vm ]._—
(modulation)
51 01

Vs
(modulated
signal)

Figure 10. Balanced Modulator.
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Figure 11. Balanced Modulator Output Waveform. (0.1V/cm,
50 us/cm, f = 1 MHz, fy = 10 KHz).

If the potentiometer is adjusted so that the circuit is unbalanced, then
the carrier is included in the output signal and amplitude modulation as
shown in Figure 12 results. The optimum adjustment can most readily be
made while observing the output waveform on an oscilloscope. Care should
be taken that neither signal overdrive the circuit.

Figure 12. Amplitude Modulator Output Waveform. (0.2V/cm,
50 ws/div, fe = 1 MHz, fy = 10 KH2).

By using a signal to modulate itself with the circuit shown in Figure 13,
the input is squared and since

cos? wt = % [1 + cos 2 cot]

the output frequency is twice that of the input. Typical waveforms for this
frequency doubler application are shown in Figure 14.

Figure 13. Frequency Doubler.

Applications Notes — Wideband Amplifier|Multiplier

Figure 14. Frequency Doubler Input and Output Waveform.
(50mV/cm, 0.2 us/div, f1 = 1 MHz, f2 = 2 MHz).

DEMODULATORS

The same features which make the SG1402 an excellent modulator
provide superior performance when the circuit is used as a single or double
sideband demodulator. The circuit of Figure 15 illustrates the simplicity of
this application. The balance pot is not necessary since the inserted carrier
is eliminated by the low-pass filter at the output.

+10V

vs 0.1
o—}
signal) ! ¥m
0.1 (modulation)
l O
Ve 0.1
(carrier) 0—]|
0.1

Figure 15. Balanced Demodulator.

The same general approach may be used for amplitude modulation and
a block diagram of a simple AM detector is shown in Figure 16. Thus, the
SG 1402 can be used in receivers which combine SSB and AM to provide
complete signal transformation in either mode of operation.

AM SIGNAL wmwc

Low Passj
Filter

Figure 16. AM Detector Block Diagram.

CONCLUSIONS

With the introduction of the SG1402, Silicon General has provided a
powerful tool to the communications engineer and all others working with
information processing. Because of its versatility and capability, this device
opens the way to a much greater utilization of carrier transmission schemes
for data handling in applications ranging from outer space to home
kitchens.
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CIRCUIT OPERATION

The first IC to combine a positive and negative voltage regulator on a
single chip was the SG1501, and this device has since been supplemented
with three new tracking regulator designs — the SG1502, the SG1501A,
and the SG1568.

All four of these tracking regulators operate in a similar manner which
is best visualized through the block diagram shown in Figure 1. This circuit
is fundamentally a tracking regulator. That is, the negative voltage is
regulated and the positive output tracks the negative. (Note: In the
SG 1568, the circuit is reversed in that the negative side tracks the regulated
positive output; however, the principle is the same.) Negative regulation is
accomplished by providing a constant-voltage reference for the negative
error amplifier, but the reference input to the pasitive error amplifier is
grounded. This amplifier forces its other input, which is the center-tap
between equal resistors, to also be at zero volts, thus requiring the positive
output to be equal in magnitude but opposite in polarity to the negative
output.

POSITIVE OUTPUT

POSITIVE INPUT

CURRENT
LIMIT

Ri

1

ERROR
AMP
+ >
N SRy

REFERENCE| GROUND
o B
2

+
ERROR
AMP

CURRENT
LIMIT

Figure 1. Block Diagram

POSITIVE
CURRENT
SOURCE

GROUND

SOURCE

R3

NEGATIVE INPUT NEGATIVE OUTPUT

With this technique, a single adjustment of the negative voltage divider
— which changes the negative output level — will also provide exactly the
same change to the positive output voltage. This tracking will hold all the
way from approximately one volt above the reference voltage to a
maximum value of about two volts less than the input supply voltage.

DESIGNER'S CHOICE

With four IC’s to choose from some discussion of the significant
features of each type is in order. Three of the devices, the SG1501A, the
SG1501 and the SG1568 are factory set at *15V regulators while the
fourth, the SG1502, is user-adjusted to provide outputs from 8V to
+28V.

POSITIVE AN +18V
INPUT ‘l F{; ] T
01
100 T s
TVin Out Sense Stab' Bal Gnd 10 |
| Vie [ .
ITIVE !
Lo fosmveE
GRouno —1 | T T T GROUND
‘r NEGATIVE !
| Volt
| Vi, Out Sense Stab Adj
. : ca i
_|_ T
c2
Ry T.m
100
NEGATIVE ~
INPUT W 15V

Figure 2. Basic +15V, 50 mA Regulator

Application Notes—SG1501A —Dual-Polarity Tracking Regulators

The SG1501 and SG1501A are interchangeable and both can be used
by themselves to provide load currents to the maximum defined by
package dissipation, or can be combined with external pass transistors for
currents in excess of two amps. Both devices feature constant current
limiting with the value set by an external resistor. The SG 1568 is similar in
all respects to the SG1501 except that it is frequency compensated in a
slightly different way.

The SG1502 uses the same basic circuit as the SG1501 but has two
important differences. First, the voltage setting resistors are external to the
device providing greater flexibility in adjusting the output voltage levels to
other than £15V. Secondly, the current limit circuitry has been changed to
allow its use in a foldback mode. Foldback current limiting provides for a
short circuit current value less than the maximum load current and is a
significant feature when the major power dissipation is in external pass
transistors rather than the IC.

Self-contained thermal shutdown is the primary improvement offered
by the SG1501A although increases in both the maximum input voltage
and load current have also been made. With thermal shutdown,
temperature sensing circuitry on the chip is designed to turn off the output
current when the junction temperature exceeds a safe limit — typically
1700C. The significance of this feature is that the designer now need not
design around short-circuit power dissipation limits — the device will take
care of itself. Since short-circuit power is typically more than twice as
much as maximum operating power, this means a two-times, or better,
improvement in load current is possible. It should be noted that even with
thermal limiting circuitry, the maximum current must be controlled to
allow time for this protection to react.

APPLICATIONS

The simplest way to use the SG1501 and SG1501A is in the basic
circuit shown in Figure 2. In this form, the device will handle 50 to
100 mA, depending on the heat sinking (more about this later) and will
provide 15V outputs with typically less than two millivolts of sensitivity
to either line or load variations. Because of this excellent line regulation,
there is no need for symmetrical input supply voltage levels. The only
requirement is that each level be greater than its associated output and that
the total voltage between positive and negative supplies be less than 60V
(70V for the SG1501A). The minimum input voltage is defined by the
regulator dropout characteristics shown in Figure 3.
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Figure 4. Artificial ground for use with an ungrounded
or single level voltage.

When operating from a single voltage source, an ungrounded supply is
:quired. An artificial ground can be provided as shown in Figure 4. In this
ircuit, the external transistors will conduct as necessary to accommodate
nbalanced load requirements and while the outputs will float between the
wo input levels, they will be held constant with respect to this artificial
round.

JURRENT LIMITING

Current sensing is provided by transistors Q12 and Q13 (see schematic,
“igure 5) which are normally held off by an external base-to-emitter
esistor, Rsc. When the load current passing through this resistor develops
mnough voltage, the transistor turns on and diverts drive current away from
‘he series pass transistors. The sense voltage is equal to approximately
).6V at Tj = 2509C, but it is temperature dependent decreasing to 0.4V at
1250C as shown in Figure 6. Note that it is junction temperature that
determines the sense level, and thus increasing the power dissipation within
the circuit can lower the value at which limiting will occur. The value of
the limiting resistor, Rsc, should be selected by:

Sense Voltage at Maximum Tj

B Allowable Short Circuit Current

where, for maximum regulation, the allowable short circuit current should
be at least 20% more than the maximum expected load current.

Under some conditions, a low-level oscillation may be present on the
negative side when the device goes into current limiting. Should this be a
problem, it may be eliminated by by-passing Rsc with a capacitor whose
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Figure 5. SG1501A Schematic Diagram
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value is such that the time constant, Rsc C, is equal to 10 x 10°6 second.
This capacitor, as well as the output capacitors, C3 and C4, must be low
ESR types such as solid tantalum.
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Figure 6. Current Limiting Characteristics

POWER CONSIDERATIONS

Although these dual regulators are designed to handle large load
currents and high input voltages, the product of the two can easily exceed
the maximum total device dissipation allowed by the package. The func-
tional limitation which should be considered for each application is that for
maximum reliability the junction temperature of the chip should not
exceed 170°C. This is usually derated to give a maximum design operating
Tj of 1500C.

To evaluate the maximum junction temperature possible in a given
application, the following three parameters must be known:

1. The power dissipation within the chip
2. The thermal resistance from junction to ambient (or heat sink)
3. The ambient (or heat sink) temperature

The power dissipation within the chip is equal to the sum of the input
voltage times the standby current plus the input-output voltage differential
times the load current, for each side of the regulator. For example, the
total power dissipation for +20V inputs, £15V outputs, and 50 mA load
currents is:

Pd =20 (2) + 20 (3) + 5 (50) + 5 (50)
= 100 mW standby + 500 mW load current
=600 mW

The thermal resistance is the resistance to heat flow from the junction
to the ultimate heat sink. For parts mounted in the open, still air, the
thermal resistance (9jA) is equal to 1850C/watt for the T0-100 metal can
and 125°C/watt for the TO-116 ceramic DIP. Blowing air across the
package, or the use of some form of heat radiator can significantly reduce
these numbers. For example, the use of IERC’s model TXBF-032-025B top
hat radiator on the T0-100 package, reduces 6jA to 130°C/watt, while
their model LIC-214A-2B radiator for the T0-116 will give an 6jA of
500C/watt for that package. Finally, a perfect heat sink reduces 6jA to
6jC which is 50°C/watt for the T0-100 and 20°C/watt for the T0-116.



With the above information, the maximum power handling capability of
the package can be determined as follows:
1. Calculate the maximum allowable junction temperature rise:
ATj = 150°C — TA (max)
. Calculate the power availability:
Pd ATj/6iA
. From this number, subtract the maximum standby dissipation:
Psb (V+ max) (Isb+) + (V— max) (Isb—)

. The remainder can be used to determine the maximum load current
as a function of input-output voltage differential.

The curves of Figure 7 show these relationships for each package
under the assumptions of 259C ambient, and symmetrical input and
output voltages and load currents.
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EXTERNAL POWER TRANSISTORS

Additional current handling capability may be provided through the
use of external power transistors in the configuration shown in Figure 8. In
this circuit, the 75 ohm base-to-emitter resistors provide a path for the
regulator standby current and should not be increased in value. An addi-
tional consideration is the use of solid tantalum output capacitors as most
common electrolytic types have too high an equivalent series resistance,
particularly at high frequencies.

The power transistors are not critical and can be selected on the basis
of current and voltage capability, and on mechanical requirements for
practical heat sinking. Note that only one transistor need be used if only
one side has excessive load current. Although low-frequency devices will
.minimize the risk of oscillation, unique transistor characteristics may
require a small capacitor (0.1 mfd) from base to ground or a larger value
(5 mfd) from base to emitter for complete stability.
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Figure 8. High Current Configuration, One Amp Output
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FOLDBACK CURRENT LIMITING

With constant-current limiting as shown in Figure 8, the power dissipa-
tion in the pass transistors under short circuit conditions can be substantial.
Here, the thermal limiting feature of the SG1501A can’t do much good
since it senses the IC temperature rather than the external transistors. To
eliminate the problem of having to heat sink a short circuit power two to
three times normal operating levels, the use of the SG1502 in the circuit of
Figure 9 should be considered. The dividers of R5'and R6 pre-bias the
current limiting such that when the output is shorted, the maximum
current is substantially reduced from its normal operating level. The values
for R5 and R6 are most easily determined from an itterative solution of
the equations below with the trade-off being that a greater amount of fold-
back requires a larger voltage drop across Rse:

R5
Sense Voltage + — Vo
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Figure 9. Foldback Current Limiting
VOLTAGE ADJUSTMENTS

With both output voltage levels internally set for 15V, (+200 mV for
the SG1501/2501 and 500 mV for the SG3501) these devices require no
additional resistors for many applications. It is possible, however, to
externally vary the output voltages from *10 to +23V by using external
resistors to shunt one or both of the internal resistors which set the

negative output level. The positive output will, of course, track the negative
value.
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Figure 10. External parallel resistor required for voltages
other than £15V.

The simplest way of changing the output levels is to use a single resistor



in parallel with R17 (see Figure 5)for voltages lessthan 15V and in parallel
with R16 for voltages above 15V. The graph of Figure 10 shows the
approximate value to use in either case.

This method of adjusting output levels has one disadvantage, however.
Diffused resistors have a positive temperature coefficient and while they
can be made to track each other extremely well, with one of them shunted
this tracking becomes degraded. A method offering greater temperature
stability is the use of a pair of resistors with values low enough to swamp
out the internal divider. By shunting R16 with 1.2k, and R17 with a
resistor selected by:

1.2(Vo-6.2)
— k2
6.2

where Vo is the desired output voltage, a four-fold improvement in
temperature performance is achieved at the expense of the additional
divider current. Figure 11 shows that temperature variation which may be
expected both with a single shunt resistor and with a divider drawing
approximately five milliamps of current. Note that these temperature
shifts are caused by changes in chip temperature which could result from
variations of either ambient temperature or internal power dissipation.
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THERMAL SHIFT = THANGE IN JONCTION TEMP
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OUTPUT VOLTAGE — * VOLTS
Figure 11. Temperature Coefficient of Output Voltage

In the 14 pin dual-in-line package, a connection is provided to the
junction of R21 and R22. An external resistor divider can be used here in
the same manner to either balance the two outputs so that they are exactly
equal in magnitude or to unbalance them for non-symmetrical output
levels.

Although all of these dual regulator types have provisions for adjust-
ment of the output voltage levels, with its user-supplied voltage setting
resistors, the SG1502 is the best choice for applications very far from
*15V. The divider resistors (see Figure 9) are selected as follows:

6.2 (R1+R2)
R1

Negative Vo

R3
Positive Vo = T (Negative Vo)

One coammon application for positive and negative voltages is as a
power source for the widely used 710 and 711 IC voltage comparators.
Since these devices are designed for +12 and —6V operation, it takes a
circuit as shown in Figure 12 to get around the * 8V minimum output
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limitation of these regulators. Here, the nominal 15V output of the
SG1501 has been reduced to £12V by the 2.0k and 1.8k voltage divider.
Six volts are then subtracted from the negative output by the IN4735
zener diode. Because the diode is outside the feedback loop, some minor
variations in the —6V output may be observed due to its temperature
coefficient or dynamic impedance. These variations have negligible effect
on the comparators, however, as the negative voltage is used only to bias
high impedance current sources.

+12 V OUTPUT

10
POS INPUT l
01 T

o

+
ViN OUT STAB SENSE GND e
GROUND
GROUND —— b
203
voLT .
ViN OUT STAB SENSE ADJ 1o=% L o0,
p
-L 3 1N4735
.01 <
T 1.8K
NEG INPUT MV 7 ou
10 -2V -6 V OUTPUT
Figure 12, Using the SG1501 to provide +12 and —8V sutputs.

Zener diodes can also be put to use in applications requiring high input
voltages. In the circuit of Figure 13, the small signal zener diodes reduce
the voltage applied to the IC while allowing the easily heat-sinked power
transistors to absorb the added power dissipation caused by a large input-
output differential.
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032
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2N5190

Figure 13. Zener diodes used to prevent high input voltages
from appearing across the device.

CONCLUSIONS n

With two complete regulators in a single IC, these new regulators offer
an improved approach to power distribution. Their high degree of per-
formance and freedom from large numbers of external components make
“on-card”, or distributed regulation a practical reality. By regulating at the
point of use, the system designer has eliminated many knotty probiems
such as lead inductance, decoupling, line drop through connectors, etc. In
addition, since each circuit card or module can now regulate its own
voltage, complete interchangeability is more nearly assured and the
problems of equipment maintenance are greatly eased.
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SIMPLIFYING CONVERTER DESIGN WITH
A NEW INTEGRATED REGULATING PULSE WIDTH MODULATOR

Bob Mammano
Director, Advanced Development
SILICON GENERAL, INC.
Westminster, California

Abstract

A new monolithic integrated circuit is described which contains all the control circuitry for a regulating
power supply converter or switching regulator. Included in this 16-pin dual-in-line package is the voltage
reference, error amplifier, oscillator, pulse width modulator, pulse steering flip-flop, dual alternating
output switches, and current limiting and shutdown circuitry. This device can be used for switching
regulators of either polarity, transformer coupled DC to DC converters, transformer-less voltage doublers
and polarity converters, as well as other power control applications.

INTRODUCTION

Implementing a switching power supply has just become signifi-
cantly easier with the introduction of the SG1524 series of
Regulating Pulse Width Modulator integrated circuits. Long
recognized as offering greatly improved efficiencies, the develop-
ment of switching supplies has been hampered by the com-
plexity of the low-level circuitry required to provide the proper
signals for adequate control of the switching transistors. As a
result, these supplies have tended to be more costly, larger in
size, and with poorer reliability than could be justified by their
improved efficiency. Even when threats of higher energy costs
and potential brown-outs have made switching supplies manda-
tory, their complexity has made the engineering design task a
most formidable undertaking.

With the introduction of the SG1524, a major portion of the
complex low-level control circuitry has been integrated into a
single LS| linear integrated circuit. This monolithic chip,
packaged in a 16-pin dual-in-line outline, implements the entire
block diagram shown in Figure 1.

It is the integration of all these different functions into asingle
IC that qualifies the SG1524 as one of the best examples to
date of large scale integration as applied to analog circuits.

The remainder of this paper will describe each of the indivi-
dual blocks in the following diagram in considerable detail
and then offer a few basic application suggestions.

45V 10 all
internal circuitry

Oxcittator

Groun:

FIGURE 1 —SG1524 BLOCK DIAGRAM

VOLTAGE REFERENCE

The reference circuit of the SG1524 is shown in Figure 2.
This is acomplete linear regulator designed to provide a constant
5 volt output with input voltage variations of 8 to 40 volts.
It is internally compensated and short circuit protected. It is
used both to generate a reference voltage and as.the regulated
source for all the internal timing and controlling circuitry. This

regulator may be bypassed for operation from a fixed 5 volt
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source by connecting pins 15 and 16 together to the input
voltage. In this configuration, the maximum input voltage is 6
volts. While discussing input power, it should be mentioned
that the entire SG1524 IC draws less than 10mA of current,
regardless of input voltage.

500 1K K Vv

BIASING

FIGURE 2 — SG1524 REFERENCE CIRCUIT

This reference regulator may be used as a 5 volt source for other
circuitry. It will provide up to 50 mA of output current itself
and can easily be expanded to higher currents with an extemal

PNP transistor as shown in Figure 3.
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FIGURE 3 — SG 1524 EXPANDED CURRENT SOURCE

OSCILLATOR

The oscillator in the SG1524 uses an external resistor (Rt) to
establish a constant charging current into an external capacitor
(Ct). This constant-current charging gives a linear ramp voltage
which provides an overall linear relationship between error
voltage and output pulse width. The SG1524 oscillator circuits

is shown in Figure 4.
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TIMING
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K 20K
20K 6.21 }/Q“
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ouTPUT
<3K
D'P"l o ooHGe
TO COMPARATOR BIASING

FIGURE 4 — SG1524 OSCILLATOR CIRCUIT

A second output from the oscillator is a narrow clock pulse
which occurs each time Cy is discharged. This output pulse

is used for several functions as outlined below:

(1) As a blanking pulse to both outputs to insure that there
is no possibility of having both outputs on simulta-
neously during transitions. The width of this blanking
pulse can be controlled to some extent by the value
selected for C+.

(2) As a trigger for an internal flip-flop which directs the
PWM signal to alternate between the two outputs. Note
that for single-ended applications, the two outputs can
be connected in parallel and the frequency of the output
is the frequency of the oscillator. For push-pull applica-
tions, the outputs are separated and the action of the
flip-flop provides an output frequency % that of the
oscillator.

(3) As a convenient place to synchronize an oscilloscope for

system de-bugging and maintenance.

(4) As a bi-directional port for external timing synchroniza-
tion. The output pulse from this oscillator — which is
stable to within 2% over variations in both input voltage
and temperature — can be used as a master clock for
other circuitry, including other SG1524’s. It thus follows
that a positive pulse applied to this terminal can syn-
chronize the SG 1524 to an external clock signal.

The waveforms of the two outputs frcm the oscillator are

shown in Figure 5.
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FIGURE 5 — SG1524 OSCILLATOR WAVEFORMS

ERROR AMPLIFIER

The error amplifier circuit, shown in Figure 6, is a simple dif-

ferential input, transconductance amplifier. Both inputs and the

+5VOLTS

INVERTING
INPUT

NI
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— : )outeut

» TO COMPARATOR AND
SHUTDOWN CIRCUITS

BIASING

100, A

=

FIGURE 6 —SG1524 ERROR AMPLIFIER SCHEMATIC

output are available for maximum versatility. The gain of this
amplifier is nominally 10,000 (80 dB) but can be easily reduced
by either feedback or by shunting the output to ground with an
external resistor. The overall frequency response of this ampli-
fier which, by the way, is not internally compensated but yet
is stable with unity gain feedback, is plotted with various values
of external load resistance in Figure 7.
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FIGURE 7 —SG1524
ERROR AMP FREQUENCY RESPONSE
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Phase shifting to compensate for an output filter pole may
readily be accomplished with an external series R-C combina-
tion at the output terminal of the amplifier.

Since the error amplifier is powered by the 5-volt reference
voltage, the acceptable common-mode input voltage range is
restricted to 1.8 to 3.4 volts. This means the reference must be
divided down to be compatible with the amplifier input, but yet
provides the advantage of being able to be used to regulate
negative output voltages. Required input dividers are shown

in Figure 8.
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FIGURE 8 — ERROR AMPLIFIER CONNECTIONS

Since this amplifier is a transconductance design, the output is a
very high impedance (approximately 5 M) and can source or
sink only 200 microamps. This makes the output terminal
(Pin 9) a very convenient place to insert any programming
signal which is to override the error amplifier. Internal shut-
down and current limit circuits are connected here, but any
other circuit which can sink 200 A can pull this point to
ground, thereby shutting off both outputs.

For example, the soft start circuit of Figure 9 can be used to
hold Pin 9 to ground — and thus both outputs off— when power
is first applied. As the capacitor charges, the output pulse slowly
increases from zero to the point where the feedback loop takes
control. The diode then isolates this turn-on circuit from
whatever frequency stabilizing network might also be con-
nected to Pin 9.
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FIGURE 9 — SG1524 SOFT START CIRCUITRY
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CURRENT LIMITING

The current limiting circuit, while shown in the block diagram
as an op amp, is really only a single transistor amplifier as
shown in Figure 10. It is frequency compensated and has a
second transistor to provide temperature compensation and a
reduction of input threshold to 200 mV. When this threshold

o e
> __!>

&
<

>

3 1.8K

SHUTDOWN

FIGURE 10 — SG1524 CURRENT LIMITING

is exceeded, the amplifying transistor turns on and, by pulling
the output of the error amplifier toward ground, linearly de-
creases the output pulse width. One consideration in using this
circuit is that the sense terminals have a +1 volt common mode
range which requires sensing in the ground line. However, since
differential inputs are available, foldback current limiting can
be implemented as shown in Figure 11.

— o0 04— Vour

W ]__'_

CURRENT LlMIT_ :
SENSE ’®
FIGURE 11 — FOLDBACK CURRENT LIMITING

While on the subject of protection circuitry, although over-
voltage protection is not built into the SG1524, it is relatively
easy to add by using the internal shutdown circuit in conjunc-

tion with a few external components as shown in Figure 12,
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FIGURlE 12 —SG1524 OVéR VOLTAGE PROTECTION

This circuit will provide a low level sensing and latching func-
tion and while it won’t protect against a shorted output transis-

tor, it will remove the drive signals with no power dissipation.
OUTPUT STAGES

The outputs of the SG1524 are two identical NPN transistors
with both collectors and emitters uncommitted. These circuits
are as shown in Figure 13 and include an antisaturation net-
work for fast response and current limiting set for a maximum
output current of approximately 100 mA.

FIF = : ®®
cLoCK Q, j?

FIGURE 13 — SG1524 OUTPUT STAGE

The availability of both collectors and emitters allows maxi-
mum versatility to enable driving either NPN or PNP external
transistors; however, it must be remembered that this is only a
switch which closes and opens. Power transistor turn-off drive
must be developed externally. Some suggestions for output

drive circuits are shown in Figure 14. w

v.

2

FIGURETM — DRIVING EXTERNAL TRANSISTORS
APPLICATIONS

In considering applications for the SG1524, it appears that
there are three general classifications of switching power supply
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systems. Included in the first are the transformerless voltage
multiplier circuits shown in Figure 15. These circuits are pri-
marily used for low level applications but can step up, step

jDT??

Vin <Vo

i —07 € *DF_I\—*TNT Vo
Sg |Vin [>1Vo |
1 T

FIGURE 15 — CAPACITOR/DIODE OUTPUT CIRCUITS

down, or change the polarity of an input voltage. The switches
shown can be either the outputstages of the SG1524 orexternal
transistors. Note that one extra diode is required to protect the
emitter-base junction of switch So during the times when both

switches are open.

For higher current applications, the single-ended inductor cir-
cuits of Figure 16 represent another classification. Here the two

Vi -—Os/c AR I +Vo
T Vin > Vo
Wy T {)} wo
+Vin —os/ Vo
1Vin <] Vo |

T

. FIGURE 16 —SINGLE-ENDED INDUCTOR CIRCUITS

outputs of the SG15624 are connected in parallel, but note that
this does not give twice the current as the switches are alter-
nating internally. This does not affect external performance,
however, and the SG1524 can be used to provide 0-90% duty

cycle modulation in any of the configurations showr:.

The third general classification of power supply systems are trans-
former coupled, two types of which are shown in Figure 17.
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FIGURE 17 — TRANSFORMER COUPLED CIRCUITS

The push-pull circuit represents the conventional DC to DC
converter with each switch being controlled for O - 456% duty
cycle modulation. The second transformer circuit is a single-
ended flyback converter, useful at light loads without a separate

output inductor.

To illustrate the use of the SG1524 in each of the above general
classifications, the following simple, but practical, circuits

are presented:

Figure 18 shows the use of the SG1524 as a low current polar-
ity converter providing a regulated —5 volt output at currents

up to 20 mA from a single positive input voltage. The external
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FIGURE 18 — LOW CURRENT POLARITY CONVERTER

components required include the divider resistors to interface
the reference and output voltages with the error amplifier,
a resistor/capacitor to set the operating frequency, and the out-
put diodes and capacitors. The combination of the built-in
current limiting of the SG1524 output stages and the capacitor



coupling of the output signal provide full protection against
short circuits and the current limit amplifier is unused. Since
this circuit has no inductor, the output capacitor is more than
enough to stabilize the regulating loop and no additional com-

pensation is required.

Another low-level circuit is the flyback converter shown in
Figure.19.
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FIGURE 19 —+5 TO 15 VOLT, FLYBACK CONVERTER

This circuit is designed to develop a regulated +15 volt supply
from a single +5 volt source. Note that the reference terminal
is tied to the input, disabling the internal regulator. The error

amplifier resistors are also tied to the input line so the output

reference could just as easily have been used.

In this application, the two output stages are connected in
parallel and used as emitter followers to drive a single external
transistor. Since the currents in the secondary of a flyback
transformer are out of phase with the primary current, current
limiting is very difficult to achieve. In this circuit, protection
was provided through the use of a soft-start circuit. If either
output is shorted, the transformer will saturate, providing
more current through the drive transistor. This current is sensed
and used to turn on the 2N2222 which resets the soft-start
circuit and turns off the drive signal. |If the short remains, the
regulator will repetitively try to start up and reset with a time
constant set by the soft-start circuit. Removing the short will
then allow the regulating loop to re-establish control.

For higher current applications, the singie-ended conventional

switching regulator of Figure 20 is shown.
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FIGURE 20 — 1 AMP, SINGLE-ENDED
SWITCHING REGULATOR

In this case, an external PNP darlington is used to provide a
1-amp current switch. The SG1524 has the two outputs in
parallel, connected as a grounded emitter amplifier. The current
sense resistor is inserted in the ground line and the voltage
across it used for constant current limiting. Note that in addi-
tion to the divider resistors and frequency setting RtCy, a
phase compensation resistor and capacitor is used to stabilize

the loop now that an inductor has been added.

A fourth application would have to be a push-pull, DC to DC

regulating converter as shown in Figure 21.
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FIGURE 21 — 5V, 256W, DC TO DC CONVERTER

Here the outputs of the SG1524 are connected as separate
emitter followers driving external transistors. Current limiting
in this application is done in the primary for several reasons:
First, it's easier to live within the £1 volt common mode limits
of the current limit amplifier; second, since this is a step-down

application, the current and therefore the power in the

sense resistor — is lower; and third, if the output drive were to




become non-symmetrical cai.sing the transformer to approach
saturation, the resultant current spikes will shorten the pulse
width on a pulse-by-pulse basis, providing a first order correc-
tion. Note that the oscillator is set to run at 40 kHz to obtain a

20 kHz signal at the transformer.

This application as shown does not provide input-output
isolation and, of course, that feature is difficult to achieve
within a single IC. There are a couple of ways the SG1524 can
be used with isolated power supply systems, however. The first
is shown in Figure 22 where the SG1524 is direct coupled
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FIGURE 22 — INPUT/OUTPUT ISOLATION

on the secondary side of the output transformer. The outputs
from the IC are transformer-coupled back to the primary side
to drive the switching transistors. Of course, a separate start-up
power source is needed for the SG1524 but that shouldn’t
present much of a problem remembering that the IC draws less

than 10 mA of supply current.

A different method of providing isolation is shown in Figure 23

where the IC is direct coupled on the primary side. Here a
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FIGURE 23 — INPUT/OUTPUT ISOLATION
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separate reference and error amplifier (most easily implemented
with a SG723 regulator IC) is connected on the secondary and
then optically coupled back to the primary side.

As should be evident from the above, the SG1524 was designed
as the first of what will undoubtedly become a larger family of
regulator ICs specifically designed for switching power supplies.
As such, versatility was the primary design goal of this device
and hopefully this goal has been achieved to the degree that
will allow the SG1524 to find application to a wide range of

power control systems.
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DEADBAND CONTROL WITH THE SG1524 REGULATING
PULSE WIDTH MODULATOR CIRCUIT

The SG1524 Regulating P.W.M. integrated circuit provides two outputs which alternate in turning on for push-
pull inverter applications. The internal oscillator sends a momentary blanking pulse to both outputs at the end of
each period to provide a deadband so that there cannot be a condition when both outputs are on at the same
time. The amount of deadband is determined by the width of the blanking pulse appearing on pin 3 and can be

controlled by four techniques:

1. For 0.2 to 1.0 microseconds, the deadband is
controlled by the timing capacitor, Ct, on pin 7. The
relationship between Ct and deadband is shown in
Figure 3 on the SG1524 data sheet. Of course, since
Ct also helps determine the operating frequency, the
range of control is somewhat limited.

2. For 0.5 to 3.0 microseconds, the blanking pulse
may be extended by adding a small capacitor from
pin 3 to ground. The value of the capacitor must be
less than 1000 pf or triggering will become unreliable.

3. For longer and more well-controlled blanking
pulses, a simple one-shot latch similar to the circuit
shown below should be used:

@,

VREF

10k

Osc 10k

Gnd @

TRANSISTORS — Small-signal general purpose types.
For 5 usec width, Cg = 200 pf, Rg = 10k

When this circuit is triggered by the oscillator output

pulse, it will latch for a period determined by Cg Rg
providing a well-defined deadband.

Another use for this circuit is as a buffer when several
other circuits are to be synchronized to one master
oscillator. This one-shot latch will provide an adequate
signal to insure that all the slave circuits are com-
pletely reset before allowing the next timing period
to begin.

Note that with this circuit, the blanking pulse holds
off the oscillator so its width must be subtracted
from the overall period when selecting Rt and C+.

4. Another way of providing greater deadband is just
to limit the maximum pulse width. This can be done
by using a clamp to limit the output voltage from the
error amplifier. A simple way of achieving this clamp
is with the circuit below:

This circuit will limit the error amplifier’s voltage
range since its current source output will only supply
200pA. Additionally, this circuit will not affect
the operating frequency.
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IMPROVING SWITCHING REGULATOR DYNAMIC RESPONSE

Bob Mammano
Director, Advanced Development
Silicon General, Inc.
Westminster, California

ABSTRACT

Recent introductions of LS| integrated circuits for P.W.M. control have offered considerable simpli-
fication to the job of optimizing the design of switching regulators. In addition to greatly reducing
the necessary circuitry, the linear transfer function of these devices eases the task of stabilizing the feed-
back loop and offers several possibilities for improved response. Experimental methods for evaluating
the response characteristics of the P.W.M. switching and output stages can be used to confirm simpli-
fying assumptions of linear operation. With this data, several approaches to equalization networks can

be compared for performance optimization.

The past few years have seen a major revolution take place in
the field of power supply design. Whether forced upon us by
the need for energy conservation or finally made practical thru
recent advances in semiconductor technology, switching regula-
tors are now the name of the game in voltage control. Novices
soon learn, however, that the implementation of a well-
designed switching supply involves a little more skill than that

or a linear reguiator.

Although the theory of switching regulation has long been
known, there is much practical technology - or art — in design-
ing efficient and reliable systems. This is still true even though
recently introduced semiconductor devices have made the job
at least a little easier. It is the purpose of this discussion to
cover a few of the practical aspects of implementing and stabi-

lizing switching regulators using these newer devices.

n INTEGRATED P.W.M. CONTROL CIRCUITS

Recognizing a rapidly growing market, many component
suppliers have introduced new devices designed specifically for
switching regulator applications. These include faster power
transistors with improved S.0.A., low E.S.R. electrolytic capa-
citors, hybrid power devices which include a matched commuta-
ting diode,!) and monolithic IC control devices such as the
SG1524(2) which contain all of the P.W.M. control circuitry in

a single 16-pin, dual-in-line package.
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Figure 1. SG1524 Block Diagram

From the block diagram shown in Figure 1, it can be seen that
the SG1524 contains the elements necessary to implement
either single-ended switching regulators or DC to DC converters
of several different configurations. This device includes a volt-
age reference, error amplifier, constant frequency oscillator,
pulse width modulator, pulse steering logic, dual alternating
output switches, and current limiting and shutdown circuitry.
Since many of the different types of applications: for this IC
have been discussed earlier(2) it should suffice to review only

two of the more common usages as shown in Figures 2 and 3.

The single-ended regulator of Figure 2 is unique because of its
simplicity. This circuit combines an SG1524 with a Unitrode
PIC-625 to build a 5 volt, 5 amp regulator with all the semi-



conductor devices contained in only two packages. This circuit
has an efficiency of over 70% with an input voltage range of
20 to 30 volts, 0.1% line and load regulation, and some added
benefits of constant frequency operation and short circuit

protection.
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Figure 2. SG1524 Single-Ended Switching Regulator

Figure 3 shows the same 5-volt, 5 amp output requirement met
this time with a DC to DC converter. The use of high speed
transistors and Shottky rectifiers keep the efficiency more than
80% — significant for a low-voltage output — while maintaining

all the other benefits included in the single-ended circuit.
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Figure 3. SG1524 Regulating DC-DC Converter

It should be recognized that the above circuits represent very
basic applications of an IC control chip. Most practical power
supply systems would probably incorporate many other fea-
tures which may be accomplished by interfacing these IC’s with
a small amount of external circuitry to add characteristics such
as: soft-start, oscillator synchronization, dead-band controls,
additional current and/or voltage step-up stages, input-output
isolation, remote overvoltage or overload shutdown, and
response modifying circuitry. It is this latter subject we wish to

explore more fully below.

145

SWITCHING REGULATOR CONTROL

The basic switching regulator control loop which applies to the
most common forms of implementation is illustrated in Fig-
ure 4. In analyzing this control loop stability, the obvious
immediate problem is the transfer function of the P.W.M. and
output stage. A detailed and accurate analysis of the nonlinear
characteristics of this stage is an extremely difficuit and com-
plex task if one is to account for all the parameters which could
possibly be a factor.!34.5) On the other hand, if this stage
could be assumed to have a linear transfer function, analysis

becomes a relatively simple application of basic feedback theory.

R3 :: Vin N
Veer = [ ,
B:
R1 POWER P!
$ SWITCH >
c SRy
LP
R2S R4S d

Figure 4. Basic Regulating Control Loop

A significance of the SG1524 is that it uses a design approach
which makes a linear assumption accurate enough for most
applications. The fact that this device features constant fre-
quency operation, a linear-slope ramp for P.W.M., and fast-
response logic and output circuitry all contribute to minimiz-
ing the errors associated with a linear assumption. Of course,
there are factors external to the IC which could destroy this
assumption. Such things as excessive delay in the switching
transistors, parasitic ringing or oscillation in the power stages,
or nonlinear operation of the magnetics could all cause a result-
ant nonlinear performance. A first exercise for the designer,
then, is to confirm linear operation of the P.W.M. and output

stages of his regulator by evaluatinghis early breadboard models.
OUTPUT STAGE ANALYSIS

The pulse width modulation is accomplished in the SG1524 by
comparing the output of the error amplifier with a linear ramp,
or saw-tooth signal from the oscillator. Because the compara-
tor has both high gain and high input impedance, and the error
amplifier has a high output impedance, this node (pin-9)
becomes a very convenient place for inserting a test signal. A
voltage source applied as shown in Figure 5 will completely
override the error amplifier and essentially open the loop with-
out actually breaking any connections. In addition, the test

signal is easily managed because the voltage gain from this point




to the output is relatively low. (A voltage level on pin 9 of
from 1 to 4 volts will change the pulse width from zero to maxi-

mum which will yield zero to maximum output voltage.)

Vin

VRer =+ r L v,
j -
p: ERROR
< AMP PWM. wc = 3R,
= 3
S 3 L

1000 L . .

uF

v

100mv 1-av
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Figure 5. Measuring Output Stage Transfer Function

In experimentally attempting to confirm satisfactory operation
of the output stages, the designer hopes to prove that a linear
equivalent circuit model is valid for reasonable analysis. One
such model as proposed by Middlebrook(6) is shown in Figure 6.
This model describes the overall AC and DC transfer function
and input and output impedances in terms of the duty cycle
and modulation constant. This model assumes that the effects
of operating frequency, switching delays, and parasitic elements
are well above the frequencies of interest as defined by the
output LC filter.

VoN¢
D2km L Vo

L] ]
S Vi (\ Yol ~ c= R
\[ TN

™ R km

Viy = Input voltage to converter
N¢ = Control voltage input
km = PW.M. constant

D = Duty Ratio = Vo/Viy = Ne/km

Figure 6. Linear Equivalent Circuit

Values for the inductor and capacitor are normally calculated

on the basis of output ripple current and voltage as follows:

For constant frequency operation,

_ Vo (Viy = Vo)
C v flal)
and
_ VolVin — Vo)
" 8LV )y (aVo)
where:
ViN = peak input voltage to the inductor
Vo = output voltage across the capacitor
f = switching frequency
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Al = peak-to-peak current variation in the inductor
AVg = peak-to-peak ripple voltage across the capacitor.
Note that the actual ripple voltage at the output of the filter

will be AVq, plus Al times the capacitor E.S.R.

Regardless of the requirements for minimizing the output
ripple, an additional requirement on the filter is that its cutoff
frequency be well below the switching frequency if our original
goal of simple linear analysis is to be met. Specifically, the
switching operation introduces a second order lag at one-half
the switching frequency and for the output filter to dominate,
its cutoff should be at least an order of magnitude below that

number, or
1 f

- <
27V LC

To verify the performance of the resultant hardware, a Bode

20

plot of the output stage response can be most meaningful.
Ideally, a plot as shown in Figure 7 should show a flat response

to the filter cutoff and then a linear 12 dB/octave rolloff with a
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Figure 7. Linear Output Stage Response
180° phase shift. By making these plots with varying input
voltage and load current, factors affecting stability such as leak-
age inductance, capacitor E.S.R., and either saturation or dis-
continuous operation of the magnetics may be evaluated over
the operating conditions of interest. Figure 8 shows typical
plots with less than ideal component parameters. With the char-
acteristics of the output stage defined, attention can be turned
to the error amplifier to develop an equalizing network which

will allow satisfactory closing of the loop.
ERROR AMPLIFIER COMPENSATION

The error amplifier contained within the SG1524 is a transcon-
ductance amplifier in that it has a high-impedance, current

source output. The gain is a function of the output loading and



can be reduced from a nominal 80 dB by shunt resistance as

shown in Figure 9. Note also in Figure 9 that the uncompen-
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Figure 9. Open-Loop Error Amplifier Response

sated amplifier has a single pole at 300 Hz and 90° of phase
shift.

large scale slew rate is 0.5 volt per microsecond.

The unity gain cross-over frequency is 3 MHz and the

This type of amplifier can be compensated in two ways: The
compensation network can go from the output to ground or it
can be connected from output back to the inverting input.(?) In

the first case, the voltage gain is:

81:Z¢

Ay =gmZ, = ~ 0.002Z.

where Z. is the complex compensation network impedance. |f

a feedback approach is used, the gain is:
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where Zg is the source impedance driving the input. In cases
where relatively low impedances are desired in a feedback net-
work, it may be necessary to buffer the high output impedance
of the error amplifier. Figure 10c shows the use of an external
emitter follower to provide a low driving impedance for the

feedback network.

Figure 10. Error Amplifier Compensation Networks

To stabilize the overall regulator feedback loop of Figure 4, it
should be apparent that the uncompensated loop contains at
least two poles in the output filter and one more in the error
amplifier, a situation which typically results in significant gain
remaining when the total loop phase equals 360°. One of the
simplest compensation schemes is to convert the error amplifier
to an integrator by adding a single dominate pole at a frequency
so low that the loop gain falls below unity well before the cut-
off frequency of the output filter. While this approach yields
ain as shown in Figure 11
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Figure 11. Closed Loop Frequency Response

disturbances is very slow. For example, the waveforms of
Figure 12 show the response to a 20%, or one amp, step change
in load to the circuit of Figure 3 when compensated with a

0.2 mfd capacitor around the error amplifier.




If instead of slowing down the error amplifier, a zero, or lead
network is added to cancel one of the output filter poles, we
can keep the total loop phase less than 360° to well beyond the
output filter cutoff.

STIMULUS:
UPPER TRACE:
LOWER TRACE:
TIME BASE:

ONE AMP STEP CHANGE IN Ig
ERROR AMP OUTPUT, 500 mV/DIV
REGULATOR OUTPUT, 200 mV/DIV
5 MILLISECONDS/DIV

Figure 12. Integrator Compensation Step Response

Figure 13 shows a circuit for accomplishing this by moving the
amplifier pole lower in frequency and adding a zero at the out-
put filter cutoff frequency. Figure 14 shows the effects of this
network on the Bode plot of the error amplifier, and Figure 15
indicates the improvement in recovery from the same one-amp
load change. Note how the output of the error amplifier over-

shoots to give a boost to the output.

Figure 13. Series RC Phase Compensation
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Figure 14. Phase Compensated Bode Plot
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Even faster response can be achieved by providing additional
lead networks. For example, another zero may be added by
bypassing the sense feedback resistor. As can be seen in Fig-
ure 16, this greatly improves loop response but offers the haz-

ard of coupling ripple noise directly into the error amplifier.

Rc = 30K, Cc = .022mfd

STIMULUS:
UPPER TRACE:
LOWER TRACE:
TIME BASE:

ONE AMP STEP CHANGE IN ig
ERROR AMP OUTPUT, 500 mV/DIV
REGULATOR OUTPUT, 100 mV/DIV
5 MILLISECONDS/DIV

Figure 15. Phase Compensated Step Response
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STIMULUS:
UPPER TRACE:
LOWER TRACE:
TIME BASE:

ONE AMP STEP CHANGE IN 1o
ERROR AMP OUTPUT, 500 mV/DIV
REGULATOR QUTPUT, 50 mV/DIV
2 MILLISECONDS/DIV

Figure 16. Double Zero Compensated Step Response

TWO LOOP CONTROL

From the examples presented above, it should be apparent that
the integration method of error amplifier compensation pro-
vides good stability by making the dominate pole so low in fre-
quency that variations in all other circuit parameters become
inconsequential. This technique also provides high accuracy at
DC where high gain can be used and is the type of feedback one
would want ‘to take directly from the output of a regulator

since a user might add additional external capacitance, thereby



changing the output filter characteristics. Another reason for
using single-pole compensation is to accommodate the use of a
two-stage output filter which can add phase shifts well beyond

1800.

The problem of poor response can then be accommodated by
adding a differentiated signal taken from somewhere else in the
loop. If the time constants and gain factors are properly
selected, the differentiated signal can compensate for the error

in the integrated signal taken from the regulated output.

While it may be possible to combine these two signais with
passive signal conditioning at the input to the error amplifier, a
more straightforward approach is with two separate op amps as

shown in Figure 17. Here the error amplifier in the SG1524 has

0.01

[——ﬂ——

24K

174
$G124

ERROR
AMP

b—= TOPW.M.

Figure 17. Two-Loop Signal Conditioning

been connected as a unity gain summing amplifier and two op
amps from an SG124 quad IC are used as gain stages for signal
conditioning. Since these are single-supply op amps, they are
powered directly from the 5-volt reference voltage supplied by
the SG1524.

Amplifier A1 provides the DC gain and gets its signal directly
from the output of the regulator. There are several possibilities,
however, for providing the differentiated correction signal
through A2.

required, A2’s input may be taken through a resistive divider

If rapid response to changes in input voltage is

directly to the input line.88) This is, of course, not a feedback
signal but the feed forward of an open loop, short-duration cor-
rection signal. The waveforms of Figure 18 show the improve-

ment which this feed-forward signal can offer.

If load transients are the problem, A2's input might be con-
nected to a point where output current could be sensed. This
would best be accomplished by using a current transformer in
series with the output capacitor although the voltage across the
capacitor E.S.R. might also serve as a sense point. In either case,

a low-pass filter with a cuttoff frequency of approximately 1/4
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UPPER TRACE:

INPUT VOLTAGE STEP CHANGE, 5V/DIV
MIDDLE TRACE: OUTPUT WITH DC FEEDBACK ONLY, 100 mV/DIV
LOWER TRACE: OUTPUT WiTH AC FEED FORWARD ALSC, 100 mV/DIV

TIME BASE: 2 MILLISECONDS/DIV

Figure 18. Feed Forward Compensation

the switching frequency is necessary to remove the ripple volt-
age before attempting a differentiation. A third possible signal
input is to put a secondary winding on the output filter induc-
tor. This gives an AC signal proportional to V;y — Vg and will

therefore respond to disturbances at either input or output.
SUMMARY

Although integrated circuit controllers for switching supplies
have removed much of the circuit complexity from this type of
regulator, the dynamic analysis of the control loop must still
be optimized for each application. This optimization is made
easier, however, if a linear approximation of the switching
stages can be shown to be valid. The SG1524 controller offers
benefits in this regard as it does provide a linear transfer func-
tion through its pulse width modulation scheme. Therefore,
experimental techniques can be used to simply confirm proper

operation of the power switches and output filter.

With a linear output stage, conventional feedback analysis can
be used to define the best equalizing network achieving a com-
promise between stability and fast response. In some cases it
may even be desirable to provide separate signal paths for
these two parameters but thus, too, can be adapted to the

SG1524 controller with a minimum of external circuitry.

Obviously, no recipes for optimum performance have been pro-
vided herein. Only a few directions which, it is hoped, will
point the way toward the development of specific solutions for

specific applications.
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Applications Notes—SG1543

THE OUTPUT SUPERVISORY CIRCUIT
A NEW ANALOG LSI CIRCUIT FOR POWER SUPPLY CONTROL

By: R.A. Mammano
Director of Advanced Development
SILICON GENERAL, INC.
11651 Monarch Street
Garden Grove, CA 92641

ABSTRACT
This paper describes a new monolithic integrated
circuit which contains all the functions necessary to
monitor and control the output of a sophisticated
power supply system. Sensing for over and under-
voltage conditions, current sensing and an SCR
crowbar firing circuit are ali contained on this single IC
along with an independent, accurate reference
generator. A description of the operation of each
individual circuit is given along with several applica-

tions which demonstrate the utility of the device.

Introduction

Recent years have seen the introduction of many
sophisticated integrated circuits for use in controlling
the voltage regulation function of both linear and
switching power supply systems. While these circuits
have provided a high degree of performance with a
side benefit of considerable increases in both re-
liability and cost savings, they have all addressed the
basic function of maintaining the output voltage
constant. Most power supply systems, however,
require additional circuitry for monitoring satisfactory
performance and providing protection in the event of a
fault condition. These requirements have led to the
development of a new class of power supply element
— an Output Supervisory Control Circuit.

The $G1543 Output Supervisory Circuit

To fill the need for this output monitoring and
controlling function, the SG1543 output supervisory
circuit shown in Figure 1 was developed. This device
contains an operational amplifier, a voltage reference
circuit, several comparators, and a high-current SCR
trigger circuit. The functions performed by this de-
vice include over-voltage and under-voltage sensing,
current limiting, and provisions for triggering an
external SCR crowbar shutdown. All the functions pro-
vide open collector outputs for maximum flexibility in
interfacing with either the power supply or the system
load and, although the SCR trigger is directly
connected only to the over-voltage sensing circuit, it
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may be optionally activated by any of the other out-
puts or by an external shutdown command. The SCR
trigger circuit also includes an optional latch with
external reset capability. External capacitors may be
used to accurately program the sensing circuits for a
minimum time duration of fault before triggering.

The SG1543 circuit may be powered by either the
output voltage to be monitored or a separate bias
voltage at any level between 4.5 and 40 volts with a
standby current of less that 10mA.

$G1543 BLOCK DIAGRAM

u.v
SENSE
& > > 9 U.V.
v oy . INDICATE
REF@)Q_‘_‘_L pn i
®
VING U. V. DELAY
VIN
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GROUND L]> .
0. V.
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OFFSET/COMP

0.V. DELAY
RESET

R EMOTE
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TRIGGER
—® 0.V.
INDICATE
(GROUND TO ACTIVATE)

Figure 1. The block diagram of the SG1543 Output
Supervisory Circuit includes over-voltage and under-
voltage sensing as well as the capability for current
limiting and SCR crowbar triggering.



This device is packaged in a standard 16-pin her-
metically sealed ceramic package and is available in
both commercial and military temperature ranges.
Before describing in greater detail the overall func-
tions that this device can perform, it is worth
discussing the individual circuits which go into its
makeup.

Voltage Reference Circuit

The precision 2.50V reference circuit of the SG1543 is
shown in Figure 2. This regulator is based upon the
well-known band gap reference circuit which has the
capability of providing very stable performance over
an input voltage range from as low as 4.5Vto as high as
40V. The output is nominally set at 2.50V, but in addi-
tion, is trimmed to remove all effects of production
manufacturing tolerances from the output voltage. In

PRECISION 2.50 VOLT REFERENCE

Ry j"z

®Vin

PNP
BIAS

VREF

NPN
BIAS

>
o
o

GND

n*n

Figure 2. This precision 2.50 volt band-gap reference
source is internally trimmed for £1% accuracy in order
to eliminate the need for adjustment potentiometers.

CHANGE IN TEMPERATURE COEFFICIENT

fact, this trimming not only adjusts the output voltage
to within 1% of 2.50V, but in the process, as shown in
Figure 3, also trims the temperature coefficient of
output voltage to better than 50 parts per million per
degree C. The trimming is performed at wafer probe by
using controlled energy sources to blow fusable metal
links which short out incremental values of resistance
in the voltage setting network. These resistors are
binarily coded so that three values give eight bits of
resolution and allow trimming to better than *12
millivolts. With this accuracy, in all but the most
precise applications, the need for adjustment or
trimming potentiometers is effectively eliminated.

The output of this reference circuit is current limited
for protection and will provide up to 10 milliamps of
current for use as a reference for other functions that
may be required along with the SG1543. In addition to
stable temperature performance, this regulator also
maintains its output voltage to within 10mV for all line
and load changes. Additional benefits of the band gap
reference circuit include low noise performance,
instant turn-on, and a high degree of long-term
stability.

Comparator Section

Over and under-voltage sensing circuits are identical
with only the input polarity changed between them.
The under-voltage circuit is shown schematically in
Figure 4. This configuration is made up of two
comparators in series, each referenced to 2.50 volts,
with the delay terminal at their juncture. The first
comparator activates a current source upon sensing

VOLTAGE SENSING COMPARATORS

WITH REFERENCE VOLTAGE TRIM
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Figure 3. As successive links are opened in the
reference voltage trimming network, the output
voltage increases and the temperature coefficient
becomes less positive.
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Figure 4. Voltage level sensing is done with a high
input impedance comparator with built-in hystersis.
When switched, the input comparator allows a
constant current source to trigger the output
comparator.

an out of tolerance condition and that current is used
to charge an externally selected capacitor to provide a
delay. The second comparator then activates the
output indicating circuit. The overall time delay from



input sense to output indicate, with no external
capacitor, is approximately 0.5 microsecond. By
adding a capacitor at the delay terminal, the fault must
exist for an interval defined by the time it takes the
voltage on the capacitor to charge from zero to 2.5V
before the output comparator can switch. The charg-
ing current for this capacitor is a constant 250 micro-
amps which provides for a delay of approximately 10
milliseconds per microfarad of capacitance. Since the
comparator can discharge in excess of 10mA, the
capacitor is reset in a fraction of its charge time.

The input comparator has PNP transistor inputs which
provide both high input impedance with less than one
microamp bias current, and a wide input voltage range
which includes ground and goes to within 2V of the
positive supply voltage. Because the input PNP oper-
ates as an emitter follower, the input impedance to that
comparator remains high throughout the input range.
To eliminate the tendency to oscillate at threshold, a
hysterisis of approximately 25mV is built into the input
comparator.

The output indicating transistor, Q18, is designed to
sink 10mA of current with a saturation voltage of less
than 0.4 volt. Its open collector allows several outputs
to be connected together to provide asingle indicating
signal.

SCR Trigger Section

While the under-voltage sensing circuit has only the
10mA, or low current, open-collector output, the over-
voltage section contains additionally, an SCR crowbar
triggering circuit good for 250mA. This stage also
includes provisions for remote activation of the output
as well as a reset terminal. From the schematic shown
in Figure 5, it can be seen that the ouput voltage
comparator drives a PNP transistor, Q6, with two
collectors, one of which drives the low-current, open

OVER-VOLTAGE CIRCUIT

Vin ({8}

Q

Qs

o.v.
ou

TPUT Og
COMPARATOR

S.C.R
® TRIGGER

o.v.
| +—® iNcicate
Q11

Figure 5. Either the over-voltage output comparator or
the remote activation terminal will energize both the
SCR trigger and the O.V. indicating transistor.
Connecting pins 4 and 2 form a latch.

RESET

REMOTE
ACTIVATE

GND (3

collector indicating signal similar to the under-voltage
circuit. The other collector of Q6 drives a darlington
amplifier which will provide 250mA to activate an
external high current SCR crowbar device. Note that
these two outputs are complements of each other; i.e.
when pin 4 switches to ground, pin 1 goes positive.

Since in many cases it is desired to activate the
crowbar under other than over-voltage conditions, a
remote activation circuit is also included. This consists
of transistors Q1 through Q5 as shownin Figure 5. The
functioning of this circuit is as follows: Q3 provides a
controlled current source of approximately 300
microamps to saturate transistor Q4. With Q4
saturated, transistor Q5 is heid in the off condition.
When the remote activation terminal, pin 2, is grounded,
it diverts the current away from the input of Q4, turning
it off and turning Q5 on, which activates the output
circuitry in the same manner as the over-voltage
comparator.

An additional function of this circuit is to provide the
capability to latch the outputs on after a faultis sensed,
by externally connecting the over-voltage indicating
terminal, pin 4, to the remote activation terminal, pin 2.
With this configuration, an over-voltage condition
which turns on Q10 will pull pin 2 to ground activating
the remote activation signal which, in turn, holds the
circuit in the on condition until the reset terminal is
externally grounded, removing the latch and turning
off the output. Thus, the user has the capability to
either activate the high currentoutputonlyaslongasa
fault condition exists, or to latch it on upon the
occurrence of a fault requiring external action by an
operator to reset the circuit to its initial condition.
Thresholds for both remote activation and reset
terminals are approximately 1.2 volts.

Current Sensing Amplifier

The amplifier in the SG1543 designated for current
sensing actually has much wider application. It is
basically a high-gain, non-compensated operational
amplifier with an open collector output; i.e., pull-up on
the output must be provided externally. From the
schematic shown in Figure 6, it can be seen that this
circuit also has a PNP front end which gives it a wide
common-mode range extending from slightly below
ground to within 2 volts of the supply voltage. With a
pull-up resistor of 2kQ), the open loop voltage gain is
greater than 72dB with a unity gain bandwidth beyond
5MHz. When used as a comparator, the response time
is less than 200 nanoseconds, and if linear amplifica-
tion is required, external compensation may be added
for stable performance over a wide frequency range or
a unique frequency response.

The input to this amplifier is balanced for zero offset
voltage but a fixed offset or threshold of up to 200mV
may be incorporated by adding or subtracting current



CURRENT-SENSING AMPLIFIER
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Figure 6. PNP inputs give the current limit amplifier a
common-mode input voltage range of from below
ground to within 2 volts of the supply voltage.

at the offset/compensation pin 12. For most current
sensing applications the required threshold polarity
calls for a positive voltage on the inverting input. This
can be accomplished with a resistor, RT, to ground as
shown in Figure 7.

Reducing the impedance at pin 12 also lowers the gain
of the amplifier somewhat as shown in Figure 8. This
fact allows pin 12 to do double-duty as a pointto apply
frequency compensation as well. Due to the excess
phase shift of the internal PNP transistors, this
amplifier requires compensation for stable closed-
loop, linear applications but this can be accomplished
easily with either C1 to the output or C2 to ground as
shown in Figures 7 and 8.

Diode D1 and resistor Rc are used only if it is neces-
sary to increase the frequency response by operating
the output transistor at higher current and/or isolating
the load from R and C1 when the ampilifier is off.

CURRENT SENSE COMPENSATION
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Figure 8. With 80dB gain and 5MHz bandwidth, the
current sense amplifier provides a wide dynamic
response, even when modified with external passive
components.

Applications

Figure 9 shows a typical application of the SG1543 as
used to monitor a.single power supply output voltage
for both high and low voltage operation as well as
current limiting. The data accompanying Figure 9
indicates how the values for the external components
are selected. Thiscircuitis driven from an external bias
supply which must provide a standby current of 10mA
maximum plus the activation current for the SCR
trigger. The application in Figure 9 shows a single
resistor divider string, R4, R5 and R6, which sets the
thresholds for both the under and over-voltage
activation levels. The external capacitors CD1 and
CD2 are used to provide time delays before activation
of the output circuitry. The output of the comparators
can be used for many different functions; in this case,
they are shown driving indicators. They can also
provide signals to the system under power to give
information that an out-of-tolerance condition exists.
Additionally, by the external connection between pin 2
and pin 4, a latch has been provided such that an over-
voltage condition will activate and hold that control
signal until positive reset action at pin 3 is performed.

In firing an SCR with supply voltages above 5 volts an
external resistor, RG, is used on pin 1to provide power
dissipation limiting for the SG1543. While the SG1543
will provide up to 250mA of trigger current, the power
limitation of the 16-pin dual-in-line package should be
held to less than one watt.

In this application, current limiting is performed by
sensing the current in the positive supply line with
fold-back provided by the action of R2 and R3. A fixed
threshold for the amplifier is set by R1 which is
connected between pin 12 and ground.

Figure 7. External components can be used with the
current sense amplifier to establish an input offset or
threshold, define the frequency response, and buffer
the output.

Although the SG1543 could have been driven from the
output voltage to be monitored, it would lose control
when that output voltage fell to approximately 3V. This
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would, of course, preclude the use of the current limit
function where short circuit protection must be
provided.

SG1543 TYPICAL APPLICATION

BIAS SUPPLY
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Figure 9. This typical application for the SG1543
provides linear foldback current limiting as well as over
and under-voltage protection.

The values for the external components used in
conjunction with the SG1543 application of Figure 9
are determined as follows:

1000

Current limit input threshold, Vth & =Fi

Cs is determined by the current loop dynamics

Peak current to load, Ip = V—ﬂj _\/_c_x_ (_R2_>
Rsc Rsc \R2 + R3
Vth
Short circuit current, Isc = —
Rsc

Low output voltage limit,

2.5 (R4 + R5 + R6)
Vo (Low)=

R5 + R6

High output voltage limit,

! 2.5 (R4 + R5 + R6)
Vo (High) =

R6

Voltage sensing delay, td = 10,000 Cd

Vin -5

SCR trigger power limiting resistor, Rg> 02

Current Sensing Options

It is important to remember that all the features of the
SG1543 apply equally to either linear or switching
power supplies. Figure 10, for example, shows the
current sensing amplifier in the SG1543 used to
provide foldback current limiting for a linear regulator
utilizing the SG723. To answer the question of why one
would use the SG1543 for current limiting when that
capability is built into the SG723, there are two
important benefits: low sensing threshold voltage
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(whatever is selected vs. a fixed 700mV) and much
higher gain for a very sharp transition from voltage to
current feedback.

Output current limiting for a switching supply which
gets its control from an SG1524 regulating pulse width
modulator is shown in Figure 11. Here, foldback is not
included but an optical coupler for isolation has been
added. It should be noted that all the low-current
outputs of the SG1543 are equally well suited for
driving optical couplers.

LINEAR FOLDBACK CURRENT LIMITING

DC.
INPUT O—

VOLTAGE

2N6055

Rsc
050

—O

5V.5A

QUTPUT
*L 100

mfd

— — - ®
151543

300

10K

RETURN

Figure 10. The SG1543 is equally adaptable to either
linear or switching supplies. The circuitabove shows a
substantially improved current limit function for a
linear SG723 voltage regulator.

DC CONVERTER WITH ISOLATED
CURRENT LIMITING

DC INPUT VOLTAGE

.01

o_i 5v
5A

OUTPUT

ISOLATED +10V
BIAS SUPPLY

Figure 11. Current limiting for a switching inverter is
readily accomplished, even with a requirement for
input-output isolation.

This last application suggests another use for the
current sense amplifier completely disassociated with
current. This is shown in Figure 12 where it is used in
conjunction with the very excellent characteristic of
the 2.50 volt reference contained within the SG1543 to




provide an isolated voltage feedback signal. The
SG1543's amplifier provides the gain and the overall
loop compensation network, and drives a high-
frequency opto-coupler which feeds into the unity-
gain configured error amplifier of the SG1524. A
designer should recognize that there are many
possible variations on this theme, including taking the
error signal from the collector of the opto-coupler,
feeding it into the output of the SG1524's error
amplifier such that this amplifier provides a startup
signal. Then the SG1543 may be powered directly from
the output eliminating the need for an isolated bias

supply.

USING THE CURRENT SENSE AMPLIFIER
FOR ISOLATED VOLTAGE FEEDBACK

D.C. INPUT VOLTS

—O
5K 1soLaTED
—3%  svoLT
5K OUTPUT

I

+15V BIAS SUPPLY

Figure 12. The current sense amplifier can also be used
in conjunction with the SG1543’s reference to provide
a stable, isolated voltage feedback signal.

One final possible use for the current limit amplifier is
to provide complete shutdown of the power supply
rather than linear voltage reduction upon sensing an
over-current condition. This function is shown in
Figure 13 where the current limit amplifier is used as a

OVERCURRENT SHUTDOWN

MAIN SUPPLY BUSS

SCR
“CROWBAR"

SUPPLY BUSS
RETURN

Figure 13. The current sense amplifier may also be
used as a high-gain comparator to shut down the
supply upon over-current.

comparator with the output terminal connected to the
remote activation terminal for the SCR trigger. In this
case, sensing is done in the ground line. There is no
offset added to the current limit amplifier but instead a
threshold is provided by the action of R1 and R2 from
the 2.50V reference signal. When an over-current
condition is sensed and maintained fora period of time
determined by a capacitor CD on pin 12, then the
ouput transistor will conduct, activating the SCR
trigger and shutting down the power supply.

Sensing Multiple Output Volitages

Most sophisticated power supply systems have several
output voltages which need to be monitored, and this
can also be accommodated easily with the SG1543
because of the capability for remote activation and the
availability of the reference voltage for use with
external circuitry. A simple quad comparator like the
SG139 which also has open collector outputs can be
used to monitor several additional output voltages. In
the application shown in Figure 14, the SG1543 is used
to provide both over and under-voltage protectionona
main positive supply. The additional comparators
within the SG139 can be used to monitor either
positive or negative supply voltages depending upon
whether one uses the 2.50V signal or ground as the
reference potential. The output collectors of each
comparator are tied together to the remote activation
terminal such that the operation of any single
comparator in either the SG1543 or the SG139 will
activate the SCR trigger shutdown circuit. Note that
grounding the remote activation terminal also
provides an output on the over-voltage indicating
circuit; therefore, this output on pin 4 can be used as a
master power supply-condition indicator which will
provide a low signal if any output voltage that is being
monitored is outside its allowable tolerance.

SENSING MULTIPLE SUPPLY VOLTAGES
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Figure 14. The addition of a simple quad comparator
provides multiple voltage sensing for either positive or
negative levels.
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Under-Voltage Sensing

In addition to normal low-output voltage monitoring,
the under-voltage sensing circuit has considerable
possibilities in monitoring the input voltage to a power
supply system. One quick illustrationis givenin Figure
15 where this circuit is used to measure the input DC
voltage to an SG723 regulator and keep the output
completely off whenever the input is lower than the
minimum required for satisfactory operation of the
SG723. It should be obvious that this same protective
feature could be applied easily to a switch-mode
regulator where it could be even more important in
keeping the switching transistors off until the
oscillator stabilizes.

UNDER VOLTAGE SHUTDOWN

Vin O
7.5K
$G723
5G1543 —Vc Vo
parkac A
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2K v,
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2.4K 3 L 001
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Figure 15. In addition to output monitoring, the under-
voltage circuit can be used to inhibit the output if the
input voltage is too low for satisfactory performance.

Figure 16. The under-voltage sensing circuit can also
be used to monitor the AC input voltage and provide a
power failure signal before the power supply output
voltage begins to fall.

157

Another way of using the under-voltage circuit is to
monitor the AC input voltage to a power supply
system. As shown in Figure 16, an isolation trans-
former and rectifier are used to provide a rectified AC
signal to the input of the under-voltage comparator.
The signal is compared with the 2.50V reference,
activating the first stage of the comparator with each
transition toward zero. With proper selection of the
delay capacitor, no output is provided unless some
number of input pulses are missing at which time the
firstcomparator allows the charging of the capacitor to
2.50 volts which activates the output circuit. In this
way, the under-voltage circuit can be used to monitor
the input voltage and provide an immediate indication
when it fails, even for as few as one or two cycles. This
will provide an early warning indication that the power
supply output voltage is going to drop while taking
advantage of the holdup capability provided by normal
electrolytic capacitor storage within the power supply
system.

Like other parts of the SG1543, the under-voltage
circuit is not limited to its primary function. Figure 17
demonstrates its use as an over-temperature indicator
by using the well-defined temperature coefficent of a
darlington transistor's base-to-emitter voltage as a
sensor. Divider R1-R2 establishes a fixed threshold
which is equal to the 2N2723's VBE at the desired
temperature limit. Below that limit, the transistor is off
and RC back-biases the input to the U.V. sensor.
Although many different transistors could be used for
this application, the small case of the 2N2723 makes
good thermal coupling relatively easy.

OVER-TEMPERATURE INDICATION

Figure 17. Another use of the under-voltage circuitis to
provide an over-temperature indication using the
—4mV/° C VBE temperature coefficient of the 2N2723
as a sensor.

By providing all of these diagnostic and protective
features within one integrated circuit, a new class of
control device has been generated to provide overall
performance monitoring and control of sophisticated
power supply systems. Thus, the SG1543 further
enhances the inventory of building block components
available to the power supply system designer
providing new options in implementing increased
performance at lower cost.




Applications Notes — SG1627/SG1629

POWER SWITCH DRIVERS:
NEW IC INTERFACE BUILDING BLOCKS
FOR SWITCHED-MODE CONVERTERS

Bob Mammano
Director, Advanced Development
SILICON GENERAL, INC.
Garden Grove, California

Abstract

This paper describes the characteristics and performance of two new integrated circuit products de-
signed to interface between the control circuitry for switch mode converters and their high power
output stages. The first device develops the high level turn-on and turn-off commands directly from
the outputs of a low power P.W.M. control circuit while the second is designed as a floating switch to
control a high current switching transistor directly from the secondary of a drive transformer.

INTRODUCTION

Recent years have seen significant developments by component
suppliers which have resulted in the ready availability of many
high performance power transistors and sophisticated control
There
existed a gap, however, between the control circuit and the
power switching transistors where a considerable amount of
circuitry was required to adequately condition and amplify the
control signal in such a way as to provide the proper turn-on

integrated circuits for switching power supply design.

and turn-off commands to the power switch. This gap has now
been filled with two new integrated power switch drivers, the
SG1627 Dual Output Driver and the SG1629 High Current
Floating Switch Driver.

SG1627 DUAL OUTPUT DRIVER

The SG1627 was designed to directly interface between low
level control circuitry and the high current handling devices
required in switching power supplies. As shown in Figure 1,
this is a dual circuit containing both channels that are required
It accepts the P.W.M. signals from a
control circuit such as the SG1524 and provides the condi-
tioning necessary to develop both turn-on and turn-off com-
mands at currents up to 500mA. Its outputs can be used to
directly control an external power transistor or to interface

for a push-pull system.
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with driver transformers for additional power amplification.
Another feature of this circuit is the optional ability to provide
a constant drive current.

Source

Current
Limit

Sink

FIGURE 1 — THE SG1627 DUAL OUTPUT DRIVER IS PACKAGED
IN A 16-PIN CERDIP D.I.L. PACKAGE.

CIRCUIT DESCRIPTION

Figure 2 shows the schematic for one-half of an SG1627 dual
output driver. It must be remembered that there are two iden-
tical circuits in each 16 pin dual-in-line package. The inputs to
this circuit are switch closures to ground with both inverting
The input
threshold level of both logic inputs is 2V, and the logic is

and non-inverting logic configurations available.



powered by an internal voltage regulator so that input charac-
teristics are unaffected by power supply voltage which can
range from 5 to 30 volts.
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FIGURE 2 — SCHEMATIC DIAGRAM FOR ONE-HALF
OF THE $G1627

The output sections of the SG1627 contain both source and
sink transistors, each capable of 500mA, 30V operation. In
addition, the source transistor has the capability of constant
current operation by using an external sense resistor between
the source emitter and the current sense terminals. The source
transistor is in a darlington configuration which can easily
deliver currents to 500mA under all operating conditions but
at the cost, however, of a higher saturation voltage. The sink
transistor is designed for very low saturation voltage: approxi-
mately 0.5 volts at 500mA. It does, however, need greater base
drive to meet those high currents. This can be provided either
by raising the supply voltage above 5V, or by adding a boost
drive current through D6. The saturation characteristics of
both source and sink are shown in Figures 3 and 4.

T

I }

T T
Collector to Emitter Voltage s
VG to Emitter Voltage == ==

vee =5V

Saturation Voltage - V

200 300
Collector Current — mA
FIGURE 3 — SATURATION CHARACTERISTICS OF
THE $G1627 SOURCE TRANSISTOR
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FIGURE 4 — SATURATION CHARACTERISTICS
OF THE SG1627 SINK TRANSISTOR

THE TOTEM-POLE OUTPUT CONFIGURATION

One of the simplest uses of the SG1627 is illustrated in Figure 5
where the output is configured to provide a constant 300mA
turn-on command to an external switching transistor together
with a high peak turn-off current. Note that the logic on the
SG1627 is being driven directly from the 5V reference terminal
of an SG1524 P.W.M. control I.C. The logic inputs are directly
connected to the open collector output transistors of the
SG1524 with no additional interfacing components. The out-
put current of the SG1627 comes from the input voltage, which
in this case is approximately 10V, but the use of R2 provides a
constant source drive regardless of input voltage variations.

Vin = 410V

FIGURE 5 — IN A 300mA OUTPUT “TOTEM POLE” CONFIGURATION,
THE SG1627 INTERFACES DIRECTLY WITH THE SG1524
REGULATING P.W.M. CONTROL CIRCUIT.

Resistor R3 is used to build up a voltage drop across capacitor
C1. At turn-off, the energy stored in C1 provides both a nega-
tive voltage to the base of the power switching transistoy and
the boost drive current necessary to saturate the sink transistor
during peak discharge currents of approximately 500mA. With
this magnitude of reverse base current (Ib2), transistor turn-off
is greatly accelerated.

There are two considerations to remember in this configuration.
The first is that the maximum output voltage will be less than
the value of Vcc because the source transistor operates as an




emitter follower. With Vcc = 5 volts in this case, the peak out-
put voltage is approximately 3 volts. The other consideration is
power dissipation in the source transistor when using it in the
constant current mode since it will absorb any excess voltage
after current limiting.

The performance of this application is illustrated in Figure 6
which shows the base current into the external switching
transistor. One can see both the constant drive current of about
300mA and the rapid, peak negative turn-off current in excess
of 500mA. Note that the delays through the SG1627 are less
than 50 nanoseconds making a very fast responding circuit.

+4.0v
+2.0V
0.0
+0.5A
0.0

-0.5A

200 ns/dixision

FIGURE 6 — OUTPUT CURRENT TRANSFER FUNCTION

An alternate configuration shown in Figure 7 pictures the
SG1627 with a higher value of supply voltage. This offers at
least two advantages; first of all, it allows the output voltage
swing to rise considerably higher remembering that the source
as an emitter follower can rise to approximately 2V below the
input supply voltage. The other benefit is in providing greater
drive current for the sink transistor allowing 500mA saturation
without the need for additional boost current. Because of the
large supply voltage across the source transistor, power dissipa-
tion can be a problem. This probably means a reduced source
current if current limiting is required, although the use of resis-
tor R1 to absorb some of the voltage drop will reduce the
power dissipation within the SG1627.

Vin = 420V

100 mA
Constant

Power
Switching
Transistor

FIGURE 7 — HIGHER INPUT VOLTAGES CAN BE USED TO PROVIDE
DRIVE FOR HIGHER SINK-TRANSISTOR CURRENTS
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Recognizing the potential for package power limitations, it is
important to consider the use of the SG 1627 with various types
of power boosting circuitry. Maximum flexibility for the use of
external current boosting transistors is maintained by the un-
committed availability of both the collector and emitter ter-
minals of both the source and sink transistors. Figure 8, for
example, shows the use of an external PNP transistor to boost
the source current to 1 amp. The use of the PNP transistor in
this configuration still allows current sensing to be used for
constant current operation. |f constant current operation is not
required, an NPN emitter follower booster could also be used.
The use of a single boost transistor as shown in Figure 8 makes
a powerful drive circuit as one can now drive one amp of turn-
on current into a switching power transistor and still have
500mA of turn-off current through the sink transistor.

Vin

ower
Switching
Transistor

FIGURE 8 — INCREASED SOURCE CURRENT WITH THE USE
OF AN EXTERNAL BOOST TRANSISTOR

DUAL PHASE OUTPUTS

The SG1627 does not need to be committed to totem pole
operation. The source and sink transistors can be separated and
used independently for dual opposite-phased outputs. Figure 9
shows the operation with both source and sink transistor emit-
ters grounded and each used as a common emitter amplifier
driving an external load resistor. Figure 9 also shows the use of
an external resistor R1 to provide additional drive current boost
to the sink transistor. This will allow the sink transistor to pro-
vide full 500mA operation with only a 5 volt supply. The res-
ponse characteristics of this type of configuration are shown in
Figure 10, which pictures the response of both source and sink
with 24 ohm load resistors to inputs at both the inverting and
the non-inverting logic inputs. Note again the minimum delay
of both outputs; less than 100 nanoseconds from input to out-
put on both source and sink.
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FIGURE 9 — SEPARATE DUAL-PHASE OUTPUTS WITH ADDITIONAL
DRIVE CURRENT FOR 500mA SINK TRANSISTOR OPERATION

200 ns/dwision
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FIGURE 10 — SOURCE AND SINK RESPONSE CHARACTERISTICS

This use of the source and sink as separate outputs provides
significant benefit for driving a transformer, as illustrated in
Figure 11. In this example, the primary winding of the trans-

former is driven by the source transistor with its emitter

grounded. Constant current operation is shown with the in-

usion of the sense resistor, R2, but voltage switching could as
easily be accomplished by merely shorting together the sense
terminals. To provide greater efficiency in the magnetic design,
a reset winding is added and shown being driven by the sink
transistor. This ensures that the magnetic flux is reset to zero
between each pulse. Of course, the sink transistor opens up

every time the source transistor drives the primary winding.

Halt
561627

FIGURE 11 — DRIVING AN OUTPUT TRANSFORMER
WITH THE SG1627
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An additional illustration of the versatility of the SG1627 is
shown in Figure 12, where the non-inverting logic input is used
to provide a positive guarantee that both sides of a push-pull
inverter cannot be on at the same time. This circuit is shown
using the inverting input as the primary drive path, which will
force the source transistor to be on when the control circuit
transistor is conducting. The non-inverting input is then diode-
coupled to the opposite side of the inverter and senses satura-
tion of the external power switch. If the collector of the
opposite transistor is low, holding the non-inverting input low,
then regardless of what happens at the inverting input terminal,
the output source on that side cannot be turned on. The sink
will remain on, holding the output low until a rising collector
voltage on the opposite side removes the non-inverting input at
which time the command signal will then come through the
SG1627 and turn on the correct side. This circuit is particularly
useful as a protection against cross-conduction of the output
transistors during transient conditions at power-on or overload.

5G1627

FIGURE 12 — SIMULTANEOUS CONDUCTION OF THE TWO OUTPUT
TRANSISTORS IS PREVENTED BY GATING WITH THE
NON-INVERTING INPUTS.

The above examples have been chosen to illustrate the versa-
tility and performance of this new device designed to interface
between a low level pulse width modulating control circuit and
the high power switching transistors used in all modern--day
switching power supply designs.

THE SG1629 HIGH CURRENT FLOATING SWITCH DRIVER

A second interface circuit to be discussed in this paper is the
SG1629 illustrated in Figure 13. This device has been designed
to provide an interface between a drive transformer secondary
winding and a high power switching transistor, and again pro-
vide the proper signal conditioning to adequately deliver both
turn-on and turn-off current into the base of that switching
transistor. More importantly, its design is such that it requires
no external power connection but develops all the power for




both turn-on and turn-off from the drive transformer and an
With this capability, the SG1629
can be used in floating operation for bridge inverters at voltages

external storage capacitor.

in excess of 300V with respect to ground. This circuit also
contains the capability for constant current drive operation
with a similar type of current sensing circuit and an external
current sensing resistor.
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FIGURE 13 — THE SG1629 HIGH-CURRENT,
FLOATING SWITCH DRIVER

CIRCUIT OPERATION

The SG1629 functions with a center-tapped drive transformer
secondary winding such that when a turn-on command is pre-
sent and current is flowing in the upper half of the secondary
winding through the source transistor and into the base of the
power switching transistor, a current is also flowing in the lower
portion of the transformer secondary through the high current
rectifier to charge the external capacitor Cg to a negative
voltage. When the drive command ‘terminates, this negative
voltage is used to turn on the sink transistor which then pulls a
negative Ib2 current from the base of the switching power
transistor down to the negative voltage on the capacitor
providing again a high peak turn-off current to speed the res-
ponse and minimize the power losses in the switching transistor.
For maximum versatility, this circuit also contains several gating
options.

In Figure 14, the schematic of the SG1629 shows two power
darlington transistor structures, each capable of handling an
excess of 2 amps of current: Q3/Q4 as the source, and Q6/Q7
forming the sink. Transistor Q5 provides current sensing with
feedback to provide constant current operation. The source
transistor is turned on by conduction of drive current through
resistor R2. The drive current for the source transistor is gated
on and off through the action of Q1 which senses the input
voltage and provides a turn-off of the source transistor between
each drive current pulse.
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FIGURE 14 — THE SCHEMATIC OF THE SG1629. TRANSISTORS
Q4 AND Q7 ARE DESIGNED FOR TWO-AMP OPERATION.

The darlington sink transistor has its input brought out as a
separate sink drive terminal which gives the user several driving
options. In addition, the sink driving current can be gated by
the use of Q2, which has its own input terminal. The diodes D1
and D2 are high current rectifiers which provide the charging
current for the external capacitor attached to the sink emitter
terminat. The action of transistor Q1 to gate the source tran-
sistor insures that there is negligible discharge current (less than
10mA) from the external capacitor during the off periods of the
This allows the capacitor to be charged with very
narrow drive pulses separated by relatively long off periods.

circuit.

The SG1629 is packaged in both a multi-pin TO-66 power
package and an 8-pin minidip. Having no sensitive, low-current
circuitry, this device can be operated with a maximum junction
temperature of 175°C which, coupled with a low ©5C thermal
resistance of 50C/W, gives the TO-66 package a 3 Watt capa-
bility in free air and 10 Watts or more with some heat sinking.
Because of the versatility of this device, it was felt that there
may be applications for lower power requirements and thus the
SG1629 will also be available in an 8-pin ceramic minidip pack-
age which, of course, has a power dissipation of only 800mW.
With one pin less in the 8-pin minidip package, the sink gating
function is sacrificed.

SG1629 APPLICATIONS

The use of the SG1629 can best be demonstrated in an appli-
cation as shown in Figure 15 where two SG1629’s are used to
provide the drive signals for the power transistors in a 5 amp
one-half bridge switching supply. The drive transformer is
shown with 10 volt drive signals on the primary winding which,
with a 2:1 transformer turns ratio, provides a 5V peak signal on
each half of the secondary. When the drive command is present
on one secondary, it is translated into a constant current
through the source transistor by the use of the sense resistor,



Res, which, in this case, provides a constant 700mA into the
base of the external NPN transistor. At the sameé time, the 20
microfarad external capacitor is being charged with a current
through the rectifier in the SG1629 and the lower half of the
secondary winding. While this is occurring, the opposite phase
signal is being applied to the lower SG1629 circuit which serves
to further enhance the charge on its external capacitor while
maintaining the power switch in the off state.

Drwver P
207 3

2

oV —-—y
P

Driver

Same $G1629 Circunt
as above

FIGURE 15 — USE OF THE SG1629 IN A 5-AMP,
HALF-BRIDGE CONVERTER

When the drive command terminates, the voltage at both ends
of the secondary winding goes to zero. Since there is approxi-
mately -4V at the emitter of the sink transistor while its base is
being driven through the external drive resistor, RB, to zero
volts, the sink transistor then immediately turns on and pulls a
high current 1b2 pulse out of the external transistor and
through the capacitor. This current, of course, only flows as
long as it is available from the stored charge within the base of
the external transistor as the source has been gated off. After
that charge is depleted, the sink transistor remains on insuring

a negative reverse voltage at the base of the switch transistor.

The performance of the SG1629 can be illustrated by the wave-
form photographs in Figures 16 through 18. In Figure 16, the
command signal from one channel of the control circuitry and
the waveform of the drive transformer primary voltage are
shown. The voltage on the secondary winding, referenced to
the centertap and the power transistor emitter, is pictured in
Figure 17. Also shown in this photograph is the input voltage
at the base of the external NPN transistor. Note that at the
very first portion of this waveform, when the opposite side is
on, there is an additional negative charge supplied to the capa-
citor so that we have a maximum reverse base-to-emitter vol-
tage of close to -4V. During the off time, the action of the sink
transistor maintains a negative voltage bias of approximately
-3V on the base of the power transistor. When the drive com-

mand is given to turn on, the base voltage goes. positive to the
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0.7 or so volts necessary to turn it on and at turn-off, goes
negative again. The important action is shown in Figure 18
which pictures the actual base current of the power transistor
with a scale of one amp per division. Both the constant turn-on
Ib1 of about % amp and the peak 1b2 of close to -2 amps can
be seen along with the collector voltage waveform with a 5 amp
resistive load. Remembering that the time base of all these
waveform photographs is 5 microseconds per division, one can
see approximately one microsecond delay between the turn-off
signal at the base and the actual turn-off of the coliector of the
output transistor. Although this turn-off response is primarily
a function of the transistor design, it is safe to say that any
power switching transistor should perform faster with this form

of base drive.

Time Base:
Upper Trace:
Lower Trace:

5 uSec/Division
P.W.M. Control Signal
Drive Transformer Primary

FIGURE 16 — INPUT CONTROL TO THE DRIVE TRANSFORMER

Time Base:
Upper Trace:
Lower Trace:

5 ySec/Division
Drive Transformer Secondary
Power Transistor Base Voltage

FIGURE 17 — THE BASE VOLTAGE DELIVERED TO THE EXTERNAL
POWER SWITCHING TRANSISTOR BY THE SG1629
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Time Base:
Upper Trace:

6 uSec/Division
Transistor Base Current
Lower Trace: Collector Voltage with R =20

FIGURE 18 — BASE CURRENT AND COLLECTOR VOLTAGE OF
THE EXTERNAL SWITCHING TRANSISTOR

Note that one can also see in the collector waveform a soft knee
at turn-on where the power transistor is not saturated instanta-
neously. This is partially because of the turn-on characteristics
of the transistor and partially because of the finite rise time of
base current through the driving circuitry. This rise time is
primarily a function of the leakage inductance of the drive
transformer which opposes a sudden change in current from
zero to maximum value. It is an exercise in transformer design
to configure the transformer to minimize to the greatest extent
possible the leakage inductance. This can be done with a
minimum number of turns and a maximum coupling between
turns. In the illustration, a ferrite pot core of approximately
%" in diameter was used to configure the drive transformer.
More will be said about turn-on rise time later, but first let’s
discuss one additional characteristic of concern in the turn-off
circuitry:

The operation with very narrow puls

Since the charge on the external capacitor is developed during
the turn-on command, narrow pulse widths accomplish the
As the drive
command pulse widths get narrower, there is a point where the
voltage on the external capacitor begins to fall off. With the
circuit components as shown earlier, this loss of Ib2 occurs at
approximately 2 microsecond pulse widths. Figure 19 shows

transfer of a minimum amount of energy.

the base current and collector voltage waveforms at narrow
pulse widths where the Ib2 has diminished from 2 amps down
to approximately % of an amp.
width bring the Ib2 current ultimately to zero. This charac-

Further reductions in pulse

teristic is, of course, a function of the time constants in the
total circuit and some compromise or optimization can be
achieved by appropriate selection of capacitor values and
secondary drive voltages.

The above circuit incorporated constant current drive which is
an advantage if the load current happens to be relatively con-
stant but in many applications this is not the case. The SG1629
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Time Base:
Upper Trace:
Lower Trace: Collector Voltage with R =20

5 uSec/Division
Transistor Base Current

FIGURE 19 — OPERATION WITH NARROW PULSE WIDTHS

may also be used to provide a base drive proportional to load
demand by adding an anti-saturation clamp diode as shown in
Figure 20. With the current sense terminals shorted, there are
two Vg voltage drops between the clamp and source emitter
terminals. Therefore, the clamp diode D1 will hold the col-
lector on voltage to approximately one diode drop above the
base. This will keep the switching transistor right at the
threshold of saturatiofr, regardless of load current variations.

‘Anti-Saturation Clamp
N
561629 o
=== T
5 TR
s |
]
1 1
IIEI | ] +
] ! |
2 3 |
4
b _1

FIGURE 20 — USE OF THE SG1629 IN A LOAD-DEPENDENT
DRIVE CONFIGURATION

IMPROVING TURN-ON RESPONSE

In applications where maximizing base current rise time is
important and secondary transformer inductance is a significant
consideration, the use of the gating functions in the SG1629
Figure 21 shows the addition
of an external transistor Q1 to drive the sink transistor’s gate

can provide significant benefits.

circuit. To explain the operation of this circuit, note that the
sink transistor’s base drive is now being generated with RB
connected to the common or center tap of the drive trans-
former secondary instead of the negative input terminal. This is
essentially zero volts and since the emitter of the sink transistor



FIGURE 21 — IMPROVING BASE CURRENT TURN-ON RISE TIME

is attached to the capacitor which has a negative voltage on it,
the sink transistor would normally be on continuously. Tran-
sistor Q1 is selected as a relatively slow non-gold-doped tran-
sistor which has a finite storage time. Its action is to turn the
sink transistor off during the drive command signals, but to
Note that
before the commencement of a drive command, the sink

delay that off signal for some increment in time.

transistor is on by the action of RB. Transistor Q1 is also
saturated by its base resistor being connected to the end of the
transformer which is also at zero volts prior to the command
signal.

When the drive command is initiated, current begins to build up
in the secondary circuit and the first flow of current is through
the source transistor, through the current limiting resistor,
down through the sink transistor which is still conducting, and
back to the negative terminal on the transformer secondary.
The switching transistor is still back-biased while this occurs.
Because the input to transistor Q1 is now at a negative voltage,
it turns off, but since it has a finite storage time, that time is
used to delay the rise of the input to the sink gate. Additional
delay can be added with a small capacitor at the sink gate input
terminal. When the input to the sink gate goes high, its output
goes low, forcing the sink transistor to turn off. Since the
source current is already flowing, turn-off of the sink diverts
that current to the base of the output transistor producing an

Ib1 rise time of less than 100 nanoseconds.

When the action is reversed at turn-off, there is negligible in-
crease in delay between the turn-off signal and the actual turn-
This is because Q1 is the only device
with a long storage time and it is turning on so storage is not a

on of the sink transistor.

factor.
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Another method of speeding up the rise time of current into the
base is the use of some reactive components to differentiate the
drive current signal. A simple approach is a capacitor by-pass
around the current sense resistor, Rcs, providing an initial boost

in turn-on current.
GETTING IT ALL TOGETHER

The overall simplifications which Silicon General has offered to
the design of switch mode power converters can best be illus-
trated by Figure 22 which shows the total command signal flow
from the feedback error information to the output of a high
The SG1524 was
desigried to provide all of a switching regulator’s P.W.M. control

current half-bridge regulating inverter.

signals with the only external components required being the
divider resistors to interface with the error amplifier, the overall
loop compensation network, and the resistor and capacitor to
set the operating frequency. The SG1524 drives the SG1627
directly which,
develop the drive and reset commands to an interstage drive

in turn, provides the signal conditioning to
transformer. The secondary windings of that drive transformer
aie directly coupled into a pair of SG1629 floating drivers
which are then used to command the external 5 amp switching
transistors which form the high power output stage of the
power supply.

These circuits have all been designed to offer a maximum degree
of flexibility while incorporating what would otherwise be a
substantial amount of discrete circuitry.

Thus, all these new IC’s greatly ease the design and manufac-
turing problems typically inherent in switching power supplies
and,

at the same time, provide greater repeatability and

reliability at significantly reduced costs.

Fredback

SG1524 6
1627

I
1t

FIGURE 22 — THREE IC TYPES FORM A MAJOR PORTION OF THE CONTROL
ELECTRONICS FOR A SWITCH-MODE HALF-BRIDGE CONVERTER.
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Representatives

ALABAMA
Contact Factory

ALASKA
Contact Factory

ARIZONA

Q.T. Wiles & Associates
3101 East Shea Boulevard
Suite 219

Phoenix, Arizona 85028
(602) 971-6250

TWX: 910-950-1199

ARKANSAS

West Associates

13608 Midway, Suite 103
Dallas, Texas 75241
(214) 661-9400

TWX: 910-860-5433

CALIFORNIA (Northern)

Brooks Technical Group
2465 East Bayshore Road
Palo Alto, California 94303
(415) 328-3232

TWX: 910-373-1198

CALIFORNIA (Southern)

Q.T. Wiles & Associates
11340 W. Olympic Blvd., #355
Los Angeles, California 90064
(213) 478-0183

TWX: 810-342-6997

Q.T. Wiles & Associates
2101 East 4th Street

Suite 125, Building A

Santa Ana, California 92705
(714) 973-2162

Q.T. Wiles and Associates
7894 Dagget Street, Suite 103
San Diego, California 92111
(714) 571-1544

COLORADO

D-Z Associates, Inc.

70 West 6th Avenue, #109
Denver, Colorado 80204
(303) 534-3649

Telex: 45-720

CONNECTICUT

Bell Controls

111 Lock Street
Nashua

New Hampshire 03060
(603) 882-6984

TWX: 710-228-6753

DELAWARE

Conroy Sales

26 West Pennsylvania Avenue
Baltimore, Maryland 21204
(301) 296-2444

FLORIDA

H.H.P.

1651 West McNab Road
Ft. Lauderdale

Florida 33309

(305) 971-5750

TWX: 510-956-9402

H.H.P.

139 Candace Drive
Maitland, Florida 32751
(305) 831-2474

TWX: 810-853-0256

GEORGIA
Contact Factory

HAWAII

Brooks Technical Group
2465 East Bayshore Road
Palo Alto, California 94303
(415) 328-3232

TWX: 910-373-1198

IDAHO

N.R. Schultz Company
P.O. Box 156

Beaverton, Oregon 97005
(503) 643-1644

TWX: 910-467-8707

ILLINOIS

The John G. Twist Company
1301 Higgins Road

Elk Grove Village

Hlinois 60007

(312) 593-0200

TWX: 910-222-0433

INDIANA

SAIl Marketing Corp.
Corporate Square West
5610 Crawfordsville Road
Suite 902

Indianapolis, Indiana 46224
(317) 241-9276

IOWA

Sand O Sales

1930 St. Andrews N.E.
Cedar Rapids, lowa 52402
(319) 393-1845

TWX: 910-525-1317

KANSAS

The John G. Twist Company
3500 West 17th Street
Prairie Village, Kansas 66208
(913) 236-4646

TWX: 910-743-6843

The John G. Twist Company
260 North Rock Road, #240
Wichita, Kansas 67220

(316) 686-6685

TWX: 910-741-6874

KENTUCKY

SAI Marketing Corp.
35 Compark Road
Centerville, Ohio 45459
(513) 435-3181

TWX: 810-459-1647

LOUISIANA

West Associates

13608 Midway, Suite 103
Dallas, Texas 75241
(214) 661-9400

TWX: 910-860-5433

MAINE

Bell Controis

111 Lock Street
Nashua

New Hampshire 03060
(603) 882-6984

TWX: 710-228-6753

MARYLAND

Conroy Sales

26 West Pennsylvania Avenue
Baltimore, Maryland 21204
(301) 296-2444

MASSACHUSETTS

Bell Controls

111 Lock Street
Nashua

New Hampshire 03060
(603) 882-6984

TWX: 710-228-6753

MICHIGAN

SAl Marketing Corp.
P.O.Box N

Brighton, Michigan 48116
(313) 227-1786

TWX: 810-242-1518

MINNESOTA

Comstrand

2852 Anthony Lane South
Minneapolis

Minnesota 55432

(612) 788-9234

TWX: 910-576-0924

MISSISSIPPI
Contact Factory

MISSOURI

The John G. Twist Company
677 Craig Road

St. Louis, Missouri 63141
(314) 432-2830

TWX: 910-764-0823

NEBRASKA

The John G. Twist Company
3100 North 14th Street
Lincoln, Nebraska 68521
(402) 474-5151

NEVADA (Clark County only)

Q.T. Wiles & Associates
3101 East Shea Boulevard
Suite 219

Phoenix, Arizona 85028
(602) 971-6250

TWX: 910-950-1199

NEVADA
(Except Clark County)

Brooks Technical Group
2465 East Bayshore Road
Palo Alto, California 94303
(415) 328-3232
TWX:910-373-1198

NEW HAMPSHIRE

Bell Controls

111 Lock Street
Nashua

New Hampshire 03060
(603) 882-6984

TWX: 710-228-6753

NEW JERSEY

R.T. Reid Associates, Inc.
705 Cedar Lane

Teaneck, New Jersey 07666
(201) 692-0200

TWX: 710-990-5086
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NEW MEXICO
Contact Factory

NEW YORK (Except NYC)

Ontec Electronic Marketing
474 Thurston Road
Rochester, New York 14619
(716) 464-8636

TWX: 510-253-3841

NEW YORK CITY

R.T. Reid Associates, inc.
705 Cedar Lane

Teaneck, New Jersey 07666
(201) 692-0200

TWX: 710-990-5086

NORTH CAROLINA

Component Sales
P.O. Box 18821
Raleigh

North Carolina 27609
(919) 782-8433

TWX: 510-928-0513

NORTH DAKOTA

Comstrand

6279 University Avenue
Minneapolis

Minnesota 55432

(612) 571-0000

TWX: 910-576-0924

OHIO

SAIl Marketing Corp.
Shaker Building

3645 Warrenville Center Road

Suite 318

Shaker Heights, Ohio 44122
(216) 751-3633

TWX: 810-421-8289

SAIl Marketing Corp.
35 Compark Road
Dayton, Ohio 45459
(513) 435-3181

TWX: 810-459-1647

OKLAHOMA

West Associates

13608 Midway, Suite 103
Dallas, Texas 75241
(214) 661-9400

TWX: 910-860-5433

OREGON

N.R. Schuitz Company
P.O. Box 156

Beaverton, Oregon 97005
(503) 643-1644

TWX: 910-467-8707

PENNSYLVANIA (Eastern)

Conroy Sales

26 West Pennsylvania Avenue
Baltimore, Maryland 21204
(301) 296-2444

PENNSYLVANIA (Western)

SAl Marketing Corp.
1050 Freeport Road
Pittsburgh
Pennsylvania 15238
(412) 782-5120
TWX: 810-427-9443

RHODE ISLAND

Bell Controls

111 Lock Street
Nashua

New Hampshire 03060
(603) 882-6984

TWX: 710-228-6753

SOUTH CAROLINA

Component Sales
P.O. Box 18821
Raleigh

North Carolina 27609
(919) 782-8433

TWX: 510-928-0513

SOUTH DAKOTA

Comstrand

6279 University Avenue
Minneapolis

Minnesota 55432

(612) 571-0000

TWX: 910-576-0924

TENNESSEE

Component Sales
P.O.Box 18821
Raleigh

North Carolina 27609
(919) 782-8433

TWX: 510-928-0513

TEXAS

West Associates
4300 Alpha Road
Suite 106

Dallas, Texas 75234
(214) 661-9400
TWX: 910-860-5433

West Associates

8403 Shoal Creek Road
Austin, Texas 75758
(512) 451-2456

West Associates

9730 Town Park, #101
Houston, Texas 77036
(713) 777-4108

UTAH

D-Z Associates, Inc.

2520 South State Street
Suite 167

Salt Lake City, Utah 84115
(801) 486-4251

VERMONT

Bell Controls

111 Lock Street
Nashua

New Hampshire 03060
(603) 882-6984

TWX: 710-228-6753

VIRGINIA

Conroy Sales

26 West Pennsylvania Avenue
Baltimore, Maryland 21204
(301) 296-2444

WASHINGTON

N.R. Schuitz

P.O. Box 159

Bellevue, Washington 98009
(206) 454-0300

TWX: 910-443-2329



Representatives

WEST VIRGINIA

SAl Marketing Corp.

3 Commerce Park Building
Suite 140H

Beachwood, Ohio 44122
(216) 292-2982

TWX: 810-427-9443

WISCONSIN (Northern)

Comstrand

2852 Anthony Lane South
Minneapolis

Minnesota 55432

(612) 788-9234

TWX: 910-576-0924

WISCONSIN (Southern)

The John G. Twist Company
909 North Mayfair Road
Wauwatosa, Wisconsin 53226
(414) 475-7755

TWX: 910-262-1185

WYOMING

D-Z Associates, Inc.

70 West 6th Avenue, #109
Denver, Colorado 80204
(303) 534-3649

Telex: 45-720

FOREIGN
AUSTRALIA

A.J.F. Systems and
Component Pty. Ltd.

44 Prospect Road
Prospect, S. Australia 5082
Tel: 51-6895

Telex: 82635

AUSTRIA

Bacher GMBH
A1120 Wien
Rotenmuhig 29
Tel: 93-0143

BELGIUM

Sotronic N.V.

Rue Pere De Deken 14
Pater De Deken Straat 14
1040 Brussels

Tel: 02-7361007

Telex: 846-21420

CANADA (Except B.C.)

RFQ Limited

385 The West Mall, 209
Etobicoke, Ontario MOC1E7
Tel: (416) 626-1445

TWX: 610-492-2540

RFQ Limited
P.O.Box 213

Dollard Des Ormeaux
Quebec HIG2H8

Tel: (514) 694-5724
Telex: 05-821762

CANADA (B.C. only)

N.R. Schultz

P.O. Box 159

Bellevue, Washington 98009
Tel: (206) 454-0300

TWX: 910-443-2329

DENMARK

E.V. Johanssen Elektronik
15 Titangade

DK-2200

Copenhagen N

Tel: (01) 839022

Telex: 885-16522

FINLAND

Hilvonen Technical Products
P.O. Box 201

00251 Helsinki 25

Tel: (90) 440082

Telex: 12-1886

FRANCE

Radio Equipements-Antares
Boite Postale No. 5

92301 Levallois-Perret
Paris, France

Tel: 758-11-11

Telex: 842-620630

GERMANY

Neumutier GMBH

8021 Munchen/Taufkirchen
Eschenstr, 2

Tel: 089-6118-1

Telex: 5-22106

Astronic GMBH
Winzererstr 47D
8000 Munich 40
West Germany
Tel: 089 3040 11
Telex: 5216187

INDIA

Zenith Electronics

541, Panchratna

Mama Parmanand Marg
Bombay-400 004

Tel: 384214

Telex: 011-3152

ISRAEL

Talviton Electronics Ltd.
P.0.B. 21104

9, Biltmor Street

Tel Aviv, Israel

Tel: 44-45-72

Telex: VITKO 03-3400

ITALY

1.5.A.B. Spa.
20125 Milano

Via Achille Bizzoni 2
Italy

Tel: 68-86-306
Telex: 36655

NORWAY

Henaco

Okern Torgvei 13
Boks 248

Okern, Oslo 5, Norway
Tel: 15-75-50

Telex: 16716 HENACN

JAPAN

Hakuto Company Ltd.
C.P.0.Box 25

Tokyo 100-91, Japan
Tel: 03-502-2211
Telex: J22912A

SOUTH AFRICA

Electronic Bldg. Elements
South Africa (Pty) Ltd.
P.O. Box 4609

Pretoria, South Africa

Tel: 78-9221

Telex: 960-440181

SWEDEN

Svensk Teleindustri AB
Box 5024

S-16205 Vallingby 5
Sweden

Tel: 08-89 04 35

Telex: 13033

SWITZERLAND

Dimos AG
Badenerstrasse 701
CHB8048 Zurich
Tel: 01-626-140
Telex: 855/52028

UNITED KINGDOM

Walmore Electronics Ltd.
11-15 Betterton St.
Drury Lane

London WC2H9BS
England

Tel: 01-8361228

Telex: 28752
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Distributors

ALABAMA

Powell Electronics

700 Arcadia Circle
Huntsville, Alabama 35801
(205) 539-2731

TWX: 810-726-2231

ARIZONA

Kachina Electronics
1425 North 27th Lane
Phoenix, Arizona 85009
(602) 269-6201

R.V. Weatherford

3355 West Earll Drive
Phoenix, Arizona 85017
(602) 272-7144

TWX: 910-951-0636

CALIFORNIA (Northern)

Diplomat/Westland

1283 “F” Mt. View-Alviso Road
Sunnyvale, California 94086
(408) 743-1900

Intermark Electronics

1020 Stewart Drive
Sunnyvale, California 94086
(408) 738-1111

Western Microtec

10040 Bubb Road
Cupertino, California 95014
(408) 725-1660

TWX: 910-338-0013

CALIFORNIA (Southern)

Emitter Electronics

3209 West Warner Avenue
Santa Ana, California 82704
(714) 557-7131

TWX: 910-595-1704

Intermark Electronics

1082 East Carnegie

Santa Ana, California 92705
(714) 540-1322

Intermark Electronics

4040 Sorrento Valley Road
San Diego, California 92121
(714) 279-5200

Jaco Electronics

20600 Plummer Street
Chatsworth, California 91311
(213) 998-2200

TWX: 910-494-4917

R.V. Weatherford

1550 Babbitt Avenue
Anaheim, California 92805
(714) 547-0891

TWX: 910-593-1334

R.V. Weatherford

6921 San Fernando Road
Glendale, California 91201
(213) 849-3451

TWX: 910-498-2223

R.V. Weatherford

1095 East 3rd Street
Pomona, California 91766
(714) 623-1261

(213) 966-8461

TWX: 910-581-3811

R.V. Weatherford

7872 Raytheon Road

San Diego, California 92111
(714) 278-7400

TWX: 910-335-1570

COLORADO

R.V. Weatherford

3905 South Mariposa
Englewood, Colorado 80110
(303) 761-5432

TWX: 910-933-0173

CONNECTICUT

J.V. Electronics
690 Main Street
East Haven
Connecticut 06152
(203) 469-2321

FLORIDA

Diplomat/Southland
2120 Calumet Street
Clearwater, Florida 33515
(813) 443-4514

Electronic Equipment Co., Inc.
4027 N.W. 24th Street
Miami, Florida 33152

(305) 871-3500

Telex: 51-9120

Powell Electronics

1744 N.W. 69th Avenue
Miami Springs, Florida 33166
(305) 592-3260

TWX: 810-848-8040

ILLINOIS

R.M. Electronics

47 Chestnut Lane
Westmont, Illinois 60599
(312) 323-9670

Diplomat/Lakeland
2451 Brickvale Drive
Elk Grove Village
Ilinois 60007

(312) 595-1000

Newark Electronics
500 North Pulski Road
Chicago, lllinois 60624
(312) 638-4411

TWX: 910-221-0268

INDIANA

Sheridan Sales

8790 Purdue Road
Indianapolis, Indiana 46268
(317) 297-3146

IOWA

Deeco

2500 16th Avenue, S.W.
Cedar Rapids, lowa 52406
(319) 365-7551

TWX: 910-525-1332

MARYLAND

Powell Electronics

10728 Hanna Street
Beltsville, Maryland 20705
(301) 937-4030

TWX: 710-828-9710

Technico Inc.

9130 Red Branch Road
Columbia, Maryland 21045
(301) 995-1985

MASSACHUSETTS

Diplomat/IPC

559 East Street
Chicopee Falls
Massachusetts 01020
(413) 592-9441

Diplomat/New England, Inc.
Kuniholm Drive

Holliston

Massachusetts 01746

(617) 429-4120

Gerber Electronics

852 Providence Highway
Dedham

Massachusetts 02626
(617) 329-2400

TWX: 710-394-0634

Green-Shaw Company
70 Bridge Street
Newton
Massachusetts 02195
(617) 969-8900

Telex: 92-2498

HarveyR& D

44 Hartwell Avenue
Lexington
Massachusetts 02173
(617) 861-9200

TWX: 710-326-6617

MICHIGAN

Diplomat/Northland

32708 West 8 Mile Road
Farmington, Michigan 48024
(313) 477-3200

Sheridan Sales

P.O. Box 529

Farmington, Michigan 48024
(313) 477-3800

MINNESOTA

Diplomat/Electro-Com

3816 Chandier Drive
Minneapolis, Minnesota 55421
(612) 788-8601

Industrial Components
5280 West 74th Street
Edina, Minnesota 55435
(612) 831-2666

TWX: 810-576-3153

MISSOURI

Diplomat, Inc.

2725 Mercantile Drive
St. Louis, Missouri 63144
(314) 645-8550

Olive Industrial Elect.
9910 Page Boulevard

St. Louis, Missouri 63132
(314) 426-4500

TWX: 910-763-0720

Sheridan Sales

P.O. Box 677

Florissant, Missouri 63033
(314) 837-5200

NEW JERSEY

Diplomat/IPC

490 South Riverview Road
Totowa, New Jersey 07512
(201) 785-1830

176

NEW MEXICO
Contact Factory

NEW YORK

Diplomat Electronics

303 Crossways Park Drive
Woodbury, New York 11797
(516) 921-9373

Telex: 14-4678

Pride Electronics
115 Rome Street
Farmingdale, L.1
New York 11735
(516) 293-4020
TWX: 510-224-6138

Jaco Electronics
145 Oser Avenue
Hauppauge, L.1.,
New York 11787
(516) 273-5500
TWX: 510-227-6232

Summit Electronics

916 Main Street

Buffalo, New York 14202
(716) 884-3450

TWX: 710-522-1692

Summit Electronics

292 Commerce Drive
Rochester, New York 14623
(716) 334-8110

Zeus Components Inc.
500 Executive Boulevard
Eimsford, New York 10523
(914) 592-4120

TWX: 710-567-1248

OHIO

Sheridan Sales

23224 Commerce Park Road
Beachwood, Ohio 44122
(216) 831-0130

Sheridan Sales

P.O. Box 37826
Cincinnati, Ohio 45222
(513) 761-5432

TWX: 810-461-2670

Sheridan Sales
2501 Neff Avenue
Daytori, Ohio 45414
(513) 223-3332

OREGON

Parrott Electronics, Inc.
8058 S.W. Nimbus Drive
Beaverton, Oregon 97005
(503) 641-3355

TWX: 910-467-8720

PENNSYLVANIA

Powell Electronics
South Island Road
Philadelphia
Pennsylvania 19101
(215) 365-1900
TWX: 710-670-0465

Sheridan Sales

4297 Greensburgh Pike
Suite 3114

Pittsburgh
Pennsylvania 15221
(412) 351-4000

TEXAS

Harrison Equipment
1616 McGowen
Houston, Texas 77004
(713) 652-4750

TWX: 910-881-2601

K.A. Electronics Sales
1220 Majesty Drive
Dallas, Texas 75247
(214) 634-7870

Quality Components
300 Huntland, Suite 236
Austin, Texas 78752
(512) 458-4181

Quality Components
4303 Alpha Road
Dallas, Texas 75240
(214) 387-4949

Quality Components
6126 Westline
Houston, Texas 77036
(713) 789-9320

R.V. Weatherford
10836 Grissom Lane
Dallas, Texas 75229
(214) 243-1571

TWX: 910-860-5544

R.V. Weatherford

3500 West T.C. Jester Bivd.
Houston, Texas 77018
(713) 688-7406

TWX: 910-881-6222

UTAH

Diplomat/Alta

3007 S.W. Temple

Salt Lake City, Utah 84115
(801) 486-7227

WASHINGTON

R.V. Weatherford

541 Industry Drive

Seattle, Washington 98188
(206) 575-1340

TWX: 910-444-2270

WISCONSIN

Marsh Electronics

1536 South 101st Street
Milwaukee, Wisconsin 53214
(414) 475-6000

TWX: 910-262-3322

CANADA

Future Electronics Corp.
44 Fasken Drive, Unit 24
Rexdale, Ontario

(416) 663-5563

Future Electronics Corp.
5647 Ferrier Street
Montreal, Quebec

(514) 694-5724

Telex: 05-821762

Intek Electronics Ltd.
7204 Main Street
Vancouver, B.C. V5X3J4
(604) 324-6831

TWX: 610-922-5032



	01982387 silicon general.tif
	01982389.tif
	01982391.tif
	01982392.tif
	01982393.tif
	01982394.tif
	01982395.tif
	01982396.tif
	01982397.tif
	01982398.tif
	01982399.tif
	01982400.tif
	01982401.tif
	01982402.tif
	01982403.tif
	01982404.tif
	01982405.tif
	01982406.tif
	01982407.tif
	01982408.tif
	01982409.tif
	01982410.tif
	01982411.tif
	01982412.tif
	01982413.tif
	01982414.tif
	01982415.tif
	01982416.tif
	01982417.tif
	01982418.tif
	01982419.tif
	01982420.tif
	01982421.tif
	01982422.tif
	01982423.tif
	01982424.tif
	01982425.tif
	01982426.tif
	01982427.tif
	01982428.tif
	01982429.tif
	01982430.tif
	01982431.tif
	01982432.tif
	01982433.tif
	01982434.tif
	01982435.tif
	01982436.tif
	01982437.tif
	01982438.tif
	01982439.tif
	01982440.tif
	01982441.tif
	01982442.tif
	01982443.tif
	01982444.tif
	01982445.tif
	01982446.tif
	01982447.tif
	01982448.tif
	01982449.tif
	01982450.tif
	01982451.tif
	01982452.tif
	01982453.tif
	01982454.tif
	01982455.tif
	01982456.tif
	01982457.tif
	01982458.tif
	01982459.tif
	01982460.tif
	01982461.tif
	01982462.tif
	01982463.tif
	01982464.tif
	01982465.tif
	01982466.tif
	01982467.tif
	01982468.tif
	01982469.tif
	01982470.tif
	01982471.tif
	01982472.tif
	01982473.tif
	01982474.tif
	01982475.tif
	01982476.tif
	01982477.tif
	01982478.tif
	01982479.tif
	01982480.tif
	01982481.tif
	01982482.tif
	01982483.tif
	01982484.tif
	01982485.tif
	01982486.tif
	01982487.tif
	01982488.tif
	01982489.tif
	01982490.tif
	01982491.tif
	01982492.tif
	01982493.tif
	01982494.tif
	01982495.tif
	01982496.tif
	01982497.tif
	01982498.tif
	01982499.tif
	01982500.tif
	01982501.tif
	01982502.tif
	01982503.tif
	01982504.tif
	01982505.tif
	01982506.tif
	01982507.tif
	01982508.tif
	01982509.tif
	01982510.tif
	01982511.tif
	01982512.tif
	01982513.tif
	01982514.tif
	01982515.tif
	01982516.tif
	01982517.tif
	01982518.tif
	01982519.tif
	01982520.tif
	01982521.tif
	01982522.tif
	01982523.tif
	01982524.tif
	01982525.tif
	01982526.tif
	01982527.tif
	01982528.tif
	01982529.tif
	01982530.tif
	01982531.tif
	01982532.tif
	01982533.tif
	01982534.tif
	01982535.tif
	01982536.tif
	01982537.tif
	01982538.tif
	01982539.tif
	01982540.tif
	01982541.tif
	01982542.tif
	01982543.tif
	01982544.tif
	01982545.tif
	01982546.tif
	01982547.tif
	01982548.tif
	01982549.tif
	01982550.tif
	01982551.tif
	01982552.tif
	01982553.tif
	01982554.tif
	01982555.tif
	01982556.tif
	01982557.tif
	01982558.tif
	01982559.tif
	01982560.tif
	01982561.tif
	01982562.tif

