
AUTOMATIC 
COUNTER 



The Hewlett-Pnclcarrl. Company certifies that this instrzcme?zt zoas 
thoroughl?~ tested r~nd inspected c~nrl fozind to meet its published 
specifications zuhen it  was .shipper1 from the factor?/. The Hewlett- 
Packurcl Compan?~ further certifies that its calibrr~tion measzire- 
ments are traceable to the U.S. National Rzircaz~ of Standards to 
the extent ccllozuecl by the Bzc~.eau's cc~lihration fucilit?/. 

WARRANTY AND ASSISTANCE 

All Hewlett-Paclcard products are warranted against defects in 
mattlrials and workmanship. This warranty applies for one year 
from the date of delivery, or, in the case of certain major compo- 
nents listed in the operatiirg manual, for the specified periotl. We 
will repair or replace proclucts which prove to be defective during 
the warranty period yrovitled they a re  returned to Hewlett- 
Pacltard. No othcr warranty is expressed or implied. We are not 
liable for consequential damages. 

Se
r
vice contracts or customer assistance agreements are available 

for Hewlett-Packard products that require maintena~lce and. re- 
pair on-site. 

I'or any assistance, contact your nearest Hewlett-Pacltartl Sales allti 
Service Office. Addresses are provided at  the back of this manual. 



The Hewlett-Pccclcar Compcc?t?l certifies that this instrz~ment 1t1(1s 
thorozighl?~ tested cirtd inspecteci and f02172d to meet its published 
specifications when it zrias shipped from the factory. The Hezulett- 
Paelcard Con~pr~n?l fzmtlzer certifies that its calibration measure- 
ments are tmceuble to the U.S. Nutio?zal Bureau of Sta?zclarcls to 
the exten,t allo~ued blj the Bt~reau's calib~~ictio~z facilitfl. 

W A R R A N T Y  A N D  A S S I S T A N C E  

All Hewlett-Packard products are warranted arainst defects in 
materials and ~vorltmanship. This warranty applies for one year 
from the date of delivery, or, in the case of certain major compo- 
nents listed in the operating manual, for the specified period. We 
will repair or replace products which prove to be defective during 
the warranty period provided they are  returned to Hewlett- 
Pacliarcl. No other warranty is expressed or implied. We are not 
liable for consequential damages. 

Service contracts or customer assistance agreements are available 
for Ilewlett-Packard products that require maintenance and re- 
pair on-site. 

For any assistance, co~ltact your nearest Hewlctt-Packard Sales ant1 
Service Office. Adtlresses are provided a t  the back of this manual. 

AUTOMATIC COUNTER 

5323A 

SERIAL PREFIX: 936- 

This rnanu;ll applies directly L o  Hewlctl-I'ackard 
Model 5323A Automatic Counters having seri;rl 
pref ix  936. 

SERIAL PREFJXES NOT LISTED 

F o r  newer ilrstru~llerlts with se r i a l  prefix alm~,c 
936, a "Man?~al Changes" sheet i s  irlcluded with 
this nlf%nual. For  older. ii~stl.orne~rts with se r i a l  
pref ix  i~elow 936, ch;wges required tu kxcli-dale 
the i t~anual c;rn be  found in Section VII. 

Copyrnghf H E W L E T T  P A C K a R D  COMPANY 1969 
5301 S l t V E N S  CREEK BLVD SANTA CLARA C&L(F 95050 

02841-1 Printed: NOV 1 9 6 9  



Model 5323A Model 5323A Table of Contents 

MANUAL CONTENT 

arranged in eiglit sections a s  follows: 

Scction 1. GENERAL INFORMATION. contains a11 ovorall 
inslrulucnt description. specifications. equipi~lcul sul~ylit?d. 
availal)li: .~cccsso r i e s .  options. alld i l l s t r l ~ ~ i ~ e n l  app l i~a t ions  . 

Section 11. INS13AI.LATION. covers  ullpacking. inr.pection. 
rack installation. power arld cooling requirements.  con- 
nections tor  rctrrotc prograsnn~ing. and printer operation . 
Section 111. OPEIIATION. cxplains how to operate tRe 5323A. 
including display interpretation f o r  2111 nlocles 01 operation . 

SectionIV. TIZEORY OF OPIIRATION. descr ibes  the overall  
t l~cory  of operation. Integrated circuit  operation and special 
circuit  operation a r c  incloclccl in this section . 

Section V. MNNTENANCId. provides maii~tenance procc- 
dures.  a s s c n ~ b l y  designations. r c c o n ~ ~ n c n d c d  test  cquip~ncnt. 
in-cabinet performance checks (incon~ing inspection). ad-  
jus lme~l ts  (ca1ihr:ition proccdurcs). over:rll troublesl~ooting 
(locatingclefcctivc assembly). and removal and replaccmenl 
instructions . 

S c c t i o ~ ~  VI. KEPI .  ACEMENT PARTS. l i s l s replacenlent 
pa r t s  by referenct: designator. i n c l u d i ~ ~ g  options. l i s t s  total 
quantity of each part  used. ai~il  m:tnufacturc?r's code anti 
par t  number . 

SectionVII. OP'I'IONS. SI'ECIALS. AND MANUAL CIIANGES. 
covers  options available. i ~ l l o r u ~ a l i o n  f o r  special ins t ru-  
mt?ots wliere applicable. and provides itlformntioii to nlake 
th is  m;ulual applicable f o r  older instrluut.nts . 

Section VIII. CIIICUIT IIIAGRAMS AND SERVICE INFOR- 
MATION. contains sc l~emal i c  d iagrams and componcnl loca- 
t o r s  f o r  a l l  a s scn~b l i e s .  operation of cach assembly including 
w a v e f o r s ~ ~ s  and volt.~gcs . Acljust~~lont and troi~bleshooting 
illlormation nve included in this scction . 

ADDITIONAL MANUALS 

T o  o rde r  addiliol~al operating and se rv ice  nranuals. contacl 
your neares t  IIewlctt-Packard Sales and Service Office . 
Give complete model. name. and 8-digit s e r i a l  n u ~ n b e r  . 
The se r i a l  number place i s  on the r e a r  panel (see  Section I 
for se r i a l  nulllbcr s y s t e ~ n )  . This  n~anua l ' s  EIP part  nurr~bcr 
i s  the l a s t  i tem listed in T a l ~ l e  6-1 . Comments on th is  mall- 
ual a r c  welcome at any Sales wld Service Office . 

TABLE OF CONTENTS 

Section Page 
I GENERAL INFORMATION . . . . . . . . . . . . . . . .  1-1 

1.1 . Dcscriplion . . . . . . . . . . . . . . . . . . .  1-1 
1.7 . Identificalion . . . . . . . . . . . . . . . . . .  1-1 
1.10 . Specifications . . . . . . . . . . . . . . . . . .  1-1 
1.12 . hlstallation and Operation . . . . . . . . . . . . . .  1-3 
1.14 . Applications . . . . . . . . . . . . . . . . . . .  1-3 
1.17 . Equi~>mcnl Supplied and Available . . . . . . . . . . .  1-4 

I1 INSTALLATION . . . . . . . . . . . . . . . . . . . .  2-1 
2 .1 . Introduction . . . . . . . . . . . . . . . .  2-1 
2.3 . Unpacking and Inspection . . . . . . . . . . .  2-1 
2.5 . SLorage and Shipment . . . . . . . . . . . . .  2-1 
2.8 . RackInstallat ion . . . . . . . . . . . . . . .  2-1 
2.10 . Power Connection . . . . . . . . . . . . .  2-1 
2.13 . Cooling . . . . . . . . . . . . . . . . . . .  2-2 
2.15 . Remote Progralnniing . . . . . . . . . . .  2-2 
2.19 . Digital Recorder . . . . . . . . . . . . . . . . .  2-2 

. . . . . . . . . . . . . . . . . . . . .  111 OPEIZATION 3-1 
3.1 . Ii~lroduction . . . . . . . . . . . . . . .  3-1 
3.3 . Interpreling 1Iisl)lay . . . . . . . . . . . .  3-1 
3.7 . Accnracy . . . . . . . . . . . . . .  3-1 
3.10 . f Iys teres is  . . . . . . . . . . . . . .  3-2 
3.12 . RPM Measure~nen t s  . . . . . . . . . . . . .  3-2 

IV TIIEORY OF OI'ERATION . . . . . . . . . . . .  4-1 
4.1 . Introduction . . . . . . . . . . . . . . . . . .  4-1 
4.3 . Logic Symbols . . . . . . . . . . . . . . .  4-1 
4.7 . 1ntegratedCircuitOl)eration . . . . . . . . . .  4-2 
4.8 . AND/OR Invcrt Gate . . . . . . . . . . .  4-2 
4.10 . Unal D Triggered Flip/Flop . . . . . . . . . .  4-2 
4.12 . BCD to Decimal IIecoder/Ilrivcr . . . . . . . . . . .  4-2 
4.14 . Four-Bit B~tCfcr Storage . . . . . . . . . . .  4-2 
4.16. Blanking Uccadc Counter . . . . . . . . . . . . . .  4-3 
4.18 . Four-Pole SwitcB . . . . . . . . . . . . .  4-3 
4.20. Decade Counter and Si~i l t  Register  . . . . . .  4-4 
4.22 . Up/Down Preset table  Decade Counter . . . . . . . . .  4-4 
4.24 . J- K Flip/Flot, . . . . . . . . . . . . . .  4-4 

. . . . . . . . . . . . . . .  4.26 . Divide by IF Counter 4-4 
. . . . . . . . . . . . . . . .  4.28 Divide by 6 Counter 4-5 

. . . . . . . . . . . .  4.30 . Four-Bit Binary Full Addcr 4-5 
4.32 . Theory of Operation . . . . . . . . . . . . . .  4-5 
4.34 . Gate Cyclc . . . . . . . . . . . . . . .  4-5 
4.41 . Computc Cycle . . . . . . . . . . . . . . .  4-6 
4.47 . Display Cycle . . . . . . . . . . . . . .  4-8 

V MAINTENANCE . . . . . . . . . . . . . . .  5-1 
5 .1 . I~rlroduction . . . . . . . . . . . . .  5-1 
5.3 . Assernbly Designations . . . . . . . .  5-1 
5.5 . T e s t E q u i ~ n l e n t  . . . . . . . . . . . . . .  5-1 
5.7 . Assembly Connection Identificalion . . . . . . . . .  5-1 
5.9 . In-Cabinet Pcrformancc Ch<!cB . . . . . . . . . .  5-1 

. . . . . . . . . . . .  5.12 Instronrent Cover Ren~ova l  5-1 

. . . . . . . . . . .  5.14 Assembly I, ocation 5-1 

. . . . . . . . . .  5.16 Rel~loval of Printed Circuit Bo:~rds  5-3 
5 .20 . Repair  . . . . . . . . . . . . . . . . . .  5-4 
5.21 . P r i ~ ~ l c c l  Circuit C o ~ n p o n e ~ ~ t  Rcplacenlent . . . .  5-4 
5.23 . Replacing Integrated Circnits  . . . . . . . . . . . .  5-4 

. . . . . . . . . . . . .  5.25 Adjustlnents 5-4 

. . . . . . . . . . . . . . . . . . .  5.27 Troubleshooting 5-12 

. . . . . . . . . . . . . . . .  5.28 Troohlcshooting Aids 5-12 

. . . . . . . . . . . . .  5.32 Troubleshooting Procedure 5-12 

02841-1 iii 



Table of Contents 
L13t of Tables  

Model 5323A 

TABLE OF CONTENTS (CONT'D) 

Section Page 

VI HEPLACEABLEPARTS . . . . . . . . . . . . . . . . .  6-1 
6.1 . Inlrodnction . . . . . . . . . . . . . .  6-1 
6.4 . Ordering 11lior111ation . . . . . . . . . . . . .  6-1 

. . . . . . . . .  VII OPTIONS. SPECIALS. AND MANUAL CHANGES 7-1 
7.1 . O p t i o ~ ~ s  . . . . . . . . . . . . . . . . . . .  7-1 
7.3 . Special . . . . . . . . . . . . . . . . .  7-1 
7.6 . Mano;11 Cl~ani:t?s . . . . . . . . . . . . . .  7-1 
7.8 . Newer lns t ru~ucn t s  . . . . . . . . . . . . . . .  7-1 
7.10 . Oldcr Instrunients . . . . . . . . . . . .  7-1 

VIII CIRCUIT DIAGRAMS . . . . . . . . . . . . . . . . . .  8-1 

LlST OF TABLES 

Page 

Specifications . . . . . . . . . . . . . . . . . . . .  1-1 
l<quip~nent Supplied . . . . . . . . . . . . . . . . .  1-4 
Equipment Available . . . . . . . . . . . . . . . . .  1-4 

115/230 Volt Conversion . . . . . . . . . . . . . . . . .  2-2 
Connections to Remote I'rograln Connector. J 6  . . . . . . .  2-3 
Digital r tecorder (All .  71) Pin  Functions . . . . . . . . .  2-3 

Digits Display Versus  Measurenrent Time Setting . . . . .  3-1 

Assc~nb ly  Identification . . . . . . . . . . . . . . . . .  5-1 
Itecommendcd T e s t  Equipment . . . . . . . . . . . . . . .  5-3 
In-Cabinet Pcrfornlance Check . . . . . . . . . . . . . . .  5-4 

. . . . . . . . . . . . . . . . . . . . .  Adjnstmcnts 5-11 
5323A Diagnostic T r e e  . . . . . . . . . . . . . . . . . .  5-12 
Reset  Ciieck T r e e  . . . . . . . . . . . . . . . . . . .  5-13 
Gate Check T r e e  . . . . . . . . . . . . . . . . . .  5-14 
Defective Displays . . . . . . . . . . . . . . . . .  5-14 

6.1 . Reference Designation Index . . . . . . . . . . . . . . .  6-3 
6.2 . Replaceable P a r t s  . . . . . . . . . . . . . . . . . .  6-9 
6.3 . Code Lis t  of Manufacturers . . . . . . . . . . . . . . . .  6-12 

8.1 . A3 Stales (Counler Armed) . . . . . . . . . . . . . . .  8-8 
8.2 . 9-Complement Logic Operation . . . . . . . . . . . . . .  8-12 
8.3 . A7 Output Signal States a t  End of Rcset  and Arming . . . . . . . .  8-16 
8.4 . BLANK Z Level at D = 5 and D = 6 . . . . . . . . . . . .  8-18 
8.5 . Open Choke Symplo~ns  . . . . . . . . . . . . . . . . . .  8-20 
8.6 . A l l E x p o n e n t / ~ e a s u r e m e n t U ~ ~ i t S e l e c t i o n  . . . . . . . . . . .  8-27 

LlST OF FIGURES 

Figure Page 

. . . . . . . .  . 1.1 Model5323AAotornaticCou1itcra11dAccessories 1-0 
. . . . . . . . . . . . . . .  . 1.2 Poised C a r r i e r  Measurement 1-3 

2.1 . Conversion fo r  Rack Mounting . . . . . . . . . .  2-1 
. . . . . . . . . . . . . . . . .  2.2 Remote P rogram Circuit  2-2 

3.1 . Accuracy Versus  Frcrlncncy . . . . . . . . . . .  3-1 
. . . . . . . . . . . . . . . . .  3.2 Front Operating Controls 3-2 
. . . . . . . . . . . . . . . . .  3-3 Rear  Operating Conlrols 3-3 

. . . . . . . . . . . . . . . . . . . . .  . 3-4 Self-check 3-4 
. . . . . . . . . . . . . . . .  . 3-5 Frequency Measurement 3-5 

. . . . . . . . . . . . . . .  Logic E'unction Con~lrarison 4-1 
. . . . . . . . . . . . . . . . . . . .  Gate Symbols 4-1 

. . . . . . . . . . . . .  AND-OR Invert  Gate (1820-0063) 4-2 
. . . . . . . . . . .  Du;rl D Triggeretl Flip/Flolj (1820-0077) 4-2 

. . . . . . . . .  BCD to Dccinlal Decocicr/Driver (1820-0092) 4-2 
4-Bit Buffer Storagc (1820-0116) . . . . . . . . . .  4-3 

. . . . . . . . . . . .  Blanking Ilt?cade Counter (1820-0119) 4-3 
. . . . . . . . . . . . . . . .  4 Pols S~vitcii (1820-0135) 4 -3  

. . . . . . . .  Decade Cut~nter  and Shift Register  (1820-0090/91) 4-4 

. . . . . . . .  Up/l)own l'rcseltable Decade Counter (1820-0176) 4-4 
. . . . . . . . . . . . . .  Dnal J- K Flip/Flop (1820-0208) 4-5 

. . . . . . . . . . . . .  Divide by 16 Counter (1820-0209) 4-5 
. . . . . . . . . . . . . .  Divide by 6 Counter (1820-0210) 4-5 

. . . . . . . . . . .  Four-Bit Binary Full Adder (1820-0305) 4-6 
. . . . . . . . . . . . . . .  Tillling and Control Diagram 4-7 

. . . . . . . . . . . . . . . . .  Arithmetic Operation 4-7 

. . . . . . . . . . . . . . . . .  Ilisplay 310.2101 kHz 4-8 

. . . . . . . . . . . .  . 5.1 Top Internal. Front and Rcar  Panels  5-2 
. . . . . . . . . . . . . . . .  . 5-2 Rcmote Prograni  Tes t  Box 5-9 

. . . . . . . . . . . . . . . . .  . 6.1 Modular Cabinet P a r t s  6-2 

. . . . . . . . . . . . . . .  . 7.1 Component Locators A16/A17 7-2 
. . . . .  . . 7-2 A16 15 lV, 1175V Power Supply. A17 t12V Power Supply 7-3 

. . . . . . . . . . . . . . .  Schemalic Diagram Notes 
. . . . . . . . . . . . . . . . . . .  Flow Diagram 

Overall  Block Di g . a la111 . . . . . . . . . . . . . . . .  
A1 Atteni~ator Board Asse~nb ly  

. . . . . . . . . . . . . .  A2 111put Amplilier Asseml~ly  
. . . . . . . . . . . .  A3 Gatc and Reset  Board Assembly 

A4 X-Register Board Asscnlbly 
. . . . . . . . . . . . . .  A12 Display Board Assembly 

A5 Adder Board Assembly . . . . . . . . . . . . . .  
A6 Y-Register Asscmbly . . . . . . . . . . . .  
A7 Control Board Assemhly . . . . . . . . . . . . . .  

. . . . . . . . . . .  A8 Display Co~i t ro l  Board Assembly 
. . . . . . . . . . . . .  A9 Conllcctor Board Assenlbly 

A10 Function Switch Board A s s e ~ ~ l b l y  
J6, R e n ~ o t c  Prograni  Connector; A11J1. Digital Recorder Co1111cctor 
A l l  Mrili Board Assen~b ly  . . . . . . . . . . . . . .  

. . . . . . . . . . . .  A13 A~inunciator Board Assen~b ly  
A14 Oscillator/Mtiltiplier Board Assembly 
A15 Crystal/Oven 10 MHz Asse~nb ly  . . . . . . . . . . .  
A16 .15 . 1V. -1l75V Power  Supply 

. . . . . . . . . . . . . . .  A17 112V Power Supl2ly 



Sectloll I 
General  

Model 5323A 

F g e  1 1  Model 5323A and A c c e s s o r ~ c s  

MODEL 5323A 

BNC-BNC CABLE and POWER CORD 

RACK MOUNTING KIT 

Model 5323A 

1-1. DESCRIPTION 
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General  

SECTION I 

GENERAL INFORMATION 

1-7. IDENTIFICATION 

1-2. Tlre 5323A At~tonratic Conirter n ieasures  f r e -  1-8. EIewlett-Packard uses  a two-section, oight rligit 
quency with automatic range selection a ~ i d  constant stx'ial number (on instrument rcar panel) to iilcritify 
resolution a t  al l  frequencies froni 0.125 IIx to 20 Mlfd. instr innents (000-00000). Tile f i r s t  three  digits a r c  a 

ser ia l  prefix numbcr, and the las t  l ive dilrits r e f e r  to .. 
;I spccil'ic instru~ircnt .  If the se r i a l  prcfix on your 1-3. Frequency i s  nreasurcd by counting a n  arbi t rary  
instrument does not appear on the t i t le  page of tlris number of input periods (X) and accllrately n ~ c a s u r i i ~ g  
manual, there  niay be d i f f c re~ iccs  betwce~i the? n ~ a ~ ~ u a l  the nuniber of clockperiods (Y) dnring t l ~ c  same in ter -  
and your instru~iient .  If there a r e  differences, they val. Input frequency i s  then computed by dividing X 
will be described in a change sheet included with tlrc by Y and mulliplyingtlie resul t  by tllc clock frcqucncy. manual. Frequency i s  displayed with seven digit rcsolutio~i,  

a ~ l ~ l i i a t i c a l l y  positiolled dccimal point, and corrcc t  1-9. All instruments with the salllf prefix a r e  the 
n ~ e a s u r e ~ n e n t  units. samc.  The group of in s t rnn~en t s  to wlricli this  manual 

1-4. Display lca turcs  included a r c :  10 percentrangc-  
switching llystcrcsis, and automatic blanking of non- 
significant digits. 

1-5. Selected measurement t imes  01: .01 ,  . 04, . 1, 
. 2 ,  . 4 ,  1, 2, and 4 seconds, a r e  froi~t-panelsclcctablc 
o r  controlled through the REMOTE PIZCGKAM con- 
nector. Measurenient l imes  can be controlled by using 
an  external gate signal, to obtain t imes  o t i ~ e r  tiran 
those described above, any value f rom 0 Lo 4 seconds. 

alq)lies directly i s  identified on tile titlo pagc. For  
older instruments (lower se r i a l  nurtrbcrs), niake 111;u~1- 

ual ciiairgcs listed in Sectioir VII. For  newer instru-  
ments,  having s c r i a l n u ~ u b e r s  higher LBan tlrosc! listed 
on 111ciitlc p:igc, manual change sheets a r e  included, 
describing the rcquircd changes. The manual fo r  ;in 
i n s t r ~ l n ~ e n t  having spccial  elcctrical  modifications will 
include an inser t  slrcet describing those modifications. 
If a change sheet o r  special  iirfor~nation sheet i s  m i s s -  
ing, the i lrfor~ilat io~l sheet  can be snpplied by any 
Hewlett-lJackard Sales ;ind ServiceOfficelisteri a t  the 
back of illis manual. 

1-6. The Counter will tileasure RPM by collverting 1-10, SPECIFICATIONS 
input p i~ l ses  pe r  second through a XGO multiplier to 1-11, A complete l i s t  of specifications i s  found in 
events-per-minute. Table 1-1. 

Table 1-1. Specifications 

RANGE: dc conl~led: 0. 125 IIL to 20 MBz. HYSTERESIS Cont'd: 
a c  coupled: 10 Hz to 20 Mllz. below 0 9 . .  . . This  lof% hysteres is  prevelrts 

unnecessary range clranges due to input f r e -  
MEASUREMENT TIME: Selectable; 0.01,  0.04,  quency j i t ter .  IIystcrcsis  ,nay bc inhiRitt?d by 

0. 1, 0.2,  0 .4 ,  1. 0, 2 .  0, 4. 0 s, o r  any tinlt? a r e a r  pant?l switch. 
up to 4 s determined hy tlrc duration of an 
external gate signal. SIGNAL INPUT: 

Sensitivity ( n ~ i n . ) :  0. 1 V r m s  sine wave. 
GATE TIME: Auto~natically selected between 0. 3 V p-p pulse, 25 11s ~ r r i n i n ~ u ~ n  pulse width. 

~ r~easurc rncn t  t ime and twice the measarcmenl  Sensitivity can be  decreased by 10 o r  100 
t ime. t inies using tlrc ATTENUATOR switcll. 

SAMPLE RATE: Sunr of gate t ime and computing Impedance: 1 Mi2 shunted by 35 pF.  
tiliic of approximately 1 m s .  

Maximum Input: 

ACCURACY: *1 coullt i tinre base e r r o r  i noisf 

RANGE SELECTION: Automatic. 

ATTENUATOR Setting -- 
120 V r ~ r ~ s  (< 1 kHz) X1 
250 Vrlns XI0 I 
500 Vrlns 

! ., .<A HYSTERESIS: Range switclling will auton~aticallv 
position the most significant digit in the f i r s t  @; ;:q 

! '%,,, - I display position, except when the frequency i s  
1 decreasing f rom 10. . . to 09. . . . In illis case  Overload Level: 1 . 5  V r n ~ s  X ATTENUATOR 1 

I range s w ~ t c h n g  1s delayed u n t ~ l  the input drops  sett lngs J 
02841-1 1-1 



Model 5323A Model 5323A 
Sect1011 I 
General  

Table 1-1. Sg~ecificalions (Cont'd) 

SIGNAL INPUT Cont'd: GATE OUTPUT: OV while gate open, 4~4V wliilc 
Tr igger  Level: PRESET lo  ccntcr triggering gate closed. Available a t  r e a r  panel UNC. 

about OV, o r  adjustable: 
RESET: Front l ~ a n e l  pushbutton swilcli r e s e t s  

Range ATTENUATOK Setting tlrc co i~n tc r  and causes  display to be  0 Hz. 
T XI 
+10V XI0 AUTOMATIC RESET: Tlle counter will auto- 
ilOOV XlOO matic:llly r e se t  t o  z e r o  if the input i s  removed 

during any mc;rsurcment, o r  if the period of the  
Tr igger  Threshold Band: c 1 . 0  ~ I V ,  r e fe r red  input signal i s  longer than twice tile selected 

to inllul a t  20 MIIz. mcasi~rcnient  t i n ~ c .  

HOLD: I<ctains displayed information inclclinitely 
Time Base wliile new uneasuremcnt is made.  New infornva- 

tion i s  displayed iniinediately when "hold" i s  r c -  
CRYSTAL FREQUENCY: 10 MHz moved. A single tncasurenrent may be tnade by 

rcsctt ing fronl tilt "liold" l~osit ion.  
CRYSTAL OVEN: Self-regulating solid-state 

Lyl~e. SELF-CHECK: Measures  interrral 10 MHz signal. 

STABILITY: 
Aging Rate: L e s s  than 3 p a r t s  in 107/1no. 

Temperature:  2 +7 p a r t s  in 108/"c.  

Line Voltage: 5 -1:l part  in 107 for 1:10%1 litle 
voltage variation. 

OSCILLATOR OUTPUT: 10 MHz, 1 . 0  V 11-11, 
5062 (approx.)  source impedance a t  r e a r  
panel BNC. 

EXTERNAL INPUT: 1 .0  Vrins a t  a frequency 
oi 1,  2 . 5 ,  5, o r  10 Mliz. 

General 

DISPLAY: 7-digit in-line ~ i x i e ~ d i g i t a l  read-  
on1 plus positioned decinlal l)oint, units an-  
nunciator, and RPM annunci:ltor. 

BLANKING: All non-signilic;nL digits will be 
automatically blanlcecl if tile measurement 
t ime selected on the front panel i s  too short  
to guararilcc lull accuracy.  R t x r  p;niel switctr 
allows all  digits to hc? disljl;lyccl without blank- 
ing if desired.  

DISPLAY STORAGE: IIolds reading and digital 
output constant between samples.  

RPM DISPLAY: Rear  panel switch connects an  
internal  XKO mul t i l~ l ier  that collverts meas-  
urement fI '<~lll pulses p e r  second to revolu- 
tions per minnle. 

"ARMED" LAMP. I s  illutninated between t ime 
of r e se t  and wlierl inyot signal f i r s t  rcachcs  
t r igger  level t l iercafter .  

@ ~ u r r o u g l i s  Corporation 

REMOTE PROGRAMMING: All front pariel function 
controls arc: prograrnm:ible. 

Control Signal: Single line control l o r  each 
fnnction. Opcraterl by DTI, or  TTI, integrated 
c i rcui ts  o r  contact closure to ground. Am- 
plilicr tr igger level can be s e t  by the level of 
an cxternal  i l V  input (which i s  nrultiplied by 
the ATT1':NUATOII settings: XI ,  X10, X100). 

DIGITAL OUTPUT: 
Code: All n ~ n n e r a l s ,  decimal point, and unit 

iniornration a r c  available a s  4-lint! 8-4-2-1 
coded s ig~ ia l s .  Logic "0" s la te  alq~roxinrately 
0.  4V a t  10 mA sink; logic "I" s la te  ;?pproxi- 
matcly 5V open circuit, 2 . 5  kS2 impetl;rnct>. 

P r in t  Command: i5V to OV step, dc coupled; 
occurs  a t  end ol nleasuring a ~ l d  co~nputing 
cycle. 

Storage: 13ilfier storago i s  provided so  DCD 
output i s  ireld constant while next measurc-  
~ n e n l  i s  being rnatlc. 

Hold-Off: Inhibits t m n s f c r  of data to buffer 
stofiige wl~cn iostrumeilt 's cycle? tirne i s  l e s s  
Lhnn t imc r<!qoircrl for external  cquil~tnenl to 
interrogate DC11 outputs. Positive inhihil 
+5V niin. , 120V 111ax. 

Chass is  Connector: Special 1IP m;~nufaclurcd 
conneclor asscivbly. 

CONNECTORS: All a r e  UNC's except for Remote 
Progrannning (Cinch o r  Ampl~cnol 57-40500-315, 
which inates wit11 Anrpiienol 57-30500, IIP 1251- 
0086) and Digital Output. 

OPERATING TEMPERATURE: 0"  to 50°C 

POWER REQUIREMENTS: 115 o r  230 volts i10%, 
50 to 400 Hz, 45 wcrtts max in~um.  Fas t  circuit  
breakor ;iction wit11 internal  power rese lswi tch  
protects supply. Also r e s e t s  when main power 
i s  tunled oil. No cooling fan required.  

Table 1-1. Specifications (Cont'd) 

I I 

I WEIGHT: Net, 14 lb (6 ,4  kg). 
S1111)111ng, 19 1b (8, 6 lig) 

ACCESSORIES FURNISHED: I'owfr cord, 
7-1/2 i t .  I lP  10503A, 5052 nNC to I$NC 
cable, 4 11 (122 cm). Rack mount kit wit11 
P. C. extender bo;lrd. 

DIMENSIONS: 3-15/16 in. high, 16-3/4 in. 
wid<:, 11- l /4  in. deep (88,2 x 425 x 
286 n ~ m ) .  . , 

1-12, INSTALLATION AND OPERATION 

1-13. 1nstall:ttion and ol~cra t ion 1)rocedures a r c  de- 
scribed i n  Sections I1 and I11 of tlris manual. Re~ilotc 
!~rogranrnring andusc  of tllc IIP 5050n DigitalRecorder 
a r e  inclucled in Section 11. 

1-14. APPLICATIONS 

1-15. Tlrc Automatic Counter lneasures  frequency 
directly f rom 0. 125 Ilz to 20 MHz. For  tacliolnetry 
applications, an in1ern:rlXGO multi!jlier converts  data 
froin pulses pe r  second to everits per mini~te .  

1-16. The Counter can he used to nicasurt> tile c x r r i c r  
f r c ~ ~ u c n c y  of a pulsed sig11:il (tone burst)  without tile 
use of a trat isfcr  oscillator by one of two n ~ c t l ~ o d s .  
F i r s t  i s  to apl~ly  an  cxternal  gatc signal and, a s  long 
as tile gate signal i s  removed lleforc tile burs t  ends, 
the counterwill measure  tlie c a r r i e r  trcqucncy. Scc- 
ond i s  to se t  MEASUREMENT TIME switch to a t ime 
kllowll to he shor ter  tllali the burst  and tile MODE 
switcll to IIOLD. Then apply a r e se t  pulse to the 
Counter somelime bclweel~ burs ts .  Tllc 5323A will 
s t a r t  counting when a burst s tar ts ,  and will stop before 
tlic burst  i?nds. Tl~i! two modes of operation a r e  shown 
i n  Figures  1-2A and 1-2D. 

i 
Flgurc 1-2. Pulsed C a r r i e r  Mcaburcnlellt 

INPUT SIGNAL 

INPUT SIGNAL 
RESET 
7 I - INTERNAL 

EXT. GATE UOLD SIGNAL 
CONTROL SIGNAL I I 

I COUNTER GATE 
I I 

COUNTER GATE -OPEN- 

EXTERNAL GATE SIGNAL OCCURS AFTER 
START OF INPUT SIGNAL AND ENDS BEFORE 
LAS1 CYCLE OF INPUT SIGNAL. 

MEASUREMENT TiME 

MEASUREMENT TIME SETTING MUST BE 
LESS THAN SIGNAL DURATION. I 

SET TO 4 I 

RESET SIGNAL PULSE BURST. OCCURS DUR~NG INPUT 



Sectloll I 
Gelleral 

1-17. EQUIPMENT SUPPLIED 
AND AVAILABLE 

I Cable: 4 ft. (122 cm) I tninr)l I 

Table 1-2. Equipment Supplled 

DESCRIPTION 

( Detaclla1,le Power Cord: 
7-1/2 ft .  (231 cm) NEMA Plur: 1 8120-0078 1 

H P  PART NO. 

50 ohm, nlale BNC connectors 

Rack Mount Klt 
P 

P r ~ n t c d  Clrcult Extender Board 

I Fuse: Slo-Blow, 0.4.4, 125V I 2110-0019 
(For  230 Vac operation) 

IUJUJW 

05325-60031 

05245-6022 

Model 5323A 

1-18. Equipment supplied i s  listed in Table 1-2. 
Table 1-3 l i s t s  sonle of the equipment ~ v a i l a b l c  f o r  
nse  with the 5323A Counter. 

Table 1-3. Equipment Available 

Recorder Interconnecting 
Cable 10524A I 

. . 

I 

Digital Recorder 1 5050B I 

DESCRIPTION 

Model 5323A 

I3P PART NO. 

SECTION II 

INSTALLATION 

I 

Section I1 
Installation 

2-1. INTRODUCTION f o r  r ack  moul~ting a r e  pacBaged with the  i n s t r u ~ n e l ~ t .  
To convert l o r  r ack  installation, r e fe r  to Figure 2-1 

2-2. This  sectioll contains illlorlllation on unpacking, and proceed as follows: 
inspection, repacking, storage,  installation, renlote 
programming, and use with the H P  505OB Digital a .  Remove feet  (press  tlle foot- release button, 
Recorder.  sl ide foot toward center of instrument, and l if t  off). 

2-3. UNPACKING AND INSPECTION b.  Renlove adhesive-backed t r i m  s t r i p s  at f ront  
end of sides.  

2-4. If the shipping carton i s  damaged, ask  that the 
c a r r i e r ' s  agent be present when instrument i s  un- c.  Attach fi l ler  s t r ip  along bottoln edge of front 
packed. Inspect tlle instrument f o r  damage (scratches,  panel. 
dents, broken knobs, elc.  ). I€ instrnment i s  damaged 
o r  fa i l s  l o  nlcel specifications, notify tile c a r r i e r  and d. Attachf1:rnges tofront endof s ides  ( larger corner  
tllc nearest  Hemlett-Packard Sales  and Service Office notclr lolvard bot ton~ of instrument). Illstrumcnt i s  ilow 
i~umedia te ly  (Sales and Service Offices a r c  listed at ready to n ~ o u n l  in standard rack.  
the back of th is  manual). Retain tile shi lx~inr  carton 

o r  replacement of your instrumentwitllotlt waiting f o r  
the claim against the c a r r i e r  to be settled. r I 
2-5 .  STORAGE AND SHIPMENT 

2-6. 1'ACKAGING. T o  protect valuahlc electronic 
equilxrient during storage o r  shipment, always use 
the best  packaging methods available. Yonr Hewlett- 
Packard Sales and Service Office can providep;rcliing 
material  sue11 as tllat nsed for original lactory pack- 
aging. Colttract packaging conl]snnies i n  many cit ies 
can provide dependablr: custom packaging on short  
notice. H e r e a r e  two recoln~nendedpackaging methods: 

a.  Riibberizcd Hair. Cover painted surfaces  of 
in s t ru~nen t  with protective wrapping paper. Pack 
instrument securely i n  strong corrugated container 
(350 Ih/sq. in. bursting tes t )  wit11 2-inch rubberized 
hairpacls placed along a l l  su r faces  of the instr~irnent.  
Insert  f i l le rs  between pads and container to insure  ;r 
snug fit.  

b. Excelsior. Cover painted surfaces  of ins t ru-  
ment with protective wrapping paper.  Pack ins t ru-  
lnent i n  strong cori.ug:~ted container (350 111/sq. in. 
bursting test)  with a layer  of excelsior about s ix  
inches tliick packed firmly against al l  surfaces  of the 
instrument. 

2 -7. ENVIRONMENT. Temperature  limitations dor-  
ing storage and shipment should bc  l i n ~ i t c d  as follows: 

a. Mmiinunl temperature:  t7'J'C (167°F). 

2-8. RACK INSTALLATION 

2-9. The instrument i s  ready fo r  bench operation a s  
shipped fro111 the factory. Additional pa r t s  necessary  

""ER TILT STANC 
I,", IUM 

FOOT RELEASE 
BUTTON 

/ , A,,,, 

(ADHESIVE BACKED) 

U -- TYPICAL FOOT INSTALLATION 

2-10. POWER CONNECTION 

2-11. LINE VOLTAGE. The Counter may be operated 
fro111 e i t l ~ e r  115 o r  230 volt (+l0?6) Dower lines. A 
slid(? swi tc l lont l~e  r e a r  panclpcrnri ts  qtiiclr conversion 
fo r  operation Iron1 either voltage. Tlle Counter i s  sup- 
plied with a 115 volt fuse;  be  s u r e  to replace the fuse  
f o r  230 volt operation; s e e  Table 2-1. 

CAUTION 

I ~ c f o r e  plugging the instrument into the 
AC power line, be s u r e  the sl ide switcll 
i s  properly positioned. 
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Installation 

Table 2-1. 115/230 Volt Convcrsion 

CONVERSION 115 VOLT 230 VOLT 
I I 

T o  elisure proper oper;rtion in aulon~:rtic sys tems,  
r e l ~ ~ o t e  controls overr ide  tllc rnal~ual switclles. Rc- 
motcly Drugramnrabli: operations a r e :  rese t ,  se l f -  
check, me;Isurorlent t ime step, llleasurclnellt t ime 
interval  ironr 0 to 4 seconds (duration equal to rcnrote 
external  gate comm:utd), HOLD, blanking inhibil, and 
h ~ s t ~ r ~ s i s  inllibit. A typical NPN trallsistor circuit  
i s  slruwn in Figure 2-2. 

Tahlc 2-2. Coni~ecllons Lo Rcnrotc Progr:rm Connector, .JG 

I 1 I I I 
FUNCTION PIN NO. 

14 

WlRlS COI,OII CONNECTS TO* 

Wht-Blk AlG(13, 14) 

w h t - n r n  A2(3, C) 

Wilt-Red Ground 

WIrt-Orn A3(10), ,J4, S1 

Wl~t-Yrl  A3(P.) 

Wlrt-Grn A3(P), A1 1 J4(11) 

Wht -Blu AG(P), A8(13) 

Wlri-Vlo A6(N), A8(11) 

Wht-Gra Ati(9), A8(10) 

Wht-Elk-Grn AG(K), A8(9) 

REMARKS 
Slide S ~ v i t c l ~  Lei1 (115) Right (230) 

I I 15V 

LEVEL, 

GROUND 

RESET 

CNI.JCK 

IlOI,I) 

0 1 

04 

. 1  

2 

--------.- 

r l V  (XI, X10, Xt00) 0. 8 Ari~perc  0.4 Anlpere 
AC 1,lne Fuse Slow-Blow Slow-Blow 

Figure 2-2. Rcrnote Progranr Circuit 

7- 
(;round will cnthle.  

Ground will enahlc. 

(;round will en:lble. 

Ground will enable. 

Grou~ld  will cnablc. 

Ground will cnable. 

Ground will enable. 

2N3391 

INPUT 

(+5V, ENABLE 
OV, DISABLE) 

2-12. POWER CAE1,E. Tllc Counter i s  sul~plied with 
a dctachahle three-wire power cable. To install: 

a .  Connect flat plug (three conductor female  con- 
nector) to r e a r  panel AC lirlc connection. 

b. De te r~n ine  AC lint: vollagc ill use.  Usc a narrow 
blade screwdriver and sot  r e a r  panel 115/230V switch 
to s:llllc as line vollagc in a sc .  

Gruuncl will enable. 

G ~ ~ o u n d  will enable. 

Ground will enahlc:. 

I 
2-17. I,EVEI, cotrtrol can he remotely sc l  by apl)ly- 
ing a dc voltage equal to the des i red  triggering level 
(divided by input :lllenuator setting). LEVEL input 
voltagc i s  il volt ~nult iplied by tlre inptd a t len~la tor  
setting (XI, X10, X100). I Wht-Blk-Orn A6(7) Ground wlll ellable 

F:XT PROG I * 1 :: W t - I - 1  A11(Blu) (;round wrll d~sablt .  A10 ** 
c.  Connect plug (two-blade with roondgroundingpin) 

to three-wire (groundcti) power outlet. Exposed por-  
tions of instrument a r c  grounded through plug. Wlrcn 
only a two-blade outlet i s  available, use EIP adapter 
1251-0048 am1 connect slrorl w i r e f r o ~ u  side of adapter 
to ground. 

2-18. Table 2-2 l i s t s  the yin assignments for ,JG, the 
remote  yrograln connector, rrrou~ltedon the ins t ru~nen t  
r e a r  p;lncl. Wire colors,  intercunncctio~l data, and 
levels ;we a lso  indicated. 

GROUND 

EXT GATE 

GATIS OUT 

2-13. COOLING 
2-19. DIGITAL RECORDER 

19 

20 

21 

2-14. Tlre Automatic Counter does not require  a 
cooling fair. Adequate vcnlillation sho?~ld  be provided 
to maintain the telllperature bclow 150°C.  

BLANK 2 3 Grd S4, AH@) Ground will d1s:lble 

IIYSTEIIESIS 1 24 I Wilt S5, All(Wl1t) Ground w ~ l l  d ~ s a l ~ l ? .  

131k 

I3rn 

Orn 

2-20. UCD output to drive the IiP 5050B Digital Re- 
corder  a r e  provideti a t  A l l J l  (DIGITAL RECORDER, 
rear panel of instrluuellt). I'in assignments and BCD 
weighting f o r  the connector signals a r c  sl~own in 
Table 2-3. 

J 
No Connections a r e  Matlc to Pins  16 Tlrrouglr 18 ;~nd  25 Throog11 36. 

Grotund 

,J2, A3(L) 

53, A8(R) 

2-15. REMOTE PROGRAMMING 

----...--- 

Ground will enablc A3 Board. 

OV (Gate Open). 14V (Gatc 
Closed) 

* All intcrconrrcclions t~etween JG and compunents a r e  made via the A9 Connector Board i\sscmi?ly 
( r c f c ~ .  Lo Section VIII f o r  sclrcn~atic) .  

**Tire F:X'l' PRO2 signal should be grouodcd, s o  that the MODE aitd MF:ASUIIFMENT TIME switches 
will I)[! disabled. Ollri:rwisc, the switcllcs will s t i l l  control tlre counter operation and nray not he 
overriden by rcmole  prograotniing. 

2-21. A hold-offvoltage fronr 15 to ROVwill prevent 
the counter f rom resett ing and taking a ncw me:isare- 
mcnt. When theDigit;~l Recorder completes i t s  cycle, 
th is  llold off i s  renloved :und the counter ~ r ~ a k e s  a new 
measurement.  

2 -16. All co~r t ro ls  except the input attenuator, t r igger 
Ic?vrl, and AC/DC coupling selector ealr be  remotely 
programmed by contactc los t~re  toground, by sa t i~ ra t ed  
NPN t rans is tor ,  o r  by DTLor  TTLintegratetl circuits .  

'I'al~lc 2-3. Iligital Recorder (A11.11) Pin Fonctions 
r I I 

106 I 
I*:XPONENT 
+5 VOLTS I 

I GROUND I 
I T'nTNT COMMAND I PIN l(d) 

TER HOLD-01'1.' PIN 2(a) 
..-- ..,,,. t "or)) s ~ d c  of A l l ,  2 Indicates cooller (bottom) sldc of A l l  

I XL,. 

P R I N  
1 Indicates cor .,,,,.,,,. , ,, . , 
Mating Co~rlrector fo r  A l l J l  i s  (1) H P  P a r t  No. 1251.2339, (2) c inch .Jones P a r t  No. 600-121-26. 
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SECTION I11 

OPERATION 

3-1. INTRODUCTION 

3-2. Thc Coll~rter rllcasurcs lreiluc~rcy o r  11PM. 7 ' 1 1 ~  
MODE switch se lcc ts  NORM, CHECK, o r  llOLII. T l ~ c  
MEASUREMENT TIME switcll se lec ts  .01 ,  .04 ,  . 1, 
. 2 ,  . 4, 1, 2, o r  4 seconds. Tllc I,EVI$I, co~r t ro l  dc ter -  
mines at what voltage level of Lhc inpul signal together 
with the ATTEN switch, the inpul a~np l i l i e r  will t r ig-  
ge r .  F igures  3-2 and 3-3 descr ibe  tllc front ; I I I ~  rear 
panel operating controls. F igures  3-4 and 3-5 provide 
step-by-slep operating procedures for self-checkand 
frcquetlcy measuremc~rts .  Scctiun I1 explains Renrote 
0l)eration. 

3-3.  INTERPRETING DISPLAY 

3-4. Direct readout i s  provided l o r  a l l i r r e a s u u c ~ ~ ~ c ~ l t s .  
T1ie Counter automatic;?lly places the most significant 
digit to thelclt .  1Iccim;ilpoint ispositioned:lnd meas-  
urclrle~rt unit i s  displayecl ai~tolnatically. When the 
Hz/RI'M swi tchis  s e t  LolIPM, RPM\vill be disl~laycd,  
otlierwise MIPA, kHz, o r  Hz will he! displayed. 

3-5. The BLANKING s~tritch causes  the non-sigilificant 
digit(s) Lo be blanked wl1ct1 MEASUREMENT TIME e a sclecteii is  too shor l  to obtain at1 accuvatc seve11-cligit 
readout. 'Table 3-1 l i s t s  the nunrbcr of rligiis d is -  
playcil al various Li111e settings. 

Table 3-1. Time Iligits Slitting 1Iisl)hy Vcrsils Measarenient 

Most Sig11ific:lnt Digit (MSII) of 

Measurement 
Time Setling 

3-6. When a full input cycle does not occur during 
t w o t i m c s l l ~ e  sclcctcdnreasurement t i ~ r ~ e ,  the Counter 
displays al l  zeros .  

.O1 

. 0 4  

3-7. ACCURACY 

3-8. Accur:u:y of the 5323A i s  shown in Figure 3-1; 
accuracy lo r  a co~rvcntionalcounter i s  shuwnfor c o n -  
parison. 'rhc accuracy shown in Figure 3-1 docs trot 

Flgure 3-1. Arcuracy Versus  Frequency 

I 

Digits Displayed 

G 
G 

INPUT FREQUENCY 

02841-1 3-1 

Digits Displayed 

5 
5 
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include t ime  base e r r o r s  (as an external  t ime base  
could be  used), but consists  of a ilOOusec clockpulse 
ambiguity and a + t r igger  e r r o r  f o r  100 IIIV sine Wave 
input. With the LEVEL control se t  to PRESET, llie 
e r r o r  curves  have a 99% co~li'idence level. 

3-9. Measuremelit resolution i s  limited only by i l  
count of the 10 MNz t ime base, o r  &I00 trsec t ime 
interval  e r r o r .  Wllell MEASUREMENT TIME i s  de-  
creased,  resolution will degrade. F o r  examplt?: 

Using a 1 second nleasure~netl t  lime, tl1e resolulion 
i s  1 sec/lOOnsec, o r  1 par t  in lo7 ,  and a l l  seven dis-  
played digits a r e  significant. Using a 0 . 1  second 
m e ~ s u r e m c n t  linle Lhc resolul io~l  i s  0.1 sec/100 nsec, 
o r  1 par t  in lo6, and the  las t  digit of 1000000 i s  s ig-  
nificant; however, a readout of 9999999 would only be  
accura te  t o  110, and Ltrc? l a s t  digil i s  blanked. 

3-10. HYSTERESIS 
3-11. The range selection c i rcui ts  have a hystere-  
s i s  co i~ l ro l  dcs ig~ied to reduce co~llusion when tlie 

Model 5323A 

measured siglval irequency i s  decreasing o r  changing 
about a decade value. For  exainplc: 

With tile I lysteresis  switch on, if an input frequency 
of 999.9999 Hz increases  1 count to 1.000000 kHz, 
the range and decimal point change. However, if f r e -  
quellcy decreases  fro111 1. 000000 kHz, the range and 
decitnal point will remain uuciranged until the f r eq i~e t~cy  
i s  < 0.900000 MIA, llieti changes to 899.9999 Hz. This 
10% llystercsis prevents unnecess:~ry and confusing 
range changes. 

3-12. R P M  MEASUREMENTS 

3-13. The Cuu~ltcr  will measure  RPM directly when 
the Hz/RPM switch i s  se t  l o  RPM. In th is  position, 
tllc illtertlal 10 MIiz clock i s  divided by 6,  and the 
display dccim;rl point i s  strifted one place, giving tllt? 
effect of multiplying the inpot by 60. This will a lso  
i1lcrc;rse tile MEASUREMENT TIME by 6. 

Figure 3-2. Front Operatlrrg Controls 
+ 

1 .  POWER switch colltrols power to al l  c i rcui ts  
except par t  of Oscillator/MultiplierAssembly, 
(controlled by r e a r  panel TIME BASE switch). 

2 .  RESETpushbutton re turns  d isplayeda~ld  in ter-  
nal count to zero. 

3. MODE: 
a. A~12lies 10 MHz internalclock to Gate Roard 

~~ ; I? I IE~Kpos i t ion .  M s l ~ l a y w ~ l l  be 10.00000 
MIiz o r  100.0000 RPM. 

b. Peinllits frequency measureme~l t s  ol sig- 
nals applied to INPUT contrector in NORM 
position. 

c .  Preverlts display f rom aoton~atically r e -  
setting in HOLD position. 

4. MEASUREMENT TIME switch perrrilts nleas- 
u r e ~ ~ ~ c n t  tinle selecliolls of .01 ,  .04 ,  . l ,  .2 ,  
. 4 ,  1, 2, o r  4 seconds. 

5. LEVELco~l t ro l  se lec ts  illpot tr igger level (tnul- 
tiplicd by ATTEN setting). Tr igger  mill occur 
a t  OV when se t  Lo PRESET. 

6. ATTEN switcli altcnoates illpol signal ampli- 
tude by fac tors  of 1, 10, o r  100 (maxinium 
overload; 120 V r m s  in positioli 1, 250 V r i r ~ s  in 
positioil 10, 500 Vrms  in position 100). 

7. AC-DC switch provides coupling to iill)itt aoi- 
plilier through . 033 jiF (AC), o r  directly (DC). 

8. INPUT, 0.125 IIz to 20 MHz 

Figure 3-3. I iear Ol~cratini: Controls 

Section I11 
Operation 

1. EXT GATE: permits  use of all cxterlral gate 9. TIME BASE switch se lec ts  t!ither internal clock 
signal lo r  measoremc~nt Limos otlicr than t i ~ o s c  o r  l)crmits use of an cx1ern;tl t ime bast!. In 
on front l~noel  (betwecn 0 ;~nd  4 sccouds). INT position the itrtcrtial clock i s  available a s  

an outl~ut a t  cornlector .J1, ( 1 0 M f I ~ ,  1 .OVpc:ilt- 
2.  BLANKING switclidisables automatic blanking to-l>u;lk). 

feature.  

3. IIz-R1'M switch collvcrls display f rom f r e -  10. .J1 connector f o r  applying external t ime tlaSc 
quelicy (Hz) to cvods -pe r -~n inu te  (RPM). of 1. 2 .5 .  5. o r  10 MHz. 1.0 Vvrrls (with TIME 

I 4 .  HYSTERESIS switch disables a u l o ~ n ~ ~ t i c  hys- BASE ~ ~ ' E x T )  o r  countbr's internai t ime hase  
t e r e s i s  feature.  output (with TIME DASE in INT). 

5. GATE OUT: provides OV when Counter i s  
coutiting (gate cycle) andi5Vwhe11iiot coullling. 

6. RESET: perinits  use of an exterllal reset. Re- 
set  will occur when input i s  l e s s  than I-0.8V. 

7. REMOTE PROGRAM con~iector permlts  remote  
programming of: 
a. RESET 
b. SELF-CHECK 
c .  HOLD 
d. BLANKING 
c .  HYSTERESIS 
f .  MEASUREMENT TIME 
g.  LEVEL 
I ,  PRINTER HOLDOFF VOLTAGE 

11 AC LINE connector conllects witll f lat  plug of 
power c.rble. 

12. Line Voltage switch permits  selection of 115V 
o r  230V AC line; in se r t  narrow-l)lnde screw-  
dr iver  and slide to left fo r  115V operation, 
sl idc t o  r i ~ h t  Tor 230V operation. 

13. Fuse  provides overload protection; should be  
0 . 8  ampere,  slow-1)low for 115V operation o r  
0. 4 ampere,  slow-blow for 230V operation. 

CAUTION 

8. DIGITAL RECORDEli connector supplies DCD Ilcforc plugging i n s t r ~ n n c ~ ~ t  to P C  power line 
inlorluatio~l lo recorder ,  digital-to-analog con- be s u r e  slide switch i s  properly positioned;?nd 
ver ter ,  o r  other data processing cquiplncnl. co r rec t  fuse  i s  installed. 
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I 1. Set POWER s w ~ t c l ~  to ON. 5. Set MI?ASUI<EMEN'I' TIME s w  I t c 11 t o  d lly 
poslt lo~l I 

2. Set TIME BASE switch ( r e a r  panel) to INT. (j. ScL I%/lll'M ssmitci~ ( r ea r  panel) t o  HA. Ilisplay 
should br? 10.00000 MN'. 

3. Set MODS.: swiicil t u  CHECK. 

Model 5323A 

1. Set POWER switc l~  to ON. 

2. Set TIME DASE switch ( r ea r  panel) to INT. 

3. Set III,ANI<ING switcil ( r ea r  panel) to ON. 

4. Set IPA/I~PM switr:l~ ( r e a r  panel) to Ilz. 

5. Set IIYSTERESIS switch (1.ear p:znel) Lo ON. 

6. Set MODE slvitch to CHECK lo veri ly proper 
Counter operation (sce  Figurc 3-4). Re tu r~ i  
MODE: switch to NORM. 

10. Connect unknown signal to INPUT jack. 

11. Set AC-IIC bwltcli Lo AC (10 II" to 20 MHz) o r  
DC (0. 125 II1: Lo 20 hlIIz). 

12. Adjust LEVEL control Sor a steady display. 
If there  i s  nu count, o r  if count i s  uncertain, 
switch AT'TEN Lo a lower fac tor  and readjust  
LEVEL c o ~ ~ t r o l .  Norlllally, Lbe PRESET posi- 
ti011 will provido a steady display, with no DC 
offset voltage on the input signal. 

7. Set tltc MEASUREMENT TIME switch to tile 13. The COUNTING lamp will illuminate, slid tho 

clesircd ineasurelnent t i ~ n e .  ARM l>rn~p  will go off when the ~i~easurc!rnent 
i s  being 11i;~de. 

8. With no input signal, tlie ARM lamp should be 
illu~iiinatcd. 14. Rcad irequency lrolii display. Decimal point 

i s  corrcclly positioned, and correc t  measure-  
9. Sct ATTEN switch to X100. ~ n e n t  unit (MBz, ~CI~ IZ ,  o r  Hz) i s  displayctl. 
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SECTION IV 

THEORY OF OPERATION 

4-1. INTRODUCTION 4-6. INVERSION. AND and OR gates a r e  shown in 
Figure 4-2 (A, B). A c i rc le  on the  output of a logic 
synrbol indicates a LOW when activated as shoxvn in 

4 -2. This sectiondiscusses the operation of individual Figure 4-2 (C and D). Thus, a c i rc le  indicates in- 
circuits .  Asse~i ib l ies  that ~ n a k e u p  tile i~lstrunlell t  a r e  version. An AND gate withan i ~ ~ v c r t c d o ~ ~ t p ~ ~ t  i s  callerl 
covered in detail  in Section VIII, opl~osite each sche- a NAND gate; an OR gate with an inverted output i s  
matic diagram. Compute and Display Cycle timing, called a NOR pate. A unity-gain amplifier with an  
arithmetic o ~ e r a t i o n ,  and overall  Bloclr D iwran i  a r e  inverted output i s  called an inverter ,  Figure 4-2 (E). - 
also described in th i s  section. 

Figure 4-2. Gate S y ~ ~ ~ b o l s  

4-3. Logic Symbols 

4-4. Two s t a t e s  exist i n  the binary system, I and 0. 
HIGII (N) and LOW (1,) a r e  used to represent  the levels 
ol 1 and 0. HIGH always represents tile niore posi- 
tive level, whether i t  be  positive o r  negative logic. 
F izure  4-1 shows four l lairs  of logic svmbols that have .. - 
tllc sa111e truth tables indcan  be uscdilltcrchangeably. 
The s a n ~ c  fu~rction i sne r fo rmed  bv what a m c a r s t o  bc 
two different logic symbols. 

4-5. GATES. Figure 4-2(A) r ep resen t s  a basic AND 
gate. The AND gate output i s  HIGII if all inputs a r e  
HIGH. An AND gate may have two o r  nlorc inputs. 
Fignre 4-2(B) r e p r e s c ~ ~ t s  a basic OH gate. The 011 
pate ontpnt i s  HIGH if one o r  n ~ o r e  of i t s  inpuls i s  
HIGH. An OR gate may llavc two o r  iiloro inputs. 

NAND NOR INVERTER 

A 

AND 

F i g  4 1,ugic Function Comparison 

B 

33- OR 

E C D 



4-7. INTEGRATED CIRCUIT OPERATION 

4 - 8 .  AND/OR Invert Gate 

Model 5323A 

Figure 4-4. Doal 11 Triggered Flip/Flop(1820-0077) 

4-9. The DUAL AND/OR Invert Gate package i s  
shown in Figure 4-3. Thc output (71) will he LOW 
under three  comlitions: 

a. Inputs A aiicl B a r e  hot11 HIGH, or 

h. Inputs C and D a r e  bot11 HIGH, 01 

c .  Inputs A, B, C, and D a r e  al l  HIGII. At al l  other 
t imes,  Z will be  HIGH. 

Figure 4-3. AND-OR Invert Gate (1820-0063) 

Figure 4-5. BCD lo  Ilecimal Decoder/Driver 
(1820-0092) 

I I 

4-10. Dual D Triggered Flip/Flop 

4-11. The Dual D Tr iggered Flip/Flop package i s  
shown in Figure 4-4. The Q oiiipul will assume the 
saint s ta le  a s  the D input a1 tllo posiiive transition of 
tlle clock (CLK) pulse. The i j  outpill i s  always oppo- 
s i te  of the Q output, If the R input i s  LOW, the Q out- 
put will go LOW regardless  of tlic D and CLK i~ipcits. 
If the S input i s  LOW, the Q output will go HIGH r e -  
gardless  of tlre D and CLK inputs. 

9 8 7 fi 5 4 ( l a )  1101 

0 i 2 3 GRD VcC iici iiol 

4-12. BCD t o  Decimal Decoder/Driver 

4-14. Four-Bit Buffer Storage 
4-13. The BCD to Decimal Decoder/Driver package 
i s  shown in Figure 4-5. The negative logic 4-hi1 f3CD 
input controls the s la te  of one of 10 high-vollage outpul 
t r ans i s to r s  (part  of ICpackage), used to drive display 
tubes. Each of the 6 unused s t a t e s  (10 tlirougli 15) 
will turn off a l l  output t r ans i s to r s  to produce a blank 
display. 

4-15. Thc 4-hit Buffer Storage package i s  sllown in 
Figure 4-6. The 4-hit l3CD i1111ut will he gated illto 
the buffer when tlic G1 itipul i s  cnahied by a LOW o r  
open. The non-inverted outDut (Za, Zb, Zc, Zd) i s  
in-phase with tlic input when_Gl i s  LOW o r  open. Thc 
invertedoutput(Za, z b ,  ZC, Zd) i s  enabled when G2 i s  
IIIGH. When G2 i s  LOW, the inverted output i s  HIIHH. 
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F i ~ u r e  4-6. 4 Bit 13uifer Storage (1820-0116) 4-18. Four-Pole Switch 

Sectiori IV 
Tlleory 

4-16. Blanking Decade Countet 

4-11. The Blanking Decade Cotinter package is sliowll 
in Figure 4-7. The counter has  two re se t  s t a l e s  de-  
t e r n ~ i n c d  by tlie r e s e l  control input. LC the r e se t  con- 
t ro l  i s  LOW, a IIIGlI r e s e l  pulsc will s e t  tlle counter 
lo  LI,I,L (Fllank). If the r e se t  control i s  HIGII, a HIGIi 
r e se t  pulse will se t  ihc cou~l lcr  to HIIHII (zero). The 
negative logic outputs a r e  shown on the timing diagrani. 

4-19. Tlic 4-Pole Switcll package i s  shown in Fig-  
u r e  4-8. The dashes  in tlic input columns indicate 
that the s ta te  nlay be  ei ther HIGH or  LOW without 
affecting the output (Z). Gx e ~ ~ a h l e s  X inputs, Gy 
enables Y inputs. 

Figure 4-8. 4 Pole Switch (1820-0135) 

1 
GI Xg Zo Yo X c  LC Yc GRD 

Figure 4-7. Blanking Decade Coci~iter (1820-0119) 

COUNTiNl; CYCLE FROM BLANKED STATE 

i N I U l  
RESET 

2 ,  La RZSET Vcc coar 8wrur 

z a i i i  
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4-20.  Decade Counter and Shift Registef 4 - 2 2 .  Up/Down Presettable Decade Counter 

4 -21. ~l~~ necade Counter and Shift Register  package 
is sho\vll ill ~ i ~ u r e  4-9. Tile device opera tes  ei ther 4-23. The U p / ~ o m n ~ r e s c t t a b l c D e c a d e  Coulltcr pack- 

as a or as a shift regis ter  as show11 i n  the age is shown i n  Figure 4-10. A number between 0 to 

timing diqram. A HIGII r e se t  illput will s e t  a l l  out- 9 lnay be prese t  a11d then the decade will coullt ei ther 

1 1 1 ~ ~ .  Both input and output use negative logic. up o r  dow11 fro111 th is  value. The prese t  count will be 
,F or re- ~l~~ shift illllut shoi~ld bc  HIGH wile11 coullti11, se t  according to the tr11t11 table when tile prese t  ill~clt 

setting. maxinrtlm co~r~~ t ingf r r~qne l l cy  of tile 1820- goes IIIGII. Tlre up and down cot1111 inputs should be 

0190 i s  10 MHz and the 1820-0191 is 2 MHz. inhibited by a I-ITGII wl~en e~~ ;~h l i l rg  prt:set. Tile decade 
can he  r e se t  to ze ro  by applying a 1tIC;H t o  the r e se t  

~ i g ~ ~ ~  4-9. Ilccade Counter ;rnd Shilt Register  input wl~ i l c  the up and down count inl,uts ;ire IIIGH 
(1820-0090/9l) (inhibited). A LOW input to a cou~lt  i111)ut will cI~l1lW 

1 the  state of tlrc dcc;tcIe (up o r  down); the unoscd count 
input must bc inhibited & a MIGII. 

4 -2 4 .  J-K Flip/Flop 

4-25. TIIC dual J - K  M l s t c r - S h v e  ~ l i p / F l o p  p a c l w c  
i s  sl~o\vn in Figure 4-11, w i ~ c n  both i~lpllts :ire L.OW, 
tile c ~ n t : ~ <  I,;IS no ~ l f o c t .  wllcrr the .T input i s  EIIGH, 
the positive cloi:li tr;insilion will se t  Q HIGH. Wlle~l 
the K input is III<;[{, tilt positive clocl< traasit ion \sfill 
cause Q to go HI(;II. wlrcn hot11 inputs a r e  IIIGII, the 
flil,/flol1 ,vjll chal,ge (toggle) with c;icli ilositivo 
t r : i ~ j t i ~  f the clock input. A 1,OW R i ~ l l l l ~ ~  will 
override o g e r  inputs and r e se t  the 0utDut 1~0v'. 
The (4 arrd Q outputs a r c  always oppositc in lc\'el. 

I 
L__----i L.d 

Z c  141 
1_1___-.- J- 

L o i B I  - I 4-26 .  Divide by 16 Counter 
i 

4-27. Tlle llividc by 16 Coonter package i s  shown ill 
Figure 4-12, and i s  a 4-bit binary ripple counter. 
 he llega(ivelogic 4-bit l3Cl>outputs and the i 16 Out- 
pllt arc sllown in the tinring diagranr. A r e s e t  signal 
(HIGH) sets the outputs HIGII. Tile counter n ~ i l l  ad-  
vance on the leading edge of the inpot pulse. 
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Figure 4-11. Dual J - K  Flip/Flop (1820-0208) 

I 

Figure 4-12. Divide by 16 Cot~nter  (1820-0209) 

9 
iNPUT 

Zc Zo GNO i16 

THE +I6 OUTPUT WILL GO kilGn ON 
COUNT 8 AND LOW ON COUNT i S  OR 
RESET 

4 -28 .  Divide by 6 Counter 

4-29. Tlre Divide by 6 Counter paclcago i s  s l ~ o w r ~  in 
Figure 4-13, Tile Gate Control input must be 1,OW to 
enable the gated output. The r e se t  "0" o r  r e sc t  "5" 
illputs most be  HIGH to ellable ihc r e se t .  Tile counter 
will ; ~ d v a ~ l c c  on the icadi~lg edge of the illpot pnlse. 

Section IV 
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Figure 4-13. Divide by G C o u ~ ~ t c r  (1820-0210) 

I I 

4 - 3 0 .  Four-Bit Binary Full Adder 

4-31. Tile 4-UitUitlnry Full  Adder package i s  shown 
i11 Figure 4-14, with i t s  truth table. Tile adder adds 
two 4-bit binary nur11bers (At,  A2, A3, A4, and E l ,  
132, 133, 134) and a carry-in (Ci,) to produce their  surn 
(21,  22 ,  z3 ,  z4 )  and a carry-out (C4). T l ~ e  inputs 
A l ,  A2, 131, B2, and Ci ,  determine >;I, >:2, and the 
internal c a r r y  (C2). The inputs A3, A4, B3, 134, and 
internal  c a r r y  C2 dctcrmine z3 ,  x4, and C4. 

4 - 3 2 .  THEORY OF OPERATION 

4-33. 'l'he operatioll of the NP 5323A i s  divided ilrto 
tliree cyclcs: Gatc, Coillpute, al~cl Disl~lny. A flow 
diagram includcd in Sectio~l VIII (Figure 8-2) depicts 
the Lilrce cycles nml the MEASUIIEMENT TIME proc-  
ess .  A block cliagra~h illclilded in Scction VIII (Fig- 
u re  8-3) s11ows thef l~~~ct iol~alre la t . ionshipol  the lllajor 
asscmbl ias  and cr i t ica l  signals used by the a s seml~ l i e s .  
T11r!sc f igures  should be folded oirt fo r  r e fc rcncedur i~ lg  
tile following discussion. 

4 - 3 4 .  Gate Cycle 

4-35. lnllut frou(ucncy (Fx) connects to A2 (Amplifierj  
Tr igger)  via A1 (Attcnu;rlor). The input sig11al t r ig-  
g e r s  A2 a ~ r d  tile llarrow pulse ~>roduced,  goes to A3. 

FX . . Tlris pulse appears  a t  the input of tilt: - fhp/flol>, 
2 

when MOD13 i s  se t  to NOIIM. When MODE i s  sc t  to 

CIIECK, i ~ ~ t e r ~ l a l  clock pulses (E'y o r  2) will :rppear 
FX G a t  the y tlil)/flop instead of Fx. 
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~ i g u r e  4-14. Four-IJit B i ~ ~ a r y  Full Adder (1820-0305) 4-38. Tl~c: ncxt Fx 11ulsu enables the X-Gate, and a 
COUNT X pnlse will occur. COUNTX pulses continue 

Fx 
a t  tlie 2- frequency and a r e  accumulated in the X- 

Register .  When the Y-Register contents equals the 
solcctecl m e a s n r e n ~ c ~ ~ t  time, a TIME signal occurs  
enabling tire Single Cyclc Register  and X-GaLeEnable 
f i l / f l ~ l .  The X and Y-Gales will he disa l~lcd  by the 
next illput pulse, turniinating COUNT Xand COUNT Y 
pillses aird tlic GATE sign;~l will re turn  tu i t s  itiitial 
st;rle. 

4-39. Wlrclr the input frequency pcriod i s  longer than 
the selectcdmcasurenrc~tt  time, tile (;aleCo~itrol uses  
the Single Cycle Register  to tr~rniinatc the Gate Cycle 
on tlic s e c o ~ ~ d  positive slope zero-crossing of the input. 
A PRESCALE signal i s  sensed by A7 (Control Board), 
whiclr a l t e r s  LlleCo~nputeCyclc to correc t  for singlc- 
cycle oper,  <I t '  1011. 

TRUTH TABLE [SEE NOTE 11 

I 
Fx 

4-36 T l ~ c  f ~ r s t  Fx pulse w ~ l l  s e t  tile Tf l~p / f lop  to 
- 

Q HIGH, enabling the Single Cycle Register  -- and the 
X-Gate -- Enable flip/flop, producing tlte GATE signal. 
GA

T

E r e s e t s  the 11-Register to D - 15 signaling st;trl 
of the Gate cyclc. Tllc COUNTING lamp will be on. 
The EXT GATE signal tnust be bigh to initi;lte tllc 
W E  signal. 

4-37. The clock pnlsc froin A14 (~sc i l l a to r /Mul t i -  
plies) cnablcs tlie Gale Corrtrol flip/flop enabling tlre 
Y-Gate. Y-@rte output i s  a s e r i e s  of COUNTYl~olses,  
which a r e  accu~nula ted  in the Y-Register. Tlie clock 
freque~rcy i s  10MHz. COUNTY pulses will be 10MHz 
when the Hz/RPM Switclr i s  in Hz, o r  10/6 MHz ~ I l c l l  
i n  RPM. 

4-40. Notice th;rl clock and inr,ot frcclucncics a r c  
Fx synclironized hy tlic - ilip/llop s o  that ~nnxiirrunl 2 

e r r o r  during the Gate cyclc i s  equal to one cloclc 11"- 
r iod (100 nscc for Hz o r  600 nscc f o r  RI'M). The 
sclcctetl nleasurcmcnt t i ~ i l e  i s  (T). At the end of the 

Fy (;ate Cycle Y-Register contains F'y x T (or - 6 x 'l' f o r  

RPM) and X-Register contains Fx x T.  Tllc X :ind 
Y-Registers contain inforination ~ieedcd to calculat~? 
frcyueilcy F. W1ie11 110 input signal uccurs a l ter  the 
TIME signal, a low-frequency re se t  signal occurs  a t  
2 xMe;?surc~neilt Time. 

4-41. Compute Cycle 

4-42. F r e q i ~ c ~ ~ c y  (F)  i s  calculated by dividing X- 
Register  contents by Y-Rcgister coiilents and multi- 
plying the resul t  by the clock frequency (Fo), ( F  = 

$ x Fo). F i s  calculatecl one digit a t  a t ime.  As each 

digit i s  calcul;~ted,  i t  i s  t r a ~ r s f e r r c d  to tlrc Display; 
deci~l la l  point position and mcasurerncnt units fo r  lhc 
I1isplay ;Ire deterniined by the magnitude of X and Y. 
F c;r lcul:~tio~~ i s  pe r fo rn~ed  by A5 (Adder Doard) and 
A7, r e f e r  to Figurt!s 4-15 and 4-17. 

4-43. To divirle X by Y, a process  of repeatedly sub- 
tracting Y froni X is used. T o  subtract  Y fronl X, a 
techrriquc know11 a s  nines complc~nenting i s  used. The 
nines conlplement of X i s  the difference betwceri each 
digit of X and Llre nunrber 9. Sequentially, the nines 
c o n r l ~ l e t n c ~ ~ t  of X (called Xc) i s  added to Y; Y i s  tlrct~ 
atlded toXuliti1 a left-digit c a r r y  occurs;  the 1;rst sun1 
(without the ca r ry )  i s  tRen co~irple~ncntcda~rd added lo  
Yto  r<:storc tile renraindcr. The l a s t  step is required 
because Y must 11c added Lo X until a c a r r y  occurs,  
whiclr i s  ono step too f a r  in tllc division process .  Tlie 
res tored remainder i s  then multiplie(1 by 10, and the 
p rocess  repeated toduterlnine the ricxt digit ol F .  TIE 
n u n ~ b c r  of t i n ~ e s  tha tYwas added Lo X before ;r c a r r y  
occurs  i s  tlie value of the f i r s t  digit of F (called 7,). 
Fignrc 4 -16 i s  an example of the ari thmetic operations 
perforincd by A5; the f i r s t  digit of F i s  3. 

ory 

1 
I 2 1  

[a REsEi1 TRIGGEREO BY 
CONTROL 1 CiO AND X<107 --La . 

C 9  n n n n n n n n n 
CIo n n n n n n n n 

RESET K1 
n n n 

SHIFT X 

SHIFT Y 
SHIFTY I POSlTlON 

n (DIVIDE Y BY I 0 1  
COUNT 2 II n n 
COMPLEMENT TRANS- 

X 
TRANS- - 1 L 

~CMUTROL 11 zM K OORING SHFT1YG rs .. r-. ., , ,  n " c 9  n - 7  G < S <  F, :-7 , r. ! = f l A T C S  - n 7 7  P ?  
K . -  -L ,L.- - , ,  , ,  .- -  

I FOLLOWS FIRST 
D-CS AND K 

DISPLAY 

SELECT Y 1- 1- I 
SELECT X 

RELEASED AT 

l X + X l  
~ F I A S T  cs 

COUNT X , I  X f  2X-X- Y-X-X-X+Y-X-Y-X-Y-OIY-X-I-X-X-X+Y-X-X+I-X-I-X-X-IOX-X-Y-X 

MEASURE X +X -COUNT I-OVERFLOW- RESTORE -SWIFT Y I -COUNT I -COUNT 2 -OVERFLOW - RESTORE - SHIFT X 7 -COUW I 

Figurc 4-16, Arillnnetic Oljeration 4-44. The f i r s t  step in the ca lc t~la t io~r  i s  to double 

I I the X-Recister  contents to co r rec t  f o r  the division of 
Fx tlle - flip/flop. A7 enables the 4-pole swilclres in 2 

A5, s o  that X + X  occurs .  When a single-cycle mens- 
urcment occurs,  X i X i s  inltibitcd becanse F was ]rot 

i:,o --- - divided by two ( r e f e r  to Figure 4-15). 

4-45. Tlic next operation itiitiatcd i s  coinplemc~~t ing 
X-Iiegister contents and atlding the rcsul ts  to the Y -  
Register  contents (Xc i Y). A7 then s e t s  the 4-pole 
switcllt?s to perfor111 an X I .  Y ol~eralioo.  Thr. opera-  
tion i s  repeated u~rti l  a c a r r y  f rom tllc Adder occurs  
(equivalent t o  a negative r e ~ i ~ a i n d c r ) .  The correc t  r e-  
ninindcr i s  res tored by ns i~rg  tlic Xc i Y operation, 
bec:tuse we have made one ext ra  subtraction. Tire 
remainder i s  now multiplicd by 10, ;tnd thc second 
digit of Fwil l  bo calculated. This  process  i s  rcpeatc(l 
until a11 7 digits of F have been dotcrmincd. Notc the 
Y-Register contents a r e  recirculated during tlln com- 
pute cycle (Y remains  unchanged) 

4-46. Shift pnlscs f o r  X and Y-Registers and control 
p ~ l l s e s  for the 4-pole switches in A5 a r e  generated by 
A7, using cloclr pulses.  The c a r r y  pulses a r e  used 
by tile Co~rtrol  Board to generate COUNT % and DIS- 
PLAY signztls. 
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4-47. Display Cycle 

4-48. The Corupute and Ilisplay Cycles o c c l ~ r  a t  the 
sarnc t ime. As cach digit of F i s  calculated i t  must 
be t ransferred  to buffer s torage  and the Display. At 
the s t a r t  of the Compute and Display Cycles, the 
C;AT); signal ending tllc Gate Cycle r e s e t s  t l ~ c  D- 
Register  to D = O. 

Modcl 5323A 

4-49. Duringthe Conipule cycle ,  when the f i r s t  divi- 
sion i s  attempted ( f i rs t  cligit calc~1l;rtioll) :I ca r ry  nlay 
o c c ~ ~ r .  Each t ime such a c a r r y  occurs,  a DISPLAY 
pulsc i s  gcneratecl by A7 ( re fe r  to Fignre 4-17). 
These DISPLAY pulses increlncnt ei ther the E o r  D- 
Registers,  depending on the s ta te  of the RnngeDetec- 
tor .  In case  of an  in~iiiediate c a r r y  during f i r s t  digit 
calculation, tlic DISPLAY pulse would decrease  tlre 

DISPLAY 310.2101 KHz 

CIO 1 l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

CWNT I 1 1 1  I  I  I  I  I  I  I I 

CZ 

EXPONENT 

COUNT E 1 I  

EXPONENT 1 6 5 
Ei5 TRANSFERREDp_ .-. . ,,PRESET I - ..... + 

~ 

4--. 

COUNT D I I  I I I  I I I  I 

- 3RD DIGIT 0 

73 

J -47"  DIGIT 2 

14 

/ S T "  DIGIT I 

T S  
/TRANSFER EXP fl-6TH OlGi7 0 

i s  

RESET fl 
EXP T A L L O W  WOLD 

7 T H  DlGlT I -fl VRCtLING EDSEI 

T, 

I 
i RESET TO BLANK L 7 BLP.NK IF COUNTER 

f15 RESET. 
Z J Z X A B B E R E O  

\ 
76 TRlGGERED 

BLANK 7TH D i G i i  

CLEAREO BY FIRST TRiGOERED 81 TZ BLPiNK 6TH. 7TH DIGITS IF 'IME ' O 4  

COUNT Z 8LnNK DiGlTS 2.3.4.5.6.7 $F MEIISTIME s.01.  04 OR 6 - 4  WlTn MSD 'a2 
iiND MSO> 2 
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E-Register count, and no COUNT D pulse would occur.  
DISPLAY pulses will continue t o  decrease  the E-  
Register  count until a s ~ ~ c c e s s f u l  subtraction occurs  
(no carry) ,  and a COUNT Z pnlsc i s  prodllced by the 
Control Board. The initialCOUNT Z pulse cailses the 
Range Detector to disable the E-Register input and 
enable the D-Register input. The COUNT Z pulses 
a r e  accumulated in the '2-Register and represent  one 
digit of F. 

4-50. When a c a r r y  occurs  after  successful subtrac-  
tion, DISPLAY and COUNT D pulses a r e  generated. 
The inost significant digit (MSD) i s  now t ransferred  
fro111 tire Z-Register to the buffer storage and Dis-  
play, and the D-Register advanced to D = 1. Each 
new DISPLAY pulse will produce a COUNT D pulse 
t o  advance the D-Register, until al l  7digits  have bccn 
calculatedand displayed. The las t  digit will be t r ans-  
fe r red  a t  D = 6.  

4-51. At D = 4, the contents of the Exponent Register  
a r e  t ransferred  to Llle decimal and measurement unit 
decode logic. The location of the d e c i n ~ a l  point and 
the measnre~nen t  unit (MHz, kHz, or  1 ~ )  art? deter -  
mincdaml t ransferred  to the Display and Annunciator. 
When tlleNz/l?PM switch i s  s e t  toRPM, the cloclcfre- 
quency i s  divirled by 6, and the E-Register i s  ci~anged 
by one count (X10) resulting in multiplication by 60. 

4-52. After the las t  digit has been calculated, DIS- 
PLAY pulses will continue to be generated by A7 and 
continue to advance the D-Register, unless a HOLD 
i s  present.  If Llie MODE switch i s  s e t  to HOLD a t  
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th is  time, the Clock Gate in A3 will be disabled, in- 
hibiting the DISPLAY and COUNT D signals to p re-  
se rve  the display. If no HOLD i s  present,  o r  when i t  
i s  removed, the D-Register will advance to D = 7. 
D = 7 i s  a blank state,  but D = 8 causes  the PRINT 
Command and i? sigllal to be generated,  The li sig- 
nal i s  an automatic r e se t  which c l ea r s  the X, Y, and 
Z-Registers.  

4-53. At D = 9, the ARM signal i s  generated, t ~ ~ r n i n g  
the ARM lamp on, rcsctt ing the Range Detector, in- 
hibiting the clock in A7 and enabling thc Gate Coiltrol 
in A3 fo r  tile nexl Gate Cycle. 

4-54. When the RLANKING Switcll i s  ON, the Blank- 
ing Control logic will automatically blank tikc sixth 
and/or seventli display digit, if tlic selccled meas-  
urernent t ime i s  s o  short  that f a l se  resolution would 
occur.  

4-55. When the HYSTERESIS switch i s  OFF,  and the 
f i rs td ig i t  changes f rom 1 t o9  in successive measnrc-  
ments,  the decimal point and display will shift, and 
the ~rieasnrenielit unit may change. To prevent th is  
condition, tlic l ~ y s t e r c s i s  featurf limy be usetl. With 
the HYSTERESIS switch ON, the Hysteresis  Control 
logic senscs  tllc s ta te  of Lila MSD < 2 Memory and%-  
Register  contents. When the f i r s t  digit cllm~ges fro111 
1 to 9, the f i r s t  Display digit will be blanked, the E- 
Register  will be advanced, and all extra COUNT D 
pulse will advance tlle D-Register to D = 1. The i i r s t  
digit ( Z  = 9) will be  t ransferred  to the second display 
position, and the remaining digits a r c  calculated and 
disp1;iyed. Hysteresis  i s  effective only for descending 
range changcs. 
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SECTION V 

MAINTENANCE 

5-1. INTRODUCTION 5 - 9 .  IN-CABINET PERFORMANCE CHECK 

5-2. This  section givcs n~ainten:rncc and service  
information. Inclurled i s  a table of r e c o ~ n ~ n e ~ ~ d e c l  
tes t  equipment, disassembly and repai r  proccdares,  
in-cabinet porfonnanct? cllcck which inay be used lo 
verify proper Counter operation, overall  troublesl~ool- 
ing procedures,  and adjustments. Theory of operation 
and sl>ccific Lrouhleshooting iilCormation f o r  each as- 
scml>ly a r c  locatcd in ScctionVIII, ol)l>osite c a c h s c l ~ e -  
malic diagram. 

5-3. ASSEMBLY DESIGNATIONS 

5-4. Tablc 5-1 l i s t s  tlic design;ltions, name, and 
He\vlt:it-Packard part  r n ~ n ~ b e r  of nsscmblies used i n  
this i n s t r u n ~ e ~ ~ t .  

5 - 5 .  TEST EQUIPMENT 

5-6. Tes t  equiptnellt recommended fo r  maintaining 
and checking perfornlance i s  l isted inTable 5-2. Tes t  
equipment llaving equivalent character is t ics  may he 
sul)stiiutcrl fo r  tlie equip~nent l isted.  

5-7.  ASSEMBLY CONNECTION 
IDENTIFICATION 

5-10, GENERAL. TIE pei'fonnance check, Table 5-3, 
and tes t  card  can be used to vcrify proper operation 
of al l  c i rcui ts  in the Counter and may a lso  be osed: 

a. As par t  of an inconling inspection clrcck of in- 
strulncnt specific' '1 1' 1011s. 

I). Periodically, for instr~urrenls ~ i s e d  in sys t ems  
wlrere maxinlum reliability i s  important. 

c. As  par to1 aprocedurc  tolocateclefcctive civcuits. 

d. After any rcp:lirs o r  adjustments, and Ijefore 
returning i n s l r u ~ n e l ~ t  to regular service .  

c. As  apermanent recordof  instrunlent maintenance 
performed, because the tes t  record  pages a r e  perfo- 
rated and may be removed. 

5-11. VARIABLE LINE VOI,TAGE. D u n ~ ~ r  the 1r.d 
(Tablc 5-3), Countcr should be connected to arrariablc 
vo lhge  source  s o  tlle l i~ lcvo l l i~gc  limy be  varied t10'h 
fro111 nominal (115 o r  230 Vac). 

5 -8. Tlirou#hout the manual, connections to printed 
circuit  assemblies a r e  r e f e r r e d  to in ahbreviatcd 
form.  For  example, coluicction toA3, pin10 isA3(10). 5-12. INSTRUMENT COVER REMOVAL 

Input Anlpliiier Board I 05325-60035 115/230 VAC AND +I75 V1)C SUPPLY WIRES 
Gatc and Reset  Board 05323-60011 ARE EXPOSED WHEN EITIII3R TOP OR BUS- 

5-13. T o  relnovc top o r  bottom cover, remove the 
four screws which secure  cover to instrument. Slide 
cover toward r e a r  of instrument and lift ofi. T o  r c -  

Table 5-1. Assembly Identification place cover, r eve r se  procedure. 

TOM COVER IS IZEMOVED. USE EXTREME 
CAUTION DURING T~zOUBLESIIOOTING, AD- 

WARNING 

A4 
A5 
A6 
A7 
A8 
A9 
A10 
A l l  
A12 
A13 
A14 
A15 
A16 
A17 

JUSTMENT, OR RICPNK. AVOID DAMAGE TO 
INSTRUMENT BY REMOVING POWER BEFORE 
REMOVING OR RISI'1,ACING COVERS, ASSEM- 
BLIES, OR COMPONENTS. 

1IP P a r t  No. 

05323-60006 

Assy 

A1 

5-14. ASSEMBLY LOCATION 

Name 

Atterru;rtor Board 

X-Register Board 
Adder Board 
Y-Register Board 
Control Board 
Display Control Board 
Connector Board 
Function Switch 
Main Board 
Display Board 
Annunciator Board 
Oscillator/Multiplier Board 
Crystdl/Ovcn 10 MlIz 
+5.1V and +175V SuppIy 
h12V Supply 

5-15 Top ~ n t e r n a l ,  t ront and r e a r  panel vlews of the  
Counter a r e  silown in Flgure 5-1. Tlus  ilgllre sllows 
the locallon of the assemblies, connectors, and chas- 
sls parts .  

5-1 

05323-60005 
05323-60002 
05323-60003 
05323-60004 
05323-60009 
05323-60014 
05323-60007 
05323-60001 
05323-60008 
05323-60017 
05325-60008 
05325-60012 
05325-60022 
05325-60005 
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Figure 5-1. Top Intern;rl, Front and Rear  Panels  

I FRONT 1 

I REAR I 

I TOP I 

Model 5323A 

50 MHz Bandwidth, plug-in capabilities 

Vertical  Plug-in 50 mV/cm sensitivity, 50 MHz Bantlwidtll 
Time Base Plug-in 50 nsec/cm sellsitivity 

Freqoency Synthesizer 50 Hz to 20 MHz, 100 nrVrlus 

Synthesizer Drivcr  1 MHz output, 1. 0 V r n ~ s  

Digital Recorder Compatible with BCII wcigilting used 

50Sl Feed-Tliru 
Termination 

IIP 10524A I 
Low-Frequency Ftunct~on 
Generator 

Variable Attel~iialor 

Vari.rble Attclluator 

Pulse  Generator 

R F  Voltmctcr 

DC Volt-Ohm-Almnctcr 

BNC "T" Connector 

0 . 1  Hz to 1100 Hz, 1V peak-to-peak, +2'& 

12 dB in I dB s teps  

120 dB in 10 dB s teps  

30 nsec, t o .  3V, 10 MHz 

10 11iV to 10V, 20 MHz, t39) FS 

0 to ilOV, i l % ,  1% x 1 capability 

I Vanab le  Llnc Voltage 
Source 

Varlablc Iron1 103 to 121 Vac (207 to 253 Vac) 

VIIF Oscillator 

Frequency Standard 

Resistive Probe 

Electronic Counter 

C u r r c ~ i i  Prohc 

DC Probe Amplifier 

Logic Probe 

Resistive Probe 

20 MHz, 300 ~ n V r ~ n s  

1 MHz, stability < 2 pa r t s  in 1011 pe r  montli 

10:1, 10 pF, DC to 20 MHz 

20 MHz, 8-digit rcadoilt 

10 IIIA to 50 I ~ A ,  1 11iV/niA s e ~ ~ s i t i v i t y  

Compatible with probe used 

Colrrpatible with DTL and T T L  voltage lcvels 

50 : 1 ,  DC to 10 MHz 

HP 202A 

H P  355C 

H P  355D 

fIP 222A 

IIP 411A 

IIP 412A 

H P  Par1 No. 1250-0781 

H P  32000 

H P  5065A o r  H P  5061A 

HP 10003A 

BP 5245M 

HP l l lOA 

IIP l l l l A  

IIP 10525A 

HP 10002A 

5-16. REMOVAL OF PRINTED CIRCUIT f .  When re i~is ta l l ing  the  board, do not connect any 
BOARDS wire  to tlie terminal between IC15 and IC19 (see Sec- 

tion VIII). This  i s  a special  tes t  point. 
5-11. MAIN BOARD (Al l ) .  T o  remove tllis board: 

5-18. DISPLAY BOARD (A12) 
a.  Re~novc  top cover (see paragraph 5-12). 

a.  Rertlove tlie Main board (Al l )  (see paragrapil 
b. R e ~ i ~ o v e  the l o w i r e s  which a r e  comiectcd to the 5-17). 

topof thc  board by push-on connectors. Each terminal 
on tlie board is color-coded to the mating wi re  color. 

c .  Remove the I sc rews  that s ccure  the board to 
the chass is  and c o ~ ~ n e c t o r  54. 

d.  S l ~ d e  board toward rear of Cou~l ter  until A l l J 2  
i s  disengaged l r o m  the Display Board (A12). 

c. R a ~ s e  the frontof the board to c lear  tlle Dlsplay 
Board (A12) and slide the board forward u~i t l l  A l l J l  
1s out of the r e a r  panel slot .  Remove the board f rom 
the unlt. 

02841-1 

b. Rcmove printed circuit  board A2, A l l ,  A3, A4, 
A5, and AG. 

c .  Reniove Annunciator Board (A13) by removing 
two nuts and washers  that secure  tlre assembly to the 
f ront  panel. 

d. Rcmove the WHT-RED wi re  wluch is connected 
to the Display Board by apush-on connector. 

e. Removc the 4 sc rews  that secure  the board t o  
the chassis.  Reniove board f rom unit. 

5-3 
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Table 5-3. In-Cabitlet Performance Check (Cont'd 

b. Co1111cct Frequency Sy~rtlicsizcr outpiit to Counter INPUT through a 50ullllI f 

lertnination. 

c. Connect Syntliesizer Driver  1 MHz output to Counter extcrnal tinic base  IN 

d. Connect Digilal Recorder to Counter DIGITAL RECORDER connector. 

Note - 
Itefcr to Operating and Service Ma~uial  for Digital Recorder 
Installation and Operation I~lforntation. 

Model 5323A 

5-20 .  REPAIR 

5-21. Printed Circuit Component 
Replacement a.  Relriovc top and bottom covers  (see paragraph 

5-12). 5-22. Component lead lioles in the circuit  boards 
have plated-through walls  to ensure  good electrical  
contact between conductors on opposite s ides  of the 
board. To prevent da111age to the plating anti the r e -  
placcme~rt  component, apply heat sparingly, and work 
carefully. 

b. From top of Counter, remove 3 large  sc rews  
attaching the Main Board (Al l )  to connector A9J4. 

c .  Fronr bottolir of board, remove con~lectors  a t -  
tached to A9J2 atid A9J3. 5-23.  Replacing Integrated Circuits 

5-24. Following a r c  two recommended methods of 
replacing ilitcgrated circuits:  CAUTION 

e. Set sy t~thcs izcr  Ireqoency to the values in Table 5-3A. Decimal point location, nleasurelllcllt 
unit, and printccl expone~rt a r c  shown in Table 5-3.4. Displayed and printed digit values (N) 
a r e  disregarded during th is  test. Record display and printed exponcnt on tes t  card.  I a.  SOLDER GOBBLER. This i s  tlle best  method. 

Solder i s  removed fronr board by 2 1  soldering iron mitll 
a hollow tip connected to a vacuum source.  

Take c a r e  no1 to put a s t ra in  on con~~ec t ing  wires  
o r  bend them too many l imes .  This  will cause 
the wires  Lo break o r  become weakened. 

b. CLIP-OUT. This  method should be used as a 
las t  r e s o r t  only. Clip the leads a s  close to the case  
as possiblc. Wilh a soldering iron and long nose 
~ ~ l i c r s ,  carefully renrovc the wi res  f rom cach hole. 
Then clean the holes. 

T n l ~ l e  5 -3A. Dccimal PomL/Mensorenrent Unit d. Unsolder the 7 wl res  and 2 coaxr;~l cables con- 
nected to the f ront  of thr' hoard 

Syn thes~ze r  
Frequency Display - 

Printerl 
Exponent 

7 
6 
5 
4 
3 
2 
I 
0 

e.  F rom top of Counter, renlove the 8 wires  con- 
nected t o  the board by pusli-on connectors. Tiiese 
connectors arc accessible through a cutolit in tho 
cllassis, located belrind the Display Control Board 
(A8). The A7 and A8 boards niay be re~rioved lo  pro-  
vide niore access  to tlre connectors. 

5-25 .  ADJUSTMENTS 
10 MHz NN. NNNNN MIIx 
1 MIIz N. NNNNNN MHz 

100 kIlz NNN. NNNN kHz 
10 kHz NN. NNNNN kHz 
1 kHz N. NNNNNN klIz 

100 Hz NNN. NNNN Hz 
50 IIz NN. NNNNN Ilz 

0 Ilz 0. EIz 

5-26. Tlre adjus tn~ents  ln Tablc 5-4 a r e  111 LBr? o rde r  
tlley should be perlormcd, but should nut be done 
unless: 

a.  A trouble has beet1 repaired which would affrxt 
thcse  valucs. I. F rom the bottom of the Counter, removc tlic G 

s c rews  nndsnacers  tlrat s ecure  tlre board to tho chas-  
s i s .  110 11ot r e~ i luve  tlle 3 sc rews  securing connector h. 'The instrument does not meel  all spccil icatiot~s 
A9J4to tlic board. Remove Lhe board fro111 the bottonr while performing the check in Table 5-3 (In-Cabinet 
of the Counter. PcrIormance Checks). 

Table 5-3. In-Cabinet Perforniance Clieck 

1 3. ACCURACY 

a. Set synthesizer frequency to tlic values i n  Table 5-38, Display should be witliin il count 
of the selected frequency. Record display value and printed value on tes t  card;  printed 
and displayed values should be idc~rtical. Disconnect Digital Recorder.  FREQUENCY/RPM MEASUREMENTS 

1. SELF-CHECK 

I Table 5 -3B. Accuracy I a .  Set Co~intcr  controls a s  Iollows: 

MODE . . . . . . . . . . . . . .  CHECK 
MEASUREMENT TIME . . . . . .  . 4  
TIME BASE . . . . . . . . . . . . .  INT 
Hz/RPM . . . . . . . . . . . . . .  IIz 

I. 111111 MIIz 
2.222222 MH7, 
3. 333333 MIIz 
4.444444 MIlz 

b. D ~ s p l a y  sliu~ild be 10. 00000 IvIHx, and COUNTING lanip ON. Record on test  card.  5.555555 MHz 
6. GFGGGG MHz 

2. DECIMAL POINT/MEASUREMENT UNITS 7.777777 MHz 
8.888888 MHz 
9.999999 MHz 

a .  Set Counter controls a s  follows: 

M O D E .  . . . . . . . . . . . . . .  NORM 
. . . . . . . . .  MEASUREMENT TIME . 4  

LEVEL. . . . . . . . . . . . . . .  1>ItESErI' 
ATTEN . . . . . . . . . . .  X1 
AC-DC . . . . . . . . . . . . . .  1lC 
BLANKING . . . . . . . . . . . .  ON 

a. Set Cou~i ter  c o ~ i t r o l s  as shown in step 2a. 

b. Set syrrthesizer frequency to 1.0000000 MIlz, then decrease  to ,98888888 MHz. Display 
slrould be  ,988888 MIIz. Record on l e s t  card.  

c .  Set HYSTERESIS to OFF.  Display should be 988.8888 kHz. Record on tes t  card.  



Sectioil V 
Maintenance 

Model 5323A 

Table 5-3. In-Cablnet Performance Cllcck (Cont'd) 

5. BLANKING 

a. Set Cou~l ter  controls as shown i n  step 2a. 

b. Set synthesizer to 2 Mllz. 

c. Set MF:ASUI%EMENT TIME as shown in Table 5-3C. Tile n u ~ i ~ h c r  of digits displayed i!3 
shown in Table 5-3C. Record on tes t  card.  

d. Set sy~it l icsizer to 1 MIIz RIICI repe:Lt step 4c. 

e. Set sy~l thes izer  to 9. 888888 MHz and repeat  step 4c. 

Note - 
Change f r e q u e ~ ~ c y  Iroiu 10,00000 MHz lo 9.888888 MHz to 
enable hys teres is  circuits .  

S. Set s y ~ ~ t h e s i z e r  to 1 MHz. Set Counter BLANKING switch O F F  :rnd MEASUREMENT TIME 
switch to . 01. Seven digits s l ~ o ~ ~ l d  be displayed. Record on tcs t  card. 

Tablc 5-3C. Blankiug Check 

DISPLAYED DIGITS 
MEASUREMENT TIME 2 - MHz - 1 MI12 0.888888 MHz 

a. Set Cou~i ter  c o ~ l t r o l s  as s l i o ~ v ~ ~  i n  s tep  2a, except se t  Hz/RPM to RPM and MEASUREMENT 
TIME to . 1. Adjust s y ~ ~ t h c s i z e r  Srequcllcy t o  values in Tablc 5-3D. Record display value 
on tes t  card .  

b. Disconnect synthesizer and synthesizer dr iver  f rom Countcr. Set Counter TIME BASE to INT. 

c .  Conaeci I,ow Fraquency Function Generator to Coul~tcr  INPUT wit11 BNC "T" coanector. 
Co~~i l cc t  oscilloscope vert ical  input to tlie "T" connector. 

d. Set function gc~ ie ra to r  output f o r  a 1V P-P, 10 Hz sine w:we measured on oscilloscopc. 

e. Display should be 600.000 RI'M *2%. Record on tcs t  card.  

f .  Set Function Generator Frcr1iucncy to 1 Hz (1V P - P  sine wave). Display should be GO. 0000 

RPM *2%. Record on tes t  card.  

g. Set Function Generator Frequency to 0. 1 I~Iz ( 1 ~  P - P  sine wave). Display sllould be 

6.00000 RPM i2'&. Record on tes t  card.  

Tablc 5-3D. RPM Display 

FREQUENCY DISPLAY 

10 MIIz GOO. OON RIJM 
1 MHz 60. OOON RPM 

100 kHz 6. OOOON RI'M 
10 kHz 60000N. RPM 
1 kHz 60000. N IXPM 

100 112 6000. NN RPM 

Model 5323A 

RESET AND HOLD 

1. RESET 

a. Conocct equipinent a s  described in step Gc of Frequcncy/RPM Tests .  Set fiuiction gerl 
output fo r  1 kIIz sine wave a t  1V P-P.  

I b. Set C o u ~ ~ t c r  co~ l t ro l s  a s  shown 111 step 22 of Frequency/ILPM Te4ts, except se t  MI':ASURE- 
MENT TIME to 1 .tnd TIME BASE to INT. I 

c. I leprcss  and re lease  the RESET ~~ushbut ton.  

d. Display sliould be zero  f o r  1 second, llicli display 1 kHz c2%. Record on t e s l  c;lrd. 

e. Remove signal a t  Countcr INPUT. 

f. Display should r e se t  to ze ro  after  1 to 2 seconds and ARMED lamp should illuminate. 
Record on t e s l  card.  

g. Re-connect s ig~ra l  t o  INPUT. 

h. COUNTING klnl l  shoulri illuminate and displ:~y silould be 1 kIIz 12"?[i d t e r  1 scconri. Kccord 
on tcs t  card.  

2. HOLD 

a.  Sct I ~ ~ ~ i c t i o i ~  generator i r c q ~ ~ e ~ l c y  to 1. 1 kIIz sine wave a t  1V 1'-1'. Sct MODE to IIOI,D and 
AC -1lC to AC. 

b. The Display sllould be 1. 1 kIIz 1206. Record on test  card.  

c. Depress  m ~ d  rc l ease  RESET. 

d. Display shoi~ld r e se t  to ze ro  l o r  1 second, then displ ;~y 1. 1 kHz 12%. l iccord 011 test  card.  

3. LOW-FIZEQUENCY ItESET 

a. Set MOUE lo  NORM and AC -llC to 1lC. 

b,  Set MEASUHEMl5NT TIME ;is shown i n  T:tblo 5-3E. 

c .  I lecrease  functioii gerierator frcquency uutil Cotunlc>r r eads  zero.  Tho lowest displaycd 
frequency f o r  a part icular i i~easuremt>~l t  t ime  should be within 55% of tlie value sllown in 
Tablc 5-3E. Record on tcs t  card.  

MEASUREMENT 'rIMh: 

. 0 1  
.04 

I Table 5-3E. 
LOWEST DISPLAYED 

FREQUENCY 15% 

I 

I SENSITIVITY I 
1. SENSITIVITY MEASUREMENT 

a. Comlcct Frcquel~cy Syntl~csizer lo INPUT using a 50-ollrn feedthrough ter~iiinatioll. Illsert 
H P  355C ;nld D Variable Attenuators bctwceli sy~l thes izcr  and termination. C011IIect 211 

R F  Voltmeter t o  tlie INPUT using a BNC "T" cor~nector. 

b. Set Counter co i~ t ro l s  as shown iii stell 2a  of frequency tes ts .  Connect the Syntllcsizer 
Driver  1 MIlz ol~tllut to Coorrter tilile base INPUT connector. 

c. Set syritilesizer output frequency to 20 MHz. 
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Tablc 5-3. In-Cahlnet Perfornlance Check (Cont'd) 

Model 5323A 

SENSITIVITY (Colit'd) 

d. Set attenuators lo  0 dB. 

e. Display should be 20.00000 MHz ~1 count. Slowly increase  attenuation i n  1 d n  steps until 
c o ~ ~ n t  becomes ut~stable.  Record tile R F  voltnlctcr reading on the t e s t  card  (should be  
5 100 111Vrtns). 

I. 1)isconnect synthcsizer fro111 INPUT. 

2. PULSE OPERATION 

a.  Co~illect a Pulse  Generator to INPUT using a 50-ohm feedthrough termination. Connect 
oscil losco~)e in parallel  will1 the illput ilsi~lg a BNC "T" connector. 

b. Set Pulse Gclierator controls fo r  a 1300 mV peak-to-peak pulse, 30 nscc  wide, at a 
repetition r a t c  of 10 MIIz, n~easure t l  with oscilloscopc. 

c. Set Counter colltrols a s  showil in sic11 2% of frequency tes ts ,  except s e t  TIME BASE to INT. 

d. Adjust Connter LEVEL control for a stable displayed count. Display should be 10, MHz. 
Record value on t c s t  card.  Repeat 2h tlirougir 2d f o r  an amplitu~le of -300 IIIV P-P. 

3. GATEOUT ANDEXTERNALGATE 

a. Connect IJulse Generator to Collntcr EXT GA'I'F: using 50-ubm fceclthrougll Lr:rmination. 
Cot~nect oscilloscope in parallel  wit11 EXT GATE using :.a BNC "T" connector. 

b. Adjust Pulse  Ge~ie ra to r  fo r  a repetition r a t e  of 10 Hz a t  maximum pulse width. Acljust 
the amplitude to 1~3V P- P .  

c. Relnuve oscilloscope and "T" conlicctor fro111 EXT GATE. 

d. Connect the oscilloscol>e to Counter GATE OUT. 

c.  Set MODE to CIIECK and MEASUREMENT TIME to 4. 

I. Dis l~lay  should be 10 MHz with ARMED and COUNTING l a ~ i l p s  alternately flashing 
(COUNTING larnl> nray he very dinl). IZecord on tes t  c:ird. 

g. Tile GATE OUT signal viewed on the oscilloscope should be  a 4V P-I> (mininiuni) pulse 
t ra in  a t  10 Hz. Record on tcs t  card.  

4. INTERNAL OSCILLATOR OUTPUT 

a. Connect oscil loscol~e t o  tlie t ime base INI'UT connector. 

b. Verify that the Counter TIME BASE i s  s e t  to INT. 

c. The i ~ ~ t c r ~ l a l  t i ~ r ~ e  base output should be  a t ~ l i n i n ~ u m  of 1. OV P-P. Record on tes t  card. 

REMOTE PROGRAMMING 

1. ENABLE/DISADLE FUNCTIONS 

a. Using a DC Volt-011111-Am~neter, with the Coullter POWER swi tc l~  OFF, verify continuity 
between JG(20) and EXT GATE jack, JG(21) and GATE OUT jack, .JG(3) and cllassis  ground, 
and JG(19) and clrassis ground. Record on tcs t  card .  Refer to Figure 5-2 f o r  JG(REMOTE 

.a 1011s. PROGRAM) connector pit1 loc t '  

11. Set tile Counter POWER to ON and lrreasure the dc voltage betweell dG(1) and ch:rssis grouncl. 
Tlkc voltage sllould be -15V +0. 5V. Record on tcs t  card.  

c. C o ~ ~ ~ l c c i  .J6(15) to chass is  ground u~silig a <clip lead o r  tes t  box (see  Figure 5-2). 

d. By connecting appropriate pins to grou~lcl, verify operation of CHECK atal HOLII ~ n o d c s ,  
~ncasurenlent  tinres, RESET, and lIYSTERESIS ;~nd  BLANKING disable. Hccord on tcs t  card.  

c. Re111ovc all  external  grounds to ,IF fro111 s t cps  1c and i d  and cuiiticct oscilloscope bel\veen 
J6(22) and chass is  ground. Set MO13E to CHECK am1 MEASUREMENT TIME to . 01. PRINT 
output should be a p i ~ l s c  t ra in  wit11 a repet i t io l~  r a t c  o l  100 Hz, pulse width of 15 /*see, and 
amplitude of < 10.5V with respect  Lo i-5V baseline. Record on t c s t  card.  

Model 5323A 

Tablc 5-3. In-Cabiirct Perforoiance Check (Cont'd) 

1. 115/230 LINE VOLTAGE CHECK 

a. Mark the nominal l ine voltage used in testing the i l lstrume~lt  by making an X in t h ~  
appropriate box on the t e s t  card.  I a. Mark the nominal 11lie voltage used in testlng the ins t rume~l t  by maliln:: an X 111 the 
a p p r o p r ~ a t e  box on the t e s t  card.  I 

I b. Connect tlie Coulrlcr power cord to a v a r ~ a b l e  a c  voltage source.  Set a c  voltage to 
LOW LINE (see  T a l ~ l c  5-3F). Set Coulitrr POWER to ON. I 

c .  Connect tllc DC-Volt-Ohm-Amrl~ctcr to JF(1) (15V). 'The mcasorcd voltage sl~oold bo 
+5 + 0 .5  Vdc. Record on tcst  card .  Sc!t the Coilntcr I'OWER to OFF. 

Table 5-3F. Line Voltage 

Description 115 Volts 230 Volts 

L.OW LINE 102.0 204.0 

NOIIMAI, 1,INF; 115.0 230.0 

IIlGlI LINIS 128.0 256.0 

d. Repeat stcps l b  a~lcl 1ic for NORMAL ILINE voltage. 

c. Repeat stcps 1h arid l c  fur HIGH LINE voltagc. 

Flgure 5-2. Relnote Program 'Test Box 
I - - - - - - - - - 

J6 $E_M_OT_E _PA_O_O_R& 

- _ TEST BOX 
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PERFORMANCE CHECK TEST CARD 

02841-1 5 -102 

P r in t ed  Exponent 

Hewlet t- Packard Model 5323A T e s l s  P e r f o r m e d  by 
Au ton~a t i c  C o u i ~ t e r  

Se r i a l  No. - Date 

Descr ip t ion  Check 

FREQUENCY/RPM MEASUREMENTS 

1 .  SELF-CHECK 10.00000 MIlz 

2.  DECIMAL POINT/MEASUREMENT UNITS 

Display NN. NNNNN MIiz 

(N = any digit,  but not blankcd) N. NNNNNN MIIz 
(X = blank digit) NNN. NNNN kHz 

- NN. NNNNN kHz 

N. NNNNNN kHz 

NNN. NNNN Hz 

NN. NNNNN Hz 

0 .  XXXXXX Ilz 

7 

6 

5 

4 

3 

2 

1 

0 

3. ACCURACY 

Dis[)lay/lJritded V a l w  1. 111111 MI1z + I  Cuinlt 

2.222222 MHz *1 Coulll 

3. 333333 MIIz 11 Cutlllt 

4.444444 MHz +1 Coi111l 

5.555555 MHz t l  Count 

6. GFGG66 MHz +1 Count 

7. 777777 MlIz 11 Count 

8. 888888 MIX;: r l  Collnt 

S .  999999 MHz 11 Count 

4. HYSTERESIS 

Enabled ,988888 MIIz 

Disablcd 988.8888 kHz 
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PERFORMANCE CHECK TEST C A R D  

Uescrlptlon Clieck 

I RESET AND HOLD 

1. RESET 

3. LOW-FREQUENCY RESET 

Low Frcquc~lcy 10 Hz 600.000 RPM 12% 

1 Hz 60. 0000 RPM 12% 

0 .1  Hz 6.00000 RPM +2'& 

SENSITIVITY 

1. SENSITIVITY MEASUREMENT 

Reset  lo  ze ro  

1 B1Iz 129;> 

Reset  to ze ro  

ARMED lanip ON 

COUNTING lamp ON 

1 kIIx 12'% 

1.1 kHz 12% 

Resct  t o  ze ro  

1. 1 kIlz +2'h 

50 ISz ,t:5?b 

12. 5 IIZ 15% 

5 Hz 15% 

2.  5 Iiz i:5% 

1. 25 IIz 15';b 

0. 5 IIz ,t5% 

- 0.25 Hz 15% 

0. 125 SIx 15'% 

2. PULSE OPERATION 

I Pu l sc  10 MHz 

- Pulsc  10 MIlz 

3. GATE OUT AND EXTE:RNAL GATE - 10.00000 MHz 

4V P- P ,  mininium 

4. INTERNAL OSCIL1,ATOK OUTPUT 1. OV 1'-P, rn~iiinium 
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PERFORMANCE CHECK TEST C A R D  

Description Check 

REMOTE PROGRAMMING 

1. ENABLE/DISADLE FUNCTIONS .16(20) continuity to F:XT GATE 

J6(21) continuity to GATE OUT 

JN3) continnity to chass is  

J6(19) continuity to chass is  

JG(1) 15 i 0. 5 Vdc 

Cl~cck  verified 

llold verified 

.O1 verified 

. 0 4  verified 

. 1  verified 

. 2  verilied 

. 4  verif ied 

1 veriliccl 

2 verified 

4 verified 

Reset  verilicd 

Ifysteresis  - veriliecl 

Blanking - .- verilied 

P r in t  ____ 100 IIz 

15 l isec 

+O. 5 Vdc, maxiniuni 

POWER SUPPLY REGULATION 

115/230 LINE VOLTAGE CIIECK AT JG(1) 1 1 5 ~ 0  230V CT] 

LOW i ~ 5  :t 0. 5 Vdc 

NORM +5 + 0 .5  Vdc 

HIGH +5 & 0 .5  Vdc 

Model 5323A 

........... 

LEVEL, . . . . . . . . . . .  PRESET 
ATTEN. . . . . . . . . . . . . .  X1 
AC-DC . . . . . . . . . . . . . .  DC 

. . . . . . . . . . . .  H ~ / R P M .  HZ 

. . . . . . . . . . . .  BLANKING ON 
HYSTERESIS. . . . . .  
TIME BASE . . . . . .  . INT I 

b. Con~iect H P  3200B to IIP 355C and 355D attenuators connected in s e r i e s .  Set a t te~luators  to 
ze ro  dB ant1 con~lect  tllrougll 50-olmn~ leedthroi~gh termination to Counter INPUT. 

c .  Set HP 32000 controls f o r  20 MHz outpi~t  a s  indicated by Counter Display. 

d. Increase a t t enw~lor  scttirlgs nilti1 Colnlter Disp1:~y becomes e r ra t i c  o r  r eads  zero. 

c. Aclj~just A21110 fo r  a stable 20 MHz display. 

1. Repeat s teps  d and c until A2 Aniplifier i s  peaked. 

I g. Measure Counter input using HI' 411A RE' voltmeter. Minimurn inpat level f o r  stable 
display sliould be 100 mV. I 

I 2. OSCILLATOR/MULTIPLIER ASSEMBLY ~ 1 4  

a. Set Co~~imtcr TIME BASE switch to EXT. 

I b. Connect a 1 MIIz sLall<lard lrcyuency to tllnc base INPUT coilneetor. I 
I c. Connect oscilloscopc through a 10:1 probe Lo A14(1). I 

Note - 
Do not use  extender board dunng adjustnients 

I d. Acljust oscilloscope controls fo r  a stable display. I 
e. Adjust L2, L3, L4, and L5 fo r  n~axirnuin outl~ut 011 oscilloscope (should be  g rea te r  than 

2V P-P).  Disconnect $1 test  equipment. 

f. Set Counter TIME BASE switcll to INT. 

g. Connect an 111' 5245M Electronic Counter to t ime basc INPUT connector. 

11. Adjlist A14C5 for 10 Mllz * 11 Ilz. 

Note - 
If crys ta l  o r  heater (A15 Assy) h a s  been changed, 
it may be necessary  t o  select  C4 to permit  tuning 
to 10 MHz. 

i. Clip current  probe over the orange wi re  froin A14(12). C o ~ ~ n e c t  the probe through probe 
amplil icr  to oscilloscope input. Set oscilloscopc to . O5V/cm and probe amplifier  to SmA/cm. 

j. Adjust A14R6 fo r  20 mA P - P  on oscilloscope. 

k, Readjust A14C5 fo r  10 MHz t 1 count on electronic counter. 

1 3. POWER SUPPLY ADJUSTMENTS I 
No power supply acljustii~ents a r e  necessary.  E power supplies fail, remove a c  power and 
p r e s s  A1751 RESET switch. Return Counter a c  power on. If su l~p l i e s  a r e  still of1 O r  low, 
determine cause  by Lroubleshooting. 



Model 5323A 

5-36. CLOCK CHECK 

Section V 
Maintenance 

Note - 

Model 5323A 

5-27 .  TROUBLESHOOTING 5-34. TIIOUBL.E AT TURN ON. II Counter f a i l s  to 
turn on (no display, decimal ~loint ,  i i~easu re~nc l l t  
unit, o r  COUNTING/ARM display) make tlle following 
checks: 

a.  Check the 10 MHz internal  t i ~ r ~ e  base signal at 
t ime  base  INPUT wit11 TIME BASE s e t  to INT. The 
signal should be 10 MHz, 1 .  OV P - P  (minimum) into 
a 50-ohm load. If signal frequency o r  amplitude a r e  
incorrect ,  go to A14, A15. 

b. Check fo r  clock input (Fy) at pin C of A3. Go to 
A9 and interconnecting coaxial cable if signal i s  absent. 

c .  Check fu r  CLOCK output a t  pin N of A3. If no 
signal, make s u r e  that MODE i s  not in IIOLD. IS f r e -  
quency i s  not Fy, but Fy/G, check I%z/RPM switch, 
then go to A3. 

d. CIieck f o r  CLOCK input at pin C of A7. Go t o  
A9 if signal i s  absent. 

5-37. RESET CHECK 

a.  Ilold RESET depressed o r  connect a clip-lead 
fro111 the BRN wi re  of the RESET switch to ci lassis  
groiuid. 

The ARMED light will go di111 in this state.  Use 
aLogic  Probe to verify the following conditions. 

b. Check A3: should be HIGH on pins 12 and 13, 
LOW on pin K. 

c.  C l~cck  A4: Xa, Xb, Xc, Xd sllould be LOW. 

d. Check AS: Za,  Cb, Zc, Zd should be HIGH. 

c. Check A6: Ya, Yb, Yc, Yd sllol~ld he LOW. 

f .  Chcck A7: sliould be HIGH on pins 10 and 14. 

g. Check A8: should be HIGH on pin 5 .  

11. If the above t e s t s  with the Logic Probe indicate 
a malfunction, reCer to Table 5-6 f o r  a lilorc detailed 
procedure. 

i .  Remove the clip-lead froln the RESET switch 
after  trouhleshooting. 

5 - 2 8 .  Troubleshooting Aids 

a. Line voltage switch se t  fo r  co r rec t  voltage (115V 
o r  230V). 5-29. THEORY OF OPERATION. Section IVprovides 

infor i r~at io l~  will1 a flow char t  oil Collllter olleration i n  
al l  modes. 

b. Power cord plugged into coilliter and power 
So<lrce. 

r:. Line fuse good. 

d. AC power available a t  source. 

e. Check A16, A17, T I ,  L1, ancl Ld2 

5-30. SCHEMATIC IIIAGRAMS. Schematic diagralns, 
waveforms, and operation n~ id  troubleshooting of ill- 
dividual assembl ies  a r e  provided in Section VIII. 

5-31. COMPONENT LOCATION. Photograplls of 
printed circuit  asseniblies with coniponent calloots 
a r e  included in  Section VIII with the schematics.  

Note - 
Tile h5. 1V output fro111 A16 15 a v a ~ l a b l e  a t  .TI. 
TIE t12V output f rom A17 is avmlal~lc  a t  a t e s t  
point located between .77 and A15. 

5-35. TROUBLE DURING SELF CIIRCK. Refer  to 

5 -3 2 .  TROUBLESHOOTING PROCEDURE Tablo 5-5, the diagnostic t r e e  fo r  the Counter. Five 
Lroul)li?sliooti~ig ron t i~ ic s  a r c  indicated: power supply, 
clock, rcsc t ,  gate and display check. Thc power sup-  
ply cllcck has bccn discussed inl7aragraph 5-34. When 
using an oscilloscope to iroul~leshont, a fas t  MEAS- 
UREMENT TIME setting i s  useful. The . 01 settillg 
lnay be  used, o r  a HNC cable nlay I J ~  connected f r o m  
GATE OUT to EXT GATE on the r e a r  panel of the 
Counter (us[? a BNC Tee  t o  provide external  tr igger 
fo r  the oscilloscope). 

5-33. TIie Iollowii~g paragraphs,  steps,  and c1i:trts 
aid in locating problems. Usc  th i s  section to isolate 
troublc to an  assembly; then go to that a s s e ~ n b l y  sche-  
matic and operation i n  Section VIII to locate the de-  
fective compone~lts. The Flow Diagram and Block 
D i a g r ; u ~ ~  sliould be r e f e r r e d  to during Lhc following 
discussion; these  ~ u a y  be  folded out froiri SectionVIII. 

Table 5-6. Rcsct Check T r e e  
I I 

Reset  Chcck 

L-,] 
I 

1 .  Check Input Lilies of A3, 7, 8 
Make Diskhay Check 2. Clrcck A4, 5, G Ou11)ut I.,ines 
Make Gate Clieck I 

ljisplay Pulse  A7(8) 

I 

Tablc 5-5. 5323A Diagnostic T r e e  

No Ilisplay 
(Counting) Incorrect  Numbcr 

(Counting) 

, 
Yes  No 

I 1. Clock A7 
Count D 2. Arlii A7 

A11(9) 3. Clear Display 

I 
Cor rec t  Display Make Power c lock  Clleck'A4, A5, 
Go to P a r L ~ r ; l p h  Supply Check Clieck D ~ s p l a y  A6 Refcr to 

5-37 Clieck Table 5-8 - 
Yes  No 

1 Go fa A l l  
MSD, to T I ,  
A r n ~  (A8 Outputs) 

I 

(C ouliting) Arnied Counting After Reset) 

I I 
Yes No 

I 
Exp In A l l ,  IC12(13) 

Go to A8 

Exp Out A l l  IC14(1, 16, 3, 14) 

I 
Locked in Compute 
Make Reset  Chcck 

Cl1cc.k Rese t s  Cli._. --. 
to A4, A6 Gate Clieclr Lockrd ih Count 

Make Gatc Check 
- 

Yes No 
Arm A l l  (Blue) Go to A l l  

I 5323A in Check, 1 second measurement t ime, no inpnt signal, blanking off. AC switch 
off ihcn on, depress  and r e l r a s c  rese t .  
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c. A blankecl display tube can be  caused by a de- 
fective display tube o r  blank input. Go to A12. 

f .  If a constant wrong number i s  displayed with 
the Counter MODE s e t  lo  CHECK ( A l l  test  point not 
grounded), the problem should be inA4,  A5, o r  AG. 
Check the X, Y, I and C lines, because a l i n e  i s  prob- 
ably held BIGH o r  LOW. Refer to Table 5-8 which 
l i s t s  typical dcfective displays and thei r  causes.  

5-40. ADDITIONAL TESTS 

a.  Lf the Counter correctly displays 10.00000 MHz, 
check lo verily that i t  r e se t s .  

b. Make a display check to s e e  if all numbers 
appear.  

c .  Checkall  MEASUREMENT TIME settings. Reset  
at each setting. If trouble occurs,  go to A10. 

d. With MODE s e t  to NORM, verify that ARM liglll 
i s  ON with no inl>ut signal. If troublo occurs,  go to 
A13. 

e. Connect a signal to INPUT and verify operation 
to 20 MHz and to 100 1i1V sensitivity. This  will check 
the A1 and A2 asseniblies. 

f .  Check opcration of the Hz/RPM switch in RPM. 
Fy should be divided by 6 in A3 and appear a t  pin N. 
All measurclnent t imes  a r c  now multiplied by 6. 

g. Chcck bla~rlcing, hysteresis ,  and cxterlial gate 
operation. 

a. Set MODE to CHECK, MEASUREMENT TIME 
to 1, Hz/RPM to l fz ,  and TIME BASE to INT. 

b. Check A3: s l~ould  be HIGH on pins 3, 10, L, and 
13, LOW 011 pin E. 

c. Refer  to Table 5 -1  for more  detailed trouble- 
shooting procedure. 

5-39. DISPLAY CHECK 

a.  With MODE s e t  to CHECK and MEASUREMENT 
TIME s e t  to 1, connect a clip- lead f rom AllIC8(4) 
(test point isprovided between IC15 and IC19) to chas-  
s i s  ground. Display should s tep  from all  orles to al l  
twos, e t c . ,  to all nines. Las t  digit (LSD) of the a l l  
nines display will be  a ze ro  which i s  normal. The a l l  
ze ro  display will be skipped which i s  a lso  normal. If 
al lnurnbers appear and the display s t eps  from ones to 
nines, the display is normal. Remove the  clip- lead. 

b. E the display s teps  correctly,  but a wrong num- 
be r  appears  such a s  a th ree  when all  eigllts a r e  ilis- 
played, se t  MODE to HOLD to f r eeze  the incorrect  
display. Tlrc BCD lines from the A l l  and A12 boards  
can now be checked with the Logic Probe. 

c. A digit that will not change may be caused by a 
l l~ iss iug t r ans fe r  pulse (MSD, T? throug l~  m). Go 
to A8. 

d. E the display does not step, lrlake Reset  Check 
(paragraph 5-34). If r e se t  i s  correc t ,  go to Al .  

SECTION VI  

REPLACEABLE PARTS 

6-1. INTRODUCTION 6-3. Miscellaneous p a r t s  a r e  listed a t  the end of 
Tahle 6-1 .  .~ ~ ~ 

6-2. This section contains information f o r  ordering 
replacement parts .  Table 6-1 l i s t s  par ts  in alpha- 
numerical o rde r  of their  reference designators and 6-4. ORDERING INFORMATION 
indicates the description and H P  par t  number of each 6-5. To oblxin replacelnent parts ,  address  o rde r  o r  
part, together with any applicable notes. Table 6-2 inquiry to your local Hewlett-Packard Sales and Service 
l i s t s  pa r t s  i n  alpha-numerical o rde r  of their  HP par t  office ( see l i s t s  a t r e a r  of th is  manual f o r  addresses) .  
number a n d  provides t h e  followirlg infor~nat ion on Identify pa r t s  by thei r  Hcwlett-Packard part  nunibers. 
each part :  

6-6. T o  obtain a par t  that is not listed, include: 
a. Description of par t  (see abbreviations below). 

a. Instrument model number. 
b. Typical ma l~ufac tu re r  of the par t  in a five-digit 

code; s e e  l i s t  of manufacturers  i n  Table 6-3. b. Instrument se r i a l  number. 

c.  Manufacturer 's  part  number. c. Description of the part .  

d. Totalquantity used in the  instrurrlent (TQ column). d. Function and location of the part .  

I REFERENCE DESIGNATOR3 1 

Table 5-8. Defcctlvo D ~ s p l a y s  Table 5-1. Gate Check T r e e  
Rb10 Pack ,noul%l osiy  
H M S  r ~ o L - ~ n r r i ~ i  sqa.iir 
,<I"" i"v"r';l. aiir.kii,~ I Display (COUNTING Check Line for signal: 

and Mlfz ON) I I 
(Rear Panel) 

10.11111 Ib, Id 

11.11111 Xd, C2 I I - I  11.22222 

1,' 
1h31'0 
lNCll 
1NC:I. 
INS 
iN1' 

Yes No 
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Figusc 6.1. Modular Cabinct l Jar ls  

Model 5323A 

Side F r a ~ n e  Assembly 5060-0729 
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12 Rack Mount Kit 05325-60031 

13 Tilt Stand 1490-0030 
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SECTION Vlll 

CIRCUIT DIAGRAMS 

8-1. This section colltaills tlic following: 

a.  G e n  e r a 1  nole fo r  s c  hen1  a l i  c diagranrs in 
Figure 8-1. 

b. Flow diagram, Figure 8-2 

c. Block diagram, Figure 8-3 

d. Schematic d iag ra i~ l s  and coniponent locators  f o r  
asseniblies including theory of operation and lrouble- 
shooting procedures  in Figures  8-4 through 8-15. 

8-2. The diagrams, wlle~i unlolded, cat1 he  used with 
other pa r t s  of t he  manual o r  when tire manual is  closed. 
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A1 OPERATION 

The Counter input from J1 will be ei ther AC- o r  DC- 
coupled to the attenuator depending on the position of 
S1. S2 se lec ts  tlie des i red  attenuation fac tor  of 1, 10, 
o r  100. Capacitors C2, C3, and C4 compensate fo r  
changes i n  frequency response as 52 is varied. The 
ontput of S2 is comnected t o  the input of A2 via A9. 

A1 TROUBLESHOOTING 

If assembly i s  not working, check other positions of 
ATTEN andAC-DC switches. When i t  has  been deter-  
mined what positions a r e  not operating, the trouble 
may be  t raced to the specific r e s i s to r ,  capacitor, o r  

A2 OPERATION 

The input signal from A1 appears  a t  the gate of FET 
A .  Q1A and Q1B control the gain of a differential 
amplifier  composed of Q2, Q3, and Q4. The outputs 
f rom the differential amplifier  a r e  determined by the 
input signal level and the LEVEL control, Rl-ST. 
The outputs appear as inputs t o  be differential Schmitt 
tr igger,  composed of Q5, Q6, and Q7. As the input 
signal level va r i e s  with t ime, tlie output of the differ- 
ential amplifier will vary,  which causes  triggering of 
the differential Schmitt tr igger.  This  output t r igge r s  
a one-shot, conlposed of Q8-Qll .  The output of A2 
will be  apu l se  trainfronr the one-shot that accurately 
follows the input signal, i1 the LEVEL control i s  se t  
to allow triggering to occur. The output i s  connected 
t o  the input of A3. 

A2 TROUBLESHOOTLNG 

The f i r s t  thing to do is check all  the dc voltages com- 
ing into the  board (-12V at  pins 6 and 13, +12V at 
pins 7 and 8, and +5.1V at pin 15). Now check input 
signal at pin 1 (should be  a t  least  100 mVrms,  .28V 
peak-to-peak). Make waveform checks to determine 
which stage i s  not operating. When trouble has  been 
isolated to a s t  a g e ,  make voltage and res is tance  
n~easuremen t s .  

A2 ADJUSTMENT 

Follow procedure described in Table 5-4, ADJUST- 
MENTS (steps la through lg) ,  except use H P  651B 
Test  Oscillator to supply 1 kHz input signal and H P  
3400A RMS Voltnreter to monitor the input signal. 
Display should be  approximately 1 kHz. 

Set Controls: 

P O W E R .  . . . . . . . . . . .  ON 
MODE . . . . .  NORMAL 
MEASUREMENT TIME . . . . . . . .  4 . . 
LEVEL . . . . . . . . .  PRESET 
ATTEN . . . . . . . . . . . . .  X1 
AC-DC . . . . . . . . . . . . .  DC 
TIME BASE . . . . . . . . . . . .  INT 
HZ/RPM. . . . . . . . . .  H Z  

All waveforms taken with H P  180A Oscilloscope, H P  
1801A Vertical  Plug-in, N P  1821A Time Basc  Plug- 
in, and HP 10004A 10:s Probe.  

Model 5323A 



NOTES 

I. REFERENCE DESIGNATIONS WITHIN THIS 
ASSEMBLY ARE ABBREVIATED. ADD 
ASSEMBLY NUMBER TO ABBREVIATION 
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2 UNLESS OTHERWISE INDICATED 
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A3 OPERATION 

- 
IC1, IC9 and sigllalRPM control the selection of ei ther 
Hz 0rIZPM a s  tlia basic Counter unit o f m e a s u r e r ~ ~ e n t .  
Fg pulses a r e  used f o r  frequency lneasurement at the 
10 MHz clock frequency; Fy pulses a r e  divided by 6 in 
IC9 f o r  RPM measureiiient. 

IC2 (A, B, C), IC4B, and signal CKECK control the 
seloctioil of eitlier NORM o r  CIIECK nloric. When 
m K  i s  HIGH, ICZB will be cnahled, and ICZA will 
I>(: disahlcri via IC4B. This condition allows Fx pulses 
to appear a t  the output of ICZC; tlie resultant pulses 
represent because of inversion in IC2C. 

Tile Counter may be r e se t  ei ther manually o r  auto- 
matically. If the RESET pushbutton i s  mon~entar i ly  
depressed,  tlie R input to the Reset  flip/fiop will bc- 
come LOW, then HIGH, a s  thepushbiitton i s  operated. 
This  causes the CLEAR DISPLAY and RESET REG- 
ISTERS signals to go HIGH, R m  Z to go LOW, 
and the Clock Gat<! to 11e c~mblcd; IC5.4, GB, IA, and 
7B will be rese t .  The ii signal ~)rocluced by A7 will 
tile11 cause the CLEAR DISPLAY and RKSET IIEG- 
ISTERS signals to go LOW and tihe IZESET Z signal 
to go IIIGII. If the input to A3 disappears d i ~ r i ~ i g  a 
Gate cycle, the Reset flil)/flop will produce a CLEAR 
DISPLAY signal wllich gives all all-zcroDisplay. The 
gate flip/llops a r c  r e sc t  by the ii sig~lalwliich i s  geii- 
c ra ted  near the end of the Display cycle (at D = 8). 

- 
If tile HOLD signal i s  LOW, a coinplctc measurement 
cycle \\rill occcir until D = 6 w1le11 tlic trailing cdgc of 
the 'i-i signal will s e t  tlic tlold Gate Co~l t ro l  flip/flop, 
enable the Hold gatc, and disable tlicClock gatc, p r c -  
venting autonr:ttic r e se t .  

After r e se t  has been co~npletcd,  an AIZM signal fro111 
A8 will be  geiierated caosing ICXA1 to bccoine HIGH. 
With no EXT GATE signal present,  botli inputs t o  
ICXA will he HIGH resultillg in IC8B4 going LOW. 
ICXB oiiiput must now becollie IIIGII, \vliich inakes tile 
.I input of the Fx/2 flip/flop HIGII. The Fx/2 flip/ 
f lop i s  now armed,  because the K i ~ ~ p i ~ t  i s  always 
IIIGII The Fx/2 flip/flop will toggle on lallirlg clock 
polses as soon as Fx s t a r t s  (rising Fx pulse produces 
lalling cloclc input). Notice that i i  the EXT GATE in-  
put i s  LOW the .J input of the Fx/2 flip/flop will a lso  
be  LOW wliicli prevents toggli~rg. The s ta tes  of c r i t -  
ical  gates arrrl flip/flops after  ann ing  a r c  shown i n  
Table 8-1. 

The f i r s t  input 11uise fro111 A2 will cause the Fx/Z flip/ 
flop to toggle. TheX-Gate Enable flip/flop will change 
s la te  to Q = L, = 11, and t l ~ c  PRESCALE and GATE 
signals will go LOW. Tlle next Fy p ~ i l s e  will enable 
the Y-Gate Co~l t ro l  flip/flop and Y-Gate allowing 
COUNT Y pulses to occur. Eacll eve11 input pulse will 
cause a COUNT X pulsc to occur and the SC Register  
will change state.  

When the TIME signal occurs,  the Gate cycle will be 
terminated by tiieX-Gate Control flip/flop on the next 
odd input pulse. Tlle X-Gale will be disabled (COUNT 
X = LOW), and the PRESCALE ant1 W E  signals will 
go HIGH. The next Fy pulse will disable tlie Y-Gate 
Control fiip/flop atidY-Gate, which makes  the COUNT 
y = LOW. A special case  a r i s e s  when Lhe TIME s ig-  
~ i a l o c c u r s  before the second input pulse (Single-Cycle 
operation). The SC C o ~ ~ t r o l  gate output IC4D13 will 
go LOW whichprevents tile SCRegisterfroln changing 
s ta te  on the 21id input pulsee COUNT X = HIGH 
pulse will be  generated, and GATE will go IIIGII, but 
PRESCALE will reinairl LOW. 

After arming, IC8Al will be HIG1.I. If the EXT GATE 
s ignal is  held LOW, IC8A3 will be IIIGH, which reslrlts 
in the outpirt of the Fx/Z Co11ti.01 r a t e  (IC886) going 
LOW. The J input of the ~ x / 2  flip/flop will be held 
LOW, and toggling will b e  inhibited (COUNT X and 
COUNT Y will remain  LOW). When the EXT GATE 
signal goes  HIGH, the J input of the Fx/2 flil,/flop 
will go HIGH. The Gate cycle i s  now enabled. 

If the EXT GATE signal b e c o i ~ ~ e s  LOW during a Gatc 
Cycle, the Fx/2 flil)/flop(ICIB) will be inhibited fro111 
toggling. The EXT GATE Co~i t ro lgatc  output(ICXD11) 
will beco~ne  HIGII along with t l ~ c  D inpot to the X-Gate 
Control flil)/flop. The Gate cycle will then terrninatc 
on tlie tiexl odd input pulse. 

A3 TROUBLESHOOTING 

Check the inpiit +5 Vdc at pin 15, S. Chcck fo r  p rcs -  
clicc of Fx and Fy signals a t  pins 5 and C. If a prob- 
leni exis ts  with tlie mode o r  Hz/Rl>M functions, use 
tlicIiP 10525A Logic P r o b e l o  check theNORM/CNECK 
ancl Hz/RPM decode logic. If the MOLD mode i s  iii- 
operative, use the Logic P r o b e  Lo checksignal HOLD, 
tire IIold Gate Enable flilr/ilop, Hold gatc, and Clock 
gate. 

Depress  and hold tlic RESET ~~ushbut ton.  Verify illat 
the i? and 'l;7 wavc io r~ns  a r e  correc t .  Release the 
RESETpuslibulton and s e t  the  MODE switch to C1IE:CK 
and MEASUREMENT TIME switch t o  .01. Verify that 
the RESET Z and RESET REGISTERS waveforins a r c  
correc t .  If ma~iual  r e s e t  does  not occur, cileck tlie 
Reset  Ilip/flop and CI,EAR DISPLAY waveform. If 
r e se t  and :rrnling occilr correc t ly ,  the s ta tes  of c r i t-  
ical  gates and flip/flops should be  llle same a s  sliown 
in Table 8-1. 

Next, clleck the CLOCK, COUNT Y and COUNT X out- 
put waveforllls (tllc CLOCK and COUNT Y wavcforlrrs 
a r e  nearly the same) .  Verify that the P R E S C A L ~ ~  
GATE signals go LOW on the f i r s t  Fx pulsc. GATE 
slioiild go HIGH at  the c ~ i d  of tile Gate cycle. Check 
the external gatc function by using the Logic Probe on 
signals ARM, EXT GATE, and ICUA, ICXU, and IC8D. 
This procedure should i sola te  t l ~ c  trouhle to nu indi- 
vidual gate e l e~ncn t ,  flil)/flop, o r  counter. 
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COUNTER SETTINGS C. KiCSET. . . .  depress  aml rc lcase  
MODE; . . . . . . . . . .  NORM 

A, RESET,  . depress  ;ind hold MEASUREMENT TIME . 4 
M O n E  . . . . . . . . .  CHECK ...... 
MEASUREMENTTIME . . . . .  .O1 
TIME BASE . . . . . . . . . .  INT 

B. M O D E .  . . . . . . . . . .  CHECK 
MEASUREMENT TIME , . . , . , .O1 All wavefornis taken with IIP 180A Oscilloscope, HP 
TIME BASE . . . . . . . . . .  INT 1801A Vertical Plug-in, HI' 1821A Tinre Base Plug-in, 
llz/RPM . . . . . . . . . . .  Hz IIP 10004A 10:1 Divider Probe.  Center line of gra t i -  
B L A N K I N G . .  . .  ON culc i s  ze ro  volts. 

I I Oscilloscone Scltlnes ., 
WAVEFORM COUNTER 1 NO. 

SLOPE SWEEP 
SETTINGS V/CM 

& - /CM 1 MODE 

1 A . 2  x x . 5  IJS NORM 
NORM I : t  I 1 : I : 1:;: :  I NORM 

Tablc 8-1. A3 Stales (Counter Armed) 

X-Gale Conlrol F /  F 

Y-Gate Control F / F 

Reset  F / F  

Hold Gate Control F / F  

Fx/2 Control Gate 

SC Control Gate 

Ext. Gate Control 

Cycle Decision Logic 

X-G'cte 

Y -Gate 

Hold Gate 

Clock Gate 

DESIGNATION 

IC7B 

IC ?A 

ICRR 

ICRA 

IC5B 

IC5A 

ICHB 

IC4D 

IC8D 

IC2 (D, E, F) 

IC4A 

IC3B 

IC3C 

IC3D 

STATES OR GATE OUTPUT 

J = 11, Q = I,, 8 = H 

.r = ?I, Q = L, Q = I1 

D = L, Q = 11, Q = L, 

D = rr, Q = 13 

D =  If, Q = E I ,  Q = L 

D = H ,  Q = I i  

LOW 

HIGII 

LOW 

HIGH 

LOW 

LOW 

LOW 

Enabled (Fy o r  Fy/6) 
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A4 OPERATION 

During rese t ,  a RESET REGISTERS pulse i s  getler- 
ated by A3. This  pulse will r e se t  all eight Decade 
Coilnler/Shifl Regis tcrs  (ICl-ICR). When COUNT X 
pulses appear a t  ICl(14) the f i r s t  Decade Countt!r 
(IC7) will bcgin accumulating pulses.  Overflow of the 
f i r s t  Decade Counter produces a t 10 output at IC7(3), 
which i s  counted by ICE. This  proccss  is repeated 
f o r  successive counters, resulting in a capability of 
storing up to 108 COUNT X pulses.  

During the Compute cycle, i~ r fo r~na t ion  fro111 A5 r l~us t  
be  periodically loaded into tlrc X-Register. The data 
a r e  loaded using suxn~l~al ion l ines Ea, Cb, Cc, and 
\'d wluch collrlect to Ia, Ib, Ic, and Id of IC8 (pins 1,  
2, 7, and 8, respectively). The Z outputs of IC8 con- 
nect to the I inputs of IC l ;  the Z outputs of I C l  connect 
to the I inputs of IC2, etc. Thc 4-bit BCD words on 
thc summation l ines a r e  shifted by SFlIFT X pulses 
into successive r eg i s t e r s  until, on the 8th SHIFT X 
pulse, the f i r s t  4-bit BCD word i s  s tored in ICI.  Thc 
old data in the X-Register has been shifted, one digil 
a t  a l ime, into A5. 

Buffer gates  ICIOA, R,  C, and D develop signals Xa, 
Xb, Xc, and X d c o r r e s p o ~ ~ d i n g t o  the 4-bit words tored 
i n  IC7. When SHIFT X goes LOW, the Z o i~tputs  a r e  
enabled. Therefore ,  a t  the end of each SHIFT X pulse 
(HIGH), a new 4-bit BCD word i s  available fo r  use by 
A5. In o rde r  to maintain X > 107 = LOW, all  4 inputs 
to IC9A must be HIGH. Thereforc,  the Za, Zb, Zc, 
and Zd outputs froin IC8 (pins 16, 15, 10, and 9, r e -  
spectively) 111ust bc HIGH. Thc Decade c o u ~ ~ t e r s  use 
negative-logic, 1-2-4-8 coded outputs, s o  the Z out- 
llilts will be HIGH until IC l  overflows. When IC1 over-  
flows, IC8(16) will become LOW, and X > lo7 will go 
HIGH. 

A4 TROUBLESHOOTING 

Check the i-5 Vdc at pin 15, S. T o  check the count 
operation, se t  the MODE switch lo  CHECK and MEAS- 
UREMENT TIME to 4. Verify that COUNT X pulses 
a r e  available a t  pin K. Then use the oscilloscope to 
t r a c c  the COUNT Xovcrflolvsignal fro111 p in3  of each 
Dccadc Counter up to IC8. Verily that r e se t  of the 
Decadc Countcrs occurs  wit11 a Logic P robe  and check 
the RESET REGISTERS waveform. 

If the count operation i s  satisfactory, check thewave- 
for111 of tile SHIFT X signal with MODE s e t  to CHECK. 
The Z outputs of each Shift Register  call then be 
checked with the oscilloscope to isolate a defective 
unit. Finally, c h e c k  IC9A and the X > 107 signal 
waveform. 

Figure 8-5 
A 3  GATE A N D  RESET B O A R D  ASSY 

(See Page 8-9) 
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COUNTER SETTINGS 

A. MODE . . . . . , . . . . . CHECK 
MEASUREMENT TIME , . , . . . .O1 
TIME BASE . . . . . . . . . . INT 
H Z / R P M . .  . . . . . . . . HZ 

B. MODE . . . . . . . . . . . CHECK 
MEASUREMENT TIME . . . . . . . 4 
TIME BASE . . . . . . . . . . INT 
H Z / R P M . .  . . . . . . . . EIZ 

A12 OPERATION 

Model 5323A 

IC8, which receives  inputs frorii the Exponent/Meas- 
usenlent Unit Decode Logic in A l l .  Table 8-6 in the 
discussion of the A l l  MainBoard Asscrl~bly shows thc 
inputs to IC8. Using the Truth  Table fo r  the BCD to 
Deciiilal Dccoder/Driver, together with the Decocle 
Logic table, the operation of IC8 can be  understood. 

A12 TROUBLESHOOTING 

Check the -+I75 Vdc a t  the WHT-RED push-on connec- 
lo r  and the -15 Vdc a t  pill 21, Y. Grouncl the tes t  point 
on the A l l  Main Board with a clip lead and use tlie 
Logic Probe Lo check the inputs to thc BCD toDecilnal 
Decodcr/Drivers (set  MEASUREMENT TIME t o  1 o r  
4). ~ s e ' a  DC Vol'tnieter to check the outputs of the 
Decoder/Drivers:  enabled dizit voltace should be an-  
proximxtely +2 Vdc and disaGled digit voltage shouid 

IC1-ICY a r e  BCD to Decimal Decoders and Display be  approximately +90 Vdc. The display tubes call be 
Tube Dr ive r s  which receive the 4-bit BCD words by substitutioll or interchanging. 
fro111 the Buffer S t o r q c  Regis tcrs  i n  A l l  and dr ive  
tlle disnlav tubes. Refer to Section IV fo r  the BCD to WARNING .. 
~ e c i ~ n a l  ~ e c o d e r / D r i v e r  operating s ta tes  (including 
blanked display). A LOW applied to pin 11 of display USE EXTREME CAUTION WHEN TIIOUDLE- 
tubes DS2-DS7 will cause the decimal poillt to illumi- SIIOOTING THIS ASSEMBLY AS +I75 VOLTS 
nate fo r  the selected tube. Selection i s  controlled by IS PRESENT AT MANY POINTS ON BOARD. 

All wavefo r~ns  taken with H P  180A Oscilloscope, IIP 1801A Vertical  Plug-in, H P  1821A Time Base 
Plug-in, HP 10004A 10:l Divider Probe.  Center line of graticule is ze ro  volts. 

I I I Oscilloscone S e t l i ~ ~ e s  I 
WAVEFORM COUNTER I NO. SETTINGS SENS SLOPE SWEEP MAIN 

V/CM AC DC i - /CM TRIGGER 

(1) Coiillect external tr igger input to SHIFT X, IC8(13). 
(2) Connect external tr igger input to Xa, IClOB4. 
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A6 OPERATION 

Operation01 they-Rcgisler  i s  s imi lar  to tlieX-Register 
operation, previously described, except f o r  an addi- 
tional comparator circuit .  COUNT Y pulses (Fy o r  
Fy/G) appcar a t  ICl(14) and a r e  acciln~ulated in the 
Decade Counlers (ICI-ICE). Tllis regis ter  a l so  has 
a capability of sloring 108 COUNT Y pulses.  During 
the Compute cycle, SHIFT Y pulses shift the eight 
4-bit UCDwords intoA5 via inver ters  IC12 (C, D, E, F) 
on l ines Ya, Yb, Yc, and Yd. Tlrese words a r e  r c -  
circulated through A5 and loaded on l ines la ,  Ib, Ic, 
and Id back into the Y-Register, preserving the con- 
tents of the regis ter .  

The  MEASUREMENT TIME swilcli se lec ts  onc of eight 
r ~ ~ c a s u r c n ~ e ~ ~ t  tirnes for gating Fx and Fypulses:  .01, 
.04.  . 1. . 2 .  . 4 .  1. 2. o r  4 seconds. The selccled , , , . ' .  
lneasurc~nent  t ime detcrrnincs llle s ta tes  of onc input 
of the 2-innut NAND s a t e s  (IC9 and IC11). The other 

Model 5323A 

AG T12OUBLItSHOOTING 

Check the +5 Vdc a t  pins 15, S. To check the count 
operation, verify that COUNT Y pulses a r e  ilrescnt 
a t  pin 14. T r a c e  the COUNT Y signal through the 
counlers bv observina the waveforlri a t  the CNT IN 
(pin 14) terminals. T o  check the shifl operation, verify 
that = m y .  RESET REGISTERS. and l a ,  lb. Ic. Id . . .  
signals a r c  present.  T r a c e  llie shifted data a t  tlie % 
outputs of cach shift regis ter  up to the otrtput buffers. 
Clleck the Ya, Yb, Yc, Yd output wavcIor111s. 

If count and shift operatio11 a r c  correc t ,  check tlle 
comparator logic with the Logic Probe; then, check 
tlic TIME Signal waveform. This  procedure silollld 

rrister isolate the trouble to the defective counter/re, 
o r  gate e lcn~ent .  

COUNTER SETTINGS 
inputs of tire NAND &es ai.e c o n t r o ~ ~ e d  by the con- 

. . . . . . . . . . . . . . . . .  tents of the Y -Register  (7, outputs 01 Decade Counters). MODE CHECK 
. . . . . . . . .  TheNAND gates c o n ~ p a r e  the regis ter  contents to the MEASUIIEMENT TIME . 0 1  

. . . . . . . . . . . . . . .  selected nieasuren~ent  time, and the TIME signal will TIME BASE I N T  
. . . . . . . . . . . . . . . . .  go NIGH when c o i r ~ ~ i d e n c e  occurs  (measuremel~l  l ime = BZ/RPM Hz 

. . . . . . . . . . . . . . .  number of COUNT Y pillses stured).  BLANKING ON 

All waveforms taken with HP 180A OscilIoscopc, H P  1801A Vertical Plug-in, H P  1821A Time Base  
Plug-in, I iP  10004A 10:1 Divider Probe. Center l ine of graticule i s  ze ro  volls. 

WAVEFORM 
NO. 

SENS AC DC 
SLOPE SWEEP MAIN 

V/CM + . /CM TRIGGER 

2 x x 2 ILS INT 
x 2 L S  EXT(I) 
x 1 20 u s  I INT I 

x INT I I INT 

(1) Connect external  tr igger input to SHIFT Y, IC8(13). 
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The i? signal generalcd during tlle Reset  cycle will 
r c sc t  tllc C1 Register  %set the C2 Register .  When 
LhcCoonter i s  arnleri, ARM will goLOW whicli causes  
output IC3A1 to bccome HIGH, resett ing IC1 and IC2 
to all ootputs HIGII. Additionally, tile LOW XM sig-  
nal will se t  the C1 Register  and r e s e t  the X > 107al1d 
Restore  X Registers.  Gate inputs ICSB9, IC1OB9, 
IC10A3,5 and signal C l  will become LOW, and gate 
illputs IC9A5 and IClOBll  will beco~ne  HIGH. 

Tlie PRESCALE signal will he HIGH clntil the second 
rising Fx transition, so  gate input IClD13 will be  
HIGII, ant1 o i ~ t p i ~ t  IC7Dll  will he  LOW. Signal 
ICIAI, and IC4A1 will al l  becomc LOW. The LOW 
resc t  input to the C2 regis ter  will cause IC9B10, 
IC9A4, and signal C2 to beconie LOW, and IClOR10, 
IC1OA4, am1 signal to beconle HIGH. 

Thc Fy (or Fy/6) clock pulses a r e  divided by 16 in 
IC l  to produce a 625 kHz (or 625/6 kI1z) in l e r~ ia l  c o ~ n -  
l x ~ t c r  clock. Tcn pulses make up tile subcyclc fo r  
a r i t l ~ ~ u e t i c  operations: 8 shift ~ ~ u l s e s ,  C9, and C10. 
The 1s t  through 8th 625 kHz clock lxdses produce 8 
SHIFT X pulses (IlIGII to LOW) a t  IC9C12, which shift 
the contents of A4 into A5. Input IClOCl i s  LOW dur-  
ing Illis p r o c c s s ,  no SHIFT Y pulses will occur. 
Alter the 8th SHIFTX pulse has  occurred,  the Za out- 
put of the 10-state Cou~l ter  ICZ(15) will go LOW. The 
LOW input at IC3B6 will disable 1 ~ 9 ~ ;  terminating 
SHIFT X pulses. The LOW input IC6D12. 13 t~ roduces  . - 

aHIGlI a t  1 ~ 6 ~ 1 1 ,  which s e t s  t& C2 Register  to Q =H, 
Tj = L;  C2 will go NIGEI, and C2 will go LOW. At the 
9th 625 kHz clock pulse, a C9 =HIGH pulse will occur,  
IC a c a r r y  was produced by the f i r s t  Xc + Y operation 
(fi = LOW), the C1 Register  would change statc to Q = 
L, Tj = H, and C1 would go HIGH. Wlicn the tent11 
625 kHz clock pulse occurs,  the Za output of IC2 (pin 
15) will become LOW and T O  = LOW and DISPLAY = 
HIGH pulses will occur.  If tlle X > 1 0 ~ s i g n a l  isHIGH, 
tire X > l o7  Registrir will change s t a t e s  lo  Q = L, Tj = 
H. If a ca r ry  pulse was not present at thc C9 time, 
no DISPLAY iiulse will occur,  but a COUNT Z = LOW 
pulse will occur instead, The -df-0 trai l ing edge (LOW 
lo HIGH) will cause tllc Restore X Register  to change 
s ta tc  (Q =L) ,  wlricll enables ICIOC, allowing SHIFT Y 
pulses to occur during the next subcyclc. 

F igure  8-8 

A6 Y-REGISTER ASSY 

(See Page 8-15) 
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In ~ l o r m a l  operation, tile sequence of ari thmetic op- 
erations i s  X + X, Xc + Y, X + Y. 'le X + Y opera-  
tion i s  repeated until a c a r r y  signal (K = LOW occurs .  
Each t ime  the X t Y operation i s  completed ~vitllout 
a c a r r y  signal a COUNT Z = LOW pulse will be gen- 
era ted  by IC9A coincident with the C9 pulse, When 
if = LOW, a DISPLAY pulse will he generated instead 
of COUNT Z. The i? = LOW signal also changes C1 
to HIGH which causes  the next operation to be Xc + Y 
(res tore  remainder).  After the remainder bas been 
res tored the contents of theX-Registrir will be multi- 
plied by 10 and the next display digit will be deter-  
mined. Tlie res tored remainder call be multiplied by 
10 either by eliminating the 8th SHIFT Xpulse o r  sop-  
plying only one long SHIFT Y pulse. The method used 
will depend on the s ta tc  of the X > l o 7  signal, If the 
contents of tlre X-Register a r e  > 107, the 8th SHIFTX 
pulse cannot be elililinated o r  the MSD would be  lost. 

Tllerefore, X >  107 = HIGH will se t  the X > 107Regis-  
t e r  to Q = H, Tj =L,  and t i ~ c  previous c a r r y  pulse will 
r e s e t  the C1 Register  to Q = L, Q = H. The 1s t  625 
kHz clock pulse will cause SHIFT Y to go LOW. m T  
Twi l l  rernain low until the 8thclockpulse whcnIC2(16) 
will go LOW, disabling ICLOC. If the contents of tlle 
X-Register a r e  < 107, the X > 107 signal will remaill 
LOW, and tile X > 107 Register  will reniain a t  Q = L, 
Q = t1. The i~ rev ious  c a r r y  pulse will r e s e t  the C1 
Register  to Q = L, = EI and the C2 Register  to Q = 
L, Q = H. When the D output of ICZ(16) goes LOW at 
the end of the 7th SHIFT X pulse, gate input IC9C1 
will go LOW, and m X  will remain HIGH (no 8th 
SHIFT X pulse generated). 01lly 7 SHIFT X 13ulses 
will be generated. 

When a single-cycle of Fx i s  ~ n e a s u r e d  (one COUNT 
Xpulse), thc PRESCALE signalwill beLOW, s o  X +  X 
will be HIGH during the 1s t  8 SHIFT X pulses.  Re- - 
cause  X + X and a a r e  HIGH, and C l  i s  LOW, the 
Xc + Y operation i s  tlre f i r s t  one utilized by As. In 
other words, Fx was not divided by two i n  A3; iherc-  
fore ,  Fx was not ~nult iplied by two during the Computc 
cycle. Instcad, the division process  i s  imll~ediately 
ioitiatcd. 

When tlle CLEAR DISPLAY signal goes  HIGH, IC l  and 
IC2 will be enableri along with ICGA. IIISPLAY plllses 
will be l~roduced to c l ea r  the Display. 

A7 TROUBLESHOOTING 

Clieck the i.5 Vdc at pin 15, S. Clleck the R ,  E M  
and CLEAR DISPLAY waveforlns; using the Logic 
Prohc,  verify that the  output signal s ta tes  e r e  as shown 
i n  Table 8-3 af ter  r e se t  and arming. Check tile DIS- 
PLAY and COUNT Z w a v e f o r ~ n s  with LlleMODE switcll 
s e t  to CHECK and MEASUREMENT TIMIS to .01 .  
Check the other output waveforms. If r e se t  and a r m -  
ing occur prolierly, hut one o r  Inore output signals a r c  
incorrect ,  check the K, X > 107, and PRESCALE sig-  
nals. If no outpot signals occur,  check the CLOCK 
input and i 16 alld Zd oulpots from ICl;  tllen, checlc 
tlic Za, Zb, Zc, Zd outputs Iroln tlie10-stateCoullter. 
Thisprocedure  sllouldisolatc llietroltblc to the defcc- 
tive gate element, regis ter ,  o r  counter. 

8-16 

Model 5323A 

COUNTER SETTINGS 

MODE , . . . . , . . . . . . CHECK 
MEASUREMENT TIME . . . . . . . . . 0 1  
TIME BASE . . . . . . . . . . . INT 
IIZ/RPM . . . . . . . . . . . .  HZ 
B L A N K I N G . .  . . . . . . . . . ON 

All w:~veforms taken with H P  lBOA Oscilloscope, H P  
18OlA Vertical  Plug-in, HP 1821A Time Base Plug-in, 
H P  10004A 10:l Divider Probe.  Center line of gra t i -  
c i ~ l c  i s  nero volts. 

WAVEFORM I NO. 

- 
SENS 
V/CM - 
. 2  

Oscilloscope Settings 

SLOPE SWEEP 1 OC 1 + - I /CM 

(1) Baseline of each t r ace  corresponds l o  ze ro  
volts dc. 

Table 8-3. A7 Output Signal States a t  End of 
Reset  and A r l n ~ n g  

STATE I slaNAL1 I 'IN I (POSITIVE LOGIC) I 

I DISPLAY 

COUNT Ẑ  

C2 

C 1 

SHIFT X 

SIIIFT Y 

LOW I 
HIGH 

HIGH 

HIGII 

HIGII 

LOW 

HIGH 

02841-1 

Model 5323A 
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I REFERENCE DESIGNATIONS WITHIN THIS 
ASSEMBLY ARE ABBREVIATED ADO 
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FROM 
A3 (MI, 
A8 171 

FROM 
A5 191. 
All  181 

FROM 
A8 lK1 

FROM 
A3 1121, 
A8 IEI 

FROM 
A16 

FROM 
A3 IN1 

NC 

NOTES 

I. REFERENCE DESIGNATIONS WITHIN THIS 
ASSEMBLY ARE ABBREVIATED. ADD 
ASSEMBLY NUMBER 70 ABBREVlATlON 
FOR COMPLETE DESCRIPTION. 

TABLE REFERENCE DESIGNATIONS 

I C I - l o  

REFERENCE 
DESIGNATIONS 

I C I  
2 
3.8 
4.5 
6.7 
9.10 

HP 
PART NUMBER 

1 8 2 0- 0 2 0 9  
1820-0113 
1820- 0328  
1 8 2 0- 0 0 7 7  
1 8 2 0- 0 0 5 4  
1 8 2 0- 0 0 6 8  

I 
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NOTES 

I REFERENCE OESIGNATIONS WITHIN THIS 
ASSEMBLY ASSEMBLY NUMBER ARE ABBREVIATED. TO ABBREVIATION ADD 

FOR COMPLETE DESCRIPTION. 

2. UNLESS RESISTANCE OTHERWISE IN OHMS: INDICATED: 

OESlGNATlONS PART NUMBERS 

REFERENCE DESIGNATIONS 

Figure 8-10. A8 Display Control Board AssY 
8-19 
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AS OPERATION 

The A9 Connector Board Assembly s e r v e s  as an  
interface and t e s t  board for the Counter. Interboard 
connections a r e  made between connectors XA2-XA8 
and XA17 (-t12V Supply). Connector J1 i s  a tes t  con- 
nec to rwi t l~  cr i t ica ls ignals  available a t  i t s  pins. Con- 
nector 52 i s  connected by a wiring harness  directly 
to J6, REMOTE PROGRAM connector. Connector 53, 
push-on connectors, and iiard-wiring a r e  used to con- 
nect t o  ottler points within the Counter. Connector 54 
i s  a p res su re  connection to A l l .  

L 1  through L8 a r e  decoupling chokes. C1, R l ,  and 
CR1 a r e  used to supply a r e sc t  pulse to A3 when the 
Counter is turned on. 

AS TROUBLESHOOTING 

Troubles i n  A9 can be  deterniined by cliecking wave- 
f o r m s  o r  logic levels a t  the inputs and outputs of the 
Counter PC boards. Wlien power o r  a signal i s  ab-  
sent at i t s  normal dcstinalion, the Logic Probe,  DC 
Voltmeter, o r  Oscilloscope can be used to locate the 
fault. If any o i  the chokes (Ll-L8) a r e  open, volt:tge 
will be absent a s  shown in Table 8-5. The oscillo- 
scope can be used lo check l o r  cxccssive ripple o r  
noise, which would indicate a shorted choke. Clieck 
the MANUAL RESET line waveform if the Counter 
f a i l s  to r e s e t  when a c  power is applied. 

Model 5323A 

COUNTER SETTINGS 

AC POWER. . .  OFF-ON-OFF 
MODE . . . . . . . . .  CHECK 

. . . . . .  MEASUREMENTTIME. 01 . . . --  
TIME BASE . . . . . . . . . . .  INT 

All wavefo rn~s  taken wit11 H P  18OA Oscilloscope, HP 
1801A Vertical  Plug-in, HP 1821A Time base plug-in, 
I IP  10004A 10:l Divider Probe.  Center line of gra t i -  
cule i s  ze ro  volts. 

WAVEFORM 

1 

I L7 1 +lZ 1 and TP(1) I AlS(WBT-VIO) 

SENS 
Oscilloscope Settings 

SLOPE SWEEP 
V/CM DC + - /CM 

. 2  x x . 2  s e c  

Table 8-5. Opcn Choke Synipto~ns 

OPEN CIIOKE 

L1 

LZ 

L 3  

L4 

~5 

L6 

FRONT 

0 

L8 

POWER ABSENT 

+5 

i 1 2  

-1 12 

-12 

-12 

LEVEL 

(I) k12V Tes t  Poisit (TP) located between A15 and 
57. 

-12 

LOCATION 

A2(8, J) 

A2(7, H) 

A2(6, F) 

A2(P) 

A2(3, C) 

A15(VIO) 
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A10 OPERATION A10 TROUBLESHOOTING 

Use tlie Logic Probe to verify that tlie MODE DIS- 
When the EXT PROG sig~ia l  f rom J6,  REMOTE ABLE and MT DISABLE signals a r e  both LOW 
PROGRAM connector i s  HIGH (no connectio~l) the  with no co~incction to J6(15), EXT PROG. Ground 
MODE DISABLE and MT DISABLE signals froln EXT PROG, J6(15), and check to see  that both 
A l l  will be LOW. This  lnakes the wipers of tile signals a r e  now HIGH. Lf tile above t e s t s  fail, 
MODE switch (S1) and MEASUREMENT TIME t race  the signals through A9 and A l l  to J G  with 
switcll(S2) LOW. A s  tlie switch posilioli i s  varied, the Logic Probe.  Clleck the switch outputs with 
a LOW will appear a t  the selected colitact. When the Logic Probe while operating S1 ;%lid 52. Make 
the  EXT PROG signal is LOW, S1 and 52 will be s u r e  tllat only one output f r o m  S1 and olle output 
disabled, allowing their iunclions to he relnotely fro111 SZ a r e  LOW at any time, when .J6 i s  not in 
lirogramined through JG,  REMOTE PROGRAM use (additional LOW levels indicate shorted gates 
conneclor. o r  wiring). 



Diagrams 

PART OF 

WWT-BLK 

)J WHT-BRN 

NOTES 

I. REFERENCE DESIGNATIONS WITHIN THIS 
ASSEMBLY ARE ABBREVIATED. ADD 
ASSEMBLY NUMBER TO ABBREVIATION 
FOR C W P L E T E  DESCRIPTION 

REFERENCE DESIGNATIONS 

IC51141 102a 10'0 1C5 1161 

10'~ 1C6 lll 

103c IC6 (31 

+5v 
1 0 4 ~  LC7 1141 

1040 lC7 1161 

10'8 IC8 Ill 
105c IC8 131 

l o 5 &  IC8 1141 

NC 

LC2 121 EXPONENT 8 

IC7 141 EXPONENT C - + 5 V  
PRINTER H M O  OFF 1060 IC9 1161 

LC? I131 EXPONENT A iObA 119 1141 

IC2 1151 EXPONENT D 106C 119 (31 

IC3  (11 ld'8 I O ~ R  ICS 111 

iC3 I31 1D5D ICE 1161 

IC3 1141 104C IC8 131 
IC3  1161 1048 ICE Ill 
I C 4  (141 1030 IC6 1161 

IC4 1161 10 '0 i 0 3 A  1C6 (141 

IC5 111 10'8 102C IC5 131 

BLK-ERN 

,4 
BLK-RED 

BLK-ORN 

EYT PROS 8LK-BLU 

I 

! 18 17 16 15 14 13 12 11 

- 
NC EXT GATE 

I WHT HYSTERESIS 
O$SZ,  s 5 

Figure 8-12. A10 Functlon Sw~tch Board Assembly 
J6, Rernotc Program Com~cctor  

A11J1, D~gltal  Rccordrr Connector 



o r  COUNT Z pulse will be produced by -47. DISPLAY 
will be  HIGH if a c a r r y  occurs,  and COUNT Z will be 
LOW each tinie a c a r r y  docs not occur.  The initial 
DISPLAY oulses determine the decilnalvoint location ~~ ~ - 

(exponent) and nieasurenreiit unit that a r e  displayed. 
If the f i r s t  Xc + Y operation produces a c a r r y  pulse 
( i i  = LOW) a DISPLAY pulse will appear a t  IC163310. 
No COUNT Z pulse was  generated, s o  tiie Q ontput of 
the Range Detector is st i l l  HIGH, and IC16B9 will be  
IIIGI1. The IC16D8 output am1 tire Down input to tlre 
E-Register will a lso  becorue LOW. The prese t  inputs 
to the E-Register determine tile iniliai s ta le  of tiie 
regis ter  count. If the IIz/RPM switch, 57, i s  s e t  to 
Hz, Ia, h, and Ic will be LOW, and Id will be HIGH. 
This  will se t  the initial count to E: = 7. If 57 i s  s e t  Lo 
RPM, Ia, Ib, and Ic will be BIGII, and Id will be 1,OW. 
This will se t  tile inilial count to E = 8, whicll c o r r e -  
sponds Lo a XI0 operation (the clocl< freqiiency was 
also divided by G, which resul ts  i n  a X60 operation 
for RPM). 

The f i r s t  DISPLAY pulse causes  tlic E-Register Lo 
change to E = G. The second DISPLAY pulse would 
n ~ a k e  E = 5, e t c . ,  until a = LOW signal f a i l s  l o  
occur.  Therefore,  the E-Register s to res  the num- 
be r  of t inies that a c a r r y  pulse was generated until 
a COUNT Z pulse occurs  (successful s~ibtraction).  
Each tirile an  initial c a r r y  pulse occurs  during the 
Xc + Y operation, the X-Register contents a r e  niulti- 
plied by 10, and Xc+Y i s  t r ied  again. The E-Register  
i s  actually counting the nlnnber of t inles that the XI0  
operation occurs  before a sticcessftil subtraction (X i~ 

Y) occurs .  Notice that no COUNT D pulses a r e  gen- 
er:tted even though DISPLAY pulses a r c  occurring, 
because IC16D13 i s  LOW at  th is  t ime. 

-- 
Wlreli tlic f i rs1  COUNT Z pulse occnrs  the Range De- 
tector will be r e se t  to Q = L, Q = H. The Q = LOW 
appears a t  IClGB9 to disable the Down input to the 
E-Register .  Tire Z-Register (IC18) will advance to 
Z = 1 .  Each t ime  a COUNT Z pulse occurs,  Z will 
aclv'mce by one count. When a c a r r y  finally occurs,  
a DISPLAY pulse will bc produced a t  IClGAS and 
IClGD12. The HIGH input to IClGDlZ will cause  a 
COUNT II pulse to occur,  and the two 1iIGII inputs to 
IC16A protlucc aLOW G2 input lo  IC9(5) ~v l~ ic l l  t rans-  
f e r s  the contents of the Z-Register t o  the BufferStor- 
q e  Register ,  IC8, and A12. Tllc MSD has now been 
t r ans fe r red  to tlieDisplay, alid the computer r e s to res  
the remainder and performs :I XI0 operation. This  
sequence is repeated fo r  the 2nd, 3rd, am1 4th digits. 
When = LOW, the  fifth digit i s  t ransferred  to the 
Display, and tlie G I  input to the E-Buffer Storage 
Register  goes LOW. Thc 4-bit BCD exponent infor-  
mation will now be  t r ans fe r red  fro111 IC12 (15, 16, 1, 
2) to IC14 (14, 1, 3, 1G). The IC14 outputs appear 
a s  inputs to the Exponeill/Measure~~~e~iI, Unit Decode 
Logic, consisting of par t  of IC1, IC2, H310, and I C l l  
and t r ans i s to r s  Q1, Q2, ancl Q3. The Decode Logic 
outputs a r e  as shown in Table 8-6. The J2  outpnts 

control the decinlal point location via A12. F o r  E = 5, 
4, o r  3, the 52 outputs a r e  different as a function of 
the S7 position; this  difference i s  caused by the t GO 
operation, which can shift  the decirnal point position. 
Notice that when E = 0, al l  inputs to IC15B will be  
HIGH, and a LOW will appear at IC15B8 a i d  IC19C9, 
wluch r e s e t s  the Range Detector to Q = L, Q = H. 
This  illhibits IClGB, disabling the E-Register and 
allowing the relnaining digits to be displayed even if 
they a r e  zeros .  

At F 6  =LOW, the sixth digit will be t ransferred  f rom 
the Z-Register via IC4 to A12. At = LOW, the 
seventh digit will be transferred,  and a HIGH will 
appear a t  IClZ(G), the prese t  input, which p rese t s  
the E-Register to E = 8 o r  E = 7. 

The Z =Regi s t e r  i s  r e se t  to Z = 0 after  each digit 
has bee11 calculated. The r e s e t  is accomplislred by 
gates IC21A a i d  IC22D. When a c a r r y  occurs  during 
the compute cycle, the remaiircler i s  res tored,  and a 
XI0 operation is iniliated by C2 = LOW. This  CZ = 
LOW signal appears  at IC19D12, causing IC19D11 to 
go HIGH. The blanking conditions have been prcvi-  
oiisly described a s  par t  of A8. When a BLANK % = 
LOW signal occurs,  one input Lo gates  IC13(A, 33, C, D) 
will go LOW. This  presents  a blank s ta te  (binary 15) 
to the Buffer Storage Regis ters  (IC3-IC9). 

If theHYSTERESIS switch, S5, i s  OFF,  input IC21BlO 
will beLOW, which nlakes IC21B8 always HIGH. Gate 
IClGC will be enabled, allowing gating of COUNT D 
pulses, and tile Up input to tile E-Register  will be 
disabled. By setting S5 to ON, input IC21B10 will be 
HIGH. When the  other inputs to IC21B a r e  HIGH, 
IC21B8 wil: go LOW. Input IC21B9 will be HIGH when 
Z = 8 o r  9, K = HIGH (noearry  pulse), and C9 = HIGH. 
IC21B12 mill be IIIGII if MSD = BIGII. 1C21B13 will 
be IIIGII if tlie output of the MSD < 2 Menlory i s  
HIGH, mlucli occurs  only when Z = 1 o r  Blank (MSD < 
2). Soppose tirat the MSD changes f rom 1 to 9 (which 
might cause the Display and lneasurement unit t o  
change if hys teres is  was  not used). Before the MSD 
< 2 Memory can change state, i t s  output will be 
HIGI3. A LOW output a t  IC21B8 will occur which pro-  
duces an ex t ra  COUNT D pulse (setting D = 1 in the 
Display Register)  and an Up input pulse to the E-  
Register .  The f i r s t  digit of the Ilisplay will remain  
blanked. The f i r s t  digit of F (9) will be  loaded a t  

= LOW into tlie seconcl Display position. The 
change in exponent shifts  the decimal point to nlain- 
lain the co r rec t  measurement nilit and decinlal point. 
- 

Tire HOLD signal will be  HIGH until Q5 conducts, - 
which causes  HOLD = LOW. Q5 will conduct when 
51-Z(a) goes IIIGH, which prevents the Display f rom 
changing wliile the Digital Recorder is printing the 
data (HOLD-OFF VOLTAGE). 

-- 
The PRINT signal will go LOW when D = 8. It i s  
available a t  J1-l(d) f o r  a Digital Recorder (PRINT 
COMMAND). Two gatcs (IC11C and IC11A) a r e  used 
as inver ters  lo r  tile EXT PROG signal to supply the 
MODE IIISABLE and MT DISABLE signals to A10. 

A l l  TROUBLESHOOTING 

Check the t 5  Vdc a t  the r ed  push-on connector. Ust? 
the o s c i l l o s c o p e  to c h e c k  transfer,  DISPLAY, 
COUNT Z, Z, C9, ARM, COUNT D and RESET Z 
xvaveforms. If tlic exponent o r  n~easurcli lent   nut d is-  
played i s  incorrect ,  nse the Logic Probe with Tahle 
8-6 to check the E-Hegistcr, E-Bnffer Storage Rcgis-  
t e r ,  signal WM and the D e c i ~ i ~ a l / M e a s u r e m e ~ ~ t  Unit 
Decode 1,ogic. Observe tile waveforms of the Za out- 
put of the E-Register  and re se t  input of the Range 
Detector. 

To check the operatio11 of the Z-Register and Buffer 
Storage Registers,  connect a clip lead between the 
b a r e  tes t  point (located between IC15 and IC19, top of 
A l l  board) and chass is  ground. With tlre MEASURE- 
MENT TIME s e t  to 1, tlie Display siioiild shift frolri 
11.11111 MHz through 88.88888 MHz to 99.99990MHz 
a s  long a s  the t c s t  point i s  grounded. Use the Logic 
Probe to isolate a defective Buffer Storage Register .  
The oscilloscope may be  used lo lironitor the input 
and gate waveforms fo r  the Buffer Storcage Register .  

Incorrecl  displayed digits nlay be caused by failure 
of tlre Z-Register to r e se t  correctly.  Observe the 
waveforms a t  the r e s e t  ( tcst  point may be  nsed) ancl 
input pills of the Z-Register with the oscilloscope. 
Blanking operation may bc clreckcd by observing the 
BLANK Z wavefornl and operation of the four blank- 
ing gates  (IC13A-D). Check tiie operation of the lrys- 
t e r e s i s  c i rcui ts  by decreasing the input frequency so  
that the  MSD changes f rom 1 to 9 and observe  the 
wavefo rn~s  at IC21B8 and IClZ(15); also, check the 
MSD < 2 signal with the Logic Probe.  The MSD < 2 
Decode Logic inay be checked witli tile oscil= 
o r  Logic Probe (test  point grounded). If the ARMED 
o r  COUNTING signals do not occur, check the wave- 
form of the GATE OUT signal '13) and IClB8. Op- 
eration of Q4, 4 5 ,  I C l l A  and I C l l C  may be checked 
with the Logic Probe.  An e r ra t i c  GATE OUT signal 
may be caused by a n  open COUNTING lamp. 

If COUNT D pulses a r c  not generaled correctly and 
the troiible is difficult to isolate, a dual- trace oscil-  
loscope i s  hell>ftil. Both inputs to a dual NAND o r  
NOR gate may be ~ i ~ o n i t o r e d  witli the A and B inputs 
while the oscilloscope i s  externally tr iggered by the 
DISPLAY signal. This  technique i s  a lso  useful when 
troublesliooting a problenr i n  the hystares is  circnits  
(MSD< 2 Decode Logic, MSD< 2 Memory, Hysteresis  
Gate) o r  display c i rcui ts  (Z-Register, RangeDetector, 
IC19D). 

Fig 

A10 FUNCTION SWITCH BOAR[ 
J 6 ,  REMOTE PROGRAM CONN 

A11J1, DIGITAL RECORDER CONN 

(See P: 



Section VIII 
Diagrams 

Model 5323A Model 5323A 

COUNTER SETTINGS 

. . . . . . . . . . . .  A. MODE NORM 
. . . . .  MEASUREMENTTIME . 0 1  

. . . . . . . . . .  TIME BASE INT 
. . . . . . . . . .  LEVEL PRESET 
. . . . . . . . . . . .  ATTEN. X1 
. . . . . . . . . . . .  AC-DC. DC 

Hz/RPM . . . . . . . . . . .  EIz 
BLANKING . . . . .  ON 
HYSTERESIS. . . . . . . . . . .  ON 
INPUT . , 10.2240 kHz, dec rease  

io 9.9200 BEIz 

(Display should be  X9.9200 kHz, where X = 
Blank digit. ) 

l3. same  a s  A, except: 

. . . . . . . . .  HYSTERESIS. O F F  

(Display should be 9.9200 kHz) 

C. Salne as A, except: 

INPUT . . . . .  10.2240 kHz 

D. MODE . . . .  CHECK 
MEASUREMENTTIME . . , . . . 0 1  
TIME BASE . . . . . . . . . .  INT 

All waveforllls taken with H P  180A Oscilloscope, 'IP 18OlA Vertical  Plug-in, HP 1821A Tilnc Base 
Plug-in, H P  10004A 10:l Divider Probe.  Center line of graticule i s  ze ro  volts. 

Oscilloscope Setting 
WAVEFORM COUNTER 

NO. SETTING SENS AC DC SLOPE SWEEP 
V/CM + - /CM 

1 -Upper A 2(1) x x 50 ILS 

1 -Lower B .2(1) x x 50 u s  
2 C . 2  x x 40 11s 
3 D . 2  x x . 4  fis 
4 D . 2  x x 40 ws 
5 D . 2  x x . 2  11s 
6 A . 2  x x 4 li.s 

I-Upper A .2(1) x x 4 p s  
I - ~ o w e r  A .2(1) x x 2 u s  

8 D . 2  x x 1 gs 

(1) Lower edge of t r aces  corresponds to ee ro  volts dc. 

NOTE: 
J4 I S  PRINTED CIRCUIT CONTACTS 
USING A PRESSURE CONNECTOR 

All  
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Model 5323A 

A13 OPERATION in A l l  ei ther the VIO, YEL, o r  ORN wi res  will go 
LOW to torn  ei ther the MHz, kHz, o r  Hz lanip on. 

The COUNTING, ARMED and RPM lamps receive +5 A13 TROUBLESHOOTING 
Vdc from A l l  on the Red wire. COUNTING. 
and F M  will go LOW when ellabled by A l i  to corn- Use the Logic Probe o r  DC Voltmeter to check the 
plete the circuit  and turn  the la111p on. W& the  Hz/ +5 Vdc a t  the RED and BRN wires ;  then, clleck the 
RPM switcll (S7) is s e t  to Hz, signal RPM will be other wires.  To replace DS1-DSF, rotate the nietal 
HIGH, s o  the BRN wi re  will be at +5 Vdc. When the contact to the bulb ouL of the  way and relrlovc ihe bulb 
Exponent/Measuremeld Unit Decode Logic i s  enabled iron1 r e a r  of board. 

Table 8-6. A l l  E x ~ ) o n e n t / M e n s u r e ~ ~ ~ c ~ ~ i  U n ~ t  Selectio~r , 
I I I _-. . I I A13 LAMP STATUS I 

Hz HHHL ON O F F  O F F  O F F  
A = H ,  B = L  
I = L ,  D = I I  

I I I I I I 
I I RPM I N/A I N/A I N/A I N/A I N/A I N/A / 

1 
RPM 

I I RPM I S ~ I I I ~  I ~ a m e  

Hz 

6 

Same 
I I I I I I 

LLLH 

S n n ~ c  O F F  O F F  O F F  

Hz 

5 

4 

A = L ,  B = H  
I = H ,  D = L  

I I I I I b 

HLLH 

Hz 

RPM 

3 

RPM 1 A = H ,  B = L ,  Same 1-1,. n = r r  I O F F  I O F F  I OFF I ON / 

A = H ,  B = H  
I = H ,  D = L  ON O F F  O F F  O F F  

Hz 

RPM 

IIz 

ON 

LIiLIl 

Salne 

HZ 

RPM 

RPM I same 1 sa111e 1 OFF 1 OFF 1 OFF 1 ON 1 

IIIILfI 

Same 

HLHlS 

Hz 

O F F  

A = L, B = 11, 
I = H ,  D = I I  

A = L ,  R = I I  
I = L ,  n = r r  

LLHH 

Same 

A = H ,  B = F I  
I = H, 11 = I1 

A = H ,  B = H ,  
I = L ,  D = H  

A = 13, n = L, 
I = I I ,  D = H  

I LHIIII 

I I I I I I 

O F F  

O F F  
- 

O F F  

A = L ,  B = L ,  
I = 11, D = 11 

A = L ,  B = L ,  
I = L ,  D = l 1  

Hz 
I I I I I I 

OFF 

O F F  

O F F  

O F F  

A = L, B = 11, 
I = H ,  D = L  

RPM 

ON 

O F F  

O F F  

O F F  

HABH 

ON 

O F F  

O F F  

OFF 

S a n ~ e  

O F F  

O F F  

ON 

O F F  

O F F  

ON 

O F F  

O F F  

ON 

O F F  

A = H ,  B = B ,  
I = f I .  D = L  

OFF 

ON 

O F F  

OFF 

OFF 

OFF OFF 

Sanle 

O F F  

ON 

ON 

O F F  

O F F  

ON 

ON O F F  

O F F  

O F F  



Section VIII 
Diagrams 

NOTES 

i. REFERENCE DESIGNATIONS WITHIN THIS 
ASSEMBLY ARE ABBREVIATED ADD 
ASSEMBLY NUMBER TO ABBREVIATION 
FOR COMPLETE DESCRIPTION. 

2. UNLESS OTHERWISE INDICATED: 
RESISTANCE IN OHMS: 

TABLE 

L REFERENCE 
OLSIGNATIONS 

REFERENCE DESIGNATIONS 

- 

01-5 
Ri-6 

Figure 8-13. A l l  Main Board Assy 
A13 Annunciator Board Assy 

(Sheet 2 of 2 )  



Section VIII 
I l iagrams 

A14 OPERATION 

This asseillbly includes a 10 MHz oscil lator,  10 MIfz 
n~ul t ip l ier ,  otltput one-stlot maltivibrator and ad r ive r .  
Oscillator frequency and crys ta l  currenl  a r c  adjusted 
by C5 and RG respectively. The oscil lator section 
cotlsists of Q1, Q2 a ~ i d  Q3. The inultiplier section 
consists  of two tuncd ampl i f iers  wlrose output i s  
shaped by Q7 and Q8. Driver  4 9  provides posilive 
pitlscs at pin 3. With TIME BASE switch S3 se t  to 
EXT, operating voltcage fo r  the oscillator i s  discon- 
nected, and an external standard frequency (1, 2 .  5, 
5, o r  10 MHz) irlay be connected lo  the tinre base 
INPUT connector, J1,  on r e a r  panel. 

A14 TROUBLESHOOTING 

Measure  dc  voltages coining into t l ~ c  board (+12V at  
pin 14, -12V at  pin 15, and -15. 1V at  pin 4). Make 
waveform nieas i~rements  to de te rn~ inc  which stage i s  
1101 operating. If oscillator scc t iu~ i  i s  rrot workiirg, 
try adjusting RG following adjustnlent procednre be- 
low. LC the preceding clleclis fai l  to locate tltc prob- 
lem, replace 10 MHx crys ta l  (part  of A15). NOTE: 
Whenever crys ta l  i s  changed, RG and C5 must he  
acljusted. Be s u r e  to use a 50:l  a l lmuator  probe 
whctt nlaking w % v c f o r ~ ~ ~  I ~ ~ c a s u r e t ~ ~ c n t s .  

A14 AD.JUSTMENTS 

a. L2, 3, 4, and 5 adjustment: 

1. Set TIMI< BASE switch Lo EXT 

2. Cunnect 1 MHz standard to tune  hase IN- 
PUT jack on r e a r  parel .  

3. Connect oscilloscope througli 50:1 probe to 
pin 1. NOTE: Do not use extender board 
d u r ~ n g  adjustnlent procedure. 

4. Adjust L2, 3, 4, and 5 f o r m a x i m u ~ i l o u t -  
put (should be g rea te r  than 0. 7 Vrms,  2V 
peak-to-peak). 

b. RG and C5 Adjustment: 

1. Set TIME BASE switcll to INT. 

2. Co~rnect anelectronic coitnler toTIME I3ASE 
INPUT jack on r e a r  panel. 

3. Adjust C5 fo r  10 MHz (-ti1 Hz). NOTE: LC 
c rys ta l  o r  heater (A15 Assembly) has been 
changed i t  may be  necessary to select  C4 
to permit  oscillator tuning lo  10 MHz. 

Modrl 5323A 

4 .  Clip a current  probe over ttie orango wire  
coniingironl pin 12.  Connect probe tlirougl~ 
probe amplifier to oscilloscope. Set oscil-  
loscope Lo . O5V/cm and prohe amplifier to 
5 mA/cm. 

5.  Adjust RG fo r  20 mA P - P  on oscilloscopc. 

6. Readjust C5 f o r  10 MIlz + 1 co~nit  on test  
counter. 

COUNTFX SETTINGS 

MODE . . . . . . . . . . .  NORM 
MEASUREMENT TIME . . . . . . .  1 
TIME BASE . . . . . . . . . . .  INT 

All waveforins taken witli HP 175A Oscil loscol~e and 
I1P 10002A 50:l Divider Probe.  Center linc of gra t i -  
cule i s  ze ro  volts. 

A15 OPERATION 

WAVEFORlvI 
NO. 

1 
2 
3 
4 
5 
G 

This ;?ssenibly contains the 10 MHz c rys ta l  for A14, 
and beater H T l  which maintains crys ta l  temperature.  
The hcater opera tes  on 24 volts (+12V and -12V sup- 
plied by A17). 

If oscillator frequency will not stay within specified 
l imil ,  i t  may be  due to a faulty heater.  Check r e s i s -  
tance of RT1 (should be GO to 80 o l i~ns  a t  room te111- 
perature).  If heater c i~eck  i s  satisfactory, rcplacc 
crvstal .  

Oscilloscope Settings 

Modrl 5323A 

V/CM 

,005 
.02 
.02  
05 
05 

. 0 2  

- 
AC 

x 
X 

DC 

X 
x 
x 
X 

SLOPE 
+ - 

x 
X 

X 

x 
x 

X 

SWEEP 
/CM 

1 l is  
111s 
1 {is 
. I l l s  
. 1 jrs 
. 1 jJ. s 

P~ 



Seeti011 VIII 
Diagrams 

NOTES 

2. UNLESS OTHERWISE INDICATED: 
RESISTANCE IN OHMS; 
CAPACITANCE IN PICOFARADS; 
INDUCTANCE IN MICROHENRIES 

3 RESISTANCE OF HEATER ELEMENT 
SnOULO BE BETWEEN 6 0  A N 0  8 0 n  
nT ROOM TEMPERATURE WITH NO 
POWER APPLIEO 

TABLE 

UEFERENCE 
DESICINAllONS PART NUMBERS 

1910-0022 
1854-0019 
1854- 0071 

1853-0036  
2N3906  
1854- 0005  
2N708  

8 .9  1 8 5 4- 0 0 0 9  
2N709  

REFERENCE DESIGNATIONS 

PREFIX 

GI -24  

11 -6  
0 1 - 9  
RI- 32 

RTi  

05323 " - , 3  

Figure 8-14. A14 Oscil lator/Multiplier Board Assy 
A15 Crystal/Oven 10 MHz Assy 

8-29 



Section VIII 
Diagranrs 

Model 5323A Model 5323A 

This  circuit  supplies -+175V and 15.  1 Vdc. The i175V 
supply i s  s e r i e s  regulated and opcra tcs  tile digital 
display tubes in A12. The 15. 1V supply i s  used to 
supply tlle integrated c i rcui ts  and A13 lamps. Tile 
t5 .1V supply i s  s e r i e s  regulated and receives  opera-  
ting bias f r o n ~  llie -12V snpply on A l l .  Q1 i s  located 
on the r e a r  panel ol tile Counter. 

Makcvoltage andres is tancc  rneasuremei~ts .  If tronble 
i s  encountered with the +5. 1V sup13ly, check lo s e e  
t in t  -12V bias  i s  a t  pi11 15. 

WARNING 

USE EXTREME CAUTION WHEN TROUBLE- 
SHOOTING THIS ASSEMBLY AS i l l 5  VOLTS 
IS PRESENT AT MANY POINTS ON BOARD. 

A11 OPERATION 

This assc~l ib ly  supplies 112V and -12V. The two 
rcgnlator c i rcui ts  depend on each ot11cr fo r  opcra-  
Ling bias. The -12V s u p ~ l y  also gives bias to tllc 
-15. 1V regulator on A16. If the ii12V o r  -12V regula- 
tor  i s  overloaded, i t  will turn off the other regulator. 
Tllis, in turn,  will shut oii  the regulator being over-  
luaded. T o  re s to re  power, rose t  switch S1 most he 
momentarily closed (push down), o r  AC line voltage 
intcrruptetl. 

If t hc rc  i s  no output, t r y  puslling r c s c t  switch S1 on 
board. If supply docs not r e s i a r t ,  a l ler~la tc ly  d is-  
connect leads Irorn XA17 (pins 9, 10, and 1, 2) wlrilc 
trying r e se t  switcil again. Makc res is tance  measure-  
ments  to clrtick diodes and t rans is tors .  

CAUTION 

110 not shor t  metal  plates prot rudingfron~ board. 
These a r c  heat siill<s f o r  A17Q2 ancl Q5 and a r c  
"tlot" t o  the collectors of these  t rans is tors .  



Section VI 
Diagram 

WHT- BLK 

1/4 AMP 
CIA 230v 

52 WHT-ELK-YEL 

r- - -7  
&KC!, 

WHT-BLK-GRN 

WHiBLK-RED 

RED [ RMS 

ORN 

][ 
GRN 

NOTES 

i REFERENCE DESIGNATIONS WITHIN THIS 
ASSEMBLY ARE ABBREVIATED. ADD 
ASSEMBLY NUMBER TO AEEREVIATION 
FOR COMPLETE DESCRIPTION. 

2.  UN1.ESS OTHERWISE INDICATED: 
RESISTANCE IN OHMS, 
CAPACITANCE I N  PICOFARADS. 
INWCTANCE IN MICROHENRIES 

TABLE 

CRI -4  

NO PREFIX 

REFERENCE 
DESIGNATIONS 

REFERENCE DESIGNATIONS 

CRI-I0 CRI-I2 

L1.2 
01-6 01-3 
R I - I 0  R I- 4  

T I  
W5 

HP 
PART NUMBERS 

Figure  8-15. A16 +5.1V, A17 +175V 112V Power Power SllpZ Sup1 
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