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GROUIO THE IISTRUMEIT 

To minimize shock hazard. the instrument chassis and cabinet must be connected to an elec
trical ground. The instrument is equipped with a three-conductor ae power cable. The power 
cable must either be plugged into an approved three-contact electrical outlet or used with a 
three-contact to two-contact adapter with the grounding wire (green) firmly connected to an 
electrical ground (safety ground) at the power outlet . The power jack and mating plug of the 
power cable meet International Electrotechnical Commission (IEC) safety standards. 

00 lOT OPERATE II AI EXPLOSIVE ATMOSPHERE 

00 not operate the instrument in the presence of flammable gases or fumes. Operation of any 
electrical instrument in such an environment constitutes a definite safety hazard . 

KEEP AWAY fROM LIVE CIRCUITS 

Operating personnel must not remove instrument covers. Component replacement and internal 
adjustments must be made by qualified maintenance personnel. Do not replace components 
with power cable connected. Under certain conditions. dangerous voltages may exist even with 
the power cable removed. To avoid injuries. always disconnect power and discharge circuits 
before touching them. 

DO lOT SERVICE OR A~JUST ALDIE 

Do not attempt internal service or adjustment unless another person, capable of rendering first 
aid and resuscitation, is present. 

DO lOT SUBSTITUTE PARTS OR MODIFY IISTRUMEIT 

Because of the danger of introducing additional hazards, do not install substitute parts or per
form any unauthorized modification to the instrument. Return the instrument to a Hewlett
Packard Sales and Service Office for service and repair to ensure that safety features are main
tained. 

OAIGEROUS PROCEDURE WARIIIGS 

Warnings. such as the example below. precede potentially dangerous procedures throughout 
this manual. Instructions contained in the warnings must be followed. 

I WARNING I 
Dlnltr ... vol ...... up ... 1t of ulling dum. Ire prtllnt in mil inltrument U .. I.· 
tl'llM uutio_ w .... hlndli ... tnting, Ind Idj.lti_" 
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SAFETY SYMBOLS 

General Definitions of Safety Symbols Used On Equipment or In Manuals. 

...I... 

rh OR J. 

Instruction manual symbol : the product will be marked with this 
symbol when it is necessary for the user to refer to the instruction 
manua l in order 10 protect against damage to the instrument. 

Indicates dangerous voltage (terminals fed from the interior by 
voltage exceedi ng \000 volts must be so marked). 

Protective cond uctor terminal. For protection against electrical 
shock in case of a rau ll. Used with rield wiring terminals 10 in
dicate the terminal which must be connected to gro und before 
operating equipment. 

Low-noise or noiseless. clean ground (eanh) terminal. Used for a 
signal common, as well as providing protection against electrica l 
shock in case of a fau lL A termin al marked with this symbo l must 
be connected to ground in the manner desc ribed in the install ation 
(operating) manual . and before operating the equipmen!. 

Frame o r chassis terminal. A connection to the frame (chassis) o f 
the equipment which normall y includes a ll exposed metal struc
tures. 

Alternat ing current (power line). 

Direct curren! (power line). 

Alternating or direct current (power line) . 

WUNING I 
The WARN ING sign denotes a hazard. It ca lls att ention to a pro
cedure. practice. condition or the like . which. if nol correct ly per

.. -----... formed or adhered 10, cou ld resull in injury or death to personnel. 

NOT E: 

The CAUTION sign denotes a hazard. It calls allention 10 an 
o perating procedure. practi ce. condit io n o r the like. which ,if not 
correct ly performed or adhered 10, could result in damage to or 
destruct ion of part o r all of the product. 

The NOTE sign denotes important informatio n. It calls allcntion 
to procedure. practice, condition or the like, which is essential 10 
highlight. 



Model 3455A Section r 

SECTION I 

GENERAL INFORMATION 

1-1. INTRODUCTION. 

1·2. This Operating and Service Manual contains informa· 
tion necessary to install, operate, test, adjust, and service 
the Hewlett·Packard Model 3455A Digital Voltmeter. 

1·3. Included with this manual is an Operating information 
supplement. The supplement is a duplication of the first 
three sections of this manual and should be kept with the 
instrument for use by the operator. 

1-4. This section of the manual contains the performance 
specifications and general operating characteristics of the 
~4 55A. Also listed are available options and accessories, 
and instrument and manual identification information . 

1-5. SPECIFICATIONS. 

1·6. Operating specifications for the 3455A are listed in 
Table I -I. These specifications are the performance stan
dards or limits against which the inst rument is tested. Table 
1-2 lists general ope rating ch.ar3cte ristics of the instrument. 
These characteristics are not specifications but are typical 
operating characteristics included as additiona1 information 
for the user. 

1·7. INSTRUMENT AND MANUAL IDENTIFICATION. 

1·8. Instrument identification by serial number is located 
on the rear paneL Hewlett·Packard uses a two-section serial 
number consisting of a four-digit prefix and a five-digit 
sufftx separated by a letter designating the country in 
which the instrument was manufactured. (A "" U.S.A. ; 
G "" West Germany ; J '" Japan ; U = United Kingdom.) The 
preftx is the same for all identical instruments and changes 
only when a major instrument change is made. The sufftx. 
however, is assigned sequentially and is unique to each 
instrument. 

1-9. This manual applies to instruments with se rial num· 
bers indicated on the title page. If changes have been made 
in the instrument since this manual was printed , a yellow 
" Manual Changes" supplement supplied with the manual 
will define these changes and explain how to adapt the 
manual to the newer instruments. In addition, backdating 
information contained in Section VII adapts the manual to 
instruments with serial numbers lower than those listed on 
the title page. 

1-10. Part numbers for the manual and the microfiche 
copy of the manual are also listed on the litle page. 

, ." . DESCRIPTION. 

1-12. The Model 3455A Digital Voltmeter makes ac volt· 

age measurements with five digil resolution and dc voltage 
and resistance measurements with 5 or 6 digit resolution as 
programmed by the user. The 3455A employs an automatic 
calibration (AlITO CAL) feature which automatically cor· 
rects for possible gain and offset errors in the analog cir· 
cuitry to provide maximum accuracy. A removable refer
ence module permits ex ternal calibration of the de voltage 
and resistance fu nctions. The reference module can be 
removed, calibrated and returned to the instrument , or the 
module can be replaced with another recently calibratelJ. 
reference. A MATH featu re permits voltage or resistance 
measurements to be scaled into convenient units or to be
read directly in percent error from a selected reference. 
The 3455A is HP-I8 programmable for system applications. 

NOTE 
HP-IB is Hewlm-Packord's implementation of 
IEEE std 488-J975, "standard digital interface 
for programmable instrumentation ': 

'·13. OPTIONS. 

1-14. The following options are available for use with the 
Model 3455A: 

Option 001 : Average Responding AC Converte r 
Option 907: Front Handle Kil 
Option 908: Rack Mounting Kit 
Option 909 : Front Handle and Rack Mou nting Kit 
Option 910: Additional Set of Operating Informa tion 

and Operating and Service Manuals 

1-15. Accessories Supplied. 

1-16. A service kit (·hp· Part No. 03455-8441 1) consisting 
of a PC extender board and a fuse is supplied with the 
Model 3455A. 

1-17. ACCESSORIES AVAILABLE. 

1· 18. The following is a list of accessories available for use 
with the Model 3455A. 

Accessory No. 

l ll 77A 
34 111A 
1063 1A 
10631B 
10631C 

03455-6 1609 

Description 

3455A Reference Module 
High Voltage Probe (40 kV de) 
HP-IB Cable I meier (39.37 in.) 
HP-IB Cable 2 meier (78.74 in .) 
HP-IB Cable 4 meter (I 57.48 in.) 
Inguard/Outguatd Service Cable 

1-19. Recommended Test Equipment. 
1-20. Equipment required to maintain the Model 3455A is 
listed in Table 1-3 . Other equipment may be substituted if 
it meets the requireme nts listed in the table. 

]· 1 



Sec tion I Model 3455A 

1-2 

Ta b le , -, Specifications 

DC Voltage 
Specifications apply with Auto-Cal ON 111 •• 1._. 

a ••••• : D_pl.,: 

High High High High 
Resolution Resolution Resolution Resolution 

OH On OH On 

.IV - ::!.. 149999V --
IV IV :!: 1.49999V :!: 1.499999V 
IOV 10V :!: 14.9999V ::!. 14_99999V 
100V lOOV :!: 149.999V ::!. 149.9999V 
1000V 1000 V ::!. IOOO.OOV :!: IOOO.OOOV 

..... Sal. clio.: Ma.nual, Automatk. or Remote 

Performance (H igh Resolution Off) 

' . ....... t .... C_ fIIc.I ••• : (O"C to 5O"C) 

O.IV range: ::!. (0.OOO3% of reading ... 0 .15 
digitsWC 

IV range: ::!.(O. OO03~ of reading + 0 .015 
dlgitslrC 

IOV range: :!: (O . OOOI5~ o f re ading + 0 .01 
digitsWC 

100 & l DOOV range: :! (0.OOO3~ of reading '" .01 
diglts)/"C 

AlI;:c . ... cy: (I digit = .001'1. of range) : 

24 hours; 23°C :!: 1°C 
lOV range: :!: (0.002% of reading ... I digit) 

I V range: :!: (0.003% o f reading + 1 digit ) 
0.1 V f1Inge: :!: (0.004% of reading + 4 digits) 

100 & lOOOV range: :!. (0.004% of reading + I digit) 

90 dllYS; 23°C :!.5°C 
IOV f1Inge: :!. 10.005% of reading + I digit) 

1 V range: :!: (0.006% of rea.dlng + 1 digit) 
O. I V range: :!: (0.007% of reading + 4 digits) 

100 & lOOOV range: :!. (0.007% of rea.ding ... 1 digit) 

6 months: 23°C ::!. 5°C 
lOV range: :!. (0.008% of reading ... 1 digit ) 
1 V range: :!. (0.009% of reading + 1 digiT) 

O. IV range: ::!.(0.0I0% of rea.ding + 5 digits) 
100 & lOOOV range: :!. IO 010% of reading ... 1 digit ) 

1 year; 23·C :!" soC 
lOV range: :!.(0.013% of reading + I digit) 

IV range: :!: 10.0 14~ of reading ... 1 digit) 
O. IV fllnge: :!. (O.0l5~ of reading + 6 digits) 

100 & lOOOV range: ::!.(0 .0 15% of reading + 1 digitl 

Performance (High Resolution On) 

, . ...... two ... CoeIllCM •• : (O"C to 5O"C) 
IV range: :!: (0.0003% o f readlng + 0.15 

dlgits)r C 
lOV range: :!: (O.OOOIS% of reading ... 0. 1 

digitsJrC 
100.& 1000v range: :!: (0.0003% of reading + 0. 1 

dlgits!rC 

A cc_ .cy: ( I digit _ .001'1. of range) 

24 hours; 2~C :!: I "C 

lOV ra.nge: :!: (0.002% of reading + 3 digits) 
100 & l OOOV rllnge: :!: 1O.004% of reading + 3 digits) 

1 V range: :!: (0.003% of reading + 4 digits) 

90 days: 23"C :!SC 
IOV range: :! (0.005~ of reading + 3 digits) 

100 & lOOOV range: : (0.007% of reading + 3 digits) 
1 V range: :!: (0.006% of reading ... 4 digits) 

6 months: 2JOC :!:"S"C 

lOV range: ::!. 1O.008% o f reading + 3 digits) 
100 & tOOOV range: ::!. IO.OlO% of reading + 3 digits ) 

IV range: ::!. 10.009% of reading + 5 digits) 
I year; 23"C :!: 5°C 

lOV range: :!: 10.0 13 % of reading + 3 digits) 
100 & lOOOV range: :!(0 .0 15% of reading + 3 digits) 

IV rllnge: :!: (0. 014'~ of reading + 6 digits) 

Input Characteristics 

la._. R •• 1 •••• c.: 
0 .1 V through lOV range: > 10'0 ohms 
l OOV and lOOOV range: 10 megohm :!: O. I% 

(with AUlo-Cal OFrl 

M •• I • • • la • • • VoII ••• : 
High to Low Input Terminals: :!: l OOOV peak 
Guard to Chassis: :!: 500V peak 
Guard to Low Te rminal: :!. 200V peak 

Nor •• 1 Mod. R.J. clloa (NMR) : NMR is the ratio of the 
peak nonnal-mode voltage to the peak error voltage In 
the reading. 
SO Hz o perat ion: > 60 dB at 50 Hz :t 0.117. 
60 Hzopcration : > 6OdBat 60 Hz ± 0. 1'1,'. 

EH.di .... Co •• oa Mod. R.J.ctio. (ECMR) : ECMR 
is the ratio of the peak common-mode voltage to the 
fcsultanT peak error voltagc in the reading with 1 kO un
balancc in low lead. 
AC Input: 

SO Hzope:ratio n: > 160dBat 50 Hz ± 0.1 '1. 
60 Hz operation: > 16OdBat60Hz ± O.I 'io 

DC Inpul: 
> 140 dB 

M •• I ••• R •• dl •• R.t.: 

UNa G.I. t.. .... 

Hit. HI •• 
".01.110. a • .ohdl •• 

... O. 
..... 1 5 readings/ 5eC . 3 Telldings/5ee. 

a ••• I. 24 Telldings/ 5ee. 6 lelldlngs/sec. 

seRb G.,. t.. •• I. 
Hit. H ... 

a • .ohdl.. a ••• I.tlo. 
... 00 

..... 1 3.5 readings/ sec. 2.5 felldings/sec . 

a ••• t. 22 readings/5e':. 
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Table 1-1. Specifications (Cont'd). 

Ohms 
111 •• 1 ••• •..... : DI.pl.l/: 

High High High High 
Resolution Resolution Resolutio n Resolution 

Off 00 Off Do 

.lkO .149999kO 
lkO l kO 1,49999kO 1,499999kIl 
lOkO lOkll 14.9999kO 14.99999kn 
lOOkll lookll J49.999kll 149.9999k n 
lOOOkll lOOOkll 1499.99kll 1499.999kO 
IOOOOkll l OOOOkll 14999.9kll 14999.99kll 

••••• SeI.c:tIo.: Manual, Automatic. or Remote 

F •• c:do. Sel.cdo.: 2 wire k ohms or 4 wire k ohms 

Perfonnance (High Resolution Off) 
T •• pe ... C.re Coefllc:l •• C: (OOC to 50°C) 

O. lkll range: (0.0003% of reading + 0 .2 
diglts ll"C 

1. 10 and lOOkO range: (0.0003% of reading + 0.02 
digitsll"C 

IOOOkll rllnge: 10.0005% o f reading + 0.02 
digits )/ OC 

IO.OOOkn range: (0.004% of reading + 0 .02 
digitsJ/OC 

Ac:c.r.c,: 4 wi re k o hms · (I digit '" .001'7. of range) 
24 hours: 230C !: I "C 

O. lkn range: !:' (O.OO3% of reading + 4 digits) 
lkll rllnge: :!. (O.OO3% of reading + I digit ) 

lOkO range: !:' (O.OOS% of reading t 2 digits) 
lOOkn range: .!: (O.OO2% of reading + 2 digits) 

lOOOkll range: .!: (0.012% o f rellding + 5 digits) 
10.OOOkll range: .!: (O. I % of reading + 5 digits) 

90 days: 23"C :!.5"C 
O. lkO range: :!.(O.OOS% of reading t 5 digits. 

lkO range: :!. (O.OO5% of reading t 1 digiti 
IOkll range: .!: (O.OO7% of reading + 2 digits) 

lOOkll rllnge: :!'(O.OO4% of reading t 2 digits) 
lOOOkn range: .!:(O.014% of reading + 5 digits ) 

1O.0000U range: :!. (O. I OO% o f reading + 5 digits) 
6 months: 23"C .!: S"C 

O. lkfl range: .!: (O.OO5% of reading + 6 digits) 
lkll range: .!: (0.oo5% of reading + I digit) 

IOkll range: :!' (0.oo7% of reading + 2 digits) 
l ookO range: :.!: (0.004% of re!:lding + 3 digits) 

lOOOkn range: :!. (O.014% of reading + 5 digits) 
IO.OOOkn r!:lnge: :!'(O. IOO% of reading + 5 digits) 

I ye!:lr. 23"C :!.5OC 
O. lkn ra nge: :.!: (0.006% of re!:lding + 7 digits) 

lkU range: :.!:(O.OO6% of reading + 2 digits) 
IOkU range: :!.(0.008% of reading + 3 digits ' 

lookrl range: .!:(O.OOS% of reading + 4 digits ' 
lOOOkn r!:lnge: .!:(O.OIS% of reading + 6 digits) 

IO,OOOk ll r!:lnge: .!: (O. lOO% of reading + 6 digits) 

Performance (High Resolution On) 
T .... r.c .... C_fIIc:I •• c: (O°C 10 SO"C) 

I. 10 !:Ind lOOkIl range: :!. (0.0003% o f reading + 0.2 
digits)/ OC 

lOOOkll range: ~(O.OOO5% of reading + 0 .2 
dlgits)! "C 

IO.OOOkO r!:lnge: ~ {0.004% of reading + 0.2 
digits )! "C 

Acc.r.c:,: 4 wire k ohms · (I digit :0 .0001'1. or range) 

24 hours: 23"C :.!: I "C 
ikU range: .!: (O.0025% of reading + 4 digits) 

IOkn range: !:' (O.0045% o f reading + 4 digits) 
lOOkll range: ~(0.OO20% of reading + 5 digits) 

IOOOkO r!:lnge: ~(0.0l20~ of reading + 4 digits) 
IO,OOOkIl range: :!. (O. IOOO% of reading T 4 digits) 

90 days; 23"<: !:'5"C 
Ikll range: :!. (0.OO35% o f reading + 5 digits) 

IOk ll r!:lnge: ~ (0. 0060% of reading -I- 5 digits) 
lookn range: ~ (0.0035% of reading + 6 digits) 

lOOOkll r!:lnge: :!. (O.0135% of reading -+- 5 digits) 
1O.000k ll r!:lnge: :.!: (O. IOOO% of reading + 5 digits) 

6 months; 230C ~S"C 
lkn range: :!.(O.OO4O% of re!:lding -I- 6 digits) 

IOkn range: .!: (0.006S% of reading + 6 digits ) 
lookn range: :.!: (0.0040% of reading + 7 digits) 

I OOOkU range: .!:(O.OI40% of reading + 6 digits) 
1O,000k1l range: ~(O. IOOO% o f reading -I- 6 digits) 

I year; 23"C :!.5"C 
lkll range: .!: (0.0045% of reading + 7 digits) 

IOkO range: ~ (0.OO70% of reading + 7 digits) 
lOOkO r!:lnge: :!. (0.0045% of reading + 8 digits) 

lOOOkn r!:lnge: :!.(0 .0l45% of reading + 7 digits) 
IO.OOOkO range: :!. (O. 1 000% of reading + 7 digits ) 

• Ac:ca ... cv: 2 wire k o hms 
All accur!:lcy specifications !:Ire the S<lme as 4 wire k ohms ex
cept add O.OOO4kll to !:III readings. 

Input Characteristics 

1IIa.1 ••• ¥oh ••• •••• r.c.d .cro •• 
aak.o.a: 

< 5 volts fo r open cin::uit 
< 4.7 volts for valid reading 

~ ... So.rc:e Drlvl •• Uakao •• (No.l.al): 

O.lkn. lkn &,. lOkn T!:Inges -~O~~ 
lOOkll --0<>- ,. 

" ,~ "0 lOOOkO & 1O.000kn ranges .__ I ~~;,... .. ,. 
Ov.rload Prot.c:cio.: 

Non-Destructiw - ~350V pellk 

111 •• 1._ •••• dl .. RaCa: 

....... ...... 
Hib Gat. La ..... ..... ... .. 

"eoI.tto. a-ItIdo. 
011 00 

4.5 readlogs/sec . 2 readings/ sec. 

12 readings/ w e. 

4 readlngs// sec. 1.8 reiMIingslsec. 

11 readiogs/wc. 

, ·3 
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1-4 

...... : 
High Resolution 

On or Off 

IV 
IOV 
IOOV 
IOOOV 

Tab le , . , . Specif icatio ns (Con t·d l. 

AC Voltage (RMS converter) 

.... 1 ••• 
D ..... y: 

High Resolution 
On or Off 

1.49999V 
14.9999V 
149.999V 
lOOO,QOV 

..... Selecdo.: Manual. Automatic. o r Remote 

F •• cdo. Sel.cdo.: ACV o r Fast ACV 

Performance 
T •••• , ...... co.mel ••• : (O' C to SO'C) for inputs < 50kHz 

AC COUpled. input > 1% of full scale: ~ (0.002% 01 reading ... 2 digltsWC 
AC coupled. Input < 1% 01 full scale: .:: (0.002% of reading + 6 dlgils l/ "C 
AC/ DC coupled: ~(0.002% 01 reading + 6 dlglls ll"C 

A.cc .... cy: .::1 'l. of reading + digits o r (% of range) I' (AC Couplingl' 

fAST ACV· 

ACV' 

14 'r.: IS'C ~ I"C 

SHH",.2.IIIHz 
S.H",·I.IIIH", 

I.IIIH",. I •• IIIH. IHIIH",.2S."H",' IS."Hz·SHIIIH",' SHIIIH",· INH .. ' 
1.IIIHz· IHIIIH", IHIIIH",·2S.IIIH",' IS"H",·SHIIIH",' SHIIIH",· INH",' 

. 04~ ... oW dig. 0. 4~ .;. 80 dig . 

1.04%1 ' .081.1 

." '1. ... SO dig. 0.5" -+ 100 dig 
( .05Ct,'. ) t . lO%) 

, ••• : IS·C ;:; S' C . 06% .... 60 dig. 0.6 % .;. 130 dig . 

(.06'\1 1. 13'" 
1 ,. •• r: IS·C .: SoC .07'1 .... 70 dig. 0 .71. t 160 dig 

( .071;',) 1 16" ) 
c;...o_ .. . _ ..... _ .. _-_ ... _--, ... .. -, .. M; __ , ..... ... ..... _10_ .. _ ......... _ ... ... 
, .. ..c; . ____ ...... ~ -. ....... __ ''''_ .. _ ................ ''''' __ ... ..c;oc __ 

c .. _. F.cIO .. : 7 : I at full scale 

Input Characteristics 
I ••• t I ....... c.: 

Front Terminals-2Mn .:: l % shunted by less than 100pF. 
Rear Terminals-2MO .:: I% shunted by les5 than 75pF. 

M •• I ••• I •••• Vol •••• : 
Hi,h 10 l ow Terminals: :t 14 14 \'o lls peak (Subj~ to a 

107 voh . Hz limilation) 

Guard to Chassis: :!500V peak 

Guard to Low Terminal: :!200V peak 

M •• I ••• R •• dl •• Rat.: 

MHz Ga' ........ 

ACV fAST ACV 

1.8~ .... 200 dig. .~ .;. 400 dig . 5~ .. 2600dig 

1.20") ,.40%, f2.6 %) 

2 0'1. .;. 250 dig . 5~ ... .sao dig. .... t 3 t OOdig 

f.25%, 1.5O't) f3.1%1 

2.1% -+ 300 dig. 5 1'1. .... 600 dig 6 .31. .... 35OOdlg. 

(.30'\) 1.60'\1 (3.5%1 
2.2'1. ... 350 dig. 5.3'1. ... 700 dig 6 .6% ... 3900dig 

1.35%, 1 70'!.) f3.9 't) 

1: ::-~~.=-..::' ..:::.:: .::."-:::-... .: .. ~.:.":';;; ';:'''' .. -: .. ::: ...... 1 __ .. __ ' ____ .. _,V_,COt _ _ 
·,,"-> a _____ ",_'."'- 'II' 
''' - ,~----", ......... '-.:w:~ ..... , 

S.Hz Ga' ........ 

ACV fAST ACV ..... , 
•••• t. 

1.3 .t"dlngs!5eC 4 .5 relldings/ 5eC I I . tiodlngsJlIK. 3 .5 reiodings/ 5eC . 

1.3 readlngsJM"C 13 readings/sec. I I It~ngsl$otC. 

a •• po ••• TI •• : 
ACV and FAST ACV 

First reading to < 0 . 1 % of step size when triggered coinci· 
dent with step change when o n correct range. 
lIor AC signals with no DC component) 

12 readings/we: 
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Table 1-1. Specif ications (Cont 'd )_ 

AC Voltage (Average Converter Opt. 001 ) 

...... : 
High Resolution 

On or Oil 

IV 
lOV 
100V 
1000V 

111 •• 1 ••• 
D".'.,,: 

High Resolution 
On or Off 

1.49999V 
14.9999V 
149.999V 
lOOO.OOV 

..... ""cd •• : Manual. Automatic. or Remote 

f •• cd •• Sal.ctlo. ; ACV or Fast ACV 

Performance 
T ............ C_fflcI •• t: (O"C to 50"C) 

!: (0.002% of reading + 2 digttslrC 

Acc .... cy: :!: [ % of reading + digits or (et of range) ) ' 

FAST AeV' SHIb_SHtb 

AC VJ 

14 .... ; IS"C :!. . "C 

• p _: IS"C :!.S"C 0.50~ + 70 dig. 

1.07%1 

"G.o.d _ .. _ .. t.-

5H ... _ ... tb 

0.4O'X. + 70 dig. 

0. ... ,oooY , __ 001 _ ,_ . ...... 
s,.. ... _._ ......... _~_'. 'OOoh .. ,_ .,._ ..... _ ...... ,(00"' __ ... ,_'0\1,-. .... 
· ....... ""~ _ _ . ......... ,, _ , . "' ..... ,O' 

Input Characteristics 
I •••• __ .. d •• c.: 

Front Terminals- 2Mn :!.1 % shunted by less than l 00pF 
Rear Terminals-2Mn :t 1 % shunted by less than 75pF 

M •• I._. I •••• \101 •••• : 
High to Low Terminals: ± 1414 volts peak (Subject to a 

J07 volt _ Hz limitation) 
Guard to Chassis: :t500V peak 
Guard to Low Terminal: :t 200V peak 

~.I ••• R •• dl ...... : 

...... -..... Ib 

0.12% + 35 dig . 

0.75% + 70 dig. 

1 
0.75 'Jo -t 80 dig. 

MHaG., ......... S •• o. .......... 

..... , 
••• 01. 

ACV 

1.3 rndings/ wc . 

1.3 T1!adlngs/ sec . 

a ••••••• TI •• : 
ACV and FAST ACV 

FAST O\CY ACV 

4.5 r~adlngs/ sec. 1.1 relldl"lJS/sec. 

13 'tlldln9S/ ileC. 1.1 readings/ sec. 

First reading to < 0.1 % of step site when triggered coinci
dent with step change when on correct range. 
(for AC signals with no DC component) 

fAST O\CY 

3.5 leadings/s«. 

12 readings/ sec. 

Se ction I 
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Section I Model 34SS A 

1-6 

Tab le ' ·1. Specifications (Cont'd). 

Math 

Scal., (x ~ z) 
X Is present rellding. Y lind Z lire previOusly entered relld· 
ings. numbers entered from the front pane l or values entered 
by external program. 

M •• I ••• N ..... I': (Entered or Disp~yedl 
~ 1 99.999_9 

Acc.rac,,: 
"!: (ACCURACY OF X READING :!:: 1 DIGIT OF DIS· 
PLAYED ANSWER)' 

'This assumes no " Y" or " Z" eTTor. 

~Enor: ( X~Y ) x 100% 

X i5 present reading. Y is a previously entered reading. o r 
number entered from the front panel or by external program. 

M •• I ••• N •• ber: (Entered or Displayed) 
~ 199,999.9 

Ace.rae,,: 
:!::(ACCURACY OF X READING "!: 1 DIGIT OF DIS· 
PLA YEO ANSWER)' 

'This assumes no .. y " error. 

Table ' ·2. Typical Operating Characteristics. 

Fune-clon Slteetlon: 
DC Votu 
AC Votu iACV Of" fAST ACVI 
OHMS (2 w ire kilohm or " w lrekllohml 
TEST 

i 
I 

~ 

NORM AL MODE REJECTION (60 HI 

• 
• 
• 
• j 

! 

~ - Bw 
~j 

· I~~' ~ , 
,.,""''''' .. ~ " 

I" T I Normel Mod. Rejection . 20 fog ---
lin 1f I T 

; 

! 

, 
Eltectiw Nohe Bandwidth · 2T 
T • 1/60 58<: 10f 5 digit 60 Hz OlMretion 
T • 2 / 15 sec 10' 6 digit 60 Hz Dperltion 
T - I /SO sec lo r 5 dillit 50 HI Oplltl tlon 
T - 4 /25 tee lor 6 d igit 50 Hz OI*II'on 

'. r;:;:rr 

"I-H-tt 

'" 1-+1,+ 

• 
··,OoJ<NCY"'" 

'. 
,. 
,. 
'. j 

! '. , 
l '. 

,N 



Model 3455A Seclion I 

Table 1-2. Typical Operating Characteristics (Cant'd). 

EFFECTI VE COMMON MODE REJECTION (60 H~ OPERATION' '. 
'. f-+t+ll-
,.I-+I+H-
,.I--+I+H-

,. I-+I+H-
,.I--+I+H-

,,,I-+-H-l+ 

Typial HP-18 Ha .. ,bhake Ti rnes : 
Accept Data _ (345SA addressed 10 Usten or A TN true) 

500 "sec: per dlltracter typical 10 delay 5Ource) 

Output Data - (34SSA &ddrened to ta lk) 
250 "sec: per character typlQI IIJ delay acceptor) 

1·21. SAFETY CONSIDERATIONS. 

1-22. The 34S5A is a safety class I instrument (provided 
with a protective ea rth terminal). The instrument and man· 
ual should be reviewed for safe ty symbols and instructions 
before opera tion. 

Generel !Auto Cal must be On for 75 secortds to meet . 11 
specificationd 

Ovt!rlo~ Indicat ion : O L " " 
OperatlOY Temperawre: 0 C to 50 C 
Warmup Time: One hour to mee~a ll spG(:~f ications 

Humidity Range: < 95% RbH., 0 C tg 40 C 
Storage Temperature : - 40 C to +75 C 

Power : 100/120/240 V +5%, - 10% 48 Hz to 400 Hz line 
operation < 60 VA 

220 V t 10% 48 Hz lo 400 Hz line operation 
< 60 VA 

Dimensions: 88.9 mm high K 425.5 mm wide x 527. 1 
mm deep 13%" high x 16%" wide x 20'Yo" deep) 

Weights: Net - 9 kg 121 Ibs.) 
Shipping - 12 kg !26 lbs.l 

' ·7 
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1·8 

Instrument 

DC Voltage S'anderd 

AC Calibrator 

Tell Osciltlilor 

Resillance Decade 

DC Null Volt meter 

R"erence Oillider 

DC Transfer Slanc;llrd 

Electronic CoUnl1lr 

Aes itllnce Standard 

Bus Syuem AnalyzlIr 

C. lcuillor 

Osc il loscope 

Digita l Voltmeter 

Auluor. 

Signatu re AMlyzer 

P • PerlorlT\llnce Check. 
A • Adjull menn 

Tabla 1-3 . Recomme nded Test Equipme n t. 

Cr itieal Spec:if ical ion 

Vol tage ; 10 mV to 1000 V 
Accuracy; t .005" 

Frequency ! 20 Hz to 100 kHI. 
OutPUt level ; 100 mVto 1000 V 
Accuracy: 1 .1" 
Voltage Stabili ty (6 mol.1 I. .02" 

Frequency : 10 250 kHz 
OUlput : 3 V rml inlO 50 n 
Frequency Rlllponse i .25" 

Resiltance ; l 00nlo 10Mfl 
Accuracy: 1 .004" 

Volta'ile R.ni8 : 1 ~V 10 10 V 

Dlvilion Rat io Accul8CY 1 .00 1% 
Output Vol .. ge Aanstt' - 1 V 10 I kV 

OutPUI Voltages: 1 V . 1.018 V . 
1.019V. 10 V 

Accur,cy : 15 ppm 
Slabillw: 1 .00 1" 130 days! 

50 HL 1060 Hz 

Resistance: lkn 
Accuracy: 1.0005% 
Rflistance : 100 K 
ACCUf'lKY: :t .002,*, 

HP-I B Conlrol Capabllity 

HP· IB ContrOl C.pabillly must 
tefYIU I pr inter ' o r 3455A 
OutPUt data. 

Bandwid lh : DC 10 10 MHz 
Sweep Time: 0.1 ~. 10 1 see/dlv 
SensitivitY : 1 V/dlv 

Vollage Range: 10 mV to 1000 V 
AtiOlutlon : 10 ~V 

Resinances: 
lkfll10% 
10kfl 10.1" 
1 Mfl 10.1 % 

T - Troubleahooling 
a _ Operato .. Check 

A&cOmmel'ldtd Model 

Syatron Oonna r 
Model MID? 

_hp- Model ? 45A 
AC CalibratOl" 
.hp- Model 746A 
High Voltage Ampliflltf 

.hp- Model 652A 
TIIIIOscill'tor 

Gen Ritd Model , 
GR 1433-Z Dl(:ade 
ReslSlo r 

.h p- Model 419A 

F luke Model 750A 
Aeference Divider 

Fluke Model 731A 
DC Tr,ntlltf SlIndard 

.hp. Model 5300A/ 5302A 
Measuring SYllem 

Gui ldine Model 
9330/1 K o r 9330A/ l K 

Guild~ne Modal 9330/ '00 K 

·hp- Model 59"01A 
Bus Syuem Analyzer 

.hp. Modal 9825A 

_h p. Model 180C/D 
O.cllloloope with 
1801Aand 18 2'A 
plug·ln unlU 

-hp. Model 349M 

.hp. ParI No . 
0684·1021 
0698-4157 
.,...·6369 

_hp_ Model 5004A 

Model 34SS A 

u.. 

' AT 

'AT 

, 

' AT 

'AT 

'A 

'A 

, 
A 

T 

OT 

T 

' AT 

, 
T 



Model 3455A Section II 

SECTION II 

INSTALLATION 

2-1. INTROOUCTION. 

2·2. This section cont ains infonnation and instructions 
necessary to install and interface the Model 3455A Digital 
Voltmeter. Also included are initial inspection procedures, 
power and ground ing requirements, envi ronmen tal informa· 
tion , and repackaging instructions. 

2·3. INITIAL INSPECTION. 

24. This instrument was carefully inspected both mechan
ically and elect ricaJly before shipment. II should be free of 
mars and scratches and in perfect electrical order. The 
instrument should be inspected upon receipt for damage 
that might have occurred in transit. If the shipping con· 
tainer o r cushioning materiaJ is damaged, it should be kept 
until t.he cOn!ents of the shipment have been cheeked for 
completeness and the instrumen t has been mechanically 
and electricaJly checked . Procedu res fo r test ing electrical 
perfonnance of the 3455A are given in Section IV. If the 
cOn!en!s are incomplete, if there is mechanical damage o r 
defect , or if the multime ter does not pass the Performance 
Tests, notify the nearest Hewlett-Packard Office. (A list of 
the -hp. SaJes and Service Offices is presen ted at the back o f 
the manual.) If the shipping container is damaged, o r the 
cushioning material shows signs of stress, notify the carrier 
as well as the Hewlett·Packard Office. Save the shipping 
materials for the carrier's inspection. 

2·5. PREPARATION FOR USE. 

2-6. Power Requirements. 

2 ·7. The Model 3455A requires a power source of 100. 
120, 220. or 240 Vac(+ 5% · 10%), 48 1'lz to 400 Hz single 
phase. Maximum power consumption is 60 VA. 

2·8. line Voltage Selection. 

2·9. Before connecting ac power to the 3455A, make sure 
the rea r panel line selector switches are set to correspond to 
the volt age o f the available power line as shown in Figure 
2·1. Also, be sure the proper fuse is installed. The mult i· 
meter is shipped with the line voltage and fuse selected for 
120 V ac operation. 

Be sure tile 50 - 60 Hz rear pallel switch is set 
for the proper line frequency for your location. 

2·10. Power Cable. 

2· 11 . Figure 2·2 illustrates the standard configurations 

• .., .. " 'IO"'~ 

NOMINAL OPERATING RANGE 
VOLTAGE • 1 0%. + 5" of "omlnal f USE 

IOOvoln 9010 105 volls 0.5 10. 
120 vol" 10810 126 vollS 0 .510. 
220 voln 19810 231 vain 0.25A 
240 vahs 21610252 vain 0.25 A 

Figu re 2· ' . Line Voltage Selection. 

used for ·hp. power cables. The ·hp. part number directly 
below each drawing is the part number for a power cable 
equipped with a connector of that configuration. If the 
appropriate power cable is no t included with the instru
ment , notify the nearest ·hp· Sales and Service Office and 
the proper cable will be provided. 

2·12. Grounding Requirements. 

2· 13. To protect operating personnel, the National Elect ri· 
cal Manufacturer's Association (NEMA) recommends that 
the instrument panel and cabinet be grounded. The Model 
3455A is equipped with a three conductor power cable 
which. when plugged into an appropriate receptacle . 
grounds the instrumenl . 

2-14, Bench Use. 

2· 15. The Model 3455A is shipped wi th plastic feet and tilt 
stands installed and is ready for use as a bench instrument. 
The plastic feet are shaped to permit '·slack.ing" wit h other 

$'l!" ' _ 
'U~ USHD FO_ USI'NTII. UN'rE" ' UTUfN ..... . ICA 

Figure 2-2. Pow,r Cord Configurations. 

2·1 
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full·module Hewlett·Packard instru ments. The tilt stands 
permi t the ope rator to eleva te the fro nt panel fo r operaling 
and viewing convenience. 

2·16. Rack Mounting. 

2· 17. The Modil 34 55 A may be rack mounted by adding 
rack mounting kit Option 908 or Option 909. Option 908 
contains the basic hardware and instructions for rac k 
mounting ; Option 909 adds front handles to the basic rack 
mount kit. The rack moun! kits are deSigned to permit 
the Multimet er to be installed in a standard 19 inch rack. 
When rack mo unting, additional su pport must be provided 
at the rear of the instrument. Be sure that the air intake at 
the rear of the instru ment is unobstruc ted. 

2·18. Interflee Connections. 

2· 19. The Model 34SS A is compat ible with the Hewle tt· 
Packard Interface Bus ( HP·IB). 

NOTE 

HP·IB is Hewleu·Packard's implememation of 
IEEE l td 488·1975. "Standard Digitalllller{ace 
{or ProgralnllUlble Instmmentafion ". 

The Muitimett!r is connected to the HP· IB by co nnecting an 
HP·IB inte rface cable to the 24·pin connector located on 
the rear panel. Figure 2·3 illustrates typical Hp·IB system 
intercon nections and shows the 1063 1A/BfC HP· IB Inter· 
face Cable connectors. Each end of the cable has both a 
male and fema le connecto r to simpliry inte rconnect ion of 
instruments and cables. As many as IS instruments can be 
connected by the same interface bus: howeve r. the maxi· 
mum lengt h of cable Ihat can be used 10 connect a group of 

............ 

Model 3455 A 

instruments must not exceed 2 me ters (6.5 ft.) times the 
numbe r of instruments 10 be connected, or 20 meters 
(65.6 ft .) , whichever is less. 

2·20. Address Selection. The Hp·IB address switch, 
located on the rear panel, permits the use r to set the " talk" 
and "listen" address of the instrument. The talk and listen 
address is a 7·bit code which is selected to provide a unique 
address fo r each bus instrument. The 3455A normally 
leaves the fac tory with the address switch set to a "Usten" 
add ress of 6 and a "talk" address of V. The address switch 
also allows selection of a " talk-only" mode. Refer to 
Paragraph 3-42 for address selection instructions. 

2·21 . External Trigger. A BNC connector, located on the 
rear panel , is proVided fo r an external tr igge r input. The 
trigger inpu t is to be driven with TTL level signals. 

2-2Z. ENVIRONMENTAL REnUIREMENTS. 

WARNING I 
To prevent eiecfrica/ shock or fire lJazard, do 
IIOf expose the instrument to raill or moisture. 

2·23. Operating and Storage Temperature. 

2·24. In order to lIleet the specifications listed in Table 
1· 1, the instrume nt shoul d be operated with in an ambient 
temperature range o f 23°C ± 5°C (73 ° F ± 9° F). The instru, 
ment may be operated within an ambient temperatu re 
range of O°C to + 55°C (+ 32°F to + 131 ° F) with degraded 
accuracy. 

2·25. The instrument may be stored or shipped where the 
ambient temperature range is within _ 40°C to +75°C 
(-40° F to + 167° F). However, the instrument should not 

Figure 2·3. Typical HP·IB System Interconnections. 

2·2 
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be stored o r shipped where tempe rature fluctuations cause 
condensation within the instrument . 

2-26. Humidity. 

2·27. The instrument may be operated in environments 
with relative humidity of up to 95%. However. the instru, 
ment must be pro tected from temperature ext remes which 
cause condensation within the instrument. 

2·28. Altitude. 

2-29. The instrument may be opera ted at altitudes up to 
4572 me ters (I 5.000 fee t). 

2·30. REPACKAGING FOR SHIPMENT. 

NOTE 
If the instrumelll is to be shipped to Hewlett· 
Paclwrd [or service or repair. attach a tag to tile 
instrumem idemi[ying the owner and indicating 
the service or repair /0 be accomplished. 
Include the model number and [ull serwlllum
ber of the instrumelll. In any co" espondellce, 

Section II 

identify the instrument by model number and 
full serial number. If you have any questiollS. 
cOlllact your nearest .h~ Sales and Service 
Office. 

2-31 . The following is a general guide for repackaging the 
instrument fo r shi pment. If the o riginal cont ainer is avail
able. place the instru ment in the con tainer wi th appropriate 
packi ng material and seal well with st rong tape or metal 
bands. If the o riginal containe r is not avail able. proceed as 
follows : 

a. Wrap inslrument in heavy pape r o r plastic before 
placing in an in ner con tainer. 

b. Place packing ma terial around all sides of inst rument 
and protect pallel face with cardboard strips or plastic 
foam. 

c. Pl ace instrument and in ner con tainer in a heavy 
carton and seal with strong tape or metal bands. 

d . Mark shipping containCi " DELICATE INSTR U
MENT". " FRAGILE" , etc. 

2·3 
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CD 
CD 

3·0 

FRONT PAN EL 

U ne SWilch, push onfpush o ff 

HP-,d' st~IUS indicators: 
SRQ - i nd ic~tes that the 3455A " requires service" from 
the controller. ReIer to Paragraph 3 -78 . 
LISTEN _ lighlS when the 3455A ,5 addressed to 
··Uslen"'. 
TALK - IIghl$ when the 345SA is addressed to "'talk". 
REMOTE _ l ighls when l he 3455A is under H P-IB 
control. 

LOCAL $wi tCh _ permits the opera tor to return the 
instrument to local Hront panel) conlrol. 

O'splay _ Indicates polarity and amplitude of the 
measuremenT . Measurement resu ll$ are presented in ei ther 
5· 1 f2 d'gin or 6 ·112 d'gi ts depend ing upon whether the 
HI GH R ESOLUTION feature is off or on. An LE D in the 
upper leI! corner of The dilplay Indicates sample ra te o f 
the 3455A. Fiv, LEO's, located to Ihe r'g t.t 01 the d is· 
p lay, indicate whe ther the display is preseming DC VOl t 
age, AC Vo ltage, Ohms, Scale O( " erro, measurement 
resull$. 

Range Select ion Keys - permit selection o f ranges as 
follows : 
DC Voln:. l V. 1 V, t o V. 100 V. 1 kV, AUTO 
AC Vol ts: 1 V, 10 V, 100 V. 1 kV, AUTO 
Ohms: .1 K, 1 K , 10 K. 100 K . 1.000 K, 10.000 K . AUTO 
L EO's located in I he center 01 the keys indicate wh ich 
range is selected. 

Funct ion Select ion Keys - DC Volts, AC Volu, FAST 
AC Volts, 2 WIRE k!l:, 4 WIRE k!l:. and TEST . LEO's 
localod in the center of the keys indicate wh ich funClion 
is selected. 

AUla Cal sw itch · allows the Auto·Cal feature to be turn
ad on or off. LEO in center 01 Key indicates Auto-Cal on. 
Refer to Paragraph 3 ·29 . 

® 

® 

@ 

@ 

® 

® 

® 
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Data Ready Request Indicator - lights when the Data 
Ready Request feature ;s programmed on . Refer to 
Paragraph 3 -65 . 

H igh Resolution swi tch - switches d isplay 'rom 5· 1(2 
d igit presentation to 6· 1 f2 digi t prflemation. An LEO 
located ,n t he cen ter o f the key indicates High Resolu· 
tion on when lit. 

T rigger Selection Keys - permits selection of INTER. 
NAL, EXTERNAL, 0' HO LD/MANUAL \rigger. Each 
key has an L EO whiCh lighn to indicale the trigger lOurce 
selected. 

Sample Rate Controls - permit selection of mal(imum 
sample rale or the present sample ratB divided by 2. The 
mal(imum sample rate may be d iv,ded by 2 up to 6 t imes 
lOt a minimum sample rate 01: mal(imum sample rate 
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Binary Program Indicator - Indicates whl!!n the 3455A is 
operating in the Binery Program mode. Refer to 
Paragraph 3 ·66. 

Math Controls - Select SCALE I~) , " ERROR 
Y 

{~I( 100),Of MATH OFF. The Ma th fea ture selected 
y 

is indicated by an LEO located in the key (Paragraph 
3- 191. 

ENTER controls · Recall the number stored in the Y or 2 
register to the display. also "shifts" Ihe front panel 
keyboard to permit entry o f new data to be stored in the 
Y or 2 reg isters (Paragraph 3 -23 1. 

STORE Controls - The Store controls transfer the 
number presently being displayed into the Y or 2 register 
(Paragraph 3 ·23). 

Reaf Terminal Indica tor - indicates when the reer input 
larminals have been selected. 
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SECTION III 

OPERATING INSTRUCTIONS 

H IITROOUCTIOI. 

3-2. This section contains information and instructions 
necessary for operation of the Model 34SSA Digital 
Voltmeter. Included is a description of operation 
characteristics, a description of the operating controls 
and indicators, and functional checks to be performed 
by the operator. 

H. OPERATlIG CHARACTERISTICS. 

3-S . Before connecting ac power to the 34SSA, make 
certain the rear panel line selector switches are set to 
correspond to the voltage and frequency of the available 
power line and that the proper fuse is installed for the 
voltage selected. For rated measurement accuracy, the 
34SSA should be allowed to warm up fo r at least one 
hour . 

3·1. Self Tnt O,.rltlon. 

3-7. The internal test function of the 34SSA verifies the 
operation of the dc analog circuitry, inguard and 
outguard logic circuitry, and the front panel indicators 
and display . The primary test of the dc analog circuitry 
is the measurement of various Auto-Cal constants. A 
logic check is also performed, when all the cal constant 
measurements are taken. The logic check consists of a 
dummy cal constant calculation made in the outguard 

® 
® 
® 

® 
@ 
@ 
® 
@ 
@ 

Ohms Slgnll Terminals • supplies drive signal fOl' 
4-WIRE Ohms measurements (Plragrlph 3-121. 

Input Term,nlls 

GUARD switch - Internally connects the Guard terminl l 
to the LO Input terminel (for front penel oparetion only, 
Peregreph 3-411 . 

GUARD Terminal 

REAR PANEL 

Ohms Signal TerminalS 

Input Terminals 

Guard Terminels 

Front/Rea. INPUT SELECT $witcl> 

HP-IB ° Connector - see Peregreph 2-1 e end 3-4B . 

AC or AC/DC Input Select ion sw. tch • refer to Peragreph 
3-14. 

logic of the instrument. When all these measurements 
and calculations are completed, the 34SSA will display 
+ .8.8.8.8.8 .8.8 . and the self-test operation will start 
again. In order to bring the instrument out o f this mode, 
any other function button must be pressed. 

3-8. In the event of a cal constant failure, the Self-Test 
operation will stop and the failing cal conSlant's number 
will be displayed (an integer number from 13 to 0). If 
the dummy calculation fa ils, a non integer number is 
displayed (e.g., 9.998 or 10.002 etc.). 

3-9. The Self-Test function can be remotely programm
ed, as described in the programming portion of this sec
tion . The 34SSA will output a 10 upon a successful com
pletion of the test and if addressed to " talk ." If the 
dummy calculation fails. the answer of the dummy 
calculation will be the output (9.998 or 10.002 etc.). If 
any auto-cal constants fai l, the 34SSA will not output 
any readings. (times out). 

NOTE 

The self test feature does not lest operation 
oj the ohms or ac seclions nor the measure
ment accuracy oj Ihe 3455A. 

] ., O. DC Vottll' M .... ,...nt 

3-11. The Model 34SSA measures dc voltage from 
microvoh to 1000 volts in five ranges extending from .1 

® 
@ 
@ 
@ 

® 
@ 

® 
® 

Line FrequencV Selection Switch - mun be set to corres· 
pOnd to the power line frequencv (SO Hl Of 60 Hd. 

Reference Module 

EXT ERNAL TR IGGER Input Connector 

HP-IB ° Address Selection Switch - rl fer to Peragreph 
3-53 . 

Coolin\! Fan 

Power Line Voltage Selection Switches _ refer to Para· 
graph 2-8. 

Fuse _ 90 V 10 126 V - 0.5 amp, 198 V to 252 V -
0.25 amp. 

AC Power Connector . 

°HP· IB '$ Hewlett-Packard·s implemenlill ion 01 IE EE Std. 
488-1975. "Snmda,d Digital Interface for Programmable 
Inst,umenlation". 

Figure 3-1. Front and Re ar Panel Features (Cont 'd l. 

3 ·) 
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Figure 3·2. Ohmme1er Mearurement Connections. 

volt full-scale to 1000 volts full-scale. Measurement 
results are presented in 5-1/2 digits during normal 
operation or in 6-112 digits when the 3455A is set to the 
High Resolution mode. All ranges except the J 000 volt 
range have 50'10 overrange capability and are overload 
Qrotected from input voltages up to ± 1000 volts. Input 
resistance in the de function is greater than 1010 ohms 
on the .1 V, I V, and 10 V ranges and equal to to 
megohms on the 100 V and 1000 V ranges. Refer to 
Table I-I for DC Accuracy specifications. 

3·12. Rai,lInc. M .. ,uramtnt. 

3-13. The Model 3455A measures resistance from I 
milliohm to IS megohms in six ranges extending from .1 
kilohms fu l scale to 10,000 kilohms full scale. Measure
ment results are presented in 5-1/2 digits during normal 
operation or in 6-1/2 digits when the 3455A is set to the 
High Resolution mode. The only exception is that the .1 
V range can only take a measurement in the 5-1/2 digit 
mode. Resistance may be measured in "4-WIRE" con
figuration for optimum accuracy or "2-WIRE" con
figuration may be selected for measurement conve
nience. Figure 3-2 shows proper connections for making 
resistance measurements. The nominal output signal 
current on the .1 kilohm, 1 kilohm and 100 kilohm 
ranges is .7 rnA. The nominal output current on the 
1000 kilohm and 10,000 kilohm ranges is .7 microamp. 
Maximum output voltage is limited to less than 5 volts 
on all ranges. Refer to Table I-I for ohm accuracy 
specifications. 

3·14. AC Volll" M .... ' .... nt. 

3- 15. The -hp- Model 3455A offers a chaise of true 
RMS (standard unit) or average responding ac conver· 
tors (Option (01). Both methods measure ac voltages 
from 10 microvolts to 1000 volts in four ranges exten
ding from 1 volt to 1000 volts ranges. All ranges, except 
the 1000 volts range, have 500/0 overrange capability and 
are protected from input voltage components up to 1000 

3-2 

volts RMS. Readings taken in the ac function are 
display in the 5-1/2 digit mode only. Input impedance 
of both convertors is 2 megohms in parallel with 
< 75 pF for rear terminal input and < 90 pF for front 
terminal input . In addition to the normal ac volts func
tion, the 34SSA also has a fast ac volts function. The 
fast ac function has a faster ac reading rate than the nor
mal ac function. 

3-16. The frequency response of the true RMS conver
tor is from 30 Hz to I MHz in the normal ac volts func
tion and from 300 Hz to I MHz in the fast ac volts func
tion. 80th ac signals or ac plus de signals (ac signals 
superimposed on a dc level) can be measured by the true 
RMS convertor . Selection of the ac or ac + dc inputs 
are chosen by a switch located behind the rear panels 
reference cover. Refer to Table I-I for accuracy 
specifications of each ac mode. 

3-17. The frequency response of the average converter 
is from 30 Hz to 250 Hz in the normal ac volts function 
and from 300 Hz to 250 kHz in the fast ac volts func
tion. Only ac signals (no de component) can be 
measured by the average converter. Refer to Table I·) 
for accuracy specification of each ac mode . 

3·18. In order to get accurate ac readings (especially 
with high voltage inputs at high frequencies), the low in
put terminal (front and rear) should be connected to the 
guard terminal (front and rear). Refer to paragraph 3-39 
for guarding information. 

NOTE 

The front panel guard pushbutton applies 
only for front panel inputs. Be sure to wire 
rear panel guard connections yourself. if us
ing the rear panel input terminals. 
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J·19. Mlth FNturl. 

3-20. The math feature of th 3455A allows the measure
ment value to be offset and/or scaled by known values 
or to be expressed in percent of a reference value. 

3·21. Selll Modi. The scale mode of the math feature is 
described by the formula: result = ~ where x is the 

y 
measurement value, z is the o ffset value, and y is the 
scale factor . This mode allows the measurement value to 
be modified by the addition, subtract ion , multiplication 
or division of a known val ue. Addition and subtraction 
are performed by entering the number to be added or 
subtracted in "z" and entering I in "y". The scale fo r
mula then becomes: result ::::: x - (± z) = x - (± z). 

I 
Division is performed by entering 0 in "z" and the 
divisor value in "y." The scale formu la then 
becomes: result ". x - 0 ::::: ~ Multiplication is perform-

y y 
performed by dividing the measurement value by the in
verse o f the multiplier value; that is, multiplication is 
performed by dividing by a fraction . The scale fo rmula 
becomes: result "" . x - 0 "" xy. As an example: to 

l7Y 
multiply by 10, di vide by the inverse of 10 which is 1/ 10 
or . 1. Various examples using the scale mode are as 
fo llows: 

a. Cu rrent Measurement : Accura te curr ent 
measurements can be made by using a low value resistor 
shunting the 3455A's input terminals. The value of the 
resistor is then entered in the "y" register (see 
Paragraph 3-22), and zero is entered in the "z" register 
Wit h the resistor con nected at the inputterminai and the 
instrum ent set in the voltage mod e, current 
measurements can now be made. Yo u can do this by 
connecting the input across the resistor and measuring 
the voltage drop across the resistor. This voltage drop is 
proportional to the current through the resistor. By 
switching the 3455A to the scale mode, the reading 
becomes an accurate current reading in milliamps. Since 
the resistor value is in kilo ohms (R) and stored in "y". 
and since zero is stored in "z", the scale equation 
becomes: 

x-y = !.:.Q. ::::: ~"" current in milliamps 
y R R 

where R = Resistor across the input ternUnals 
V = Voltage drop across the resistor 

b. Temperature Measurement: A temperat ure mea
surement can be made by using a line or resistive 
temperature sensor . 

Assume that the sensor has a resistance of I kilohm at 
25 DC and changes 5900 ppmr C. At O° C the sensor 
would have a resistance of S52.S ohm ( I kilohm - IS .9 
ohmsJ 25). This number is divided by 1000 since the 
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345SA measurement results are expressed in kilohm and 
is entered in the "z" register to remove the offset at 
ODC. The measurement result of the 34S5A is scaled to 
read direct ly in degrees centigrade by solving the equa
tion for the value of "y". This is done where the results 
of the equation are equal to 2S DC since the sensor 
resistance is specified at that temperature. The scale 
equation becomes: 

25 = x-y = 
y 

I K -.SS2S K = . 147S K 
y y 

solving for y:y . 1475 K "" .OOS9 with this number 

2' 
entered in the "y" register, the 34SSA measurement 
resu lt will be presented directl y in DC. 

c. A ccurate 2 Wire Ohm Measurement: When trying 
to make an accurate 2 wire ohm measurement, the input 
lead resistance and the internal resistance of the 34SSA 
shou ld be subtracted out from the reading . This is done 
by setting the inst rument to the desired range and short 
the input leads at the measuring point. Store a 1 in "y" 
and store the input lead resistance reading in " z". Open 
the input leads and connect the unknown resistor to the 
leads. With the 3455A set in the Scale mode, the value 
of the unknown resistor is displayed wit hout the input 
lead resistance. Si nce a I is stored in "y" and the lead 
resistance (R) is stored in " z". the scale equation 
becomes: 

x-y = 
y 

x- R = 

I 
unknown resistance in ohms 

where x total measured resistance including R 
R = lead resistance 

3-22. OJo ErrDr Mode. The OJo error mode of the math 
feat ure is described by the formula: result in '/0 <:' x-y x 

~ 

y 
100, where " x" is the present measurement value and 

"y" is the reference value. An application of this 
feature might be an inspection test of resist [So This 
nominal resistor value wou ld be entered in the "y" 
register in kilohm (34S5A) resistance measurements are 
presented in kilohm) . As an example. assume the test is 
made on a group o f 7S0 ohm resistors with a tolerance 
o f SOJ •• The nominal resistor value (750 ohms) is entered 
in the "y" register as .7S0. The % error equation 
becomes: result in % = x-.750 x 100. A resistor with 

-:7SO 
an actual value of 790 ohms would give a measurement 
result of: '10 error ::::: .790-750 x 100 "" 5.33333%, 

7>0 
indicati ng the resistor is out of tolerance by .33333%. 

d . Limil Tesling: The Scale mode o f the 3455A can 
also be used to do Lim it Testing. This can be ac
com plished since th e largest number which can be 

3·3 
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displayed is + 200,000 and the smallest number is 
·200.00. If the magnitude of the display exceeds 
200,000, either a " ... LL" or a "·LL" is displayed . 
Therefore, the "y" and "z" constants must be chosen 
so that when "x" (the reading) is equal to the upper 
limit, the display is + 200,000 and when "x" is equal to 
the lower limit, the display is · 200,000. This can be ac
complished as follows: 

When x = the Lower Limit, the DlSPLA V should = 
-200,000 

When x = the Upper Limit , the DISPLAY should = 
+ 200,000 

therefore, -200,000 = Lower Limit - z 
y 

and + 200,000 ::: Upper Limit· z 
y 

This leaves two equations to solve for the unknown "y" 
and "z" constants. The two constants can be found the 
following way: 

Lower Limit - z 
Upper Limit · z 

-200,000 (y) = 
+ 200,000 (y) = 

o _ Lower Limit + Upper Limit -2Z 
(add these two equations) 

therefore, Z = Upper Limit + Lower Limit 
2 

200,000 = Upper Limit· Z 

y 

200,000 (y) = 
Upper Limit· Upper Limit + Lower Limit 

2 

and, y = 

Upper Limit - Lower Limit 
2 

Upper Limit • Lower Limit 
400,000 

The following is an example of how to use this math 
technique. In this example a DC voltage is measured 
and compared with a Lower Limit of 10 volts and an 
Upper Limit of 30 volts: 

y ::: Upper Limit - Lower = 
400,000 

30 - 10 

400,000 
= .00005 

Z ::: Upper Limit + Lower Limit 
2 

30+ 10 = 20 
2 

By entering .00005 into the "y" register and 20 into the 
.. z .. register, and then pushing the SCALE and DCV 
bUllons, the 3455A becomes a limit testing DVM. If the 
input exceeds 30 volts a I I + Ll" is displayed. and if the 
input is less than 10 volts a "-LL" is displayed. If the in
put is within the limits set, a number is displayed. 
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3·23. Enter .nd Stor • . 

3-24. The " Y" and "Z" ENTER keys have two func
tions. When one of the enter keys is pressed, the number 
presently stored in the respective memory register is 
displayed on the front panel readout. This allows the 
operator to check the contents of the "V" or "Z" 
memory registers. Pressing the enter key also "sh ifts" 
the front panel keyboard. disabling all keys except those 
labeled in blue. These keys can now be used to enter the 
desired values to be stored in the "V" or "z" memory 
registers. As the value is entered it is displayed on the 
front panel readout. Numerical values from .()(X)Q(X) to 
+ o r - 199 ,999.9 may be entered in either the V or Z 
registers. 

3·25 . The STORE keys are used to transfer the number 
presen tly being displayed in the "V" or "Z" memory 
registers and to return the voltmeter to normal opera
tion . 

3-26. The following describes how the ENTER and 
STORE features may be used: 

a. To view the value presently in memory, press the 
ENTER key of the appropriate register (ENTER Y or 
ENTER Z). To return this number to memory, press the 
STORE key of the appropriate register. 

b. To enter a new number, press the ENTER key of 
the register to receive the number. Enter the desired 
number into the display by pressing the keys labeled in 
blue. Store the number entered by pressing the STORE 
key of the appropriate register. 

c. To enter a measurement value presently being 
displayed. press the STORE key of the desired register 
(V or Z). 

NOTE 

The operation oj the ENTER and STORE 
keys are not mutually exclusive. ThaI is, the 
number being displayed may be stored in 
either lhe Y or Z register independently oj 
the register selected by the ENTER keys. 

3·21_ High Rnolution Mode. 

3-28. When the 34S5A is used in the HIGH RESOLU
TION mode, the instrument changes from a S· ll2 digit 
measurement to a 6-112 digit measurement. This 
changes the measurement resolution from 10 parts/ 1.5 
million (5-112 digit mode) 10 I part/ 1.5 million (6- 112 
digit mode). The integration period will also change 
from 1160 second (1 / 50 second for 50 Hz operation) to 
8160 second (8/ 50 second for SO Hz operation). The 
High Resolution mode cannot be used in the AC mode 
or the .1 V DC and I K ohm ranges. The reading rate in 
the DC and Ohms mode wi ll also increase when the 
High Resolution function is turned off. Table 3-1 gives 
the various reading rat es of the DC and Ohms functions 
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with High Resolution turned on o r ofr. 

3·30 The purpose of the AUTO-CAL feature is to 
eliminate offsets, gain non-linearity, and drift which 
maybe present in the analog measuring circuits of the 
34SSA. This is accomplished by measuring the offset 
and gain errors and then mathematically correcting the 
measurement reading to exclude them. Each of the gain 
and error measurements , called Auto-Cal constants, are 
stored in the " memory" by the 34SSA's main con
troller . These Auto-Cal constants are usually taken be
tween each sample of the instrument and are updated 
each time a new cal constant measurement is made. 

3-29. The read ing rate of the 34SSA increases when the 
Auto-Cal feat ure is turned ofr. Table 3- ) gives the 
reading rate of the various functions with Auto-Cal on 
or ofr. 

3-32. The last set of constants are used to correct 
measurements, when the Auto-Cal mode is turned off. 
As long as the input amplifier offsets, gain linearity 
and drift do not vary the 34SSA should remain within 
it 's accuracy specifications. The time period over which 
these parameters will not change may vary from instru
ment to inst rument. When the Auto-Cal function is 
disabled to obtain faster reading rates. it is recommend
ed to periodically return the 34SSA to the Auto-Cal 
mode in o rder to update the cal constants. This can be 
done after a block of readings have been taken o r when 
the instrument is not in use. The instrument will th en 
update the cal constants for accurat e measurements. 
Allow about 6 seconds fo r updating the cal constants, if 
the 34SSA is in the Hold mode. 

3·33. Trill'r. 

3-34. The 34SSA has three trigger modes. INTERNAL, 
EXTERNAL. and HOLD/ MANUAL. The fo llowing is 
an explanation of each trigger mode. 

a . Internal Trigger: This trigger is generated inter
nally and triggers the 34SSA to take a reading. after the 
previous operation is completed (a reading or Auto-Cal 
measurement). This t rigger mode is entered when the in
strument is turned on, when the Internal Trigger bullon 
is pressed, o r a Device Clear message is remotely sent. 

b. External Trigger: When the 34SSA is the External 
Trigger mode, the user can trigger the instrument from 
an external trigger pu lse. This trigger pulse has to be ap
plied to the rear External Trigger Connector and should 
have a negative TTL edge and must be atieast 3 seconds 
wide . The instrument will take a measurement, when 
this trigger pulse is received . After the measurement is 
taken , the 34SSA can be triggered again for a new 
reading . If the instrument is triggered while making a 
measu rement, the new trigger is delayed. After the first 
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measurement cycle is completed, the delayed trigger will 
iniate a second measurement cycle. Only one trigger will 
be delayed during any given measurement cycle. Any ex
tra triggers sent during this cycle will be ignored . 

c. Hold/ Manual Trigger: This trigger is similar to 
the External Trigger, except it can be executed by the 
Hold/ Manual bu tton. The Hold/ Manual bullon must 
be pressed once in o rder to place the 34SS A in the Hold 
mode . After pressing the Hold/ Manual button the se· 
cond time, a measurement is taken. When the measure· 
ment cycle is completed, the Hold/ Manual button can 
be pressed again for a new reading. It is important to 
remember that the Hold/ Manual button should be 
pushed twice in order to take the first reading. If trig
gered while a measurement is taken, the trigger is 
delayed until the measurement cycle is complete. The 
delayed trigger will initiate a second measurement cycle. 
when the first one is completed. Only one trigger will be 
delayed during any given measurement cycle. Any extra 
triggers sent during this cycle will be ignored. 

3-3S . Auto-Cal constants measurements also depend on 
the Trigger mode used. An input reading and a cal cons
tant measurement will alternately be taken. when the 
34SSA is in the Internal Trigger mode. A typical se
quence would be an input reading, one cal constant 
measurement, another input reading, the next cal cons
tant measurement , and so on. An attempt of this se
quence (i nput reading/cal Constant measurement) is 
also made when the instrument is in the Hold/ Manual 
or External Trigger modes. If, however, a trigger is 
received while a cal constant measurement is taken, this 
measurement is aborted and an input reading is taken . 
After this reading, the aborted cal constant measure
ment is then retaken. If a new trigger is received before 
the cal constant measurement is finished , the measu re
ment is again aborted and a new input readi ng is taken. 
The cal constant measurement can be aborted a number 
of times , depending on the function of the instrument . 
The table below lists the number of t imes the cal cons
tant measurement s can be aborted . Afte r this number 
has been reached, the trigger will be delayed and the 
Auto-Cal constant measuremenl is then completed . 

Functiun 

DC 
DC tHigh Resolution' 
AC FISt 
AC NOfmal 
Ohms 
Ohms tHigh Resolutionl 

Mlximum Number of CII 
Constlnt Terminllion 

128 
32 
6' 

8 
6' 
16 

These numbers are accumlative when Auto-Cal is on. 

3·36. S.mp). R." IDi.pl.y). 

3·37. The SAMPLE RATE of the 34SSA is set internal
ly and depends on the funct ion selected, the power line 

3·5 
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frequency, and use of the Auto-Cal and High Resolu
tion modes. When the Sample Rate buttons are pressed, 
the display rate of the reading are changed. By depress
ing the Decrease -;- 2 button on the fronl panel . the 
display rate can be decreased. Each time this button is 
pressed. the display rate is divided by two. The rate may 
be divided a maximum of six times for a display rate of 
1164 of the maximum rate. The 3455A can be reset to 
the maxim um rate by depressing the maximum button, 
after the display rate has been decreased . Table 3-1 gives 
the maximum number of readings the instrument can 
display on the front panel. in local operation. 

rebl, 3·1. Mnimum Front Penel Aeeding Altes. 

F"~ High AutO Maximum Sample Rate 
Function ReSolution Calibration Muimum Sample Rate 

DC Volts ON ON 3 fead ings/sec (60 Hz) 
2 .5 readings/sec (50 Hz) 

OFF ON 5 readings/sec (60 Hzl 
3 .5 readings/sec 150 Hzl 

ON OFF 6 readings/sec (60 Hz! 
5 readings/sec ISO Hz! 

OFF OFF 24 readings/sec (60 Hz) 
22 readings/sec 150 Hz) 

Ohms ON ON 2 readingsfsec 160 Hz l 
1.8 reading/sec 150 Hzl 

OFF ON 4 5 readings/sec (60 Hz) 
4 readings/sec (50 Hz) 

ON OFF 3 reedings/sec (60 Hz ! 
2 .5 readings/sec 150 Hz) 

OFF OFF 12 readings/sec (60 Hz) 
11 readings/sec (50 Hzl 

AC Voll S No, ON 1.3 readings/sec 160 Hzl 
Applicable 1 . 1 readings/sec (50 Hz) 

No< OFF 1.3 readings/sec 160 Hz) 
Applicable 1.1 readings/sec (50 Hz) 

Fast No' ON 4.5 readings/sec (60 Hzl 
AC Volts Applicable 3 .5 readings/sec (50 Hzl 

No' OFF 13 readings/sec (60 HZ : j 
Applicable 12 readings/sec 150 Hz l 

3·38. Auto Rl ngl. 

3-39. The AUTO RANGE feature of the 3455A can be 
used to automatically uprange and downrange the in
strument to the optimum range . This act ion takes place 
when an input measurement is tahn. Upranging is done 
when the reading is 150070 of full scale and downranging 
at 14% of full scale. The Auto Range operation can be 
observed by applyi ng 1.4 volts to the input of the 
3455A. The range selected by the instrument is the I V 
range. When the input voltage exceeds J.5 volts. the 
345SA upranges to the 10 V range. When the input 
voltage is decreased below 1.4 volts. the 1 V range is 
again selected . The uprange points. the downrange 
points. and the accuracy of the inst rument should be 
kept in mind when making a measurement. Time-
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varient inputs may cause the 3455A to constantly 
uprange and downrange. If thi s happens. manually set 
the instrument to the higher range. 

3-40. Measurement time may also change, when the in
strument is in the Auto Range mode. If the instrument is 
not on the optimum range. a reading is taken and the 
345SA will either uprange or downrange. Another 
reading is then taken and if the optimum range has been 
found the read ing will be displayed . If not. the instru
ment continues to uprange or downrange. A reading is 
taken on all intermed iate non-optimum ranges unt il the 
correct range is found . The measurement time on each 
range should be added to the total measurement time. 

3·41. GUARDING. 

3·42. Common·Modl Vol tllgn. 

3-43 . Common-mode voltages are those which are 
generated between the power line ground poi nt of the 
source and the LO input and power line ground point of 
the 3455A. Cu rrents caused by common-mode voltage 
can be included in the measurement circuit. causing 
measurement errors. 

3·44. Guard Connection. 

3-45. Figure 3-3 illust rates three methods of con nect ing 
the 34S5A Guard terminal to reduce errors caused by 
common-mode voltages. In example A. Guard is at 
nearly the same potential as the LO measurement ter
minal so that currents caused by common-mode voltage 
nows through Guard and not the measurement circuit. 
In example B. the 345SA guard switch is closed connee· 
ting guard to the LO input terminal. This allows 
common-mode current to now th rough lead resistance 
Rb causing some measurement error. This connection 
may be used if common-mode voltages are not expected 
to be a problem. Example C is similar to A with the ex
cept ion that con nect ing guard in this manner allows any 
common-mode current generated between the source 
low and power line ground to now in the measurement 
circuit. 

NOTE 

The front panel Quard pushbu/(on applies 
only for front panel inputs. Be sure to wire 
rear panel guard connections yourself, if
using the rear panel input terminals. 

3·46. GUl rding Information. 

3-47. More detailed information on purpose and 
methods of guardi ng may be found in -hp- Application 
Noie No. 123, "Floati ng Measur eme nts a nd 
Guarding" . This application note is available th rough 
your nearest -hp- Sales and Service Office. 
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Figu re 3-3. Co nnecting the Guard . 

Guard should always be connected, either to 
the instrument LO terminal or to a point in 
the source circuit as indicated in Figure 3-3. 
If the guard terminal is left open. common
mode voltages may exceed the LO-Io-Guard 
breakdown rating and damage the instru
ment. 

] ·48. REMOTE OPERATION. 

]·49. General. 

3-S0. The Model )4SSA is remotely controlled by 
means of the Hew lett-Packard Interface Bus (HP-IB). 
The HP-IB is a carefully defi ned inst rumentation inter
face wh ich simplifies the integration of insuuments. 
calculators, and computers inco systems. 

NOTE 
HP-IB is Hewlelt-Packard's implementation 
0/ IEEE Std. 488- 1975. "Standard Digital 
Inter/ace for Programmable Instrumenta
tion. " 
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3-5 I . The capability o f a device connected to the Bus is 
speci fied by the interface functions it has. Table 3-2 li sts 
the In terface Functions included in the Model 3455A. 
These functions are also listed above the rear panel H P
IB con nector (see Figure 3-1 ). The num ber fo llowing the 
interface function code indicatcs the particular capabili
ty of that function as listed in Appendix C of IEEE Std. 
488-1975. 

Table 3·2. Hp·IS Interface Capability. 

Co" In ~ e"&Ce Funct ion 

SH ' Source Hand~hake caPilblli ~ y 

AH l Accep~o r Hand~hake CapabIlity 
T5 Talker lba~;c talker, ~crial poll. ta tk only mode, 

I.l naddre$$ to talk of addre$sOl'd w I ;s ten~ 

" L,nener lba~jc listener, I.lnadd,j!$$ to lislen il 
add'j!$sed to t alk~ 

SAl Service Rl!Qul!1t Capabl lu y 
All Remote / Local Capabi li ty 
PPO No Parallel Po ll CapabI li ty 
DCl Device Clear Capab,lity 
DTl Devoce Trigger Capability 
CO No Controller Capabil ity 
E1 Open Collector Bus Drivers 

Interface Funct ions provide the means for a device to 
receive, process and send messages over the bus. 

3-S2. Messages are the means by which deyices ex
change con tro l and measurement information. These 
messages permit commu nication and/ or control bet
ween: 

Controller and Oevice(s) 
Device and DeYice(s) 
Cont roller and Cont roller(s) 

Table 3-3 IislS the Bus Messages and gives a brief 
description of each. The messages are categorized by 
Bus funct ion. 

3·53. Address Selection. 

3-54. The "talk" and " listen" addresses of the 3455A 
are selected by the INSTRUMENT ADDRESS swi tch. 
This switch is a seven section "Dip" switch located on 
the rear panel (see Figure 3-1). The five switches, labeled 
I through 5 are used to select a unique talk and listen ad
dress. Figu re 3-4 lists the available add ress codes and the 
corresponding switch sett ings. The 3455A normally 
leaves the factory with the switch set to listen address 6 
and talk address V (decimal code 54). 

3·55. Talk Dilly Ililo Controll. r). The 3455A may be used to 
proyide measurement data to another device, such as a 
printer, without having a controller on the Bus. 
However , the device must be H P-IB compatible. The 
talk only switch must be set to the TALK ONLY posi
tion. In this mode the 3455 A will output measurement 

]-7 
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T.bll 3,3, BUI M .... ges. 

Functions Message Descr ipt ion 

Device Dala T ransfers device'(lependcnt inior. 
Communications mation from one device to one o r 

more devices on the But. 

Device Trigger CaI,lSe5 a group 01 se ll!i: ted devices 
Control 10 Si m ultaneously ' ntillne a set o f 

device.(iependenl actions. 

Clear Causes ~n inst rument to be set 10 

• pre-defined stale ,. certain 
range, fu nction, elc.J. 

Remote Permil$ selected devices to be set 

'" remote operation, allowing 
puram6lllrS and device cha racteris· 
tics '" '" controlled b, ." Messages. 

Local Causet Wllected devices to return 
10 local (lront punel) operation. 

Local D.sables local (front panel) con· 
Lockout Hols 01 selecled devices. 

Clear RllIums all devices to local Uron! 
Lockout panel! control and simultaneousl.., 

,,' clean Ihe Local Lockout Message . 
Local 

Interrupt ReQuire Indicates a device's need for inter· 

,,' Service action wi th thC amirolier. 
Device 
Status Status Presl!nn status informatio n of • 

BVle particular device: one b; t indiootes 
whether or not the device current· 
I, rCQui res service, ", ol her 7 
bits {optional) ." ,,'" '" indio 
cate Ihe type o f service required. 

Stalus A single bit o f device-<!ependen! 
8it sla tus ;nlormal;on which mav be 

logically combined with status bit 
information from o ther devices 
by Ihe contrOller. 

Pass.ng Pass Passes bus conlroller rll$ponsibili-
ContrOl Control l ies from Ihe current cont<oller 10 

• device which "" assume ," 
Bus superv.sory rOle . 

, .. , AbOI1 Uncond.t.onally le rm,nal ll$ .,' 
0", comml,lnications and relurns cen· 

trol lO Ihe sys lem controller. 

data each time a measurement sample is made. Section 
of FUNCTION, RANGE. TRIGGER. etc . is ac
complished manually using the front panel controls. 

NOTE 

When the J4SSA is connected to a system 
with a controller, the TALK ONLY switch 
must be set to the off position. 

3·56. Progr.m Codn. 

3-57. All front panel controls . except the LINE switch. 

3-8 
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GUARD switch. and SAMPLE RATE switches. are 
programmable from the Bus, The program codes for 
each control are listed in Table 3-4. The program codes 
can also be determined from the front panel markings, 
For multi-control features such as FUNCTION, 
RANGE. TRIGGER. and MATH the program code 
consists of the combination of the underlined letter in 
the control group heading and the position number of 
the particular control. See the following example: 

CONTR OL GROUP CODE 
(UNDERLI NED) ~ 

,-",CTlO,. :;------:=:-- ----. 
, . 2 . ' 0[ .... [ ) 

'"" v o 
PO SI TION 1 
PROGR AM F l 
CODE 

TAllO: 
ONLY 

g POSITION {DOWN) 

2 
F2 

~ .. 
00 

3 
F3 

, 
" 

INSTRUMENT 
ADDRESS 
~ , , 

NOT USE D 

ASCII Code 
C .... acc •• Add .... Sw;,cha 

Lis,." T.,k " A< ., A2 AI 

" • 0 0 0 0 0 , A 0 0 0 0 , 
,- • 0 0 0 , 0 • C 0 0 0 , , 
• 0 0 0 , 0 0 

• , 0 0 , 0 , 
• , 0 0 , , 0 

G 0 0 , , , , H 0 , 0 0 0 
I , 0 , 0 0 , , 0 , 0 , 0 
• , 0 , 0 , , , 0 , , 0 0 
- M 0 , , 0 , 

N 0 , , , 0 
I 0 0 , , , , 
0 , , 0 0 0 0 , 0 , 0 0 0 , , , , 0 0 , 0 
3 S , 0 0 , , 
• , , 0 , 0 0 , U , 0 , 0 , , V , 0 , , 0 , W , 0 , , , , , , , 0 0 0 , , , , 0 0 , , , , 0 , 0 

I , , 0 , , , \ , , , 0 0 

· I , , , 0 , , - , , , , 0 

Figllr,3·4, Add .. u S.leel ion. 

., K" 

0 0 
"!6 .• ·n .. 

5 • 
F5 

,. 

I POSITION IUPI 

,." 
0ec,~1 Code 

00 

" ., 
03 .. 
" dO 

" CO 

" " " " " " " " " " " ,. 
" " " " " ,. 
" " " 30 
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Table 3-4. HP· IB Program Codes. 

Program 
Control Cod. 

DC VOlts F1 
AC Volt$ F2 

FUNCTI ON Fast AC Volts F3 
2 Wire kn " 4 Wire kn FS 
Teit F6 

., R' , R2 
' 0 R3 

RA NGE ' 00 R4 
, K RS 
' 0 K R6 
A U TO R7 

I n(ernal n 
TR IGGE R Externa l T2 

Hold/Manual T3 

Seale M' 
MATH Error M2 

Off M3 

ENTER 
V ev 
Z ez 

STOR E 
V 5V 
Z 5Z 

AUTO CAL 
Off .. 
0" A' 

HI GH Off "' RESO LUT ION 0" ", 
DATA Off DO 
R EADY ROS 0 " 0' 

BINARY , 
PROGR AM 

3-58. The program code for single control features 
which can only be programmed on or off (AUTO CAL 
and HIGH RESOLUTION) consist of the letter 
underlined in the contro l heading and the number .. ,," 
for off or the number .. ," for on. This also applies to 
the DATA READY Request feature which is Bus pro
grammable only. 

Example: 

0 '" off 
I ""on 

PrograTTl Code 

cont rol code 
(underlined) 

ru::"g~U 
CAL FIE.-.OY o q~S 

)-0'>5 - , •• " . 

(oro A0 1)(1 
DI (on) A I 

3-59. Program codes for the ENTER and STORE 
features consist of the letter underlined in the control 
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heading and the underlined letter of the particular con
trol. 

Example: 
cont rol group code 
(unde rli ned) 

[~ ~~TOFIE 
control Codes~I I 0' 0' 0' 
(underlined) 

•• 06·.·.' .. 

program code EY EZ SY SZ 

3-60. The program code of the BINARY PROGRAM 
feature consists of only the underlined character in the 
control heading (B). 

3·81 . O.tIt M .... II ... 

3-62. The major portion of communications transmit
ted over the Bus is accomplished by data messages. Data 
messages are used by the controller to program the 
Model 3455A and are used by the 3455A to transmit 
measurement data . These functions are explained in the 
following paragraphs. 

3·83. Prllllr.mming. The 3455A is programmed by means 
of data messages sent over the Bus from the controller. 
These messages are composed of two parts - the ad
dress command and the program information . The ad
dress command contains the "talk" and "listen" ad
dresses of the devices involved; in this case, the talk ad
dress of the controller and the listen address of the 
3455A. The program information contains the codes of 
the 3455A controls to be programmed . Syntax of the ad
dress command portion of the data message is depen
dent upon the controller being used. For the proper syn
tax refer to the controller manual. Syntax for the pro
gram information portion consists of the program codes 
listed in Table 3-4. 

Example program data messages: 

Address 
Command 

345SA Program 
Information 

---"- ----------CMD "1 U f ', " ... 1 R3 ~ !:!J M3 T3" 

oU'p", 10 J II ~ HOLD! the bus MA NUA L 
un lis ten TRIGGE R 
command MATH off 
cont roller 
··talk" address IIIGH RESO LUTION 
34SSA on 
"'listen" address 

'-- AUTO CAL off 

'----10 V RANGE 

'--- DC Vol ts FUNCTION 

Program data message using the 9830A Calculator . 

3·9 
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Address 
Command 

3455A Program 
Information -----------wrt 722, " FI R3 A0 HI M3 T3" 

I I 3455 A listen 
L. _ _ _ ____ address 

output to the (deci mal equivalent) 
bus, includes 
the unlisten command 
and calculator talk 
add ress 

Program data message using the 9825A Calculator . 

3·14. Elttrinll MATH Con.tlnts IY Ind II from tho 8 ... The 
following data message illustrates the program informa
tion n~essary to enter numbers into the Y and Z 
registers : 

Address Program 
Command --------(refer to Controller 

___________ ~I"~f~~_t_iO_" __ -------__ 

Manual) 
.. EY 123 .456 SY EZ 45.6789 sz .. 

I 
Enters number 
in "Z" Register 

Programs the 
3455A to store 
the displayed 
numbe r in the 
" Y" Register. 

L ___ Number (0 

be entered 

Programs the 
3455A to en ter 

L ______ nume rica l data 

in to the display 

add resses con troller to 
" talk" and 3455 A to " Iisten" 

The number stored in the Y or Z regi ster can be read 
from the Bus by programming the ENTER feature and 
the particular register. This transfers the number from 
the storage register specified to the display. The number 
displayed is output to the Bus by addressing the 3455A 
to "talk" . The number is returned to the storage 
register by programming the STORE feature and the 
desired register. The following example illustrates how 
to read the numbers stored in the Y and Z register from 
the Bus: 

Address 
Com mand 
~ 

wrt 722 . "EY" 

Addresses the J l TransferS the number 
controller (9825A) stored in the Y register 
10 " talk" and the into the 3455 A display 
3455A (0 " listen" 

3· 10 

Addresses 
the 3455A 
to "talk" and 
the controller 
(9825A) to 
" listen" 

Model J455A 

red ill , .1 ; dsp A 

l Ou tpu tS the contents of 
the controller's "A" registe r 
to the display 

Specifics the 
controller register 
to receive the 
number 

wrt 722 , "SV" 

Add resses the j IReturnS the number in 
con trolle r (982SA) to the 3455A display to the Y 
"talk" and the 3455A register 
to "lislen" 

3·15. Dlta R .. dy Rlllunt. The DATA READY Request 
feature permits the 3455A to signal the COni roller upon 
the completion of a measuremenl . This feature would 
normally be used where the 3455A is triggered from an 
external source. In this mode of operation, the 3455A is 
programmed to the appropriate measurement 
parameters (FUNCTION, RANGE, etc.). The can· 
tro ller is then free to cOnlrol other instrumenls on the 
Bus. Upon being triggered, the 3455A makes a measure
ment and outputs a "Require Service" message to 
notify the controller that the measurement information 
information is ready. Upon r~eiving the service re· 
quest, the cont roller with serial poll the 3455A to deter· 
mine the nature of the service request. Upon being poll· 
ed, the 34SSA outputs a status byte, in this case the 
ASCII character "A" (d~imal 65), indicating the 
measurement data is ready. The controller then disables 
the serial poll and reads the measurement data. The pro
gram codes for the DATA READY RQS feature are: 

00 Data Ready Request off 
DI Data Ready Request on 

3·88. Binlry Prollrlm F .. t ..... The BINARY PROGRAM 
feature permits the status of the FUNCTION, RANGE, 
TRIGGER, MATH. AUTO·CAl and HIGH RESO
lUTION controls to be determined or programmed 
from the bus in four 8·bit binary words. The BINARY 
PROGRAM feature allows faster programming of the 
3455A by reducing the number of program data bytes 
from a maximum of 12 for normal programming to 4 
data bytes for binary programming. The BINARY 
PROGRAM codes can also be read and stored by the 
controller to re·program the 3455A at a later time (see 
Appendix A). One important thing to remember is to 
send a "B" to the 345SA in order to put the instrument 
into the BINARY mode. Table 3-5 lists th e allowable 
BINARY PROGRAM codes for each of the four data 
bytes and the front panel keys they control. 
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3-67. The fo llowing data message examples illustrate 
how to read or program the front panel control of the 

Table 3·5. BINAR Y PR OGRAM Codes. 

~ i ... BINARY PROGRAM 0. •• B~" 

Con.,Ol. Aliee • .o: SCALE. ~ ERROR . OFF IMAT HI 

1" 011''''' Code 

To P'o" ..... 

0" 
~ ERR OR 
SCALE 

ASCII DECIMAL 
CHAR CODE 

" " > " 
S«:ond BINARY PROGRAM 0. •• BY •• 

Con"o" AtioaOOCl . AUTO CAL. AUTO RANGE. HIG H RESOlU· 
TlON. HOlD/MANUAl. EX TERNAL. INTERNAL 

To .... Ogr.m: 

AUTO AUTO HIGH 

PROGRA M COOE 

ASCII DECIMAL 
CAL RANGE RESOLUT ION TRIGGE R CHAR COOE 

0" 0 " 0" 

0" 0" 00 

0" 

0 " 

00 0" 0" 

00 0 " 00 

00 00 

0 0 00 

T~ .. d BINARY PROGRAM Otll Bv •• 

IoIoId/Mon.,.1 
hte, ... ' 
tn l .. .... 

IoIoIdIMo" ... 1 
Ex' ..... , 
In' .. .... 

HoIdIM.-. ... , 
E"' ..... ' 
In,.""1 

Iiold/~ ... ' 
E.' ..... , 
In , .. nol 

Monuoi/Hold 
Ex' .. .... 
In' ..... , 

''',.'''' 
MonU" /HoId 
h",n,' 
'''t.,,,ol 
Mln.,.IIHoId 

h'~''''' 
In, ..... 1 

Control. AIIOCIOOCI : 101(, 1 1( , 100. 10. , , . , IRAN GEl 

.... """m c:o.t. 
ASCII DECIMAL 

TO "'"".m: CHAR CODE 

'" " " 
, 

" '00 , 
" " " , 
" ., > " 

FO""~ BINARY PR OGRAM 0.11 By,. 

> 

, , , 

• • • 

, , , 
, 
M , 
, , , 

ContrO" AII«:I.o, TEST, 4 WIRE kn, '1 W,RE ~ rl, FAST ACV, 
ACV, OCV lFUNCTlON I 

ASCII DECIMAL 
To "'",,1m: CHAR CODE 

TEST 
4 WIRE krl 
'1 WIRE krl 
FAST ACV 

'" 0," 

, , 
> 

" " " " " " 

" " " 
" " ,. 
" " " 
" " " 
" " ,. 
" " .. 
" " " 
" .. 
" 

Set.:tr()n 111 

34SSA, To read control status: 

wrt 722 "B" 

Add" " 'h' J '-L 
3455 A to 
" listen " 

Sel the 3455A 10 the 
BI NAR Y PROGRAM 
mod' 

Since normally four dala bytes are used in Binary pro
gramming, the )4SSA may indicate an SRQ condition 
when onl)' a "B" is sent, 

red 722 

Add" " 'h, 3455A J 
to " talk" 

The 34S5 A, afte r receiving the " talk" command, will out· 
put the fmnt panel con trol stat uS codes (4 bytes). As an 
example, if the fro nt panel controls were in t he "turn-on" 
slale, the 34SSA woul d output the following codes : 

MATH OFF~ 

AUTO CA L ON 
AUTO RANGE ON 

N 

HIGH RESOLUTION OFF 
INTERNA L TRIGGER 

> 

1 DC Valls FUNCTION 

I Volt RANGE 
(depends on input applied) 

To program front panel con trols: 

wrl 722, "8 

Address the I 
3455 A to ~ 
" listen" 

Set 3455 A to 
BINARY PROGRAM --1 
mod, 

; K/ - " 

l D" ;,,d pm."m 
codes (see Table 3·5) 

3.88, " ... u,...nt DIU. Measurement data is output by 
the 34SSA in the following general format : 

OUTPUT FORMAT: 1. D.DDDDDDE ± DO Ci RLF 

Pola ri ty of meaSurement J 
(does not appl), to ACV 

Terminates 
o r OHM measurements) 

message 
Measureme nt reading 
exp ressed in scientific _____ J 

notation 
This format is printed in the lower left corner of the 
345SA front panel for convenience. The following is an 
example of a data message output b)' the 34SSA: 

3· 1 [ 
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Input to 3455A: ·143.5 volts DC 
Output Data Message : · 1.43S000 E + 02 CR 
LF 

The 3455A will output a measurement data message 
when addressed to " talk". The syntax for addressing 
the 3455A is dependent upon the controller being used. 
Rerer to the Operating Manual or your controller ror in· 
st.ructions. 

NOTE 

An overload measurement is indicated by an 
E + /6 exponent in the Hp·IB measurement 
data. The large exponent is the key. 

Also. note that the LF character (concurrent 
with EOI) is the last character in the data 
message and must be handshook from the 
J455A to complete the measurement 
transfer. 

3·69. Dlvice CDntrol M""I", 

3·70. Device control messages are issued by the system 
controller to manage instruments on the bus. These 
messages are controller dependent. For sp«:ific inror· 
mation as to syntax and procedures to transmit the can· 
tral messages, refer to the Operating Manual of the con· 
trollet being used . 

3·71. The rollowing paragraphs describe the 3455A 
response to the various control messages. 

3·12. Tri ... r ...... If. The trigger message causes the 
3455A to initiate a measurement cycle. The )455A must 
be addressed to "listen" in order to recognize the trigger 
message. The measurement results of the 3455A depend 
upon the control settings (FUNCTION, RANGE, etc.) 
at the time the trigger message is r«:eived . 

3·13. C"'r ...... , •. Upon receiving the clear message, 
the )4S5A set s the rront panel controls to their "turn· 
on" state. The turn·on state is as fo llows: 

FUNCTION ... . .... . ...... DC VOLTS 
RANGE ....... .• ..... . ... . .. .. AUTO 
TRIGGER ........ .... .. . . INTERNAL 
MATH .............. . ........ . .. OFF 
AUTO CAL ............... . ....... ON 
HIGH RESOLUTION ..... . .... ... OFF 
DATA READY RQS . . . .. . .. .. ... . OFF 
BINARY PROGRAM ....... . .. .. . OFF 

The )455A will respond to the device clear message 
whether addressed to " listen" or not . To respond to the 
selected device clear message, the 3455A must be ad· 
dressed to listen . 
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3·14. Remot. M" ..... The 3455A will go to Remote 
(Bus) control when the remote message, in conjunction 
with its " listen" address, is rect'ived . Remote operation 
is indicated when the REMOTE indicator, located 
above the display. is lit. During remote operation. the 
rront panel contro ls cannot be operated manually. 

' ·15. loc.1 M .... ". The loca1 message returns the 
3455A to LOCAL (manual) control. The 3455A can 
also be returned to local control by pressing the front 
panel LOCAL bulton . Some circuits of the instrument 
may also be in local operation when a local message is 
send to another instrument on the Hp·IB. 

1·16 loc.1 lDeb.t Mn .. " •. The local lockout message 
disables the rront panel LOCAL control. In the local 
lockout mode, the 3455A cannot be returned to local 
operation from the front panel. 

3·11. C"', lockout .nd ltc.1 MIU.ItI. The 3455A will set 
the rront panel to LOCAL (manual) operation and 
enable the LOCAL control upon receiving the clear 
lockout and local message. 

] ·18. Int.rrupt .nd Dlvlce SI.tu. M .... "'. 

3·19. The interrupt and device status messages permit 
the 3455A to notify the controller when an error in pro· 
gramming information or measurement output data oc· 
curs. The 3455A also uses these messages to notiry the 
controller when measurement data is available if the 
DATA READY REQUEST reature is programmed. 

] ·80. Rtcluire S.rvic. Mn ..... The following conditions 
will cause the 3455A to output a Require Service (SRQ) 
message . 

a . Data Ready. If the DATA READY REQUEST 
reature is programmed, the 3455A will output an SRQ 
message upon completing the required measurement. 

b. Syntax Error. The 3455A will output an SRQ 
message if a program code other than those listed in 
Table 3·4 is received . For example, the program code 
"F7" would ca use a syntax error since the FUNCTION 
program set only contains codes FI through F6. 

c. BINAR Y PROGRAM Error. The 345SA will out· 
put an SRQ message ir a BINARY PROGRAM code 
other than those listed in Table 3·5 is r«:eived . 

d . Trigger Too Fast. An SRQ message will be output 
ir the 3455A is triggered while outputting data to the 
bus. This condition most commonly occurs if the 3455A 
is programmed to INTERNAL TRIGGER during bus 
operation. The fro nt panel SRQ indicator is lit when the 
3455A requires service. The Require Service message 
can be cleared by serial polling the 3455A or by clearing 
the 345SA. 
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3·11. SlItal 8rt .......... The status byte message is 
output by the 34SSA in response to a serial poll a nd in
dicates , to the controller, the nature of a service request 
message (SRQ) from the 34SSA. The following is a list 
of the basic status byte codes output by the 34SSA: 

Status Byte Code 

ASCII 
Decimal Code CHAR 

A " Data Ready - Indicates to the con-
troller that measurement data is 
available. Applies 10 DATA 
READY Requesl feature . 

8 66 Syntax Error · Indicates improper 
program code. Example - Pro-
gram Code "F7" would cause a 
syntax error since Ih' FUNC· 
TION prOiram sct is only defined 
for codes FI through F6. 

0 68 BINARY FUNcrlON Error · In-
dicates improper BINARY PRO-
GRAM code or incomplete binary 
message. Similar 10 syntax error. 

H 72 Trigger too Fast - Indicates the 
)4SSA has been triggered while 
measurement data is being output 
10 Ihe bus. Warns of possible in-

correcl measurement infonnalion. 

It is possible fo r more than one of the basic stat us byte 
messages to be true. In this case the resulting stal us byte 
code wou ld be the combintation of the basic status byte 
codes being output . As an example, the resulting code 
for the combination of Ihe syntax error and trigger too 
fast messages would be ASCII character J decimal code 
14. The fo llowing illustrates the status Byte message in
dicating the purpose o f each relevant "bit". 

STATUS BYTE MESSAGE 

0Df2If2IDDDD 
Service Request J J 
(S"Q) 

bits 5 ,wl! 6 se t high 

NOTE 

I 
DATA READY 

SYNTA X ERROR 

BINARY FUNCTION 
ERROR 

TRIGGER TOO FAST 

All "bits" ar~ la w tru~; bit 8 is not us~d. 
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J·82. DATA OUTPUT CHARACTERISTICS. 

3-83. The protocol used by the )4SSA to output 
measurement data must be followed in order to prescrve 
proper data transfer over the HP-IB, the following 
notes on data transfer over the HP-IB may be helpful; 

a . If a reading has been taken and thus res ides in the 
output buffer, the buffer is not considered busy until 
the output handshaking begins. Thus, a new trigger will 
indicate a measurement and the new reading will replace 
the o ld reading . The old reading is lost and there is no 
SRQ condition . 

b. Once the first character of measurement data has 
been handshaken out, the buffer is considered busy un
til one of the following occurs; 

I . The balance of the reading is handshaken out. 

2. "Device" or "Selected Device" clear is given . 

3. The 3455A power is interrupted, triggering 
while the buffer is busy will lose the new 
reading and cause a "Trigger too Fast" SRQ 
condition. 

c. When triggering and taking measurements in a 
loop, sufficient time must be allowed for the 34SSA to 
perform the entire A-To·D measurement cycle and buf· 
ftr data to become available after the first reading , The 
"Wait" statements in many 9800 series calculators are 
convenient methods to avoid out putting the previous 
buffer contents . This condition shows up as being "One 
reading behind" in your measurement sequence. 

d. If you know the output buffer is not busy, but 
don' t know whether it is full or nOl, sending a " device" 
or selected device" clear followed by reprogramming 
Ihe dC$ired conditions is a safe way to clear the output 
buffer. 

3· ••. 8.il Ollit MIlUltI" 

3-15. Abart. The Abort message unconditionally ler 
minates all Bus communicat ions and returns control to 
the system contro ller. Only the system controller can 
send Ihe Abort message. Refer to the Operating Manual 
of the controller being used for instructions on sending 
the Abort Message . 

J ·86. Instrum.nt MIHur ..... t TilMs IR,,"ot. Contrll). 

3·81 . In the RemOle Operating mode, the )4S5A takes a 
certain amount o f time to rC$pond to a trigger message. 
The overall time depends on the range, function, and 
particular controller used . This lime may a lso vary from 
instrument to instrument. Table 3-6 gives the typical 
measurement times, using the HP-IB. These times are 
not part of the operat ing specifications of the inst ru-

.~ . 1 .l 
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ment, and are only provided as additional information 
for HP·IO system use. The following is an explanation 
of the various times involved in a measurement se
quence. 

a. II (fypical Inpul Dala TransJ~f' Tim~): This is the 
t)'pical time it takes to transfer input data (set the 34SSA 
to a certain funelio n and ranae, etc) from a controller to 
the instrument . The transfer time depends on the num· 
ber of ASCII character send to the instrument and the 
response time of the controller. For example, 10 send an 
"FIT3" mes$8Je to the instrument takes four charac
ten . 

b. 12 (Typical Inpul ~ltljng Tim~): The instrument 
is triggered (HP-IB, External, or Hold/ Manual Trigger) 
and the 34SSA begins to lake a rcadin, . This time con
sists of the settling time of the input relays, FETs, and 
other ci rcuits. 

c. 13 (Typical MftISU"m~nl Timt); The input mea
surement is taken at this time. This includes the A-tOoD 
conversion time. 

d . 14 (Typical Computation Tim~): When the 
measurin, and the AI D operations are completed, the 
instrument's internal main controller circuits calculates 
the correct measurement reading. This time is the 
amount of the time it takes to complete the calculation . 

d. IJ (TypciQl Output Datll Trarqftr Tim~); The 
34SSA now sends the rcadina to the HP-IO o utput buf
fers 10 be transferred to the controller. This time also 
depends on the response lime of the particular con
troller. 

3·U . ReIIm ,,..,. •• 1 .. ( ... .,.... 

3-89. Appendix A at the end ofthis manual has Remote 
Programming examples for the 34SSA. These examples 
are ,iven in the HP Basic (-hp- Model 9830AlB Con-

T.bIe 3·1. Hp·II 

'--
lIIO ___ ..... _ .... __ .. 
,-

3· 1:1 

Mood ].C~SA 

troller), HPL (·h~ Model 982SA Contl"OlIcr) and 
Enhanced Basic (-hp- Model 981SA/ B and 984SAlB 
Controller) laRauages. The examples in the Appendix 
can be helpful when you write programs for the 34"A. 

3·10. OPERATORS CHECKS. 

3-91. The TEST feature provides a convenient method 
of test ina the basic operational capabilities of the Model 
34SSA. This test plus an operational check of the Ohms 
and AC funct ions tests the major portion of the 34SSA 
circuitry. Kcq) in mind the following checks test only 
the operating capability of the 34SSA . They do not 
check the performance accuracy. 

3·92. BnCH USE. 
3-93 . The following sequence may be used to manually 
check operational capability or the 34SSA. 

a. Set the 34SSA to AUTO RANGE . 

b. Press the TEST button . The display should be 
blank while the 34"A is performing the self test. Upon 
successful completion of the test, all front panel in
dicaton (except the REAR TERMINAL indicator) will 
liaht and a reading of + 8888888 with all decimals lit 
will be displayed . The self test will be repeated until 
another fURction is selected. 

c. Connect a short across the INPUT terminals. 

d . Press the 2 WIRE kO button . The front pand 
display should read .00000 % 300 milliohnu. 

e. Press the ACV bulton. The display should read 
.00000 ± 600 microvolts. 

3·14.HP". Opetlttl ... 

3-9S .Figure 3-S shows the steps necessary to perform 
the 34SSA operators check from the 8us. 

"l_ ... ,v .. ,ov -

,J_ .. R __ 

_ • , ..... ,' ___ , ... _~, ___ ._ .. __ 'u ........... -,--,_ ........... ,,., 
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e Stert ) 

J. 
Conn~t Short Across 
INPUT Terminals 

! 
Addrll'SS 3455A 10 ·'Iislen" . 

""' Program Codes " F6 
AJ " 

! 
Add'e1S 3455A to "talk". 
R.", Measurement Oeta . 

eltSUremenl NO 
Data '" 10 Prinl " TeST Funct ion 

1.000000 e ... 01 erro r" , 
Y,S 

Addless 3455A 10 "linen", 
So", Program Code " F4" 

! 
Address 3455A 10 "1111e" . 
R,od Measuremenl Ollla 

Measurement NO - I Print "Oh"" Function 
Oat. < 0,3 n "'-1 Error" , 

Y,S 

Address 3455A to "listen", 
So", PrOgram Code "F2" 

! 
Addreu 3455A 10 "lillie", 

R ... Mqsure.-.-, t DIll , 

Measurement NO 
D.t. < .0006 V PrJnl " AC Function error" 

Y'S 

e E"' ) 

Figure 3-5, Operators Cleek Flowchart. 3-IS/J-16 
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SECTION IV 

PERFORMANCE TESTS 

4-1. IITRQDUCTlQI. 

4-2. This section contains performance and operational 
verification test procedures which can be used to verify 
that the 34SSA meets its published specifications (listed 
in Table I-I). All tests can be performed without access 
to the interior of the instrument. The performance tests 
in this section do not lest the 34SSA Math Functions or 
HP-ID Interface. These functions can be tested using 
the operators test procedures included in Section III. 

4-3. EQUIP.EIT REQUIRED. 

4-4. The test equipment required for the performance 
tests is listed at the beginning of each procedure and in 
the Recommended Test Equipment Table in Section I. 
If the recommended equipment is not available, use 
substit ute equipment that meets the critical specifica
tions given in the table. 

4·5. PERfQR.AlCE TEST CARD. 

4-6. Performance Test Cards are provided at the end of 
this section for your convenience in recording the per
formance of the 34SSA during either test. These cards 
can be removed from the manual and used as a perma
nent record of the jncoming inspection or of a routine 
performance test. The Test Cards may be reproduced 
without written permission from Hewlett-Packard . 

4-1 . CALIBRATIQI CYCLE. 

4-8 . The 34SSA requires periodic verification of perfor
mance. The performance should be tested as part of the 
incoming inspection and at 9O-day or 6-month intervals, 
depending on the environmental conditions and your 
specific accuracy requirements. Two tests (performance 
and opertional verification) are provided in this section . 
The operational verification test should be performed as 
an incoming inspection of the instrument. The complete 
performance test can be used at the ~a~ or 6-mo~th 
intervals, and following a complete calibration of the lD

strument. 

4-1. IJIIPUT TERMIIALS/COJIITROL SE"IJIIGS. 

4-10. Unless ot herwise specified, the test signals for the 
performance tests can be applied to either the front ~r 
rear INPUT terminals. All tests must be performed lD 

the INTERNAL Trigger Mode with AUTO CAL o n and 
MATH ofr. For standard instruments (rms converter) 
the rear panel AC . AC/ OC switch must be in the ac 
position. Other control settings are included in the test 
procedures. 

4-11. PERFORMAJIICE TEST FAILURE. 

4-12. If the 34SSA fails any of the performance tests or 
operationaJ verification test , perform the adjustments 
outlined in Section V. If the problem cannot be cor
rected by the adjustment, refer to Section VIII fo r 
troubleshooting information . 

4·13. SPECIFICATlOJil BRUKDOWJII. 

4·14. The dc, ac and ohms accuracy specifications 
(Table I- I) are grouped according to the selected instru
ment function, i.e., High Resolution On o r Off, ACV 
or Fast ACV and 2-Wire or 4-Wire ohms. Within each 
group there are three sets of specifications: 

a . 24 hour (23°C ± 1°C) 
b. 90 day (23°C ± SoC) 
c. 6 months (23°C ± SoC) 

4-IS . The time period over which a set of specifications 
applies is relative to the time the instrument is initially 
adjusted at the factory or is properly readjusted accor
ding to the procedures outlined in Section V. Before 
proceeding with the dc, ac and ohms accuracy tests, it 
will be necessary to determine which set of specifica
tions applies to your instrument. If the instrument has 
just been received and is to be tested as part of the in
coming inspection , test for the 9O-day specifications. If 
the instrument has been readjusted within a period o f 24 
hours, test fo r the 24-hour specifications. Test limits for 
the 24-hour and 9O-day specifications are included in the 
tables for the accuracy tests. Test limits for the 6-month 
specifications must be derived from the specifications 
listed in Table 1· 1. If the instrument is operated outside 
for the temperature range for a given set of specifica
lions, the appropriate temperature coefficients, listed in 
Table I- I , must be added to those specifications. The 
test limits given in the tables for the dc, ac and ohms ac
curacy tests do not include temperature coefficients. 

4- 16. Each set o f specifications includes an accuracy 
specification for each voltage or ohms range . Accuracy 
is specified as a percentage of reading plus an add-on of 
one or more digits (counts). For example, the 24-hour 
DC Accuracy spe<:ificat ion for the I-volt range (High 
Resolution Off) is: 

± (O.OO3'lo of reading + I digits) 

At fu ll scale (I V) the least significant display digit, 
equal to 10 microvolt , is O.(X)) 1I}'0 of reading. The full
scale accuracy is therefore: 

4·1 
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± (0.003% + 0.00 1%) = ± 0.004% of reading 

Similarly. at one tenth of full scale (0. 1 V) the least signifi· 
cant digit ( 10 microvolt) is equal to 0.01% of reading SO the 
accuracy speci fi cation is : 

± (0.003% + 0.01 %) = ± 0.013% of reading 

These specifications do not include the temperature coeffi · 
cien t that must be added if the instrument is operated out
side of the 220C to 240 C range. 

4-17. DC ACCURACY TEST CONSIDERATIONS. 

4-18_ Because of the high dc accuracy of the 3455A, a 
precision dc calibration standard is required to verify that 
it meets its dc accuracy specifications. To thoroughly tesl 
the pe rformance on all ranges, the standard must be capable 
of delivering outputs within the range of O. wooo V dc to 
1000.000 V dc. The accuracy of the standard must be such 
that its errors do not introduce Significant uncertainties in 
the 3455A test readings. Ideally, the accuracy of the stand
ard should be ten times better than the 3455A specifica
tions being tested - a ten to one error reduction nearly 
eliminates measure ment uncertainties caused by the stand
ard. To test accuracy specifications on the order of 
± 0 .005% of reading, however, a standard with a specified 
accuracy of ± 0.0005% (5 ppm) would be reqUired. Since 
this type of accuracy, ove r the range needed to com pletely 
test the accuracy of the 3455A, is generally not available 
outside of a stand ards laboratory , some compromises may 
be required. If you have access to primary in-house (NBS 
certified) standards or have calibrated transfer standards 
that are capable of delivering the required output voltages, 
we recommend that you use them. If you do not have 
access to such facili ties you may, depending on your specif
ic accuracy requirements, choose to do one of the follow
ing: 

a. Use a dc calibration standard that is fou r or five 
times more accurate than the 3455 A specifications to 
be tested. (A discussion of the potential uncertainties is 
given in following paragraphs.) 

b. Use a highly stable calibrated standard and add the 
correction factors (given on the calibration chart) to the 
3455A test readings. 

c. Send the 3455A to an -hp· Service Center or some 
other NBS-certified standards facil ity for calibration. 

4-19. Several of today's commercially available dc calibra
tion standards provide the ou tput voltage range and resolu
tion needed to test the performance of the 3455A but they 
are not , in general , an order of magnitude more accurate 
than the 3455A. When using such standards it is important 
to be aware of the unce rt ainties or "ambigui ties" that may 
be encountered. These potential ambiguities are described 
in the following paragraphs. 

4-20. First, consider the case where a digi tal voltmeter 
(DVM) is to be tested for a full·scale accu racy of ± 0.01% 

4-2 
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of reading on its I -volt range . The DVM is conne<:ted to a 
dc calibration standard whose specified accuracy is ± 
0.001% of set ting and with the standard set to + 1.00000 V, 
the DVM reads +0.99992 V which is 0.008% low. The dc 
standard's specified accuracy is ten limes better than the 
specification being tested and at 1 V its maximum error 
contribution to the DVM reading is 10 microvolt or 
0.001 %. If the standard is 0.001% low the actual DVM 
error is - 0.007%; if it is 0.00 1% high , the actual DVM error 
is . 0.009%. In either case the DVM is within its specifica· 
tion and, since this measurement is not a calibration but is 
only intended to verify that the DVM meets its specifica
tion, the standard's error can be ignored. 

4-21. But what if the DVM reading is + 0.999908 V? Here, 
the DVM appears to be in tolerance (0.0092% low) but the 
margin is only 0.0008% which is less than the 0.001% maxi
mum allowable error contribution of the standard. If the 
standard's outpu t is 0.001% low, the actual DVM error is 
- 0.0082% rather than· 0.0092% so the DVM is within its 
specification. If, on the other hand, the standard's output is 
0.00 1% high, the actual DVM error is - 0.102% and the 
DVM is slight ly out of tolerance. Chances are good that the 
DVM is within its specifi cation but the only way to tell for 
sure is to use a more accurate standard . As the example 
points out, there are regi ons of ambiguity even when the 
standard is ten times more accu rate than the instrument 
be ing tested. With a ten-to·one error reduction, however, 
these regions are relatively narrow. In this case, the DVM 
could be out of tolerance but if so, its maximum out·of
tolerance error is only - 0.0002%. As long as the DVM 
reading is within specified tolerances, the maximum DVM 
error that can exist is ± 0.011% which is the sum of the 
maximum DVM error and the maximum allowable error 
of the standard. A potential deviation of ± 0.001% from the 
DVM specifications could , in many cases, be acceptable. 
Also, if the standard has been recently calibrated and is 
known to be well within it s specification, readings in the 
narrow ambiguous regions may reflect marginal DVM per· 
formance or indicate the need for adjustment. 

4·22. Now suppose the dc standard's specified accuracy is 
± 0.002 5% - only four times better than the ± 0.01 % DVM 
accuracy specification. If the DVM reading is + 0.999890 
volt, it appears t.hat the DVM is 0.01 1% low. However, if 
the dc standard is 0.002% low (well within its specification) 
the DVM is only 0.009% low and is in tolerance. Con· 
versely, if the DVM reading is + 1.00081 V the DVM 
appears to be 0.0081 % high and well within its specifica
tion. But if the standard is 0.0023% low, the actual DVM 
error is + 0.0 14% and the DVM is out of tolerance. 

4·23. Figu re 4·1 shows how the error tolerances of the 
standard combine with those of the DVM to produce the 
positive and negative ambiguous regions used in the pre· 
ceding examples. From Figure 4-1, the following observa· 
tions can be made: 

a. If the DVM reading is in tolerance by a percent age 
that is greater than the maximum allowable error of the 
standard , the DVM is definitely within its specification. 



Model 3455A 

--, ....... ,_ .... + /" 0" ............... , .. _ 
Uv .. ..... ' - - F:":::":=-=-=-=-=:'=:"::":= I DV .. _0: = L- _ :::::::, .. ..::..... 

• 

I t... _ .. ____ _ 
r .... 'D_~ _ _ • ,,-• 0" .. _ · ... _ ~--- -- ----l D,,"_ - ......... 

0""_'-- r ---~ R __ ''''_'_'''' 0" .. ....... __ , .. _ 

Figure 4- 1. Ambiguous Regions. 

b. If the DVM reading is out of tolerance by a per· 
centage that is greater than the maximum all owable error o f 
the standard, the DVM is definitely outside of it s speci fica· 
tion. 

c. If the DVM reading is in or OUt of tolerance by a per· 
centage that is less than the maximum allowable error of 
the standard. it is in one of the ambiguous regions (shaded 
areas) shown in Figure 4-1. TIle DVM mayor may not be 
within its sllCci fication and thp. only way to tell for sure is 
to use a more acc urate standard. 

4-24. As the accuracy specifications of the standard 
approach the specifi ca tions of [he DVM [ 0 be tested, the 
ambiguous regions shown in Figure 4-1 become wider and 
the unce rtain ty con tribut ions of the standard become 
incrcasingly Significan t. If the standard is less than three or 
four times more accurate than the DVM, the performance 
test is not practical because the ambiguous regions cover 
most of the DVM 's error range. From a prac tical stand
point, the dc standard should be at least five times more 
accurate than the 3455A specifications to be tested. If such 
a stand ard is not available. an alternative approach is to 
usc a cafibrared standard tha t is extrcmely stable and (pre· 
ferably) two to four times more accurate than the J455 A. 
When th is is done. the correction factors given on the 
dc standard 's calibration chart must bc algebraically added 
to the 3455A test readings_ Test val idi ty depends on the 
calibration unce rt ainties and the short·tcrm stability of 
the standard. 

4-25. The Reference Divide r recommen ded in the follow
ing DC Voltmeter Accu racy Test is, according to its pub
lished specifications, accurate enough to test all but the 
1- volt and 10- vol t full- scale 24-hou r speci ficati ons. The I · 
voh and 10· volt fun·scale specifica tions can be tested using 
the OC Transfcr Standa rd also recommcnded in the pro· 
~·edu rc . 

4·28, OPERATIONAL VERIFICATIOI TESTS. 

4·27. OC OPERATIOIlAL ACCURACY TEST. 

4-28. The DC Transfer Standard required for the 
following test must be calibrated to a 1.017 V to 1.019 V 
standard cell that has been calibrated by the National 
Bureau of Standards (NBS) . If the 34SSA is to be tested 
for its 24-hour accuracy specifications, the Transfer 
Standard must be adjusted for optim um I-volt and 
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IO-volt output accuracy using NBS-calibrated stan
dards . It is recommended that the Transfer Standard be 
calibrated and adjusted just prior to use. After calibra
tion, it should be left on and, if possible, kept in a con
trolled environment where the ambient temperature is 
within o ne or two degrees of the temperature in which it 
was calibrated. The following procedure should be per
formed in that same environment. 

4-29, If the recommended DC Transfer Standard or its 
equivalent is not available, an NBS-calibrated standard 
Cell (1.017 Y to 1.019 Y) can be substituted . If this is 
done, check the full -scale accuracy of the 34SSA I Yand 
10 Y ranges using the Reference Divider recommended 
in the procedure. 

4-30, Tnt PrDHdIlr.. 

Equipmen,t Required: 

Reference Divider (Fluke Model 7.50A) 
DC Transfer Standard (Fluke Model 731A) 
DC Standard (Systron Donner Model MI06A) 
DC Null Yohmeter (-hp- Model 419A) 

a. Set the 345.5A controls as follows: 

FUNCTION ..................... DCY 
RANGE .................... . ..... I Y 
HIGH RESOLUTION .............. ON 
AUTO CAL ....................... ON 
GUARD .......................... ON 
TRIGGER . _ ..... _ . __ . .. __ INTERNAL 

b. Set the DC Transfer Standard for an output of I 
V. Connect the output of the transfer standard to the 
34.5SA INPUT. 

c, The 34.5.5A reading should be within the test limits 
listed in Table 4-1 , verifying its I-volt full- scale accuracy 
with High Resolution on. 

d. Set the 34.5SA RANGE to 10 V. The 34.5.5A 
reading should be within the test limits listed in Table 
4-3, verifyi ng its IO-volt tenth scale accuracy with High 
Resolution on. 

e. Set the Transfer Standard for an output of 10 V, 
The 34.5.5A reading should be within the test limits listed 
in Table 4-1 veri fying its 10-voit full scale accuracy with 
High Resolution on. 

hbft 4·1. DC Aceur.cy Tnt (1 V, 10 V filII Sc.i.; Hig" 
Rnollillio. On), 

24 Hour 90 Cav 
Level Range Test Limits Tes t Limits 

1 V 1 V 0 .999966 to 1.000034 0 .999936 to t .000064 
10V 10 V 9.99977 10 10.00023 9.99947 to 10.00053 

f. Set the 34.5.5A HIGH RESOLUTION to OFF. The 
34.5.5A reading should be within the test limits listed in 

4-3 
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Figure 4·2. DC Accurlcy TlSt 

Table 4-2, veri fying its I()..voll full scale accuracy with 
High Resolution ofr. 

g. Set the Transfer Standard for an output of I Vand 
set the 345SA RANGE to J V. Set the 3455A GUARD 
to OFF; connect the 3455A GUAR D terminal to the 
High INPUT terminal. 

h . Reverse the 3455A INPUT connection to obtain a 
negative I V reading. Repeat steps c through f to verify 
the I V and 10 V full-scale accuracy fo r negative 
readings. 

i. Disconnect the Transfer Standard from the 3455A 
INPUT. Disconnect the GUARD terminal from the 
High INPUT terminal and set the GUARD to ON. 

j . Using short pieces of number 20 A WG (or th inner) 
insulated solid copper wire. connect the Transfer Stan
dard and DC Null Voltmeter to the Reference Divider as 
shown in Figure 4-6. 

k. Turn off the DC Standard 's output . Using 24" (or 
shorter) shielded cables eq uipped with banana-plug con
nectors, connect the DC Standard and the 3455A to the 
Reference Divider as shown in Figure 4·2. 

I. Set the Standard Cell Voltage controls on the 
Reference Divider to correspond to the calibrated 
standard·cell selling on the Transfer Standard . Set the 
Transfer Standard to output the calibrated standard-cell 
voltage. 

m. Zero the DC Null Voltmeter on its 3 microvolt 
range and then set it to the 300 microvolt range. 

n. Set the Reference Divider's Input Voltage switch 
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to 1000 V and center its course and fine adjustment con
trols. 

Set the Reference Divider's Output Voltage switch to 
1000 V. 

o. Set the 3455A controls as follows: 

FUNCTION . . . .. . .. ... ........... DCV 
RANGE ..... ... ... .... . .. ... . .. . . 1 kV 
HI GH RESOLUTION ............... ON 
GUA RD ......................... ON 

The dc standard 's output should be turned 
on and the voltage adjusted by upranging or 
downranging the standard whenever the 
standard's output needs to be changed. If a 
3455A in put voltage greater than 100 V is 
needed, the following procedure should 
always be fo llowed. 

p. Turn the dc sta ndard 's output on and by the 
following method adjust the standard fo r an ou tput of 
+ 1000.00 V: 

I. Set the de standard's first decade to " 0" . 

2. Uprange the de standard to the 1000 V range. 

3. Increase the standard's first decade so that 1000 
V is reached by increasing the voltage in 100 V 
increments. 

q. Set the Reference Divider ' s Standard Cell switch 
to the Locked position. Adjust the de standard's output 
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voltage and vernier controls for a zero reading on the 
null meter . 

r. Downrange the Null Meter and adjust the 
Reference Divider's course and fine controls for a null is 
obtained on the 3 microvolt range. 

s. Set the Reference Divider's Standard Cell switch to 
Open . Allow ten minutes for the Reference Divider to 
warm-up and stablize. 

t . Set the Reference Divider's Standard Cell switch to 
Momentary and, if necessary, readjust the fine control 
fo r a null indication. Release the Standard Cell switch . 

u. The 3455A reading should be within the Test 
Limits given in Table 4-3. (1000 V, I kV range), verify 
ing the full-scale accuracy at + 1000 V with High 
Resolution on. 

NOTE 

A UTO-CAL may have to be turned off 
when making measurements on the 100 V 
and I()()() V ranges. This is only necessary 
when using a DC Standard sensitive to a 
changing load impedance. 

T8bll 4·2. DC Aceurlcy Tnt (High AI.olution OH). 

3455A 24 Hour 90 "'V 
Level Range Ten Limits Ten Limits 

0.1 V 0. 1 V .099992 10 1.00008 .099989 to .100011 
10 V 10V 9.9997 to 10.0003 9.9994 to 10.0006 

NOTE 

Each time the Reference Divider Output 
Voltage setting is changed, check for null 
and, if necessary, readjust the Reference 
Divider's/ine control to obtain a null indica
tion. 

Always downrange the Reference Divider 
before downranging the 3455A. When 
upranging, always uprange the 3455A before 
upranging the Reference Divider. 

llbl. 4·3. DC Accurlc, Tnt (High Rnolution On). 

DIvider 3455A 24 Hour 90 Day 
Oulput RanQe Ten Limits Test UmitJ 

1000V ' 1000 V 999.957 w 1000.043 999.927 10 1000.073 
100 V 100 V 99.995710 100.0043 99.9927 10 100.0073 
5V 10 V 4 .99987 to 5.00013 4.99972 to 5.00028 
1 V 10V 0 .99995 to 1.00005 0.99992 to 1.00008 

• For positive readings only. Do nOt apply negative voltitQes greater 
than· 500 V dc. 

Sect ion JV 

v. Set th e Reference Divider 's Output Vol tage and 
3455A RANGE to each setting (100 V and below) listed 
in Tables 4-2 and 4·3 with High Resolut ion on or off as 
indicated. At each setting, the 3455A reading should be 
within the Test Limits given in the table. (Be sure to 
maintain null when the Reference Divider 's output is 
changed .) 

In the following tests for negative readings, 
the input to the 3455A must not exceed -500 
V dc, due to the ± 50D V guard to chassis 
limitation. 

w. Downrange the dc standard to I V output and 
turn orf the dc standard's output. Reverse the polarity 
of the 3455A INPUT connection to obtain negative 
readings. Turn the dc standard's output back on. Verify 
the negati ve dc accuracy for all settings 100 V and 
lower. Again, do not apply more rhan -500 V dc to the 
3455A INPUT. 

4·31 . AC 0p.,ltiOIlII Accurlcy Tnt 

4-32. The 3455A ac voltmeter accuracy can be verified 
for frequencies up to 100 kHz on all voltage ranges us
ing an AC Calibrator such as the -hp- Model 
745A1746A. To minimize measurement uncertainties 
for fr equencies below SO Hz and above 20 kHz, the AC 
Calibrator should be calibrated and its error measure
ment contro l should be used to adjust out the errors in
dicated on the calibration chart. For example, if the 
calibration chart indicates that the 745A output is 
0.04 '10 high at IV, SO kHz, set the 745A error measure
ment control to + 0.04'10 to obtain a precise I V output. 
The 745AI746A can be calibrated during a routine per
formance test using the procedures outlined in the 
745A1746A Operating and Service Manuals. Calibra
tio n charts fo r these instruments are normally valid fo r 
at least 30 days. 

4-33 . A Test Oscillator such as the -hp- Model 652A can 
be used to veri fy the ac voltmeter accuracy of the 3455A 
for frequencies above 100 kHz (specified for 1 V and 10 
V ranges only). The req uired accuracy can be obtained 
by adjusting the Test Oscillator output so that the 
34S5A reading at 10 kHz is the same as the reading ob
tained with the highly accurate AC Calibrator. This 
reference level can then be maintained ·to within ± 
0.25'10 over the 100 kHz to I MHz ran ge using the 
expanded·scale meter on the Test Oscillator. If higher 
accuracy is desired, an ac-to-dc thermal transfer techni · 
que (Figu re 4-3) can be used. 

4·]4. Tnt Procedur • . 

Equipment Required: 

AC Calibrator (·hp- Model 745AI746A) 
Test Oscillator (·hp- Model 652A) 

4·S 
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PROCEDUR E: 

Apply accurate dc vollllQ'll 11 V or 3 V) from DC Standard 10 
Thermal Convertttr ttJ'ld adjust DC Oi fferttntial Voltmetttr for 
nul l. D'$COnnect the DC Standard and apply the T Il'SI 05(:illalor 
ou tput to both the Thermal Converter and the 3455A. Adjust 
the T ll'St Osci llator output Ie-vel for a null indiall ion on the DC 
Differential Voltmeter. This mak.es the rms value of the ac input 
to the 3455A equal to the high ly IICcurate output of the DC 
Standard. Repeal this procedure each time the Te$! Oscll1ator 
frequency ;s changed. 

Figure 4·3. AC/DC Thermal Transfer Measurement (AItBfnate Frequ8n<:Y Response Test). 

a. Set the 34SSA controls as follows: 

FUNCTION . . ..... . ......... . . .. ACV 
RANGE ...............•..... . . . .. I V 
GUARD ................ . . . ....... ON 
INPUT SELECT ............... FRONT 

b. Set the AC Calibrator for an output of I V, 30 Hz 
(74SA I V range). Set the AC Calibrator's error 
measurement control to offset the 1 V, 30 Hz error in
dicated on the calibration chart (745A 0.1 error range). 

c. Connect the output of the AC Calibrator to the 
34SSA front panel INPUT. 

d . 1. Standard Model 345SA: The 34SSA I V, 30 Hz 
reading should be within the Test Limits listed 
in Table 4-4. 

2. 34SSA Option 001 : The 34S5A IV, 30 Hz 
(ACV) reading should be within the Test Limits 
listed in Table 4-6. 

e. I. Standard Model 34S5A: Using the AC 

4·6 

Calibrator, verify the 34SSA ac voltmeter ac
curacy for each Test Frequency , Input Level 
and 34SSA Range listed in Table 4·4. The 
34SSA display readings should be within the 
Test Limits given in the [able. 

2. 34SSA Option 001: Using the AC Calibrator, 
verify the 34SSA ac voltmeter accuracy for each 
Test Frequency (ACV), Input Level and 34SSA 
Range listed in Table 4-6. The 34SSA display 
readings should be within the Test Limits given 
in the table. 

f. Set the 34S5A FUNCTION to FAST ACV. 

g. I . Standa rd Model 34SSA: Using the AC 
Calibrator, veri fy the 345SA ac voltmeter ac
curacy (Fast ACV) for each Test Frequency 
above 10 kHz, each Input Level and 34SSA 
Range listed in Table 4-4 . The 34SSA display 
readings should be within the Test Limits given 
in the table. 

2. 34SSA Option 001 : Using the AC Calibrator, 
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l . bl, 4·4. AC Accur.cy Tn t 30 Hz 10 100 kHz (Stlndlrd Madel 3455A only). 

Ten Inpu t 3455A 24 Hour"" 90 Day "" 
Frequency "",I Range Test Limits Ten Limiu 

30 Hz' I V , V 0.99920 to 1.00080 0.99900 to 1.00100 
100 kHz I V I V 0.99520 to 1.00480 0.99400 10 1.00600 
30 Hl' 5V 'OV 4.9940 to 5.0060 4 .9925 to 5.0075 
100 kHl 5V , OV 4.9720 10 5.0280 4.9650 to 5.0350 
30 Hz ' , OV ' 0 V 9.9920 to 10.0080 9.9900 to 10.0100 
20 kHl 10 V 10V 9.9920 to 10.0080 9.9900 to 10.0100 
100 kHl IOV ,OV 9.9520 to 10.0480 9.9400 to 10.0600 
30 H~" ' 00 V 100V 99.920 to 100.080 99.900 to 100. 100 
100 kHz 100V 100V 99.520 to 100.480 99.400 to 100.600 
30 Hz" 1000 V 1000 V 998.00 10 1002.00 997.50 to 1002.50 
10 kHz '000 V 1000 V 998.00 to 1002.00 997.50to 1002.50 

" Frequencies below 300 Hz apply to ACV Funct ion only . 
• "These test Iim;ls do nOI include Ihe t emperature coefficients thaI must be added il 

the instrument i, OJ')erat&d outside 01 Ihe temperatu re range ovEtr which Ihe 24. 
hour or 90.(lay specif ications apply (see Table 1·1). Derive 6·month tett limits 
from AC Accuracy specifications lined in Table 1·1. 

verify the 3455A ac voltmeter accuracy fo r each 
Test Frequency (Fast ACV), Input Level and 
3455A Range listed in Table 4-6. The 3455A 
display readings shou ld be within the Test 
Limits given in the table. 

h. Set the AC Calibrator for an output o f 1 V, 10 
kHz. Set the 3455A FU NCTION to ACV and RANG E 
to 1 V. 

i. Record the 3455A reading: . . V. 

j. Set the 3455A FUNCTION to FAST ACV. Record 
the 3455A read ing: .. V. 

k. Set the 3455A FUNCTION to ACV and RANGE 
to 10 V. Set the AC Calibrator fo r an o utput o f 5 V, 10 
kHz. 

I. Record the 3455A reading: . . V. 

m. Set the 3455A FUNCTION to FAST ACV. 
Record the 3455A reading : .. V. 

n. Disconnect the AC Calibrator from the 3455A. Set 

terminated in a 50 ohm load , to the 3455A front panel 
INPUT. 

p. Adj ust Ihe Test Oscillator level controls for a 
3455A reading as close as possible to the reading record
ed in Step i. Set the Test Osci llator' s meter switch to ex
panded scale and adjust the meter reference cont rols for 
a zero reading on the Test Oscillator's meter. Use the 
Test Osci llator 's level controls to maintain this zero 
reading whenever the Test Oscillator frequency is 
varied . 

Q. I . Standard Model 3455A: Set the Test Oscillator 
to I MHz (maintain reference level on meter o f 
Test Oscillato r). The 3455A display reading 
should be within the Test Limits given in Table 
4-5. 

2. 3455A Option 001: Set the Test Oscillator fr e
quency to 250 kHz (main tai n reference level on 
meter o f Test Oscillato r). The 3455A display 
reading should be between 0.99240 V and 
1.00760 V (24-hour spec.) o r between 0.99 190 V 
and 1.00810 V (90-day spec.). 

the 3455A FUNCTION to ACV and RANGE to I V. r. Set the 3455A FUNCTION to FAST ACV. Set the 
Test Oscillator freq uency to 10 kHz and adjust its out -

o. Set the Test Oscillator fo r an o utput o r 1 V, 10 put level fo r Ihe 3455A reading recorded in step j . Ad-
kHz. Connect the 50-ohm output of the Test Oscillator, just the meter reference controls for a zero reading on 

Teble 4·5. AC Accurlcy Tn u 100 kHz to 1 MHz (SlInderd Model 3455A onlyl. 

TMI Input 345SA 24 Hour" 90 Dav · 
Frequencv Level Range Test Limits Test Limits 

1 MHz I V , V 0 .92400 to 1.07600 0.90900 to 1.09100 
1 MHz 5V ,OV 4 .4900 to 5.51 00 4 .3900 to 5.61 00 
350 kHz 5V 'OV 4 .7600 to 5.2400 4 .7CMlO 10 5.3000 . These ten I,mlts do not Include the temperature coelf,clenl$ that mU$t be added if 
the inst rument is operated outside of Ihe temperature range over which the 24·hour 
O. 9Q.day specifications apply !set! Table 1·11. Deri~e 6·monlh test limits Irom AC 
Accuracy specifications liSled in Table 1·1. 

4-7 
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Tlbll 4·6. AC Accurlcy Tnt 3D Hz to 1 DO kHz (3455A Option 001 only). 

FreQuency Frequency Input 3455A 24 Hour· 90 Day ' 
(ACV) (FAST ACV) Level Range Test Limits Ten Limits 

30 Hz 300 Hz 1 V 1 V 0 .99460 to 1.00540 0.99430 to 1.00570 
50 H, 500 H, 1 V 1 V 0.9963010 1.00370 0 .99600 to 1.00400 
250 kHl 250 kHz 1 V 1 V 0 .99240 to 1.00760 0.9919010 1.00810 
30 Hz 300 Hl 5V 10V 4.9695105.0305 4 .9680 to 5.0320 
100 kHz 100 kHz 5V 10V 4.9930 to 5 .0070 4 .9925 to 5.0075 
250 kHz 250 kHl 5V 10V 4.9590 105.0410 4 .9565 to 5 .0435 
30 Hz 300 Hz. 10 V 10V 9.9460 to 10.0540 9 .9430 to 10.0570 
100 Hz 1 kHz 10V 10 V 9.9885 10 10.0 11 5 9.9875 to 10.0 125 
100 kHz 100k Hz 10V 10 V 9.988510 10.0115 9.987510 10.0 125 
30 Hz 300 Hz l00V 100V 99.460 to 100.540 99.430 to 100.570 
100 kHz 100 kHz l00V l 00V 99.885 to 100.115 99.875 to 100.125 
30 Hz 300 Hz 1000 V 1000 V 994.60 101005.40 994.30 to 1005.70 
10 kHz 10 kHz 1000 V 1000 V 998.75 to 1001 .25 998.65 to 1001 .35 

"These test li mits do not include the tempereture coeff icients that mun be adclE!d if the instru
men t is operated oUl$ide 0 1 the temperature range over wI'I ich the 24·hour or 9O-day specifi· 
ca tions apply fsee Table 1·1' . Derive 6·month ten limits from AC Accurec:y 1oPec:ifieat lons 
listed in Tabllt ' -I. 

the meter of the Test Oscillator and use com rol to main" 
tain thi s reading whenever the frequency is varied. 

s. Repeat step q . 

t. Set the 3455A FUNCTION to ACV and RANGE 
to 10 V. Remove the 50-ohm termination from the Test 
Osci llator 's output . Connect the 50-ohm output of the 
Test Oscillator (umerminated) 10 Ihe 3455A fronl panel 
INPUT. Set the Test Oscillator frequency to 10 kHz and 
adjust its level controls for the 5 volt 3455A reading 
recorded in step I . Adjust the meter reference controls 
for a zero reading on the meter of the Test Oscillator 
and use the level contro ls to maintain th is reading 
whenever the frequency is varied. 

u . I . Standard Model 3455A: Set the Test Oscillator 
to each of the last two Test Frequencies listed in 
Table 4-5 (maintain reference level o n meter of 
Test Oscillator). At each frequency setting, the 
3455A reading should be wit hin the Test Limit s 
given in the table. 

2. 3455A Option 001. Set the Test Oscillator fre
quency to 250 kH z (maintain reference level on 
meter o f Test Oscillator). T he 3455A display 
read ing should be between 4.9590 V and 5.0410 
V (24-hour spec.) or between 4.9565 V a nd 
5.0435 V (90-day spec. ). 

v. Sel the 3455A FUNCTION to FAST ACV. Set the 
Test Osci llator frequency to 10 kHz and adjust its level 
controls for the 5 V 3455A reading recorded in step m. 
Adjust the meter reference controls for a zero reading 
on the meter of the Test Oscillator and use the level con
trols to maintain this reading whenever the frequency is 
varied. 

w. Repeat step u . 

4·k 

Tlble 4·7. Two·Wire Ohm Accurl cy Tnt 

Tltlt Llmitl 
IHigh Rei. Onl 

Oeeedit 3455A 24 Hoor o SO Di Y' Rnillor Range 

100 kO 100 SS.SS71 to l00.002S SS.SS55 to 100.0045 

"These ten limi ts do not include the tempera tu rlt cOltff ic ienu 
tha t must be added if the insllvment is operated outside of the 
temperature range over which the 24·hour or 9O-day spltcif le&
tions IIPply fsee Table 1· 1) . Ot! rlvlt 6·month test lim its from 
Ohms Accuraev specificat ions listed in Tab/It 1·1 . 

x. This completes the AC Voltmeter Accuracy Test. 
Disconnect the Test Oscillator from the 3455A. 

4·35. Ohmmeter Accurlcy Tnt. 

4-36. This leSI requires a calibrated decade resistor wilh 
settings that range from 100 ohms to 10 megohms. T he 
correction factors indicated on the decade resistor's 
calibration chart must be algebraically added to the 
3455A display readings to achieve the required test ac
curacy . 

4·37. Tnt Prctetduf'l. 

Equipment Required: 

Decade Resistor (cali brated General Radio 
Model 1433Z) 

a . Set the 3455A controls as follows: 

FUNCTION ..... . . . ... 2 WIRE K OHM 
RANGE ......................... . 100 
HIGH RESOLUTION .............. ON 
GUARD . . ............... • .. " " .. ON 
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Tab" 4·8. F •• r·Wi,. Oh .. Accuracy Till. 

(A' (8 ' 
Test Limits Teu Limits 

(High Res. Off) !High Res. Onl 

""' ... 3455A 
Resistor Range 24 Hour· 90 ~v· 24 Hour· 90 Oav· 

1000 0.1 0.099993 to 0.100007 0.099990 to 0. 100010 
1k0 1 0.999971 to 1.000029 0.999960 to 1.000040 
10 leO 10 9.99951 to 10.00049 9.99935 to 10.00065 
100 leO 100 99.9975 10 100.0025 99.9959 to 100.0041 
1 MO 1< 999.876 to 1000. ' 24 999.860 to 1000.140 
10MO 10 K 9989.96 to 10010.04 9989.95 to 10010.05 

·These test timits do not include the temperature coeffiCients thaI mUl t be added if the instrument is operated outside of 
the temperature raoll8 over which the 24·hour or 9O-day spe<:ifiCilli ions apply hee Table 1.11. Derive 6-month ten limi ts 
fromOhmi Accuracv l pe<: ificalionl tilled in Table ' ·1. 

b . Using a shielded cable equipped with banana-plug 
connectors, connect the Decade Resistor to the INPUT 
of the 34SSA . Set the Decade Resistor to 100 K ohms. 

c. Algebraically add the Decade Resistor's correction 
factor to the 34SSA reading. The algebraic sum should 
be within the test Limits given in Table 4-7, verifying the 
34SSA 2-wire ohms accuracy. 

d . Set the 34SSA controls as follows: 

FUNCTION ........... 4 WIRE K OHM 
RANGE .......................... 0.1 
HIGH RESOLUTION ............. OFF 

e. Set the Decade Resistor to 100 ohms. Connect a 
shielded cable, equipped with banana-plug connectors, 
between the 34SSA OHM SIGNAL output and the input 
of the Decade Resistor. (Leave the other cable con
nected between the 34SSA INPUT and the input of the 
Decade Resistor). 

f. Algebraically add the Decade Resistor' s correction 
factor to the 34SSA reading. The algebraic sum should 
be within the Test Limits given in Table 4-8 CA), verify
ing the 3455A 4-wire ohms accuracy with High Resolu
tion o ff. 

g. Set the 34SSA RANGE to I and HIGH RESOLU
TION to ON. Set the Decade Resistor to 1,000 ohms. 

h . Algebraically add the Decade Resistor's corre<:tion 
factor to the 34SSA reading . The algebraic sum should 
be within the Test Limits given in Table 4-8(B), verify
ing the 34SSA 4-wire ohms accuracy with High Resolu
tion on . 

i. Repeat Step h for each additional Decade Resistor 
seHing and 34SSA Range listed in Table 4-8 (8). 

4-31. DC VOLTMETER INPUT RESIST.IIIICE TEST. 

Equipment Required : 

DC Standard Symon Do nner Model M I 06A 
Resistor (I MO ± O.Ol llJo 1/ 4 W -hp- part 
number 081 1-0202) 

a. Connect the low output of the DC Standard to the 
Low Input terminal of the 34SSA. Using short clip leads 
insert the I megohm resistor in series between the DC 
Standard's high output and the High INPUT terminal 
of the 34SSA . Connect a clip lead across the resistor . 

b. Set the 34SSA controls as follows: 

FUNCTION .... . ....... . ........ DCV 
RANGE .. . .. . ............ • . ..... 10 V 
HIGH RESOLUTION .............. ON 
GUARD .......................... ON 

c. Adjust the DC Standard for a 34SSA reading of 
+ 10.00000 V. 

d . Remove the clip lead from across the 1 megohm 
resistor. 

e. The 34SSA reading should be between 9.99900 V 
and 10.00000 V, verifying that the input resistance is 
greater than 1010 ohms. 

f . Set the 34SSA RANGE to 100 V; AUTO-CAL off. 
Reconnect the clip lead across the 1 megohm resistor. 

g. Adjust the DC Standard fo r a 34SSA reading of 
+ 10.00000 V. 

h. Remove the clip lead from across the 1 megohm 
resistor. 

i. The 34SSA reading should be between + 9 .0900 V 
and + 9.0917 V, Yeri fying that the input resistance is 10 
megohms ± O. llIJa . 

4·39 PERFORMANCE TEST. 

4-40. DC VOLTMETER ACCURACY TEST. 

4·9 
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4-41. The DC Transfer Standard required for the 
following test must be calibrated to a 1.017 V to 1.019 V 
standard cell that has been calibrated by the National 
Bureau of Standards (NBS). If the 34.5.5A is to be tested 
for its 24-hour accuracy specifications, the Transfer 
Standard must be adjusted for optimum I-volt and 
IO-volt output accuracy using NBS-calibrated stan
dards . It is recommended that the Transfer Standard be 
calibrated and adjusted just prior to use. After calibra
tion, it should be left on and, if possible, kept in a con
trolled environment where the ambient temperature is 
within one or two degrees of the temperature in which it 
was calibrated. The following procedure should be per
formed in that same environment. 

4-42. If the recommended DC Transfer Standard or its 
equivalent is not available, an NBS-calibrated standard 
cell (1.017 V to 1.019 V) can be substituted. If this is 
done, check the full-scale accuracy of the 34.5.5A I Vand 
10 V ranges using the Reference Divider recommended 
in the procedue. 

4·43. T .. t Precedur •. 

Equipment Required; 

Reference Divider (Fluke Model 7.50A) 
DC Transfer Standard (Fluke Model 73IA) 
DC Standard (Systron Donner Model MI06A) 
DC Null Voltmeter (-hp- Model 419A) 

a . Set the 34.5SA controls as follows: 

FUNCTION .. . . . ................ DCV 
RANGE .......................... I V 
HIGH RESOLUTION ............. OFF 
AUTO CAL ................ . .... . . ON 
GUARD ... .... . . .. . . . ............ ON 
TRIGGER ................ INTERNAL 

b. Set the DC Transfer Standard for an output of I 
V. Connect the output of the transfer standard to the 
34SSA INPUT. 

c. The 34SSA reading should be within the test limits 
listed in Table 4-9, verifying its I-volt full-scale accuracy 
with High Resolution ofr. 

lib" 4·'. DC A"lIrlcy Tnt 11 V, 10 V hll·$cII.; Hilh 
Rnalution Off). 

Input 3455A 24 Hour 90 Diy 
LeYlL1 Ringe Test Limits Limits 

1 V 1 V 0 .99996 to 1.00004 0 .99993 to 1.00007 
10 V 10 V 9 .9997 to 10.0003 9 .9994 to 10.0006 

d. Set the 34SSA HIGH RESOLUTION to ON. The 
34SSA reading should be within the test limits listed in 
Table 4- 10, verifying its I-volt full scale accuracy with 
High Resolution on. 

4· 10 
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e. Sel the 34S.5A RANGE to 10 V. Set the Transfer 
Standard for an output of 10 V. The 34SSA reading 
should be within the test limits listed in Table 4-10, veri
fying its IO-volt fu ll scale accur.acy with High Resolu
tion on. 

lib ...... 10. DC Aurley lnt 11 V. 10 V hll SuIt; Hip 
RMalution On). 

lIyel Range 24 Hour 90 Oily 
Test Limits Te. t Umits 

1 V 1 V 0.999966 10 1.000034 0 .999936 to 1.000064 
10V 10 V 9 .99977 to 10 .00023 9 .99947 to 10.00053 

r. Set the 34S.5A HIGH RESOLUTION to OFF. The 
34SSA reading should be within test limits listed in 
Table 4-9, verifying its 100voit full scale accuracy with 
High Resolution ofr. 

g. Set the Transfer Standard for an output of I V and 
set the 34SSA RANGE to IV. Set the 34SSA GUARD 
to OFF; connect the 34SSA GUARD terminal to the 
High INPUT terminal. 

h. Reverse the 34SSA INPUT connection to obtain a 
negative 1 V reading . Repeat Steps c through f to verify 
the 1 V and IO V full-scale accuracy for negative 
readings. 

i. Disconnect the Transfer Standard from the 34SSA 
INPUT. Disconnect the GUARD terminal from the 
High INPUT terminal and set the GUARD to ON. 

j . Using short pieces of number 20 A WG (or thinner) 
insulated solid copper wire, connect the Transfer Stan
dard and DC Null Voltmeter to the Reference Divider as 
shown in Figure 4-4. 

k. Turn off the DC Standard's output. Using 24" (or 
shorter) shielded cables equipped with banana-plug con
nectors, connect the DC Standard and the 34S.5A to the 
Reference Divider as shown in Figure 4-4. 

I. Set the Standard Cell Voltage controls on the 
Reference Divider to correspond to the calibrated 
standard-cell setting on the Transfer Standard. Set the 
Transfer Standard to output the calibrated standard-cell 
voltage. 

m. Zero the DC Null Voltmeter on its 3 microvolt 
range and then set it to the 300 microvolt range. 

n. Set the Reference Divider' s Input Voltage switch 
to I(X)() V and center its course and fine adjustment con
trols. Set the Reference Divider's Output Voltage switch 
to l(x)() V. 

o. Set the 34SSA controls as fo llows: 
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Figur' 4-4. DC AceurlCY Test 

FUNCTION ..................... DCV 
RANGE .. _ .... . ................. 1 kV 
HIGH RESOLUTION . . . . ......... OFF 
GUARD .......................... ON 

CAUTION 

The dc standard's output should be turned 
on and the voltage adjusted by upranging or 
downranging the standard whenever the 
standard's output needs to be changed. If a 
J455A input voltage greater than J()() V is 
needed, the following procedure should 
always be followed. 

p. Turn the de standard' s output on and by the fo l 
lowing method adjust the standard fo r an output of 
+ 1000.00 V : 

1. Set the dc standard's first decade to "0". 

2. Uprange the dc standard to the 1000 V range. 

3. Increase the standard' s fi rst decade so that 1000 
V is reached by increasing the voltage in 100 V 
increments. 

q. Set the Reference Divider's Standard Cell switch 
to the Locked position. Adjust the DC Standard's out
put voltage and vernier controls for a zero reading on 
the null meter. 

r. Downrange the Null Meter and adjust the 
Reference Divider's coarse and fine controls for a null 
indication . Repeal unti l a null is obtained on the 3 
microvolt range. 

s. Set the Reference Divider' s Standard Cell switch to 
Open. Allow ten minutes for the Reference Divider to 
warmup and stabilize. 

T.bl,4-11. DC Acellr.ey Test IHigh Resolution Off). 

Divider 3455A 24 Hour 90 Dey 
Output Renge Test limits Test limits 

1000 V' 1000V 999 .95 to 1000.05 999 .92 to 1000.08 
500 V 1000 V 499.97 to 500.03 499 .96 to 500.04 
100V 100 V 99.995 to 100.005 99.992 to 100.008 
0 . 1 V 0 .1 V .099992 to 1.00008 .099989 to .10001 1 

'FOf positive f8edi n.gs orrly. Do not apply neget ive volu.ges 
greater than - SOD V de. 

T8bft 4·12. DC Aceur.ey Test (High Resolution On). 

Oi~'d.' 3455A 2. Hou' 900~v 
Output .. "" Tu tU",i .. Ta .. U""II 

1000 V' "'00 V 999.957 to 1000.043 999.927 to 1000.073 
""V "'00 V 499.917 to 500.023 499.962 to sao.038 
'00 v ",O>V 99.993 ' 0100.007 99.990 to 1(10,010 
'OOV ' OOV 99.9951 to 100.0043 99.9927 '0 100.0073 
""V '00 V 49 .9977 to 50.0023 49 .9962 to !iO.OOJ8 
>oV 'OOV 9~ 10 10.0007 9 .9990'010.0010 

" >oV 4.99981 to 5.00013 4 .99912 ' 0 S.OOO28 
>v >oV 0 .99995 to 1.00005 0.999""210 1.00008 
0 .5 V >v G.499981 to 0 .500019 0 .499966 to 0.500034 
0 .1 V >v 0 .099993 ,0 0.100007 0.099990 '0 0.100010 

' For posit ive ' eadings only. Do not apply negative voltages 
greater than - SO~ V de. 

1. Set the Reference Divider's Standard Cell switch to 
Momentary and, if necessary, readjust the fine control 
for a null indication . Release the Standard Cell switch . 

NOTE 

A UTO-CA L may have to be turned off 

4-11 
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when making measurements on the JOO V 
and J()(){) V ranges. This is only necessary 
when using a DC Standard sensitive to a 
changing load impedance. 

u. The 3455A reading should be within the Test 
Limits given in Table 4.1 1 (1000 V, I kV range), verify
ing the full -scale accuracy at + 1000 V with High 
Resolution off. 

v. With the 345SA on the I kV range, set the HIGH 
RESOLUT ION to ON. 

w. The 3455A read ing sho uld be within the Test 
Limits given in Table 4-12 (1000 V, I kV range), veri fy· 
ing the fu ll scale accuracy at + 1000 V with High 
Resolution on . 

NOTE 

Each time the Reference Divider Output 
Voltage seering is changed, check for null 
and, if necessary. readjust the Reference 
Divider'sfine control to obtain a null indica
tion. 

Always downrange the Reference Divider 
before downranging the 34.5.5A. When 
upranging, always uprange the 34.5.5A before 
upranging the Reference Divider. 

x. Set the DC Standard for an output of + 500 V. 

y. Set the Reference Dividers Input Vohage switch to 
500 V and center the course and fine adjustment con
trols. Set the Reference Dividers Output Vohage switch 
t0500V. 

z. Adjust the DC Standard and Reference divider as' 
outlined in Steps q through t. 

aa. Set the Reference Divider's Output Voltage and 
3455A RANGE to each setting (500 V and below) listed 
in Table 4- 12. At each setting, the 3455A reading should 
be within the Test limits given in the table. (Be sure to 
maintain null when the Reference Divider 's o utput is 
changed .) 

bb. Set t he 3455A RANGE to I kV and set HIG H 
RESOLUTION to OFF. 

cc. Set the Reference Divider's Output Voltage and 
3455A RANGE to each selling (500 V and below) listed 
in Table 4- 11 . At each setting, the 3455A reading should 
be within the Test limits given in the table. (Be sure to 
maintain null when the Reference Dividers output is 
changed .) 
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In the following tests for negative readings. 
the inpullo the 345.5A must not exceed -.500 
V de due to the ± 500 V guard to chassis 
limitation. 

dd . Downrange the dc standard to 1 V output and 
lurn o ff the dc standard 's ou tput. Reverse the polarity 
of the 3455A INPUT con nect ion to obtain negative 
readings. 

ct. Set the 345 SA RANGE to 1 kV and HIGH 
RESOLUTION to ON. Set the Reference Divider Out
put Voltage switch to 500 V, turn the de standard 's out
put back on, and uprange to 500 V. 

ff. Repeat Steps aa through cc to veri fy the negative 
dc accuracy fo r all settings SOO V and lower. Again, do 
not apply more than -.5JXJ V dc to the 3455A INPUT. 

4·44. AC Voltm.t.r Attur.ty TlSt 

4-4S . The 34SSA ac voltmeter accuracy can be verified 
for frequencies up to 100 kHz on all voltage ranges us
ing an AC Calibrator such as the -hp· Model 
74SA/146A. To minimize measurement uncertainties 
fo r frequencies below 50 Hz and above 20 kHz, the AC 
Calibrator should be calibrated and its erro r measure
ment control should be used to adjust out the errors in
dicated on the calibration chart. For example, if the 
calibration chart indicates that the 745A output is 
0. 040J0 high at IV, SO kH z, set the 745A error measure
ment control to + 0.04% to obtain a precise I V output . 
The 74SA1746A can be cali brated during a routine per
formance test using the proced ures outlined in the 
745A1746A Operating and Service Manuals . Calibra
tion charts fo r these instruments are normally valid for 
at least 30 days . 

4-46. A Test Oscillator such as the -hp- Model 652A can 
be used to verify the ac voltmeter accuracy of the 3455A 
for frequencies above 100 kHz (specified for 1 V and to 
V ranges only). The required accuracy can be obtained 
by ad justing the Test Osci llator output so that the 
3455A readi ng at 10 kHz is the same as the reading ob
tained with the highly accurate AC Calibrator. This 
reference level can then be maintained to within ± 
0.25% over the 100 kHz to 1 MH z range using the 
expanded-scale meter on the Test Oscillator. If higher 
accuracy is desired, an ac·to-dc thermal transfer techni 
que (Figure 4·5) ca n be used . 

4·41. Tnt Procedur •. 

Equipment Required: 

AC Calibra tor (-hp- Model 745A1746A) 
Test Oscillator (-hp- Model 652A) 
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PROCEDUR E: 

Apply accurate dc voltage " V or 3 vI fr om DC Standard to 
T hermal Conver ter and adjust DC Differential VOl tmeter for 
null . Disconnect Ihe DC Siandard and apply the TlISt Oscillator 
output to both the Thermal Converter and the 3455A. Adjust 
the Test Oscillato r outPUt level fo r a null ind icat ion on the DC 
Diff erentia l Voltmeter. This makes the rms value of the BC input 
10 the 345SA equal 10 the h igh IV occur a te output of the DC 
Standard . Repeat th is procedure each l ime the Test Oscillator 
frequency i$ changed. 

figure 4·5. ACIDC Th"mal Tr. nlf.r M •• lureMlnl (Altern.l. FrequH CY Respon .. Test). 

a. Set the 34.5.5A controls as fo llows: 

FUNCTION . .... . .... . .......... ACV 
RANGE ...............•.......... 1 V 
GUARD .......................... ON 
INPUT SELECT ....... . ..... . . FRONT 

b, Set the AC Calibrator fo r an output of I V, 30 Hz 
(74.5A I V range). Set the AC Calibrator's error 
measurement control to offset the I V I 30 Hz error in
dicated on the cali bration chart (74.5A 0, I error range) . 

c. ConnC(:t the output of the AC Calibrator to the 
34.5.5A front panel INPUT. 

d. 1. Standard Model 34.5.5A: The 34.5.5A 1 V, 30 Hz 
reading should be within the Test Limits listed 
in Table 4-13 . 

2, 34.5.5A Option 001: The 34.5.5A 1 V. 30 Hz 
(ACV) reading should be within the Test Limits 
listed in Table 4-1.5, 

e, I. Standard Model 34.5.5A: Using the AC 
Calibrator I verify the 34.5.5A ac voltmeter ac
curacy for each Test Frequency, Input Level 
and 34.5.5A Range listed in Table 4-13, The 
34.5.5A display Teadings shou ld be within the 
Test Limits given in the table . 

2, 34.5.5A Option 001: Using the AC Calibrator I 
verify the 34.5.5A ac voltmeter accuracy for each 
Test Frequency (ACV), Input Level and 34.5.5A 
Range listed in Table 4- 1.5 . The 34.5.5A display 
readings should be within the Test Limits given 
in the table. 

f. Set the 34.5.5A FUNCTION to FAST ACV. 

g. l. Standard Model 34.5.5A: Using the AC 
Calibrator, verify the 34S.5A ac voltmeter ac
curacy (Fast ACV) for each Test Frequency 
above 100 Hz. each Input Level and 34.5.5A 
Range listed in Table 4-13. The 34.5.5A display 
readings should be within the Test Limits given 

4· 13 
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lIbl, 4-13. AC Accurlcy Tnt 30 Hz to 100 kHz (Stl ndl rd Model 3455A only). 

T~, Input 34 55A 24 Hour" 90 Day" 
Frequencv Level Range Test Limits Ten limits 

30 Hz' 1 V 1 V 0.99920 to 1.00080 0 .99900 10 1.00100 
300 Hz 1 V 1 V 

I I 10 kHz I V 1 V 
20 kHz I V 1 V 
50 kHz IV 1 V 0.99520 to 1.00480 0.99400 to 1.00600 
100 kHz 1 V 1 V I I 
30 Hz· 5V 10 V 4.9940 10 5.0060 4.9925 to 5.0075 
300Hl' 5V lOV I 

4.9650 J5 .0350 
20 kHz 5V 10V 
100 kHz 5V 10 V 4.9 720 10 5.0280 
30 Hz' 10 V 10 V 9.9920 10 10 .0080 9.9900 10 10 .0 100 
50 Hz· 10V 10 V 
100 Hz' 10 V 10V 
500 H, 10V 10 V 
1 kHz 10 V 10V 
5 kHz 10 V 10 V 
10 kHz 10 V 10 V 
20 kHz 10V 10 V 
50 kHl' 10 V 10V 9.9520 to 10.0480 9 .9400 10 10.0600 
100 kHz 10 V 10 V I I 
30 Hz ' 100 V 100V 99.920 10 100.080 99.90010 100.100 
300 H, 100 V l00V 

I I 10 kHl' 100 V 100V 
20 kHz 100 V l00V 
100 kHz 100 V 100 V 99.520 10 100.480 99.400 10 100.600 
30 Hz ' 1000 V 1000 V 998.00 10 1002.00 997.50 to 1002.50 
JOO Hz 1000 V 1000 V I I 10 kHz 1000 V 1000 V . FrequenCIes below 300 Hz app1v to ACV Funct Ion oniv . 

• 'These tUt limits do not include the t emperature coeff iCients that m USI be added 
if Ihe instrument is operued ouuide 01 the temperature range over which the 
24.hour o r 90-<111'1' sveci fications apptv (see Table 1.1), Derive 6·monlh tesl 
limi ts from AC Accuracv specificat ions listed in Table 1-1. 

in the table. 

2. 34SSA Option 00 1: Using the AC Calibrator, 
veri fy the 34SSA ac voltmeter accuracy for each 
Test Frequency (Fast ACV) , Input Level and 
34SSA Range listed in Table 4-15 . The 34SSA 
display readings should be within the Test 
Limits given in the table. 

h. Set the AC Calibrator fo r an output of 1 V, 10 
khz. Set the 34SSA FUNCTION to ACV and RANGE 
to 1 V. 

i. Record the 34SSA reading; _ __ V. 

j. Set the 34S5A FUNCTION to FAST ACV. Record 
the 345SA reading: __ V. 

k . Set the 3455A FUNCTION to ACV and RANGE 
to 10 V. Set th e AC Calibrator fo r an output of 6 V, 10 
kHz. 

I .Record the 3455A reading: __ V. 

m. Set the 345SA FUNCTION to FAST ACV. 
Record the 345SA reading: ___ V. 

n. Disconnect the AC Calibrator from the 3455A. Set 
the 34S5A FUNCTION to ACV and RANGE to IV. 

4· 14 

o. Set the Test Oscillator fo r an output of I V. 10 
kHz. Connect the 50-ohm output of the Test Oscillator, 
term inated in a 50-ohm load, to the 34SSA front panel 
INPUT. 

p. Adjust the Test Osci llator level controls fo r a 3455A 
reading as close as possible to the reading recorded in 
Step i. Set the Test Oscillator's meter switch to expand
ed scale and adjust the meter reference controls for a 
zero reading on the Test Oscillator's meter. Use the Test 
Oscillator's level controls to maintain this zero reading 
whenever the Test Oscillator frequency is varied. 

q. I . Standard Model 3455A: Set the Test Oscillator 
to each of the first fo ur Test Frequencies listed 
in Table 4· 14 (maintain reference level on meter 
of Test Oscillator). At each frequency selling, 
the 3455A display reading should be within the 
Test Limits given in the table. 

2. 34S5A Option 001: Set the Test Oscillator fre
quency to 250 kHz (maintain reference level on 
meter of Test Oscillator). The 34SSA display 
reading should be between 0.99240 V and 
I.OO760V (24-hour spec.) or between 0.99190 V 
and 1.00810 V (90-day spec. ). 

r. Set the 3455A FUNCTION to FAST ACV. Set the 
Test Oscillator fr equency to 10 kHz and adjust its out-
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l.bl. 4·14. AC AccurleY l .. t 100 kHz t.1 MHIIStuurd ModtI3455A only). 

Test Input 3455A 24 Hour ' 90 Dey ' 
Frequency Level Range Test Limits Test Limits 

110 kHz 1 V 1 V 0.98000 to , .02000 0.97150 to 1.02250 
250 kHz 1 V 1 V I I 
500 kHz 1 V 1 V 0 .95600 10 1.04400 0.94500 to 1.05500 
1 MHz 1 V 1 V 0.92400 to 1.07600 0.92000 to 1.08000 

110k Hl 6V lOV 5.8720 10 6. 1280 5.8550 10 6.1450 
250 kHz 6V lOV I r 
500 kHz 6V lOV 5 .7200 to 6.2800 5 .6500 10 6.3500 
1 MHz 6 V 10 V 5.5500 to 6.4500 5.4400 to 6.5600 

'These lest limin do not indude the temperature coefficients thlll must be 
lidded if Ihe instrumenl is opereted outside of Ihe temperature ran98 over 
which the 24·hour or 90-di!y specifieelioos epply bee Table 1·1 I. Derive 
6·month tCSt limits h om AC Aceurecv speciflcalions listed in Table 
1·1. 

M. )ud 3455A 

put level for the 34.sSA reading recorded in Step j . Ad
just meter reference controls fo r a zero reading on the 
meter of the Test Oscillator and use the level control to 
maintain this reading whenever the frequency is varied . 

adj ust its level controls for the 6 V 34SSA reading 
recorded in Step L Adjust the meter reference contro ls 
for a zero reading on the meter of the Test Oscillator 
and use the level controls to maintain this reading 
whenever the frequency is varied . 

s. Repeat Step q. 

1. Set the 34SSA FUNCTION to ACV and RANGE 
to 10 V. Remove the SO-ohm termination from the Test 
Oscillator's output . Connect the SO-ohm output of the 
Test Oscillator (unterminated) to the 34SSA front panel 
INPUT. Set the Test Oscillator frequency to to kHz and 

u. I . Standard Model 34SSA: Set the Test Oscillator 
to each of the second four Test Frequencies 
listed in Table 4-6 (maintain reference level on 
meter of Test Oscillator) . At each · frequency 
setting, the 34SSA reading should be: within the 
Test Limits given in the table. 

T.bS. 4·15. AC Accurlcy T .. t 30 HI to 100 kHz (3455A Option 001 Gilly). 

F.equencv FreQuencv Input 3455A 24 Hour ' 90 De ... • 
(ACV) (FAST ACV) level Range Test Limiu Tesl Limits 

30 H, 300 Hz 1 V 1 V 0.99460 10 , .00540 0.99430 to 1.00570 
50 H, 500 Hz 1 V 1 V 0.99630 to 1.00370 0.99600 to 1.00400 
100 Hz 1 kHz 1 V 1 V 0 .99885 to 1.00115 0.99875101.00125 
10 kHz '0 kHz 1 V 1 V 

I I 50 kHz 50 kHz 1 V 1 V 
100 kHz 100 kHz 1 V 1 V 
30 Hz 300 Hz 5V 10 V 4.9695105.0305 4.9680105.0320 
50 H, 500 H, 5V 10 V 4.9790105.0210 4.9775 to 5.0225 
100 Hz , kHz 5V lOV 4.9930 to 5.0070 4.9925 10 5.0075 
10 kHz 10 kHz 5V lOV 

I I 50 kHz 50 kHz 5V lOV 
100 kHz 100 kHz 5V lOV 
30 Hz 300 Hz 10V lOV 9 .9460 to 10.0540 9.9430 to 10.0570 
50 H, 5OOH, 10 V lOV 9.9630 to ' 0 .0370 9 .9600 10 10.0400 
100 Hz 1 kHz 10 V 10V 9.9885 to 10.0115 9.98751010.0125 
10 kHz 10 kHz 10 V 10 V 
20 kHz 20 kHz lOV 10V 
50 kHz 50 kHz 10 V 10V 
100 kHz 100 kHz lOV 10 V 
30 Hz 300 Hz l00V 100 V 99.460 10 100.540 99.430 to 100.570 
50 H, 500 H, 100V 100 V 99 .630 to 100.370 99.600 10 100.400 
100 Hz 1 kHz 100V 100 V 99.88510100.1 15 99.875 to 100.125 
10 kHz 10 kHz 100V 100 V 

I I 50 kHz 50 kHz 100V 100 V 
'00 kHz 100 kHz 'OOV 100 V 
30 Hz 300 H, 1000 V 1000 V 994.6010 1005.40 994.30 to 1005.70 
50 H, 500 Hz 1000 V 1000 V 996.30 to 1003 .70 996.00 to 1004.00 
100 Hz I kHz 1000 V 1000 V 998.85 10 1001.15 998.75 to 1001.25 
10 kHz 10 kHz 1000 V 1000 V 998.75 101001.25 998.65 to 1001 .35 

' These test limilS do nOI include the temperature coeffICIents that must be added ,llhe Instrument 
is oper8led ouuida ollhe lempereture range Olll!r whiCh the 24·hour or 9Ck:Iav speciliC;lIions 
apply Isee Table 1 · 1 ). Derive 6·mont h tes t limits from Accurecv Specifications listed in 
Table 1· 1 . 
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l.blt 4·11. lwo·Wirl Ohm AcurlCY Tat 

,., '" Test Lim;" Ten Limits 
(High Res. Off! (High Res. On) 

DeC<lde 34 55A 
Resislo, R", •• 24 Hour ' 90Dlv ' 24 Hour ' 90 OilY' 

.oon 0 .' • 0.099593 10 0.100401 0 .099590 10 0 .1 0041 0 
lkn • 0.99956 to 1.00044 0.99954 10 1.00046 0.99951110 1.000429 0 .999560 10 1.000440 
10 Ita ' 0 9.9989 10 10 .0011 9.99811010.00 13 9.999 11 10 10.oooa9 9.9989510 10.00105 
lOOka . 00 99.99610 100.004 99.994 to 100.006 99.991110 100.0029 99.9955 to 100.0045 
• Mn • K 999 .83101000.17 999.81101000.19 999.876101000. 124 999.860 10 1000.140 
10 Ma . 0 K 9989.510 10010 .5 9989.5 to 10010.5 9989.96 to 100 10.04 9989.9510 10010.05 

' These lell limin do notlndude the lempefilllure coefficients thll must be lidded il the !nJl'Umefll Is oper.ted 
ouulde of the temper. tu re range over which the 24·hou. or 90~y IpeclliC<ltlonl ' PPIV 1$IlfI Table 1·11. Deri ve 
6·monlh te$tlimi ll from Ohms ACCUfllCV specificationsli"ed in Table , .1. 

2. 34SSA Option 001 . SCI the Test Oscillator fre~ 
quency to 250 kHz (maintain reference level on 
meter of Test Oscillator). The 34SSA display 
reading should be between S.9S20 V and 6.0480 
V (24-hour spec .) or between S.9490 V and 
6.0SIO V (90-day spec.). 

v. Set the 34SSA FUNCTION to FAST ACV. Set the 
Test Osci llator frequency 10 10 kHz and adjust its level 
controls for the 6 V 34SSA reading recorded in Step m. 
Adjust the meter reference conlrols for a zero reading 
on the meter of the Test Oscillator and use the level con
trols to maintain this reading whenever the frequency is 
varied . 

w. Repeat Step u. 

x. This completes the AC Voltmeter Accuracy test. 
Disconnect the Test Oscillator from the 34SSA. 

4-48. Ohmmeter Accur.cy Tnt 

4-49. This test requires a calibrated decade resistor with 
senings th at range from 100 o hms to 10 megohms . The 
correction factors indicated on the decade resistor 's 
calibratio n chart must be algebraically added to the 
34SSA display readings to ach ieve the required test ac
curacy. 

4·50. Tut Proc.d .. rI. 

Equipment Required : 

Decade Resistor (calibrated General Radio 
Model 1433Z) 

DC Voltmeter (-hp- Model 419A) 

a . Set the 345SA controls as follows: 

FUNCTION ........... 2 WIRE K OHM 
RANGE ............. . . , .... . ..... 0,1 
HIGH RESOLUTION ..... , .... , .. OFF 
GUARD ...... .. .................. ON 

b. Using a shielded cable equipped with banana-plug 

4-16 

connectors, connect the Decade Resistor to the INPUT 
of the 34SSA. Set the Decade Resistor to 100 ohms. 

c. Algebraically add the Decade Resistor's correct ion 
factor to the 34SSA reading. The algebraic sum should 
be within the Test Limits given in Table 4-1 6(A), verify
ing the 34SSA 2-wire ohms accuracy with High Resolu
tion ofr. 

d . Repeat Step c for each Decade Resisto r selling and 
34SSA Range listed in Table 4- 16. 

e. Set the 34SSA RANGE to I and HIGH RESOLU
T ION 10 ON. Set the Decade Resistor to 1,000 ohms. 

r. Algebraically add the Decade Resistor's correction 
facto r to the 34SS A reading. The algebraic sum should 
be within the Test Limits given in Table 4-1 6(8 ), verify 
the 34SSA 2-wire ohms accuracy with High Resolution 
on. 

g. Repeat Step f fo r each additional Decade Resistor 
setting and 34SSA Range listed in Table 4-16(A) . 

h . Set the 34SSA controls as follows: 

FUNCTION ........... 4 WIRE K OHM 
RANGE ..................... . .... 0.1 
HIGH RESOLUTION ............. OFF 

i. Sct the Decade Resistor to 100 ohms. Connect a 
shielded cable, equipped with banana-plug connectors, 
between the 34SSA O HM SIGNAL output and the inpul 
of the Decade Resistor. (Leave the other cable con
nected between the 34SSA INPUT and the input of the 
Decade Resistor.) 

j . Algebraically add Ihe Decade Resistor's correction 
factor to the 34SSA reading. The algebraic sum should 
be within the Test Limits given in Table 4-17(A), veri fy 
ing the 34SSA 4-wire ohms accuracy with High Reslu
tion ofr. 

k. Repeat Step j for each Decade Resistor setting and 
J4SSA Range listed in Table 4-17(A). 
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T.bl.4·11. Four·Wir. Ohm Accuracy Tnt 

(AI 181 
Test limits Ten LlmiUi 

!High Res. Off I !High Rei. Onl 

Decade 3455A 
RII~iuor Range 24 Hour ' 90 Dav' 24 Hour ' 90 Day ' 

>oon 0.' 0.099993100.100007 0 .099990 10 0.100010 

"n , 0.99996 to 1.00004 0.99994 to 1.00006 0 .999971 to 1.000029 0 .999960 to 1 .OOOQ40 
10 kn ' 0 9.9993 to 10.0007 9.9991 to 10.0009 9.999511010.00049 9.99935 to 10 .00065 
100 kn >0O 99 .996 to 100.004 99 .994 to 1 00 .006 99 .9975 to 100.0025 99 .9959 to 100.004 1 
1 Mi l ,. 999.83 to 1000.17 999.8 1 101000.19 999.<:76 to 1000.124 999.860 to 1000.140 
10MI") >0. 9989 .5 to 1001 0 .5 9989.5 to 10010.5 9989.9610 100 10.04 9989 .95 10 100 10.05 

' Thew leu IImh~ do not include the temperature coefficients Ih.et mU$I be added if the in~trumen l i~ operated 
outside of the temperature range over which the 24 ·hour or 90..c;lay ~peejfieation5 apply hee Table 1·1). Derive 
6 ·month test limits from Ohms Accuracy specifications lined in Taule 1.1. 

I. Set the 3455A RANGE to I and HIGH RESOLU
TION to ON. Set the Decade Resistor to 1,000 ohms. 

m. Algebraically add the Decade Resistor's correc
tion factor to the 3455A reading. The algebraic sum 
should be within the Test Limits given in Table 4-17(8), 
verifying the 3455A 4-wire ohms accuracy with High 
Resolution on . 

n. Repeat Step I for each addilional Decade Resistor 
setting and 3455A Range listed in Table 4-17(B). 

o. Set the 34HA RANGE to 10 K. Set the Decade 
Resistor to 14.99 K. 

p. Using the DC Voltmeter, measure the voltage 
across the Decade Resistor terminals. The voltage 
should be less than 4.7 V dc, verifying the maximum 
output voltage speci fication for a valid ohms reading. 

q. Disconnect the Decade Resistor. (leave the 3455A 
OHMS SIGNAL output connected to the INPUT). 

r. Measure the voltage across the 3455A INPUT ter
minals. The voltage should be less than 5 V dc, verifying 
the maximum outpul voltage specification for an open
circu it condition . 

4·61. COMMON·MODE AND NDRMAL·MODE REJECTION TEST. 

4-52. Effective common·mode rejection is the ratio of 
the peak common-mode voltage to the resultant peak er
ror in the reading, with a 1 kilohm imbalance in the Low 
input lead. The formula for calcu lating effective 
common-mode rejection (ECMR) is: 

ECMR = 20 log Peak Common-Mode Voltage 
Effective on Reading (Volts) 

4-53. Normal-mode rejection is the ratio of the peak ac 
normal-mode voltage to the peak error it introduces in a 
dc voltmeter reading. The formula for calculating 
normal-mode rejection (NMR) is: 

NMR "" 20 log Peak AC Superimposed Voltage 
Effect on Reading (Volts) 

4·54. TlSt Proced.,.. 

Equipment Required: 

DC Standard (Symon Donner Model M 106A) 
AC Calibrator (-hp- Model 745A) 
Frequency Counter (-hp- Model 5300A) 
Resistor (I kO ± 100/0 1/ 4 W -hp- Part 

Number 0684-1021) 
Resistor (10 kO ± 100/, 1/ 4 W -hp- Part 

Number 0684· 1031) 

a. Connect the 1 K resistor between the 3455A High 
and low INPUT terminals. Connect the GUARD ter
minal to the High INPUT terminal. 

b. Set the 3455A controls as follows: 

FUNCTION .... . ................ DCV 
RANGE ..................•....... 1 V 
HIGH RESOLUTION .............. ON 
GUARD ......... . .... . .. . ....... OFF 

c. Record the 3455A reading: ___ V. 

d. Connect the DC Siandard (output of 0 between 
the High INPUT terminal and the chassis of the 345SA 
as shown in Figure 4-6. 

e. Set the DC Standard for an output of + 500 V dc. 

f. The 34S5A reading should be within 0.000050 V of 
the reading recorded in Step c, verifying that the dc 
common-mode rejection is greater than 140 dB. 

g. This completes the dc common-mode Rejection 
test . Turn off the DC Standard output and disconnect 
the DC Standard from the 3455A. Disconnect the I K 
resistor and connect the 10 K resistor across the 3455A 
INPUT terminals (leave GUARD connected to High) . 

4·17 



Model 34SS A Section IV 

OIGITAL VO!..TMETER 

" ST"NO"IIO ~ p 345:;4 
SYSTIIONDONNEII MODEL 101 106" 

:O ~.~ECTEC ro : 1 !~2022~ .. .J ........ , ~ CHASSIS GROUND j I • .J .J .J .J J ~ 6 _ . - .J • .J • .J.J ... j.J.JjJ ---.J 
, , , , , , , , 
~ 000 ~ 

"--- I,) (.) ..., \,) --' " 
~t~~,~~ ,. .... -.,.. 

. 
fllllr. 4·8. DC Common·ModI RelICti'. Tat. 

h. Set the AC Calibrator fo r an output of I V. Con
nect the Frequency Counter to the output of the AC 
Cali brator and adjust the AC Calibrator's frequency to 
50 Hz or 60 Hz ± 0.1'10, corresponding to the power· 
line frequency being used . 

i. Record the 3455A reading : ___ V. 

j . Disconnect the Frequency Counter and connect the 
AC Calibrator between the High INPUT terminal and 
chassis of the 3455A as shown in Figure 4·7. 

k. Without disturbing the frequency sening, set the 
AC Calibrator fo r an output of 70.7 V (100 V peak) . 

I. The 3455A reading should be within 0.000010 V of 
the reading recorded in Step i. veri fying that the 50 Hz 
or 60 Hz ac common·mode rejection is greater than 160 
dB. 

m. Without disturbing the frequency setting set the 
AC Calibrator fo r an output of 7.07 V (10 V peak). 
Disconnect the AC Calibrator from the 3455A. 

n. Remove the 10 K resistor from the 3455A INPUT 
terminals. Connect a short jumper between the 3455A 

, , 
@ 

Ol() 

= 
0 

AC CALIBRATOR 
hjl 74:;4 

, , , 
@ @ @ 

I I I I I = 
== 

, , 
" El£CTRO'l IC 

@ @ COUNTER 

" """ Cll> 

~ 00 .. 0000 
-

r-

High and Low INPUT terminals. 

o. Set the 3455A RANGE to 10 V and record the 
display reading: ___ V. 

p. Remove the jumper from the 3455A INPUT ter· 
minals. Connect the AC Calibrator output to the 3455A 
INPUT. 

q. The 3455A reading should be within 00.0100 V of 
the reading recorded in Step 0, verifying that the 50 Hz 
or 60 Hz normal·mode rejection is greater than 60 dB. 

r. This completes the Common·Mode and Normal· 
Mode Rejection Tests. Disconnect the AC Calibrator 
from the 3455A and disconnect the GUARD from the 
High INPUT terminal. 

4·55. DC VOLTMETER 'NPUT RESISTANCE TEST. 

Equipment Required : 

DC Standard (Systron Donner Model M J06A) 
Resistor (I MO ± 0.01 '10 1/ 4 W -hp- Part 
Number 08lJ·0202) 

DtGlTAL VOLT METER 
h 34 554 

~ECTED TO <I I~ 0 0 0 0" .J.J.J.J .... .J 0 0 o~ CH~SSIS GROUhO I !.J.J.J.J.J .. 0 0 • 
.J J.J.J.J.J • .J.J.J .J-.. .J J rs= 

10K 

j .... -•.. , .. 
fi p r.4-7. AC Comllon-Mode RelICtion Tat 
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ModeJ 34SSA 

a. Connect [he low output of the DC Standard to the 
Low INPUT terminal of the 34SSA. Using short clip 
leads, insert the 1 megohm resistor in series between the 
DC Standard's high output and the High INPUT ter
minal of the 34SSA. Connect a clip lead across the 
resistor. 

b. Set the 34SSA controls as follows: 

FUNCTION ..................... DCV 
RANGE . .. . . .... ......... .. . . ... lO V 
HIGH RESOLUTION . . .. .. ... .... . ON 
GUARD .......................... ON 

c. Adjust the DC Standard for a 34SSA reading of 
+ 10.00000 V. 

d. Remove the clip lead from across the I megohm 
resistor. 

e. The 34SSA reading should be between 9.99900 V 
and 10.00000 V, verifying that the input resistance is 
greater than 1010 ohms. 

f. Set the 34SSA RANGE to 100 V; Auto-Cal OFF. 
Reconnect the clip lead across the I megohm resisto r. 

g. Adjust the DC Standard for a 34SSA reading of 
+ 10.0000 V. 

h. Remove the clip lead rrom across the I megohm 
resistor. 

i. The 34SSA reading should be between + 9.0900 V 
and + 9.0917 V, verifying that the input resistance is lO 
megohms ± 0.1'l0 . 

4-58. AC VOLTMETER INPUT IMPEOANCE TEST. 

Equipment Required : 

Test Oscillator (-hp- Model 6S2A) 
Resistor (I MO ± 0.1'10 .hp- Part Number 

0698-6369) 
Resistor (100 kO 0.1 'lo -hp- Part Number 

0811-1997) 

a . Set the 34SSA controls as follows : 

Section IV 

FUNCTION ..................... ACV 
RANGE .......................... I V 
GUARD .... ... .. . . . .............. ON 
INPUT SELECT (rear panel) .... FRONT 
AUTO-CAL . . .......... ... .. . .... ON 

b. Connect the Test Oscillator SO-ohm output (ter
minated in SO-ohm load) to the 345SA front panel IN
PUT. 

c. Set the Test Oscillator frequency to SO Hz and ad
just its output level for a 34SSA reading of 1.00000 v. 

d. Using short clip leads, insert the I megohm 
resistor in series between the terminated Test Oscillator 
output and the High INPUT terminal of the 34SSA . 

e. The 34SSA reading should be between 0.66443 V 
and 0.66887 V, verifying that the input resistance is 2 
megohms ± 1'10 . 

f. Disconnect the resistor and reconnect the Test 
Oscillalor output to the 34SSA INPUT. 

g. Set the Test Oscillator frequency to 20 kHz and 
adjust its output level for a 34S5A reading of 1.00000 v . 

h. Using short clip leads, insert the 100 kilohm 
resistor in series between the terminated Test Oscillator 
output and the High INPUT terminal of the 34SSA. 

i. The 34SSA reading should be greater than 
0.61017 V, verifying that the input shunt capacitance is 
less than 100 pF. 

j. Set the rear panel INPUT SELECT switch to 
REAR. Connect the Test Oscillator SO-ohm out put (ter
minated in SO-ohm load) to the 34SSA rear-panel IN
PUT. 

k. Repeat Steps c through i to test the input im
pedance at the rear INPUT terminals. In Step i, the 
34SSA reading should be greater than 0.70822 V verify· 
ing that the rear terminal input shunt capacitance is less 
than 75 pF. 
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OPERATIONAL VERIFICATION TEST CARO 

Hewlan-Packard Mod,I3455A (Standard) Tesu Perfonned By : ______ _ 

Dig.", Voltmeter 
D.ul ___________ _ 

Serial No. _ _ ____ ___ _ 

DC ACCURACY TEST 

3455A 3.S5A 
Input 34,SA High PosltiYI Negative 
Uv.1 Ran", AHOIution Reading Reading Test limits' 

0.1 V 0.1 V OFF 
1 V IV ON -
1 V 10 V ON -
'V 10 V ON ---

10 V 10 V ON -10V 10 V OF F ---
l00V l00V ON ---

1000 V" 1000 V ON ---
"Record 24-hour or 9O-dIy teSt limits from table dPIgn.ted In leu proce
dure. Derive &month tell limits from IiPKlfleatlonl lined In Table ,.1. 

" FOI' positivI reedlngl onlv_ Do not epplV negative voltages greater th,n 
- 500 V ck. 

AC VOLTMETER ACCURACY TEST 30 Hz TO 1 MHz 
(Stlndard Model 3455A Only) 

3455A 
TMI Input 3455A Aeadlng 

3455A 
Ae.cll l1'i1 

Fr'qulnev "'. Ringe (ACV) (FAST ACVI 

30 Hz· 1 V 1 V - - --
100kHz 1 V 1 V 
350 kHz 'V 10 V 

30 Hz ' 'V 10 V .- - --
100 kHz 'V 10 V 
1 MHz I V IV -
1 MHz 'V IOV 

30 Hz' 10V 10V --- - - - - -
20 kHz 10V 10V 
100 kHz 10 V 10V ---
30 Hz' 100 V 100 V -- - --
100 kHz 100 V 100 V 

30 Hz' 1000 V 1000 V -- --
10 kHz 1000 V 1000 V 

• ACV Function Do'y 

Test Umits" 

"A&cord 24-hour or 9O-dIY test limill from the table. de1lgnaled In th, 
tett procedure. DerivI 6-month test limits from speeifiC:llionl lilted In 
T'bI,1-1. 



OPERATIO NAL VERIFICATIO N TEST CARO (C.nt'd). 

OHMS ACC URACY TEST 

""' ... 3455A Ohml 
Resistor Range Function Reading Test Umluo 

100 0 0 .1 4 Wire 
,"0 4 Wire 

10 kO 10 4 Wire 

100 kO 100 4 Wire 

100 kfl 100 2 Wire 

1 MO 1 K 4 Wire 

10MO 10K 4 Wi,.. 

• Record 24-hour or 9O-doy ten Ilmln from table designated in test 
procedure. Derive 6-month t e$t limits from SpeCificat lonl !lite<! in 
Table 1-1. 

DC VOLTMETER INPUT RESISTANCe TEST 

3455A 
Ringe 

lOV 
l00V 

Tn. 
Re~lng 

__ v 
_v 

2 

TMI Limits 

9.99900 V to 10.00000 V 
9.0900 V to 9 .0917 V 



OPERATIONAL VERIFICATION TEST CARD 

Hewlett·Pac kard Model 345SA IOplion (01) Test Perfol'l'Tled By '~ _______ _ 

Digital Vol t meter 
Dale ____ ___ _____ _ 

Serial No. __________ _ 

DC ACCURACY T EST 

Input 
w,I 

0.1 V 

1 V 

1 V 

5 V 

10 V 

10 V 

100 V 

1000 V" 

0.1 V 

1 V 

IOV 

IOV 

10 V 

10 V 

100 V 

1000 V 

High 
Resolut ion 

OFF 
ON 
ON 
ON 
ON 
OFF 
ON 
ON 

3455A 
Potitive 
Reading 

- --
- - -

---

3455A 
Negaliw 
Reading 

- - - - -
' Record 24·hou r or 9O-day leu limits from table designated In lest 
p roced ure. Derive 6·monll'! tan limits from ~clficationllisted In 
Table ' ·1 . 

• • For positive readings ol'lly. Do no t apply negative voltage' greater 
than - 500 V dc. 

AC VOLT METER ACCURACY TEST (OPTI ON 001 ONL VI 

34S5A 3455A 
FreqtJency Frequen<:v Inpu t 3455A Reading Reading 

(ACV I (FAST ACVI ...",1 Range (ACV) (FAST ACVI 

30 H~ 300 Hz 1 V 1 V -- - --- - -
50 H, 500 H, 1 V 1 V ---
250 kHz 250 kHz 1 V 1 V - --
30 H~ 300 Hz 5V 10 V --- --- --
100 H~ 100 kHz 5V 10 V ---
250 kHz 250 kHz 5V 10 V - --
30 H~ 300 Hz 10 V 10 V --- --
lOa Hz 1 k Hz 10 V 10 V ---
100 kHz 100 kHz 10 V 10 V ---
30 Hz 300 Hz 100 V lOO V --- -- - --
100 kHz 100 kHz loo V l00V - - -
30 Hz 300 "' 1000 V 1000 V --- --
10 kHz 10 kHz 1000 V 1000 V 

Ten Limits' 

• Record 24·hour or 90-day test limiu Irom tables designated in thl test proctdur,. Derive 6-month 
"U limin from spe(:i l icatiOl'lS li sted in T'ble 1-1. 



OPERATIONAL VERIFICATION TEST CARD (Cont'd) . 

OHMS A CCURACY T EST 

,,",od. 3455A Ohm. 
Rel iitor Ringe Function ReiJdi~ Test Limh. · 

100 0 0.1 4""~ 
"0 4 Wire 

10 kO 10 4 Wire 

100 kO 100 4 Wire 

100 kO 100 2 Wire 

1 MO 1 K 4 Wir. 

lOMO 10K 4 ""~ 

-Record 24-t'oour or go.daV tes t lim its 'rom table delignaled In Ie$! 

procedure. Derive 6-month lett limits from 'Pacif ication. lilt.d In 
Table 1·1. 

DC VOLTMETER INPUT RESISTANCE TEST 

3455A 
Rtnge 

10 V 
100 V 

Tn, 
Reedinll 

_- V 
_- V 

2 

Test LlmiU 

9.99900 V to 10.00000 II 
9.0900 II 109.091 7 II 



PERFORMANCE TEST CARO 

Hewl.tI·Pack.rd Model 3455A (St.nd,rd Model Onlvl 

Digitll Voltmeter 
Seri,r No .. _ _ ____ ___ _ 

DC ACCURACY TEST (High Resolution offl 

3455A 3455A 

Input 345SA Posi, .... Negttive 

L_I Ringe RQdi fl!l Aeedlng TIKI limiu' 

, V , V 

'0 V '0 V 
1000 V " '000 V 
500 V ' 000 V 

' 00 V '00 V 
0 .1 V 0.1 V 

' Record 24·l'Iou. or 90.0.'1' tnt limilS from table d nign81ed ,n tim prcx:edure . 
Derive 6-monlh It st l im in from specifications liued in Teble 1 -I . 

• 'For poliit ive readings oniv . 00 nOI ap plv negat ive vOlt¥$ grea l. r than · 500 v de . 

DC ACCURACY T EST (High Resolution onl 

3455A 3455A 
Input 3455A Positive Nt9il1ive 

L~I R,,,,, Reeding Reading Test lim;If ' 

, V , V 

' 0 V , OV 

1000 V" ' 000 V 
500 V '000 V 

' 00 V '000 V 

' 00 V ,OOV 

50V '00 V 
'OV 'OOV 
5V , OV 
, V , OV 

0.5 V , V 

0 .1 V , V 

' Record 24·l'Io u. or 900<18", l!lit IImin fro m labl. designa ted in ten 
proc:edure. Derive 6-monlh ten IImin from $Pe'Cificat ionslined in 
Table 1.1. 

" For POSiti"" re.din91 onlv. 00 I'IO lilpplV nege li\lf! vollages greel~ 
t"-n • 500 V dc. 

T!1U Per formed BV ". ______ __ _ 

0 81.' _____________ _ _ 



PERFORMANCE TEST CARD ICont'd) 

AC VOLTMETER ACCURACY TEST 30 Hz TO 1 MHz 
(Stat'ldlrd Model 3455A only) 

3455A 3455A 
TKI Input 3455" Reeding Aeading 

Frequency ...... , "',go IACVI (FAST ACV) Telt Llmil,--

30 Hz ' I V I V ----
300 H. I V IV 

10 kHz I V I V 
20 kHz I V I V 
50 kHz 1 V 1 V 

100 kHz I V I V 

JO Hz' 5V 10 V 
300 H, 5V 10 V 
20 kHz 5V 10 V 
100 kHz 5V 10 V 

JO Hz' 10V 10 V 
50 Hz ' 10V 10 V 
100Hz' 10 V 10 V -
500 H, 10V 10 V 
1 kHz 10 V 10 V 
5 kHz 10 V 10V 

10 kHz 10 V 10V 
20 kHz 10 V 10V 
50 kHz 10 V 10V 

100 kHz 10 V 10 V 

30 Hz" l00V 100 V 
300 H, l00V 100 V 
10 kHz l 00V l00V 
20 kHz l 00V 100 V 
100 kHz 100 V l00V 

JO Hz' 1000 V 1000 V ----
300 H, 1000 V 1000 V 
10 kHz 1000 V 1000 V 
110 kHz 1 V I V 
250 kHz 1 V 1 V 
500 kHz 1 V I V 
1 MHz 1 V 1 V 

110 kHz 5V 10 V 

250 kHz BV 10 V 
500 kHz BV 10V 
, MHz BV 10V 

• ACV Fu nc:: l lon Only 

"Record 24·l\our or 9O.m.y test IImiu lfom the tabln dnignaled in Ihl 
test p.oeedufe. O"i...., 6-monlh Itn limiu from ~ilieations listed in 
Table' · 1. 

2 



PERFORMANCE TEST CARD (Conl'd) 

TWO- WIRE OHMS ACCURACY TEST 

High Aft. Off High Alii. On 

"""", 3455A 

RHinOf R"u'lge Reeding Test lImiu o Reed ing T&st Um;,, ' 

100 n 0 .1 ---
lkn 1 ---
10 kO 10 
l00kn 100 ---
lMn 1K 

IOMn 10 K 

°Record 24-hour or 9O-dav test I;mlufrom table designaled in tell 
proc:edur • . 0"; \1' 6 ·monlh 1M! limits I.om lpeclfic. tlons nu e<! in 
T'bl" -1. 

FOUR - WIRE OHMS ACCURACY TEST 

High RM. Off H igh Rh . On 

"""'" 3<55A 

Resin or RIIl9' ANding Till ' Llmiu " Reeding Tes'Llmlts ' 

, .. n 0.1 
a n 1 
10 kn 10 
100 kfl '" 1 Mn 1 K 
IOMn 10 K 

"Record 24.hour or 900dev um limiU fro m lIbl' des ignated in ,es, 
procedure. cnrlye S-monlh ' fl,lim lu from ~ifiC<lt lo", lilted in 
T.ble ' -I. 

OHMS VO LTAGE TEST 

Voitelii' for V.lid R • .cIino: II 1< • . 7 V del 
Open.ci reuil Vol uoge :_ V 1< 5 II del 

COMMON-MODE AND NORMAL-MODE REJECTION TESTS 

R.ference Refer.nce 3455A Teft Llmll 

Step Reading T", Reading (R. lllive to Aeference) 

o. OC.cMR 1 0 .000050 II 
;. AC.cMR .t 0 .000010 V 

o . NMA i 0.0100 V 

DC VOL TMETEA INPUT AESISTANCE TEST 
3455A Tesl 
Range Reading Tesl limits 

10 V __ V 9..99900 V to 10 .00000 V 

100 V _V 9 .0900 V 10 9.0917 V 

AC VO L TMETEA INPUT IMPEDANCE TEST 

Fronl-Terminal Reading (Sltp eJ :_ V (0.66443 V 10 0.66887 V) 
Fronl_Termlnal Reading (Slep i) : V (>0.61017) 

Rea, -Termiflll i Reading (Sltp III) : V (0.66443 V 10 0.66887 VI 
Ru,· Te,mlnal Reading (Step k): __ V ( > 0.70822) 

3 



Hewlett-Packard Model 345SA (Option 001 ani.,,) 

Digital Voltmeter 
Seriel No. _________ _ 

DC ACCURACY TEST (High Reso lu tion off) 

3455A 3455A 

Input 3455A Positive Neg3live 

L~I Range Reading Reading 

I V I V 

10 V 10 V 

1000 V " 1000 V 

500 V 1000 V 

100 V 100 V 

0.1 V 0.1 V 

PERFORMANCE TEST CARO 

Ten Umiu' 

"Record 24-1'101,1 1 or 90-dlly lest limits from lable de1;grnlled in t'SI procedure. 
Derive 6 .monlh test "min from Spec:itical lom listed in Table ' . 1 . 

• "For posit ive readings onlv. 00 001 applV n. t;\f1i! yoltages greater than . 500 V d c. 

DC ACCURACY TEST [High Retolu1ion ani 

345SA 3455A 

Input 345SA Positive Negative 

Level Ran{le Reading Aeadlng Te$! Limits " 

1 V 1 V 

10V 10 V 

1000 V" 1000 V 

500 V 1000 V 

100 V 1000 V 

100 V 100 V 

SOV 100 V 

10V 100 V 

5V 10V 

I V 10 V 

0.5 V 1 V 

0.1 V 1 V 

• Record 24.houl or gooday I'S1 limits Iro m table desillnaled in test 
procedure. Del ive 6 ·month lest limin from specificlIlioM listed in 
Table ,.1 . 

• "For positive readings only. 00 nOI applv nell8 live voltages greater 
thll" . 500 V d e. 

Tuu Performed By ,· ________ _ 
Dale' ________________________ ___ 



PERFORMANCE TEST CARD (Conl'd) 

TWO- WIRE OHMS ACCURACY TEST 

High Res. Off High Res. On 

""""'. 3455A 
A&sinor R ..... Reeding Test Limlu ' Aeading Teu Limiu ' 

loon 0.1 ---
Ikn 1 ---
10kO 10 - --
100 kn 100 ---
I Mn 1 K 
IOMa 10 K 

"Record 24-hour or 9O-d.v teu limiu Irom labte detigna led in tell 
procedure. Deriv, 6 ·monl h ten limits from ipecil icat ions lined in 
Table ,.1. 

FOUR _ WIRE OHMS ACCURACY TEST 

High Ret. Off High Res . On 

o...d. 3455A 
Resina. R""" Reeding Ten limiU ' Reeding Test L imiU ' 

100 n 0 .1 
Ikn 1 
10 kn 10 
100 kn 100 
1 Mn 1 K 
10 Mn 10 K 

"Record 24·hou, or 9O-dav leu limits Irom table dflig"llied in lUI 
procedure. Derive S-monlh le51 limits 'rom $peci/ ica t ionslisted in 
Table ', ·1. 

OHMS VOLTAGE T EST 

Voltage for Valid Reading' V!< 4.7 V del 
Open-Circuit Volulge: ___ V « 5 V del 

COMMON-MQOe AND NORMAL-MODE REJECTION TESTS 

Reference Reference 3455A Test Limit 

Step Reading TH' Reading (Rela tive to Reference) 

o. DC-CMR t 0.000050 V 

i. AC-CMR t 0 .000010 V 

o. NMR t 0 .0100 V 

DC VOLTMETER INPUT RESISTANCE TEST 
3455A Telt 
Range Reeding Tesl Limits 

10 V __ V 9.99900 V to 10.00000 V 

l 00V V 9 .0900 V 109 .0917 V 

AC VOLTMETER INPUT IMPEDANCE TEST 

Front·Terminal RelKling (Step e) : 
Front·Terminal Reading (Step iI: 
Rear.Termlnal Reading (Step e' : 
Rear·Terminal Reading (Step kl : 

V 10 .66443 V to 0.66887 vI 
V 1>0.61017) 
V 10.66443 V 10 0.66887 VI 
VI> 0.708221 

2 



PERFORMANCE TEST CARD (Conl'd) 

AC VOLTMETER ACCURACY TEST (OPT ION 001 ONL VI 

3455A 3455A 

Frequencv Frequency Input 3455A Read ing Reading 

(ACV) (FAST ACVI , .. ," Range (ACV) (FAST ACVI 

30 H, 300 H, , V , V 
50 H, 500 H, , V ' V 
100 Hz 1 kHz , V , V 

10 kHz 10 kHz , V ' V 
50 kHz 50 kHz , V , V 

100 kHz 100 kHz , V , V 

30 H, 3OOH' 5V 'OV 
50 H, 500 H, 5V '0 V 
100 Hz 1 kHz 5V ,OV 

10 kHz 10 kHz 5V '0 V 
50 kHz 50 kH.1! 5V ' 0 V 
100 kHz 100 kHz 5V ' 0 V 

30 H, 300 H, '0 V ' 0 V 
50 H, 500 Hz '0 V ' 0 V 
100 Hz 1 kHz '0 V '0 V 
10 kHz 10 kHz '0 V '0 V 
20 kHl 20 kHz ' 0 V ' 0 V 
50 kHz 50 kHz '0 V '0 V 
100 kHz 100 kHz ' OV '0 V 

30 H, 300 H, 100 V '00 V 
50 H, 500 H, ' 00 V ,OOV 

100 Hz 1 kHz 100 V ,OOV 

10 kHz 10 kHz ' 00 V ,OOV 
50 kHz 50 kHz ' 00 V ,OOV 
100 kHz 100 kHz '00 V ,OOV 

30 H, 300 H, ' 000 V '000 V 
50 H, 500 Hz ' 000 V '000 V 
100 Hz 1 kHz ' 000 V '000 V 
10 kHz 10 kHz ' 000 V '000 V 
250 kHz 250 kHz , V 'V 
250 kHz 250 kHz 6V '0 V 

· Record 24-1101,1. or 9O~IIV len limil$ from tables de,igneled in the 
lest procedure. Deri", 6·monlh len limits from 'pecllieat ions tisted 
ioTable l . l . 

3 
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WARNING I 
Maintenance described herein is performed 
with power supplied to the instrument, and pro
tective covers removed. Such maintenance 
should be performed only by service-trained 
personnel who are aware of the hazards in
volved (for example, fire and electrical shock) . 
Where maintenance can be performed without 
power applied, the power should be removed. 



Model 34S5A Section V 

SECTION V 

ADJUSTMENTS 

5-1. INTRODUCTlON_ 

5-2. Thls section con tains comple te adjustment procedures 
for the Model 34SSA Digital Voltmeter. Art er the instru
mellt is adjusted according to the procedures given in this 
section, it should meet the 24-hour accuracy specificat ions 
listed in Table J -] . 

5-3_ EQUIPMENT REQUIRED. 

54. The test eq uipment req ui red for the adjustments is 
listed at the beginning of each adjustment procedure and 
in the Recomme nded Test Equipment table in Section I. 
If the recommended equipment is not available, use sub
stitute equipment that mee ts the critical specifications 
given in the table. 

6·5. ADJUSTMENT INTERVAl. 

5-6. The 34SSA adjustmen ts should be perfomled at 90· 
day or 6-month intervals depending on the environment al 
conditions and you r specifi c accuracy requirements. Adjust
ments should also be performed after the instrument has 
been repeaired. 

5-7. ADJUSTMENT SEQUENCE. 

5·8. The 34SS A Adjustments must be perfo rmed in the 
sequence in which they are presented. If the de and ohms 
accuracy of the instrument are satisfactory, the DC Zero 
Adjustments and Reference Adjustments can be omitted 
and the RMS or Average Converter adjus tments can be 
performed to optimize the ac voltmete r accuracy. 

5-9. TEST POINT AND ADJUSTMENT LOCATIONS. 

5·10. Test poin ts and adjustments are labeled on the top 
inner cover and rear panel (Reference Module) of the 
instrument or arc shown in ligures designated in the adjust
ment procedures. 

5·11. DC ZERO ADJUSTMENTS. 

EqUipme nt Required : 

DC Digital Voltmeter (-hp- Model 3490A or 34SS A) 

a. Remove the 34SSA top outer cover and top inner 
cover to gain access to the A 10 (Mother) board. 

b. Setlhe 34SSA controls as follows: 

FUNCTION .................... oev 

,~@! "'. 
'00 v 

t<i:- R64 - J. H ~'RI e Ii . , . I 
ZERO -C24 - H'2 _ - TPI 
AOJ T13 t j " " 

Figure 5·1. 100 Volt Zero Adjustment. 

RANC E. .. . . . . . ...... . ..... . 10 V 
HI GH RESO LUTION ....... ••... . .. ON 
AUTO CAL ..............•..... OFF 
GUARD ............. . . •.•..... ON 
TRIGG ER . . . . . . . . . . . . . . . . . . .INT 
MATH ........................ OFF 

t 

c. Sct the lest DVM to measure de volts (aut orange). 
Con nect the DVM's low inpu t to Ihe AI 0 board ground test 
point and the high inpullo AIOTOI (Figure 5-1 ). 

d. Adjust AIOR66 (Figure 5· 1) for a DVM reading of 
o V ± SO microvolt. Disconnect the test DVM. 

e. Set t he 34SSA RANGE to 100 V and AUTO CAL to 
ON. The 34SSA Reading should be 0.0000 V:!: ] COUllt. If 
it is nOI, repeat Steps b through d. If this docs nOI correct 
the problem, refe r 10 Section VIII for troubleshooting 
informat ion. 

f. Reinstall the top inner cover with two or three screws 
and reinstall the top oUler cove r (boltom covers must be 
instal led). 

g. Set the 34SSA RANG E to ] V. Connect a copper 
shorting strap across the 34SS A INPUT terminals. 

h. Allow the 34SS A to run at room tempe ratu re for 
at least 30 minutes. 

i. The 345SA reading should be 0.000000 V .t 4 counts. 
If it is, proceed to the DC Reference Adjustments (Para· 
graph 5-12). If it is not. it will be necessary to change the 
value of padding resistor AiORJ 10 as outlined in the 
following steps. 

j. Record the 34SSA reading: __ _ 

5-1 
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Figure 5-2. 1 Volt Zero Adjustment. 

k. Remove the top covers and no te the value of 
AlORlO6 - if there is an RI IO installed (sec Figure 5-2). 
Refe r to T:lbie 5·1 and record the Offse t Voltage that cor
responds to the current value of AJORII O: __ . (If the re 
is no A IO RI 10. record 0.000000 V.) If RJ JO is connected 
to the terminal marked "+", the polari ty of the Offset 
Voltage is lIegatille: if R I IO is connected to the te rminal 
markcd "-", the polarity of th e offset ispositille. 

I. Add the voltages recorded in Steps j and k to obtain 
the total offse t : __ _ 

m. Re fer to Table 5·] and locate the Offset Volt age 
that is closest to the total offset volt age recorded in Step t. 
Obtain a resistor that corresponds to that offse t vol tage. 

n. Rcmove the o riginal AI ORIIO (Figu re 5-2). If the 
tot:ll offset (Step I) is posit ive. connect the new R 1 JO 
between the unmarked teoninal and the terminal markcd 
" ."; if the total offset is negative. connect it between the 
unmarked temlinal and the terminal marked "+". 

o . Reinstall the top covers and again :lltow the instru
ment to run at room tempe rature for 30 minutes. At the 
end of that period , the 345S A reading should be 
0 .000000 V ± 4 cou nts. If it is not. repeat Steps j through 
0, 

Table 5-1. DC Zero Adjustment Padding list (Al0Rl l 0). 

Offsel Resislor 
Vollage Value ' ·hp· Part No. 

O.S ,.V 3M 0683·3055 
1.0Jl.V 1.5M 0683-1555 
1.5J1.V 1.0M 0683-1055 
2.0,.V 750 K 0683-1545 
2.5 IJV 620 K 0683-6245 
3.0Jl.V 510 K 0683·5 145 
3.5/1-V 430 K 0683-4345 
4.0Jl.V 360 K 0683·3645 
4 .5 J1.V 330 K 0683·3345 
5.0Jl.V 300 K 0683-3045 

'All res is to rs are 1 5%. 1/4 W. CMba". 
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5,1 2, DC AN D OHMS REFERENCE ADJUSTMENTS, 

5· 13. The DC Transfer Standard required for the following 
adjustments must be adjusted fo r optimum I-volt and 
JO-volt output accuracy using NBS-calibrated voltage 
standards. The Transfer Standard should be adjusted jus t 
prior to usc . After adj ustment , it should be left on and, if 
possible , kepI in a con trolled environment whe re the 
ambient tempera ture is within one or two degrees of the 
tempera ture at which it was adjusted. TIle following pro
cedure should be pe rfonned in that same environment. 

5-14, Ad justment Procedure. 

Equipment Required : 

DC Transfer Standard (Fluke Model 731 A) 
Standard Resistor ( 1 kilohm ± 0.0005%; GuiJd line 

9330/1 K) 

Standard Resistor (100 kilohm :t 0.002%: Guildlinc 
9330/100 K) 

NOTE 

All 0/ the referellce adjustmem s are screw
driver adjuslmcllls alld are accessible through 
holes ill the rcar pallel 0/ the Reference Module 
(rear pallei of il/strumem). Adjusrmcllt 
DeSignators are marked all the panel. TIle 
adjusrmclIls should be l)crformed after a 30-
mil/Ille warmup period lIIith 0/1 collen installed. 

a. SCI the 34 5S A controls as follows: 

FUNCT ION . .. ......... . ....... DeV 
RANGE .......... . ...• , . " . ... 10 V 
HIGH RESOLUTION ............... ON 
AUTO CAL . .......... • ......... ON 
GUARD . . . .......... . " . _ ..... ON 
TRIGGE R ....... . . . .... .. ...... INT 
MUH , .. . , .. , ...... ,., mF 

b. Set the DC Transfer Standard for an ou tput o f 10 V. 
Using short pieces o f number 20 AWG (or large r) insulated 
solid copper wire, connect the output of the Transfer Stan
dard \ 0 the 34SS A INPUT. 

c. Adjust the JO V pot for a 3455A reading of 
+ 10.00000 v. 

d . Set the Transfe r Standard for an output o f 1 V. Sct 
the 3455 A RANGE 10 I V. 

e. Adjust the 10; I po l for a 3455A reading of 
1.000000 V (± J coun t). 

f. Se t the 3455A RANGE to JO V and set the Transfer 
Standard for an output of 10 V. 

g. Repeat Steps c through f until o ptimum adjust ment 
is obtained. 



Model 3455 A 

h. Disconnect the DC Transfer Standard. Set the 3455A 
FUNCTION to 4-W IRE K OHMS and RANGE to 1. 

i. Using short pieces of number 20 AWG insula ted solid 
copper wire, connect the I kilohm Standard Resistor to the 
3455A INPUT and OHMS SIGNAL terminals in a 4·wire 
ohms measurement configura tion. 

j. Adjust the 1 ki lohm pot for a 3455A reading of 
1.000000 kilohm. 

k. Disconnect the I kilohm Standard Resistor and 
connect the 100 K standard resistor using the same 4-
wire ohm measurement configuration. 

I. Setlhe 3455 A RANGE to 100. 

m. Adjust the I megohm pot for a 3455A reading of 
100.0000 kilohm (1 I count). 

n. Set the 3455A RANGE to I . Repeat Steps i through 
In to obtain optimum adjustment. 

5·15. RMS CONVERTER ADJUSTMENTS (A15 AssV., 
Standard Model 3455A Only). 

NOTE 

For 3455A Option 001 illstnlltlt!tllS. refer to 
the Average COl/verter Adjustments (Para
graph 5-16). 

EqUipment Required: 

AC/ DC Digital Voltmeter (-hp- Model 3490A or 
3455A) 

DC Standard (Systron Donner Model 106A) 
AC Calibr:ltor (.hp- Model 745A) 

a. Set the 3455A controls as fo llows : 

FUNtTlON .................... ACV 
RANGE ........ __ •• • . • . •• •.... IO V 
AUTO CAL .......•....... • ..... ON 
GUARD .... ... ................ ON 
TRIGGER .... ... ....... •. •..... INT 
MAT H. . . .. .. .. . . .. . . .. . .. . . OFF 
AC- AC/DC(Rear Panel) ... .. ........ AC 

b. Connect a short across the 3455A INPUT tenninals. 

c. Set the Digital Voltmeter (DVM) to measure dc volts 
(auto range). Con nect the DVM low input terminal to TP6 
and the high input tenninal to TPS. 

d. Adjust R65 (PREAMP OFFSET ADJ) for a DVM 
reading o f 0 V ± 10 microvolt. 

e. Connect the DVM Low to TP6 and High to TP5. 
Adjust R56 (ABS AMP OFFSET AD) fo r a DVM reading 
of 0 V :t 10 microvolts. 
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f. Disconnect the DVM. Connect a clip lead between 
TP3 and TP6. Adjust RI6 (lNT AMP OFFSET) for a 
3455A display reading of 0 V ± 1 count. 

g. Remove the clip lead from TP3 and TP6. Adjust R29 
(LOGGER AMP OFFSET) for a 3455A display reading 
between 0.0998 V and 0. 1002 V with a 100 mY, 100 Hz 
signal applied to the input terminals. 

h. Set the rear panel AC - AC/DC swit ch to AC/OC. Set 
the DC Standard for an output of 10 V dc. Connect the DC 
Standard output (Negative Polarity) 10 the 3455A INPUT. 

i. Note the 3455A reading. 

j . Reverse the polarity of the DC Standard's output and 
note the 3455A read ing. 

k. Adjust R51 (AC- DC TURNOVER ADJ) so that the 
readings in Steps i and j are equal :t: 0 .0005 V. 

I. Disconnect the DC Standard from the 345 5A INPUT. 
Set the rear panel AC- AC/DC switch to AC. 

m. Set the 3455A RANGE to 1 V. Connect the DVM 
(AC func tion , autorange) Low to TP6 and High to TPS. 
Set the AC Calibrator for an output of I V, 100 Hz. Con· 
nect the AC Cal ibrator output to the 3455A INPIlT. 

n. Adjust R74 ( I V, 100 Hz ADJ) for a DVM reading 
of 1.00000 V ± J count. Disconnect the DVM. 

o. Adjust RI7 (GA IN) for a 3455A reading of 
1.00000 V:t 5 counts. 

NOTE 

1/. in the following steps. 'here is insufficient 
adjustment rallge for the 1 V, /0 Vor JOO V 
high-frequency (40 kHz) adjustment, the 
adjustmelll rallge call be expanded by renU)I!
ing the appropriate jumper wire on the A 15 
board (see Table 5·2). Refer to the A15 
board compollent locator (Section VIII) for 
jumper locations. 

p. Sel the AC Calibrator frequency to 40 kHz. Adjust 
R75 ( I V,40 kHz ADJ) fo r a 3455A reading of 1.000 10 V 
(tolerance -= + 20 counts). 

q. Set the 3455A RANGE to 10 v. Set the AC Calibra
tor fo r an output of 10 V, 100 Hz. Adjust R73 ( 10 V, 
100 Hz ADJ) for a 3455A display reading of 10.0000 V 
± 5 counts. 

r. Set the AC Calibrator frequency to 40 kHz. Adjust 
R72 (10 V, 40 kHz ADJ) for a 3455A reading of 
10.0010 V (tolerance"" + 20 counts). 

s. Set the 3455A RANGE to 100 V. Set the AC Cali
brator for an output of 100 V, 100 Hz. Adjust R94 (100 V. 
100 Hz ADJ) for a 3455A reading of 100.000 V :t: 5 counts. 

5·3 
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t . Sct the AC Calibrator frequency to 40 kHz. Adjust 
C34 (100 V, 40 kHz ADJ) for a 3455A reading of 
100.010 V (tolerance'"'''' 20 counts). 

u . Set the AC Calibrator for an output of I V, 100 Hz. 
Set the 34 55A RANCE to I V. Repeat Steps 0 through u 
until optimum adjustment is obtained . 

T. bla 5-2. Jumper Removal (A15 board). 

Adjul!menl Remove 

1 V,40kHz Jumper 2 
10 V. 40 kHz Jumper 3 
100V,40kHz Jumper 1 

5·16. AVERAGE CONVERTER AOJUSTMENTS (A13 
Assy., 3455A Option 001 Only) . 

5-17. The following adjustments require an AC Calibrator 
such as the ·hp- Model 745A. For optimum adjustment ac· 
curacy, the AC Calibrato r should be calibrated at I v. 10 V 
and 100 V at 100 kHz. The AC Calibrator's error measure· 
ment control should then be used to adjust out the 
100 kHz erro rs indicated o n the calibration chart. Fo r 
example, if the calib ration chart indicates that the 745A 
output is 0.04% high at I V, 100 kHz, se t the erro r mea
su rement control to ... 0.04% to obtain a precise I V 
output. The 745A can be cal ibrated during a routine pe r· 
formance test using the procedures outlined in the 745A 
Operating and Service Manual. 

5·18. Adjustment Procedure. 

Equipmen t Required : 

AC Calibrator (-hp- Model 745A) 

a. Set the 3455A controls as follows: 
FUNCTION .... . ............ ... ACV 
RANCE ....... . ......... . ...... I V 
AUTO CAL ................ . .... ON 
GUARD ....... • •.•....•• • ..... ON 
TRIGGER .................... . . INT 
MATH ........................ OFF 

b. Set the AC Calibrator for an output of 10 mY, 
I kHz. Connect the AC Calibrator output to the 34 55 A 
INPUT. 

5·4 
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c. Adjust RI 2 (DC OFFSET) for a 3455 A reading o f 
0 .01000 V :t 3 counts. 

d. Sct the AC Calibrator to I V, 100 kHz (use error 
measu remen t conuol). Adjust RI 3 ( I V HI FREQ) for a 
3455 A reading o f 1.00000 V ± 5 counts . 

e. Set the AC Calib rator frequency to I kHz (turn off 
error measurement control). Adjust R36 ( 1 V LOW FREQ) 
for a 3455 A reading of 1.00000 V ± 5 counts. 

f. Set the 3455A RANGE to 10 V. Set the AC Calibr3' 
tor to 10 V, I kH7 .. Adjust R23 ( 10 V LOW FREQ) for a 
3455A read ing of 10.0000 V ± 5 counts. 

NOTE 

If, ill the following steps, there is insufficiem 
adjustmem range for the 10 Vor 100 V higll
frequency (100 kHz) adjustmellf, the adjust
ment rallge call be expallded by removing the 
approprilIte jumper wire Oil the A J] board 
(see Table So]). Refer to the AI] board com
po"elll locator (Sec tion VI/I) lor jumper 
IOCQtions. 

g. Set the AC Calibrator frequency to 100 kHz. Adjust 
C IS (10 V HI FREQ) for a 3455 A reading o f 10.1)000 V 
.t 10 coun ts. 

h. Set the 3455 A RANGE to 100 V. Set the AC Cali
brator to 100 V, I kHz. Adjust R46 (100 V LOW FREQ) 
for a 3455 A reading of 100.000 V :!: 5 coun ts. 

i. Set the AC Calib rato r frequency to 100 kHz. Adjust 
C34 (100 V HI FREQ) for a 3455 A reading o f 100.000 V 
:t 10 coun ts. 

j. Repeat Steps d through i until optimum adjustmen t is 
ob tained. 

Table 5-3. Jumper Removal (A13 board)' 

Adjustmenl Remove 

10 V. 100 kHz Jumper 2 
100 V. 100 kHz Jumper 1 
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SECTION VI 
REPLACEABLE PARTS 

6·1, INTROO UCTION, 

6-2. This section con tains informa tion for ordering replace· 
ment parts. Table 6-3 lists parts in alphame ric order of their 
reference designators and indicates the deSCription, .hp. 
Part Number of each part, together with any applicable 
notes, and provides the following: 

a. Total quantity used in the instrument (Qty column). 
The IOtal quantity of a part is given the fi rst time the part 
number appears. 

b. Description of the part. (See abbreviations listed in 
Table 6·1.) 

c. Typical manufacturer of the part in a five-digit code. 
(See Table 6-2 for I.ist of manufacturers.) 

d. Manufacturers part number. 

6-3. Miscellaneous parts are listed at the end of Table 6-3. 

6-4, ORDERING INFORMATION, 

6·5. To ob tain replacement parts, address order or inquiry 
to your local Hewlett·Packard Field Office. (Field Office 
locations are listed at the back of the manua1.) Identify 

parts by their Hewlett·Packard part numbers. Include 
instrument model and serial numbers. 

6·6, NON·LlSTEO PARTS. 

6·7. To obtain a part that is not listed, include : 
a. Instrument model number. 
b. Instrument serial number. 
c. Description of the part. 
d. Function and location of the part. 

6·8. PARTS CHANG ES, 

6-9 . Components which have been changed are so marked 
by one of three symbols; i.e .. .6., ~ with a letter subscript , 
e.g., .6.a, or .6. with a number subscript, e.g., .6. 10 , A ~ with 
no subscript indicates the component listed is the preferred 
replacement for an earlier componcn t. A .1 with a letter 
subsc ript indicates a change which is explained in a nOle al 
the bottom of the page. A .6. with a number subscript indio 
cates the related change is discussed in backdating (Section 
VII). TIle number of the subscript indicates the number of 
the change in backdating which should be referred to. 

6·10. PROPRIETARY PARTS. 

6· 11. Items marked by a dagger (t ) in the reference desig· 

Table 6-' _ Standard Abbrevinions. 

~-
~ - - _._ ... - - --- • -• - , .... _-- -, ---• -" • -- • _. '0-'_ -, ---.-.. - - -- ------ - .. ,-, ,- - - -, • -. " ----- ,.- - -.- ,., ._ .. -
.- -- .. _" _'0"_ 00 -- - -- -- ,., -.. . '0' h •. ,. .. -•. - - • .. - -- , -- • -'" 111" .-.. -- .. --- - • -- .. _ .. ...,,,, .. -,. ... - • -" ~, ---.- - _ ......... -. ,- ----~, -.---- - _ .. " .,0-'_00 •• -' - ,-. ~ _ •• o·e .... - - - _ ....... -.. -- -- - -" ...... - - -- - -- -'- - _. .. ~ ... '" - -- •• --- • -, ' .. ...,,, - - - --- - .--.. -"' ,_ ....... - -. -- - --,_ ...... - •• -,,, - .. _ " "0- J_ ---_ .. __ .. ..-, _ .... ,,, -, _.- " -" • ... -- ~ • • O· ''''''' " 

__ ".10-'- • -• - - -® - --_. _._--... - -.. 
~ ....... - -- --'--'--""-- .- ~ _ .. ".10 . • -" ... _-_ .. -

• -- • - -_ .. _ ..... 
" - - - - _. 
• -- - -- " - ®-.. -. --• - " ,,- • ._- " _'w 
• - - -- ~. .--- , .. -
n - , _ .. -- " 

_ ... --, • .-.-.----...... , ,- , - " -- .. -" -.. -~ ... , - • ,- ' . --• -- , - , "-- .M -M - • -- " -- .. -• ---- - -- " - • .... , - • - .. .' - 0 --
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nator column are available only for repair and service of 
Hewlell-Packard Instruments_ 

6·12. EXCHANGE ASSEMBLIES. 

6- 13. Exchange assemblies are factory repaired and tested 
assemblies and are available only on a trade-in basis ; there· 
fore, the defective assembly must be returned for credit . 
For this reason, assemblies required for spare parts stock 
must be orde red by the new assembly part number listed in 
Table 6 ·3. 

6- 14. For service convenience. the Processor Assembly 
(A3) and Reference Assembly (All) may be replaced on an 

Model 3455A 

exchange bllsis. Use the following part numbers and descrip
tions when o rdering the exchange assemblies. 

Processor E$Change Assembly (A3). -hp- parI number 
0345S·69503. 

Reference Exchange Assembly (Al l), .hp- part nu m
ber 11 177-6950 1 

6-15. SERVICE KIT. 

6- 16. A service kit is available to aid in th.e repair of Ihe 
3455A. This kit contains Processor and Reference Assem
blies (A3 and Al l ) and selected components necessary for 
efficient repair. The Service Kit may be o rdered through 
your nearest Hewlett-Packard Office. Order Service Kit 
Number 03455·69800. 

Table 6-2 Code List of M.nuf.ctureu. 

Manufllelurer 
Number Manufacturer Name Addren 

FR002 EFCO Components Salnt ·Malo France 35 
GM077 Amp Dlutschland Germenv 
00000 U.S.A. Common Any Supplier of.the U.S. 
ool 1J Jermvn Indullries 
0022U United Chemicon Inc: 
0112 1 Allen·Bradlev Co Mi~ukft. WI 53212 
0 1295 TeXil Innr tnc Semicond Cmpnl Div Oallll, TX 7523 1 
02735 RCA Corp Solid SlIte Diy Sommerville, NJ 08876 
03888 ICDI Pvrol ilm Corp Whippenv , NJ 0798 1 
04713 MotOfOIa Semiconductor Products Phoenix, AZ 85008 
01263 Fairchild Semiwl1(li.lctOr Oi ... Movntain Vitw, CA 94040 
11236 CTS of Berne Inc Berne, IN 46711 
11237 CTS lCectne Inc: 
11502 TAW Inc: Boone Div Boon" NC 28601 
14140 Edi50n Elek Oiv McGraw·Edilon Manchelltr, NH 03 130 
15B1B Teledvne Semiconductor Mounta in View, CA 94040 
16365 Dayton Rogers Mfg Co MinneaPOIII, MN 55407 
17B56 Sel1tonlx Inc: Santi Cllr" CA 95050 
19701 Mepc:o/ Eleclfa Corp Minerai Wells, TX 76067 
2"226 Gowanda Electronics Corp Gowand., NY 14070 
2" 355 Analog Devices inc Norwood, MA 02062 
24546 Corning Glass Work' !Bndlord) Bradlord, PA 16101 
24931 SpeciallY Connector Co Inc Indianapolis, IN 46227 
27014 National SIImiconductor Corp Santi Cllrl, CA 9505 1 
27264 Molele Producu Co Downers Grove, IL 60515 
' 8480 H_ len·Packard Co Corporat' HQ Palo Alto, CA 94304 
32991 Bourns Inc Trimpot Prod Div Riverside, CA 92507 
34335 AdVllnced Micro Oevic:~ Inc SvnnyVllle, CA 94086 
56'89 Sprague Electric Co North Adams, MA 01247 
7 1785 TRW Elek Componlnu Cinch Div Elk Grove Viii., IL 60007 
72136 Electro MOliw Corp Sub I EC Wlll1mentic:, CT 06226 
73138 Beckman Instruments Inc: Hellpet Oiv Fulltlrton, CA 92634 
74970 Johnson E F Co Wawca, MN 56093 
75915 Unelfuse Inc Des Plain", IL 60016 
79727 C- W Indunries Warminltlr. PA 18974 
'G464 Bergquill Co Minneepolis, MN 55"20 
91637 Oall EIICtronics Inc: Columbul, NE 68601 
91833 lCeVS10ne Electronic' Corp New York, NY 100 12 
99800 Amer Prcn Ind Inc: Deleven Div Aurora, NY 14052 
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Table 6·3. Replaceable Part. 

Description 
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U,ACiJo.-F1D 200.' . - U J GO;!YDC IIIU 
U,.tITOR- f.lG l UF0-101 JS<j1K fA 
U'.tIlOA-fiO 100" . - $1 1 00l0 f ll( "'U 

tA'IC II OlI-f~O _lZUf ' - I OI I) WDC fA 
tA.AtIlUlI- f 1G l\1fo-l0 1 lSfIK J. 
tAP. C I l Oll-nO .22 Uf. - IOIIo 35 woe fA 
, ... CIIUlI-' lO . 0lUf " 11-1 0 1 n~WDt Ua ' .'.' IIQ1l-fl (J H OP' .-51 J:JO~.O( III ' . 

t "".ClIOIl- U O 101'0-'0 1 :OSYIK .. 
U'4CI10111- U O _ CI Iif . Io-ZOI I OD oIy Dt CEA 
U ' ACIJa.- f.l O SI O" o-U J OOWY DC 'UU 
tA'4Clloa- f.lG I Uf ..... IOI J )w1K fA 
c.a'.;UlJR- n G I Uf .... l 0 . JSWK I . 
CAPACITOR-fXO IOCICI'F ... ~ 2!(MV"'C CEil 
CAPACrro ...... fXO IUF +-'011 .. voe T ... 
CAPACltOR_ f Xll IUf +- '011 JliVDC t ... 
CAPACITOR _f XO • .IISf +-2OII1VDC TA 
OI On-P>iR U Cl n Of t. ) . 
OIOlE-PWR h e J 1 00Y t. , • 
OIOOE-$II' lItHI NG , o w 10011. ZM~ 110- 1 
OI OOf-5.III">IIIO' 10V lOO'" lll~ oo-r 
OI O.Jl-$.IoI I U.M ING 10f 1 00111 ~ NS 00-1 

OIDOE -ViR INSHII 14 W H , ;)oS ~ I t· . 1>1 
OI OO E· ... R Rt:CT 4 00 Y 1)0 ..... ~1I-l9 
OI OOE· .... R Rltl 40 0W 15011. 0D- l9 
OI O~f-S .. II ' H .... ' ,O Y l OOIl' ZII S 00-1 
GI OOE - LN • • • 19 f Sl 00- ' 'O" ~~ I t ••• 01U 

OI OOi -LNl ~.61V "~J PI".~w 1(--_OUt 
O I J~E-LNR IN SJ ' " 14W n ' O-S ~ 1(- ")1 
OI DOE- SllnCHING lOY 200 1U1 Z H~ 00-1 
OI OaE-LNR ' .00. 51 O~I ' Y • • 411 JCu . OSU 

COltNEI.IUIl ~- 'IN II ro~ 1 TY'E 
t(.lolN~ClOR IJ-PI N II ' 1);> 1 "P\' 
t o"U'lftJOJI. ._RIII II ' 0 51 1Y' ~ 
' OIIINli tla. .... "10 II .... ~I Il.t 
COfIINH I DR-rt UIGE 1 !>-C0I011lt00l .z-RUwS 

COIINE " UIl 1 - ...... PIISI ".~ 
t\ll'i.~i Cl Oll; IS-P'" III 'US I IY,l 

tUll-lIlO IIIIH )I Q • • O . 19Qt . \ '4lC SU_J.IItol 

I AA~ SI$I I;a ,,., 5 1 111-11 ' '''")0011'' 
h ' 4,"SISI QIt NI'N IN.!U2 Sf I ~-Il> 'Oo~~ 

IM. NS! SI QIt "'" .t"Ull 51 I) -lot ''''''_01 
f Rl 'lS UIQIt ,,.. 51 10-11 "._ 
f!(.l~SI Sf Olt N' 1j 1 0la~l SI 10'1' '0-)0<111 " 

J'UIISI$ IOIt PNP 5 1 19....11 'D·).OIt~ 
n UI$151a. . tiP 5 1 'OoJllQlloi ff·"""H..I. 
IU 'SI~l o. , ., 5 1 ' '''''lila!!'' n . a DflHL 
fklNS I Sf Olt'HI 5 1 'Do1OO II~ f l _ 15_l 
n l NSI 5 UJII , ... 5 1 DAoil f D-UD ... . ' 41_10011 

CAPACltO R_ f kO . IUf • ., _~ IODVDC CER 

Mlr 
Code 

U~ID 

ZIUO 
SUit 
~ZIt 

"2" 
"'lit 

,.u .. ,.u .. 
HZ" 
Mol" 
NoZ I1 

Moll' 
lI410 
Moll' 
,.llt ,.,,, 
0011 <.1 
Mol U 
Sll l9 
nuo 
54l1' 

SIll' 
~ .. 
nil' 
SUit 
l UI) 

SOOZU 
54Z U ." .. 
nU3 
nuo 

54U' 
21410 
lIUO 
54l1' ,.2" -.-
~"" 
~"" I14JU 
0<>1" 
nuo 
""0 UUO 

04JU 
U U O 
ZI" O 
n uo 
n~.o 

!kIU 
OU/J 
1." 0 

""'ll 
U Z"" 
HZ " 
Uh4 
ZlU 4 
n us 

" . 00 

2UID 
ouu 
114 0) 
,. ~n 

114'" 

lU.O 
llU D 
U~IO 
11"0 
U 4,0 

2 .. 80 

See In'rOO,,<:1Io n ' 0 Uli. !lee,IQn fo r Qrderi". Info rml llGn 

Mfr Part Number 

0)45'- 'UOI 

01&D-Q,.2 
lSODIDSUlUu.Z 
l SODI~ucwon 
iSooun, l),I; o.U: 
iSlIDun, ouu 

UODllU'QZOU 
I SOOZZUU1UI 
UOOI"'UOZI»Z 
UOOllSUl),I;o.U: 
UOOZl'UOJSA.i 

IJ;COI"'UOZOU 
OUo-OUI 
U OO IOU'Olon 
UOO I OSltOlu.2 
ISO D IO'~90J SAl 

Z S VI~i.lOOO 
ISDDUU"OIUZ 
UIlOIOS.~O)SAZ 
OIlD-""~ 
UOOIOU'OI5U 

IS OD IO"'O)S&2 
U OO Iosn01SAZ 
OllnfZOI~OnQ""u. 
U OO I O'.'OISAZ 
0 l'D- Z10<> 

l SIID12U'OJUZ 
150010,.901u.Z 
1.iOQl24XiOaAl 
01.0- 2US 
Ol .o- Ola.! 

U OO I DSUOlSU 
OISO-IIDU 
OI 6D·Ol a.! 
U 1ID1 050Q) SU 
U oo lo,n01S11 
OUIO- GIII5 
I!iOOIO!iXllOJ5A] 
1!iOO 1 O!i QO;J5A.l ,-""""" $.l IU ...... 
$.lUw,- . 
l'tOI -OO J;C 
n OI-oo J;C 
190 1-0050 

IN SUII 
l"OI - OO li 
U UI -DO l ' 
19'01-0050 
UOZ-OO~' 

U 10UI-U 
usu u 
U OI -OOSO 
U 1D'J)9- U S 

09- , 0- 1O<oIIZ'01- OU I 
Zl-O~-l ill 

O"",o- l Ot. 1 
0 ..... 0- ' '''1 
25Z- I5-')o- J OO 

U-II't-ZOIi 
ll-0~-1I" 

l SOo-21 

Ih) -DO I O 
l 'UllZ 
ZNllll 
IISJ -DOU 
l lUlll 

liB-DOl O 
IIU-OOlO 
1151-0010 
IISJ- IION 
I U J-D' O't 

OIIlC). .. n 



Reference 
Designation 
41012 
.. ou 
U~'" 
A I~U 
A1 rill> 

" \III 
AUI1~ 

AUI 
"Ml 
AI Ml 

"II ~ .... ~ 
Al l . 
" 1"7 ..... 
AI II9 
U"H 

" ;oil 
""U 
U"I~ 
"'il15 
U ~ I. 

AI"" 

""II .. IMI V 

" .. 11 
AIIiU 

"I"n 
AI .. ;,r~ 
Al k:.r:~ 
UM~~ 

UMli 

"~d 
A1 .. l ~ 
UKil 
U"l~ 
UM1J 

U"J. 
UrUS 
UMU. 
U Ul 
Url J,a 

"1"J9 
'1"100 
1I ~1>1 

""I>l 
"UAl 

u .. l>~ 
U .. ~ ) 
U,,~ .. 
£1 ... 1 
AU ... 

u,,~ 

.UH 

U .. "" 
Url"~ 
.h' ~. 

u" ,.,. 
U .. » "' .. ) / "'",. 
AU >" 

.lIlt., 
&I .. ~ 
AI .. ,,) 
.I .. "~ 
Ah.> 

.,,, .... 
U .... , 

"'IMII <I " "'RM 4.. 
"lSI 
"I ~ I 
' I~~ 
UUJ .. ~ 
"'~> 

HP Part 
Number 

lISl-OIoOII 
II:U-~Oll 
IU3-~01l 

1I»-~01l 
un'OI>~ 1I 

II!)-~II 

lag-""Oll 

(1)7-02YO 
O"' -Wn 
O"'-W"O 
01H' 04!J3 
OH1-1U1l 

01)I-o.!90 
01"- 021) 
OH1-1U90 
OH1- o.11) 
01$1420 

OH1-GilOI 
o .. 9$_l>l> a l> 
01 )1-0..." 

""~ OHl- ""1 9 

07" _""b~ 
01)1- 0)411 
0757-oz8D 
( 1 )1-0"9 
01 ) 1- 00W>S 

0.'>8-.1>8 . 
tm;7-028i1 
0 7 ) ' - 010" 
OU1- U<o.~ 

O .. 'rIII-.~h 

07)1-OHII 
01H-O<oIU 
11151-0<065 
0l) '-0;,r81 
01>7-0211) 

01n·ouu 
III )1-0<0. l 
UUI-Ol e J 
U151-o.!iJ 
U'·'-021l 

OIH-O~U 

l ' II;t-GU'~ 
OlH- OI" 
01n-01H 
O / ~l-o;.,n 

01n-O'o~ l 

O~'i6'I>I>~ J 
OUJ-OIoU I 
U1) ·/ -0)U 
Oln-""O/ 

0 1 57-0<001 
( 1)7-UoH 
( 1 ) /-1U'" 
01"-",,29 
01 ,,-"" .. , 

o .. 9a- . lll 
Ul ) 1- 0dJ 
0 1 51-l.I.lll 
(7)1-11<11:1 
OI)/-U;,rSJ 

(1)/-""~0 
0 1 )-I-""'J 
Oln-O'o;:O 
Ul~J-,)l I ~ 
01)1- ..... U 

<l1 )1-0dO 
0 1 )1-G~aa 

0751....oc.2 
On;7-QOO1 
3101 _ 1113 
l~ lrrilOU 

Ulrr lU1 
I Uor l "'H 
il lrr Itll 
la20- 1 ;,r~O 

.)A SH NOTE ON SCHE MA TIC 10 
4 . SEE NOTE ON SCH~MA1IC 10 
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Ta ble 6·3. Replaceable Parts 

Description 

llU'UISTOII , .... SI Oo\JI;l Io-UOo1.I '0~0001I 

lUH51STOII , .... SI lUlU 100llOAa '0-6011 
IUHSISHIl , .... 5 1 OARL. 111-220" 'O~6011 
I UH5 1SI OII , .. $I DUl Io-uon '0006011 
lUHSlSfOIl , .. $ 1 OIolll To-no • • '0-6011 

llUHS I SlOll ,., S I OAal 10-nOAa ,o-,ow 
I IUNSIS1011 ,., SI Oo\JI;l 11;t-nOU ,0.-_ 
KH1 HIII 6 . 11IIl 11 .IUII , "·00-100 
lHUTIII ) . Olll It . I-UII , ''~0''''100 
U$ I S ' III 6 .1 911. It . IUII ' 'e~o""loo 
IHUH" ).0111 it .USII , ''~00-100 
IUS I S I OIl lK I' .USoI F 1'-0_ 100 

I nU IlII 6.1'IIl ... U~~ F fe.o.- IOO 
IUI"IJI ).01J( ... USII F "-0 .... 100 
I ES UTOIl 6 .1 91\ it .USII F T' · 0 .... 100 
IU:$ I HIJI 3.011l U .USII F "-00- 100 
U$I"III 7$(1 .. .125 11 F fe_O o_ IOO 

IH I SIIII I ~ U .511 , fC_Oo_IOO 
I H IS I IIIl 19.11l II . 1.;0 11 , le·O .... IOO 
IU:$ UTIIIl 22.M ... Il). , fC·OO- I OO 
11:$1 $1(11. 13.3K .. . IlS. , ft· O .... IOO 
IlH I HDfI 611 U .us. , "-00- 100 

/l H ISHIl l OOIl U .usw , I C_OO _ I OO 
/lU IS1CJI lZ.M 11 .125 11 F " - 0 0- 100 
IU:S I STOII 13.31( ... I l)~ F f'· Oo- IOO 
IIH I SfOil. 611 U .12511 F f ' ·Oo- i OO 
IES I SHIl lOOK 11 . 12501 F rc_OO _ I OO 

IU:SIHOII I9 . U it .1l~W , 1t·0"'100 
1I<5 1$IOR 13.31( it .Il~ ~ F 1t·0 .... 100 
~HU I OR 611 U .USW F It·OO- IOO 
IU:SlS HII 100~ 11 .125w F f ' _O ' _ IOO 
RH ISIOII 111.10; II .IlSM F lCoOo-IOO 

KH iS l (Jl ll . ~ U . 12SM F I C· OO-I00 
IIU I UOR 301 U . IUII , " - 00- 100 
. f SlSIOII tOOl 11 .IlSW F fe · oo - tOO 
I'.(S I $IOII I II II .12SI1 F rc_Oo_IOO 
USlHUIl III II .Us.. F feo Uo- IOO 

IlUI5rOll 10; U .I2SI1 F ,e_o o _ tOO 
IlESISIOII 10K U .I UII f 1'. 00- 100 
IlU I SIOII 211 U .12~~ f 1~0'- 100 

RHiSlOII lK U .12 ' 11 f It -O ' - I OO 
,""S ISfOl lK It .1251< F " .00-1 00 

IHISIIII U II .USIrI F l e_O o_ l oo 
ItE r . OlI.I-IU .... 'IM-Sl' .IS-I' IM- SPCG 
IU I UOII Zl . 5fi it .U~" , 1' _Oo-tOO 
IlO'SISIUII 1I . SK U .Il)" , re·o .... loo 
M S lSfOll ) .OU U .U~W , I C· O .... IOO 

IHUIDII; 1011 U . 125" , l e_o o_ I OO 
RUIS IOII 1>0l U .12511 f ' C·OO- I OO 
U5 1S1011 100 11 . l lSW ~ re-oo- I OO 
IlLS I5 UIl H II .12511 F It·O' - 101i 
IIHISIOR 200 II .125" F n_oo _ I OO 

US I STUII ZOO U . In. f T" O' - I OO 
IlH I S I OR I.ezo; U .U S" f n-o_loo 
I ( S ISTOII U U . l l511 ~ f C·Oo-IOO 
I ES I S I IJI 1. IlK 11 .U SII F l C.Oo- 1 00 
hUSnJl ~OO u .I2SM f 1t.00- I OO 

I U ISIUIl '99 U .125 M F IC 'O ' - I OO 
Ilf S I SIUt II U .1l)W f It- O' - IOO 
Il ~S iSltJI lK " .12S1f F 1'·00- 100 
RES I S TOR 2 11 II .US" F fC_O'·IOO 
I H I SIOR III 11 . 125~ F " ·0. -100 

IltS UUIl U II .12501 F It · O_IOO 
RH I SHII III II .llS" F It_O O_ l00 
l~$ I SlUt 150 11 . l h W F 1'_00_ 100 
RES I StOR til U . US. f I C_~ O _ lIlO 

1I:$ I S l(lfl III II .1~~1I F IC-O_ l 00 

I H I SI\III I II 11 . U~. F 1'·II_tOO 
IltS IS I OR IK U .12~~ , rc_Oo_ IOO 
A(SISTOA 10K ' " . I25W 
RESISTO R 100 ' ''' .12$W F TC- O. _ lOO 
SW ITCH_SL l _ I"'_NS DIF_Sl IOE_ASSY . 1'" 
1'-(" ' 11"" SPlHI. SOSH TTL LS HU I 
1<..-o ICIUL SHlUSOOH 1fL LS OU4<l 2 HANG 
1t-')lCiTA" s "rl>l~H IfL HH I 
\C,OIG I U l SPlhUhM III LS 0<.1"" 
IC- OIG I1 .... ~NhUO~., ilL LS KH 1 

MI. 
Code 

lIUO 
ZIUO 
21UO 
ZlUO 
ZlUO 

lIUO 
uuo 
1\1101 
l.S<I, 
ltl01 
l~JU 
l. ~.6 

19 101 
2UU 
u r OI 
ll>~U 

HH' 

111101 
Z.5.' 
265 •• 
2.5" 
ll>H6 

Z6SU 
2.5 •• 
HS'~ 
l.SU 
Z.~ .. 

l1>5.6 
zuu 
2.5U 
HH6 
2.5., 

US .. 
lU.~ 
2UU 
zuu 
ZUI>' 

US66 
ZUI>. 
zuu 
2'''' 
l'S'~ 

Z.H6 
lIUO 
24SU 
2HU 
2.5U 

2U .. 
l . S" 
lUU 
z.1>s., 
UH6 

lU6~ 
z.s. .. 
l. 5.6 
HSU 
l 'H6 

2UU 
Z. H 6 
26H6 
2651>6 
Z6SU 

HSU 
lU'~ 
HS6~ 
HS66 
H SU 

2'SH 
26H6 

'"'" """ 1123/ 
oun 
01295 
0 1295 
oun 
DUllS 

See Introduction to this sectio n fOl orduinc In lorm_tion 

Mfr Part Number 

"53-010011 
I U)-M 09 
"5)·0<009 
IIU- ""09 
115)-01009 

IIU- '" OIl 
I 'H- M09 

"""' I Il- l o-61"-f 
' .... '"- lD-JM I-F 
!If ~ClII- I 0-61 91-' 
' .... 111- to-ll1.1 l - ' 
' . - I II-TI;t-ZOOI-' 

~'~ I "-lo-.1 91-" 
' .... II.· ' o-JO.ll-F 
IIF"' I II- ' 0-.1"-' 
' .... lIe-rI;t-JOIl- F 
' .... I II- TO- 161 -f 

IIFlt - lIZ-10-1SI -' 
' .... I,.- 10- I .U-, 
' .... I II · lo-UU-F 
' .... II.- TO-I332_ F 
' .... '/e-TO-ul . - ' 

t 6-1/'-10- I OO)-' 
U- 1 1I- 'D-~t6~-F 
' .... III-lo-l )32- F 
' .... III- ID-UIl-. 
,.-111- 10- 1001-1 

' .... II ... fO-IUl-' 
' .... I/.- ' o-Im- F 
' .... " .-To-61Il-' 
' .... 111- 10-1(0)-1 
CI>- lIi- TO-UU" 

' .... 111- ' 0 -221>2- . 
' .... ' " - 'O-JI1III·' 
' .... 1' 1- 10-1 OOJ-' 
,1>- I II- TI;t-ZOOI - ' 
' 1>- III-l0-1001-f 

C.- III· I o- I OD1·' 
CI>-II.- , o- IOOZ·f 
C.-III-lo-ZOOI-' 
' .... III- ' O-lOOI-1 
' .... I I1· TO- 2001-' 

C. - III - l O'ZOO I - ' 
tll o-OO55 
t'- II'- TO-~ 1 Sl-' 
t .... II.·IO-li S~- ' 
, .... ".- f O-JOIl - f 

,,- II.- lo-IOOl·F 
' .... III- TO-."',U- F 
' .... " .- I O-I OI-f 
' .... I II- IO·3 UI;t- F 
e6- I /. - l0 - 201 · ' 

' .... I/I- 'O- l (l,l - ' 
,I>- I/I·IO·IUI- f 
'.- 111- 10- 1001-1 
' .... '"· 1D-11Z 1-' 
C.- 1I1-10-l01- f 

t .... II.- TO-.. U - ' 
C .... III-IO-~O OI·' 
C .... I II- 10 - 2001 - F 
U - III- ll;t-lOOI-F 
' .... ".- 10-1001- ' 

'1>- 111- 10-1001-' 
'1>-1I ' -lO- IOOI · f 
'~· II'- 10- nl-' 
'1>- 1/1- 10-1001-' 
U - III- l o- lool - F 

'I>-III- To- lool - ' 
'l>- tll ' l o- I OOI-f 
0I_ I/l-l O_I002_ F 
0I_ I!1I_ lO_ l 0 l _ F 
2011 TYPE 
r.NHLSOSil 
S/IHlSO~ 
SPI "U.~ 
SHHt.5HH 
$HHoI.$05/1 



Tab le 6-3. Rep laceable Parts 

Reference flp Part 
Oty Description MI. Mfr Part Number Designat ion Number Code 

Al U .. 18<0-15" • I t-D IGITAL Atl '4IP TTL _ QU.O 0'111 1It)" I P 
.1111 112(>0.120' , I t-D I GIT'" S"'~S2lll TI L LS ' Pl • ~ . OI2U S lll~SHN 
H UM 112D- 1I99 • I t-O IGlTAl S flll~SOoWt til lS IIU , oun Sill U SOU 
Al U" 1I20- l na It-D IGITAL Ml"IP TTL - QUAO ouu IItHH" 
".1 '0 112(>o. 1In It-DIGnAl SII1W-S0411 TTL U H~. , oun SNl4lS0~ 

A'UII 112(>0.11"1> ,. It-OICiIUl 5f11lW-U HII TTL 1 S "Ell 01Z" SN 1U$lHN 
HUll 1120-US. I t - DIG"'" 

11(;)4411' Hl _ _ 0 
04H1 ..cH' I P 

AI.I" ,UO"' U O, , 1t-01Ci 1T M.. 511141 50111 Ifl IS QUfoO , ~, OlZ" SN1USO ... 
&lUI~ 1I2(>o.IlU I t-~ I G I Ul SlI14l Soolol TIL U QUfoO , IoIAilO Dlln SII1USOIIJII 
H UI) 1120--1191 • I t-O l IO " '" SfIIl'L SOlN Ifl U QUAD , .- Dun SNHlSD11I 

.'U. " 11120-1198 It ... DIGIT Al SfIIlU $OlN '" " ~w 
, NAIIO oun $/o14t SO lH 

AI U' , 11 20--11"" It -O IG"AI SNhLSO)N '" " QUAD Z llANO OUU SNH1SO)Ol 
A 1111_ 1120--1198 IC-OIGIT M.. $ II1W- SO)N ITl tS QUiW) 2 llANO 0129S S""USOlN 
'1U19 I ~'!o-lln It- P ICi I UI $1(/"'-$1 1'11 TIL U ... DU9~ SII"'lSI HN 
H.I~O I UD- Ii,. I t-O I GIIA!.. s.K1W-S I 1411 1f t U ." Ol n! $/oJ",-SI HN 

H Ul l l e20--'~"~ • I t-D I GIT AL SI(/"'-SUSN '" " ~" 
, 
'" DUU SNHlSU ' II 

A'Uli U 20-- UU It-(II GITA!.. S IIJ"'-SUSN '" " 
,~, , ." olZn SNT ' lS12511 

Al U2~ 11020- 11 9. I t - OI GlT.l S IIJ"'-5I14II m " ." Oll" SNJ"l SI7"N 
AI"l~ U20--II"" I t-O IGITAl SIIHU Il"N TT L IS ." OlZU 5"""1.51 "" 
4"'U UZO- IIV. It-O IG 11 ... SII70l5114ll Til IS ." 011" $II"'l SI "" 

.. ' ''~ " 1120-liU I t-D I GlfAl SN7",-S hN II I I S OU.l Dun $.Nnl$l~ 

"V~l I'fCXr- Oi,lU , 0 100£ MItAY lIUO ' ''06-00'' " "l. U2 ..... U.0 , I t-O I Iii TAl 5Nl4l~ 1 1 11I m " Dun $IIJ",-n"", 

"' ''l~ 1120- 11"6 It-J I GIT.1 $NJ"'- S lnN m " ." 01295 $Nl"lU 74'" 
.1" .... II.!O-IZ'D It'''O l GI T ... 511"1..SIIIN m " oun 5111"'-SUI II 

. I "'J I 1I<D-1l96 It-Ol GIT A!.. SN7",-SIl<oN Til l S HEX Dun SNJ"'- 5 1 1~N 
&111 );/ 1 1~D-1l0' , It -O l GITA!.. SN1"'-Sl l N Ti l L$ QU.O '" Ol l 91 SNHUllN 
AlUS~ U 20-- l l H , 

It -O l " '''' SIfr"'-SI U N ITl LS ) DIlU $II '4l 5 I U II 
"111.>4 U20-U_ 1I I t -DIGITAl SNJ ..... S I25N TI L lS OUAO 1 a U5 OIlU SN n lSIl'II 
u lln 18o'U- I !>i>' It-OI GIT . 1 S IIHl S l lJII TTL l S QUAD I IUS olZn SNJ4I.$.1 2S 11 

A'U'" 1120--14)2 , 1 ~-O l G I TA!.. $ N7"'- S I61N '" " ... OU.S $.HJ",- SI6)N 
.,~ :n I120-HU I t-O I GI TA!.. SNJ U SI6)N TTL l$ ... OllU SHJ H 51 6111 
A I U,I& U lD-IlD I It -O l lill A!.. SN1"'-SO&II TTl l5 QUAD l - OIZ U $.HHlW.fO 
AlU~~ 1120-11'" It -g l Gl TAl S IIJ"'- 5~N IT I lS HU I OIlU $NHl $06N 
AI ~~ 1 820--1112 I t - II IGlUl SfOHlSHN Tl l · t S UU tol. ouu SII7"'- SHN 

AI~101 U20-UU 1C-~I GITAl S Nnl s u a N TI L " • 01295 SNl6lSIlI11 
ll .... ~ !8.iG-lS6B it -D I GI TAL $1I1",-SUSN TT L " ~UAO , ." Ol l95 SN16l$1~SIl 
liliU 1 1I20- 1~6B IC-O I GITAl S JOW-SI2SH ITl " ~., 

, ." Oll", 5NHlSilSN 

"' ~ ..... 1'111-0199 , I t .... "II~.PC III .. II NIlUS l'llS A"''' II~A~ 
A lu ~~ u l .... Oln I t AN" H2A~ IK ..... kilOS l Un J.II'III2J.'< 

.I"~. 1 '20-II.~ it-DI GIT Al SN'W- SD1II I Tl l S QUAD l .~, Dun $IIHlS03N ... ,, ~ , 182D-I2U I it-O l Gn . l SN''''-SO," TTL lS OU . O l M' Dun $NHl501lN 

.' II~" 1I.tO-IIoH , I c ... ) tGU.l SIO W- SUlli TTL 1$ DUAL Di n s $,.,61$lUil 
u"~,, I&20--U.' I t-D I GITAL SN74L S04N TIL l S IIEI I OIl"S SN H LSO 'oN 
AI~)O I • .l<>- IIU IC-D tG I TA l SNl~l5OON la LS OUAD l ~"' OU"5 SNHl 50 0ll 

UU~I 1&20- 119 1> It- DIGIf'" S"''1 '''- S I7~II TTL LS HEX DU9! StiHl SI HN 
.'II)~ 1120-11 9'1 IC ... IIIG ITAl SII14L $ 04N III li MEl 1 0 1 29 ~ SHHlSO~II 
A I~ ~l UlO-l~O. It-P I GH At S"U "'- Sl711 TTl l S TI'L 1 ~ oun SIlJ~ S1 'N 
. , ~,~ IUD-II"I> I t ... Ol GU At $ fIJ"'-SH~N III l S HU 0 1295 $N1"'-511411 
"I",S, "20-11'" it-DI GI TAL 5111"'- 5ODN IT l U ~UAO 2 ",,110 0 1295 $H7USOD II 

"" ... I11 20-U~S , I t·O"" ...... $ 1I'~l S"SN ITl l$ OU.l ~ Oil'" SNl6l $l SSN 
.1 1I~1 4 .0. 1.2\1-0987 , IC ENCO,. TTL l I!-.NI' =, 83lllIPC 
"IUS_ 11 20-- 119. It-P" " AI SNJ"'-$IHII Til IS HEX 01295 $Nl6l 51 14101 
'I II'~ U20--lue it ... PIG IT ... SlIhliOlN Til lS QUfoO , N.NO 01295 ~NHI SO)Ol 
A I ~.u 1820- 1191 " - OlGilAl 511l4l S01N Ti l tS WAD , H.NO OI 29S $/oHl50)Ol 

0 1 ... ' UZII-I IH " -O I GIT M.. S"'lW-SOOH '" " ~w 
, IIA"O O12"S SN14lSg0N 

UU"~ I I~D- I I>O' , I(-P IGITA!.. SNl",- S4IH III '" oun SNHlS~1IH ... ~ ... 1 1lV- IIU it-OIGl IA!.. $1I1W-$ ,,,,,, I II lS IIU Oil'" :;Hl~l5 1 J~H 

.. ' U .... l ~lO- l ~~' It- liGnA!.. SNUlSI'SN TTL IS 0 ..... 1 , 01l9S SN ''''- 51 n N 
"IU", "20-119. "-0 11011'" SNJ"'- HHN TTL lS tlEX 012'" SN''''-S1HN 

.. I ...... U~II". I t-D I GH A!.. SIf1U S I HIl '" " .n Oil '" $Nl "lS' JU 
• 1" .. , I UD- 1I9" iC-O I GIT.l S IlI~U I"N '" " ... 0 12 " ! SN76lSIHN 
AI U"" 1 <l~1I- 1l9~ It ·P I G"Al SIIl"'- SlH N '" " .n 01295 5IH4I.. SI1~ 
~1 ~"9 1.20- 119" It-Ol GIT .l SII''''-5IHII '" " ." Oil'" SIIJ6lSI HII 
'1~1 0 UJD-lIh It-OI GI ' At SN1W-HHIl '" " ... 0 1295 SII1",-SI J~N 

. l Ul l U .tO- I1~O , 1C-~ I G I Ul 058863 11 ItOS_ OS'1 O"fll lIOH DSUd" 

'101 UIo . \l- I OO I , G"-'SUl , QUUTl 1.3 MII2 2UIO ~lo- iOOl 

1 2 OO-O~IS , SOCHf ll t U - I'III PC IWUN JiN G l lUO 1l00-04U 
I lo.rO~f) , W~IlE T- I t 11>-<0.11 DI'-StOlO. llUO 1100-04U 

"Jto-o"~,, , _UUS ~U-IIIJl 00000 ~, 

utO-ll<>iI1 > .~II$ IU-Nill 00:100 '" ~O~O-OllU , Gu l lIE' I'I. UC:- I H PC 110 .1.11 11 lUU '04 0-0110 

.I." StE NOTE ON SCIlEMATIC .0 See InlrodUCIIon 10 Ihl' Mctlon lor o rderi'" Information 



Table 6-3. Replaceable Parts 

Reference HP Part Oty Description Mlr Mfr Part Number 
Designation Number Code .. D)"~~-"'\DZ , 

" USf NIIl. J, DI SPU' ltUO D)U~-~UOol 

.~C~ I tll ...... D~U " Uo.-YISIN.E LUII- IHl _ZIIC O I f_ZD IIA_IIn 21'10. l"G-OH J 
&~~N l 1990-05H LEG-VIS I IILE WlI-lHhZIICO IF 'ZO ll&- IIAll uuo 11I1IG-05H 
Al~ llJ I99G-D5·U nil- VI Si t U LU~IHl _Z~D If·ZOll .... N .... u .. to IIIIICl<-OS .. J 
.~~'u 1990-0>U UO-VIS I 8I.E W II -IHl·ZlltO I f·ZD II&- IIU 2 . .. . 0 I HG-05U 
&lCN) U_O~'" LEO-V I Sl aE UlII- IHl_2~O I f · 201lA- "n 2Uto InO-05U 

.~CN. U 90-0541 UO-YISUlt W .... IHI· ZIICO If _IOIlA_lIn ltUO l HG-OH' 

.~~N I 1II_0SH LEO- VI SI N.' LUII-Ujf _IIl CD I f ,UIIA- liU l'UO ' "O-OSH 
&l'U 19'1O- 0>H UO - YI 5 I 'lE LU ..... I Hr·l~D I f·lOll,,"N .. 21 ... 0 I9I1G-D5 ·!o1 
.J ~II\1 1 990-DH I ltD- yUilLE W ..... IH' ·IIlCO I f·IOll,," lI .. UUO IIIIIG-OS .. , 
AlCNU 1911O-GSH LtO - VI Sl lILt LVII- I Hl·IIICO If- lO ll .... NA. uuo 19110-0HJ 

.~tIU I U_O:;41 Uo.-Y I SI 8l.E LVII- IHT_ I II Co. If_IOIlA_lIn lIUO '"G-D5H 

. 2~ot l " 19_0.5'1 UD- YISI 8I.E LUII -I Hr· ZII (D I f · ZOllA- II .. U " . D I9I1~OS" J 
AlCkU 1990-GSU LEO - YIS I 'U LUll- I HT ·lllCIl Tf_l DII&_N .. IIUD I "Oo-GS'" 
.~LMI" 1990-o.SU LED -Y1SIIU LVII- I""IHtO I F·l~NA-IIAJ. nu, ,"o-DHJ 
.t'~1> 1990-0~ ' LED-V I Sl eu LVII- I~T· VltO I f-lO ll,,"IIA" UUD 199o-G5 H 

. ~(otl. 1990-05" UG- Y I $1 81. ( LV .... I HI .. 2I1 CD I F_IDIU,_"U 28'10. 11I90-D5 H 
AlLotl 1 I Y90-DH I LED-V I S l tU LUII- IOII"ZIICD IFo 201lA-IIU 28"" I"G-OHI 
.l!~IIU I990-DH' LEO-YISIN.( WII- I Hl_ ZIltO I f·lO """" .... n .. " 1"G-D5'" 
U~U9 11190-0Hl Uo-Y I S I IIU LUII- I ~T ·lIICD I f"lO ll"'-NAli lUU 1"G-D5"', 
.l~M20 I'W-O~41 UD-WlSUlt IVII- I Hl_lI!C U IF""",,"NU UUO I't'ID- O! U 

. ~~""' I 19<;;)-OH I ~U- Yl S I 8 IE LUII-INr·""co I F_lOIlA_"U leUD 11190-05 \1 

.. ~~ot<~ I~ _DHJ LEO-Y I S I 8I.E LI/JI- UH_ I IIW I folDIU,-IIU ld" 'O 1990-05 401 
ULI<~' 19_0541 UO- V I SIBlE Wil-l Nl_:IltD IhZOll.- N'" nuo l"o-05 U 
"'~MH I '_USH LeD-W I SI ILE l 1JII- 10I1·211CIl IF_lO IIA_IIAJ. l .... O 11190-05 .. , 
.l~ .. ~ ~ 1II'1O-0~ ' LHI - VI5UU LVII- I ".T-lllto I F_lO IIA_II . lt nuo 1990-0541 

&2Cotl<~ 11190-0~U LU- VI SI8Ll LVII- IOIT _ZIICO I h lDIU,-OIU 18" 10 I\I\IG-O' U .. ~.~~ , 111_0.50.1 H 3- WI SULE LV ..... UH·Zll tO I foIDIIA-II" lUIO 1l1li0-05 '" 
&2~1I'~ 19_0 .... ' LEI)-V I SI IU LUII-IHI"lll(;O If_~ON,,"II.u l8UO I nO-OS H 
"~.otl ~ "90-DSH LEO - viSI IIU ~UN-II"-ZII(O I F· lO ll.-IIAJ. U..,O 1990-0HJ 
.. ~ ~otlu 19\1O-0~" , LtD-Yi SI8I.( WII-IOII-lIltO 1 ~ · 20 ll.-IIU 2 ... ao 1\190-OS.., 

.<C~~ I 1\190-0:;'" LEO-WISI IlU LU ..... I OII·:"CD I hlOIU,-It.~ ze"ID 1\19G-D'U 

.,C ~l~ 111111)-0)'" Uo-YIS l liU LUII- IIU · 2II'U I folO".·N .... ze"l0 19911-05>. ' 

. 21:UI I9 W-U~'" lEl)-V I Sl lLE wlt-l/jr " lllCU I f·ZD II .. " .... n48D 1"3-I7.> U 
&l~a~~ 1990-0) .. , LEO- VI SIIU LU ..... I~f_211CD If_lDIU,_IIU 2a,,~ 1"Cl<-Olo '" 
.. ,~.IJ) 19_Il~H LtD-YI SI ' lt WII- Uf·ZIICO I F·lD II,,"HA lt lHIO IUO-OS '" 

&l,,~'Oi 1911O-D :> H , OI VL& ' - _ '" .5-C"AI< . <4'-11 Z .... O 1"0-(5)') 
" 2,, "~ J 19W-DHU , OT S".Y-N,J1t Sf' I - CHAA . .. ,1-11 28UO 19900-0 HO 

" 2" o.II J t 990-D5~ O on"U-MJII '" I-(IIAR _U- H 2auo 1"3-05~D 
.l .. ~~ I\I_O~"O OI V LU- Mlli '" l-CIIIJI; .u-" l .... O 1990-05...a 
.2u~,,, 19_0~"0 DISPLU-HlJN '" I -<"'~ • H-11 l . ... O 11193- O!i" 

" l,hll~_DSM8 11190-0.5"0 OIS 'LU-HU" SfG I - CllAA .0-11 28"'0. 111'10-05..0 
~ .. NO 'ART HVMBEI! : SEE A2W1 
~ 12'51- .340 , CONHECTOI< 18-PIN F POST TYPE ,~ 22_DI_ 2UI1 

12'51_"78 CONTACT- CONH UIW POST TYPE f EM CAP (I'/O 1'21 - 12'5 1-3<1 78 
.4~i ~ .. 1J-2UI S • .;:SISl~ 20.11 51 . 25. f C n·-.. DO/ ... oo Dli l l CBlDIS 
. ~ o<l o .. o - uu , kH lSrDll UO s s . l5W fC rc __ \OO/.6oo 0.1121 CIll l5 
. ~ .. ~ ~"U"l~U IIH I SI(It .uo Sl . Z~ oI FC " · -"00./ ."00 0 11 21 CB221S .. ( ... U61l - lJn • .. es I Sla- U ~ • • l511 ~ C n _ _ .. OD/.SOO 01121 CU SOS 
.("~ o .. IIl- :nos ~ e s l Sla- " " .lSII ' C Tt · .... 00/ . 50D Dil l i CB )]OS 

"" .. O .. il-lJ:n " U IS I OIl " " . lS .. FC IC __ " OD/.SOO Ollll CDnos .tl<' (I"I)-)}D~ a e SUlilII " " . 2 511 FC TC· - .. OD/.500 0 11 11 "nos 
.<~d (I .. I)-J30~ "U I H OR " " .Z5" 'C rc ·-"OD/ · 500 0 11 21 (1))05 
• .1"9 ~"Ill-H(l5 ~~S I SI(J\ " " .25~ Fe 1( __ .. \111/ ·'0.0 Olill ClllD5 
.(MIO 0 .... -H05 .. ;: S I 5IOII " " .l~II 'C " _ _ . 00/ · 500. Dlill teH05 

.. i,," (I .. s) - l)O ~ III'S15 1011 n " . 2501 Fe 1C __ .. 00/.SOO Dli l l "nus 

.l~l( 18 100-0 229 , ,.e l lloIU.- .. U "" I OI-SIP . I-PIN-SPCG IIU6 no-u- .. nD 

.1 .. ) U lo-DUII H( 1"oal.- au ",P III-S I ' .I-PIN-SI''' Illn nO-ll-00lD 

. J A I ~ l " I~Od9 Nl, .. o;I l.-"E$ '-P I H-S I P . I-PIOI-SPCG lI ZU no-li-uso 

. 2o<1~ 11 1G- lUl9 NH .D"'-U~ ... ' I N-S I P .1-pIII-S'" II zn lSG-II-RJJO 

&(K1 .. II IG- Odl NC" , .. ORI.-IIU "'P I N-S IP . I - PIN- S'"" Il l,. nO- II- .. nD 

& ~HI "" 11 10-0208 , OIl h OllI.-lIfS '-I' I II-SIP . I -PIN-SPCG '"'' 150-81_ 11'01( 
. 1" l d 4. 18 IG- Q20II Itt, T"DIlI.-IIE~ '-P I N-SIP .I- 'IN-SP(G ~~ 750-81_ 11 , 01( 

"dl _ s:1II 50_IIH" " PU$MIV1 , 0II S MII'" 21 .. 0 SOU-'U~ 

.1., U20-U~. , _ ' _ alE "S$E ~8I.', DI S'LU IlHCLVOES PI ) l ... O I1lD-125" 
& ~ . l 1I ) .. 55-.. 16UI , CULE .Ssell8 LV , KlUD."DIIHCLVOES 1'2) lIUO 03>.55- .. 1601 

I~O»-O.'" • SOCUI- I C U-<1lf< 1 OI'''SlDR l'UO 1l00-0<. '" 
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Reference 
Designation 

.j~ 1 

'J~~ 

U" .. 
.. s .... 
AJu~ 

A1~LI 
'1~tl 

'IULl 
'I<lL" ~C 
£11K~ 

'lULb 
Al u.;t 
AWC. 
U<lLt 
• h'LI1 

AI,,"~ 
£luLL. 
u utH 
UO':h 
uuU~ 

U~Lll 
AlY': U 
£1<1'" 
'1Ul.21 
Allk.U 

U UU') 
.1 ....... \ 
Allk.l ~ 
£1 .... 2 . 
UUL~I 

u u~~d 
'1 ........ 9 
AI"L,i 
At JL ..... 
'1i1L).> 

AI"'H 
UULH 
u uc... .. 
u .... n 
Al 0LH 

AU .. H 
UUC\, 
All1~ .. 1 
AI~L'" 
AI"LH 

AI ...... ~ 
AI OU" 
"'I" .. d ... , ....... 
AluLH 

HP Part 
Number 

J. AS S-(.UOl 
03""6- U503 
11180-0210 
UI 80-oU I U 
u I OO- O~ I <l 

0l>W-jiS5 
"'I>Wl-:>1) 1 
J I> "-!,lUU 
<I"~-Hl} 
u7~1-~~6g 

ol>",,-noo 
"15J-lI<ol~ 

I" "'U- I ~UI 
1"Jn)-I~JI 
1.20- 11"," 
IOIzu..U99 
111<'0-11"5 

I ,,,,-oz .. 
'"'8-01." 
11I18-I!..:Q" 
UlO-l,,91 

Oleo- oWl'i 
ouu-US I 
~l_H~~ 

<I I t.O-UiS' 
OI OG-OIH 

0 1 )()-OuH 
OUU-IIU/l 
OI IlO.l-U" " 
<lllO-02J>I 
0 1 olG-OZ~9 

(11000-011 ' 
ult.O-H6" 
0 1*-H .... 
uI00-2J"" 
"1_OlO,, 

"loG- llO\ 
OI 6Q-OdO 
O l ao-O~lO 
Jlt.O-"~1 
ol_un 

OI ...... OIH 
0100-BO. 
Ulto-Oi9~ 
u lflU-J. U 
UI IoG-ll)4 I 

Ul l.o,I-OJ h 
OI<.G-Z"S) 
u l ..o-2U)~ 
OlllO-UlJO 
Ol oG-luH 

ul_OOO 
01..o-2U)S 
UUO"l"'~ 
OI_Z"U 
"1_l",5 
JI _lOS~ 

Jl000-20SS 
" 160- 2un 
" I OG-Z"~) 
OI_J .. u 

0 1 Il0.l-02)0 
YI!IO-OU9 
~ lW-20,~ 
UI ...... ~"SS 
0 1 _20S) 

Oty 

, 
, , , , 
• 
, 
, 
• • , , 
, 
" , 
, 
, , 

, , 

" 

Table 6-3. Replaceable Parts 

Description 

P . ~. 'SH"dlY. PllottHOIl 
RUUII. T EXCHANGE ASSEM8LY 
CO"Cl I UII-f'JO J.)uF.-ZOI l SVOC I. 
C".'lIOIl .. f ~U ).)UF ... ~O~ I'Vue; I . 
U'.'llo~-no J .)Uh-10l U VOC IA 

Md IS''- 1K U .12S" ~ I t"U __ IOO 
P"DDING LiST 
MH I Sl tlk \. t.~K Il .12~ W , rc.0 .... ,01ll5.aV) 
M~SIS I IM Z.~lK II .Il~" , I C"O .... I OOl'.~V) 
Il H I S liJI. 1. 9"'; It .IlSI! F rc . I) . .. I OOl .... OV) 
Mt5 UI0il I.HIl II .ll5W r Tt -O O- 100l3.SV) 
~nISIOil U " . IlS . F " .0 .-100 (3.ov1 
II£S I S I IJI. JIS 14 .IH ii , fC.0'- 1 00(2.~VI 
M<S I SIOI ~u I( .125 .. F T"u' .. r OU(Z-OVI 

I : .. OI " "AL SN/U SIMI III III U WAO ~ .f.fIIO 
It " OIl; IT AI. SIII/U SOS III III U OUAO Z '"0 
1t ... OI GnAl SfI!Hl SUIII III l S OUAl) ~ ".111 0 
I t .. OI GI"'1 S/lhISO~1II IT l LS Hf~ I 
IC"OlG I UI. SfIIHL$l/SN ITl LS UU.O 

'!C. ROIO-IIOS 
Ol t . IIOII-II0S 
OI C. "OII-IIOS 
I t"O I GI"'1 II~ 

P. t . '~ ~ 1I8lY . I "GU li b 

CAoP"-CITOR - FII.O 2l(IPF .- I~ 
(..f.,.ClWR .. fUl to'~ .-51 SIlO . VOC ClM 
C"" " ro .... , JO I OU " .... 101 1000 llYI.i(. Ctll 
CAPAC ITUR .. fJO 6800Pf .... 10 . ~OO VOC 'OLn 
C.P .LITOR .. fJD lZO PF 0-5. lOO"VOC II IC' 

"'lC l lOIl-FA O -won o"SI I OOO~VOC CO u,.,"O .... ,JO ... OU'F . .. ~ I II)OO"VOC CO 
CAP ACnO .... FlO I UF .... ~OI SWOt '" 
t.'ACllOR .. fJO IUf .... 201 >OV!>C T. 
U'ACII UR .. FJO J)Uf .... I OI I OVOC U 

e.PAC l lUR"'. O I Uf . -lO I ~> .. vo.. t~ .. 
'.PACI IO .... '.O 100 PF ' - 10 1 101l0.vli(; CEIl 
CAPACITOR-fAO IUOP' ' - 101 I OOO"Voe CER 
C" AC I fUR .. fJIl ZTPF .... 51 J <lO" YOC lil t . 
C' , ,, C IIOII. .. 'XO .. 1,f '-~l SOOWYUC IIIC' 

C"'CIJOR .. fXO 100 '1' ' -51 l~OWW~ IIIC' 
CA"~ ITOR"HIl I Uh-lOI ~owoc. U 
CAP AC ITIlR_fXll HJF._lO I ~ovoc. U 
C."C I IOI. .. HIl I SU PF O-l. !l I I I>O ~VOt Plll YP 
CA~"CIIOk .. H O IV" o-H ~oo ~v oe CH 

C ... '.t H U .... fJO l .lOOPf ' - I O( lOO WYOC POUt 
CA'.CIIOII. .. f.O l H' 0-51 NO WW OC "IU 
C." C I IO .... fIU .)lUf.-10I J Svac " 
':APA C I IOIl-"O . 0lUF 0'00 .. <1'1 ~O iiWOC CEil 
C. 'ACIIUIl" fJD . 0lUf ' IUo-O' ~OWY~ CEil 

C. PACilOIl .. HO 10uf . .. 101 2U~OC '" 
, . , . Cl l oR .. fXO .. GI UF . a0-201 100"voe 'f~ 
t., . CI IOk .. n o . O IYI' 010 .. 201 I ~O"VOC tH 
,.?AC IlOIl-fAO 1..11'.-20 1 50VOC '" 
.:.,.tITOR .. H O . (lIUf 'IO""O~ ~UWVOC C£Il 

C.,,,,, IOII .. FAO I Uf .... IO l ~OvOC fA 
U P' C I IOII .. HO . 0 1U( oau-l!I ' I ~O.YOC cn 
"~.C I'oll"HO .01Uf .. U-201 1 00~YDC en 
e"'C llllk-HD . ll lUf' . 8;.1-211' I UO>oWOC en 
",.C I I D .... flO .DIUF . 80- 201 100" Yoe UI 

C.,.tIIOR .. HU . 0 I UF o"o"zo c 1 00~YOC en 
"'AC I IUK-f&</ . DIUf' " 1I-2Ul 100 WW PC CH 
CAPAC II IlIl .. flO . UIU F oilO"ZO' I OOolYOC eEl 
C""" OII .. f.< O .VI Uf' 0.U .. 2" , I ODWV PC tE .. 
U~.' "Ok .. fXD 100Pf .-IDI I O~O WWOC CEM 

t.P., I 10"-FlO I Uf .... ~O, ,O VUC 1 A 
U"C IIOk-HU J)Uf .... I 0 1 IOIV OC IA 
C.f.p a t IIOIl-HO .0 1UF 0 8u-~~1 I UO", YOC CEIl 
CAP AC l llJk-fXU . O IUF 08G-llll I UOVVUC C£I 
"P. C IIO .. -FlO . ll l Uf . eu-N ' t>llhoVIl( CU 

MI, 
Code 

znlO 
zuao 
sun 
~2" 
~2n 

Z"~ "' . 
H5U 
I~H' 
14H~ 

Z~ "'. 
ZH~. 

2~H. 

Olln 
0119' 
Oil9J 
olln 
01295 

ZI ~'O 
2n.0 
lnlO 
2I ~ '0 

28 ... 0 

2auo -2 8~ '0 2un 
21'80 
lauo 

2 .... 0 
2un 
sun 
!l61n 
~lU 

laUO 
u~n 
21~ao 

lI'8O 
niH 

n uo 
5"2119 
sun 
nuo 
21 ... 0 

So.lI9 
lU80 
~~n 
z ..... o 
~IUO 

~.Zl9 
ZlUO 
2H80 
sun 
lIIUO 

SIIoZl9 
2 .... 0 
21UO 
~H80 
21'80 

~"'O 
11~'0 
ZUIO 
2HI0 
2HI0 

5t.~1J 
sun 
ZHtiO 
~H~O 
UUO 

~C SERI'L NUMe EAS le22AOIp "NO ABOVe , IIEPLACESDl60-4150 
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Mfr Part Number 

OH55-U SO) 
03455- et503 
15oonUOOIUl 
UQOllSJOOI SAZ 
1500))5.0001 S'2 

I:'- lI&-,u-lOO I .. F 

CA" I 11" Iu-'t.H-f 
C .... I /I .. lo-Zl71 - f 
1:' .. I I 8- 10 .. 1 "'I -f ( .... "a .. TIl .. 1 HI .. f 
I:' - lId" 'u-IOOI- F 
C~- I /8"10-1UR .. f 
C .... 1I8 .. 10-5 I U .. F 

511Hlsoeli 
S<'IUl~08N 

S<'I14lSOl/l 
SJI""ISO~III 
SH7USI J SN 

UU"02 ... 
UII-02 U 
1818 .. 02 " 
lUo- l nl> 

01110 ....... 11 
0 160-ZZ51 
0 1l>U-3 ...... 
0110_015~ 
0 11>0 .. 01 )~ 

ol5o .. oo n 
OlSo-OOll 
I SOO I 05XOOSl.Z 
1500 I Il5X0050AZ 
15(0))6UOI On 

01.0-0111 
oaO"Ha " 
Ol .. u- n"" 
OI l>o-ZlOl> 
Olll n U OJOuo ..... ,,1l 

0160-lZIK 
1500105.11.0050.0.2 
1501l 105.0050~ 

Ol .u-""''' I 
01l> u-2~ S1 

Z'lZ'2Z19Z 
OUo-HOI> 
UOO1lAXOOlS.f.Z 
OI"o-Jl"I 
oau-18U 

1500 106J9020U 
01l>0-20S5 
0 I U -10SS 
I~UO I OS.OO~OU 
0160")1 .. 7 

I !lOO I05.00SJ ' ~ 
0 1bO'lQ55 
OIDo-lO SS 
0160 .. Z05S 
(,l 1l>u-ZO~5 

0 1 1>O·20S~ 
0 1l>0 .. Z055 
0 16u-l05S 
011>0·2055 
OI I>O-lU'" 

lS001 0SXOOSQU 
150011U9010IU 
oau-20n 
01,,0-20H 
Ou,tl-2DS5 



Table 6·3. Replaceable Parts 

Reference HP Part 
Oty Description MI, Mfr Part Number 

Designation Number Code 

U II .. ) ' 01oO-20~S u,.~ 1 HlIt-f tO .0 1Uf .aD-lUI I UO~VOC nl ZHU OUa-ZOS$ 
U II'~~ O l .o-lt.~' CAPAC l lUl-fAO . 0ZlE ' 11l-~0( H WVIlI,. Uk ZHao 0 11>1l-260' 
"IU .. . ~ .I100-ZI>II> (APAC' I UM-f~O . 01Uf ' dll-l~ . Z.WVO(.. '" lauo OI I>Q-UOS 
l l ' ... H U I 80-0~~0 CAPA' , I IIR-F AU lUf . -ZOI ~O'IUC .. SI>289 I ~OOIOStOO~~Al 

AID'" Ol_ullf CA, A'I l Oll-no '" ' -Z,)I d olWoX C(l Z~~80 OI U-Olll 

. I~C~ ~ Ol no-OdO CA'AC IIUk-HO , UF . -ZOC SOVPC IA S6Z'" I SOP I 05XOO50 AZ 
AU ... I III,;;)-Z"lU , ' A ~ . ' I IOl-f.O ,UOUfo ~O-IO' 50VDC AL U~IO ouo-un 
ll .... ~d II I '-O-ll>l~ C.~.C II0l- f _0 ;;:10uf . 51.1- 1 04 SO Wo( .1,. 21UO 01lll-U21 
AI.I"~~ OI 6tJ- .. dO CA?' 1101l-H O I lIf ' -IO l SOVOC U 5&U9 I S OO I 0~_005UZ 

" 1111.,,1 lll.o-u..91 'AP.'IIOIl-fXO 100<luf . ,Q- I ,J , HVOC ~ OOlZ lI l~nSLlOOo 

UJ .... 1 .II ojQ-OI.~) C.,.C IT illl- f l<D 1 00UllF·' 5U-10 ' , SVI)(. ~ OOZZ " lSV8St.l OOO 
U<l .... J UIII<i-<ll JII UP"C I 101l-HU (lif . -2.H 'OWl)(. .. 51>21iJ ' 50D I05X OOU.Z 
"1 \1'1» 0110-0... .. ;; , C.~A ' I TOIt-FX O 'I UOUf'1 01l- 101 IZWIl(: " 21UO Oua-OIioU 
U II~ .... ,u_~u" ""PAC 11\lII-HO tIIF_20' sowDC .. 5/oUi I ~OOIOSJOO~O~l 

• I~C><I 1901-1/,81> • \lIU;)f-<O( N PlU J OW l511" Iu-n 2II~&0 11101 -0511> 
.I ~(I<~ i ¥YI-0 . 6b OI OOE-tEN p ~ , lOw 2S'" 10-12 nuo 1901-0586 
U~Uu 19 ~- )1"\ , DIODE - LNIt S .~,V 51 00-7 'O· . ~~ "· •• OIU iS~U ( 0 l51>H 
U~L"~ 19'1-00' ", O I OOE-Slo' II( t< I~ lOW l\lOIlA U.S 00-1 2'~80 1 90 1 -OOS~ 

U J(lt. uel -DUSO OIOOE-S~I""'JoIG eov ZIH'''. i lO $ 01)-1 .i'~ 1D 1110 1-0050 

U " .. RI> 1901-00~O OIllOE - ~"I I CHI )O(; lOW 200 .... 210$ 00..1- 1 zeuo 1Il01-00SO 
.1 11 .. 1<1 U02-0IH , 1I1;;10E-lHlI Ib . lV " OG- I 1't) • • 4Y 'C· ·. O"'" ~H) " 101ll\l-Z H 
U<l I. ... o 1 901-00~U OIO)E-S"IIVlllOG I<lV lOOIl. l HS 00- 1 Z14dO 190 1-DOse 
UU(K~ IVUl-"'I6~ "' I OOE- lNR 11o • .iV H 00-1 PO'_4V lC· ·.Qbl> & OUU " 1 09)II-Z 4 Z 
.I"LKH 19 ~-Oh~ UIOOE-LNIt 1/o.I V H 00-7 po- . " I C· · . O .... , O'lI! " 109l9-HI 

U~U<li 1901-00S", OI O)E-S. I Itt<1/'IG IOV lOOIl " l OIS 00-7 Zl4U 190 1-0050 
H UCK<. 1" 01-00'0 OI IlOE-SWIT Chl"," 10V 100" • .iNS 110-1 ZHao 190 1-0050 
.' U'~H 1900!-JII02 , OIOOE- .iNM 2.HV H Dt)-l PI)o .4~ I C· -.014T 151 11 to n5l1> 
A1~,-"n lll 00l-0 ... 49 OI OOt-lIIlt " . 19V S I 00- 1 POO . 4" It· '.ont laUO 11102·00'11 
U ..... k h 1901-0051 UI ;;IJt-S"1 T C t<I~' IOV 200"" ~ .. s 00-1 n ua 190 1- 00SO 

AI <.IC II I J i 9 01- 0"'50 OIO~E -S.II Ct< I'" dOw ZUOIIA i NS ~, ZIUO 1 901-00)0 

.I"L~" I VQi - 058b Ol OO~-OE '" PR , ~, 25". I Q-JZ 214.0 IIlOI -!»lb 
AI ~CII1" 190i-0~1~ o l ooe-~~ PII ' lOV 2S ..... 10-12 ~8UO n OI -!»8/> 
Al OLKtl 19 01-0~1 .. DI OIlE-OfN 'II ~ SJV H IlA 1(1-12 UUO 19U-OSSI> 
AI ~Llti' 1 90 1-0~~1> DI OO E-Of IO PIlP .JQV l 511A IG-U zeuo IIlOI -05'1> 

U~C"O 1901-0<1:;0 OI OOE-Slo' IlCt< I NG IUV 100»0. ZII 5 ~ , lh80 190 1-03)0 
.IJLMi~ ""-O,,)U OIUO(-S!lIICHINIi 'OV 2UO" . l~5 00" lauD 1901-0050 
Uuo.i) 19CI -IIII)0 OIOOE-SWIICHI"" IOV l OO". Z,,5 ~, 214.0 1901-0050 
H~C"'~ 1901- 0050 OlOiJE - SWIlCt<1H/O lOw ZOUIIA l NS ~, zl~eo 190J-DQSO 

U~~"U 19 01-03 10 , OIOD(-W" PI .. , l5V SON> OG- l 214.0 190 1-0)1/0 

lIULa~. 1 901-0~" OI OOE-Gt,N PK' 3SV 50 11A 0~1 ZIUO 1901-0) Ib 
.' .It1I.. ~ 1II11l-0U~ OI OU E-lNIt I I> . ZY n UQ-I 'J)o.~d IC· ·. Dl>b' O~IU " 1 0\l3I1-Z ~ Z 

U ll ...... 1 i91U-OU~ DI Otlf-lNlt Ib.2W 5 1 OQ-I PD" . ~" IC- •• O~' ~ I U " 109J9-l\Z 
.I"~~H 111 01-\10>0 OI ())E-S WH Ct<I.NO 10V ilOO»O. Z,, $ OO- J 2." 0 190 1-0050 
uu~"u I ~CI -ou;.a u I o"e-S~Il CH ING aoy NO". iNS 00- 1 2.410 190 1-OOSO 

U~"KH 1'i0 1 -0<I~0 OIO ~ (-SWIICHI.NO '" i ... O"" '" ~, U\80 190 1-0050 
AI O, ,, j) 1901-0U50 OIOOE-Sllll c;.I I NG .~ 200"A '"' ~, ZIUO 19 0 1-00)0 

u ac .. " i 901-00§O III OJf - SW I ",., 110:0 ." l OOIl . ,~ ~, U~'O 190 1-0JSO 
Rl UUlJ' 19"-OOSO 0 1110£-50111 ' " 1''' '"' .iO O"A '" 00·' 2"10 190 1-00SO 
.I OCltU 1 9~1-00)U DI OOE-5VI Tt "ING .. , ZOO". '" 

~, Z'~80 190 1_ OOSO 

U D<.ltH I IICI -QuSU OIUOE-SVI It" IN' . " ZOO" • '"' ~, .iHao 190I-OO SO 
"OCl~ 1 19 C I -0~S3 Ol OO[-SW I I 'H LNG ." l il"" ' '"' ~, 214110 1901-00)0 
U UC. H 1901-011;0 010 3E-SWIILt<IIOIO ." lOOIlA '"' 00" 18UO 190 1- 0<150 
AlOL~u 1 9C i-00J'0 OI IlJE-SV n C,HNG .. , 100"A '"' ~, z~uo 1Il01-0050 
A I ~'.H 1901-~"~0 Ol OU-Sil I "'U",," ." 1 03"A '"' 00" znlO 190 1-00SO 

.IOCMh 1~01-00)" OI ODE-SIo l it .. "" . " ZUo" • '" 
~, lHao 1901-0050 

U " ... ~ .. 1 901-0,"J Ol ooE - SVIItHI HG • W ZOO" • '" 
~, 21410 19 0 1-0050 

"I"CIIU I9CI-OQ50 <llon-SVII''' I'''' 10V ZOO HA i"" OQ- l znao 190 1-0<150 

. ' .IC" •• 1 901-0"'21 UI ODE-""II U Cf ~OOV HOII. 0Q-~9 2$UO 190 1-001' 
AIJC~ ~~ 1Il01-0IIZ1 O I O~E-P" ~ ME U .OOV 150'''' OQ-.II Z~UO 190 1-002$ 

AI"~"H 1 901-00l8 OIODl- PVII IUd ~O<l ~ 15<J11A UQ-l9 2Ino 1901-O<IZ ' 
U OLl)i 19CI-Oull o I OOE- PWIt II ECI ,,~ HO"A DQ-Z 9 znlo 1110 1-0021 
UIIC~j~ 19 01-0U18 Ol on- , .. l R~CI 400W I SO"A 0G-1II la'lO 19 01-0011 
A111UolH UOI-OUld OI OOE- ""1I II ECI ~OOV I ~ONA ;)0-19 n . ao 1901-oon 
AI .. C.~~ I ~O I-(.>011 OI OD E-PVR l l Ci ,,~ I ) \IN. UQ-l9 11480 190 1-0021 

... 1 .... ' .. 19 01-00.ia UltlOE- '.1I oI.Hl . OOV ISOIIA 110-29 lI ~.0 1901 -00Z1 
UIICU I 1 '1C I- Dvl~ 0 10 0[-111<11 n" ,,~ 15011. OG-211 21.10 190 1-ool' 
.111(" .. I~CI-OoJ18 O i ooE- I'II~ 1It'C1 ~OOW H~"A ~Q-19 Z6~1O 19:11- 0UI 
A1 UL •• ~ Iw CI-" ... iO O l ODE-S" ITC" I~ aow ZOO K .. .i NS 00·' 28410 1901-0050 
UJCk<>' UDO!-OU~~ 0 10JE- 2.II M ... I ~V 51 OG- I PO, . 4W " · •• 022 . 28480 1902~00~9 

"1lI .. 1! .. ~ IIlC I -OlOII OIODE- P" . Itt " 'DOW 1. 5. ~lIJ SilIl'l6-11 
U"C~ ~ J l~tI-U~Oi) OI OOE- III<1I lIE" 100w I .U ~lIJ SIl II.6-9 
.IUU .. 4 "ill-Ol I o , O l )~E- Z"'~ H .SV 5l 00- 15 PU· ,. " · •• 06 U ~1I ) S!-IUIJ ' J U 

A1~".'" 1 ~1ll-\lU~9 U I O~E-lII. ~ . I'I V 51 IIQ- l PO •• 4~ "· ' .Oll' Z3'<10 l'Ol -OO~Q 

" IU .... ~ .. 19 1Ol-01h OI OJ E-LHk \1 . )\/ 51 011-15 PO" ' 01 ,,· .. O'" ~IU 51- IIZI ]-ll ) 
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Reference 
Designation 
u~w.~, 

&lu~I",g 

A I "'-~Di 

""IOCRll,n,,, 
A1~tI 
U"H 

u .. ~ 1 
U;,)~~ 

UUJ} 
U~J~ 
u .. ~ ) 

U~~I 
Alu~~ 

AI"~' 
A U'~~ 
A'U~ ) 

H UM. 
U ... U 
AH'~o 
&I OU 

" ... 11 
",'1)1" 

"'" Alo ... , 
UUW 
u all} 
.I .... ~ 
A, U05 

UOOO 
.WOl 
A,UiII! 
AI>XI' 
A ...... II 

AIU .. I~ 

AI""" AI OI,IH 
AI,,~n 

U ...... lO 

Al UIU I 
A, ,, .. U 
U~"'li 
u ,)",a 
UUW~ 

UihlH 
A'''.a. .. ,, ~~> 
u .... ~ . 
U"'lIol l 

U IIUB 
Ull~d 

A'" .U' . 'O .. J~ 
u" ... l> 

uu ... ~~ 
U"d, 

A'""." A'II11l1 
A' OOl .. 

U OUH 
UJ~J 

A'Ool4' 
AI"II4 ~ 
U O .... J 

_l il lI4. .. " .... ~ 
AliI~~ 

AI"'" AI "",;! 
H Ull. 

A''''~. 
u ... u 

AI ... " .. 
U iI'" ......... 
UJKi 
AI .. ~11 "c 

HP Part 
Number 
U02~) I Q. 

I'IC2-0toll 
1 901-0~jO 

liOl-OO!iO 
l~ lO-Oo n 

.1,o-OU~2 

Iln-2on 
12)1-~(. J:> 

'251""89 
1 2~1- .)2> 

1J. ~! ~l l 'JZ 

,HIIO>OHO 
... 9I.>-0t0., 
O~90-"" .. ) 
U.'iO'-O .... ~ 
'H 'iO'-O .. U 

lh'iO'-OUJ 
o. iO- ..... .. . 
Q ~ 'iO'-O""~ 
0~9o>-0"". 

'1100-1,,'1 
1251--"311 
1251_ loI78 
125'--"310 

50~"70la 
~Oiil - lOlil 

5081-700 
5081 - 70.7 
I .,S-OJOI 

'ISS-OHI 
1,,!>+-0071 
l. ~].-OUI" 
U*"OI.IlO 
11,....001l 

USol.-OIlIl 
~018-10J.il 
sO"-J.I1 ~ 
5081_10011 
5081- 70.1 

IUS-~U 
5081- 1047 
5081- 1047 
5081 _ 1047 
U',...OHO 

U~OOI7 

U~-0071 

"'~oo" 
1"~1-000/: 0 
I '~S-O,,,' 

I .ss-ona 
1.',..0' .. 
I I","O~'~ 
USS-O~H 
I"S-O. lO 

, US-O'olO 
1~5S-0lU 
1115""O,~~ 
18S5-o.!4 .. 
$Ol1 _ 7001J 

!O81-70011 
" ~S-OJ'" 
I .SJ-OIWI 
IIISJ~QOlO 

I"~l-OON 

14~001l 
1 4S1o~"" 71 
18~'~OO~U 

Od I.J- OU~2 
.. ~ U~<IIIll 

,j .. 9.I~ell l 

Q .. 911-81l1 
... .. 8J-nlS 

"'bllJ-2H ~ 
O~Il-J..U 
"'lH-~4b 
"J)/- O'o~ .. 
3 .. 1O~1325 

• • • 
• u 

• 

• 
• 
, 
" • 
, 

, 

• 
, 

• , 
, 
, 

Table 6-3_ Replaceable Parts 

Description 

O I OJ E ~ (NR S_&lV H 01;1-1 PO . _ ~" IC _ . _OIU 
Ol alt-(NR IIU}~U I4V H PO.S .. rc·.nl 
OIOO~-S"'IrCI1UW; ' OV 2~A 2 11S 00- 1 
0100E-sw.TCHING BOY 200M"" :INS 00-1 
.)UafO~ y p rCfa 
1I1U-IIH 2 •• -QkIt/fi .Ol-O'A 

C(wN~c roa~pc UlGf U-tUNl/at/lj 2~aOIliS 

C[lIj""'(.TOII~PC ((lQ E U-ClINlI .W. ~~1I0 I!S 

(lMNHfDR _PC EDG E I!;-cONt I ROW2 ROWS 
CU~N(CI(lIl 10-PI" II Po:,I TYP( 
CO~NE, rOll ) _ 1'1" II pOSI ryp~ 

IIJoLlY:aUD 
IIll U - IIH II tA UOIU. 1000V!JC SVOC~CUJL 
.(L,,~aHO '" 100"", 1000 vIX WIX-tO l l 
aELlI - IU:[O LA 10011.1. 2S0VIX ' VOC~c.oIL 
IIEUY-UU LA HlO"", UHlUV OC SVOC-CU I L 

lELU-AUD U 10 0",," 1000Y\I& SVOC-CO l l 
RHA'~IIHD U 10011.1. 2~DYOC 'VDC~tO l l 
Ulu-.lUO U l 'ClO IiA lSO VIit S~OC~COll 

1IE1.U'-Uto LA 10011.1. novoc SVOC~ClI l l 

CU IL - OIl.O HOUN S1 QooU .USOI.J1SI(; 
CONNECTOR I-PIN F POST TYI'£ 
CONT,,"CT_ CONN U/W POST TYI'£ FEr.! CAP .p/Opn 
CONNECTOR 2_ Pl11 F POST TYPe 

IK.IISI SI I». . fH 
fUNUSHIII. FH 
IUNUSIOIl . Hf lOVAIl Sf SJIIOS 
I A4NSISTOII, FE7 l OVAaSf 5)00S 
"'ANSISIOIl- JfEl DUAL N-e ..... ,. 1;I-IIOOE S I 

fRlNSUHIIl~J~H DUAL N-e I1AN 0-11001' 10- 11 
7UNSnlOll "POI SI ''''''001lll H _ 200ll 111 
IUNSISI OII P", SI '''''HONW fl_4"""! 
I~ANSlSI QjI; ,NIl S I ,o.l~OIl" FrwhOHHl 
'U"SI SIOIl; NPfI SI ~OOO)OO'" fh2001111l 

I R~~ilSIOIl; NPOI $ 1 POwlIoON_ f( _UIII1, 
7I1A"SIS7011;, H I 
IKANS I SI OII , ffT 
I1t.A ~5lSI0II. . FE! ~OV""Sf ~no, 
IRaNSIS'OIl. ,EI KOV AM5.f 5300' 

IMlNS I SIOII;-JHI OU Ai. ~-< I1"'" ~NO(I( fO_1 1 
IUNSlS.OII; , HI ~OV""Sf noos 
I II.USISJDIt, fH KOWIdl.$f noo~ 
TotANSlS l OIl , FH ~OWU$f ) 100' 
lalNSUl tIII. J -fU ~"'.)'I 1O-(.HAH I)-IIOOt 

IUNS I SI OI1; "PfI S I POoo)"Oll~ floa"", 
IUNSISI OII. HPOI S I PI)o)OOIlll FI.2001lHI 
".ANSISII». NPOI S I POoo)OOIlW FI _2(l OllHl 
I~ANSI S I OI1; , ..... S I '0.,00"" n - UOIIHl 
l ~ aNSI l> l oa. J -H f N-CI1UI I)->lOO£ 113-72 S I 

IlUS!SfDlt J-f'l/ N--CI1AH o- ~OOl 10~71 $1 
' ''l"SI$1I111. J-FU N--(lIAN il-NOOi 10-12 SI 
. "ANS I S 1U1l , Jf £ T H-C ...... N£l ,",", 
.UA"~ I S I OI1; , JfEr N--CI14NNEL LN4." 
IM l NSISIOIl J-fH 1~)91 1O-(.HAN D-IIOOf 

IUNSI SIOft J-fEi 2NH9I N--C HAN D-IIOOE 
l ol.ANS I SfOlt; J-HT N~CI1"N I>-'lOO E 10-12 SI 
I ~ A NS I SlOR J-f'ET N--(;HAN D-llOO~ 10-12 SI 
I ~USl S I I».-JfU DUAL N~C I1'" IJ-NlGE 11)- 71 
f!lloNS I $lOll;, HI ~W"Sf noo, 

IRUS I SIUR . f£l 1l0VUSf s)~o' 
IU"S I STOll. J-fE l It-(IIoIN 0- 11 00£ Io-n SI 
7 ..... "SISI0Il PIW S I 'o.'DON~ Flw l'OIlHl 
1" .. ,.Si SI I». , .... S I 'l)olOO Il" FI ·UOIIH.L 
IUNS I SIOIl POW ~I PO.)oollll F l a " O""' 

1" 4NS' SI 0II: NfIH 5 1 '0.-.0011" FI - lOOI1I1, 
laA"S IST Oil. "POI S I '0·)00 ..... H · ~OOlll1l 
IUNSIS. OR "Nfl SI PO'JOONII n ' 150NI1L 

MU I S IOII: ~~ H , .. I'll I C_0._20 
AES I SIUR SO~ S l 5W PW fC _O' _lO 
II.l SISIOII: 1 ~01l 5$ . 2 'W (C I C'~400/"OO 
A( S ISl I,II1; 1001l H .2~1I C;C IC·-.OOI+.OO 
IIE$ I SI", I '~ 5 1 _ l~" FC 1t.~~OO/.ioo 

il~S ISlI,ll1; 2401l H . 2' . FC f'.~'00/.9oo 
IlH I $IOII. 2 ' 0 11 $ 1 . U ~ FC 1C.-400/ . 9oo 
IIl S I S UI! iSl 11 _12~ " f ltoO.-lOO 
il. SIS II»t Ul " .1l) 1I f I C· O.- I OO 
a lS i Shl!1.3K'1 . 2,W Fe f ~·-'00/"00 

Mlr 
Code 

15111 
OUII 
le~.o 

"'" lllUO 
~euo 

nfls 
Jll n 

l'UO 
2hl0 
2 ... 0 
2.UO 
lh.O 

lIUO 
214.0 
28410 
2h.0 

2'22. 

"'" "'" ,~ 

214U 
2 ... 0 
l l UO 
nuo 
llUD 

21~n 
nuo 
214.0 
2UIO 
lI4IO 

lIUD 
1I4'O 
11410 
21 410 
l.UO 

ZI4IO 
21410 
2.410 
z.no 
0.113 

114lQ 
21410 
l'UO 
2IUO 
ZlUO 

21~n 

21410 
lUlU 
lHIO 
041U 

~ll l 
nuo 
11410 
uno 
21410 

21"0 
ll~'O 
l l'eO 
21410 
nuo 
lI480 
lIUO 
2.410 

916)1 
91." 
OIl U 
Olll! 
0 1121 

01121 
01l ~ 1 
H'U 
2~'4t 
01007 

"c SER .... ~ ,.UMBERS 1622""01806 ANO ,,"!IOYE: IIEPLACES (l68.'I.:xl25 

.. Okld .. C 11 and CR7 """' . ""' • .0 ......... _. 
See InlrodUCllon to Ihlt seclion for orderlllllnformalion 

Mfr Part Number 

CD nU4 
INHSU 
I'IO I~OO~ 

1001-0050 
UJO-DOIl 
IUO-OUS: 

ZSZ-IS-Jo-no 
l51- I S-JO-)QO 

12Sl-UlS 
09-"0~ 1 O') ll l'Ol~OUl 

O'oio-Ol.o 
0.91)-0lI061 
4M90-OIIoU 
4M90-OIIo64 
4M9IJ-OIf>U 

0490-010.) 
~90-01064 

0490-010 ..... 
0490-'"'64 

1 5/Z ~ J 
12-01 _ 2081 
12!i1 _34H 
12-01_ 1021 

SOII-JOll 
'OIl-J028 
IiOIIl _ 1OU 
60111 _ 1011 
U5~Ol~ 

US5-0241 
IIS ..... ooJl 
IIn~oolll> 

'UJ~OOZO 
1" ..... OIHI 

115 ..... 0011 
SO"~lOll 
501l~1028 
5081 - 70011 
60111 _1041 

1"5~OlU 
5081_70.1 
5081- 7041 
5081 - 70017 
2,.4191 

115 .... 0011 
1.,4·oon 
IIs .... oon 
1 85J~0020 

US~Ol" 

U,,~OU. 

IIS"'O'I>I 
I U,..02' " 
I US-o.!H 
Z1143'11 

2"4391 
\lSS-OlAl 
"5~0'.' 
'''S~OlU 
5081 _ 1011 

5081 _ 10011 
I IU-011>8 
il5J~0020 

ilH- OOlO 
115)-0020 

1854--0011 
IU .... l,IOli 
1151~oolD 

.H 
II.S~5 

CU4MS 
UIO" 
tBUlS 

tU4H 
tU~~' 
C4~1/'- 1 0- 1 SOl- f 
("~ I "_ f g.1 S02- f 
UU1S 

., 



Table 6·3. Replaceable Parts 

Reference HP Part Oty Description Mlr Mfr Part Number 
Designation Number Code 
AI~IlH ~ . ..,.)~~~ • "SIS lca J . l llO S 1 . H II Ie. 1e..-.oo/ UGQ ~ 1I 11 cuu, 
A I~ith .... OWO-.7l J 1li ~ I SJca 1 00. 51 . IS \I cc It __ ~O~H_ 0 11 11 e.1I045 
U~ .. I ~ "'IIJ-IIII" , IlHlSlca I~~ 5 1 . ~, ~ fl. I t'· ' OO/ . )OO 0 1l Z! '1I0U 
U~ill ' 1I',;)-I1.0/~, • AU I Slca • • z. s, . n~ F' "_·'00/ " 00 OIUI ' "Z25 
U~"h O.ru-IU~ IlHlSlca '" ,. . zs . ~e. 1C'-~00l"00 Olilt nun 

U~dl O.Il-2u·f~ • .... SISICII 20" ) •• n . fC re· - ,oo/ ·.oo OIUI euou 
Alg~h 0 ... • •• " , I.HlS l ca IU " .Uh , l e-O. · I OO lUU e .... I II- IO·1 Ull-' 
A I ~" I' II."-)U. • I.UISlca n .... II .U5. ' l e'II_ 11I1I zuu e .... 1 11- 1,)-1 I I.I.·f 
H Odl II.U-,..U , Ilf USlca ,.u n . l~ '" Ft I C·-~oo/"O~ OIiU nu.iS 
" ~1li'4 ".U-~.2 5 llalSIOit s . u Sl . l~ 1I Fe rc,·,OO/ .'OO illiZi (Uiol' 

U Jllh II •• )-I,U RUISIOit Ull Sf . 15. F( 1"-'00/"00 011.1 1 U U l5 
u~"" ~ ~''''-''H • IlfS I SUIIl . FlI O I ~~O OHOI . 0, zun 06'l'-ll ll 
AlOlU, O'W-~~ I' 1tt~ ISTIJI. I U U .IUoI F lC'Oo-llXI l , h. C' -II'- I I)-I \02- F 
.I~~o 0 • .,..1.2' • IlU I S 11M I . ' K n . 2511 Fe I "-~OO/ .,OO OIU I nUl) 
lIJ.UI 1I •• ,...J41 ~ IlUUIOit no ~, . l' lI fC IC·-' IIO/'.OO OIlZl e.u" 

.IY~l. J,>ii)-;as , I.H ISIOit SIO~ S1 .2h Fe IC··.Oo/ " OO OI U I en U S 
"' J ' l9 O" ""rJ I IlH l $UII lOOK 5l . 25 ~ t{ 1C··~OO/. 'GO. OIiU ClI045 
AiJIUI U"U-- I U S " RH1$11M lOll n: . ~SlI ~e fC·-~OO/.100 OUli CItOl' 
UJIlU O"j)-h~~ IlU I $ 11JI. s . u s a . U It f{ I t·- ~O(".lOa 0 1121 elSiol~ 

U~IIH a."'-9jl ~ • IlES ISIOit UO >a .UW f(. 1(.'-'001 '''00 0 11 21 t19 l1 S 

U"RH O,,94-IIJ ' 1l£$1$10It 100 11 5 • • 2n cc It·-~OO/ · 'OO Oli l l " I OU 
Al\llIh O~ 1t-141S • llU1SlOit 16. 1 U 1\1 '10 I t,a_~o " , )1 llS- U 
U~d. O.W-.II, • _lI.fS I S10ll . 'w 10 tIKI! . 05 2 ... 0 o .... nl" 
U (».J/ 0"J.-2I1H IlfS lSlOit 2011 n: . lW Fe I to_4~O/O'00 01 III e.l on 
U~"J. ",.'/II-lln AE$ ISIOit . fltO 1 000 OWl .OS 2"" ,.,,-.,n 
' 1OIil~ o .. w-nl/ RfS I SIIJI. 1 00~ S I .ZSW CC 1(.'-4 00/ " 00 0 11 11 e .lo u 
A.J"~ I ~4ta-"" j , US ISI Oit 1011 1'& .IlS'" F re'lI_u OU .. 'lin, s 
AI~Il .. O" ...... u • .UI Uoa 16011 11 .125 11 F r ~ ' a >-n onu , .. un 
AUIl '~ 0 .... 110.) lUISIOit 2011. 11 .• U511 f rc'o--n ou .. ' lin,s 
A I II~~~ II""-IIH 1l($ I SlOit 10011 5l . U M CC I{·- AOO/ • • OO 011.11 Cl I0'5 

UJIIA~ O")-SUS • IU:SISIIJI. Sill ' I .2,... fe reo_AVO/"oo Ollll usu, 
"'" .... II ..... U' llH1S 10I.. no 1000 ON! .OS 21613 ,..'-I1J1 
.'0 .... , .... Ii- ) ... I , U$I SUYf U I. 111111100 IlOHM IlHClUOU II6lI nuo OI ll-)'''' 
AIJ .. H Ulo-Od2 , Htl Il QjU-US ,-, I ft-S I , .1 .... ''''"5'"''111101Mt ~lIt l l 6C HIOUVII 
U"Il ~' II Io-on2 I.H_II-IUi~ '-'IN-S " . 1-'III-$K'IX101Mt SUit Zl toC,liOU,." 

.I ~ M 'I O ....... Ul U$ I $I'" 10011 ' a .2511 tC ItO_AOO/"OO 01 II I (1104' 
A1~R)~ OU,J-2 ... ZS II.~usroa 21l sa . lS ~ Fe 1C _ _ ~00/. 100 OIi U t.10H 
.I"'''~ ) o.1IJ.-W2~ • llfSi ST Olt '.21\ 5 1 .2U F( I Co_ ' OO/.'oo OlU I uun 
u ".)\ O ........ l dl , IlESI $1011. '" U . IZ' ~ , l e,o'-IQq InOI !If "'- '"- I 0- 1 OO4-f 
U J II ), o ..... un lES I S IOR '" U . 12~ f fC' O_IOO " '01 "''''-II.-,o- I OO4-f 

.h"'~. O'U-~ I~) l.e S IUOIt ~IOI ~, .1'11 I( ' ('-' 00/.'00 Ollll elSH ' 
.Al O. ~ ' 0."'- . ll3 • I.ESl5l0lt .. ... . 12'11 f "'Oo_lJ OUII '"( 55- I 11-' '-!>Q01-' 
"' ~R~~ 11."-. 110 USiS I Oit .. ... • 12~" F JC'O >-~) ouu , ,,U5- II" "'-~OOl-' 
U lllln O. 't1- I Y" , .U I S101t 1001 101: ZM ee ".g" .2 01lZ! HlIGo. I 
U~"' I 0."-10.1 IIU ' HOR 100110 101 2 M et "oo>.1.it OIiU HlI041 

UJ"~ 0''111-'')1 I.UISIOit 1001\ H .2'. ee I t.-.OO/"OO 01121 CliO'S 
AI IIIIU Oi il·) .... 1 . fS l U I U SU . 10111 100 KOHM IINCUnlES AU! nua otll')~ "1 
.1011 •• O .... - Ul' RH I SIIJI. . no UIOO oou. .05 21610 OI>,,-,n, 
U" .... O"U-l)Jl • US 1SlOit nil 51 .HM fC 1C0-600/ "00 OI UI unu 
"'0 ••• ~ I 00-).>1) • P.l:S l l lat - 1l1111 54 '" ( 

1000- . OJ I-UN HIli 12-10 1-0 

Iol ~ .. o ' IIUJ-2oI2i IlfSlSTIM " .. • 2S M fC 1C·-.0~/.100 onu eUOH 
lol a • •• O" .... -.JJI 1.i$ I$UII l OO K ~ , . 2~ " et 1e ' · . 00/ " 00 OH 2 1 UI04 ' 
U Ool. ~ 01 "-OAo~ U$I$I OR l OOK I I . I~SW f 1t·0' - 100 2'5~' ' .... I II-IO-100)-f 
U~I.1' 01"-""'~~ IIU ISlOil 100~ II .Uh F ,,00' - 1 00 2 ~' •• e .... I II- f~-100)·f 

A ' ~ll7 l O.IIJ·JQI~ .H I S IOR 2~0 H .25. f e ' t'- .OO/ '.O~ Oiltl CUO U 

.'''IIIJ 01"-_0 • ~S I UIJI. .1 . \Ill II . I ~> . f r(,o'- I OO 2 ~ ~ " (.\ - 11'- rl)-u 91_' 

.01"." 0 • ..,- 612, • . ES I SIOR ... , . S I . ZS II Fe "·-600/. / 00 OIUI elun 
AI".h II.U- Illa US ISIOR ' Oil 5 1 .H" Fe ' ('-6001>100 01121 et i on .. " .. ,. O'IIl-~IIJS Il~SIS I Oit 2~1 , a . 1511 ~( I t · -WO/o ~oo OII J I CUOlS 
" "litH 1I •• ,... 4U S IlfU5ItIIl '.11l 5~ .2) . It 1(·-. lXI/·'''' 0 11 2 1 thllS 

. 1"' " II~U·'H) RlSi$ltIIl '.111. U . U .. Fe It·- , OO/.IOO 0 11 21 e"125 
AI " ." oeM...,,, US! S 10it FX D 1000 OtlM .l1li "'" --..nl 
Ai" •• 1 -- IlfSlS ltIIl 21C ,,. 35W fC TC-IoCXlf«lO 01111 """ . IIIIII~ OU1-"" • IU:SlS I I»I "OK U . n . It 1C'·100/ . 'JOQ 0 11 1 1 ( .. ,,' 
A1~uJ " .... -.HI '-E:S ISIIM I "'. ~ I . l5W ct ,,·-,,0010_ 01 1.1 1 Cl I'" 

A1 .... ~ O'-.J- I "l~ USlSlOR l Oll 5 1 .lS. fe ".·""01 ' 100 Oli l l U I OU 
&1~.n 0."-11)1 U$IS I Oit 1001\ " . z, ,, {t 1:'·'00/ • • 00 011 11 CII04) 
.1"~4 .. 0 •• -1111 1tE$1S11II. fllO 1 000 o.tII .05 u~n IM"-UU 
Al II •• , 0.'lIoI-4H I 1tI$ I S I OR. no 100000111 .os 21 ' 10 01>"-11 " 
AI~." O.~SII) , US I STOll HO n . 2SW ft It·-'OO/"oo 01121 eUlu 

. IOII.~ o.u·stU IlUISIOR 51~ 51 . U . Fe. 1C· - wO/ •• Qq 0I1l1 tU t U 
U~dl ~.tl-l"n .UISIOI. 101 5 1 . UII tC "'-WO/ " OO 0 11 2 1 UlOU 
A '''"91 O.U·.l1IH Il.U$lOR lOll 51 .J5~ fl., IC o - . OO/Oloo 01121 tUon 
&1~ .. u ij" .... l~i • ill'S I STOlt III 51 . 25 M f{ re -·'~0I · 1~0 Oill l euaz, u" .. . ~ ~ion-IIUS • • S I HOlt 2~ 5 ' . u w Fe " - -"",,0" JOO OIHI tUI125 

Set introduction to th i • .eCllon fo r o rdetinc Inform. llon 
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Reference 
Designation 
AItIIl9~ 

AI "II9 .. 
UO.t~ , 

AlO0l9 ¥ 
"'''11.99 
1.1011101. Rl02 
Al0RliJ3 
Al 0R10* 
A1R105· 

AII .. 0I10. 
...... ~ I 01 

AIOIll O~ 
AIUkllW 
Al0Rl11 ~A 
A I O~I ... 

AIOUI 
... U ... ~ 
.. ... Ul 
Uu ..... 
UII...., 

A I ~"'" 
AI Olil 
AI "'\IOI 
Ai"'" 
U UIIH 

U OUIl 
Ai OUi. 
A I ~U" 
AiUIII :> 
Al ... UI I> 

" ... UiI 
Alu ... a 
Ai~UU 
AIOu,z1 
U OU4:~ 

Ai Ou,z , 1., .. 11<' 
A I O~~ 

AlU ....... 
Ai<lUU 

"'0..-1 ' 
AI "u,z<t 
Ai<lUll 
AI ... U •• 
U OUH 

U UUH 
AI"U}) 
u uuU 
AI~ .. H 
Ai~u1d 

AUol 

AHld 

AIOAI 

AlJ" 

HP Part 
Number 

O.Il-20U 
0"1-201' 
O.Il-20U 
OAIl-2026 
08lIl-11711 --088.h472$ _.'" 
08111~5$ 
""'-"', 
07S1_04J1 
0151-0136 
07T;7-Q4l3 --" 01196-3150 

OB1-02 H 
OAIl-20U 
OU,J-'71~ 
O'U-'o/ZS 
""-',~ 
0 .. 90-0.0l 

"2 .... 0)4J 
"20-0109 
.. <l6-0W " 
112~-OlH 

iI;.-OlH 

tl2I>-OlU 
U~l1 
1I20-0lU 
1I2 .... alH 
U 20- I 19. 

1120-U9' 
11120-11 91> 
18~G-l~h 
IllO- 11 96 
I UG-1I96 

"~G-lih 
U.:!to-OlU 
I i~G-oo.lI 
1120- 119 " 
IUo-lI99 

1 821)-1420 
11 20-00. " I 
Id l l-lUO 
OJ'55 _ lnOl 
HJo-U9I 

1121)-1199 
I ii 20-11''1'1 
1820-1420 
1820- 111 2 
18lo-ltl2 

1 9_0~1I 

111'»-0) " 
l.l .... OI~O 
Ui .... O ~ .. 9 
1126-00II8 

U2 .... CUll 
120~Ol09 

ill u)- .. I .07 

OAI(>-O"' 

11IH_ SUOI 

11 1171. 

• • 
• • , , 
• • 

• 
• • , , 
• , 

, 

, 
• 

, 
• • • 
• , 

Table 6-3. Replaceable Parts 

Description 

AlSiSTIOa 1. 2U II .USW F It-O+-IOO 
~1I S JIOa 2 01 , •• l'M FC IC--400/*100 
US IUDit ... n " . 2SM FC 1t--'OO/.Joo 
AHISH ... ".11 51 .U~ FC " __ 400/.*100 
RES1SlOR UK "' ."lINI Fe Tc---tOOI*700 
5>11 " " -ilACi AUO fUM A lWA 1200'1 CIlHI 

lU,UHIIPllER. 'IASl 
) ..... NSH.1I1H. 'ULSI 

,,~ 

I C "A 
tCH 
IC . J 
U •• J 

,,:Mo t OP AIIP 
2U~ 0' All, 
H~ 0' All' 

WIII'tJ I EA uun 
CO,",uHR lIun 

SPEc. 
$ ' EC . 

I C. J CO"'IIHN L"))9 SPEC. 
I C Of' AMP LOW·ORIFTTO.n 
It. J UlJII'uru LN l19 1HC . 
u : , J COJll'UTU lll))9 SP~t. 
I t -OICi I JAt $ NJAUUAN TTL L1 "U 

I C -~IGI1A1. S N1I>LSI1~N III lS HU 
U:-O I""I 1NHlU JAN rl l l$ HEll 
IC-~";UAl U1A-L511l1N lTL U ) 
iL-OICiUAt S"JAl$ilWl III LS "U 
I t-D lCillAl SII'lI>LSIlAN TTL IS HU 

it-~ I GIIAI. SN1 ALSU4" ITL LS HEll 
I t ~ H UC III AM 
it-O I CO ITAt S""'O." TIL HElt I 
I C- OI GITAI. SNlAUOON Ht LS OUAO l NA"O 
It- DI GITAL SIHALSoo.-N ilL U HU I 

It - OICillAt $ N1A-Ln2~ ilL LS O I V-~-12 
It -O ICiITAL $N1'ioOWI TTL HU I 
I t , NOS-lOll 
NANOI'A OCESSO A ASSY INClUOESAIORI 06' 
IC- ~ I IiHAL $I;' 4\.So)" TTL LS QUAD 2 ""'NO 

I L-O I\' 1T 1.I. S"lALS,,"," ITt U HU I 
tC-OICiIiAL S/HAUOOH III LS OU AO 2 "'AND 
I C- aIei IlAl SNHl S92" ilL LS 0111-0;- 12 
IC-D ICilTAl S"'U Sh~ III LS OUAI. 
I C-~IG IJAI. Sl;l'>1.S14" il L lS OU AL 

OPII)- I SOLAl OIl Uo-PD I OIXHIl I f_SOII A_"U 
IIO' I o-l5OLAT DR l Eo-'OIO" ~'1l I F_SOIIA"""",," 
I t V RGLU 
It V 11(;1.1. 
It lUSC: V IIc.LU 

I C LII l20 V RG L' . 
.. HI SI"X SG l 10-220- 'XG 

CA'll ASSElIlI tY. L. I. (lfoIClUOES Pl1 

U Bn. IQ/l OIVIIJU 

sutUI-1C .. O-tUOl I OIP-Sl.Oit 

t .Y$fAt. QUAIlU . ils.200 .... 

CiUIUE"LIJ&-IN P(. 80A1W 

ASSEMBLY, REfER EfoIC~ 

troT FIElO REPAIRABLE . 
RESU lt T EXCHANGE ASSEMeL Y 

REPLACEMENT ASSEMBLY 

"'A RE SISTOR AIORl1l Al'I'llES ONLY TO SERI AL NUMB ERS 1022A1)()o1I1 AND ABOVE. 
"8 REED SWITCH AIOSI Al'I'llfSON l Y l O SERIAL "'UIoIB ERS 1622A1)()o110 AND BELOW. 
"'C REPLACE WITN A1OASSOIBlY PART NUMBE~ 11 171B fOR REPLACE MHIT OR EXCHANGE . 

MI. 
Code 

OIUI 
OIUI 
OUll 
01121 -. 01121 
01121 
011 21 

124~ ,,
,,~ ,
,,~ 

,,~ 

2"" • 
01121 
Olill 
01121 
01121 
UUO 

21410 
UA'O 

0<0113 
28410 
HOH 
21410 
2 .1>80 

nA,O 
M .O' 
nuo 
n ... a 
01295 

01295 
0 12U 
OU95 
OUU 
01295 

OU95 
04113 
Dun 
0129) 
oun 

01295 
01295 
2.410 
nuo 
OUqS 

01295 
onn 
0 1195 
DUU 
0129' 

21410 
2.410 
2701. 
2101. om, 
HOH 
l.no 

nuo 

OOIl J 

5 .... Introduction to t hiJ Mctlon lor ordtrlne Inlonnallon 

Mfr Part Number 

cnol5 
CUat5 
cn02' _. 
" •• ,,_.m ,,
C&l725 
CB13J11 

C4- 11'8-TO-7811~ 
C4_ 1i&--TO-fO'''_f 
C4_ 1i8--TO-"51_ f 
C4_ I il-l o-3l21_ f 
01-1/8-TO-l321~F 
C4_ 1I1-rlO-2IKI1 _ F 
C4-1 i&--lO-m l _ f 

c .... ".- )O-IIU-F 
CUOH 
""U5 
tI'12' 
,~'" 
00., I)- 01 oz 

9100-01>1. 
9100-)119 

IOCHl"Ci 
1126-0109 
LFl"" 
112'-0)Ar 
1.2 .... 034' 

112 .... 0)41 
OP-07CJ 
112 .... 0341 
1126- 0)41 
SIIHLSllU, 

SNI .... Sll~ 
$N' .... 5114N 
SN14tSIJlN 
s,nAl $I "N 
SNHLSllAN 

SN1 .... SI 14N 
IIC IU6.::' 
SI1J4""~ 
iiOIHl S'lOJt 
SIIHt SO ' N 

S~JAl 5UN 
SIIno,," 
"1&-2210 
03'55 _ 82501 
SIIHLSOlN 

SJilHl SOAll 
~HUOOM 
SJlHLS92H 
SN1A1.SJ .... 
$/IH~S'AN 

19'I)-OH1 
1"0-05H 
SL2668l_ :lot 
LMl20T _2' 
,,~ 

lNUOI - 15 
1205- 0J09 

OJU5-".0 1 

.-Zl- lO)DY 

... 



Reference 
Designation 

'" /illeS 

"'" AIK1 "8 
A I l'CIII-<:~~ 

A!2tA~ 
AI2tA6, CIII 
AIl'CJ18 
... 11C1I9 
"'''CIIII CII15 

''''101 
1\1101 
... 120) 
"12~ ... "os 
1'.12111 
.. 12A' 
... 12113 
1'.1111' 
1'.12115 
",12R6 
,o.I2fV , liB -l .. -la 
,o.I2Re 
/1111111 
,0.1111" 
,0.121111 

1'."1110 
"'12111 5 
"'121116, RII -l " JB 
1'.111111 
Al1l1 li 
.. 1211'1 
AllIIn 

HP Part Number 

0l4~~66S12 
018()...02X1 
OUIO-OI6C 
0160-0157 
1901. 000;0 
11101_ 0111 
1901 _ 0050 
1901-0038 
11102 - 31311 
190I _tQ.O 

185&-01H 
1~-0020 
11!!>'_ \Xl81 
1864- 00]9 
18Y.>_02~1 

0683 _ 11 15 
0681_ 0tJ75 
0151_ 0058 
0683 - 2135 
()698. U&B 
061l1!-4:>O1 
0151_ 00Ul 
06113- 1135 
068l-4115 
068J - 2425 
~-~ 

0698_:J.ISI 
0683- '135 
OI~'''()o4? 
06BJ_ ~JJ5 

068l_ 1535 
068J 1235 
06113_ 11:>5 

.)" SH/\;Ol fOt.lSC "E MA'IC', 

.) 1 SHNOH O~SC"(MA1IC ' 

Table 6 . 1 Replac e able Parh{CO"t ' d) 

Oty 

, , , , , 
• • , , , , 

, 

Description 

PC .t.S5lM8 LV, DIU .. CONVEIIIOR 
CAPACITOII TXO IUT ' - 2O\5OVDC II'. 
CIII'ACiTOII TXO .oBIJF ' - 10'11; 200 VDe 
C",PACITOII fKO 41OOPF' . IO!\, 2(lOVD(; 
OIODl _SWI1Ci'lI NG IIOV 200MI'. 2NS 00-1 
OIO()t· lNA INIPS 6,2V 510 00 1 Po-,25W 
OIOOE_SWITC'U~G80V XlOM" ,~s 00-1 
0100[ · 1< ... II(CT IK ... I\()(NA OO- llt 
OIOOE_ lNII 8.25'" 5,. 00-' PO· •• W lC· ·.~ 
0100[ · $W1TC>tlNG 80'" :zoo,.. ... 2NS 00-1 

TAA"$ISTOII -JHT DUAL N·CHAN O-MCOE TO_II 
TRANSISTO R PNP SI PO-::K:IOWW n-l5(W,Itlz 
TRANSISTOII NPN SI PO-3IQMW FT·,S,.. .. Z 
TII" "'$15TO II NPN / ,'0439 51 10_5 P()oolW 
lR A"SISTOR _JHI OU"L N_CtI"N O_ MOOE TO_II 

RESISTOR 110 5'10 25W FC 1C._oIOOJ ' lIOO 
RtSISTOR 4 J K 5'11. .2SW FC TC· _OOOI· 11IO 
IIESISTOR 1M 1'110 .5W f lCoO ' _ IOO 
RESISTOII UK S 'II. 1!;W FC TC · · 6(l(l, -1IOO 
IIESISTOII 1.130::: I. Il'5W f TC- (>o - IOO 
R(SlSTOR 8 .BI':: 1" , I75W F 1COO-· 100 
RESISTOR 1(11( ' " .125W F TCoO-· lOO 
RESISTOR 111( 6 " :>5W FC TC- _ 400I ' 1IOO 
RfSIStOIl 410 SIo .25W FC 1C- _ 0I00, ' 1IOO 
RES ISTOR 2 .~': 5'1i .:!!iW FC 1C. -4001. 1OO 
RESISTOR lOIC S'li .2SW FC 1C __ 400 ' Il00 

RESIStOR l:UK l 'Ii . 125W f TC' __ IOO 
~ ESlSTOII 211( 5lOi 25W FC TC~4DO ' Il00 
RUISfOR 10K " . 12~W F fC' O' _'OO 
RfSISTOII . 311 5 ' .2!iW FC TC-""'OO-IIOO 
RLSISTOR I~II 5110 2SW FC TC-·6(l(lJ·800 
RESISTOII I~K S. 25W FC TC· - 6(l(lI · 1IOO 
RESISTOII I, IK ~" -l'5W FC TC·_ 400/· I00 

MI, 
Code 

n_ .. -,,,..., 
~-001113 --0t113 --n.~ ,~ 

02135 

~-
01111 
01121 
IglOI 
01111 
,,~ 

,,~ 

roN' 
01111 
01111 
01111 
01121 

,,~ 

01121 
ro~' 
01121 
OI UI 
01121 
01121 

Mfr Part Number 

0J0I5S- 86512 
ISOOI05XOO!iOA2 
0160-0164 
0160_0151 
1901 _ 0050 

, .. " 
1901- 0050 
11101 _ 0036 
sz 101139_ 158 
11101 _ 0050 

' B5~-In47 
18~-0020 

1a!i4_ 0081 
?N3'l1l 
llIS5_0,. 1 

CB III~ 
CtI432~ 
MF1Cl n - TO- I(I(It- ' 
C112135 
D1_ III_ TO_ 1I11 , 
D1_I~_ IO_8811 F 
01_ 111_ TO - lOO2 - F 
CBI235 
ClI-lll S 
C81~2~ 
CBlO3S 

D1_ IIB_ TO 1::133 f 
C821J5 
01_ 111 TO_ l002 f 
C8035 
CBI5-3S 
C8123l> 
CBIIl'5 



Table 6-3. Replaceable Parts 

Reference HP Part Oty Description MI. Mfr Part Number 
Designation Number Code 

AUiU~ OHO-OOO9 • auulClI. 100 .. Z1I III ItO ,,-o .... zoo 1l~01 a'12 

U211 9100-0t0J9 • TIUIII5flillllEa, 'UlU U4&O '1110-0"" 

AUUI l&2G-Oln , It LIII lOU Of' - nOH LIIJOUH 
AI2 l/;/. 1120-022) I t til lOU II' - nou LIIIlOIAli ... Ol~~ .. nl • '.t . .I.$SEllnl, AC CClllv£a ua In.o OUS~.UU 

Anti OUO-2U9 • U'. CIIDa- no lD" +-sa JOOi/V Dt IlICA UUO ouo-u" 
Aut2 01_,"0. • C.I.I'.I.CI TOIt-fXO .nl.lf' ..-101 100ilVoe P'Dl." U4&O Ol.l.o-Mo. 
AlJn OI60-MOI , C.I.I'ACITc.·no .OU'" _10. 1OOIIIVoe I'DlY' UUO Ol.l. o- MOI 
AUn 0160-"01 • C ... C I l oa-no .Wf _ 10l 100llVO(; ,01." UUO 01.1.Il-MOI 
.u~~ 0160-1199 U ' .I.CITOII.- nO lO" .... '1 lOOIlVUC IIItA nuo 01.0-1199 .. ~ 01100-091 • C.l.pACl l oa- no .01l1S .-11)1 100lf'lOC POL ... , IIUO ol.l.G-un 
AU(1 OIIoO-U91 CUAt IIII .. ·flO .01lUf .... IOl 200"VOt 'OU, ZlUO Ol.l.ll-un 
AU U 01100-.'11 CA'AC I TOil-no .Olllf' .-101 100liVOG I'OI.Y' 21UO 016G-,,",01 
.Ut ... 01100-"0 1 CUAt I roil- FlO .011.-" .... 101 1OOIIVOC 1'01.. ... , UUO 016G-"01 
U~CiI 01 ..... 0229 C.I.,.Clloa·no llU' .... IOl 10Voe fA ~llt UDOll6ol9010n 

AUtl~ OI ..... OI¥J CA ' AC I TOa- FlO 2.2Uf .... 10 . 20",0( fA SAU' iSODU5J.9o.l0,u 
... u eIJ ol ..... l ns CAI' AClroa-,.O . 22Uh-1O' lS1lOC fA s.zlt UDOu.uon.u 
Aue H 01_2199 CAI'.CITllII-HO JO" .-5. ) ooll ... OC IIICA 21410 Ol_tln 
AI>~I ~ 01 21-0H2 • CA'AC l lOII-W TJ.KII- Ala I.T/I •• II'F l50'" 'U10 119-5OS-U5 
AH CID OloO-OJU • CA'ACllDa-f.O S'F .... 10. 500 ..... ot IIIU 2.410 OIAG-OJAl 
AI3C17 ".....,., , CAPACl f OR_ FXD II20Pf '"'--5" 300WVDC MICA "'" ".....,., 
Al3C,e 0180-174& , CN'AClfOR - FXO '5!.If_,,*,2OVDC f A, "'5 Ui00 1611~82 
Allelt , ........ , CAPACITO~fXO 34ePf. "-~" ilOYV.DC.PORC - 01110-_ 
A1JC2' 0 151)..OC18l , CAPACITOIl-FXO D1UF «<1- 201.. lOO1YVDC·C~8 ,..., " ........ .,,'" 0180-0 '87 CAPACITOR_FXO 2.-Q~"- 1'" 2OVOO TA y,," """,,.,.,,,.,., 
AIJC23 01llCl-31'" , CAI'ACITOIl_ fX O D' UF . _ 1(1'1,. IlIaNVllC CE R .- OUIO...;)l'" 
A ' JC24 0180-0181 CAPACITOR_FXO 2.2UF-t_1D11i 2OVOC fA .... 1110022$XlI02DA2 
A1JC2S ·40A 1I'5G-0378 CAPAClfOR _ FXO 27PF ' - S"!IOOVOC MICA ,- 0106-0181 

015G-2150 CAPACl f OR _ FX O 33'F . - KlOOWVOC MICA ...., ()15G-2150 
0'40-1)190 , CAPACITOA - FXD :»PF . - S,,3OOWVOC MICA """ 0140-01110 

A'3C26 0 ' 5G-3845 , CAPAClTOR-FXO lOP,._,,, 5OOW1IDC MICA "'" 015G-39oI6 
A1JC21 ,,~ , CAPACITOR _ FXO .000F . 8D _ 2O'JI. ,OOHVDC CE R ,- .~ 

AUt2i 0 160-2199 tA'Atl T~-no lO" .-n IOO"V[)( IIIU 21~'0 OI.l.~2199 
AU~4i 0 1_19" • tA'AC I1O .. -HO 10 PF . - 1. 10 00WVAC ,oat 21"0 O I~o-l"A 
UJCH 0 100-)911 • t", . , llOa-Ho 910PF .... 11 100 .. VOC POIIC nuo OU<l-ltJJ 
&llC12 01AG- 0202 • CA' AtITOI-F AD 15 1'f ... n SooliVOC ""A J21311 0111 ~ I SQJOSOOIIV I e. 
U~~H 0 160-39l0 • ,A, A, I f DR-HO 10,F .-11 I~OOWVOC POilC 2neo 0160-3930 

AnCH 0 1 21-(4)<> , tA' ACII.OR- V lMA- A'. 2 • • I2' . 5' F nov 14910 I n - 509-125 
Allcn OIeD- )S81 , tAI'ACI TDIt-fX II .llIf .-20&, .. lO .. VO(; lI'f fUOZ 00110A.1.0 

AUt •• 1l 19C1Z-l~n • OI OOE-Lfla 20W n OO- J ' 0 - .... f'· •• OJU ~IU ~ 10919-2.9 
AIJU~ 1901-oolJ , II I OOE-"'" , •• I ",OV ZOOIU. OO-J U'" 190 1- 00)] 
AIlC;,l HOI-OO~O ,. OI DOE -SWlTtH I NCO lllV SOIU. I ... S 00-35 2'UO 1901-oo AD 
A.Ih.K\ 19 01-OUJ) 0101)E-g: ... , .. 1.11011 nolU. 00-7 2" '0 1901- 00)) 
AUell) 19 0 1 -0~1. 

, DI DOE -SCHOIIU 21410 1901- 0 5 11 

Anc • • 19 01-05U DIDn- stHDT'AY 2"80 1901-0511 
AU,-"., 19C12-3UI • 1I100E- V4a J.llV sa 110-1 ' 0- .'" TC·"o.U 04l1 l Sf IOt)9- I U 
Ai.>~U 1901-0..40 0103E- S .. 1 TCHU.G 10 ... 50"4 2 HS IID-l S 2 .. " 1901-0040 
AI ·"Mi 1901-0040 II ' OOE- SII I T ClilNG SOV so .... I NS Oo-l~ 2IUO 1901-0040 
11.1)"'1. I9 CI -OU'O D, 0 DE-SWITCN I NG )OV SOftA i HS DO-)S 28410 190 1-0040 

AU Ck l J 19 11 1-0040 OI DOE-SWITCHINCo lOV ~O IU. J:II S Oo-lS 2141 0 L90 1- 00'0 
AUCk lJ 19Q:l-)Oh , DI ODE- IN ••• nv II 00-1 1'0 • • ~W ".-.0191 o.JI) Sl 1(9)9-93 
AI~Ckl . 19 11l-)Oelo IIHIDE- oIH. ~. nv ~ I 00-1 , D- . 'II It.- . OI91 04J1) H lotl9-'O 
AUI.o< U 19 01'01.140 IlHl)(- SIo ' "HlHe lOW 50"4 ~ N 5 OO-lS 21UO 19O1- 00AD 
AI~tu .. 19 0 1-0g ~ 0 IIIOOE-~IIIT CHIHC; )OV 5gIU. INi 00-]5 2'UO not-lO AD 

AUCl lI l'CI~l,kIU , DI OD E-SIiITCHIN(; '" ,,~ I ONS IIUO 1901-00.' 
.UCklii 1~ 0 1-1III ~1 O I OOE-SIIITCH~G '" ,,~ IIlNS UUO Ltol-OOH 
AUC_ U 1901-0u.g OI O)E- SilITCHINCo '" 50 llA lliS 00-l5 2euo 190 1-00.0 
AlJ~~a l"OI- QUAD DI OO E-SIII "HI NG '" 50llA l li S IIG-.JS n4&O 1901-00 40 
AU'M2~ , 901' 0.:.040 O' OOE -SW I TCHl tIG '" 50 ftA 2115 UO-15 UUO 1901-0040 

AhU D~ 90-OII83 a (lU-llEEO III l OO ftA 10 0 0 VOC svOC~tO ' L nuo 049G-0II83 
AlJIl~ D~90-0883 IlElU- IUD III l uOIlA l OOO",OC 5VOC-tD ' L 21410 0491l- 0683 
UJU o~'illrOl..n REtU- R.HO U l OO IiA 1 000~OC s ... OC-<Olt 28<0110 ono-o..63 

AI .HI! " " - ODlI TIUINS,~'(Jl _ 5 1 1'0-3001111 FI - 20QNHI 2euo l iSA-DO n 
UJU~ USO- ODlI lUIIS ' STOil _ 5 1 '0-100 .... fI ·~OI»lHI 2'." us .... oon 
AU~l U!>-O~k • 'U.~ S I S TOIt .;off ! ' ''''l9 2 H-CHAII 0-11001' 0411) 211')92 
AUII'> I . ~""03 e.. TIUIU I SHIft J-FU 2""l92 H-CHAII 0- 11_ QUI) 2 .... )92 
AlJII) le55- 0l .. TUHSISIOII J-fU Z""l92 ... · CH .... G-llOO€ OAJH 2"'4)92 

Al Ju .. 101)>-0)6<> ' .... NS U " . J·FEf 2"")"'2 II-(HAII G-ftOO( o.JU lll4)92 
.aul Ui5-l-0J51 , IItAN S IH Oil HIN 5 1 To-I& 1'1)-11100l1li ~e.eo 115.-0J51 
AhUIl U~l-OIiIO TII.A~ S I S I(Jl PIIP 5 1 Til-II 1'0' ) .. !WI~ UUO 11.5)-0010 
U ),j\I iii ~S-OAN lR\IIS I STOR J -FET 2 .... )91 Jt-C""" ~OOE OHIl 21(4)91 
.1~ "iI US.-OJSI UAH S I SHIII " ".. S I Til-II '1)0360 .... leuo I UA-Ol51 .. SEE NOfE ON SCT MATIC 2 

See Introdu el io n to this sectio n for ordui~ Inform Alion 

." 



... 

Reference 
Designation 
AHIIIl 
A!JIIU 
AllIn, 
UJIIU 

AlI I'll 
AIJa2 
Ahlll 
AU'" 
AUII' 

AUIlI> 
U JIIl 
UJ'" 
'1)119 
A1JIlH 

AIUIl 
U JIlI) 
AUIlI' 
AUIlI, 
AUIII, 

.I,1t11 
Udh 
AlI".9 
AlJdl 
AUlI2l 

.HIll. 
AllltH 
"JMl~ 
Al.ltl. 
UJIt.,' 

AI u.i!. 
A •• ~~ 
... ,UI 
.'Io<l~ 
U,UJ 

AIJRJ~ 

AU")~ 
UJ"h 
U, .. I 
UJMh 

.1J11;l~ 

&U"H 
&IJ~~~ 

AIJII~) 

.U .. H 

AI.ul 
.hlll 
AUIII 
AI) ..... 
A1JU, 

.,.U .. 

... 
AI~I 

U't't 
AH"J 
AH'-' 

A'''' 

.. a .... 1 

.I 't .... ~ "A 

.h~IIJ 

.I't~"~ 
U .. C .. , 

"HI,:.!" "'A 
AI ..... , 
u'tl,.u 
AI't (R~ 

.h'-~I~ 

HP Part 
Number 

I "J~ooIO 
115+-00Jl 
115S ... ~20 

' I !5--0202 

O.U-HU 
0.1U-223S 
O.I)-i1~U 

0~9II"'lU' 
O.o;e-HH 

O J)J~O'tu 

01 S1~02JO 
01>U-22U 
O"U-IOU 
OUJ-SIU 

UOO-lJO. 
1IIlO-UO~ 
U.W-' ·Ul 
O.aJ- IOU 
01 )1 ... O't01 

01>9II~3122 

O.U-ZOU 
O~"~'IIiS 
0 1S1-~n 

0'''''''81 
211lO-1101 
0~1O-202' 
O .... ~UI ~ 

oon~20~' 
O.Il~ I OU 

0"1l-2~1 ) 

OUJ.-Ud 
o .. u -Iua 
0.tl~51'5 
01"~O't 't l 

o"u-un 
OU)~"Ol ' 
2 I CO-3JO~ 
0.aJ-47U 
lI o9&~ I~ I) 

0~"""-"20 1 
O ...... lOI 
0.9II- 'l02 
O.9&",IUS 
0""'~8l'" 

1'2<>~00,9 
1 11 2 ..... 0059 
"Io-"ZSO 
11b-00" 
"2 ..... 0109 

01_0Il0l, 
Ol oO-'J9a 
UI~OI't9 
01 »-00II , 
01!4-008" 

I~02 ... J"J/ 
1901-0010 
1901~ UO'0 
I ·H,I~OJI. 

nOI-oJ/ ' 

19 01~031' 
191U-JO/ 
191:1 ... 0<1.0 
1 901~00"0 
l,*el~OU'.I 

Oty 

• , 

, 
• • 

• , 
• • • , 
, 

• 
, 
, 
• 

• , 
• , 
• 

Table 6-3. R eplaceable Parts 

Description 

TltU515101 "W ' I 10~1I '0-"0l1li 
TUN,U1Ot _ .$1 '1;1-3 00l1li n·ZOOIlIll. 
U ' NS I STOIl J..,f (1 2 N')91 If-CIIAN I)-NOOE 
IUNSISIOI-.l'EI OUAl N-(N.UI 0-1IODl' $ 1 

IIUI$TOIl ' l Oll , • • 25 M FC ".~'OO/ .900 
USIUOIl UII 5 •• 2!>1I FC "*-..,0/.'00 
IU;S I STOll UK SI . H M FC Tt_~"'O/.'OO 
IIUI$ I OIl HI. It _ U 5M F "_0'_100 
lIE" StOll 14111 II •• Z~ iI f "'0. - 100 

IIES I STOIl 10011 U .U'II J' T ~-O ' ''' IOO 
Ilf~ I UUII Z4911 It . 12 511 F I t ·O .... I OO 
IIES I S I OIl 1211 S •• 2511 FC TC·-.oo/ . aoo 
liES I $TOIl lOll S •• 2511 It "'~"'0"'00 
IIU U IUII SlO I 51 . Z5M 'C ' t·~100/.9oo 

IIES I SfOll~TIlIIII 5011 101 C S I O( -A OJ ll- TIlM 
USUIOII ... TIlIIII 2. 101 C SlOEwAOJ ll "' TIIN 
IItSl$'UII 1 . 0S!!. 11 . U511 F ".0 .... 100 
IlESU 'UII 10K ' I . 25 11 FC rC_~"'O/.I00 
IIH ISfOJl 100 11 .125 11 F ".O. ~ I OO 

IIH ISlOII U 2 U . i nM F T"O' - I OO 
II( "STUII 200 11 51 .nM FC I t· .... OO/.,OO 
otf 5lSTOII 51 51 . 25 11 FC TC _ _ &OO/ . 500 
IIES I 5 1011 )0 .111 11 .IU. ' I t·O . ... IOO 
IIHIS I QIl Z •• 7K 11 .12511' TC_O_ I OO 

IIES I SIOII~TIIIIIl 5. 101 C ' I DE- AOJ IT- TIIN 
IlES I HOII 2M $I .ZSII FC TC __ . 00/.100 
IIE~ I STOll 5<11( ." 1';0 MAICHEO SET A:5,38 .• 31 
II H I HOIl III 51 .1'" FC fC_~&OO/. IOO 
lle "STOII 100 SI . n M Fe " · ~&OO/' SOO 

IlES IHOli 240 n _UII FC Tt·-..,O/Uoo 
RH IST OII U~ 51 . 2~1I H "· ... '00/ • • 00 
1lI:$l$lC». 10 M 51 . l~ 1I FC TC'~.00/.700 
IIH I$TOIl S I O. 51 . nll FC I C·~100/.900 
RHI$ I OII l Oll 11 . IlS11 F I C'O'~IOO 

RES ISTOII UM 51 . 2511 Fe TC .... ..,O/ . dOO 
1lI:~ IHOIl )k H .25W FC TC __ ..,0/.,00 
1ll:~ I "OII-TIl'" SOli 101 C S I OE .... OJ II",UN 
R(~I S l lIII .10 5 • • l~ Fe TC· ... . OO/.~OO 
RESlSIQIl "1111( .S"" (PIO"'ArCHEOSEl 1125,311.01 

11.151$1011 I . UII 11 .USII F TC'O ... IOO 
Il£Sl$ ' aI; 8 . 11~ II .IUII , 1t'0.-100 
tU I SlaI; 8 . IlK 11 . 12~W f T,.O"'IOO 
RHIS 101 2'" ."'(1'/0 MA1 CHEDsn R25,38.0 1 
R[51 S ' OI 20.21( ." (1'10 "'ATCHEO SET R4<I, R.5) 

l nU IOli 2t.I.n. I' IO MATCHEOSH R4<I. A.~l 
RUI$ I QIl ... ' ..... SOO IU ' S l l f- 'G./ IJ- UN 

It LI. lOU. OP l1.li' 
It IN 20U UP AliI' 
It . fiNE LIN E CH I ' 
I e IN ZOU 01' ANP 
I t HA l h 25 U' AMP 

IC -DJ(; "Al SNhU.N Ifl HEl I 

STAMI'IICi, BR' .020- 'HK 
u,u"oll-,e ~D etll POUC .06Z~III)-',,"S 

P. C. AlSE N8U. 1.0 CONVERIEl 

CAP.c I TOII ... fllO .IUf "0·20& 1 00~VOC cu 
CAPAC I TOil-flO .("2"" . ... IOC lDIIII¥OC .OLVP 
cn.CI TOR-F~D no,' . ... 5C lOO WVOC IlICA 
C'PA C I IOR~F~O .IUf .80~lO' 100.YOC CER 
CAPACllO'~FJO .IUF .81)-201 1 00~VOC CU 

CAPAC lTo.~no l OOP' .... n llOWV\IC IIIeA 

OI;)O E"'DlIl lOY S'1 00-' 1'I) . . .. 1t r C·' . on 1 
OIIl')E ... GEN PR' 35V 50"'1. 00-35 
OIIlOt"'Slf IT C'''HC. lOV 501U I N' oo-lS 
O I IlU~~GtN PO JSV SO IiA 00-1 
OI :)OE"'CtN .H' J5Y 5011A 00-1 

01 DOf ... GEN i'llI' lII\' 6IlMA 00.35 
OI ;)O E ... ,lNII 10V 5"1: 00-1 .0 • • '. ".' . OU 1 
O I J)E~SWllt'UNC 30W" 'OM. lN$ 00-)5 
OI ODE"'SIIIICHINCi lQY 'OIiA lNS OO-U 
II I OIIE~'" "C" I NG lOV ~IIA 2NS Oo-)~ 

MI. 
Code 

2 ... 0 
UUO 
OH U 
I U5I> 

Ollill 
OI UI 
01121 
91 U J 
91Ul 

2U .. 
In' . 
OiUI 
01121 
Olill 

32191 
nnl 
2~S" 
OIiU 
14S4. 

onll 
Ol ill 
01111 
HH. 
2U' . 

un' 
OIUl 
n ' l\I 
OIUI 
OI UI 

Ollill 
0 11 1 1 
Olill 
0 1121 
ns~ ~ 

01lZ! 
OUiIl 
)2991 
OIU I 
2un 

nH. 2.,,, 
HS~' 
uua 
Z8. 80 

nuo 
JU9T 

21014 
2101' 
n •• o 
HOH 
21410 

oun 

2HIO 

21UO 
~ .. ao 
rliU 
28UO 
2"'0 

Z14'O 

O'tlU 
2un 
11410 
28 .. 0 
Z14.0 

U , 'O 
OoU U 
Z"'O 
llUO 
2'''0 

See Introduction to this Mctlon to ~ ordulna Info rmation 

Mfr Part Number 

l1,j~OO IO 

1""'0011 
IN .. J091 
un 
CU~., 
cnn, 
"un 
CNf~'5-- I . T"'I 
CIU"-'5--I . '~ I 

C ... 1/ .... TI)-IOOJ-f 
C"'I/" TI)-H9J~' 
cuu, 
(aUJ5 
cnH5 
JOO ...... I ~'O) 
lOO''~1~102 
c"'"a-'o~U"~f 
tllon 
C.-III ... TO_ I Q.I ~f 

. NE 55-- 1 fI-1 0 - 41 21)-' 
"lO't5 
en lo' 
C ... I / .... 'O~lOIl~' 

C ... lfI ... T I)-2"2~F 

30""'- 1""02 
cnon 
ona-u., 
ell025 
C8I015 

tIZ'" 
CIZ2lS 
(ilion 
CUIU 
C ..... III-To-I OO2-F 

caun 
e131125 
)OO"'- l-SO) 
tlHI5 
CHo9l-ans 

C"'"B-fO~""~~ 
C"'III~'o-a.n~. 
t"' I II ... rQ - nn "' f 
CHo"~1Z 15 
069 .... a2l~ 

G4>,.·UI6 
300"'-1 -'01 

lN20 l All 
IN201 ..... 
IUI)-QlSO 
l1l201 ... 
laz'~0Io.9 

0 150-00 .. 
Olbl)-']" 
0 111 Sf'.7IJO)00IlYlCt 
0150-00" 
0151)-0014 

Sl 10n9-z" 
1901-001"e 
1901-00-.0 
1t01-onl> 
ltOI ... on. 

190 1 ... \1378 
Sl 109J9-lC>9 
190 1'00.0 
1901~00", 

190 1-00"11 



Reference 
Designation 

.IUI 

.HIU .. ~ 

.1~Qoo 

U4Q~ 

U4Q11> 

'Hill 4 8 
' .... l 
'Ha) 
'Hilt 
u~.!> 

U U •• 
H~IIJ 
AHIII 
&1'119 
AHiUJ 

U~II 
AHIlIl 
_HilI). 
U~ItU 

A141<1~ 

'IU.I' 
U"otll 
AHotU "8 
"41119 " 8 

u .. It~J ". 

"Uot.ll 
" 1'01111 
"nuJ 
" 41ll" " . 
"H0<2!> '" 

U~Iti!. 
"hilU 
"140<21 
AhltH 
U"IIl~ 

&I~.ul 
AI .. k)~ 
U .. ItH 
&1411). 
" 4-lU ~ 

" .. M3. 
Ah"ll 
U".l. 
'1400<' 
"~otU 

""11.41 
AHk"~ 
U4IC u 
'1 ...... 6<0, 
" lhU 

'I ....... 
&lU41 
"1411"~ 

..... 111 
'hU~ " ..... ) "' .. ... .. 
'h"'~ 

.. .. 

HP Part 
Number 

1901- 0511 
1 901-00'W 

11»-00.:0 
un'OO H 
UU--OQO 
" " - 00)) 
1.u--m&8 

1 .,)-.OOlO 

00U-l0 :15 
OO,"-lOlS 
Go98' )ln 
OUI'2Hl 
o r ~l-"'Uo 

Onl-O<l.O 
00,.- 322' 
01~1-0.40 

0 1 S1-0..~ 

OH1- o.JO 

0'"-)''' 00U-1025 
OoD- U U 
OUI-o."Z 
OeU- lOll 

0 1 S1-0.~ , 
OJSl- o..U 
OUJ'0213 --0l1li11-3276 

0' H-l!>'1 
Oo,.- l I H 
"" ,"-illS 
0 6 1l-10J1i 
0. U- 103!1 

0"'8-)2'0 
O"9t-'~H 
o"')-~Jn 
O~aJ- )9n 

069&-k"9 

O,,.- ) l U 
0' ''-l''~9 
0,,..3,n 
Oo l )-hllS 
". 9oI- lon 

o. n-~'n 
OOU-IOJS 
" .. 8.J-JO'tS 
" .. 8l- J 0 25 
0151-0"'2 

o.I1 SJ-0.41 
0 0 U-.1U 
O' Il-~UJS 
0 . Il- :IO!i6 
00')- 1065 

"'8)- 106 5 
0 '9&-" 15 
o.I1 )1-~1 

1 901>-00 10 
19 ..... 0010 
I U 60-0471 
11260-0 l09 
10 ..0-(20 ) 

Oty 

, 
, , 

, , 

, , 

, 

, 

, 
, 
, 
, 

, , 

Table 6-3. Replaceable Parta 

Description 

01 OO(-SCIfJT 1 ICT 
01 00f-Slllf t"11I5 10'1 SOM 2 11S 0G-)5 

IUIIS ISfI». ,,. 51 ,o-IOOIW fI . 150lltt,
IU II. $i $IOIt ,.. 51 I G-U '003&0"" 
TIllII.$Ufl». J-f'lI 211.4'91 1I.-<1U1I. o-II.OOE 
IA.AII.SUfl». J,"*U it-<:1Uo 1I. G-1I.00E 1G-J2 51 
'1llII.S I$lI».- J I1U OUAL ff- t lUolI. 0-1tODE T0- 7 , 

IUII.S I$.Qt ,,. sa '00300 l1li 1T ~ 1501l.Hl 

M5I5'Ql 
llUI$fOlt 
llU I S' OIt 
. e SU IUIl 
llUu.Qt 

10 K 51 .25W Ft 't.-.OO/.JOo. 
l it 51 . 25111 , t ft. - 400/.JOO 
,.Ult 11 .1.l5111 F I t_O ..... I OO 
10« .11 . I U II ' 11111 ' C~O""'Z 
'.lZll II .U~W F I C.Oo- I OO 

.esUfQl IK n . UJ~ , " ·0 ..... 100 
• U ISIOit &.'911. 11 .U5 W F IC~O .... ,oo 
.n I Sf .. J . n 11 .1l5~" "~OO_IOO 
.H I Sf .. U" 11 .12$11 , " '0 ' - 100 
llE S IHOit 2.2111. 11 .U5W , l e·o ..... ' oo 

USU 'UIl .. , 11 .U5M , fC'Oo - IOO 
. [S l n .. lK " . 2511 ft l e.-400/.roo 
. ES IU" UII S'I . ZSI! Ft fC __ 900/0lZ00 
IHI$IIIIl l Oll Il .U5W , ' C-OO- I OO 
ItH I$l tII 19 .... II . U511 .... w fC~oo-' 

It S I HUIl I. Z 511. U .IUII , 1t· 0 ..... 100 
RH IS'OIt 100ll n .125W , 1t~00- 1 00 
. [ S I 51" 3D1K 1 1 . 12'''' fC·0 ..... I00 
. U I S 11111; &til 11 .I2S" , 1t_0'_100 
I U ISJUIlI,4ll KIl .U511 F 1t-00- 100 

U ~ l l lllll 10" . 1 1 . IUIl 'lilY Tt~Oo-z 
lU I SIOl ,. , .... 11 . 125 W , "·0 0- 100 
.E ~ I S IUl ' 20 5 1 .2SM , t f t·- ' OO/.ooo 
llH I S 10it 10 K U .2511 ' C 1t' - 400/07 00 
It S I S I Oit 10 K ~ l . nll I't fto- .. 00/ . 7 00 

Re U$f1ll UU 11 .U5M , ,, ' 00 - 100 
~ <S I $f1ll 1. 21M .11 .2S" f " ' 0_25 
~ e S I S IIII 27" 51 . lSIl 't fC·-400/.'00 
RES I S IIII ).91 5 1 .25 11 ft ' ~ ~- ' OO/.JOO 
1ll:S IHIII 1. 2f111 .11 .l5W f "' 0 _25 

~!$UH,JI " ... 'I .llSIl f . e,oo-IOO 
I E$ 1$11IIl 'O. l~ 11 .125M , " · 00- 100 
U S IHUIl ' 0 . 2" I' . I UII f ,,-0_100 
llE S I SJUIl I " SI . 2 ' 111 f t " --400/0&00 
RES ISlOit ' 0.2" II .IZ~" , "'0 0-100 

l1t $ I Sflll 2~~ SI . 2 ' 11 Fe 1t--40010Ioo 
.&$ I SIOI1 10 .. 51 . lSl! FC " '-40010100 
.. n ISl Oit l OOK 51 .l5 11 f ' ,,~-.oOlo'OO 
RU I ST Oit I" ,. .2511 'C 1t·-400,.,00 
~H I SlIII 1 0K U .I U W f ft ' OO- I OO 

USI $ ' OIt 1 0~ II .USII f ".0 0- 10 0 
~H I$l 1II Hot SI . UII Fe "' - '00/0100 
U S IHIII l Oot ,. .lSlI It " 0- ' 0 0/0800 
llE S I SIQt 2/11 51 .25. Ft ,,0- 9 00/'1100 
llEl I S1111 l Oll 5 • • 2S11 Fe ". - 9 00/0 11 00 

Rts l$'OIt 10 11 n . 2 ~W ft ' C' - 9 00/ 01100 
1\f5UIIII 9.1&ot II .IU Y , "'00-100 
RESISTUIl 182K II .IUII f fC ' I)o - IOO 

DI QDE-¥'" 
OI OU E- UR.U 
Ie 0 ' AMP LOW-O AIH ~ 
" . 0 511J 01' A"' 
It •• "IIl. OI'I:.lU. IOHlL 

Elu.e T01l . '.t. tOAIiO 
PlN".t. 1(IlIW E lIll'UgR 

MI, 
Code 

2'UD 
UUO 

nuo 
2 .. 10 
OUIl 
nuo 
2'UO 

Z .... O 

,,~ 

01111 
245U 
1' .. 0 
2 ' 5 '" 

2U ... 
2U'" au ... 
24~U 

~'S4& 

2u.f 
OIl ZI 
OIUI 
2 U ... 
nho 

U143 
2U .. 
Ollll 
01GOI 
011107 

"631 
19.01 
Olll l 
Olill 
19101 

9HH 
2'54' 
l .. H, 
olla 
24~" 

olUI 
01121 
011 2 1 
OUli 
~45" 

Z45 H 
OIU I 
Oll i l 
OlG07 
OIUI 

OIUI 
O'U . 

"'" 
214.0 
2 ... 0 
021 80 
14U5 
UU. 

tIO U 

lUIO 
lIUO 

S~e Inlrod\.lc llon to thl •• clio n fo r orderi.,. In fo rmatio n 

Mfr Part Number 

1901-0511 
190 1-0HO 

1.,)-0020 
1., ... o o n 
211091 
1155-00» 
115 5- 02&8 

,110:15 
CIZOl' 
C .... l11· IO· . ... I-, 
1214-11 I'-A-IOOl- I 
C .... l l&- TO-UU- ' 

C .... I I&- I O· I OOI - ' 
' .... 1/1- 100-6491- ' 
' .... 11&- 100-1501-' 
C .... lI.-IO-15~-' 
C .... I/I- IO- I ~ 11-' 

' .... I II - IO- .U.-, 
tl3~5 
t nau 
C .... I I&- ' G-I 00l-' 
I UO- II I-'- I 'Il-' 

e .... l / ... ' o--l1S1-' 
' .... 11.- 10--100)-' 
C .... 1I.-fo--:)Ol1 _ f 
t .... 1I.- I O-&ol911 -f 
e .... " . -To- &491 - ' 

12' .... 1/1.· . -1002-. 
'4-lI.· . o--,UI - ' 
euzu 
CIl0:J5 
CB10]5 

t "'·'5-I. 1· 1 
" 'He-l 
ctnn 
ca)'lH 
1I.'52 t - , 

' " '·'5- 1. ' ·1 
(4-1/' - . o-UlZ- ' 
t4-"I - . O- . OH-' 
CUQH 
t4-,,' - fo- 40U- " 

t nu5 
,nOH 
enou 
eUOH 
(\- 1/1- 11)- 1002-' 

" ' II ' - fO- 1002" 
tl473 5 
cnon 

""'" e8l065 

CU 065 
,"£55-1/.-fO-"&I-' 
t4- I Il - IO-I823-' 

190 .... 00 10 
"'06o-00ro 
OP-07CJ 
. OSIIJ 
1\1t£009 

L"n," 

50.0- .. 4l 
500G- 'OU 

." 



Table 6-1. Replaceable ParhICont'd} 

Reference HP Part Number Qty Description 
Mfr 

Mfr Part Number Designation Code 

." 03456-66515 , PC ASSEMBLY, AC RMS ".., 034&5- MSI5 

AISCI 0150-0121 • CAPACI TOR_f)(O _lUf ' 80-20~ 50WVDC CE R ".., 0lSO--OI21 

"'" ,,~ , CAPACI TOR_ F le ~ .021 UF :1OOV ".., ,,~ 

AI6C3 ,,~ , CAPACITO R_ F)( D .22 Uf 200Y ".., 0170--0038 

"'" 0180-30&4 , CAPACITOR-fXO .IUf ' _ I~ 1I)(IWYOC CER ".., 0160-30&4 
,0, 1$1:5 0160_3134 CAPACI TOR_f )(O .0 1UI __ I~ 100000C CEA ,~ 0160_ 31301 

"'" 0180-1035 , CMACI TOA_ Fle D 75O/'F '- 5~ :JOCrft'VOC MICA ".., 0\60-20J5 .,," 0180- 1204 CAPACI TOA-F)(O 1000F ,-~~ 300WVDC MICA ".., 0 160_2204 

"'" 01110-01$3 C""ACI TOA- Fle O .033 UF :1OOV ".., 0160-0153 

"'" 0160-3686 , CAP"'CITOR_fleD 21 UF ' _ 10% !iOWVOC MET ".., 0\60_368& 
AI5Cl l 0160 _226' C"'P"'CITOR - FXD ?OPf ._&~ 500WVOC CEA ".., 0160-2i'6-1 
... 15C12 0140-0198 CAPACITOR_FleO 200PF '- 5~ :JOCrft'VOC MIC ... 12138 OM 15F 2OIJ03OOWVICR 
""5C13 0160 - 2257 C"""'CITOR-Fle O IOI' F '-5~ !oOOWYOC CEA " ... 0\60-2251 
A' 5C'4.c15 0180--0291 C""ACITOR_FleD lU F ._10% 36VOC T'" ~'" 1600 1~)(9035A2 
A!5CII 01150-2257 C"""'CITOR_F le D 1000F --5'" 500WVOC CE R " ... 0160-2251 
"'15C11_18.C21 0150-0121 C-"''''CITOR_ FXO . 1VF '80-2M. !iOWVOC CER ".., 0150-0121 
"'15C21- PAOOING lIST 

0160_2257 CAP"'CITOR_F leO 1000F -5~ 500WVOC ".., 0160_1251 
0180_225& CAPACITOR_ F)(D 12PF '- 5~ SOOWYOC ".., 0160-225& 
0160- :1"2'61 CAPACITO R- F)( O 151'F .-~'" IoOilWVOC ".., 0160_ :1"2'61 

"'1503. C1· 0150--0121 CAPACITOR - f )( O . IUF '80-20% !iOWVOC c e A ".'" 0 150_0121 
,,~ 0160-~ CAPACITOR_ f )(D l46Pf -- I'" 5CXM'VOC PO RC "'''' 0160-_ 

""" 0 150-0\21 CAPACITO R_f leD . IUf .80-2Mo !iOWVDC CEA ".., 0150--0121 
AISC21 0160_3945 CAPAC ITO R_ FleD 39PF .-I~ 5OCIWVOC PORC "'" 0160 _3945 

""" OlSO_0 121 CAPACITOR_ f)( D .I Uf .80-2Mo 50WYDC CE R ".., 0150-0121 
"' ISC1II. CJO 0 160_"110 , CAPACI TOR . FleD 1000F 100V ".., OUI0-4.cao 
"' I~I 0160-39-'8 , C",PAC ITOR_ F)(D 871J1'F _1~ 500WVDC POR C ".., 0160_3948 

""" 0160_:noo CAP"'CITOR_Fle D 431'F '_5~ lIXM'VOC ".., 0160_2200 
... 15C)l ~P 0161)...3986 CAPACI TOR_ F)(D 27\1F '_10% oiOOVOC M_ OUiO- 3986 

""" 0121-0436 C"""'CITOR-Y TAM R_ "' IR 2.4/24SPF 3SOY 14970 1119- 5011_ 115 

""" 0\40 _0\93 , CAPACITOR _F)(O 87PF '_S~ :JOCrft'VOC MIC'" '2138 DMI5f:~ICR 

"' 1~_38 "A o 180-20!>!1 , CAP"'CI TOA- F)(D .0 IUF ' 80-m IOOVOC CER "'''' 0160- 2055 
AI 5C40 " 0\60 _0178 , CAPACITOR_FXO 2.l'Uf ' - 2"Oli SOOVOC CER ".., 0160- 0 128 
"'1~Rl . 2.l 1901_0040 OIOOf -SWITCHING J()V WotA 2~S 00-35 "'''' lW I-004O 
"'1~R 4 .5 lWl - 0Sla O!OOE-SCHOTlI!;Y ".., 11101-0518 
"'15C ~ 6 19I1l--Oi)olO , DIODE_SWI TCHING J()V SOMA l NS 00-3S ".., lW I- 004O 
AI5C R7 IW1 _ 058II , DIODE. GEN p~p 30Y 25MA TO_72 "'~ IW I_0586 
... 1!lCR8.CRg 1902_3013 OIOOE - Z .. R 4 32V 5~ 00-1 Pp.4W TCo- - 03S~ D<'1I3 SZ HIBJ9_11 
AI5CR 11-(:AI3 1901--0040 DIODE-SWITCH ING JOV 00l0I''' 2NS 00- 35 ".., IW I--0040 
"'15KI. K3 'A 00190_0683 RElAY_RHO I ... IIlOMA UIOOVOC 5YOC- COll "'''' 0490- 0683 
"'IM2.K4 ~~~ ~El"'Y_R EEO I '" l OOMA IOOOVOC ~ YOC_alll ".~ ~-... ISO I 1BS-t-001l TRANSISTOR NPN SI PO-JOOMW fT-~HZ ,~" 1854_0071 
Al!Kl2 _04 la5~20 TRANSISTOR J - FET 2NUII N-CHAN D- MOOE 04113 2N4;191 .. "" 1855_0061 , TRANSI STOR J_FET N_CHAN 0_IoI00E SI ".., 1855- 0062 

" .. 11164--0071 TRANSISTOR NPN 01 PO. 3OOMW fT - XIOMH< "'" 1854-0071 
", ISOl 1853_0020 TRANSISTOR PNP SI PO-3OOMW fT_ ISOMH, """ 11163- 0020 .... 1~--0420 TRANSISTOR J_ FET 2 .. 4;»1 N_CHAN O_ MOOE 04113 2N4J91 
AI509.011 186'1-0 153 , TRANSISTOR . ... OS18 n~ 18SA--0153 
A150 11 18U- OO:lO TRANSISTOR PNP SI PO- lOOMW fT_1SOMHZ """ 1853- 0020 
AI5013 1854_0011 THANSI5TOR NPN SI PO-JOI)MW fT_ 2OOMHZ n ... 185<1--0011 
AI5010 ''''- , TRANSISTOR PNP 2N 49 11 SI PO-:1WdW '"'' 2N4911 
AI5-015 1854-0215 , TRANSISTOR NPN SI PO-3SQMW fT-JOOMHZ 04113 $PS 3611 
... ISOI6 1854--OOTI TRANSISTOR NPN SI PO' 3OOMW fT-200),IHZ M ... 1854_0011 
AISOI1 ".,- TRANSISTOR PNP 51 PO-3OOMW FT-I5OMHl n .", 1853_0020 
""SOI8 11155--OO1l t , TRANSISTOR J_FET 2N5145 "I-CHAN O_ MOOE SI 01295 2N52·S 
AlS019. Q20 1855-04:10 TRANSISTOR J_ FET 2N4:)81 N_CHAN O_MOOE (101713 2N4391 
AISRI 0683_ 1035 ResISTOR 10K S-" .2SW FC TC __ -4OO}·1OO 01121 CBI035 
AI5R1 0683_2235 RESISTOR 12K 5' .2SW FC TC---'OOI'800 01 121 C82135 
AI5R3 0683_5145 RESISTOR SIOK S~ .2!iW FC TC- - 8OOI+iOO 01121 C85145 
AI5R_ 0683_2235 RESISTOR 12K 5-" .25W FC TC- -4OOf<8OO 01121 CBn35 
A15R5 0883_5145 AESISTOR 510~ 1Ii~ 25W FC TC .... 800/<\IOO 01 121 CB5145 
... ISRO· PADOING ll5T 

0698_44X1 RESISTOR 6·98 K I'" 115W F 24&16 ~_Ii8_ fO..-08IIl _f 

0151_04<14 RESISTOR 12.I K I'" I25W F " ... C4_ 1i8_TO-t212_ F 
0698_4308 Rf SISTOR \6.9 ~ 1'" . 12SW F , .... ~_Ii8_10_16111_ F 

AI5 Al OH1_0449 , AESfSTOA 20~ 1'" .125W F TC_0 __ 100 '"'' .... _ I/8_T0--&I9R_F 
A1SA8 06gQ-8691 , RESISTOR I&OK 1-.. I;1!;W F rC-O' - 25 011 16 CE"'- 99J-N3lO 
AIStt9 0698 _3262 , ~ESISTDA 40.2 1'" 125W FTC- D' _ 100 " ... C4_ I I8-TO-. on_F 
AISR II 0698_31S11 , RESISTOR 76.IK 1'" . 125W F r c-..loo ,. ... C4_ II8_ TO_2612 _F 
""5RI2 0683- 2455 , R(SISTOR 2.4~ S" .25W FC TC-_9OO/ ' !l00 01121 C924&5 
AI5RI3 0698_3456 , RESISTOR 2I1K I" .115W F TCoO---lOO , .... CO_ II8_ TO_7813_f 
AI5R14 0693_ 1035 AtSlSTOR 10K 5 ...... 'SW Fe TC '_4001_100 01\21 C81035 
AI5Rl~ 0683_2235 II t SI5TOR 12K 5 ....... 2~W FC TC--400/·800 01"1 CB2235 
A15R16 2100-3 161 RESISTOR TR .. R :!OK 10% C SIOE_ ... OJ I I_TR~ "''' 3008'_ 1_ 203 
"" 5All de 1Ioo- 3O!.e R(SISTOR_T~MR 5K 10110 C SIOE _ AOJ I7_TRN 03144 3006P_ l _ S02 
AI5RI8 "'t. "'N 0698_11350 RESISTOR 132K ' ''' . 1:l!.W F TC'O< _ loo ''''' MCSC-1I8 \0 1323 F 
AISRI9 0157-(1417 RESISTOR 562 '" 125W f TC-O--I OO , .... CO_ II8_ TO_S61tl _F 
AI5R"- P ... OOING LIST 

0693- 18015 RESISTOR 1 80~ S"" .2!iW FC 01121 C91845 
0683- 2145 RESISTOR 2201( 5~ r.;W FC 01121 CB214S 
01183- 1"5 RESISTOR 240K S~ .25W FC OIl" C92445 
0683-3045 RE51STOR lOOK 5 "" 1!iW FC 01111 CB304S 
0683_l6-O~ RESISTOR J6O!\ 5" 25W FC 01 121 CBl6-05 
0683-SI 4~ RESISTOR 5101<. 5" 25W FC 01121 CB5145 
oe&3_ 1So15 R£5ISTOR 750!{ 5"" 1!iW FC 01121 CB1So15 
0683_ 15&5 RESISTO R 1.6M S'" 25W FC 01121 CB15!15 

"'15R22 0151_0401 , RESISTOR 100 ' '''' . 1'5W f TC-o.-loo ,.~ C._1I8 _ TO_ 1001l_F 

" SEE NOH ON SCltl ..... ' IC 3 

" SEE NOTE O~ SCHOU. TIC 3. 

" SEE ~Oll ON SCtlEIoU.TIC 3. 
"'l. II N SH NOTE O~ SC~EMATlC 3 . .. 5EE ~on ON SCH[ ),IAT!C l. 

... 



Table 6 -3 Replaceabl e Parll jConl ' dj 

Reference 
Designation HP Part Number Oty Description 

AI5R2J ole 
.0.15112 • .lC 
AI5R75 
"'151116 
"'ISR11 

A1511l"& 
/l1~1I31 .ll • .lN 
AI51132 
AI5RJJ 
AI5R34 

AI51115 
Alloll311 
""5R31 
AISIIl8 . A39 
AI5R41 

AI5R41 
,o,I5 R43 
A15A4. 
AI~A45 

AI~R46 

A15R 4' 
AI5ROl8 
AI5R49 
AI5R51 .lc 
AI~A51 ole 

.0.151153 .lC 
,0,1511601 
""51156 
/115RSII 
A'51157.R~ 

AI5R58 . .\A 
AIMI61 
.0.151162 
AI5R63 
AI5R&4 
"'15R65 

... 15H66 .lO 

.0.15116/ .10 

.0.151168 
A 1511G9 
""5AII 
""5RI1 .18 

AI$II1J 
AI5 Al. 
... 151116 .l8 
... 15117e 
.0.151111 

,o,I5R18 .lG 
AI5Alg 
,0,151181 .lM 
AI5A82 .l M 
,o,I51111J .l M 

AI5A&4 
AI5A95 .lM 
11.151186 
"'151lBB 
AI5R89' .1.0. 

AI5Hgi 

AI511g2 
AI5RgJ 
AI5R~ 

"'1511* 
""511915 .111. 
11.151191 .1.0. 
AI!iUI 
AI!;U2 
Al!;Ul. ~ .lfl 
", , !iUS 
AI51J6 

066J_I0.5 
OIl3J_nJ5 
0698_1081 
0698 _44l"& 
06\18_3279 

21DO-3161 ... -~ --oet8_ 30192 
01~I-001'' 

01~1_0280 

0698- 4460 
06&3 _5 105 
06&3_ 5106 
0151- 0.1 3 
_ _ 44211 

D1n11_ 4418 
0Ii83_51O!i 
0698 _4-1211 
069II- 4Ul 

0151 _0433 
0151 _0'38 
0698_3179 
2100-31»5 
0698-1i6JO 

06\18 - 616O 
0698-30111 
0698 - 6370 
2100_JI61 
0Il3J _ 1505 
D68J_IO'5 
0683_ 10J!i 
0151 _0.\1 
0151 - 0.81 
0698-632D 
2100-1161 

0683_16JS 
0683_ 1135 
0Il3J- '03$ 
0663-I03~ 
0151 -
"00- 1122 

2'OO-JD6G 
2IOO~3J06 
2Ioo- 31S4 
OOD6-81B' 
0151- 0481 

0151_0260 
06IIJ- 1505 
0651B -~ 

""'-"" 0698- S6$ 

0151 - o.JJ _ .... 
0698-8182 
D68J- I!505 

0698 - 4306 
069S-313t1 
0151- 0448 

-.~ _~M 

0751_0'49 
0698- 8182 

0696- 8216 
06911-8216 
2100-3311 

0151- 3551 --0663_ 10'5 
,~-
1820- 0478 
182&-015. 6 
1870- 0411 
1626_OJ5~ 

.0.20 .l 11 111 _&9501 
.lA St(NQrEONSCIiEMA"C3 
.l8 SHN01~ONSCHEMAT1C 3 
.lC SEE N01EONSCH(MATICJ 
.lG SEE NOTE Of< SCHEMATIC 1 

, , 

, 

, , , 

• 

, 

, , , , 

II(SISIOR lOOK 5'IIi .15W FC 1C __ 4OOJ'800 
RESI510R 12K 5'" 15W FC TC -_400J'800 
RESISTOR ICI()I( 1'4 . Iaw F Tc-o+ _15 
IIESISTOR 1.8111. 1!Io . I:>SW F TC ___ ,oo 
IIE51$TOR U'9K 1!Io . 12SW F TC-o'- IOO 

RESISTOR _ TRMII 20K IO!II C SIOE _ AOJ I1~TRN 

RESISTOR 7321<; 1!Io 115W F l C· O--IOO 
RESISTOR 7151( I'll I15W F TC-C'_HlO 
REs,sTOR 2.671<; I,. . 115W F TC·O·-IOO 
AEslSTOR !lB2 "II . I?!.W f TC-OO _ loo 

RESISTOR IK I'll. .I:!!>W F TCOO ..... lOO 
RESISTOR &49 1'111 . 12!lW F lC<Oo_IOO 
RESISTOII 51 5S .2!tW FC TC-- 4OOJ+500 
RfSlsTOII 51 5'Ii\ .:15W FC TC~4OOJ'SOD 
RESISTOII 392 I'Ii\ . 12SW F TC-o'- IOO 

R£SISTOR 1.871<; IS . 125W F TC-O'_ IOO 
RESISTOII 10.IK "II 125W F 'C-o' _ IOO 
RESISTOII 51 5,. .:!!>W FC TC __ 4OOJ_SOO 
RESISTOII 1.811<; I'll. 115W F TC-O'- Ioo 
RESISTOR 180 1" . 125W F 'C-o' _ IOO 

RESISTOII 1.12K 1!Ii . '25W F 'C-OO _ l00 
RESISTOII 5. 11K 1'110 . 12SW F fC ___ lOO 
IIESISTOR ~.WK ' '4 1l!.W F 1C-OO_ lOO 
RES'STOII_ TIIMII :100 10'11\ C S'OE 
RES' STOA 10K " II . 115W F IC-0'-25 

RESISTOR 'OK I'll. .125W F TC<O'-15 
RESISTOR 2J.1 1'4 . 115W f 'C-e , _ loo 
IIES'STOII 5K . 1'11 I:lSW F TC -Oo _ :15 
IIESISTOR_ TAMR 10K lOll C S'OE _ "'o.r l1~TRN 
RESISTOR 15 "' .2SW FC TC- -4OOJ'500 
Rf.SISIOR l OOK ~'II 25W FC TC 
RESISTOR 10K 5 '11 .25W FC TCo- _4OO!'700 
RESISTOR 562 1'" I2SW F 'C-e . _ IOO 
RESISTOR 82!1K 1'110 125W F Tc-o'_ IOO 
IIf-SISTOA ~K I'll\. .1:15W F IC_Oo _ n 
Rls+srOA_TIIMR :!OK IO!II C SIOE _ AOJ 11 'R .. 

R(SISTOA I~K 5'11\ .15W FC 'C __ 4OO.I·8OO 
RESISTOR IJKS'II .2SW FC TC- --4OO{-!IOO 
RESISTOII 10K 5'10 .'SW FC TC' _4OOJ'/00 
RESISTOR 11)1\ 5!1. .r..w FC 'Co_ 400/<100 
II£SIS TOII JJ? 
REsISTOA_ TRMR 100 HI!I. C TOP 

RESISTOR_TIIMR 5K 10"4 C SIOE _ AOJ 11_'"" 
IIHISTOR_ TAMR !;OK 10lI0 C SIOE _ AOJ 11_I AN 
RESISTOR_ TRMR IK 10'lIl C SIOE _ AO.I II _ IAN 
RESIS'OR ,:101< . 5'10 IPIO MATCHlO 5£1 R7e. 8tI. 911 
RESISTOR 82!>K 1'110 . 12SW F 'C-C'_IOO 

RESITOA IK 1!Io 12SW F 1C- 0· _ lOO 
AUISTOR 155" .2SW FC TC-..400" 500 
R£SISTOR M9K '" .I W F TC-O._ IO 
RESISTOR 1091<; 1'4 . I W F TC>O._IO 
A($ISTOR U1K I'lli .IW F TC>O._ IO 

RESISTOII 1.311<; 10;, .125W F 1c-oo_ 100 
AESISTOR \l3l 1'Ii\ . 11"1 F 'C-O~IO 
AUlsrOR 1.98Il0l .5'IIi (PIOMATCHEQStT RI6.86.1111 
RESISTOR 16 5" 2~ FC rc-_~/·5OO 

PAOOING liST 
RESISTOR 10.9K I'Ii\ 11SW F TC-O- _ 100 
RESISTOR 17.8K T!Io 125W F TC-O'_IOO 
AEslsTOR 1&2K . " . 12'5W F fC - Oo _ lOO 
AESlslOR 1&IK I" I2!.W F f C- O' _ 100 
HESISTOR 19.1K 1'10 115W F fCoOo - 100 
RESISTOR 10K 1'10 12SW F 'CoO- _ lOO 
RfS'STOR SET. Id,o,1CII{0 2M .S,. IP/O MA TCHED SET 

R76. 118tI. A911 
RESISTOIl2'>! .5!Io mo MAfCflEOSH R92. IIUI 
RESIS10R 2O.1K .~ ("0 MATCHED SET R92. 119JI 
IIESISTOII_TIIMfI SOD 10000CSIOE- ,o,OJ 11_fRN 

RESISTOR806I!II 12SW F rCoo __ IOO 
RESISTOR I IM~' 2~W FC TO 
RESISTOR lOOK 5'11\ .15W FC TC 
IC. Of' AMPL. lF356 
IC LM JOB OP AMP 
IC:MIOPAMPTO _IIII 
IC- DIGITAl SNI406N TTl HE~I 
IC lF3S1H OP AMP 

EXTRA,CTOR_P'C BO BlK POlYC .062_60 1HKNS 
>lEA T SINK-SEMICONDUCTOR 
HEAT SINK TO - 5ITD-39-PKG 
ASSEMHl Y. REFERENCE 
NOT FIELD REPAIRABLE OROU 
REPLACEMENT 4SSEMBL Y ACCESSOIIY NO Iline 

.lL • .lN 5(( NOH ON SCHEMATIC 3 . 

," 
" " 

.l see Non ON SC"tMA TIC~. 

m~gi~~~~~~:i:~~ .10 SHNOTEONSCitEMATI C3 
SERIAL NU\lnAS 1~2ACI2m 11."0 AII0VE II[PlACrS0157- CI280 1502 m 

Mf, 
Code 

01807 
01 121 
oo~, 

"'" "'" 

"'" ro~, 

01111 
01121 

"'" 
"'" ,,, .. 
01121 

"'" 1~_ 

"'" "'" ,,-
OJ1.4 
rom 

.,'" --,~, 111111 
01601 
01121 ,,, .. 2._ -",,, 
01007 
01601 
0 1171 
01'21 

OlIU 

,,",,, 
03144 " ... ,-
rom 
01 121 -""" ~'" 

"'" """ ,..'" 
01111 

oom 
oom 
ron, 
oo~, 

oo~, 

ron, 

"'''' 
""" "'''' ",,, 
""" 01601 
0 1601 ,... 
21014 

~'" 01295 
'101' 

~'" 
~'" 
""" 

Mfr Part Number 

CliO'S 
C82235 

"" <:4_ 1/8 _ TO~ 1871 _ F 
<:4- 1/8 _ TO_499 1_ 0 

:lOO6f'_ 1_ 1O.l 
MC!lC-1I8_10--7323-f 
<:4~ I/8_ TD-21& I- F 
<:4_ 118_ 'D_:1tI1 1_ F 
C4-1/8_ TO· SB1R _ F 

C4_ 118_ TO- loo I_ F 
<:4_I ..... 'O_&4911 _ f 
ceSHJS 
C85106 
<:4_ 118_ TG-Jg211_ f 

C4_ 118_ TD_ I8I I_ F 
<:4_ 118_ TII_ I012_0 
C85105 
<:4- 118_ TO-1811 - F 
C4_1I8 TO_ ~80II-f 

<:4- 118- TD- J3<' I- F 
<:4_ 118_1G-5111 _ F 
<:4_ 1/8_ TO- '\I9I - F 
.JO()6P I - 20 I 
NlS5 

"'" PME55_ 1I8_l0 13Rl f 
PME55 _ 1/8_ 1"9_ SOOI 8 
3006P_ 1 l'OJ 
CBI50S 
C81 O'5 
CBI03$ 
<:4_ I/8_l0 !i61A- F 
"M 
~ME55- 1/8 - 1"9_5001 _8 
3006P- 1- 203 

C8 1635 
C8 1335 
CB IOJ5 
CBlo.15 

3OO6P '_ 101 .-3006/' - \ - SIlJ 
JOO6I>- I - 102 
00\18- 8182 
,,"'A4 

C4_ 1IB_ TO_ lOOI _ F 
CBI!>OS .... --06118 - 8963 

"""-"" 
(;4_118· TO- 3321 - F 
05M_e966 
0698- 81~~ 

CBIS06 

<:4- I/8-'O-II~92· 1 
C~~ 1/8- TO-I1B'- F 
<:4- 118_ r O_III81_ F 
C4- 118_TO_ I812 f 
C4_118 _ TO- lgI2- F 
C4- IJB_ TO-:1OO1_ F 
0698_8781 

069II-811~ 
0698- 8118 
:lOO6f'_I _501 000- f 

01S1 _15!i1 
C81155 
(811)05 
18~0340 
t\lJOBfl 
1828 - 0516 
5NI406N 
lFJ51H 

." 



Tab1 e 6-3, Re p1a ce ab1 e ParhICo"t ' d ) 

Reference HP Part Number Oty Description 
MI, 

Mfr Part Number Designation Code 
CIIASSIS I,I()UI'IT~ O PAIHS 

" 3160-0266 , fAN_ T8AX OC\l """ 
,,~ 

31!iO-Q300 , FILTER, A,iR ~.., 31!iO_ 0100 

Cl -CO Ol80-0l'II l CAPACITOR _ FX O IUf+ _ 1C1'11. $VOC TA, ~m 1500 1000 X!IO.l5A.~ 

'"' 111S1G-0S.l1 LED- VIS IBLE Ll,IM_INT_2M<;0 IF. 2OM A_ MA,X """ 1990_os.I1 

" 21 10 _0'J0l , Fl.IS~ .1'5A, ~50V SLO- BlO 22GJ2.av oPERA,TION ~15 31 3.2505 
2110_0012 , FI.IS£ ,5A, ~V FAST_B l O1()G/l l'OY Of'UI ATION ~'" 311.500 

" 50111_ 113\ "' 8 , HRM A.SS( M8LV. REA, A INPUT """ 5081_ 1131 

" 1250- 0083 , CON NECTOR - IIF 8NC reM SGl_1I0Lf _ f R 5G-OHM 2.931 ~" 130_1 

" 11'51 - 3283 , CONNECTOR; 2. -CONT; FEM; MICRORIBBON """ 1261-328;3 
~, , STANDO Ff , LG STUOMQUNT IMET RIC THREAOI "' ... "" . " 9100-391 0 , fiLTE R_LINE ~- i l00_le iO 

~ 50lI0-1.5-1 TERM ASSEMB LV. fRO"T INPUT """ 5000- 1454 

" 1251_ 3201 , CONNECTOR J - PIN f POST lVPE ,,~ OII _5G-JOJI 
n 1251 _ lII51 CONNECTOR \O- PIN f POST TVPE ,,~ 22_0 1_2101 
~ 1251-4312 , CONNECTOR la - PIN F POST TY PE 21:16ot 2"2_01 2181 

11$1 _ 3'116 " CO NTACT_CO NN UIS POST TYPE fEM CRP IP/o Pl l ~.., 1251_3·U8 
N 1251_ n11 , CONN ECTOR 4_ " 1'1 f POST TY'E 11:16ot 09_50-16'1 

~ 1261-3215 CONNECTOR 6-9IN f POST TYPE ,,~ 0i_!iO_7OIIl 
~ 12$1-3215 , CO:'NECTOR 5-" 1'1 F POST TYPE ,,~ CI9 50 1061 

" 3100-3380 , · SWITC H. ROTARY INPU T SHECT ~.., 3100_ll8O 
0310_ 1103 , ."'" """ 031G- 1I03 ""'--, , SCREw-sn.---40 ,125_IN_ LG """ JOJO_OOO1 

~.~ 3101....(1981 , SW ITCH-SL SPOT_ NS MINTR ,SA, 125VA,C/DC PC 19121 G_ f2._00fJ 
~ 3101-2042 , SW ITCH-Sl DPOT_NS STO 2A ~VA,C SLOR LUG """ 3101 _ lI)I2 

M 3 101-2()42 SW IICH-SL tlPOT-NS STO 2A, 250VAC SLOR "" ~.., 3 101 _ 26'2 

" 3101-2218 , SWITCH-PB !)POT .A 250V AC """ 3 10 1- 1216 
5040-1023 , PUSH ROO -., 50-40_1023 

" 3101- 12$0 , SWITCH- PB OPO T A, LTNG .• SA I1~VAC PC """ 3101_1:199 
0310 - 0683 , PUSHBUTTON. OLIVE BLA,C~ """ 0310 - 0683 

" 1l100-068C , TRANSfORMER, I'OWE ~ ,- 9 1 00~068Il 

"' ,""-"'" , IC LM 309 V IIG LTA 210 1~ lMlO9~ 

""'- , ,"SU l .HO R_XSIR RU88( 1I H O IG~6oI 1~ 10 _02 
1 200~GlSII , SOC KH- . SlR <! - CONT TC-3-PKG """ 1200- 00IS11 

W 1826-0181 , IC LM nJ v RGLTR 2101. l Ml23K 

" 1826-0111 , IC 1812C V RGLfR "n" 1812KC 
1200-IM l ll , SOC~ET_XSTA 2-CONT T0-3 SLOR- TUR '"'' .,," ., ()3.4~-6 1 &03 , CAlLE ASEE MBlV, VOl TS -., 0~5S-·61603 

M 03451>-81G04 , CA BLE A$SEMBl Y, OHM - ~55-816()4 ., Q3.45~-81GO$ , CA8LE. A.SS(MBl Y, H~ 18 IINCLUOESJ3 A.~O PJ) ~- ~55+61_ 

•• 03455-8IeD!. , CAB LE ASSEM8LY, POW~A - 0345S_8111OS 

'" 21 1()....()o110 , fUSEHOLOE R- EXTR POST 2QA ?OOV UL/I ~ C 1ti'''5 ~5OOl-01O 

~,- , , KE Y C ..... - UNL PT YGRY "'., 5D41-1PW 
5D41---41l11 , KEY CAI'- UNL MG (OBSI ~'" 5O<I1 _OI lli 
50<1 1..0318 , " K ~Y CAP- L PTYGRY ,- 50<11-03 18 
50<11 _0 1. 4 , ~EY CA,P_ L MOSGII V -.. !I/)oI1_Ol . 4 

~,- '. , !UY- C ..... UNL ".., 5(1011-02111 
!>I).I 1_00I50 , ~EY CAP_l SE AILU """ !lG41- Gl 50 
!>I).IO_61191 , LENS, L~O ,- 56'0· 6891 

S)oI I- (I:l15 .. , KEY CAP- UNL ~.., !lG41- 031'5 
56'0 _6898 " LITE PI PE """ ..., "" 
1120-8<110 , ..... ARNING LABEL' 50-60 HZ SELECTION -'" 7120-&110 

l SERIAL NUMBERS 1622A,00411 ANO A80Vl REPLACES PA RTS5f)4I _0 I3D AND 5041-0144. 
~ A, S£III A, L NUIoIBEAS 1621A,WOB A"'O ABOVE . RE Pl ACES0J.45!>-0430l. 
l8 SERIA L NUMOERS 15:!2AI)!.631 AND AIOVE . REPLACES PA RT 5060 _145-4. 



Table 6·3. Rep laceable Par ts 

Reference HP Part Number Oty Descript ion 
MI, 

Mfr Part Number 
Designation Code 

~- " .. 
." ~01o-8.UI • "' fAGH' FUIIE lI\80 ~02o-UO I 

." ~OllriUl , SUE STRurs lI"O 50ZO-U:1l 

." SO~0-"'~2 U(U fUIIE laUO 501o-no~ 

." ~O_'US fI)' CU VUI nuo ,oloo-"n 

~ ,. SO_"¥H • lurrOll ,owu la'lO 50t0o-'U I ... 5060-'JII11. , "' Sl OE to'o'£N A$S~II8 lY lauD ~60·"n 

"" SoeO-9.0\ , STR., ""'~(. te~ luao 50OO-UCI' 

"" ~o_nl¥ , snA, IIAI;(lLE . CA" fRO"1 lIUO 50 \ 0-12 1' 

." 50_lao , snA' IllllHOLE, 'A' , RE .... lI"O )0000 0-12 I 0 

11 '10 50_1201 • ' 00' zn80 SO ~O- l lOl 

11'11 1'_ 13" , WU(FUM I.H-~ l-lG '" 2IUO IUO- IHS 
IIH..: ~OOI-"'H • TIII II S U I ' l i nD 5001 -0\18 

"'Il 50_nOI • TM I II, '" IIUO SO\o-llOl 

II'" OH5S-UUOi ""El, FIIOIlI, Dll.ESS 21'10 OJ'SS-DUOI 

II ~I~ O)U'-OOZO\ , Stn-'.lNEl, f~O/'I T lauD OHS5-00200 

"'10 Ult,-O"I , "'wllt OOM DI SPlU 11'10 \ 1I t,-06U .. ,,, O)U5-OU~O I • IOIJUD U50WIll" 21 \ .0 OHH-Oo.DI 
IIPIf OHSS-OOIOi • GOIUD . .. AI N lUIO OHS5-00101 

O\~J-OHI , COU!IJE -I'( .0 ... ~ pc...y t .O"l-'O-TH~N$ 2Hao 0 \0)-01 \1 
O"W-OISI , COUIOE -PC 80 Il.~ Pout , OU-.o- I HKNS I - LG 21"'0 0<001-01 n 
I .. OO-O~ I ~ , "'lO~II.l..c; 5 TII.,. nuo "oo-o~ u 

II ~'" II )\5!>-IIO I02 • 'UUO , S l UE 21'10 Ol\S!>-OOI02 
0603- 0162 GtiIDE-f'C BO BlK 'Ol YC .062-eO- THKNS , _ tG ,- I)I()J....OI&Z 

.m -....., SI1!HD. A.C. CONVERTER ,..., 
~~-.. PH 0 1'~S- .. 1l01 IIR.C~(f . F I "M UUD OHSS-OIlOJ 

.. fa 0 )\'5-0\ 10 1 tOVH, WOL UCit: ~EWlAlOIi uuo OHS5-0\10' 

"' l , OHSS-OIlO I '~_:(ET . IlEflilUNCl 2'U~ OloUS-OllOI 
~.Ql-OIU 'UI Ot-PC ao iII..~ POl VC . OOl-IO- THKN S uno O.o)-OHI 

"P~" OlU~-GObO~ SH i ElD. LT ISOL.TOIl U"IO OH'~-00602 
"Ph UH~S-OUO~ CIIWtR . IIOII ON GO 21\80 0)4"-0 .. 102 

"'~ .. Ol \H-D\iOI tUVEI. TOf' co IAVERAGE At CONVERTER) ihto OHU-O\IOI 
II P~ .. O)"~S-G"'O' CIWfIII. TOP ,UAIlom/lolS At COHVEIITEIII IIHO OH55-0\lOl 

01 \ 55-" .. 101> CU';'£II., " tAL lIUG 01,,5'-0'1 Of> 

"'H OH'U-OllO\ , 1IUU.~TlNG I kM.lttl . oo ,~ lna .J OHH-OllO" 

"' l' OlUS-OlIOI , H~U S INk uuo 0)455-0 110\ 
" PH OH~5-0010J , ,U$$H lH'o OHH-OO I Ol 
II 'JII ",141)-1041 • IN$UL ATOII. $l I OE 2n.0 50 40-.081 
M'H O) \S ~- o:.\JO I • PLUf , S ll U~ 2U.0 OHU-O"lOI 
II ',,,: 01 "SS - UD60 1 t OWfR . liNE In.o OHSS-OO~OI 

~'H O) "~5-01~0~ 'R. ~ KH. T •• ,.SfOlitll eA 18UO OH"-OU~ 

"PJ~ OHSS-UOJOI 'UIH AS$UlIIlY . IU ..... nuo OH5 S-DUlOI 

"'H OH~!i-OHOl auo'. IlH(IlENCl ZH80 O1'55-0"OJ 
I HO-IUH F& SHIIoI:Il-(:'TfE ~CR IIHT PAHE l 11I1(.II!o UUO 1)90-02'or 

-

61918·20 



Model 34SSA 

7-1. INTRODUCTION. 

SECTION VII 
MANUAL CHANGES 

7·2. This section of the manual normally conta ins informa· 
tion necessary to adapt this manual to instruments for 
which the content does not directly apply. Since, al this 
printing, the manual does apply directly to instruments 
having serial numbe rs listed on the ti tle page, no change 
informat ion is given here. 

Sect ion VII 

7- 1/7-2 



Model 3455A Section VIII 

SECTION VIII 

SERVICE 

B-t . INTRODUCTION. 

8·2. This sec tion con tains theory of operation. trouble· 
shooting procedu res, safety conside rations, and gene ral 
service info rm at ion fo r the Model 3455 A Digital Vo lt· 
meter. 

B·3. SAFETY CONSIDERATIONS. 

84. Although this instrumen t has been designed in accor· 
dance with intern atio nal safety standards. this manual 
contains information. cautions, and warnings which must 
be fo llowed 10 ensure sa fe operation and to main tain the 
instrument in safe ope rating cond ition. Service and adjust· 
men ts should be performed only by qualified se rvice 
person nel. 

8·5. Any adjustmenl. maintenance , and repair of the 
opened instrument while any power or voltage is applied 
should be avoided as much as possible , and. when inevit· 
able, should be carried ou t only by a sk illed person who is 
aware of the hazard involved . 

WARNING I 
AllY interruption of the protective groundillg 
collductor (iI/side or outside the il/strnmem ) or 
disCOllllection of the protective earth terminal 

is likely to make the illstrnmellf dallgerous. 
Imentiol/a! illlerrnptiol/ o[ the protective 
groul/dillg conductor is strictly prohibited. 

8·6. It is possible fo r capacitors inside the instrument \ 0 

still be charged even if the illSlTumenl has been d iscon· 
connec ted from its power sources. 

8·7. Be ce rtain that only fuses with the required current 
rating and of the specified typed (normal blow , time delay , 
etc.) arc used for replacement. The use of repaired fuses 
and the short·circuiting of fuse holders must be avoided . 

WARNING I 
The service information presented in this 
mallllal is normally used with tile protective 
covers removed and power applied to the 
illStrumelit. Eilergy available at many points 
may, if comacted, result ill persol/al injllry. 

B·B. RECOMMENOEO TEST EQUIPMENT. 

8·9. Test equipmen l required to main lain the Digital Volt · 
mcter is listed in Table 1·3 . Equipment ot her than that 
listed may be used if it mec ts the listed critical specinca· 
liolls. 

-_._ ._--- - -- -- -- ---- -- -- --- - -_. _------------------
I , J f- ~,~ 

I " ~ ..... ...,'" .'-, 
I : · I ,_. 

., I ... ~. ~m. ... I I "TO~"OOt> I I ~ ", , .... ~ ... "" I I "\~'~~.~ I I 
-.-.., ~. 

I I ........ "". • , 
! ! ~ ----- . ----- ; I , 

I 
, , . . , , -' , , 

-. -. -----------. -;..;,;. ~·..o:...· 1 I <H '--·--·- f ----!. - ,-
CCO'.OULII , , 

I 
, . 

· , 
I 

, , ,--- - -_ . - ---- ----- --- - - - - ----, , , 
I I J I ., , 

I - , ~ . , 0"""''''. ("",_COt 
• J I j I I j . 

I • _____ _ ___ _ _ • _ __ • ______ 1 1 

I ~-. I I ,_.- I I .~ I -~ -~ ,.,. .... " 
Figure 8·1. Function Block Diagram . 

8·1 



Sect ion VIII Model 3455A 

THEORY OF OPERATION 

8·10. INTROOUCTION. 

8-1 L The following paragraphs con tain both a gcne ral and 
detailed description of the methods and circuits used in the 
Model 3455A Mullimctcr. The general description cxplains 
the basic pu rpose of each block of the fU IiCliollol block 
diagram shown ill Figure 8· 1. The deta iled descriplioll 
describes the methods and pe rt inent circuitry used to 
accomplish the fu nction of each b l~k of the detailed block 
diagram. 

8·12. INPUT SWITCHING ANO OC ATIENUATOR. 

8-13. General. 

8-14. TIle fronl o r rea r in pu t tenninals of the 34S SA arc 
se lected by a two-section rotary switch located on the 
rear panel o f the inst rument. Reed relays arc used to per
form all intemal input switching where volt ages greate r 
than 17 vol ts may be encountered. All o ther input switch· 
ing is done with FET switches. 

8-15. Detailed Description. 

8·16. Refer 10 Figu re 8-2. Simplified Input Swi tching Di a· 
gram . The front or rear input s for "Vol ts". "Ohms" and 
"Guard" are selected by rear panel switch 5 1. Relays KJ 
and K9 connect the Ohms Converter to the "Ohms Signal" 
terminals. Relays K2 and K4 are used to convert the Muhi· 
meter from 4·wire to 2·wire ohms measurement capability. 

( 
I 

~~---'-' " 
" L _ ___ __ -+ __ .-_-, 
~ 

The " Input" terminals are connected to the dc preampli
fier inpu t on the . 1 V de through 10 V dc and all "Ohms" 
ranges by relay KI and FET switch 0 1. Relay KS connec ts 
the input to the operational attenuator on the 100 and 
1000 V de ranges. Output of the Attenuator is connected 
to the inpu t o f the de preamplifier by FET switch QI S on 
the 100 V dc range and by FET swi tch QI 60n the 1000 V 
de range. The AC Converter output is connected 10 the de 
preamp inpu t by FET switch QJ. 

8-17. Operational Attenuator. 

8- 18. The Operational Attenuator provides a fixed allenu· 
at ion of 10·to·1 on the 100 V de range or 100·to·1 on the 
1000 V de range. Figure 8·3 shows a simplified diagram of 
Ihe :menuator. The circuit ope rates as a eOI1\'enlional oper
at ional amplifier with fractio nal gains of . 1 and .01. A gain 
of I is selected by FET switch Q38 when the atlenuato r is 
no t.in use. The amplifier input is protected from overload 
by diodes CR27 lind CR28. Output of the ampl ifier is 
limited to approximate ly plus or minus 17 V dc by protec· 
tion diodes CR29 th rough CR31. 

8·19. AUTO CALIBRATION-OC VOLTAGE. 

8-20. General. 

8·2 1. The purpose of the Auto Calibration sequence is to 
eliminate offset and gain errors which may be present in the 

" 

Cl39 Q3!I 

..... . -

Figure 8-2. Si mplified In put Switching Diagram. 

8·2 



Model 3455A THEOR Y OF OPERATION Section VIII 

"' 

"" 
CA21 211. 

m 

'" "'''M' 
016 O l~ 

....... -.. " 
Figure 8 -3. Operational Atlenuator Diagram. 

analog circuiuy of the Voltmeter. This is accomplished by 
measuring the offset and gain errors and mathematically 
correcting fo r them. Each error measu rement is stored in 
"memory" by the main controller as a constant. These 
CQnstaniS are sequen tially updated. The output reading of 
the Volt meter is computed by the Main Controller and is 
equal to the ratio of the external input to the internal refer· 
ence. times a range factor. Figure 8-4 shows a very basic 
diagram of the Voltmeter. 

11.1 Rr&R2 
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Figure 8-4. Basic Voltmeter Diagram. 

A basic equation describing a measurement of one of the 
three inpu ts is: V( ) = (E( ) + EO)G; where V( ) is the pa r· 
ticular outpu t, E( ) is one of the three in pu ts, EO is the 
in ternal offset error, and G is the circuit gain. Closing 
switch SI applies the internal reference volt age. The ci rcuit 
output would be : Vrer = (Eref + EO) G. The offse t error is 
measured by closing S2 , grounding the inpu t. The resultan t 
output would be Va = EoG. Measurement of the external 
inpu t would yield Vin = (Ein + Eo)G. The equation describ· 
ing the Auto-Calibration is: 

Ou tput Reading '" Vin - Vo x Kr 
Vref' Va 

Substituting the basic equations into the Auto-Cal 
equation would yield: 

Output Reading = (Ein + Eo) G - EoG x Kr 

(Eref + Eo) G . EoG 
This equat ion reduces to: 

E' Output Read ing = -1!! x Kr 
Eref 

or: the output reading is equal to the rat io of the 
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Figure 8·5. Si mplified Auto·CaI Switching Schematic. 
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ex ternal input voltage to the internal reference volt· 
age times the range factor (Kr). 

cal switching circuit ry. The following paragraphs describe 
circuit operation for the various auto·cal measurements. 

8·22 . Circuit Description. 
8·24 . 10 V de Input Offset Error Measurement . Figu re 8·6 
illustrates the circuit con figuration for making the 10 V dc 8·23. Figu re 8·5 shows 3 simplified schematic of the au to· 
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Figure 8 ·6. 10 V de Input Offset Erro r Measurement. 
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Figure 8 ·7 . 1 V de Input Offset Error Measurement. 
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Offse t Error Measurement . The DC Preamp input is 
grounded through a 100 kilohm resistor by FET switch 
AIOQ2. A DC Preamp gain of XI is selected by FET switch 
AIOQI 9. The resultant measurement is the offse t voltage 
present on the 10 V dc range. This number is sto red by the 
main controller for use in co rrecting measurements made 
on the 10 V dc range. 

8 ·25. 1 V de and .1 V de Input Offset Error Measurement. 
Offse t error measuremen ts on the I V de and . 1 V dc ranges 
are made in the same manner as the 10 V dc range except 
fo r DC Preamp gains of XI 0 for the I V de range and XI 00 
for the .1 V dc range. The ci rcu it configuration for the I V 
de Offset Erro r Measu rement is shown in Figu re 8-7. A DC 
Preamp gain of XIO is selected by FET switch A IOQ2 J. 
Figure 8-8 shows the circuit configurat ion for making the 
.1 V dc Offset Error Measurement. In th is case, the feed
back pa th for the DC Preamp is through Ampl ifie r A IOU3, 
which has uni ty gain, FET switch Q27. the preciSion JO·IO-
1 divider (A 11 R7 and Al l R8) and FET switch A 100 18 for 
a gain of 100. The resu ltant measurements are sto red by the 
main controller to correct measurement s made on the .1 V 
dc and I V dc ranges. 

8-26. 100 V de and 1000 V de Input Offset Error Measure
ment. On the 100 V dc and 1000 V de ranges the inpu t of 
the operat ional allenuat or is grounded through a 100 kil
ohm resistor by relay AJOK6 and FET switch A1 0Q34 (see 
Figure 8·9). On the 100 V dc range, the feedback of the 
opera tional allenualOr is selected by FET switch AJOQ3S 
(atte nuation or 10-10- 1). The output or the operational 
at tenuato r is applied to the input of the DC Preamp 

Ill! RI6R2 • 

through FEr switch AIOQ IS. Attenu ator feedbac k on the 
1000 V dc range is selected by FET switch A I OQ39 (al ten
uation o r 100 to 1) and is applied to the DC Preamp input 
through FET switch AIOQt 6. DC Preamp gain is XI fo r 
both erro r measu rement s. 

8-27. 10 V de Gain Error Measurement. On the 10 V dc 
range the gain error measuremen t is made by apply ing the 
internal rererence voltage (+ JO V de), through a 100 kilo 
ohm resistor and FET swit ch AIOQ4. 10 the inpu t of the 
DC Preamp (see Figure 8-10). A DC Preamp gain of X I is 
selected by FEr switch AIOQ I9. The measuremen t resul t 
is sto red by the main controlle r as the 10 V dc full scale 
conslant. 

8-28 .. 1 V de and 1 V de Gain Error Measurement. On the 
I V dc range, the reference volt age is applied to tile DC Pre
amp input through the precisiollten· lo-one divider (All R7 
and R8) by FET switches AiOQ31 and A 10QI 6 (see Figure 
8- 11 ). TIle lowe r end of the ten-ta-one divide r is held at 
vi rtual ground by closing FET switch A IOQ38 . Output of 
the ten-Io·one divider is 1 V dc. A DC Preamp gain of XIO 
is selected by FET switch A IOQ2 1. TIle measurement resull 
is stored by the main controller as the I V de full scale 
constant. 

8-29. A se parale gain error measurement is not made for 
the . 1 V dc range. Since the only differe nce between the 
I V dc and .1 V dc circuit con figu ration is a precise ga in of 
ten. the .1 V de gain error constan t is computed by the 
main cont roller. 
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Figure 8-8. .1 V de Input Offset Error Measurement. 
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Section VII I THEORY OF OPERATION Model 3455A 

8-30. 1 V de Reference Offset Error Measurement. Since 
the I V de full scale referen ce was derived by divid.ing the 
internal reference by the precision ten·to·one divider, a 

separate offse t Error measuremen t is made to include any 
offsets present in the ten · to-one divider and associated 
circuitry. Figure 8·12 illustrates the c ircu it configuration 
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Figure 8·9. 100 V de Ind 1000 V de Input Offset Error 
Measurement . 
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fo r the I V de Reference Offset Erro r Measuremen t. The 
input of the DC Preamp is grounded through the ten-to-one 
divide r by FET switch AI OQI 6. Preamp gain is XI O. 

P'() 411 

,,. 

V IRTUAL G ROU N D 

8-31 . 100 V de and 1000 V de Gain Error Measu rement. 
Figu re 8-13 shows the circuit arrange ment fo r making the 
100 V dc gain e rror measu rement. The refe rence vollage is 

Figure 8-11 . . 1 V de and 1 V de Gain Error Meuurement. 
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Figure 8·12. 1 V de Reference Offset Error Measurement. 
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connected to the input of the operational atten uato r 
through FEr switch A IOQ33 and relay A IOK6 . The atlCnu
ator is set to a gain of 0. 1 (10 to I attenuation) by FEr 
switch AIOQ~5. The output of the ope rational attenuator 

is connec ted to the DC Preamp input by FEr switch 
AIOQI 5. A DC preamp gain of XIO is selec ted by FET 
switch A10021 . The measurement resu lt is stored by the 
main controlle r as the 100 V de gain errOT cOlman!. 
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Figure 8-13. 100 V de and 1000 V de Gain Error Meas urement . 
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Model 3455A THEORY OF OPERATION Section VIII 

8·32. A separate gain erro r measurement is not made for 
the 1000 V dc range. Since the o nly difference between 
the 100 V dc and 1000 V dc circuit configuration is a 
precise atlenuation difference of 10, the 1000 V dc gain 
error constant is computed by the main controller. 

8·33. 100 V de Reference Offset Error Measurement. 
Since the reference voltage for the 100 V dc range is 
divided by the operational attenuato!; a separate offse t 
error measuremen t is made to include any offsets wh ich 
might be associated with the altenuator and FET switches 
used. Figure 8·1 4 illustrates the circuit configu ration for 
this measurement. 

8-34. AUTO- CALIBRATION - OHMS. 

8·35. General. 

8-36. During the ohms function the ohms converter sup· 
plies a current through both the unknown resistance and 
the reference resistance (see Figu re 8·1S). Since the same 
current flows through both resistors, their respective volt· 
age drops are p roportional. As with the DC Auto-Cal 
sequence, the offset errors 3re measured and subtracted 
from the unknown and reference resistance measurements. 
The volt age developed ac ross the unknown resistor is mea· 
sured by closing SI while the reference voltage, developed 
across the reference resistor, is measured by closing S2. The 
value of the unknown resistance is computed by the main 
con troller. An equation describing this computation is: 

- I(VRIC + Eol G, - Eo G, l 
AI( - KA 

(VAEF + Eol G2 - Eo G2 

• 

VIRTUAL GROUND 

PIQ Al l 

.39 

""" .... -AHD«JATOR 

• 

Figure 8·15. Basic Ohms Measurement Diagram. 

where Rx is the unknown resistancc Yalue, VRx is the vol t
age drop across the unknown resistance, VR re f. is the yolt
age d rop across the reference resist ance, Eo is the input 
offset error, G l and G2 are the circuit gains of the particu
lar measurements, and Kr is the range factor. This equation 
Simplifies to: 

VRx G , 
Rx = K r 

VREF G2 

8·37, Circuit Description. 

8-38. .1 kS1, 1 kS1, 1 MS1 Offset Error Measurements. The 
offset error constants derived for the . 1 V de and I V de 
ranges are also used fo r the . 1 kS1, J kS1, and 1 MS1 offset 
error constants, since the circuit configurations are the 
same. Refer to Paragraph 8-25 for a description of these 
offset error measurements. 

8·39. 10 kn, 100 kn, 10 Mn Offset Error Measurements. 
Two additional offset measurements are made to compen
sate for errors which might be present when making mea
surements on the 10 kn, 100 kS1. or 10 Mn ranges. Figure 
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Figure 8-16. 10 kn. 100 kn, 10 Mn Offset Error Mea5urement. 
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Figure 8-17_ Ohms Reference Measurement. 

Note 1: VOLTAGE LIMITED TO 5 v. 

8- 16 ilIuslrates the circuit configuration for these measure
ments_ The DC Preamp input is grounded through a 100 kn 
resistor by FET switch AIO02 _ The feedback path for the 
X2 ga in is through FET switches AIO022 and AIO02 !. 
Feedback for X20 gain is through AIO022. isolation amp
lifier AIOU3, swit ch AI0027 , the precision 10-to- 1 divider 
and switch AIOQ1 B. A separate measu rement is made fo r 
both gains and the results are stored by the main controller. 
8-40_ .1 kn. 1 kn. 10 kil Reference Measurements. The 
ohms reference voltage is developed across the reference 
resistance_ On the .1 kn through 10 kn ranges the refer
ence resistance is 1 kn (see Figu re 8· 17)_ The .7 rnA 
current source is connected to the J kn reference through 
relay AIOK7. The 999 kn reference resistor is shorted 
by the combinat ion of reJay AIOK7 and A1 0K8_ The refer
ence voltage is applied to the DC Preamp input through 

, "" _IOV 

" 

FET sw it ch A1OQ 13. The reference is measured prior to 
each measurement of the unknown resistance. 

8-41. 100 kn. 1 Mn. 10 Mn Reference Measurements, On 
the 100 kn range, AlOK7 is opened and the.7 rnA current 
source is applied to the combination of RI and R5 ( I Mil). 
The reference voltage developed across RI and R5 is ap
plied to the DC Preamp input through FET switch 
AIOQI4. On the 1 Mn and IOMn ranges, re lay AIOKB is 
opened and the.7 p.A current source is applied to the 1 Mn 
reference resistance. The reference voltage is applied to 
the DC Preamp input through A 10Q 14. 

8-42. AUTO CALIBRATION-AID CONVERTER. 

84 3. Two Auto·Cal measurements are made to correct 
crrors which might be generated in the AID Converter. One 
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Mod~1 3455A THEORY OF OPERATION Section VIII 

measu rement is made to corr~ct for offsets. The second 
measurement is made to correct for any d ifferenc~ between 
th~ plus and minus "run-down" current references. 

8-44. Circuit Description. 

8-45. Offset Error Measurement. Figure 8-18 shows a 
simplified schemat ic of the AID Conve rl er. Du ring the 
offset error measurement all input switches to the in te
grator are opened. Du ring the integration period, the inte
grator is permilled to charge to a voltage equal to any off
set current present in the integrator circuit. At t he end of 
the integration period the integrator is " run-down" and 
the offset digitized and stored as the AID Converler offset 
error by the main controller. 

8-46. Current Ratio Measurement. During the current 
ratio measurement the plu s and minus references arc 
applied to the input of the integrator through diode switch 
Uld and U2d. The references are swilched at a I milli
second rate during the integration period (133 milli
seconds). At the end of the integration period. the accumu
lated charge on the integrator is "run-down" digitized and 
stored as the current ratio constant. The purpose of this 
measurement is to correct fo r any imbalance between the 
posit ive and negative cu rren t references. 

8-47. TRUE RMS AC CONVERTER. 

8-48. General. 

8-49. The rms converter uses operational circuitry, rather 
than a t hermal element. to converl the ac signal to a dc 
level equ ivalent to the rms value of the input signal. Use of 
the operat ional rms converter permits fa ster ae measure· 
ment rates. The freq uency range of the true rms converter 
is 30 Hz to I MHz during normal operation and 300 Hz to 
I MHz during fast ACV operation. Full scale output of the 
rOlS converter is 6.6667 V dc. Figure 8· 19 is a Sim plified 
schematic of the true rms converter. The mathema tical 

~ ,. 

, 

expression describing the measu remcnt of an rms level is 
V out put = J V in 1 which stales that the output volt age 
(Vo) is equal to the square root of the average of the abso
lu te value of the in put volt age (Vin) squared. The circuitry 
used in the rms converter solves for the expression 

J I Vin 11 which is iden tical to .j Vin 1. 

8-50. Circuit Description. 

8-51 . AC Input Attenuator. The input attenuator of the 
mts converter is an RC circuit which provides a flXed 
attenuation of lOO-to- 1 on the 100 V ac and 1000 Vae 
ranges. Attenuator switching is perfo rmed by reed relays 
which are controlled by the inguard controller. 

8 -52. Input Amplifier. An ope rational amplifier with fixed 
gains of x I and xO. 1 is used as the input amplifier. The 
combination of amplifier gain and inpu t attenuation are 
used 10 maintain a full· scale ou tput of I V rms from the 
input amplifier. Table 8- 1 shows the inpu t atlenuation and 
amplifier gain combinations used on each range. 

Table 8 ·1. AC Converter Ranging. 

tnpu t 
Vol tage At tenuation Amplifier To,,1 
R.nge Fector Gain Ga in 

>V 1 1 1 
10V 1 0 .1 0. 1 
l 00V .01 1 O.Ot 
1000 V .01 0.1 0.001 

8 -53. Absolute Value Amplifier. The absolute value ampli
fier. as the name implies. solves for the absolute value of 
the signal input to it. The operation of this circuit is similar 
to a full wave rectifier. That is the negative portion of the 
signal is inverted and combined with the positive portion. 
The resulla nt posi tive Signal is applied to the input of the 
squaring amplifier . 

• 

" 

Figure 8-19. Simplified True RMS Converter_ 
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8-54. Squiring Amplifier. The squaring amplifier is a log 
amplifie r circuit which takes the log of the input voltage, o r 
in this case since there are two transistors(Q9A and QIIA) 
in the feedback loop. takes twice the log o f the input 
voltage . Therefore, the ou tput of the squaring amplifier is 
equa l to 2 log IVinl or log IVin l1

. 

8 ·55. Squire Root and Averaging Amplifier. The square 
root am plifier reverses the action of squaring amplifier. 
The input to the amplifier Is through logging transiSlors 
QI IB and Q9B. OUlput..£Lthe square rool amplifier is 
equivalent to 1/2 log I V in 11 or log ..J I V in 12 . The 
operations of the square root amplifier and the averaging 
amplifie r are simultaneous and inter-<iepende nt . The com· 
bined output o f th.e two circu its is a de level proport ional 
to the rms value of the input s.ignal. 

8·56. AVERAGE RESPONDING AC CONVERTER 
(Option 001 ). 

8-57. General. 

8-58. The average ac converter is an average responding cir
cuit calibrated to the fms value of a sinusoid al inpu t. Full 
scale o utput of the converte r is 6.6667 V de for all ranges. 
Figure 8-20 shows a Simplified schematic of the converter. 

8-59. Circuit Description. 

8·60. AC Input Attenuator. The ac inpu t attenuater is an 
RC circui t which provides a rlXed attenuation of lOO-to- l 
on the 100 V ac and 1000 V ac ranges. Attenuato r sw itch· 
Ing is done by reed relays which are controlled by the 
inguard controller. Input resistance of the AC Converter is 
approximately 2 megohms. 
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8-61 . Connn.er Amplif ier. The converter amplifier uses a 
dual FET input slage to maintain a high input impedance. 
An operationaJ amplifier provides the necessary gain to 
drive the o utput stage of the converle r amplifier. The out
put slage of the amplifier is a current driver circuit . Two ac 
feedback paths provide rlXed gains of I or 0.1 . An integrat
ing amplifier (U4) is used 10 maint ain a dc level o f 0 V de at 
the output of the Converter Amplifier. The integrating 
amplifier also determines the low frequency cut-off point 
o f the Converter Amplifier. (The eut-off frequency is ap
proximately 300 Hz on the FAST ACV mode and 30 Hz o n 
the ACV mode.) A diode protection circuit is used to limit 
the output of the Converter Amplifier to approximately 
i 6 V peak to preven t saluration o f the amplifier. 

8-62. AC Ranging. AC ranging is accomplished by attenu· 
ating the inpu t Signal and changing the gain of the converter 
amplifier. The input attenu8lor provides a fixed atl enuation 
o f 100 to 1. The Converter Amplifier has rlXed gains o f I 
o r 0.1. Table 8· 1 shows the various combinations o f amp
lifier gain and inpu t allenuatio n necessary for the input 
volt age ranging. Full scale outpul of the Converler Amp
lifier is approximately I volt rms fo r a1l ranges. 

8-63. Rectifie r and Filter Amplifier. The output of the 
Converter Amplifier is applied to a recti fier circuit which 
produces both a posit ive going and a negative going half
wave rectified signal ou tput (see Figure 8·20). The rectified 
signals are summed to provide ac feedback for the Con
verter Amplifier. The Filter Amplifie r has a rlXed gain of 
approximately 6.6. The feedback ci rcuitry of the Filter 
Amplifier provides o ne pole of mlering. The output o f the 
Filter Amplifier is applied to a o ne pole RC mter network 
fo r FAST ACV operat ion and a two pole RC filter network 
for ACV operation. 

, ... 

.... -...... 

"" --

Figure 8 -20. Simplified Average Responding AC Converter. 
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8·64. Output Buffe r Amplifier. An Operational Amplifier 
witn unity gain is used to isolate the output of tne AC Con· 
verter. Full scale ou tput of the AC Converter is + 6.6667 V 
dc for all ranges. 

8·65. OHMS CONVERTER. 

8-66. General. 

8-67. The Ohms Converter is a voUage limited current 
sou rce which supplies a constant current through the 
unknown and reference resisto rs until the output voltage 
reaches approximately 4.75 voits de. At this point the con· 
verter becomes a constant voltage source. During the cur· 
rent mode of operation the converter supplies a constant 
current of .7 rnA on the 100 ohm through 100 kilohm 
ranges or .7 microamps on the I and 10 megohm ranges. 
The conven er becomes a constant voltage source when 
measuring resistance greater than 5.8 k iloltm on the 10 and 
100 kiloh m ranges and greater than 5.8 megohm on the 10 
megohm range. Since the same current nows through bO[It 
tlte unknown resistance and the reference resistance, the 
voltage drops across them are d irectly proportional. The 
unknown resistance value is the ratio of the voltage d rop 
across the unknown resistance limes circuit gain to the 
vo lt age drop across the reference resis tance times circuit 
gain multiplied by the range constanl ; o r 

VRx GI 
Rx = Kr 

VREF G2 

AS " ' 6,zv 
8.,. '" 

" , . "" 
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8·68. Circu it Descriptio n. 

8·69. Ohm. Converter Power SUpply. An inverter circuit 
is used to derive power fo r the ohms converter. The inverter 
operates at a frequency of 30.72 kHz on 60 Hz operation 
o r 25.6 kHz on 50 Hz. operation. Transformers A lOT I and 
AI 2TI provide co mplete isolation of the ohms converter. 

8-70. Current Source. Figure 8·2 1 shows a simplified sche· 
matic of t he current source used in the ohms converter. The 
circu it is designed to provide an output current of.7 mA or 
.7 Jl.A. Output current is determined by resis tors R3, RS . 
and R6. During the .7 rnA mode of operation, ( 100 ohm 
through 100 kilohm ranges) relay K8 shorts resistor R3. 
The ou tput current is t hen determined by R6 and is equal 
to the reference voltage (+ 6.2 V) divided by the resistance 
of R6, o r 10 "" 6.2/8.87 K '"' .7 rnA . During the. 7 Jl.A mode 
of opcralion, (I megohm and JO megohm ranges) bOlh K7 
and K8 are open. Resistors R5 and R6 fonn a divider which 
divides the + 6.2 V reference to + .7 V. The ou tput currenl 
is now determined by the .7 V across R3 or 10 =.7 V/I M 
= .7 Jl.A . Operational Amplifier UI drives outpu t transistor 
04 and provides the gain necessary to maintain the proper 
outpu t cu rrent. Relay K7 is used to select a refe rence 
resistance of J kilohm for the . 1 kilohm through 10 kilohm 
ranges or I megohm for the 100 kilohm through 10 
megohm ranges. Both the reference resistance and the 
unknown resislance are in the feedback circu it of the 
operational amplifier. 
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Figure 8·21 . Ohms Converter Current Source. 
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Figure 8·22. Ohms Convener Voltage Limit. 

8-71 . Voltage Li mit. Figure 8-22 shows a simplified sche
matic of the voltage limit circuit used in the ohms con· 
verter. Du ring the current mode of operation the non· 
invert ing inpu t of U2 is positive, as referenced to ohms 
ground . In th is mode the posit ive outpu t of U2 is blocked 
by CR l4, making the voltage limit circuit inoperative. As 
the resistance of Rx is increased the collecto r volt age ofQ4 
becomes mo re negative. This change is coupled to the non
inverting input of U2 through the vol tage d ivider composed 

of Rl4 and R23. As the input of U2 approaches 0 V the 
output reverses polarit y and fOlWard biases CRI4. At this 
po int U2 takes control of ou tput transistor 04 and main · 
tains a constant voltage of approximately - 4.7 V de at the 
collecto r. During the time the ohms converter is in the volt· 
age limit mode, transistor 0 3 supplies the feed back neces
sary to balance the curren t source circuit (see Figure 8-2 1). 
The converter operates as a volt age source when measuring 
resist ances greater than 5.8 ki lohm on the lao ohm through 
lao kilohm ranges and greater than 5.8 megohm on the 1 
megohm and 10 megohm ranges. 

8-72. Overload Protection . The ohms converter is pro
tected from the acciden tial applica tion o f high voltage to 
the ohms te rminals by diodes CRI. CR2. CR I I and CRI 2. 
These diodes provide a current path through R23 and the 
ohms reference resistance to d issipate the applied voltage. : 
High yoltage d iode CR8 prevent s current flow th rough 04 
when a negat ive yoltage is applied to the " High" ohms 
terminal. High voltage transistor 04 is biased off to pre
ven t current flow when a positive voltage is applied. 

8·73. OC PREAMPLIFIER. 

8-74, General. 

8-75. The DC Preamplifier provides the necessary isolation 
and amplificiation of signals fro m the dc input . ac o r ohms 
co nverter, and Auto Cal circu its for use in the A-to·D Con· 
verter. The DC Preamplifier is designed to provide high 
input impedance and linear gain characteristics. 

8·J 4 

8·76. Circuit Descript ion. 

8·77. Input Circuit. A dual FET(Q I7) is used as the inpu t 
to the DC Preamplifier to provide high input impedance. 
The sources of 0 17 are driven by a cu rrent source (024) to 
main tain linear circuit opera tion. Operatio nal amplifier U2 
provides the gain necessary to drive the output circu it of 
the preamplifier. 

8·78. Output Circuit. The ou tput circui! of (he DC Pre· 
amplifier consists o f an am plifie r (07 and 0 8) and a current 
source (012). Operalion of the output amplifier is similar 
to that of an in verting operational amplifie r with a gain of 
approxima tely 30 (see Figu re 8·23)_ The amplifier connols 
the outpu t by shunting current from the current source. 
The output circuit drives the DC Preamplifier feedback cir
cuit ry and the AID Converter. 

8·79. Feedback Circuit. The feedback circuitry for the DC 
Preamplifier consists o f two 10-10·1 resistive dividers, a 
bu ffer amplifi er, and FEr switches. Figure 8·24 shows a 
simplified schematic of the feedback circuitry and lists the 
various switch closures necessary fo r the particular pre
amplifier gains. Buffer Amplifier U3 is a preciSion XI Amp. 
lifier used to isolate the outpu t divider from the precision 
lO·to-1 divide r. 

8-80. Overload Protection. The preamplifier circuit is pro· 
tected from satu ration by d iodes CR4 and CR5. These 
diodes limit the voltage di fference between the d t3ins of 
017. The outpu t of the preamplifier is limit ed to approx i
mately t 17 V by zener diode CR7 and diode CR6 clamp
ing the out put stage of U2. 

8-81 . Swit ch Bias Amplifier. The swit ch bias amplifier sup· 
plies a gate bias yoltage for the FET switches to make the 
gate· to·sou rce voltage equal to zero during the time the 
FET sw itches are ON. The bias amplifier has a unity gain 
and uses an FET input to preven t load ing of the input 
signal. Output o f the b ias amplifier is cou pled through lao 
ki lohm reistors to the gates o f the input switching FET's. 
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Figure 8-25. Si mpl ified Voltage Reference Diagram. 

8-82. REFERENCE ASSE MBL Y. 

8·83. Genera l. 

8·84. The reference assembly for the 3455A contains the 
components and adjustments for the oh ms converter refer
ence resistance, the precision ten-to-one d ivider. and the 
+ 10 V dc reference voilage. The reference assembly is 
designed to be removed from the Multimeter for calibration 
and contains all adjustments for the DeV and OHMS func
tions. 

8·85. Circui t Descript ion. 

8-86. The ohms reference circuit is an adjustable rcsistive 
network which supplies a precise I kilohm or I megohm 
reference. The precision ten-to-one divider is an adjustable 
resistance divider used to produce the I volt reference volt-
3ge and a precise ten-to-one div ision for usc in the opera
t ional all enuator and IX preamp feedback ci rcuit ry. Figure 
8·25 shows a simplified d iagram of the reference voilage cir
cuit. The reference for th is circu it is a pack3ge which con
tains a referencc diodc and heater plus associated circuitry . 
An ope rational amplifier (U2) provides the necessary gain 
10 supply a stable + 10 V dc o ut put. Resisto rs Ra and Rb 
form a voltage d ivider to provide the proper feedback for 

I , 
I 

I I I I _\:1 - ....,'<I ~ II 
I I I I 
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the operational amplifier. These resis tors afe a line-line cir
cu it contained in an IC package and arc composed of the 
basic resis tances plus padd ing resistors to match the divider 
to the particular reference diode. Resistance Ra also 
includes a potentiometer which is used as the " fine" adjust
men t fo r calibrating the + 10 V dc output. The circuit is 
returned to the· 15 volt supply to reduce ground cu rrents. 

8-87. ANALOG-TO- DIGITAL CONVERTER lAID). 

8·88 . General. 

8-89 . The 34SS A Multimeter uses a multi-slope integrat ion 
technique to convert analog input signals to d igital informa
tion. This method perm its relatively high speed , high accu r
acy measurements. The following explanation of the AID 
Converter ope ration uses the integrator out put waveform 
pictured in Figu re 8-26. The waveform shown is for a nega· 
tive input voltage. For positive inputs the integrator ou tput 
would range between 0 and - JO vol ts. This wavefonn can 
be d ivided into three major portions: the integration period 
(time TI), the run-down period (time T2) alld the auto-zero 
period (time T3). During time TI , the input vollage is inte
grated and the most significant digi ts of Ihe OUlput reading 
are determined . During t ime T2 the input voltage is re
moved and the charge remaining on the integrator capacitor 
is used to determine the least significa nt digits o f the 
output read ing. DUring ti me T3, the integra tor is reset 10 

approx ima tely 0 volts alld readied for the next reading. At 
lime T~, the inpu l voltage from the DC Preamp is applied 
to the AI D convcrter and causes the int egrator capacitor to 
charge (period tCI). The rale at which the integrator capac
itor charges depends upon the ampli tude of the input volt
age applied (see Figure 8-27). If the voltage at the output o f 
the integra tor reaches plus or minus 10 volls the 10 V com· 
parator is enabled and interrupts Ihe inguard cont roller. 
The controiler switches in a reference current opposite in 
polari ty amount o f time (pcriod td) and causes the inte· 
grator to discharge. At the end of period td, the reference 
voltage is removed allowing the integrator to again charge 
(period tc). Th is charge. discharge sequence may be 
repealed throughout integration period T ,. 

8·90. The period during which the d igital counters arc 
"counting" occurs during t he td cycles. The total number 
of "count s" is t herefore dependen t upon the number of td 
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Figure 8-26. Integrator Output Waveform. 

8·16 



Model 34SS A THEORY OF OPERATION Section VIII 

I'IIGH LElin NPUT 
,v 

1--------'. - - ------1--,, .......... " 
Figure 8·27 . Integrator Output Waveforms for Different Input Voltage l8vels. 

cycles. The number of charge-discharge cycles depends 
upon the input voltage applied (as shown in Figure 8·27) 
and whethe r the voltmete r is in the 5 o r 6 d igit readout 
mode . Fo r the 5 digi t mode, time T I , is 1/60 second (l/SO 
second for SO Hz operation) and approx imately 16 charge
discharge cycles occur fo r a fu ll scale input. During 6 digit 
operation, time TI is increased to 8/60 second (8/50 
second fo r SO Hz o pera tion), allowing approx imately 127 
charge/discharge cycles to occur fo r a fuU scale input. 

8-9 1. At the end of time T I , the inpul volt age is removed 
and the reference voltage applied. The integrator is quickly 
discharged at a flXed rate to approx imately 0 .2 volts 
(period tf). During period ts the d ischarge rate is slowed to 
allow accu rate zero detection (point o f complete dis· 
charge) . This type of run-down permits both speed and ac· 
curacy. The "counts" accumulated during the run-down 
period (T2) are scaled and added to those made during time 
T I for t he final measurement. 
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8·92. Circuit Description. 

8·93. Input and Reference Switching. The AID input and 
re ference switching is cont rolled by the inguard cont roller. 
The in put fro m the DC Preamp is applied to the integrator 
inpu t through a 19.8 kilohm resistor (R IS) and FET switch 
Q3. The integrato r charge current due to the input voltage 
is established by RI S and is equal to the input voltage 
divided by 19.8 kilohms. FET switch Q3 is closed through. 
out the in tegration period (time T 1, Figure 8·26) and is 
open during periods 1 2 and T3. 

8·94. There are four separate cu rrent references in the AI D 
Converter. Two of these are positive references and are used 
when the AI D input voltage is negative. The Ol her IWO 
references are negative references and are used for positive 
inputs. In Figure 8·28 the positive references are shown 
above the integrato r input line and the negative references 
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Figure 8-28. Simplified AI D Input and Reference Switching Diagram. 

8-17 



Section VIII THEORY OF OPERATION Model 3455A 

are bdow. 80th the posi tive and negative references have a 
"fast" discharge reference and a "slow" discharge reference, 
The f:lSt discharge rderences are used during the td cycles 
of the integration period to discharge the integrator and are 
also used for the "fast run-down" period (time tf). The 
"slow" discharge references are used during the "slow run· 
down" pe riod (t ime Is) only. Diodes arc used to switch the 
references because of their high speed switching ability. 
The following description uses the positive "fast-d ischarge" 
reference, consisting of Ula. R4 , CR2 and Uld,lo explain 
the reference switching operation. Except for different 
input levels to the negative reference SWitches, operation of 
all reference switching is identical. 

8-95. During the time Ihe switch is turned "off', diode 
CR2 is rorward biased by approximately , 2 V dc on the 
cathode. Current flows frOIll the + 20 volt supply through 
R4 and CR2. Under this condition the voltage at the anode 
of U id is negative (approximately. 1.5 V de) which reverse 
biases Uld , holding it off, (The cat hode of Uld is held al 
virtual ground by the integrator.) During the "on" condi· 
tion, CR2 is reverse biased by applying approximately 
+ 3 V de to the cathode. Diode Uld becomes forw:lld · 
biased and allows the current to now through R4 to the 
integrator input. The purpose o f diode UI a is to compen· 
sate ror the voltage drop across switching diode Uld by 
raiSing the reference voltage by one diode drop. The refer· 
ence current is determined by the voltage across R4 (10 V 
del la kilohms'" I mA). 

8·96. Integrator. The volt meier uses a conven tional in le· 
grator circuit wilh a dual FET input stage for isolation. 
Operational amplifier U3 provides the gain necessary to 
keep the input voltage at 0 V (see Figure 8·29). 

8·97 . Slope Amplifier. The pu rpose of the slupe amplifier 
is to increase the speed of thc "auto·zero" function and 

. ", 

. "", 

_ • .. to 

'" , .... 

'OOY 

o. 

reduce sensitivity to offsets in the zero detect comparator. 
TIlc slope a.mplifler is a conventional non.inverting operal· 
tional amplifier with a gain of 100 and is used to drive the 
auto-zero circuitry and zero detect comparator. Sensitivity 
at the output of the intcgrator is approximately .5 milli· 
volts per coun t of output reading. 

8·98. Auto·Zero . The purpose of aUlo-zero is to reSi t the 
integra tor to a known level. During this mode of operation 
FET switch Q4 is elosed. completing the au to-zero loop 
through slope amplifier U4. The Integrator capacitor (C2) 
is used as the auto·zero capacilor and stores 3; charge 
equal in amplitude and opposite in polarity 10 any offsets 
in the integrator and slope amplifier circuits. This charge 
efrectively cancels the offse t errors generated by these 
circuits. 

8·99. Zero Detect Comparator. The output signal of the 
zero-de teci oomp:nator is used to determine the polarity of 
the ou tput reading and which integrator discharge refer· 
encc:s to apply. The output of this circuit is approximately 
+ 5 volts for negative inputs and near a volts for positive 
inputs to the AID Converter. 

8·100. Absolute Value Ampl ifier. As the name implies. the 
absolute value amplifier is a unily gain circuit which pro· 
duces a positive output fur either a positive or negative 
input. During posit ive inputs, thc negative output of US 
forward biases transistor Q6 allowing it to conduct. For 
negative inputs transist or Q6 is biased off and amplifier US 
conducts through diode CR 12. 

8·101 . 10 ... 011 Detect Ampl ifier. The purpose of the 10 
volt Detect Amplifier is to detect when the charge on the 
integrator has reached plus or minus 10 volts. This infonna· 
tion is used by the inguard controller in determining when 
to apply the discharge references during the inlegration per-

.,., 

. ..", 

'" 

. ZY DE T'[C1' ...... ~ 

Figure 8·29. Simplified AID Con,erter Diagram. 
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100 (lime T" Figure 8-26) . For inputs less than 10 volts 
the out put of the JO volt Detect Amplifier is nea r 0 volts. 
As the input reaches JO volts the out put switches to 
approximately + 5 volts. 

8·102. 02 volt Detect Amplifier. The purpose of the .2 
volt Detect Amplifier is to de tect when the integrator has 
discharged to approximately .2 volts during period T2 
(Figu re 8·26). This infonnation is used by the inguard 
co ntro ller in determining the point to remove the "fast· 
discharge" reference and apply the "slow-discharge" 
reference. 

8-103_ INGUARD CONTROLLER. 

8-104. General. 

8· 105 . Figure 8·30 shows the basic steps performed by the 
inguard contro ller. The inguard controller receives data con
taining range, function, and resolu tion information from 
the ma in controller. This data, contain ing 36 bits of infor
mation and a parity bit, is transferred serially at a ra te 
determined by the ma in controllc r. The inguard controller 
decodes the info rmation, selS the input and auto·cal 
switches 10 their req uired Slates, and selects the appropriate 
range, funct ion, and sample time for the resolution indi
cated. During the measurement process, the inguard con· 
troller manages the analog·to-d igit al conve rsion seque nce 
and stores the digital equivalent of the AID input voit3ge. 

8· 106. Upon complction of the measu rement, the digital 
information is transfe rred from the inguard con troller to 
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Figure 8-30. Simptified Inguard Controller Flowchart. 

the main controller. This informat ion contains the measure
ment value and polarity plus a parity bit and is transferred 
serially at a rate determined by Ihe main controller. The 
inguard controller is reset 10 receive more information by a 
reset pulse from the ma in controller. 

8·101. Circuit Description. 

8-108. Transfer Circuit. Figure 8·3 1 shows a simplilied 
d iagram of the dala transfer circuitry between the inguard 
and main controllers. The d irect control lines, DC~ through 
DC3, o f the processors arc used fo r commun ication. The 
inguard and main processors a.re electrically isola led by 
optica l isolators. Control lines DC~ and DC I are driven by 
the main controller. During the inguard to main trallsfe r 
mode, Une DC~ is used to indicate when the ma in control
ler is ready to receive data. Control Line DCI is used for 
the transfer·dock Signal du ring both transfer modes. Con· 
trol Lines DC2 and DC3 are d riven by the inguard control
ler. Control Line DC2 is used by the ingua rd cont roller to 
indicate whether it is in a "send " or "receive" state. Transi
tion from the receive to the send status indicates to the 
main controller when the inguard controller is ready to 
send dala. Control Line DC3 is used by the inguard con
trolle r to indicate when it is ready to rece ive data during 
the main·lo·inguard transfer mode and to send data during 
the inguard to main transfer mode. 

8· 109. Transfer signals for bot h data transfer mod es are 
illu strated in Figure 8·32. During the main controller to 

... ,.,- .... ,4Q., .. 
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Figure 8·31 . Controllar Data Transfer Circuit. 
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Figure 8·32. Data Transfer Signals. 

inguard controller transfer mode, data is valid during the 
positive portions of the clock signal and changed during the 
negalive portions. During Ihe inguard controller to main 
cont roller transfer mode, data is valid during the negative 
po rtions of the clock signal and changed during the positive 
port ions. The main controller transfers 37 bits of in formll.o 
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tion. composed of 6 bits of trigger information, 30 bits of 
range and function informalion and a parily bit, to the 
inguard controller. The inguard cu nt roller transfers 25 bits 
of information, composed of I bit of polarity infomlation. 
23 bilS of measurement data, and a parity bit , to the ma in 
controller. 

8·110. Reset Circuit. The rese t line is driven by the ma in 
controller to reset the inguard controller to the beginning 
of its program routine. Figu re 8·33 shows a simplified 
schematic of the reset circuit. A pulse transfo rnler is used 
to electrically isolate the resct line between the inguard and 
ou tguard sections of the voltmeter. The reset pulse applied 
to the preset input of flip-flop U32 A sets the "Q" output 
high. The high output of U32 A causes the ou tput of U27 8 
to go low. The ou tput ofU278 sets the "interrupt request" 
input of the inguard processor. Upon receivi ng imerrupt 
request, the processor stops driving its data Lines (00 
thro ugh 07), allowing them to go hJgh and sets the Inter· 
rupt acknowledge line high . This signal allows the output 
of U27C to go low which puts the "start " address on that 
processor's data bus. The processo r (after ruching ilS 
"start" address) sets the int errupt acknowledge line low to 
remove the ou tput of U27C from the data bus and to resct 
the interrupt circuit to it s normal state. 

8·111 . A ID Con ... erter Control Circuitry. Figu re 8·34 
shows the control circu itry between the inguard processor 
and the analog·to-digital converte r. There are six output 
lines from the inguaed controller which con trol the input, 
refe rence, and auto·zero swil ches in the AID Converler. 
Each output line controls one of the six swit ches in the 
converter. Switching information for the AID Converter is 
set on the processor's data bus (ou tputs O~ through 0 5) 
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Figure 8-33. Inguard Controller Reset Circuit. 
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and t ransferred to the converter through output latch U15. 
Table 8·2 describes the purpose of each of the AID Con· 
verter swHch signals and the " t rue" state of each. The three 
"detect" outputs of the AID Converter are returned to 
"direct co ntrol" lines DC4 through DC6 of the processor. 

8· 112. The " polarity detect" output of the converter is 
also applied to the input of the "zero detect" circuit. The 
ze ro detect circuit is used to detect the end of the "slow" 
run-down period . At the beginning of the slow run-down 
period, the ''0'' outpu t of U328 is set to the same state as 
the polari ty detect signal by a pulse from U14. The inter
rupt enable signal from the processor is set high to enable 
the zero detect circuit. As the charge on the AID Integrator 
passes through 0 volts, the polarity detect signal changes 
state and causes the output of the zero detect circuit to go 
low. The low output from the zero detect circuit sets the 
processor's interrupt input to stop the AID Conversion pro-
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Tabte 8-2. AID Converter Switch Control Signal 
Descriptions. 

True 
. Signal DescriPtion Sl8te 

LVIN AID Converter input switch ,ign,i Low 
(A14Q3! 

LNRS Negat ive slow-<tisch,rge referenal switch signal Low 
(A14U2c! 

HPRS Positive ,Iow-dis.ch,rge reference SWitch ';go,1 High 

HAZ Auto-~ero switch lignal fA 14Q4) High 

HPRF Posi ti ve f,n-discharge reference switch signal High 
[A14CR2) 

LNRF Negative !ast-<tisch"g' reference switch lign" Low 
tA14CR6) 

cess, Upon completion of the AID Conversion process, the 
processor sets the interrupt enable signal low to disable the 
zero detect circuit. 
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Figure 8-34. Simplified AI D Com'erter Control Circuit. 
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Figure 8-35. Simplifi ed Program ROM Circuit . 

8 -113. Program ROM. Figu re 8-35 shows a simplified sche
mat ic d iagram of the plOgnun ROM ci rcuitry used in the 
inguard cont roller. The program ROM cOlllains the opera
tion instruct io ns fo r the inguard cont ro ller routine. There 
are 5 12 eight bit program storage locations contained in the 
ROM which are addressed by nine input lines (10 through 
18). The ROM out put is con nected to the processor data 
lilies ~ through D7. The ou tput of the ROM is enab led 
only when the signal level applied to 18 is thecompiement 
of the level applied to 18. T his func tion is accomplished by 
ga tes l.fLYC and U19lJ and occurs wllell tltr: processor .sets 
the "program gate" signal high. 

8-114. Output Circuit. The output circuit of the ingultrd 
cont roller controls all inguard switching of the voltmeter. 
Switch control signals are transferred through six latches 
(see Figu re 8·36). Each latch is set ind ivid ually to output 
the prope r swit ch signals. The inguard processor sets the 
switching info rmat ion for the la tches on the d ata bus (pro· 
cessor o ut put D0 through OS) and the select code for the 
part icu lar latch to accept the information on device select 
lines DS~ through DS3. Transfer of in fo rmation frOm the 
processor to the latches is synchronil',ed by the clock input 
to the processor and the device select decoder U14. 

8·115. MA IN CONTROLLER. 

B 116. General. 

8- 117. The purpose of the main co nt ro ller is to contro l 

8·22 

communication between the front panel. HP-18 in terface, 
display and inguard sectio n o f the multirneter and to per· 
form mathematical calculat ions to correct measurement 
data and provide measurcment scaling or percent error 
readings. The following is an explanat io n of the operat ions 
perfo rmed by the ma in controller as illu strated in Figu re 
8·37. 

a. The main cont rolle r reads and sto res the status code 
of the fron t panel switches (local operation) o r HP· IB buf· 
rers (remote operation) to determme mC!l~ur{lmem p~r:l . 
meters. such as range, funct ion. 1Il0de, and sample lime. 

b. Using the status information. the main con tro ller 
generates switching information fo r the analog section and 
transfers this info rmation to the inguard controller. 

c. During the li me the ingu ard cont roller is sett ing the 
switches and making the req uired measurements. the main 
cont ro ller computes the const ants used 10 correct the mea
surement data. This step is shown in Figure 8-37 as " per
fo rm preliminary math calcula tions" and involves combi n· 
ing t he offset error and full scale error readings. relevant 10 

the measurement being made, in to two constants. 

d. The main t:ontroller receives the measurement data 
fro m the inguard cont ro ller. applies the correction factors 
fo und in the previous step and compu tes the co rrected 
measurement answer. 
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e. The main controller next checks to see ir one or the 
math runctions have been selected. The math runctions pro· 

x - , 
vide either a scaled answer (---y- ), where x is the measure· 
ment answer and y and z are values entered by the opera-

x - y 
tor, or a percent error answer (- y- x 100), where x is 
the measurement answer and y is a rererence value ente red 
by t ile operator. If the math runction has been selected, the 
main cont roller compu tes the math answer. 

r. The main controller next checks to see ir the HP-IB 
burrers are active (outputting data to the bus). Ir the HP-IB 
buffers are not active, the main controller loads the answer 

~~ .. :: . " . " " r-'-----' 

into them. Ir tile burrers are active the controller bypasses 
this step. 

g. The main cont roller loads the fmal answer in the dis
play burrers and returns to tile start or the program. 

8·118. Circuit Description. 

8-1 19. ROM Circuit. The main controller uses three 
ROM's to store the programs necessary 10 control the va r
ious runctions and operations or the voltmeter. Each ROM 
is capable or storing 2048, eight bit "words" of program 
in formation and is divided into two "pages" of 1024 words 

~ 

" " ~ " 
~ 1,112 05 

~ " "' ~ 
" 

---
"~. 

Figure 8·36. Simplified Output Circuit. 
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Figure 8·37. SimplIfied Main Controller Flowchan. 
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each. Five of the six pages contain the programs necessary 
for the normal opera lion of the voltmeter while the sixth 
page contains a test program to aid in troubleshooting and 
to verify proper operation . This test feature is not program· 
mabie from the front panei. The ROM's are addressed by 
the main processor through the program address bus (pro. 
cessor out puts PA~ through PA9). The program informa· 
tion is sen t to the processor through the processor data bus 
(lines DqJ through 07). All ROM's receive the address in· 
formation. The particular program information received by 
the processor is determined by the program address code, 
the page select signal, and which ROM is enabled. 

8·120. Figure 8·38 is a schematic of the ROM circuitry. 
During normal operation, the test connector J J is con· 
nected as shown. This connect ion disables the upper page 
(test program) or ROM U8 and allows ROM 's U6 and U7 to 
be enabled. Removing the jumper permits only the upper 
page (test program) of U8 to be enabled. Connecting the 
jumper between ground and the "disable" connection dis.. 
abies all ROM outputs to aid in testing the main processor. 

8·12 1. During nonnal operation, the ROM's are enabled in 
the following manner. At turn on, only the lower page of 
U8 may be enabled. This is because the normal turn on 
state of address line PAlO is low which allows U8 to be 
enabled and "holds ofr' the enable circuitry for ROM's 
U6 and U7. To enable ROM 's U6 or U7, the following 
sequence is used. 

a. The code to select the desired ROM and page is set 
on data lines ~ and 0 I . Line ~ is used to select the page 
and is set high fo r upper pages and low for lower pages. 
Line 0 I is used to select the particula r ROM and is set high 
to select ROM U6 or low to select U7. 

b. The device select code to select output YS of U3 1 is 
set on device select lines OS~ through 053. 

c. Address line PAlO is set high to disab le ROM U8 and 
allow ROM's U6 and U7 to be addressed. 

d. The READ/WRITE line is set high (write). 

The above outputs are synchronized by the clock signal. 
The combination of the output from the device select 
decoder U33 and the WRITE output from the processor 
causes a pulse at the clock input of US and sets the 01 and 
0 2 ou tputs to the levels of data lines ~ and 01 (page and 
ROM select data). Once US is set the processor data lines 
(O~ through 07) and REAO/WRITE line are released for 
ot her operations, Address line PAlO remains high as long as 
ROM U6 or U7 are to be addressed. The output of the 
ROM and page selected is then enabled when tbe Program 
Source Gate is set high. To return 10 Ihe lower page of U8 
it is only necessary to set address line PAle) low. 

8·122. At the beginning of an "interrupt sequence" the 
processor enables gates U3A and U38 by activating output 
YS of the device select decoder and setting the READI 
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Figure 8 ·38. Main Controller ROM Circuit. 

WRITE output low (READ). The outputs of U3A and U3B 
arc then sent to the processor thro ugh data lines D~ and D I 
and represent the page and ROM that was active al the 
time of interru pt. The ROM and page information along 
wit h the address code arc stored by the processor so t hat 
after the int errupt routine it ca n return to that step in the 
program. 

8·123. RAM Circuit. The RAM 's are used to store temp· 
orary data such as auto-cal constan ts, display data, frollt 
panel and HP-IB status codes, mat h computations and 
references, and con trol status codes. Figu re 8-39 is a sche· 
matic diagram of the main cont roller RAM circuit. The 
RAM 's can be set to a particular add ress by the main pro· 
cessor or are automatically incremen ted to the next memo 
ory address each t ime data is stored o r read. This method 
allows groups of data to be transferred between the RAM's 
and main processor without having to address each step and 
results in higher operating speed. 

8· 124. The RAM's arc add ressed by the main processor in 
the fo llowing manner: 

a. The processor sets the desired address code on data 
lines ~ through D7, selS the proper code o n the device 

select lines (DS~ through DS3) to activate output Y4 o f 
device select decoder U4 1, and selS the Read/Write output 
high (write). 

b. The outputs of the processor and the device select 
decoder are synchronized by the clock signal. 

c, The Read/Write Signal enables bu ffers U34 and U42 
to apply the address code to the inputs of presettable 
counters U36 and U37. 

d. The negative'going pulse frolll output Y4 o f device 
select decoder U4l is applied , th rough gates U38B and 
U38D , to the "load" inputs o f U36 and U37 to load the 
address code into them . The code which has been loaded 
imo the prescttable counters is then applied to the address 
in put s (lines A~ through A7) of the RAM's (U44 and U45 
U4S). 

8· 125 . Data is stored in the RAM 's as fo llows: 

a. The processor sets the data to be stored on data lines 
D~ through D7, sets the proper code on device select lines 
DS~ through DS3 to activate outpu t VI o f device select 
decoder U4 1, and sets the Read/Write output high (write). 

8·25 
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Figure 8·39. Main Controller RAM Ci rcuit. 

b. The Read/Wri te signal enab les buffers U34 and U42 
to apply the data to the RAM 's 1/0 lines and is also applied 
to the R/W input of the RAM 's to enable the write ampli· 
fien. The negat ive-going pulse from ou tput VI of U41 is 
applied to the CE inputs of the RAM 's to enable them to 
store the data . Output VI of U41 is also applied to the 
"clock" inputs of U36 and U37 (through U38) to incre· 
ment the address code by one upon com pletion of the 
"store" operation. 

8· 126. The processor "reads" data from the RAM 's as 
follows . 

a. The processor sets the (..'Ode necessary to activate out· 
put VI of U4l on device select lines OS~ th rough OS3, and 
sets the Read/Write line low (read). 

b. The Read/Write signal is inverted by U4F and applied 
to the RAM 's R/W input to enable the output buffers. The 
negative-going pulse from outpu t VI of U41 is applied to 
the CE input of the RAM's to enable their ou tputs. The 
RAM output data is applied to the inputs of buffers U35 
and U43 which are enab led by the low output o f gate 
U46A . 

c. The da ta is read by the processor on data lines 00 
through 0 7. 

d. As with the "store" seq uence, the negative pulse 
from ou tput V I of the device select decoder is applied, 
through gate U380 , to the "clock" inpu t of cou ll ters U36 
and U37 to increment them to the nex t add ress. 

8·26 

8·127. AlU Circuit. The Arithmetic Logic Unit (ALU) 
provides added computational capabilit y to the main con· 
troller for computing Auto·Cal constants, measu rement 
da ta corrections, and "scale" and "% error" math func
tions. The ALU also provides logic fu nct ions wh ich are used 
for certa in control operations. The ALU performs Arith· 
metic or Logic operations 011 twO, 22 bit binary numbers in 
eight bit segments slarting wit h the eigh t least Significant 
bits. 

8· 128. Figu re 8·40 shows a schemat ic diagram of the ALU 
circuit used. The numbers to be entered into the ALU's are 
8 bit binary codes and are en tered as fo llows: 

a. The processor sets the numerical data on data lines 
~ through 0 7, se ts the READ/WRITE line nigh (write), 
and setS the device select lines DS~ through. OS3 to the 
code necessary to activate the proper output of device 
select decoder U33 (outpu t YI for number " A", Y2 for 
number " 8"). 

b. The outputs of the processor and device select 
decoder are sy nchronized by the clock Signal. 

c. The REAO/WRITE signal enables buffers U34 and 
U42 to apply the binary inrormation fro m the processors 
da ta output to the ALU in put latches. The information is 
sel in latches U29 and U3 l (number " A ") or U24 and U25 
(number " 8 ") by the signal from device se lect decoder 
U33. 

d. The ALU operation instruction is a 6·bit binary code 
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Figure 8-40 _ Main Controller ALU Circuit. 

composed of a 4-bit instruction code, I bi t o f mode infor· 
mation to determine whether the operat ion is to be an 
arithmetic or logic func tion, and I bit of "carry" informa
tion. 

c. The operat ion instruction is en tered into the ALU's 
in the same manner as the nu merical da ta except, only pro
cessor data lines DfI' through D5 are used to output the 
data. 

8·129_ The out put o f the ALU's is read by the processor in 
the following manner: 

3_ The processor se ts the READfWRITE line low 
(READ) to disable buffers U34 and U42 and sets the 
proper code on device select lines OS(,!t through DS3 to 
act ivate output Y4 of U33. 

b_ Output Y4 of U33 enables the ALU output buffers 
U21 and U22 and the da ta is read by the processor on data 
lines D0 through 07 _ In the event that a "carry" occurred 
during the ALU operation, the carry output (CN + 4) of 
U28 is output through gate UI 6B to set F4 of th e proces· 
for. 

8-130. Interrupt Circuit. The Interrupt Circuit is used to 
Signal the main processor when the front panel switch data 
has been changed, when an external trigger has been 
applied, when the HP-IB ( Hewlett.Packard IlIIefface Bus) 
needs service, or at "turn·on". The Interrupt Circuit is also 

used to strobe the front panel d isplay . The Int errupt Cir
cuit has been designed so that the Interrupt Signals arc 
assigned priorities. In the event of two or more Simultane· 
ous Interrupt Signals, the une with the highest priority will 
be handled fi rst. The l·tP-IB Interrupt is assigned the highest 
priority and will be serviced before the external trigger or 
front panel interrupts. The eXlernal trigger interrupt is 
assigned the second highest priority and will be serviced 
before the fron t panel interrupt. All three interrupt signals 
have priority ove r the display strobe signal. The turn-on 
interru pt occurs only at inili3] turn·on of the volt meter. 
Figure 84 1 is a simplified schematic of the M3in Controller 
Interrupt Circuit. 

8·131. HP-IB Interrupt. When t he HP·113 req uires service, 
it sets the HP-IB Interrupt signal high. This signal is applied 
to the inpu t of US3 B. The output of U538 is applied to 
U478 to disab le the front panel interrupt circuit and 
through US2 A to the interrupc gaces which SCI th e proces. 
sors interrupt input. The UP-IB interrupt input is also 
applied to U46D to set the interrupt address. Upon recog
nizing the interrupt in put, the processor selS the interrupt 
enable low, to remove the interrupt inpu t, and sets the 
illterrupt ack nowledge high , to enable add ress gates U470 
and U460. The add ress gales sel th e interrupt address on 
the processors d3ta bus_ It is possible for both the external 
trigger interrupt and the HP· ]B interrupt to occur simu lt an
eously and set their respective interrupt address code 011 the 
processor data bus. Whel1 th is occu rs, the processor is pro· 
grammed to vector to the 1-lp·1I3 Interrupt address 10 main-

8·27 
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Figure 841. Main Controller Interrupt Circuit. 

tain priorities. After accepting the interrupt address, the 
processor sets the interrupt acknowledge line low to disable 
address gates U46B and U46D. The processor then services 
the HP· IB (0 clear Ihe interrupt input. 

8·132. External Trigger Interrupt. Operation of the Exter. 
nal Trigger Inlerrupt is the same as the HP· IB Interrupt 
with the exception of the interrupt add ress gate activated. 
During External Trigger Interrupt, address gate U448 is 
used to set the inlerrupt address on the processor's data 
bus. 

4·133. Front Panel InterrUPt. When the status of the front 
panel switches is changed, the switch status interrupt signal 
is set high. This removes the "clear" signals from U40A and 
U40B and lTiggers the monostable multivibrator U48A. The 
output of the multivibrator is a negative pu lse approx i· 
mately 6 milliseconds in duration . This negative signal is 
applied to int errupt gates USS B and U55C to disable the 
interrupt input to the main processor. This insures that the 
processor is not interrupted by the o ther interrupt signals 
while the front panel is being serviced . The negative output 
of U48A it-also applied tCLthe "preset" input of U40B to 
set output Q low. Output Q of U40B is applied to U47D to 
disable the interrupt address gates and through U39B to se t 
the inputs of U47A and U55C high. 

8· 134. As the output of multivibrator U46A relurns high , 
the fo llow ing occurs: 

a. The front panel ou tput latch is set to the new switch 
status code. 

8·28 

b. The positive·going .!!,gIla] is applied \0 the "clock" 
input of U40A to set the Q output low. This signal, applied 
through U47B and U39C, disables the input of U48A to 
prevent premature retriggering. 

c. Interrupt gate U55C is enabled to sel the main pro· 
cessor interrupt inpu t. 

8-135. Upon recognizing the interrupt signal, the main pro· 
cessor sets the interrupt enable output low to remove the 
interru pt signal and sets the interrupt acknowledge signal 
high. The interrupt acknowledge signal enables gate U47A 
which enab les the front panel output buffers allowing them 
to se t the new switch status code on the processor's da ta 
bus (~ through 07). 

8· 136. Upon accepting the switch stat us information, the 
processor sets the interrupt acknowledge signal low. This 
signal is applied to U47A to disable the fron t panel outpu t 
buffers ,!.nd through U39A to the dock input of U40B to 
sc t the Q out put high. This removes the disable fro m U47D 
and applies a disable signal to U55C and U47 A. 

8·137 . When the front panel switch is released, the front 
panel inte rrupt signal is set low. This rese ls the trigger 
enable input of U48A and sets the "dear" inpuls of U40A 
and U40B to return the circuit 10 its " ready" slate. 

8·138. Display Strobe Circuit . When no interru pts arc pre· 
sent, the in terrupt circuit is used in the display fu nctio n of 
the voltmeter. Monostable muilivibra lor U48B is tr igge red 
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Figure 8-42. Simplified Turn-on Interrupt Circuit . 

by ou tpu t Y2 of device select decoder U41. The output of 
U48 B is a negative pulse approximately I millisecond in 
duration and is applied to the strobe inputs o f the display 
driver decoder to enable it. As the outpu t of U48 B retu rns 
high. gate U538 is enab led. The low ou tput of U53 8 is 
applied through U52 A to the interrupt gat es to set t he pro· 
cessor's in terrupt input of the processor. Upon no ting the 
interrupt, the processor se ts the interru pt enable signal low 
to remove the interrupt input and sets the interrup t 
acknowledge high to enoble the interrupt gates. The pro· 
cessor then checks the dat a bus (D~ through D7) fo r the 
in terrupt add ress. In t his case all dala inpulS are high which 
the processor recogniZes as the d ispl ay function interrupt 
add ress. 

8 ·139. Turn·On Interrupt. The purpose of the " tum-on" 
interrupt is to start the main processor at a known program 
address when power is initially applied 10 the vo ltmeter. 
Figu re 8·42 shows a simpli Oed schemat ic of the turn-on 
interrupt circuit. At lu rn·on. a negat ive·going pulse is 
applied to the "preset" input of latch U26B fro m the RC 
netwo rk composed of R3 1 and C19. This se ts the "Q" ou t· 
put high and the " Q" ou tput low. The Q out put is applied 
to U47C which sets the interrupt input to the processor. 
The Q o utput is applied through inverter U5 to the pro
cessor data bus (D2 through D7) to set the start ing add reSS. 

8· 140. Upon recognizing the interrupt signal. the processor 
reads the start :add ress from the data bus and sets the inter· 
ru pl acknowledge outpu t low. The in terrupt acknowledge 
signal is applied through inverte r U39A to the "clock" 
input of U26 8 . This sets the 0 output low and the Q 
output high, d is:ab ling the tu rn-on interrupt circuit. 

8-141. Hp·18 CIRCUIT. 

8-142. General, 

8- 143. The lIewlett- Packard Interfa ce Bus (i-IP-IB) is a 
carefully defined instrumentation interface which simpli fies 

the integration o f instrumen ts, calculators, and computers 
into systems. The HP-IB employs a 16·line Bus to inter
connect up to 15 inst ruments. Normally, this Bus is the sole 
communication link between the interconnected un its. 
Each instrument o n the Bus is connected in parallel to the 
16 Bus lines. Eight o f t he lines are used to transmit data 
while the remaining eight lines are used fo r communication 
timing (Handshake) and control. Data is transmilled on 
the eight data lines as a series of eigh t-bit characters 
("bytes"). Normally. a seven·b it ASCII code is used with 
the eigh th bit available for a parity check. Data is trans
ferred by means o f an interlocked "hand shake" techn ique 
which permits asy nchronous communication over a wide 
range of data rates. Figure 8-43 illust rat es the HP-IB in ter· 
fa ce connections and overall Bus structure. 8 us commun ica
tion is controlled by the five general int erface management 
(control) lines. These lines determ ine how infomation will 
be interprel: d by devices o n the Bus. The data bu s (lines 
DID I through 0 10 8) is used to transfe r info rmation be
tween devices o n the Bus. The t hree data byte transfer 
contro l (handshake) lines permit synchro ni7.al ion o f the 
data transfer o n the data bus. 

8·144. Circuit Description. 

8-145. Init ial Turn·On. (Refer to the HP-IB Schematic fo r 
the following descriptions.) The interface circuit is initial
ized by the main controller at ·'Iurn-on". After completion 
of the turn-on sequence and before the Bus is active the 
fo llowing cond itions exist : 

a. The outputs of latches UI I, U19, U20, and U26A are 
low. 

b. Signal inputs to buffers UI5 , UI6, UI7 and UI8 are 
low. 

c. Inpu ts to interrupt ga tes U7 A and U7C arc low caus
ing the interrupt outpUt (U2 A pin 3) 10 be low (false). 

d . All driver inputs and receiver ou tputs of Bus Trans
ceivers U6, U9 and U 12 are low. 

8·29 
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NOTE 

It is possible for tile ;merface circuit to momen· 
tarily drive the Bus lines low (true) before the 
tum-oll sequence has beell completed. 

8·146. Circuit Response to Bus Commands. The following 
description ex plains the Voltmete r interface circu it reo 
spo nse 10 command statements received from the HP·IB 
(Hewleu·Packard Inte rface 8us). This desc ription is divided 
into five parts as follows: 

a. Acceptance of the command data. 

b. Voltmeter execution of the command. 

c. Complet ion of the "handshake" sequence. 

d. Receive Data. 

e. Ou tput Data. 

8·147. Acceptance of the Command Data. The fo llow· 
ing describes the sequence performed by the Voltmeter 
interface circuit to accept command data. This sequence 
appl ies to all command statemenlS received from the 
Hp·18. 

8·1 48. The controller in charge of the HP·18 sets the code 
of the command data to be transferred on data lines 0 101 
through 0108 and sets the ATN (Atlen tion) line low (t rue). 

8-30 

The ATN signal is input to thc Yoltmctcr interface circuit 
through inverter U3E and is applied to the input of buffe r 
UI5 A and inverter U3 8. The low output of U3B disables 
qualifier gates U2 0 . UI4B, UI4D and UI30 and is applied 
to U2C to set its output high. The high out pu t of U2C se ts 
the enable inputs of UI3A and U13 8. The high output of 
UJ3B is applied to the driver B input of transceiver U9 to 
set the NDAC output low (true). This indicates 10 the 
Hp·IB co ntroller that the Voltmeter is ready to acccpt data. 

8· 149. After allowing time for the da la on the 010 lines to 
"scll le", the HP· IB controller scts the OAV (da til valid) line 
low (lrue). The DAY Signal is input to the interface circuit 
through transceiver U9 and is applied to the signal input of 
qualifier gate UI3A. The high output of UI3A is coupled 
through gat e U2 B and inverter UIOD to the inputs of 
buffer U 150 and interrupt gate U7C. The low ( true) outpu t 
of U7C is applied to the input of U2A 10 SCt the int errupt 
signal 10 the main processor. 

8·150. Upon recognizing the interrupt signal, the main pro· 
cessor enables buffers U 15 and U 16 to read the status 
word. In this case, bit 3 is sct, ind icating valid data is on the 
bus, bit 5 must be set to enable the voltmeter to go to 
remote operat ion, and bil 6 is set to ind icate the messagc is 
a command statement. The main processor enables buffe rs 
UI7 and UI 8 to read the data byte. 

8· 15 1. Aft er reading the data byte, the processor sets the 
" nrfd " output (lQ) of lat ch UI I high (true). The nrfd 
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signal is applied to the enable input of qualifier ga te UI 3C 
and the drive r A input of bus transceiver U9. Tran sceiver 
U9 drives the NRFD bus line low (true), indicating the 
Voltmeter has accepted the data. The processor next sets 
the "ndac" output (6Q) of latch U 11 high (false). The ndac 
signal is applied through inverter U lOA to the enable input 
of U2B and the signal input of UI3B. The low output of 
U13B is applied to the driver B input of transceive r U9 to 
disab le it and allow the NDAC Bus line to go high (false). 

8-152. Execution of Command Instructions. After the 
command data has been accepted. as previously described, 
the main processor deciphers the data to determine the 
nature of the command. This section describes the interface 
circuit response to the fo llowing Bus command s: 

a. "Listen" Com mand 
b. "Unlisten" Command 
c. "Talk" Command 
d. "Untalk" Command 

8-153. listen Command. When the processor receives a 
listen address from the HP-IB it enables inverter U I and 
reads the address code th.: Voltmeter has been set to. This 
code is determined by the settings of swi tch SI. The pro· 
cessor compares this code with the one received to deter
mine if it has received its listen add ress. Upon recognizing 
th.e lis ten address of the Voltmeter. the processor selS the 
output (pin 10) of U70 low to tu rn A2CR2 {listen enunci· 
ator} on (see Front Panel Assembly Schematic). The pro· 
cessor next se ts the "mla" outpu t (40) of UI I high (true). 
The mls signal is applied . through inverter USD. to the 
input of qualifier gate U2C to maintain its output high. At 
this poine the Voltmeter has been addressed to listen and 
enabled to receive data messages. 

8-154. Unlisten Command. Upon recogJllzlflg the "un
listen" com mand, the processor sets the output (pin 10) of 
lat ch U70 high to turn A2CR2 (liste n enunciator) off (see 
Front Panel Assembly Schemat ic). The processor next selS 
the "mla" output (4Q) of latch U1 1 low (false) to return 
the interface circuit to the "turn.on" state. 

8·155. Talk Command. When the processor receives a 
"talk " address from the HP· IB it enables inverter U1 and 
reads the address code the Voltmeter has been set to. This 
code is determined by the settings of address switch SI. 
The processor compares this code with the one received 
fro m the HP-IB to determ ine if it has received its talk 
address. Upon recogn izing the talk address of the Volt
meter, the processor sets the out put (pin 7) of latch U70 
low to turn A2C R3 (talk enuncaitor) on (see Front Panel 
Assembly Schematic). The processor nex t sets the "dav 
req" output (50) of latch UII high (true). This signal is 
applied to the enable input of qualifier gate UI4C. At this 
point the Voltmet er has been addressed to " talk" and is 
awaiting the removal of the ATN signal by the HP·IB 
controller before outputting measurement data. 

8·156. Untalk Command. Upon recognizing the "untalk" 
command , the processor sets the ou tput (pin 7) of latch 

U70 high to turn the "talk" enunciator (A2C R3) off (sec 
Front Panel Assemb ly Schematic) . The processor next SC ts 
the "dav req"output (5 Q) of latch Ul1 low (false) to re turn 
the interface circuit to the " turn·on" state. 

8-157. Handshake Completion. After all instrument s on 
the HP-IB have accepted the command dala (the NDAC 8us 
line has gone high) Ihe HP-JB controller selS DAV high 
(data is no longer valid). This sets the receiver D ou tpu t of 
transceiver U9 low. The low output of U9 is applied to the 
input of UI3A and through inverte r UIDC to the input of 
qualifie r gate U 13C causing its out put to go high. The ou t
put of unc is applied to the signal input of buffer UI5C 
and to the input of interrupt gate U7 A. The low output of 
U7 A is applied to the input of gate U2 A to set the interrupt 
signal to the processor. 

8·158. Upon recognizing the interru pt signal, the processor 
enables buffers UI5 and U16 and read s the interru pt code. 
In this case bit 4 is set, .indicating the completion of a data 
byte. The processor dete rm ines the nature of the interrupt 
and sets t he " ndae" output (6Q) of latch Ul l low (true). 
The low outpu t of U11 is applied through inve rter UJOA to 
the inputs of U28 andUDB. If the ATN signal or the mla 
signal is true the output of UI3B will be set high . The high 
output of UI38 is applied 10 t.he driver 8 input of trans
ceive r U9 to set the NDAC line low (true). The processor 
nex t selS the "nrfd" ou tput ( IQ) of UI I low (false). Th.e 
low out put of UI I is applied to the driver A input of U9 
to set the NRFD output high (false) and to the input of 
Ul3C to disable it and remove the interru pt signal. This 
completes the sequence for accepting and executing com-
mand statements. . 

8·159. Receive Data. Data received from the HP· JB is used 
to remotely program the Voltmeter's front panel controls 
(range. function , math , etc.). The Voltmeter IllUSt have pre· 
viously been addressed to "listen" and set to remote con· 
trol before it will respond to program data messages. 

8- 160. The follow ing paragraphs describe the interface cir
cu it response to program data messages. The UP·18 co ntrol· 
ler sets the program information on Bus lines DIOI through 
DlOS. After allowing time for the informa tion to "settle" , 
the controller selS DAV (data valid) low (true). The DAV 
signal sets the receiver D ou tpu t of transceiver U9 high 
(true). The high ou tput of U9 is applied through inverter 
UlOC to the input of qualifier gate UI3C to disable it and 
to the input of UJ3 A. The output of UI3A is coupled 
through ga te U2B and inverter UIOD and applied to the 
input of bu ffer UI SD and in terru pt ga te U7C . The low out· 
put of U7C is applied to the input of gate U2A to set the 
interrupt output to th.e main processo r. 

8·16 1. Upon recogn izing the interrupt signal, the processor 
enables buffers U15 and UI6 and reads the status word. 
After determining the nature of the interrupt, the processor 
enab les buffers UJ7 and UI8 and reads the program data. 
If the processor has read the first byte of program da ta 
(two bytes are required for each program step) it sets a flag 
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and retains the fi rst data byte information. If the processor 
has read the second by te of information it stores the com· 
posite of t he fi rst and second bytes and sets the appropriate 
ou tput of enunciator latches U65 through U70 low (true) 
to light the enunciator pertaining to the program informa· 
tion. The processor next sets the nrfd output (10 of latch 
UI I high (true). The output ofUI I is applied to the enable 
input of qualifier gate UI3C and to the driver A input of 
transceiver U9 which sets the NRFD bus line low (true). 
The processor next sets the ndac output (60) of latch UII 
high (false). This signal is applied through inverter UIOA 
to the input of qualifie r gate U2 8 to disable it and remove 
the interrupt signal to the processor. The ndac signal is also 
applied to thc input of gate Ui3B. The low out put of UnB 
is applied to the driver B input of transceiver U9 which 
stops driving the NDAC bus line (allows it to go high). This 
indicates to the HP·IB co ntroller that the Voltmeter has 
accepted the data and is ready fo r more data. 

8·162. Sensing that the Voltmeter has accepted the data, 
the HP-IB cont roller sets the DAV line high (data on the 
DIQ lines is no longer valid) and prepares to output the 
nex t data byte. The DAV high signal sets the receiver 0 
output of transceiver U9 low. The low outpu t of U8 is 
applied to the input of gate UI3A to disable it and through 
inverter UIOC to the input of gate UI3C. The high output 
of unc is applied to the signal input of buffer UISC and 
to the input of interrupt gate U7 A. The low output of U7 A 
is applied to the input of gate U2A to set the interrupt out· 
put to the processor. The processor recognizes the interrupt 
signal and enables buffe rs UIS and UI6 to read the bus 
status word. 

8· 163. Upon detcrmining the nature of the interrupt . the 
processor sets the ndac output (60) of latch UI I low 
(true). The output of U II is applied through inverter U lOA 
to the input o f qualifier gate U2B and to the input of gate 
UI3B. The high output of UI3B is applied to the Driver 8 
input of transce iver U9 which setS the NDAC Bus line low 
(true). The processor then sets the nrfd output (i0) of 
UI J low (false). This signal is applied to the driver A input 
of U9, which sets the NRFD bus line high (false), and to 
the input of qualifier gate UI3C to remove the interrupt 
signal. This completes the sequence for accepting one byte 
of program data. 

8·164. Output Oltl. The fo llowing paragraphs describe 
the sequence fo llowed by the interface circuit to output 
measurement data to the HP·IB . The voltmeter must have 
previously been addressed to " talk " and the HP·i8 must 
NOT be in the command mode before the voltmeter can 
output measurement data. 

8·165. When the Voltmeter is addressed to talk the "dav 
req" ou tput (SO) of latch U I I is set high (t rue). As the 
HP·18 exits the command mode (lhe ATN signal is re
moved) and all bus instruments are ready 10 accept data 
(NRFD is high) the output of qualifier gate UI4C is set 
low. The outpu t of UI4C is applied to the input of buffer 
UI6C and the inpu t ofinterropt gate U7C. The low output 
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of U7C is applied to the input ofU2A which sets the inter· 
rupt output to the processor. 

8· 166. Upon recogn izing the interrupt signal, the processor 
enables buffers U IS and U 16 to read the status word. After 
determining the na ture of the interrupt the processor sets 
latches U20 and UI9 to the code of the first byte of mea· 
surement data. The outputs of UI9 and U20 are applied to 
the d river inputs of transceivers U6 and U 12, The processor 
next enables transceivers U6 and U12 to output the mea
surement data to the HP-IB data bus (010 I through 0 10 7). 
After the measu remen t data has had time to "settle", the 
processor sets the "dav" output (20) of latch UII high 
(true). The dav signal is applied to the inpu t of qualifier 
gate UI4A and gate Ui3D. The high output of UI30 is 
applied to the driver 0 input of transceiver U9 which sets 
the DAV Bus line low (true), The processor then sets the 
dav req output (SO) of latch VII low (false). This Signal is 
applied 10 the input of qualifier gate UI4C to disable it and 
remove the interrupt signal. When the measurement data 
byte has been accepted' by the receiving instrument(s) the 
NRFD line is set low and the NDAC line is high. The NDAC 
signal sets the Receiver B output of transceiver U9 low. 
This output is applied to the input of qualifier gate U 148. 
The high output of UI48 is applied to the input of gate 
UI4A 10 enable it. The low ou tput of UI4A is applied to 
the signal input of U16D and to the input of interrupt gale 
U7C. The low output of U7C is applied to the input of 
U2A to set the interrupt output to the processor. 

8- 167 . Upon recognizing the interrupt , the processor 
enables buffers UI6 and UIS and reads the status word. 
After dete rmining the nature of the interrupt, the processor 
se ts t he dav req output (50) of latch UII high. The proces
sor then sets the dav output (20 ) of UIO low (false). This 
signal is applied to the input of gate Ui3D to remove the 
DAV signal from the Bus and to the input of qualifier gate 
UI4A to remove the interrupt signal. Th is completes the 
ou tput of one data byte. The sequence is repeated until 
each byte of measurement data has been output. 

8·168. FRONT PANEL OPERATION. 

8·169. Circuit Description. 

8·170. Control Switche1 and EnnunciatoTS. Refer to the 
Front Panel Assembly Schematic fo r the following de scrip
tion. PreSSing a fron t panel key sets one of the input lines 
to priority encode r US7 low. The output of the encoder is 
the octal equ ivalent of the input line selected that is, the 
output when line "17" is set low is II I, when line ';12" is 
low the output is 010, etc. The encoder also sets the gate 
output (pin 14) low to initiate the processor interrupt cir· 
cuit. The outputs of US7 combined with the out puts of 
gate USOA and inverter U49A are applied to the inputs of 
latch US8. The inputs to U58 make up a code which repre· 
sents the key pressed. The interrupt circuit, after a time 
delay of approx imately 6 ms, sets the clock input (pin 9) 
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of U58 high to latch the switch code and also sets Ihe in ter
ru pt in put 10 the main processor. 

8-17 1. Upon recognizing the interrupt input, the processo r 
sets the interrupl enable outpu t high to enable buffe rs U59 
and U60 and reads the switch code_ This code represents a 
vector address to the processor. The processor pe rfor ms the 
program rout ine contained al Ihe add ress indica ted which 
includes Iransferring the new switch data to the inguard 
cont roller and outpulling data 10 the front panel 10 change 
the necessary enunciators. 

8- 172. The new enunciator data is output to the da ta bus 
(lines D0 th rough 0 7) by the main processor and applied to 
the inputs of latches U65 through U70. The new enunciator 
code is contained on lines D0through 0 5. Lines 06 and 0 7 
are applied to the select inpu ts of decoder U64 and are used 
to determine which output of U64 will be set low. Outputs 
1 y ,# th rough 1 Y3 are enabled by the Signal from device 
select decoder U41. Outputs 2Y~ and 2VI are enabled by 

8-173. Display. Measuremen t data is transfe rred to the 
display one number al a lime . The pulari ty or numerical 
data is applied to the inpu t of latch US4 and Ihe digi t (or 
position in the display) and decim al infonna tio ll is applied 
to the input of latch U63. The output of device select 
decoder U4 1 is applied to the clock input of U54 and U63 
to latch the information. The pOSition infomlation is ap-

device select decoder U33. The outputs of U64 are actio 
vated by t he delayed clock signal from US2 F and applied 
to the clock inputs of latches U65 Ihrough U70. All 
outputs of U64 are high except the one driving the latch 
which is to accept the data. The enuncia tors are lit when 
the output of the latch driving them is set low. 

plied to the select and data inputs of U56to determine the 
proper display d river to be activated . The outpu lS of U56 
are applied to the display drivers (011 through 0 18) and 
are enabled by· the Signal fro m U488 (interrupt Circuitry). 
The display is scanned from left to right one numbe r at a 
time. 
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TROUBLESHOOTING 

. ·174. INTROOUCTfDl. 

8-17S. The following portions of this manual contain 
information to aid in troubleshooting and repair of the 
345SA. This information consists of a General Block 
Diagram Theory of Operation, a Preliminary Trouble
shooting Check, and eight Service Groups. An instru
ment block diagram and schematics are also included in 
this section of the manual. 

8·178. Glnl r,1 Bid Oil .rlm ThtofY of Up, rllion. 

8-177. Read this subsection if you wish to become 
familiar with the internal operation of the 3455A. Refer 
to the simplified block diagram (Figure 8-44) for the 
following discussion . 

8-178. To understand the basic operation ofthe 3455A, 
the instrument can be divided into two sections. These 
sections of the Outguard Section and the Inguard Sec
tion . 

8·119. OutllUlni SICtIDn. 

8-180. The Outguard Section consists of most logic cir
cuits and their power supplies . These circuits function as 
the internal main controller, HP· IB interfacing, and 
front panel interface of the instrument. 
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8-181. The main controller circuits are used 10 control 
communication between the front panel. HP- IB inter
face, and the Inguard Section. The controller also per
forms mathematical calculations to correct measure
ment data, and to provide instrument scaling or percent 
error readings. 

8- 182. The heart of the main controller circuits is a pro
cessor (referred to as the nanoprocessor) used in con
junction with the main controller ROMs . The processor 
and ROMs are located on the A3 board. The ALUs are 
used for calculations and are located on the Al mother
board . 

8-183. The front panel is used for the manual operation 
of the instrument and to display readings . By pressing a 
pushbutton on the front panel, the controller receives a 
message to do the operation requested by the operator 
(DC, AC, etc.). The main controller then sends a 
message to the inguard controller to do the operation . 
A fter the operation is completed, the inguard controller 
then sends information back to the main controller . The 
information is then converted and displayed on the 
front panel. 

8·184. The Hp·IB circuits are used to communicate bet
ween the HP-IB and the instruments main controller. 
Information can pass either from the HP-IB to the main 
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controller or from the main controller to the HP-18. Ex
ample: the main controller receives a message from the 
8us to read DC. Afler a reading is taken, the main con
troller sends the reading to the 8us. It should be noted, 
as with the front panel, the bus circuitry can interrupt 
the main cont roller whenever necessary (10 clear inter
face, etc.). 

' ·185. Inlulrd S.ctiDn. 

8-186. The Inguard Section consists of the measuring 
circuitry, a controller, and power supplies. The main 
function of these circuits is to perform Auto-Cal, DC, 
AC, and Ohms measurements . These circuits are con
trolled by an inguard controller, which in turn are par
tially controlled by the outguard controller. 

8-187. The circuits used for Auto-Cal and DC 
measurements are basically the same. The Auto-Cal 
measurements consists mostly of gain and o ffset 
measurements of various op-amps and FETs. The Auto
Cal function can be turned on o r o(f, as desired by the 
operator. 

8-188. The following procedure outlines a typical DC 
measurement. 

a. A DC signal is applied to the input of the 3455A. 
This signal mayor may not be attenuated by the input 
attenuator circuits. 

b . The signal is next applied to the Main Amplifier 
through the Auto-Cal and Measurement Switching cir
cuits. Afler pre-amplifications by the Main Amplifier. 
the signal is applied 10 the AI D convertor (10 V DC for 
full scale) . 

c. The AI D convertor changes the analog signal to a 
digital signal and scnds the digital signal to the inguard 
controller . The inguard cont roller then transfers this in
formation to the outguard controller. 

d. The outguard cont roller processes the information 
and displays the reading on the front panel. 

8-189. Auto-Cal measuremenlS are taken in the form of 
Auto-Cal constants and are used to compensate for in
ternal measurement errors. To help generate the cal con
stants (gain and offset), stable reference voltages (± 
10 V) and stable resistive divider (I kO, 100 kO, 900 kO, 
and I MO) are used. These circuits are located o n the 
reference module . The reference voltages are also used 
for the operation of the AI D convertor. 

8-190. The o hms convertor is used to supply the cu rrent 
for an ohms measurement and in turn causes a voltage 
drop across the unknown resistor. The voltage drop 
depends o n the value of the unknown resistor and the 
range of the instrument. This voltage is measured along 
with a voltage drop across a reference resistor, by the 
DC circuits of the 3455A. The DC readings are then 
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converted to digital readi ngs and passed on to the main 
controller. The reading is then calculated by the main 
controller to an ohms reading to be displayed on the 
front panel. 

8-191. The 3455A offers a choice of either a True RMS 
or an Average Responding AC Convertor. Both conver
tors changes an AC voltage to a DC voltage with an ' 
amplitude of approximately + 6.7 V for a full scale in
put. This resultant DC voltage is then processed by the 
DC circuits. as explained in paragraph 8-188, with the 
exception of the DC attentuator circuilS. The atltnua
tion is done on the AC convertor board. The main con
troller receives the digital information from the inguard 
controller and is then processed to be displayed as an 
AC reading on the front panel. The fol lowing is an ex
planation of the differences between the convertors. 

a. True RMS Convertor: The True RMS Convertor 
can either be AC or DC coupled . Using operational cir
cuitry, the input voltage to the convertor is changed to a 
DC level proportional to the RMS value of the input 
voltage. 

b. Average Responding Convertor: The Average 
Responding Convertor is only AC coupled. An average 
responding circuit calibrated to the RMS value of a 
sinasoidal input voltage, is used in this convertor. The 
resultant DC output of the convertor is a voltage pro
portional to the average value of the input voltages ab
solute value. 

8-192. The inguard controller controls the operation of 
the inguard section after receiving instructions from the 
outguard controller. The inguard circuilS being control
led are used to perform the various measurements. 

8-193. For a more detailed explanation of the 3455A's 
circuitry, refer to the Theory of Operation Section in 
this manual (paragraph 8-10). 

8-194. PRELIMINARY TROUBLESHOOTING CHECK. 

8·195. INSTRUMENT HALf·SPlITTING TECHNIQUES. 

8- 196. Before proceeding to a particular service group 
for troubleshooting the 34S5A should be half-split. This 
is done to determine if the failure is in the inguard or 
outguard section of the instrument. The fo llowing pro
cedu re can be used . 

a. Half-splitting can easi ly be accomplished with an 
Ingua rd/ Oulguard Service Cab le (part number 
03455-61609) and a working 345SA (a second in
strument) as follows : 

I. With each 3455A turned off, disconnect the 
AIOWI Inguard/ Outguard cable asstmbly from 
the outguard connector (AIJ7) on each 3455A. 
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2. Plug the Inguard/ Outguard Service Cable 
from one instrument's outguard connector (AU7) 
to the other instrument's Inguard/ Outguard cable 
assembly (W I) . The inSlruments are now effec· 
tively half·split with one unit' s inguard section 
connected to the other unit's outguard section (see 
(Figure 8·4S) 

3. Turn on the instrument with the active in · 
guard section and then turn on the instrument 
with the active outguard section . The display from 
the unit with the active outguard should become 
energized . If the instrument malfunction has 
disappeared, then the portion of the defective in· 
strument used (inguard or outguard) is working. 
Consequently, if the malfunction remains, the sec
tion of the defective instrument used is in
operative. 

4. The defective section can be verified by 
reversing the Inguard/ Outguard Service Cable 

and repeating sleps 2 and 3. Make sure the 
34SSA's are turned off. when switching connec· 
tions. Reversing the service cable should verify the 
defective section of the inoperative 34SSA and 
also the working section . 

NOTE 

Make sure the power supplies of the in· 
operative 3455A are good. 

b. Once it has been determined in what section the 
defective is located (Inguard or Outguard), the correct 
Service Group can be used for component isolation (see 
Paragraph 8· 198 for a summary of the Service Groups). 

8·)97. If an extra 34SSA or an Inguard/ Outguard Ser· 
vice Cable is not available, use the method described in 
Service Group H, Figure 8·H·2. This method is not as 
complete as the half·split technique . 

Figurl 8·45. Ingu8rd·Outguard Connlctions. 

8·198. Service Group Summary. 

8· )99. The fo llowing is a summary o f the various ser· 
vice gro upsand sho uld be used in conjunction with 
Table 8·3. 

a . Turn·On Circuitry (Service Group A): Turn·on 

failures show up as an inoperative front panel " and" a 
blank display, at turn on. Use this service gro up if both 
o f these sympto ms are observed. The turn·on circuit ry is 
working properly, if there is any indication on the 
display and the front panel is operative. 

b. Auto·Cal and DC Troubleshooting (Service 
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Tabl. 8·3. S.rvle. Gr •• p Lilti ... 

Ser-
vice Service Group Description Group 

A Turn·On Failures (Inguard, Outguard) 
Inguard/Outguard Isolation 
Outguard Troubleshooting 
Inguard Troubleshooting 
Al0 Board Troubleshooting 
AlD Board Troubleshooting 
InguardJOutguard Transfer Troubleshooting 

• Auto-Cal and DC Troubleshooting Unguard) 
Auto-Cal Constants 
DC Inoperative 
General Noise 
DC Noise 

C AC Convertor Troubleshooting 
True AMS Convertor Servicing 
AC Noise 
Miscellaneous Troubleshooting 
Average Responding AC Convertor 

0 Ohms Troubleshooting 
Ohms Noise 

E AlD Convertor and Inguard Logic Troubleshooting 
AlD Convertor ServiCing 
AlD Noise 
Inguard LogiC Troubleshooting 

F Outguard l ogic Troubleshooting 
Main Controller Troubleshooting 
Front Panel Troubleshooting 
Hp·IB Troubleshooting 

G Miscellaneous Troubleshooting 
Power Supplies 
Reference Assemblv 
Turn-Over Errors 
Other Troubleshooting 

H Troubleshooting Diagrams 
General Troubleshooting Oiegram 
Inguard Troubleshooting Diagrams 
Outguard Troobleshooting Diagrams 
Schematics 

Group B): Use this service group if an OL (overload) 
condition is observed at turn-on, or the instrument fails 
its self-test (see paragraph 3-6), or the dc mode is in
operative. A self-test failure is indicated if an integer 
number or non integer number is displayed, when the 
34SSA is in the self-test mode. A display of an integer 
number indicates an Auto-Ca1 failure and if only a non 
integer number is displayed, the fai lure is in the logic 
circuits . Use the haJf-split technique to isolate the in
guard and oUlguard logic sections and go to Service 
Group E for the inguard logic troubleshooting and Ser
vice Group F for the oUlguard logic troubleshooting. 

c. AC Convertor Troubleshooting (Service Group 
C): Use Ihis service group if the ac function is defective . 
Before using this service grou~, however, the instrument 
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Paragraph 8·F·3 Al , A3 • Paragraph a·F-4 Al , A2 10 
Paragraph 8-F-8 Al 9 

Paragraph 8-G-l 
Paragraph 8-G·2 A10 " Paragraph 8-G-3 A11 , A20 5 
Paragraph 8-G-4 Al0, A14 " 5, 6 
Paragraph 8-G-B A l . A3, Al0 B. 11 

Paragraph 8·H· l 
Paragraph 8-H-3 A1. A10 
Paragraph 8-H·4 A10 
Paragraph 8-H-B Al 
Figure 8-H-28 All 1 to 11 

should operate correctly in the dc function and Auto
CaJ mode . 

d. Ohms Troubleshooting (Service Group D): Use 
this service group if the ohms function is defective. 
Before using this service group, the dc function and the 
Auto-Cal mode of the 34SSA should operate correctly. 

e. AI D Convertor and Inguard Logic Trouble
shooting (Service Group E): This service group can be 
used when it has been determined by the haJf-split 
technique that the inguard sect ion of the instrument is 
defective. A faulty AID Convertor or a faulty inguard 
can also be determined by an indication of strange 
readings on all functions and ranges . This service group 
can also be used if a defective AI D board has been 
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isolated by substituting it with a good AI D board. 

f. Outguard Logic Troubleshooting (Service Group 
F): This service group should be used if a defective 
outguard section has been isolated by the half-split 
technique. Helpful hints for the Signature Analysis (SA) 
method are main ly given in this group. 

g. Miscellaneous Troubleshooting (Service Group 
G): This ~rvice group can be used for troubleshooting 

power supplies, reference assembly, tUrn-over errors, 
and others. The troubleshooting information in this 
group does not fit in the o ther groups. 

h . Troub leshooting Diagrams (Service Group 
H): Troubleshooting Diagrams may be used to service 
the )45SA in place of the other service groups. This 
group also contains a detailed block diagram and all the 
schemat ics o f the ci rcuil$ used in the instrument. 

8·39 
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SERVICE GROUP A 

8·A·1. TURN·ON CIRCUITRY IINGUARO ANO OUTGUAROI. 

8-A-2. Turn-On failures will show up as an inoperative front panel and a blank display. Because of 
the RAM' s timing, the LED's which first light up will vary with inst rumentS and also on the same 
3455A each time it is powered up. Therefore the front panel will usually give no clues to the reason 
for any turn-on failures. 

B·A·3. IAllulrd/Oulgulrd Isolltion. 

8-A-4. Assuming that the power su pplies of the 345SA are good, the Instrument Half Splitting 
Technique (paragraph 8- 176) should be the fir st step in isolating turn-on failu res. Either the inguard 
or the outguard sect ion could hang up the 34SSA ' s turn-on sequence . The front panel indicat ion does 
not tell where the fault is locat ed. Therefore, the Half-Splitting Techn ique should be used to isolate 
the fault between inguard or outguard sect ion of the 345SA. If an extra 3455A and an In
guard/ Outguard Service Cable is not avai lable, the method described in Figure 8·45 may be used. 
When it is determ ined which section of the 345SA is at fault, go to the appropriate troubleshooting 
section in this service group (see paragraph 8-198 and Table 8-3). 

8·A·5. Dutlluard Troubleshooting (Schematic 81. 

a. Check fo r a clock signal at A3TP5 . If no signal exists o r the signal level is below 4 V(peak to 
peak), then troubleshoot the o utguard clock circuit. 

b . Add A IC46 (part number 0160-3622) if the 3455A does not have one (schem atic 8). 

c. Troubleshoot the outguard tu rn-on circuit (A IU5. U26, and associated components) . Check for 
a pulse at turn-on . as shown below, which can be seen at U26 pin 9. This pulse connects to inverter 
US which holds data lines 02 through 07 low for the duration of the pulse. The processor should 
turn on at the trailing edge of that pulse. 

,------

____ .....J~~-- 150-250mS,<--->I 

d. Check the Nanoprocessor interru pt circu it fo r correct operation. The IN ENA line should be 
held high and the IN REQ line should eithenoggle from high to low to high, or remain high. If these 
conditions do not exist, then troubleshoot the interrupt circuit (AIU46, U47, U53, and U55). The 
turn·on ci rcuit (A IU26) must be working befo re t roubleshooting the int errupt circuit. 

e. Usi ng the Signature Analysis routines in Figure 8-H-20 to 8-H-27. troubleshoot the outguard 
logic . If any difficulty is observed using the signature analysis rout ines, go to Service Group F, 
paragraph 8-F- ! for troubleshooting hints. 

f. Usi ng the information in Service Group F paragraph 8-F- ! . troubleshoot the outguard logic. 

8·A·6. Ingulrd Troubleshooting (5chmltic 5, 6, 71. 

8-A-7. The Inguard Mother Board (A 10) and or the AI D Convertor Board (A!4) may cause tu rn·on 
fai lures. To isolate one from another swap a good AI D convertor board (A!4) with the one in the in
operative J45SA. If a known good A!4 board is n OI available, use the one from the 3455A which was 
used in hal f-splill ing the in strument. 

8·A·B. A10 Motherbolrd Troublashooting (5chamllic 5, 6, 71. 
8-A-9. Use the fo llowing steps in the order they are presented to troubleshoot the Inguard Mother
board (AIO) . 
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a. Check for a clock signa1 at AIOU26 pin 27. If no signa1 exists or the signa1 level is below 4 V 
(peak to peak), troubleshoot the inguard clock circuit. 

b. Check the ± 10 V reference voltages at AIOTP8 for + JO V ± 100 p.V , and at AIOTP7 for -10 V 
± 20 mV (schematic 's). If these voltages are too low, the 34SSA may not complete the Auto-Cal 
routine and lock up . 

c. Pin 29 of AIOU26 should, under normal condition, be toggling . At turn-on it should have a 20 
msec negative going pulse. If these signals are not present , then troubleshoot the inguard processor 
turn-on circuit. This circuit consists of U24, UI9, U9, and their associated circuits. Normally U9 pin 
II should have a 2 V signa! with some ripple and about 1.2 V at pin 10. At turn-on UI9 pin 2 should 
have the approximate pulse as shown below. 

----'~I<---.w._., ---OI~'---

d. A 300 nano second negative pulse for each interrupt should be observed at U32 pin 4. Since it is 
difficult to observe the pulse, this interrupt circuit can be checked by manually clocking TPIO. This 
can be achieved by pulling TPIO low and then releasing it. U26 pin 29 should then toggle. Ifno toggl
ing is taking place. troubleshoot the interrupt circuit consisting of U32A and U27. If there is toggling. 
check T2 or the outguard sect ion (AI). 

e. Check for an AID waveform (see Service Group E) . If none is present, toggle TPIO again and 
look for an A-D waveform . If the waveform appears, then troubleshoot the interrupt circuit con
sisting of U32A and U27 . 

f. Check for toggling outputs on pins 2, 4. 6. 8, 10. and 12 of U22. 

g. The outputs (pins 9 to IS) of U14 should also toggle with SOO nano second wide negative pulses. 

h. Check operation of latches U 11 to U 13, U I S to U 17, and ROM U2S. 

i. Make sure that the zero detect signal (U32B pin 12) is not loaded down by anything on the AID 
board. 

B·A·l0. AID SOird Trublnhootiag ISchemltic 5. 8). 

8-A-II. A couple of checks can be made to troubleshoot the AI D board (AI4). One check is to make 
sure that the ± 10 reference voltages are correct. AIDTP8 should be + 10 V ± 100 ,.,V and AIOTP7 
should be -10 V ± 20 mV. Another check, is to make sure that there is a zero detect signal at Al4 pin 
S. If these checks are good and the 34,SSA is still inoperative. go to Service Group E for further 
troubleshooting. 

B·A·12. h'8ulrd/Outlulrd Trl.st,r Circuit Troublnhootilg ISeh'mltle 1, 8). 

8-A-13. At turn-on the outguard processor starts the operation of the inguard processor. The in
guard then enables the outguard. Since timing is very critical. the Inguardl Outguard Transfer circuit 
may cause turn-on failures. Depending on where the failure is located . it could show up as either an 
inguard or an outguard malfunction. When half-splitting the 34.5.5A, the following checks should be 
made to troubleshoot the transfer circuit. 

a. The signa1s at AIOU26 pins 34 to 37 (inguard) should be the same as those on A3TP4 to TPI 
(outguard). The only exception is the signal at A3TPI . This signal should be the same as the signal at 
AlOU28 pin 9. If the signals do not agree, check for malfunctions in the inguard light isolators 

8-41 
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AIOU34 and U35, plus associated circuits. Lines F0 and FI transfer data from outguard to inguard 
Fe is the data transfer line and FI is the data transfer rate line), while F2 and F3 send data from in
guard to outguard (F2 is the handshake line and F3 is the data transfer line). 

b. HAZ line must be high , if not, check TP 10. 

c. Use the Inguard/ Outguard transfer circuit troubleshooting diagram (Figure 8-H-17) for further 
troubleshooting. 

d. The inguard power supply regulators (IOU36 to U39) can also cause transfer problems. The 
oUlguard should power up after the inguard . Check fo r a slow (more than 200 msec) inguard power 
supply. 
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SERVICE GROUP B 

8·B·l . AUTO·CAL AND DC TROUBLESHOOTING IINGUAROI. 

8-B-2. All 34SSA input signals travel through the main dc amplifier and Auto·Cal circuits. In order 
to t roubleshoot D.C. and Auto-Cal malfunctions, a good fu ndamental knowledge of the 34SSA's 
Auto·Cal and self·test rout ines are required. 

8·8·3. Auto·C.1 Conltntl. 

8-8-4. There are 14 cal constants used in the 34SSA , wh ich are usually zero and full scale voltage 
" readings". These account for most o ffsets. gain . and dri ft o f the input op·am ps. The " readings" 
are ta ken periodically when the 34SS A is in the Auto·Cal mode. A condensed description of a l1 lhe cal 
constants are in Table 8-8-1. If a more detailed descript ion of the cal constants is desired , refer to the 
appropriate paragraph in the Theory of Operat ion sect ion o f this manual. 

rlbl,8·8·1. Auto·C.1 Conltnts 

OIlM II.1I COMellllC DnlTIpClOII Ortu ll~ ~I III~ 
Numbtor u .... OjM:~l lo. 

13 10. no in ut . AID o lfsel measurement .. .. Pile III h 8 ·4 5 

" 1:1:, 'rll;o ' :I: 10 V .efe.ence (npul. AID ... . P&laglaph 8 ·46 
current "lIIion measurement. 

" 1 0 V offset · X, gain w ilh ampUl;I' Inpu t Figu. e 8 ·8 · 1 Plllaglaph 8 · 24 
lild to glound. Input Illenualor It XI 
gain. 

'0 10 II ~aln . XI glin wilh empl if ie. tied to Figure 8 ·8 · 2 Pa,.graph 8 · 27 . 
+ 10 V rllerlnee. Inpue II11nullOI II XI 
glin. 

• Ohm. Ind . 5 V offsets · X20 glin wllh Figure 8 -8-3 Plragflph 8 ·39 
Implifier input tied to g, ound . Input Itten· 
lullor " X 1 "lin. 

• Ohm. Ind 5 V of belt _ X2 DlIin with Figure 8 -8 -4 PIIIg"ph 8 · 39 
Impli fier Input t ied 10 ground. Input II · 
"nullo< of X I Ol il'l . 

7 100 V offlel , 2 (X 1) • gl il'l witn Impli fiel Figure 8 · B· 5 PI' IOI&ph 8 · 26 
input tied to 10; 1 IItenullor w ilh lOP of 
'0: I IttenulIOl t ied 10 around. 

• 1000 V offset· Xl gl in wiln Implifltl Figure 8 ·8 · 6 Parllgllph 8 · 26 
tlld 10 100: 1 IlIlnUltOI wilh . "" , . 100: 1 IlIenUllOI lied to g.ound. 

S 100 V glin · Xl0 glin w ilh Imp'ifilllied Figule 8 ·8 · 7 Perlgrlph 8 ·31 
10 10: I IttenuetOI wilh lOp of 10; 1 II · 
lenullOI t ied to X I 0 V referenclI . 

4 100 Vollset.l (X10l· Xl0 gain with Figure 8 · 8-8 Paragraph 8 ·33 
Implifier input lied 10 10: 1 Ittlnuator 
with ." ,. 10:1 Illenualol lied " glound. 

3 . I V offSlI · Xl00 gain with amplifier In. Figure 8 ·8 -9 Paragraph 8 · 25 
put lild to ground. Input attenuator 01 X I 
glin. 

2 I V Oltl" , I . X I 0 gain with .mpllfierin· Figure 8 -B- l 0 P.r.gr.ph 8 · 25 
pUt t ied 10 glound. Input IIIenU8101 01 X I 
glil'l . 

• 1 V olliel 12 · X 1 0 glin with .mplifier In· Figure 8 ·B· l1 Per.graph 8 ·30 
PUI tied 1010: 1 d ivider . Top of dividll 
Iha'led to g,ound. Input .ttenuatOI II X I 
glin. 

0 1 V glin · X 1 0 glil'l with .mplifier l ied to Figure 8 ·6 · 12 Per.greph 8 · 28 
10: 1 d ivider with 10 V II lhe lOP 01 lh l 
div ldlr. In ut alllnU&tOf It X ' in. 

8-43 
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8-8-5 . When pressing the TEST button of the 3455A, each cal constant is measured. The fir st cons
tant measured is constant number 13. Ir constant 13 is with in certain limits (which are internally set) 
the 3455A will automatically measure the next constant . If constant 13 is out of it s limits the self test 
operation will stop. A number 13 will be displayed on the front panel of the 3455A. In order to 
measure the next cal constant, the TEST button needs to be pressed again . If all the cal constants are 
good, a logic check will be performed . The 3455A will then display + .8.8.8.8 .8.8 .8 when the self-test 
operation is completed . After the self-test operation is fi nished it will automatically start again . To 
bring the 3455A out of this loop, any function key other than TEST needs to be pressed. 

8-8·6. When the 3455A is in the self-test mode, and it fail s this teSt, it will stop and display an integer 
number. This number is the number of the cal constant that fai ls. To cont in ue the self-test operation, 
press the TEST button agai n. After aU the cal constant measurements are taken , and the 3455A is sti ll 
in the self-test mode, another measurement is taken. A dummy cal constant calculation is performed 
in the outguard section of the 3455A. If this calculation is correct (answer should be 10), nothing will 
be displayed. The instrument will then fini sh the self-test operation . If the dummy calculation is in
correct , a non-integer number (e .g. , 9.998 or 10.002) will be displayed on the front panel. Again , to 
con tinue the self-test operation the TEST bUlIon needs to be pressed . 

8-8-7 When the 3455A is used with the HP-IB system and if any of the cal constants fail, the 3455A 
will not output any readings . If only the dummy calcul ation fail s then the dummy calculation answer 
will be output on the bus. Ir the 3455A passes its self-test then a 10 will be output on the bus. 

8-8-8 . The 3455A should not be troubleshoot for Auto-Cal malfunctions in the self-test mode. If any 
cal constants fai ls, including the dummy constant, use the cal constant service procedure (paragraph 
8-8-10) for troubleshooting . If on ly the dummy constant fails try replacing the ALU' s (A I U28 . 30), 
and their associated ci rcuits. in the outguard section (schematic 8) . If the dummy constant still fai ls, 
go to the Outguard Troubleshooting Service Group (Service Group F) . 
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8·B·9. Auto·Ce' Switch Closurll. (Schenlatic I, 5, 6, 71. 

8-8-10. Various tables are included in this service group which can be used as troubleshooting aids 
for Auto-Cal failures. Table 8-8-2 shows the closed switches for the measurement o f Auto-Cal cons
tant 11 to O. The funct ion of several gates used in the Auto·Cal mode of the inst rument are shown in 
Table 8-8-3. To find the switch drive volt age levels fo r Auto·Cal constantS 13 to 0, Table 8-8-4 
should be used. 

8·8 ·11 . C.I Constents Service Procedure. 

8-8- 12. When the 3455A is in the Auto-Cal "inode, the instrument measures one or more cal constant 
between each sample. The number of cal constants measured depends on the sample rate . In order to 
reach a certain cal constant measurement, use the fo llowing procedure. 

a. Press the DCV and HOLD/ MANUAL buttons and then the AUTO CAL bUll on of the 3455A. 
The in strument should now be stopped at a certain cal constant. 

b. Make sure the 3455A is o ut of the Auto-Cal mode. Pres~ the AUTO CAL bUllon again, if 
necessary (the light in the AUTO CAL bUllon should be off). 

c. To locate the desired cal constant o r to go th rough the cal constants completely. brieny press the 
AUTO CAL button twice to turn Auto-Cal on and off. Each time Auto Cal is turned on and off. the 
Auto-Cal circuitry will attempt to decrement through the cal constant s from 13 (a 0, and the retu rn to 
constant 13. 

NOTE 

The A UTO CAL bUllon should not be pressed on and off too fast or toO 
slow, because the 3455A may remoin in the same cal constant or advance 
past more than one cal constanl. A few tries may be necessary to decre
ment one cal constant step each time. 

Tebl, 8·8·2. Auto·C,1 Switch Closu,es. 

T", 

" 10 9 , 7 6 5 4 3 2 1 , 
AIOOl X X X X X 
AlOO4 x 
AIOO l 5 X X X 
AIOOl6 X X X 
AIOOIS X x 
AIOO19 X X X X 
AIOOl1 X · X x x x x 
A10022 X X 
Al0027 X X 
AI0028 X x 
AI0029 x 
A10031 x 
AIOO32 x 
AIOO33 x 
AIOO34 X X X 
AIOO35 X x 
AIOO36 x 
Al0038 x X x X 
Al 0039 X 
Al 0040 X 
AtOK6 X X X X 

x .. Closed (ON) 
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Tlble 8·B·3. Glte Function in Auto,CII. 

Ci tes Funct ion 
U .... 

al' Xl Gain 
a21 X10 Gain 
a22 X2 Gain 
028. 028 X 1 Buffer 
029. 031. 032 T_V Reference 
a3. 10 ; 1 Input to Ground 
al. + 100 Gain 
a3. 10: 1 Victual G,ound 
a3' lOa: 1 Attenuator 
a3S 1 0 : 1 Attenuator 
alS 10: 1 Attenuator 10 Input 
al. 100:1 Attenuato, to Inpyt 
a33 + V Reference to Attenuato, 
a3. Attenuator Input 10 Ground 
a2 Low Voltage Inpyl to Ground 
a. + V Reference to Input 

T.bl. 8·B·4. Switch Driver Valtege Level •. 

Pin THI Pin 

Ol!$ignalor No. 0 1 , 3 • S 6 7 • , 10 " 12 13 No. 

U' 1 , , , , ·24 ·24 ·24 ·24 , , , , , , 1 , ·24 ·24 ·24 ·24 ·24 .,. ·24 ·24 , , ·24 ·24 ·24 ·24 , 
S L L L L L L L L H H L L L L 5 
7 H H H H L L L L H H H H H H 7 , L L L L H L H H L L L L L L , 

10 L L L L H L H H L L L L L L 10 
13 " .S ".S " .5 " .S ·24 +9.5 ·24 ·24 .. . S .. . S ".S ".5 " .5 ".S 13 
14 ·24 ·24 ·24 ·24 0 .,. , 0 ·24 ·24 ·24 ·24 ·24 ·24 14 

U5 1 ·24 ·24 ·24 ·24 .,. ·24 ·24 ·24 ·24 ·24 ·24 ·24 ·24 ·24 1 , ·24 ·24 ·24 0 ·24 ·24 ·24 ·24 ·24 0 ·24 ·24 ·24 ·24 , 
S L L L H L L L L L H L L L L , 
7 L L L L L L L L L L L L L L 7 , H H H L H H L L H L L L H H , 
" L L L L L L H H L L H H L L " 13 ·24 ·24 ·24 .,. ·24 .,. 0 0 ·24 ·24 ... 0 ·24 ·24 13 
14 ., 0 0 ·24 0 ., ·24 ·24 0 ·24 ·24 .,. .. " 14 

U6 1 . , • ·24 ·24 ·24 ·24 0 ·24 ·24 ·24 ·24 ·24 " " I , ·24 ·24 ·24 0 ·24 ·24 ·24 ·24 ·24 0 ·24 ·24 ·24 ·24 , 
S L L L H L L L L L H L L L L , 
7 H H L L L L H L L L L L H H 7 
9 L L L L L L H L L L L L L L , 
" L L L L L L L L L L H L L L " 13 ·24 ·24 .,. ·24 ·24 ·24 ·24 ·24 ·24 ·24 ... , ., . ·24 ·24 13 
14 ·24 ·24 ·24 ·24 ·24 ·24 0 ·24 .,. ·24 ·24 ·24 ·24 ·24 14 

US 1 ·24 ·24 .,. ·24 ·24 ·24 ·24 ·24 ·24 ·24 ·24 ·24 ·24 .,. 1 , ·24 0 ·24 ·24 ·24 ·24 0 ·24 ·24 ·24 .,. ·24 ·24 ·24 , 
• H L H H H H L H H H H H H H • 
7 L L L L L L L L L L L L L L 7 , L L L L L L L L L L L L L L , 
" , , H H , , , , H H , H L L 11 
13 ·24 ·24 0 0 ·24 ·24 ·24 ·24 0 • ·24 0 ·24 ·24 13 
14 ·24 ·24 ·24 ·24 ·24 ·24 ·24 ·24 ·24 ·24 ·24 ·24 ·24 ·24 14 

U9 I ·24 ·24 ·24 ·24 0 .1 ·24 0 ·24 ·24 ·24 . ,. ·24 ., . , , ·24 ·24 ·24 ·24 ·24 ·2' ·24 ·24 ·24 ·24 ·24 ·24 ·24 ·24 2 
S L L L L L L L L L L L L L L S 
7 L L L L H H L H L L L L L L , , H L L L L L L L L L L L H H , 
" H H H H H H H H H H H H H H " 14 .,., ·24 ·24 ·24 ·24 ·24 ·24 ·24 ·24 ·24 ·24 ·24 ... S ... S 14 

The 5Yrnboll L lind H refer 10 TTL logie level~ where L is < .8 V de and Hit > 2.2 V de. 
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d. To determine which cal constant is measured, connect a high input impedance DVM (10 V 
range input impedance > 1010 ohms) to one of the points shown in Table 8·B·5 . 

e. By stepping through the cal constants from constant 13 to 0 and monitoring one of the 
points in Table 8·B·5, every cal constant step can be located. 

NOTE 

The voltages listed in Table 8·B·5 are approximate and should only 
be used 10 locale Auto·Cal constants and jor troubleshooting. 

8·B·13. By using the cal constants stepping procedure in conjunction with Table 8-B-5, any 
one constant step can be located. When using this method and the 3455A is malfunctioning, 
or possibly two conditions in Table 8-B-4 may be inoperative. (Example: Readings at 
AIOTP4 and TP2 are bad). It is very unlikely, however, that all four conditions are in· 
operative. If this should occur , then check the + 10 V reference andl or the inguard logics. 

T. ble 8·B·5. Cel Const.nt Monitoring Points. 

13 12 II 10 9 8 7 6 5 4 3 2 

Approximate A 1 OTP4 
Voltage 

® ® 0 10 0 0 0 6 · 10 0 0 0 

Voltage at the Multiplexer .. .. .. 10 .. .. . . .. .. .. . . .. 
Mode (Source of A 10011 

Voltage at the Junction of .. .. .. .. .. . . .. ·· 9 .9009 .. . . .. 
A l 0K6 and Al0A47 

A 1 OTP2 Voltage (X) (X) .. .. .. .. .. .. .. .. . . .. 

8·8·14. Switch Closure Table. 

8·8-15 . Most of the switch closures used in the 34SSA are listed in Table 8·8·6. This table lists the 
previous closures dependent on the range, function, and Auto-Cal mode of the 34SSA. For 
troubleshooting malfunctions of the various operations of the instrument, this table ma)' be ver)' 
helpful. 

8·B·18. Auto·Cal Troubleshooting (Schematic " 71. 

8-8-17. Most Auto-Cal failures also show up as de failures and should be repaired fi rst. These 
malfunctions usuall), show up as a failure in the self-test mode of the )4SSA. The following are a cou
ple of hints to troubleshoot these malfunctions. 

a. Set the 34SSA to the self-lest mode and find oul which cal constants are failing. Take the 34SSA 
oul of the self-test mode (press an), other function button) . Using the cal constants service procedure, 
go to the bad cal constant. Whi le refering to the various tables and figures in this service group, 
troubleshoot the bad constant . 
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rlbl. B·B·6. 3455A DVM Switch Clolurn . 
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b. If unable to repair the Auto-Cal failure, Table 8-8-6 may be helpful if applicable. The de in
operative sect ion paragraph 8-8-18 in Ihis service group may also be helpful. 

8·B·18. DC InOplrltivl (Schemltit 11. 

8-8-19. When the de function of the 34SSA is inoperative, it can also show up as an Auto-Cal 
failure . These failures should be serviced using the information in paragraph 8-8-3 to 8-8-IS in this 
service group . Some of de and Auto-Cal failures may be serviced by using the following procedures. 

T. bl, 8·8-7. Possible Auto,CI I flil u,. C.UI". 

Cal Constants Failed 34SSA Display Possible Ca use 

11 10 9 8 7 6 5 4 3 2 1 Shorted A 14U 1 d 
10 5 4 3 0 .0757 Open A14C2 

9 5 4 3 A 1 OQ36 Shorted 
11 10 9 8 7 6 5 4 3 2 1 0 .0007 Gate Bias 
11 10 9 8 7 6 5 4 3 2 1 0 .0000 DC Pre-amp 
1 1 10 9 8 7 6 5 4 3 2 1 0 .0074 DC Pre-amp 
11 9 8 7 6 5 4 3 2 1 0 9 .8438 A 1 OQ4 Shorted 
11 10 7 6 .0000 A10Q19 Open 
11 9 8 3 2 A10U3 

10 9 5 3 9 .7650 A 1 OQ 16 Shorted 
10 5 0 .0000 A14Q3 Open 
10 9 3 0 A 1 OQ 1 5 Shorted 
10 6 5 1 0 A 1 OQ 1 8 Shorted 
10 9 5 0 9.5703 A 1 OQ2 Shorted 
10 2 .5026 Al0Q4 Open 
10 A 1 OQ2l Shorted 

9 8 3 2 A 1 OQ2 Open 
9 7 6 5 4 3 1 0 Al0U18 or Al0Q37 
9 7 6 5 4 3 1 0 Reference Supply 
9 7 6 5 4 3 2 1 0 A 1 OQ29 and/or A 1 OQ31 Shorted 
9 5 3 0 A 1 OQ39 Shorted 
9 3 Al0U3 or Open Al 0QA18 
9 3 0 Al0Q35 Shorted 
9 Al0Q27 Open 
9 Al0Q27 Open 

8 5 4 2 1 0 A10Q21 Open 
7 5 4 0 A 1 OQ2 7 Shorted 
7 5 4 A10Q 1 5 Open 
7 4 A 1 OQ3 Shorted or A 1 OK5 Open 

6 1 0 A10Q16 Open 
5 4 0 A10Q28 Shorted 
5 0 A10Q22 orAl0Q19 Shorted 
5 Al0Q35 or Al0K6 Open 
5 A10Q33 Open or A10Q38 Shorted 

6 .7542 A 14 Board or A 1 OQ34 Shorted 
X.XXXX Where X is any number go to Service 

Group 6 

8·8-20. Lilklill end Other V.rioul MIHunctionl. 

8-8-21. The fo llowing quick leakage test may be used to isolate most leakage failures. 

a. Set the 34SSA to the DCV function 10 V range, with Auto-Cal off. 

b. Short and then open the input terminals of the inst rument and note the change in readi ngs on 
the display. 

8-S4 
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c. If the reading changes faster than .25 V per second, there is leakage on the mult iplex node. If 
the reading on the di splay changes positively, eit her AIOQ5 or Q I7 may be leaky . 1£ the change is 
negative, AIOQ2, Q3. Q4, Q13. Q15. or Q I6 may be leaky. 

8-B-22. The test in the above paragraph. paragraph 8·B-21, is a quick leakage test and should find 
most leakage fail ures. A more thorough test involves checking zero and full scale voltages on all dc 
ranges. Start with the 10 V range and the ot her ranges in the fo llowing o rder: I V, 100 mY, 100 V, 
and 1000 V ranges. The fo llowing paragraphs contain the procedu res which should be used fo r 
leakage fai lures. 

8·B·23. 10 V Rlngl or Const. nt 10 Ind 11 Flit 

a . Set the 3455A to the 10 V range, Auto-Cal on and short the input terminals. If the reading on 
the di splay is positive (more than 5 counts), AIOQ I may be leaky. If the reading is negative (more 
than 5 counts), Q2 may be leaky. To doublecheck for a defective QI and Q2, note the reading on the 
I V and 100 mV ranges. The bad reading should also be present on those ranges. 

b. Apply + 10 V o r ·10 V to the input terminals of the 345SA. Make sure the readings are within 
specification. Check the reference voltages and adjust them, if necessary. A IOTP8 should be + 10 V 
± 100 ~v and TP7 should be -10 V ± 20 mY. If the reference voltages are good and the instruments 
readings is low, A IOQ4 may be leaky. 

8·B-24. 1 V Ringe or Constlnt O. 1, Ind 2 F.ils. 

a. For the I V range check, do the procedure as explai ned in paragraph 8-B-23a. 

b. For the I V range full scale check. do the fo llowing: 

I. With the 3455A set the I V range and Auto-Cal off. apply + I V to the input terminals. A 
vall age of + 1 V should appear on the mu ltiplex mode and + 10 V should be at AIOTP4. If the 
mu ltiplex mode reading is bad; troubleshoot the input circuit. If the reading at TP4 is bad , 
make sure AIOQ21 is turned on. Check for leaky Q22, CR 12, CRI3, or a defective U3. If TP4 
reads good, set up the 3455A for the self·test mode by pressing the TEST button. Check for cal 
constant 0 failing and if it does, troubleshoot the failure by using the procedure of paragraph 
8-B-IO. Continue with the next step if constant 0 does not fail. 

2. By using the procedure of paragraph 8-B-IO, step to cal constant O. Adjust the active at
tenuator for a zero reading, as read at AIOTPI (adjust R66). Measure the voltage at J3 pin 9 for 
exactly + I V. If the reading is low, Q39 or Q I8 may be leaky . If the reading is good, check the 
operation of Q36. This can be done by changing the high voltage amp offset. The I V reading at 
13 pin 9 shou ld change. because the gain of the I V range is changed. 

8·8·25. 100 mV Range or Constlnt 3 Flill . 

a. For the 100 mV range zero check. do the procedure of paragraph 8-B·22a. 

b. For the 100 mV range fu ll scale check do the fo llowing: 

I. Apply + 100 mV to the input of the 3455A. The instrument should be set to the 100 mV 
range with Auto-Cal. Measure for approximately + 10 V at AIOTP4 and 1/ 10 of this voltage at 
TP5. TP2 and TP6 shou ld read approximately the same as TP5 . If the reading at TP5 and TP6 
are incorrect, check the power su pplies of U3 (pins 4 and 7) . The supplies should have approx
imately the voltage at TP6 ± 5 V. Troubleshoot U3 and associated ci rcuitry if necessary. 

2. Adjust the high voltage amp (AIOUI8) to zero, as read at TPI (adjust R66). Measure the 
voltage al the 10: 1 divider (13 pin 9) for exactly 1110 the voltage at TP2. If this voltage is incor
rect, Q I6 o r Q21 may be leak ly. 

8·8·26. 100 Y Ringe or Constants 5. 4. and 1 Fail. 

a. The active atlenuator can be checked by applying + 10 V to the input of the 3455A. With the in-
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strument set to the 100 V range and with AulO·Cal on, measure for any readings at AIOTP I. If thi s 
voltage is incorrect, check the bias of the input FET's by shorting the drains of Q38 to the sources of 
Q38. TPI should now read zero. The drains of Q37 should be approximately + 10 V and the sources 
of Q3 should read between + I V and + 2 V. Troubleshoot the active attenuator, if the readings are 
bad. 

b. For the 100 V range zero check, set the 3455A to the 100 V range with AUlO·Cal off. Adjust R66 
for a zero reading at TPI. If unable to adjust for a zero voltage, check for a leaky C2 1, C22, C26, 
CR32, or Q37. If the zero reading is good, the 34S5A should display 0 V ± I count , a short time after 
Auto·Cal is turned on. If an offset remains on the display, Q36 may be defective. 

c. For a 100 V range full scale check, observe for a cal constan t 5 fai lure, when the 34S5A is in the 
self·test mode. If cal constant 5 fails, troubleshoot it s circuitry by using the procedure of paragraph 
8-8 · 11. If cal constant 5 passes, step to cal constant 5 by using the procedure of paragraph 8·B·II . If 
cal constant 5 passes, step to cal constant 5 by using the procedure of paragraph 8·8- 11 . Measure 
TP2 for approximately· I V and measure for approximately ·. 1 V at the 10: I divider (pin 9 of 13). 
Check for exactly + 10 V allhe junct ion of R47 and Q33, and for + 9.9 V at the junction of R47 and 
K6. If + 10 V is measured at R47 and K6 instead of +9.9 V or R63 may be open. 

8·B-27 . 1000 V R.ng. or Constlnt 6 Fails. 

a. For the 1000 V range zero check, remember that some of the same circuits are used in the 100 V 
range. The 100 V range zero and gain should be working before troubleshooting the 1000 V range. 
Check for the proper switch closures used in cal constant 6 (use the procedure of paragraph 3-B· II to 
locate constant 6). 

b. For a 1000 V gain check , use the procedure of paragraph 8-B-24b. 

c. Sel the 345SA to the 1000 V range with Auto-Cal o n, and apply 1000 V to the input terminals. If 
the reading on the display changes intermittently from 100 counts to 200 counts, AIOKS or K6 may be 
breaking down. K5 and K6 can be checked by connecting channel A of an osci lloscope (set to 20 
V / div) at the junction of R47 and K6. 

rl -W-AR-N-IH-G', 

For safety. connec( the scope probe (0 (he 100 K resis(or R4 7. 

Connect channel 8 of the scope (2 V / div) to pin 10 of U24. Set the scope to the chop mode and trig
ger on channel 8. If channel B indicates a 5 V spike when arcing occu rs, as seen on channel A, then 
K6 may be breaking down. If the indication on channel 8 appears to be good, K5 may be defectjve. 
C21, C23, or the input node of Q37, may also be defective. 

8·B·2B. Various Other Malfunctions. 

8·8·29. Shorted FET's. 

a. Occasionally FET's on the multiplex node may short. Two ways can be used 10 isolate shorted 
FET's. 

I . Measure the gate to on resistance with an ohm meter. 

2. Short the input of the 34SSA and turn the high resolution and Auto·Cal functions off. 
While monitoring AtoTP3 step through a ll the dc ranges (I V, JO V, et c.) and ac fu nctions. 
Make sure Auto-Cal is turned off after every range and function change. IfTP3 dips to ·24 V, a 
FET may be shorted. Usually, the defective FET is normally turned off in that particular range 
or function . 

b. If AtoU I gets very hot UI, Q2, QI3, or QI4 could possibly have their gates shorted 10 their 
can. 
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c. Shorted FET's and UI may show up as on "OL" indication on the display of the 34SSA. Thi s 
condition can be checked by measu ring the voltages at TP4. If the voltage reads approxi mately + 16 
V or - 16 V, then measure TP3 . If TP3 appears to be floating or is at a -24 V level , short the multiplex 
node to ground. If the "OL" condition disappears, a FET on the multiplex node is shorted . Use the 
procedure of paragraph 8-8 -29a, b to fiud the shorted FET. Some possible.FET failures may be Q3, 
Q4. QIS. Q19. or Q2 1. 

8·8·30. Other Troublnhooting Hintl, 

a. If either AIOKS or K6 sticks dosed. it may damage the other relay. Both shou ld be replaced. 

b. A sticking KS could also damage R47. when K6 doses. 

c. If 9.9009 V is displayed on the 100 V and 1000 V ranges of the 343SA with the input open, 
AIOK6 is probably shorted. 

d . AIOL! should not be too dose to R63. Arcing could occur for 1000 V inputs. 

e. Wit h Auto-Cal on and AIOR66 adjusted, the instrument shou ld temporarily indicate an offset 
o n either the IV, 100 V, o r 1000 V ranges. If t he offset remains, Q36 may be open. 

f. If a ll tests pass and the 100 mV range is out of to lerance, then A IOQ28 may be open. 

g. If all tests pass the 34SSA reads zero volts on the 1000 V range with an input voltage. Q39 may 
be open. 

h. If allteslS pass and then 100 mV, I V, 100 V. and 1000 V ranges are out of tolerance, then 
AIOQ29 or Q3 1 may be open. 

i. If all tests pass and the 100 V and 1000 V ranges are out of tolerance, then AIOQ4 may be open 
or K6 may be shorted. 

j. If Auto-Cal constant S fai ls and the 100 Vand 1000 V ranges are way out of tolerance, then 
AIOR46 o r R63 cou ld have changed value. 

k. If 17 V appears o n the multiplex node, ched for a defective A IOQ I5, Q 18, CRI2, or U 12. 

8·B·31. General Noise. 

8-8-32. Noise in the 34SS A may show up in one or more functions. If more than one function is 
noisy it usuall y indicates de noise. The de noise sou rce should be found first, before t roubleshooting 
any ac or ohms noise. Go to Table 8-3, to find the correct service group for ac and ohm noise. 

8·B·33. DC Noise (Schemltic 1. 5, Ind 6). 

a. Equal amoun t of noise on a ll ranges: Noise of this nature is usually caused by the ou tput of the 
dc amplifier (A IOU2), the reference assembly (A lIar A20) , or the A I D convertor (A 14). The fo llow
ing two methods can be used to find noise causing circuits. 

I . Try replacing the A I D converto r board (A14) wit h a known good one. If the noise disap
pears, go to Service Gro up E paragraph 8-E- 14 for furt her 1T0 ubleshooting. If the noise is still 
present o r a good A I D board is not available, use the next procedure. 

2. Set the 34SSA to the 10 V with Auto·Cal ofr. Using a high impedance DVM (10 V input 
impedance> 1010 ohms), measure the 10 V reference at AIOTP8. If the reference voltage is 
noisy, replace the reference assembly (A II or A20). If TP8 is good, unsolder R38 at the 
multiplex node. With a clip lead, connect TP8 to the unsoldered end of R38 . Measure the 
voltage at TP4 . If TP4 is noisy, U2 and its output ci rcuit may be noisy. If the voltage at TP4 is 
quit, the A I D convertor is most likel y noisy. Go to Service Group E paragraph 8-E-14 fo r fur 
ther troubleshoot ing. 
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b. Noisy on all ranges. 

l. Check the + 10 V reference voltage at AIOTP8. 

2. Check all inguard power supplies for oscillations. Clock ringing on the supplies are nor
mal and should be ignored . A defective AIOU36 may be noisy. 

c. Noise on positive input voltages only: Check the -10 V reference voltage at AIOTP7 for noise. 
The 34SSA should be in HOLD/ MANUAL and with Auto-Cal ofr. The noise should not be greater 
than the + 10 V reference noise measured at TPB. If the - 10 V reference is too noisy. replace U7. 

d. Readings at 1110 scale noisy and several counts low on any range: AI4C2 may be defective. 

e. Noise on the 100 mV range: Short the input of the 34SSA with Auto-Cal ofr. Measure the 
vollage level at AIOTPI . It the vollage is noisy, t ry replacing R69. R71. U 18. or Q37. If TP I is not 
noisy. measure with a DVM across TPS and TP6. The low input of the DVM should be connected to 
TP6 and the high input to TPS . If excessive noise is measured. replace U3. 

r. Noise and S counts to 10 counts turnover on the I V range: Replace AIOR41 to R4J . 

g. 1000 V dc noisy: AIOK5, K6, o r R6J may be arcing inside. If KS or K6 are replaced, replace 
both of the relays. 

h. Various other possible noise repairs. 

I. AIOQ7 or Q8 may occasionally oscillate. Care shou ld be taken when measuring with an 
oscilloscope. A probe connected to the OUlput of U2 or the emitter of Q7 may cause osci llation . 

2. AIOU2 or Q6 may also cause noise. 

J. Clean the front / rear input switch (SI). 
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SERVICE GROUP C 

a.c·I . AC CONVERTOR TROUBLESHOOTING. 

a·C-2. True RMS Convertor Servicing (Schemltic 31. 

S-C-J . Before troubleshooting the J4SSA's True RMS Convertor. (he instrument should operate 
properly in the dc mode. Verify fo r the correct operation of the dc section, before servicing the ac 
convertor. The following procedure should be followed before troubleshooting or repairing the ac 
convertor . 

a. Check the dc operation of the 34SSA. Veri fy for correct fu ll scale and zero scale readings on all 
ranges. 

b. Sel the 34SSA to the 10 V range, ac funct ion, and short the input. 

c. Check for approximate zero levels at A1STP8 and TPS, with the low input of the meter con
nected to TP6 (go to paragraph 8-C-4 o r 8-C·6 if bad). 

d. Short TP3 to TP6 and measure the voltage at TPI. TPI shou ld read approximately zero . 
Remove the shari (go to paragraph 8-C·S if bad). 

e. Check for proper biasing of AISU2. The lIoltage at U2 pin 2 should be between -2 mV and -J 
mV . Repad R21 if necessary (R21 padding list is in the parts list) . 

f. Remove the short form the input of the 34SSA . Apply a 10 V. 100 Hz sinewave at the input ter
minals. Check for the following voltages. 

I . With an oscilloscope, check for a sinewave at AISTP8. The amplitude of the si newave 
should be approxim ately 2.8 V peak to peak with no shift in the dc level (go to paragraph 8-C-4 
if bad). 

2. A halfwave rect ified sinewave sho uld be observed at TPS . The amplitude of the 
waveshape should be approximately 1.4 V peak to peak, with no shift in the dc level (go to 
paragraph S-C-6 if bad). 

3. The waveshape shown below with an approximate + .75 V dc level, should be observed al 
TP4 (go to paragraph S-C-8 if bad). 

1 V -

OV 

4. The waveshape shown below with an approximate - 1 V dc level, should be observed at 
TPJ (go to paragraph J-C-S if bad). 

OV 

- 1 V 

S. Check for approximately +.5 V dc at TP2 (go to paragraph S-C·S if bad). 

6. Check for approximately + 6.67 V dc at TPI (go to paragraph 8-C-S if bad). 

7. Check for approximately zero volts at TP7 with the 34SSA in the 10 V or 1000 V ranges. 
This voltage level should change to approximately - IS V when the instrument is switched to the 
I Vor 100 V ranges (t roubleshoot gain switching circuit , if bad). 
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g. If all the above checks are good and the 34SSA displays approximately 10 V ac (with 10 V, 100 
Hz input), the RMS convertor should be ready for calibration. If the reading is incorrect, AIOQ3 may 
not be turned on or may be defective. 

8·C·4. Preamplifier Ind Input Attenultor Circuitry. 

8-C-S. The waveshape at TP8 appears to be incorrect, try the following checks (except where noted , 
the input signal should be a 10 V, 100 Hz sinewave). 

a. Check for the correct power supply voltages at U6 pins 4 and 7. Pin 4 should have approximate
ly - 15 V and pin 7 should have approximately + 15 V. 

b. Set the 34SSA on the 10 V range and short the input terminals. Make sure TP8 can reach zero 
volls, when adjusting R6S . If unable to reach zero, try changing R77 to 412 kO (part number: 0698-
4540). If R77 is a 412 K resistor already, replace U6. 

c. If the signal at TP8 is riding on a high dc level, make sure CR7 and Q20 are not touching any 
shielding . Also mak e sure Q19 is not touching the heal sink of U6. Check CR7 and Q20 for shorts. 

d. I f the zero reading at TP8 is good on the 10 V and 1000 V ranges and bad on the I V and 100 V 
ranges, try the following checks. 

I. Check the gain switching circuitry of Q I6 to QI9, and US. Make sure TP7 reads approx
imately zero volts on the 10 V and 1000 V ranges. On the I Vand 100 V ranges TP7 should read 
approximately -IS V. 

2. If the gain switching is correct, lift the drain or source of Q19. Check for a zero reading at 
TP8 with the 34S5A in the I V range. If the reading is good, replace Q19. 

3. If the reading at TP8 is still bad, short the drain to the source of Q 18. If the reading is then 
good, replace Q18. 

4. If the reading at TP8 is st ill bad, short TP8 to the junction of R86 and R87. If the reading 
is corrected , troubleshoot the feedback network . 

e. If the 345SA has a history of bad Q19's replace KI , K3, and Qt8. Q18 may be damaged if QI9 
has been damaged . The timing of KI and K3 could be incorrect, causing Q19 to be destroyed by a 
1000 V input. Check ac calibrator output for any spikes and make sure the 107 V Hz limit has not 
been violated. 

f. If it becomes necessary to replace the matched set of resistors R76. R86. and R91, the new sel 
should be properly aged. Do the following procedure. 

I. Set the 3455A to the 10 V range and apply a 10 V, 100 Hz signal to the input. Note the 
reading on the display. 

2. Apply a 1000 V at 100 Hz signal to the input. leave the 1000 V connected for about two 
minutes. 

3. Remove the 1000 V signal and reapply the 10 V at 100 Hzsignai to the input . After a cool
ing down period (less than 2 minutes), the reading on the display should have not changed more 
than 25 cou nlS from the reading in I above. Replace R76. R86. and R91 if necessary. 

g. If it becomes necessary to replace the matched set of resistor R91 and R93 , they also need to be 
aged. Use the procedure in f above. The only except ion to the procedure is to have the aging done on 
the 100 V range rather than the 10 V range. A 100 V at 100 Hz signal should also be applied in place 
of the 10 V signal. 

h. Other circuits on the A15 board may cause preamplifier malfunctions. The preamplifier can be 
isolated from the other circuits by lifting RS2 and R64. If the preamplifier is working correctly, after 
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lifting RS2 and R64, the other circuits are causing the malfunction (absolute amp, squaring amp, 
etc.). 

H ·8 Absol.1I Ampllfl .. Circuitry. 

S-C-7. If the waveshape at TPS appears to be incorrect, try the following checks (except where 
nOled, the input signal should be a 10 V, 100 Hz sinewaye). 

a . To check if other circuits on the AI4 board causes failures in the absolute amplifier. the ab
solute amplifier can be isolated . This can be accomplished by lifting RS2 and RS3 . The amplifier 
should now be operating correctly. Troubleshoot the amplifier circuit, if defective. 

b. Check the power supply voltages at pins 4 and 7 of U7 . Pin 4 should be approximately -IS V 
and pin 7 approximately + IS V. 

c. Check for an approximately 2.8 V peak to peak sinewaye al U4 pin 6. Troubleshoot U6 and 
associated circuitry, if necessary. 

d. If the sinewave at U~ pin 6 has oscillations, reduce C22 to 10 pF (part number in parts list). Do 
not reduce C22 below 10 pF, as the frequency response of the ac convertor may be affected. 

e. The cathode/ anode junction of CRS and CR4 should have a sinewaye with slight distortion at 
the zero crossover point. Replace CR4 or CRS, if necessary. 

f. If the signal at TPS is distorted, CR4 may have leakage. CR4 and CRS can be interchanged. 

g. If QI4 or QlS appear defective, check with an ohmmeter and replace, if necessary . 

a·c· •. Sq •• ring Amplifier, Intter.tor, .nd Antiloll Circuitry. 

S-C-9. The squaring amplifier, integrator, and antilog circuits are connected by feedback paths. 
Isolation of these circuits may be difficult. There are, however, some checks used to help 
troubleshoot these circuits (except where noted, the input signal shou ld be a 10 V, 100 Hz sinewave). 

a. In some cases it is possible to isolate the integrator from the other circuits on the AIS board . 
This can be accomplished by shorting TP6 to the cathode of CR3. The reading at TPI should be ap
proximately zero. If there are great offsets at TPI, troubleshoot the integrator. 

b . Apply a 100 mV, 100 Hz sinewave to the input terminals of the 34SSA. The instrument should 
be in the 10 V range and display approximately . 1000 V. Check for dc readings of + .82 V at TP4, -9 
Vat TP3, - .48 V at TP2, and + .067 V at TPI . These readings may be helpful in isolating the squar
ing amp, integrator, and antilog circuits. 

c. Reapply a 10 V, 100 Hz sinewave to the input of the 34SSA. The instrument should be on the 10 
V range. Check for dc readings of approximately + .66 V at TP4, -1.105 V at TP3 , -. 6 V at TP2, and 
+ 6.7 V at TPI . Again, these readings may be helpful in isolating the squaring amp, integrator, and 
antilog circuits. 

d. Check the power supply voltages of Ul, U2, and U3. Pins 7 of the op-amps should be approx
imately + IS V and pins 4 should be approximately -IS V. 

e. Check for a voltage drop of approximately + 3.3 V across R36 . If this voltage drop is incorrect , 
QI2 or QI3 and their associated circuitry may be defective. 

f. For parasitic oscillations at TP3 change R36 to 649 0 (part number : 0698-44(0). 

g. If the display of the 34SSA indicates an overload condition with a good waveshape at TPS, 
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short CU. The squaring amp circuit should now act like an emiuer follower with a gain of one. Short 
the input of the 34SSA and if the display indicates zero. Q9A or QI lA may be defective. If the instru· 
ment is still in overload. short the cathode of CR3 to TP6. If the overload condition disappears, the 
square root amp (U2 and associated circuits) or QIIB may be defective. If the overload condition re· 
mains, troubleshoot the integrator (UI and associated circuits). 

h. IfQ9 or Qll are replaced, R6 may need padding. With a I V. 100 Hz sinewave applies to the in· 
put of the 34SSA, adjust RIS for a I V reading on the display. If RI7 is out of range, R6 needs pad· 
ding. If the reading is low. increase the value of R6. If the reading is high, decrease the value of R6. A 
change of 4 K ohms should change the reading about .SlIlo (padding list is in the parts list) . 

H·l0. ACIOC Ope"li ••• 

8-C-II. When de coupling is used with an ac input signal , the specifications of the True RMS conver
tor become wider. Make sure the instrument meets specifications before troubleshooting the ae con
vertor in de coupling. Some troubleshooting hints for the acl dc operation are given below. 

a. Large differences between an ac and de input signal with the 34SSA set for acl dc operation: -
Match the betas of Q9 and QII . To further help the performance of the ac convertor in de coupling, 
add C40 (2.2 p.F capacitor, part number: 0160-0128). A short procedure for the addition of C40 is as 
follows. 

I. Remove CR3 and install pins into the eyelet holes where CR3 has been removed. 

2. Solder both CR3 and C40 to the pins. Make sure CR3 is mounted in the correct direction. 

b. Difficulty in balancing ac and de input signals with the 34SSA set for acl dc operation: Try 
changing RSS. 

c. Large differences with the 34SSA set for ae and acl dc operation: change R9S to 806 ohms (part 
number 0698-35S7). 

a·c·n. AC Noi .. (Schllllltic 31. 

8-C-U . Before checking for ac noise. verify that the dc readings are good. Troubleshooting for any 
de noise must be done before troubleshooting for any ac noise. 

8-C-14. Most noise on the ac convertor board can be isolated into certain areas of the board. The 
following procedure may be used to isolate those areas. 

a. Apply a 10 V, 100 Hz sinewave to the input of the 34SSA. Set the instrument to the 10 V range 
in the ac normal function. 

b. With a DVM, measure the ac signal at TP8. It may also be possible to check the signal of TP8 
with an oscilloscope, if the noise is great enough. If the signal is noisy, troubleshoot the input and 
preamplifier circuits of the ac convertor. 

NOTE 

Sometimes it is possible to check noise at TP8 with a DVM in the dc 
mode. The input o/ the 3455A has to be shorted with the DVM connected 
to TP8. There should be very little deviation noted. 

c. With the 10 V. 100 Hz sinewave applied to the input terminals, measure the voltage at TPS with 
a DVM in the ac mode. Again, it may be possible to measure the voltage with an oscilloscope. If the 
signal is noisy, troubleshoot the absolute amplifier circuits. 

NOTE 

It is also possible to check/or noise at TP5 with a DVM in the dc mode. 
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Again, the input a/the 3455A should be shorted and very lillie deviation 
should be noted. 

d. Short the input of the 3455A and measure the dc vollage at TP3. If the voltage is very jumpy, 
troubleshoot the squaring amplifier circuits. 

e. Short the cat hode of CR3 to TP6 and measu re the vohage at TP I. This voltage may jump 
around a lillie more than at the other test points. If the vollage is extremely jumpy, troubleshoot the 
integrator circuit. If the voltage is relatively steady, the antilog or square root circu it may be noisy. 

8-C-15 . The above proced ure (paragraph 8-C-14) should isolate most areas on the ac convertor 
board that may cause noise. A few other hints and checks, given below, may be helpful for speci fi c 
noise . 

a. Noise on all ranges with the input shorted: Check for -2 mV to -3 mV at U2 pin 2. If the voltage 
is out of the correct range, it may cause a noisy zero indication . The padding resistor (R21) may have 
lillie or no effect in padding U2. This condit ion is usually caused by a leaky Q9B or CR2. Replace Q9 
or CR2, if necessary. 

b. Noisy when low frequency signal is applied to the 3455A: The fast ac switching circuitry may 
be defective. The following checks can be made to troubleshoot this circuit. 

I. Apply a I V, 100 Hz signal to the input of the 3455A, wi th the instrument set to the I V 
range and to the normal ac function. 

2. With an osci lloscope, check the signal at TP I. The signal should be approximately +6.7 
V dc, wit h no ripple. If the signal has ripple on it and the dc level is incorrect, perform the next 
step. 

3. Set the 3455A to the fast ac function. Measure the voltage at the junction of R4 and R5 
and the gate levels of Q2 and Q8. The vollage should be approx.imately -IS V de. Next, set the 
3455A to the normal ac function . The gate levels of Q2 and Q8 should be approximately zero, 
and the junction of R4 and R5 should be approximately + 15 V dc. The gate levels of Q3 and 
Q4 shou ld be complimentary to the gate levels of Q2 and Q8. 

c. Noisy in the fast ac mode: Check for a defective R9 . 

d. Other noise: If the 30 V regulator (AIOU36) is defective, it may cause bursts of RF wit h heat. 
This may show up as noise on all functions and ranges of the 3455A. It would be, however, more 
noticeable in the ac function . 

S·C·16. Miscellaneous Troubleshooting (Schemetic 31. 

a. 10 kHz reading high: Check fo r the correct high frequency padding of R89. In order to obtain 
optimum accuracy over the entire frequency range o f the 3455A, R89 should be padded approximate
ly 4000 cou nt s high with a I V, I MHz input. Use the following procedure. 

I. The 3455A should be turned on and warmed up for al least 112 hour. All shields and 
covers should be in place. 

2. Perform the RMS convertor adjustment in Section V of thi s manual. 

3. Apply a I V, I MHz sinewave to the input of the 3455A. Pad R89 for a reading approx
imately 4000 counts high . Check the accuracy of the ac convertor. 

b. General hints: Give the ac convertor boa rd a good mechanical inspection. Make sure all relays, 
op-amps, capacitors, and FETs are not touching the ground plane, shields, or each other. 

c. Reading above 100 V erratic: Check fo r relay cases touching the ground plane. 

d. Arcing at 1000 V ac: Check for capaci tors touching the shield or ground plane. 
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e. Unable to adjust 100 V at 40 kH z. with in lim its: Moving the wire connecting the R92. C29. and 
cn. C34 modes away from the shield, may rajse the reading. 

r. The 100 V and 1000 V ranges inaccu rate: The R92 and R93 resistor divider may have changed 
value. KI - K3 cont acts may be resistive. . 

g. Overload indication with a 1000 V at I kHz to 10 kHz sinewave applied to the input: AIOKI. 
K2. or KS may have developed leakage. The leakage can be isolated by removing the orange jumper 
from the fro nt/ rear switch connected to KI and KS. If the overload condition disappears. KI or KS 
may be defective. If Ihe overload condition remains, remove the jumper from K2 and con nect the 
jumper directly to the input of the A I5 board. If the overload condition disappears. K2 may be defec
tive. 

h. I V and 10 V ranges inaccurate and oul o f calibralion: A I SK3 may be shorted. 

i. Full scale readings go high with an increase in temperature: A ISQ9 or QI I may be defective. 

j. 1500 counts error o n the higher ac ranges: Connect guard to low. 

k. Di ffe rences in high frequency readings between the front and rear input terminals: Short the 
rear termi nals' guard to low. 

I. The ac converlor should be ca librated with the guard cover in place. 

8·C·17. Avellge Responding AC Conveltor lSchemltic 21. 

8-C-1S. Due to the simplicity of the average responding ac convertors, on ly a few pertinent 
troubleshooting hints are given. 

a . Component location and layout may be cri tical to the convertor ' s freqency response. 
Capacitors. especially in the input ci rcuit, should not be too close or too fa r from the PC board. 
Make sure the relays are not touching the grou nd plane. 

b. The ac convertor should be calibrated with the inguard cover in place. 

c. A I3Q IS, U4, US, and associated circuitry may occasionally fa il. 

d. To help flatten the frequency response or the convertor, especiall y at 10 kHz, C2S is usually 
padded with a 33 pF capacitor (pad list in the par IS list). If unable to bring the level down at 10 kHz, a 
28 pF capacilOr may be used . 

e. To help in tro ubleshooting the ac convertor, the following checks can be made. 

1. Apply a 1 V, 100 Hz sinewave to the input of the 34SSA, wit h the instrument set to the ) V 
range. 

2. US pin 6 should have a I V peak to peak sinewave and TPI should havea S V peak to peak 
sinewave. 

3. A 6.67 V de voltage should be read at TP2. If this volt age is good and there is an incorrect 
reading o n the display. A IOQ3 may not be turned o n o r may be defective. 
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8·0·1. OHM TROUBLESHOOTING (SCHEMATIC 1.41. 

8·0·2. Ohms Circuit Isolation. 

8-0-3. Before troubleshooting the ohms convertor, the 3455A should be operating correctly in the dc 
mode. Because some of the dc and Auto-Cal circuiu are used in ohms. there circuits should be check
ed before work.ing on any ohms circuit. The procedure below may be helpful in isolating the ohms 
section of the instrument. 

a. With the instrument set to the dc function, check the zero and fu ll scale reading on the display. 
These checks should be made on all ranges (100 mV, I V, 10 V. 100 V, and 1000 V ranges). If any 
malfunctions occur, go to Service Group B for further troubleshooting. 

b. Using the self-test mode of the instrument (see paragraph 8-8-3 for an explanation of the self
tes!), check for any Auto-Cal constanl failure. Go to Service Group B if any constants fail. 

c. If the dc readings on the instrument are good and the self-test passes, continue with this service 
group for ohms troubleshooting. 

8·0·4. Ohms Servicinll. 

8-0-5. The following checks may be useful if the ohms function is completely inoperative. 

a. Set the 3455A to the 2 wire ohms function, I K ohms range, and Auto-Cal off. 

b. With no load applied to the terminals of the 3455A, check the voltage across the input ter
minals. The voltage should be approximately -4_7 V dc (typically -4.5 V to 4.8 V). If the voltage is in
correct, the ohms convertor board (AI2) or the input relays may be defective. Go to paragraph 8-0-6 
for further troubleshooting. 

c. When approximately -4.7 V is observed at the input terminals, the ohms convertor is in voltage 
limit. This is a correct indication with an open ci rcuit input. Connect a I K ohm resistor across the in
put terminals of the 3455A. Measure the voltage drop across the resistor. The voltage should be ap
proximately -.7 V dc and indicates correct conStant current operation of the ohms convertor. Go to 
paragraph 8-0-6 if the voltage is incorrect. 

d. The above steps should isolate malfunctions in the current source circuitry of the ohms conver
tor. If all the steps indicate correct ohms operations, the miscellaneous troubleshooting section of 
this service group may be helpful (paragraph 8-0-8). 

8·0·6_ Ohms ConVlrtor Troubleshootinll (Schematic 1. 4J. 

8-0-7. Ohms convertor malfunctions may be caused by the ohms convertor board itself, or by the 
AlO mother board . It is important to remember that the mother board and ohms convertor have in
terconnecting ohms circuitry. Try the following procedure to troubleshoot oh ms malfunctions. 

a. With a de voltmeter, measure the voltage across AI2CI . The low side of the meter should be 
connected to TP - V and the high side connected to the plus side ofC I. The meter should read + 19 V 
dc. If the reading is low by .5 V or more, Al2Tl or AIOT I may be at fault. 

b. With an osci lloscope, measure the ri pple across A12el . The ripple should not be more than .1 
V peak to peak. If the ripple is too high, check AIOn, AI2TI , e3, eR4, or e l. 

c. If the voltage across AI2C ] is very low or zero, look. for an approximately 30 V peak to peak 
square wave at the anodes of e R3 and CR4. Thi s signal should be around 31 MHz with the 34S5A set 
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for 60 Hz line frequency. If the signal is nonexistant, check for an approximately 3 V peak to peak 
signal at AIOU33 pins 9 and 12. If there is a signal at these pins, troubleshoot the circuit between the 
outputs of AIOU33 and the secondary of Al2TI. 

d . If there is no signal at AIOU33 pi ns 9 and 12, make sure the divider u3i and U33 are operating 
correctly. Also make sure U33 is enabled by line HI06. The inguard logic (Latch U J2) may be defec· 
tive. if the HI06 line is low. 

e. If all the above checks are good and the power supply voltages at AI2Tp · V and TP + V are 
good, the other ohms circuits may be defective . Troubleshoot the ohms circuits o n the AIO mother 
board first. Ma ke sure the correct relays and FETs are turned on. Troubleshoot the current amplifier 
circuit and the voltage clamp amplifier circuit or the ohms convertor board . 

a·0·8. MiselUnlolll Ohm. Troubillhooting Hintt . 

a. Table 8-0- 1 may be helpful in troubleshooting various ohms malfunctions. The table gives 
various gain and reference resistor connections for aJlt he ohms ranges. 

b. I K range to 10 K range inoperative : Check for the correct operation of AIOQ I3. 

c. 100 K range to 10 M range inoperative: Check for the correct operatio n AJOQI4. 

d . 2 wi re ohms and 4 wire ohms not zeroing properly and the reading changes 100 counts when the 
34SSA is tapped : Check for a dirty front / rear switch . 

e. 10 K and 10 M ranges read low: Check AIOQ27. Q22, or U3 . 

8-0-10. The fo llowing information may be heJpful in iSOlating ohms o~fset s. Again . make sure the 
34SSA works correctly in dc. 

a . If there is a ISO counts to 200 counts offset on the I K ohm range, check AIOK9. This relay 
should only be closed when the reference resistor is measured . If the I K o hm reading is low K9 may 
always be open . If the reading is high, K9 may be short ed . 

T.bll 8·0·1. Ohm. Gain .nd Switch Configuration. 

Range Rd Rd Un" Res I V V Unk Relays Unk Res 
In K Ohms R" Gain Gain (rs) Rd Us) Closeit (or V L 

0 .1 1 K Xl0 Xl00 .7 mA 0 .7 0 .07 K7. 8 1> K) 
1 1 K Xl0 Xl0 .7 mA 0 .7 0 .7 K7. 8 I > KI 
10 1 K X20 X2 .5 mA 0 .5 5 K7. 8 I > KI 
100 1 M X2 X20 5,A 0 .5 K8 0 I > 0) 
1 K 1 M Xl0 X 10 .71'A 0 .7 0 .7 1> M) 
10 K 1 M X20 X2 5,A 0 .5 5 (> M) 

fs : denotes l ull·scale 2 Wire Ohm: K2. K4 Closed 
Vl : denotes Voltage l lml:ed 4 Wire Ohm: KJ Closed 

b. A Quick offset check: Short either AIOR59 or R61 and obsl!rve thl! reading of t.he 345SA. If th l! 
offsl!t disappears with RS9 shorted , A IOQJ3 and ilS associated circuitry may be Il!aky o r defective. If 
th e offset disappears with R61 shorted, AIOQ14 and ilS associated circuilry may be leaky o r defec· 
tive. 

c. If there is an offset on thl! 100 K ohm range, remove the blue wire connected 10 AIORS9. If the 
offset disappears, QI3 may be leaky. 
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B·D-11 . Ohms Noise (Schematic 1, 4). 

8-0 -12. To prevent possible damage to sensitive components being measured , the ohms current 
source of the 3455A is limited to 5 V. Lower currents are used to keep this voltage low. Because of the 
small currents, the ohms section of the instrument may be susceptible to noise. 

8-0-13. Before troubleshooting for any ohms noise, make sure the dc noise level is good. Check fo r 
noise on all dc ranges of the 3455A. If the dc operation is good, troubleshoot for ohms noise. A few 
troubleshooting hints fo r servicing ohms noise are given below: 

a. Excessive noise on all ranges: Check for a 19 V dc voltages across AI2CI. If the voltage is low 
by .5 V, A 12T1 or AIOTI may be at fault . 

b. Readings decrease on each successive sample and then suddenl y jump back, with the procedure 
repeating. The case of AIOR63 may be touching the case of Q37. 

c. Noise on the . 1, I, and 10 ranges: A IOK9 may be defect ive. 

d. Possible noise on the 100, 1 K, and 10 K ranges with very high readings at 1/ 10 scale: AI2CR7 
may be defective. 

e. 1/ 10 scale reading on the 100 K range is noisy and low: Check for oscillation at A IOTP4. This 
can be accomplished by sening the 3455A to the ohms function. The instrument shou ld be on the 100 
K range, with Auto-Cal off, and placed in Hold/ Manual. TP4 should be monitored with an 
oscilloscope. Press the HOLD/ MANUAL button and observe fo r any osci llation at TP4. If any 
osci llation is noted , try changing AIOC4 to .00681'F (part number 0160·0159) and AIORII to 1.3 K 
(part number 0757-0(26). 

f. Noisy at I M and/or 10 M ranges: Push all wiring away from the ohms board and all input 
wi ring away from the top guard cover. place the red wire, connected between the front/ rear switch 
and the AIO board, next to the guard sheet metal. All wires should be kept away from transformers 
and transistors. 

g. 10 M range very noisy: Make sure the 50/ 60 Hz switch is in the correct posit ion. 

h. Noise on the I K range: If noise shows up on older inst ruments, make sure on 18 guage tenon 
coated wire is installed in the instrument. The wire should be connected between pin E of A JOB and 
the cardinal ground terminal located between K7 and K9. The wire may reduce noise on the I K ohms 
range as well as the I V ac and dc ranges. 

i. Noise in oh ms funct ion: To reduce extern al noise in ohms function, shielded cables are very 
useful. When measuring resistance in the 2 wire and 4 wire ohms fU nction. connect the resistor to the 
3455A with one or more shielded cables. The shields should be connected to each low terminal. Most 
noise, associated with external body capacitan ce, should be shunted to grou nd rather than through 
the measuri ng instrumentation. The cables should not be reversed (the shields connected to the high 
terminals and the center conductor connected to the low terminals), o r no shielded cables should be 
used. No shielded cables or reversed cables may cause excessive noise in ohms. 
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SERVICE GROUP E 

S·E·I. AID CONVERTOR AND INGUARD LOGIC TROUBLESHOOTING. 

8·E·2. AID Conv.nor Servicing ISchematic 6, 7J. 

8·E·3. Before troubleshooting the A I D circuits make sure the outguard section of the 3455A is 
operating correctly. Use the half-splitting method of paragraph 8·195. The following procedures may 
be used to check the correct operation of the AI D circuits. 

a. Turn the 3455A off. and disconnect the AIOWI Inguard/ Outguard Cable assembly from the 
outguard connector (AU7). 

b. Remove the analog test jumper (from AIOU27 pin 10), and connect test point AIOTP9 to 
ground. 

c. Apply. 10 V dc to the input termi nals of the 3455A and turn the instrument on. 

d. With an oscilloscope measure the waveform at AIOTPI. The waveform should look like 
top waveform in Figure 8·E·1. 

e. The correct waveform at TP I generally indicates correct AI D operation . If, however. the AI D 
waveform is good and the A I D circuit is still inoperative. go to paragraph 8·E-7 fo r troubleshooting. 

~v----

Ov ___ L_--' 
1t--16 1 m s----to! 

~n"" A14 TP I ' AID Wlve' .,.ml. 

ov.-] 
OV 1 

S¥>o'" A 14 ..... 5 ( ... 0 d". ee, 1;gn.11. ov·-u 
o v I I u 

Sou",' I I A " ~n " (. 2 V .,.,ee. ___ U. 

5v.----

Ov-- ----
S_'"t A 14 p;., 15 110 v ""lCt signoU. 

Nut" T"" Si~n"'"'' Neg."". 10 V,""'" w;u, 34 55A .. , '0 60 H. Oper.,..,.... 

Figure a·E·' . AID Waveform •. 



Model 3455A SERVICE GROUP E Section VIII 

f. For no AI D waveform at TPI, go to paragraph 8-E-4 fo r troubleshooting. For an incorrect 
waveform go to paragraph g·E·6. 

g·E·S. Since the AI D waveform is dependent on various circuits in the 3455A (input, main amplifier, 
etc.), isolation of these circuits is necessary. The method used is simply a signal tracing method with 
limited operational checks. 

a. Set up the 34SSA using the procedure of paragraph g·E·3a, b, and c. 

b. Measure the voltage at the multiplex node (sources of AIOQI, Q2, Q3, and Q4). If the voltage is 
not - 10 V dc, the input circuit may be inoperative. The multiplex node may also be loaded down by 
one or more FETs. 

c. Measure for a·1O V dc voltage at AIOTP4. If the voltage is incorrect, troubleshoot the main 
amplifier circuit. Make sure AIOQI9 is turned on. 

d. Measure the inst rument 's reference voltages. AIOTP8 should be + 10 V ± 100 JAV and TP7 
should be ·1O V ± 20 mV. If the reference voltages are incorrect, troubleshoot the reference assembly 
(Allor A20) andlor U7. The reference voltages are used on the AI D board and shou ld be correct for 
proper AI D operation. 

e. Short across capacitor A14C2 and measure the voltage at A I4TPI. The voltage shou ld be ap· 
proximately zero. If there are any great offsets, troubleshoot A14U3 and associated circuits. If the 
voltage at TPI is good, remove the short from C2 and continue with this procedure. 

f. Short A14TP I to ground and measure the 0 detect, 10 V detect, and .2 V detect levels. The table 
below gives the correct detect levels. Remove the short from TPI and apply -10 V to TP I . Measure 
the levels of the 0 detect, 10 V detect, and ,2 V delect , See the table below for the correct levels, 

o Detect Level 

1 0 V Detect l evel 

.2 V Detect Level 

A14TPl Shorted A14TPl at - 10V 

'" 5V " OV 

" OV " 5V 

" OV " OV 

If the levels in the table are incorrect, troubleshoot AI4U4, 5, 6 and their associated circuits. 

g. Other ci rcuits on the A I D board may affect AI D operation. These circuits afe the input circuits 
and diode array #1 and #2 and their associated circuits. Also make sure A14Q3. Q4. and their 
associated circuits are operating correctly. If these ci rcuits appear to be working correct ly, the in
guard logic may be at fault . Go to paragraph 8-E·1O for further tro ubleshooting. 

8·E-6. Incorrect AID Waveform. 

a. Check for a leaky A14C2, QS. U3, or US and associated circuits. Circuit s past U4 may 
also be defective . 

b. Circuitry preceeding the integrator may also cause an incorrect AI D waveform. Make sure 
A14Q2. Q4, and thei r associated circuits are operating correctly . 

c. Check for correct operation of the detect circuitry. Paragraph 8-E-Sf may be helpfu l in 
troubleshoOling these circuits. 

8·E·7. Correct AID Wl veform, 

a. If the AI D waveform is correct and the AI D board is slill inoperative . check the zero detect cir
cuil . Make sure the zero deteci signal is slable with the correcl vohage levels (approximately 0 V or 5 
V). 
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b. If the 0 detect signal of older instruments is unstable, modify the instrument in the following 
way: 

I. Change A14R44 from a lO M o hm resistor to a 2 M ohm resistor (part number 0683-20SS) . 

2. Change A12R7, R8, R16, and RI7 f rom 4.99 K to 10 K ohm (part number 07S7-0442). 

c. Chec k for the correct operat ion of A14US and its associated circuit ry. Since US 'a nd its 
associated circuitry is an absolute amplitifer, the output of the amplifier (emiller of U6) should be the 
same as the signal at TPI . Therefore. pins 14 and IS of the A14 board should also show the absolute 
value of the signal at TPI . The correct signals for a - 10 V input to the 34SSA are shown in Figure 
8-E-1. If the signals at AI4Pl pins 14. IS . and S are incorrect. troubleshoot the detect circuilS. 

d . Make sure any oxidation layers have not formed on the pins of the Al4 board . The pins can be 
cleaned with a soft lead eraser. 

8·E·8. AID Noise ISchlmltic 8). 

8-E-9. A I D noise will usually show up in all ranges and all functions of the 34SSA . Two circuit s to 
check for noise on the A I D board are the integrator and the input circuilS . 

a. Check for a noisy A 14QS o r U3. Make sure there are not osci llat ions present at TPI . 

b. Check for a stable zero detect signal at AI4U6 pin I . If the signal is unstable. U4 orU6 may be 
noisy . 

c. Check for a noisy A14Q3. 

a·E·' O. Ing"lrd Logic Troubleshooting ISdtltmltic 7J. 

8-E-l l . Before troubleshooting the inguard logic make sure the o utguard logic is operating correct ly. 
Use the half-splitting technique of paragraph 8-19S . 

a . Check the back gate bias voltage (B .G. ) of the processor (AIOU26 pin 387). The voltage should 
be within ± .2S V of the voltage marked on the processor. If the volt age is incorrect , check fo r the 
correct value of pad resistor AIORJOS (pad list in parts list) . If the pad resistor is the correct val ue and 
the bias voltage is incorrect, replace the processor. 

8·E·12. Ingulrd LOllic Troubleshooting with no AID Wlveform. 

a. The signals at AlOU26 pins 34 to 37 should be the same as those on A3TP4to TPJ . The only ex
ception is the signal at AlOU28 pin 9. If the signals do not agree, check for malfunctions in the in
guard light isolators, AIOU34 and U3S, plus their associated circuits . Line F0 and FI transfer data 
from o utguard to inguard (F0 is the data transfer line and FI is th e data transfer rate line) . 

b. If pin 9 of AIOU28 is different than pin 37 of U26 and the HAZ line (pin I of U27) is low, the 
pulse transfo rmer andl or associated circuits may be defective . This interrupt circuit can be checked 
by manually clocking AIOTPIO. and can be achieved by pulling TPIO low and then releasi ng it. If no 
toggling is taking place, troubleshoot the interrupt circuit consisting of A IOU32A and U27. If there is 
toggling. check T2 or the outguard section (AI). 

c. The interrupt request lines at pin 29 of AJOU26 must be high. Troubleshoot the interrupt cir
cu itry if necessary . 

d . Data lines De to D7 (pin 18 to 3S of U26) and program address lines (PA0 to PA 7 pins 1 to g of 
U26) should have voltage levels from approximately zero to approximately + 4.S V. Check fo r any 
circuits causing these lines to be loaded down . It is possible and normal to observe sharp peaks of 3 V 
to 3.S V o n some lines of U26. These peaks are present when the line is in a tri-state mode . This is a 
possible and normal operat ion. 
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Table a·E·l . Mnemonic Definitions. 

P FF N 

Ind;cato< ____ ----' '-____ Sped!;c Une Poliarity T T T 
(H "'" High True Indicator 
L "'" Low True) 

Mneumonic 

HAC 
HACl 
HAC2 
HADl 
HAD2 
HAD3 

HAZ 
HI01 
HI02 
HIP3 
HI04 
HI05 
HI06 

HMAl 
HMC1 

HMC2 
HMC3 
HMC4 
HMOl 
HMD2 

HMOl 
HM02 
HPDl 
HP02 
HPD3 
HPOl 
HPRF 
HPAS 

HA12 
HA24 
HR34 
LACF 
LAC3 

LAC5 
LNRF 
LNAS 
LVIN 

High True AC (AC Enable) 

Function 
Indicator 

Definitions 

High True Auto Cat 1 (100 V, 1 kV Auto-Cal Constant [Cal Constant 4 , 5. 6, 7]) 
High True Auto Cal 2 
High True Analog DC 1 (.1 V, 1 V, 10 V Range and Ohms) 
High True Analog DC 2 (100 V , 1 kV Range) 
High True Analog DC 3 (1 k V Range) 

High True AID Zero [Enables or Resets AID) 
High True Input Ohms 1 [2 Wire Ohms Enable) 
High True Input Ohms 2 [Connects 4 Wire and Current Source) 
High True Input Ohms 3 (Ohms Ref l ow Measurement) 
High True Input Ohms 4 (1 K Reference Resistor Select Iwith HI05H 
High True Input Ohms 5 (.7 WA Current Source Select) 
High True Input Ohms 6 (Ohms Current Source Enable) 

High Measure AC 1 (Output from AC Converter Measured) 
High True Measure Constant 1 (Measures Ohms, .1 V and 1 V Offsets [Cal 

Constant 2, 3, 8 , 9 , 11)) 
High True Measure Constant 2 [Measures 1 0 V Gain ICal Constant 1 OJ) 
High True Measure Constant 3 (1 kV Range Enable ICal Constant 0 , 1, 6)) 
High True Measure Constant 4 [Measures 1 V Gain rCal Constant OJ) 
High True Measure DC 1 (100 V Rangel 
High True Measure DC 2 (.1 V 1 V, 10 V Range and Measure & Unk) 

High True Measure Ohms 1 (Measure Ohms Ref, Range 100 K. 1 M , 10 M ) 
High True Measure Ohms 2 (Measure Ohms Ref , Range .1 K. 1 K 10K) 
High True Pre-Amp DC 1 Ix 20 and x 100 Gain) 
High True Pre-Amp DC 2 Ix 1 Gain) 
High True Pre-Amp DC 3 Ix 10 Gain) 
High True Pre· Amp Output (x 2 and x 20 Gain) 
High True Positive Rundown Fast (For Negative Input Voltage) 
High True Positive Rundown Slow (For Negative Input Vo ltage) 

High True Range 12 (Sets AC Converter Range 1, 10) 
High True Range 24 (Sets AC Contertor Range 10. 100) 
High True Range 34 (Sets AC Converter Range 100, 1000) 
l ow True AC Fast (AC Fast Enable) 
low True Auto Cal 3 (100 V, 1 kV Auto-Cal Constants ICal Constant 4 . 5, 6 , 

71i 
low True Auto-Cal (1 kV Range and 1 kp. , 1 V Offse t ICal Constant 1, 6]) 
l ow True Negative Rundown Fast (For AID Positive Input Voltage) 
low True Negative Rundown Slow (For AID Positive Input Voltage) 
l ow True Voltage Input (Enables AID Input) 

e. The clear line or AtOU IS pin t should have an approximately + S V level. Troubleshoot U9, 
U 19, and their associated circuits. 
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r. Check for a dock signal at A IOU I Spin 9. If the signal appears to be good, the processor (U26) 
and/or the ROM (U2S) may be defective. If the dock signal is missing, check fo r 500 nano second 
pulses at the device select li nes of U26 (pins 12 to IS) . If the pulses are good, UI4 may be at fau lt. 

8·E·13. Inguard LOllic Troubleshootinll with an AID Waveform. 

a. Check the light isolators and associated ci rcu its as explained in paragraph 8-E-12a. 

b. Check for a defective AIOU26. 

C. Check for an open AIOCR41 and CR42. These diodes may cause glitches on U26 pin 29, ca using 
the processor to be interrupted cont inuously. 
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SERVICE GROUP F 

8-f·l . OUTGUARO LOGIC TROUBLESHOOTING ISCHEMATIC 8. 9. 101. 

8-F-2_ Outguard logic troubleshooting should be done using the Signature Analysis Routines (SA) in 
Figures 8-H-20 to 8-H-27_ If any incorrect signatures are observed. the following checks may be: 
helpful. 

a. If any incorrect signatures are observed check for a I pF capacitor across AI U49. Install one if 
missing (part number 0180-0291). The capacitor should be installed to the underside of the AI 
motherboard . with the + terminal to pin 14 of U49 and the - terminal to pin 7 of U49. 

b. If no stable signature can be located and the AJ board has been replaced, check the IC signals. 
Make sure they are toggling wit h good logic highs and lows (approximately 4 V peak to peak). 

c. Check for the waveform shown below at the junction of AIC29 and R42 . (fthis signal is miss
ing. C29 may be defective. U48 may also cause the missing signal. 

H - - -------- - --------- --------- --------

I v-- - ------- - - ---- ----
t't-a l.4 msec-t1 

a v.- '---- - '--- - ---------- - -
B·F·3. Mein Controller Troubleshooting ISchematic 8). 

a. Data lines D0 to 07 (pins 18 to 25 of U3U9) and program address lines PA0 to PA9 (pins I to 8 
of U9) should have voltage levels approximately + 4.5 V peak to peak. Check for any circuits that 
may cause loading. 

b . Sharp peaks of J V to 3.5 V may be observed on some lines of the processor (AJU9). This is 
normal. The peaks are present when the processor is in a tri state mode . 

c. Check the back gate bias voltage (G .B.) of the outguard processor (A3U9). If the voltage is dif
ferent from the voltage marked on the processor (by ± .35 V) check for the correct value of the pad
ding resistor A3RJ . If R3 is the correct value and the bias is incorrect, replace the AJ board. The cor
rect value of R3 is listed in the fo llowi ng table. 

G.B. 

· 5 .0 V 
· 4 . 5 V 
· 4 .0 V 
· 3 . 5 V 
-2 .5 V 

8·f ·4. front Pu, 1 Troubleshooting. 

8·F·5. Front Pen,1 Op,retion Chick. 

A3R3 

4 .64 kG 
2 .87 kO 
1.96 kO 
1.00 kO 
715 G 

-b - Part No. 

0698·3155 
0698·4436 
0698·0083 
0757·0280 
0698·3700 

a. Turn the J455A ofr. Place the instrument in the SA mode by di sconnecti ng the test jumper on 
the AJ board and discon nect the plug from AU7. 

b. Turn the 3455A on. Half of the instruments from panel LEOs should alternately turn on and 
off with the other half. 

c. At the time the instrument is turned on and hair the front panel LEDs turn on, a 0 should be in
dicated on the left side of the display. The 0 should move one position to the right each time the LEOs 
change. When the 0 reaches the far right of the display, a.O will start at the left and move to the right . 
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d. The same operation takes place for I, .1, 2, .2, 3, .3, after the .O has moved to the far right of 
the display. If any of the LEOs do not light, replace them or troubleshoot their drive circuits. If some 
numbers of the display are bad, troubleshoot the display and associated drive ci rcuits. 

B·f-B. Front Pu.1 S.rvicing ISch.m.tic 10J. 

a . If the display blanks out any zeroes, try replacing A IU62. 

b. The proper operation of the front panel buttons can be checked by monitoring A l US, pin 14. 
The levd at pin 14 should go low (TIL) low, any time a front panel button is pressed . If this is not 
observed , try replacing US1 . 

c. If the front panel buttons do not operate, check for a high level (TTL high) at AUg pins 2 and 
3. A high level at any of these pins will disable some of the front panel buttons. Check for the correct 
operation of AIUSI, USO, or US3. 

d. If the front panel has a sticky switch, t ry the following : With a low temperature soldering iron. 
heat the solder connection of the LED within the switch. While the solder is warm, push the bUllon in 
and out several times. This should straighten out the LED and relieve an y pressure on the switch. 

e. If the procedure in the precendenl paragraph does nol relieve slicky switches, change LEOs 
A2CRS to CRt!, CR I9 to CR22, and CR24 to CR3S from -hp- part number 0990-0S41 to -hp- part 
number 1990-066S. These changes should be made for instruments with serial number 1622AOIJ36 
and below. A procedure for changing or replacing LED's are in paragraph 8-F-7. 

f. A modification to reduce key bounce is as follows: Change AlUS7 from a 9318 to 98Ll8 (part 
number: 1820-0(81), A2RI7 and RI8 from a 2.2 K ohm resistor pak 10 a 10 K ohm resistor pak (part 
number: 1810-0206). This change should be made for instruments with serial number 1622AOO906 
and below. 

NOTE 

Switch bounce can be observed by pressing (he ENTER Z button and 
(hen pressing (he MATH OFF button only once. lj(WO ]'s are displayed, 
(he 3455A has key bounce. 

g. For all other front panel malfunctions use Troubleshooting Diagram 8-H-26. 

8·f-7. Front P,n.ILED'1 Switch. and K.y ClP R.pllc.m.nt Procedure. 

a. Removal Procedure . 

I . Remove front frame which is held by 8 screws. 

2. Disconnect two connectors between front panel and left side of instrument. 

3. Remove fronl panel and ON/ OFF switch. 

4. Remove II screws holding Display/ Switch board to front panel and remo ve Display/ 
Switch (D/ S) board . 

S. Pull key cap off switch body . 

6. With knife or punch, cut off or punch through the red switch body mounting studs (clean 
excess plastic off to prepare holes for new switch) . 

7. Hold display board upside down wilh key facing down and heat LED terminals to let bad 
LED fall out. 

8. Suck out solder holes to prepare fOI" new LED. 
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b. Replacement Procedure. 

I . Mount the switch body on the DIS board and be sure the body is aligned with the other 
switches (NOTE: very important as the switch may bind if it is not str.aight). 

2. Using a medium temperature, broad , tip soldering iron or woodburning tool, carefully 
melt the plastic st uds down into a little dome to secure the switch body. 

3. Insert LED with shorter leg toward top of board . Make sure LED is nush wit h the board. 

4. Replace key cap. 

5. Depress key all the way to seat LED in place, and then solder LED using a minimum of 
solder . 

6. Hold DI S board so keys point up and reheat LED terminals to allow solder to now away 
from switcb. 

7. Depress key several times to make sure key does not stick. if it sticks, repeat (6). 

8. Remount DIS board on front panel frame. 

9. Plug both connectors back into main board. 

10. Remount front panel to chassis. 

II . Replace ONIOFF switch. 

NOTE 

Remember to try steps (6) and (7) oj " Replace" before replacing switch; 
it could save time. II is important to use a Jow or medium temperature lip 
soldering iron, as exposure to 500" F jor over 3 seconds could damage the 
LED's. 

l·f·B. Hp·IB Troublnhooting (5ch'm'tic 91. 

8·0·9. Before troubleshooting the Hp·IB section of the 3455A, verify that the 3455A is malfunction
ing and make sure the "problem" is not due to external programmi ng (see Section III of this 
manual) . 

a. If incorrect data is sent over the HP-IB lines, make sure the data is different than what is 
displayed on the front panel. If the data is the same , the in strum ent's HP· IB Section is not at fault. 

b. Check for a bad connection between the instrument 's HP-IB connector (13) and the connector 
of the HP-IB cable. Clean both connectors, if necessary. Use a good freon based contact cleaner. 
Also, make sure the HP-IB cable external to the instrument is good. 

c. Use the Hp·IB SA Troubleshooting Diagram (Figure 8-H-27) for most of the HP-IB Section of 
the 3455A. SA can check most of this section . except for the HP-IB lines themsel ves. Use the 5940IA 
Bus System Anal yzer for these li nes. 

d. Check decoders AIUI9, U20, or UII. 
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SERVICE GROUP G 

8·G·1. MISCELLANEOUS TROUBLESHOOTING. 

8·G·2. Power Supplin (Schematic 111. 

a. In many of the 34ssA's power supplies, the voltage reference of one supply is the output of 
another. This arrangement ties the voltages of the two supplies together. A shift in one supply is 
reflected in the other supply , 

b. To isolate dependent supply circuits, the reference supplies should be separate from each other 
and from the circuits they supply. The fo llowing steps may be used . 

I . Use external supplies to provide a reference to dependent supplies. 

2. Use external supplies to drive circuits in place of internal supplies. 

c. Following are some voltages of the inguard power supplies. 

I . Main power supply voltages. 

AIOTP I1 : +9Vto + 11 V 
AIOTP I2: + 19.5 V to + 23.5 V 
AIOTP I3: -19.5 V to -23.S V 
AIOTPI4: + 38 V to +44 V 
AIOTP I5: -38 V to -44 V 
AIOTP + 9: + 8. 1 V to + 9.9 V (l nguard processor must be installed). 

2. Ohms supply voltages 

AIOTI pins 1 and 3: 10 V rms (20 V peak to peak) square wave. 
AIOTl and A12T1 connection: .2 V rms (.25 V open circuit) square wave. 
AI2T I pi ns 1 and 3: 40 V rms (80 V peak to peak) square wave. 

3. Allowable noise on the ohms supply as measured with a true rms voltmeter. 

+ 6.2 V supply: 30 JlV noise 
-6.2 V supply: 60 JlV noise 

d. If the fuse of the 3455A keeps opening, check the AIO board power supply breakdown diodes 
(AIOCR64, 66, etc.). Also, make sure the 3455A has been switched to the correct line voltage. 

e. Table S·G-I lists the various components and assemblies which uses the individual power sup
plies. This table may be usefu l if a power supply is loaded down by a defective component or 
assembly. 

Ti bia 8·G·1. Power Supplies Locltion •. 

*' ",: \I~ ' '''::-,~ C;;"'~ ... ~r .. ~'~ '- , .......... ,Q' , , • , • , • • " " " .. .. " .. .. " " " .. » AI" ~ '" " ... 
• 

• • • • • • • • • • 

8·G·3, Rlf, rence A",mbly (Schlmatic 51. 

a. The reference assembly of the 3455A is on the exchange program and should be returned to the 
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nearest · hp- Service Office, if inoperative. The only checks that can be made are the followi ng . 

I. If the reading on the display jumps 10 or 100 counts when adjusting any adj ustments on 
the reference assembly, the wiper of the pot may be dirty. Work the adjustment screw of pot 
back and forth to clean the wiper. 

2. Make sure an oxidation layer has nOt formed on any pins of the assembly printed circuit 
board. The pins can be cleaned with a soft lead eraser. 

3. Typically, the maximum noise allowed on the reference voltages (usc a DVM with input Z 
> IO tO) are 20 IlV for the + 10 V reference and 30 IlV for the -10 V reference. Replace 
the assembly if excessive noise is present. 

4. The + 10 V reference vohage at AIOTP8 should be adjustable to + 10 V ± 
100 IlV and the -10 V to -10 V + 20 mY. Replace the assembly if both the + 10 V and 
-10 V are not adjustable . Replace AIOU7 if only the -10 V reference is incorrect. 

8·G·4. Turn·Over Errorl (Schemetic 1. 5. Ind 6). 

8·G-S. Turn-over errors are present when, for example, a posit ive input reading is good and the 
negative input reading is ou t of tolerance. This can be checked by laking a positive reading and then 
reversing the input leads. The following are a few lurn-over cheds and hints. 

a. When checking fo r turn-over errors, the 10 V tange and zero offsets should be the first things to 
check. 

b. Check the AI D converter (AI4) if turn-over differences are observed. Replace. if necessary. 

c. Turn-over errors on all ranges: Unsolder CR I and CR2 from the AIO board. H 
the error disappears, CRI and/or CR2 may be leaky. Make sure the + 10 V and - 10 V 
references are good (A IOTP8 sho uld be + 10 V ± 100 IlV and AIOTP7 should be - 10 V 
± 20 mY). 

d. Turn-over differences on the 10 V range: Check AIOUI , U2, Q7 , or Q18. Other 
possible causes may be K I, AI, Q2, Q4. Q 19, and their associated circuits . 

e. Turn-over errors on the top three ranges: Check AIOK6 and QIS. 

f. Turn-over differences on the 100 V and 1000 Y ranges: Lift A1OQ9 and CR29. If the error 
disappears, CR31 andl or CR29 may be leaky. Do the same with CR16 and CRI7. Q8 may also be 
defective. 

g. The FETs connected to AIOTP2 may cause turn-over errors, if leaky. Q40 may also be leaky. 

h. If the negative readings are good and all positive readings above 20 V are unstable on the 100 V 
range, check A I OQ36. 

B·G·6. Other Troublelhooting ISchemetic Bend 11). 

a. If the instrumem fails to sample in the de volt, high resolution mode and the ac volt normal 
resolution mode, check AI C29 or U48. 

b. If the HP-IB operation is intermittent with the instrument's LED's dim. make sure the SO/ 6O 
Hz switch is in the correct position. 

c. If the fan refuses to spin after repeated tUrn-ons, change AI Rl S, 19, and'24 from 11.8 kO to 
13.3 kO (0757-0289). This change should not be made on operating fan circuilS. 

d. A good fan measures approximately 30 n between the brown and yellow wi res of the fan. A 
defecti ve fan will usually measure between 10 n and IS O. 
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SERVICE GROUP H 

B·H·I. TROUBLESHOOTING DIAGRAMS. 

8-H-2. The following diagrams in this service group may be used to troubleshoot the 34SSA in place 
of the other service groups. These diagrams are separated into three groups. The fi rst group is a 
General Troubleshooting Diagram which can be used to isolate the two main sections of the instru · 
ment (Inguard and Outguard). The second group deals with the Inguard section and the third group 
can be used for Outguard Troubleshooting. 

8·H·3. Glnlr.1 Troubleshooting Di.grlm. 

8-H-4. The General Troubleshoot ing Diagram (Figure 8-H-2) may be used in placc of the Half· 
Splitting Tethnique of paragraph 8·196. Since this mcthod is not as complete as the Half·Sp litting 
Tethnique . use it only if an extra 34SSA or if an Inguard/ Outguard Service Cable is not available. 
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NO 

The Proper Operation Of The 
TEST Function Indicates That 
The Majority 01 The Inguard And 
Outguard Logic Is Functioning 
Properlv. The TEST Function 
Does Not Check The Following 
Circuits: AC Converter, Ohms 
Convener, Front Pene l Switching, 
HP.18 Interface, And Some Of 
The Input Switching Circuits On 
The Al0 Anemblv. Aefer To The 
Hp·IB Section Of The Outguard 
Trouble$hooting Procedure For 
Hp·IB Problems. Refer To The 
Schem&ti~ Aod Theory 01 Opera· 
t ion For TrO\.lbleshooting The 
Other Circuitry. 

I,A 
Failu re Code 
Displayed ? 

fA Number From 
G To 13) 

YES 

( Start 

Turn Instrument ON. Press 
The Fronl Panel TEST 
Bunon. 

I 
Proper Operation Of The TEST 
Funct ion Is Indicated Bv The 
Front Panel Going Blank For A 
Few Secorlds And Then All Front 
Panel Enunciators (Except REAR 
TERMINAL) Being Lit And A 
Displav of + 8888888 With All 
Decimals Lit Or If A Failure II 
Detected By Tha TEST Routine. 
A Number. From (J To 13 Will Se 
Displayed. 

YES 
D~' 

The Instrument 
Enter The TEST 

Funct ion 
1 

NO 

A Failure Code Indicatn That One Or 
More Of The Auto-Cal Constants Is Out 
Of Test Limits. 

Record Number Displayed 

Turn The Instrument OFF. 
Disconnect The Test 
Jumper On the A3 Assem· 
bly And The Connector 
From AU7. Turn The 
rnstrument ON . 

Proper Operation Of The Out
guard Test Routine Is Indicated 
By A Number or Character Being 
Strobed Across The Display And 
The Enunciators Being Alter· 
nately Lit. 

000' Press The TEST Button 

r
-,,-:::-_--.lr::====::;-N:;.:O< The Instrumen )~Y.:E~S~====:::lL ____ _ Enter The Outguard 

Test Routine 
Go To Oulguard Trouble- Go To InguardlOutguard 

The Display >~N~O:..._ .. 
Read + 8888888 

1 

YES 
The Numbers Recorded Indicate 
Which Tem Hava Failed. Use The 
Front Penel TEST Troubleshoot
ing Information Portion Of The 
Inguard Troubleshooting Section, 
Along With The Schematics To 
Troubleshoo t The Inguard 
SwitChing. 

shooting Section Or Ap- Transfer Circuitry Trouble-
propriete Service Group shooting Procedure Figure 
ISee Paragraph B· 19B). B-H-17 Or Appropriate 

Service Group (See Para
graph 8 -198). 

3455-8-11 

Figure 8-H-2. General Troubleshooting Procedure Diagram. 
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Model 3455A SERVICE GROUP H Section VIII 

I·H-4. 1"llrd Trllblllitootill Dia .. ". 

8-H-' . The following diagrams in this group can be used to troubleshoot the Inguard section of the 
34SSA. A troubleshooting procedure for the Inguard/ Outguard Transfer Citcuitry is also included. 
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Stut 

Turn Th.e Innrumeot Oil . 
Remove The A14 Anem . 
biV. Disconnect The Brown 
Ten Jumper On The AJ 
AS$I!mblv. Disconnect The 
Brown Tnt J umper La· 
Qted Between Al0U27 
And W B. Use A Clip Lead 
To Short Al 0n Pin 14 To 
IngUllrd Ground. Turn The 
InllrumenlON . 

Me,a$ure The Switch Drive 
Sign, ls On AIOU1S. Pinl 
2 . S. 7.10.12AndlS. 

." Th.e Si~1 
L .... ls> 4 V 
PUk-To,pellk 

YES 

, 
NO 

" The Device 
Select Signal 
Al AIOUIS 
Pin9>4V 

Pellk-To ,pellkl 

NO 

TrOUbleshoot The Device 
Select Circuit (A l 0U14 . 
U26 And APOcilted Com . 
ponllOul . 

YES 

Replete Or Troubl OOt 
The A/ O Conwfter IA 14 
Auemblv!. The Problem Is 
MaS! Lik. lv 11'1 The s...!ltch
ing Clrculll IAI 4Ul . U2. 
03. Q4 And Assocraled 
ComPOnenn . 

Troubleshoot Th.e Inguerd 
Lagle Circuit (A IOU I S. 
U22, U26 And Auocialed 
Component • .) 

3;455-B-1 

re 8-H-3. lnguard Troubleshooting Procedure Diagram, 
Auto-Cal Circuitry TEST 13. 
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St<tn 

T urn The Instrument OF F. 
Remove The A14 Assem· 
bly . DisconneCt The Brown 
Test Jumper On The A3 
Anembly. OiKonneet The 
Brown T8$t Jumper Lo· 
cated Between A 10U27 
And U2B . Use A Cl ip Le"d 
To Short Al0J2 Pin 14 To 
Inguard Ground. T urn The 
Instrument ON . 

Use An Oscilloscope To 
Measure the Switch Drive 
Signals On Pins 2. 5 . 7 . 
10.12 and I S 01 A10U 1S. 

... 
The Sigoais 

> 4 V Peak·To · 
Peak ? 

NO 

U,e A DVM To Measure 
The .. 10 V Reference At 
AI OTPS And The · 10 V 
Reference At A 10TP7. 

'" The Voltag8$ 
At AIOTP7 and 

TPS 10 volts 
t .01 V? 

YES 

Replace Or Troubleshoot 
T he AID Converter (A 14 
Assembly ). The Problem Is 
Most Likely In The Switch . 
ing Circuiu IAI4Ul . U2. 
03. 04 And Anocia ted 
CompOnents). 

" The Device 
Select S'9nll At 
A IOUIS Pin 9 
> 4 V Peak ·To · 

Peak? 

YES 

Troubleshoot The I"guard 
Logic Ci rcuit lA IOUIS . 
U2 2. U26 And Associated 
Components). 

Troubl8$hoot The Refer . 
ence Circui ts lA II Assem· 
bly. Al0U7 And Associ. 
ated CompaneOl$). 

3455 - B- 2 

TroubleshOOt The Device 
Select Circuil lAIOU I4 . 
U26 And Anociated Com· 
ponenn) . 

Figure 8-H-4. Inguard Troubleshooting Procedure Diagram, 
Auto-CaJ Circuitry TEST 12. 
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St8r! 

With A Displav Raading 01 
"I I" tTest 11 Failure), 
Measure The Switch Drive 
VOltage On Pin 13 01 
Al0US . 

The Drive 
Voltage ApprOK. 

II V dc? 

NO 

" The Driver 
Input Voltage 
At Pin 11 Of 

Al0US > 4 Vdc , 
NO 

,. 
The Device 

Select Signal At 
Pin 9 Of Al0U12 
> 4 V Pe.k·\o-

Peak7 

YES 

Troublll$hoot The Device 
Select Ci rcuit (AIOUI2, 
U14 , U26 And Auocla ted 
Com pOnenul . 

" The Gitte Bias 
Voltege At 

Al OTP3 ApP(oK. 
IJ V dc7 

NO 

Troubleshoot The Gate 
Bias Amplifier Circuit 
(Al0UI . 05 And Associ· 
ated Components). 

Troubleshoot The Logic 
Circuit (Al0UI2 , U22 , 
U26 And ASSOCiated Com
pOnentsl. 

Check A 10ua And AS$oci· 
lied CompOnents. 

Figure 8-H-S. Inguard Troubleshooting Procedure Diagram. 
Auto-Cal Circuitry TEST II. 

8-87/8-88 

,. 
The Switch Drive 
Voltage At Pin 13 

01 Al0U5 ApproK. 
II V dc? 

,. 
The Driver Input 

Voltage At Pin II 
Of AlOU5 > 1.22 V 

"" 
NO 

,. 
The Device Select 

Signal AI Pin 9 
Of AlOU I6 > 4 V 

Peak-To .f>e.k , 

Troubleshoot The Device 
Select Circuit (A 1 OUI6, 
U14, U26 And A$$Oclatad 
Components). 

Check SWitching FErs 
Al002, 019 And Associ
ated CompOnents. 

,. 
The Gate 81as 

Voltage At Al0TP3 
Approx. 1J Vdc? 

NO 

Troubleshoot The Gate 
Bias Amplifier Circuit 
(A I OUI , 05 And AS$ocia· 
ted CompOnenu). 

Troubleshoot The l ogic 
Circuit (A IOUt 6, U22, 
U26 And Al50clated Com· 
ponents!. 

3455-6 - 3 

Chock AIDU5 Aod Associ 
ated CompOnents. 



Start 

With A Display Reading Of 
"10" n est 10 Failuref, 
Meuure The Switch Drive 
Voltage On Pin 13 Of 
A IOU6. 

" The Drive 
Voltage Approx . 

+IOVdc? 
(Ignore The 2 msec 

pulsef 

NO 

" The Driver 

NO 

I, 

YES 

The Device 
Select Signal At 

Pin 9 Of AIOUI6 
> 4 V Peak·To· 

YES 

PC3k ? 

Troubleshoot the Device 

" The Gate Bial 
Vol tage At 

Al 0TP3 Appro •. 
+ 10V dc? 

YES 

Troubleshoot The Gate 
Bias Amplifier Circuit 
(AIOUI, 05 And Associ 
ated Componenl5L 

Che<:k Al0U6 And Associ 
ated Components, 

Troubleshoot The Logic 
Circuit (Al0U16, un, .. ________________ Y~f~S~ 
U26 And Associated Com- r 
ponentsL 

" The Switch Drive 
Voltage At Pin 13 

Of AlOU5 Appro •. 
+ 10 V dc? 

IIgnore The 2 msec 
pulsef 

" 

ES 

The Driver Input YES 
Voltage AI Pin II 

Of AIOUS >4 Vdc , 
NO 

I, 

To ·Peak? 

NO 

Select Circuit (AIOU I6, '. ___________________________________ ~ 

UI4 , U26 And Associated I'" 3455 -8-4 

Figure 8-H-6, 
Componentsf . 

Check Switching FErs 
A l 0Q4 , 019 And ASSOci· 
ated Components. 

I, 
The Gate Bias 

Voltage At Al OTP3 
Appro •. + 10 V dc? 

YES 

NO 

TrOubleshoot The Gate 
Bias Amplifier Circuit 
IA IOUI , as And Associ. 
ated Components. 

Check AIOUS And Associ· 
ated Components. 

Inguard Troubleshooting Procedure Diagram, 
Auto-Cal Circuitry TEST 10, 
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With A Diaplsy Reading Of 
"9" (Test 9 F~ i lure) Me~_ 

sure The Switch Drive 
Voltage On Pin 13 Of 
A IOUS . 

" The Drive YES 
Voltage Approx. 

IJ V dc? 

NO 

" The Driver Input 
VOltage At Pin I I 

OfAl0US>4 Vdc 

NO 

" The Device Seleci 
Signal At Pin 9 Of 

AI OU l 2 > 4 V 
Peak·To·Peak 

I 

Troubleshoot The Device 
Select Circuit (A IOUI2 , 
U14 , U26 And Associ , 
ated Components ). 

YES 

I. 
The Gate Bias 

Voltage At AIOTP3 
Approx.1J V dc 

I 

Troubleshoot The Gate 
Bias Amplifier Circuit 
(A IOU I , as. And Associ, 
ated Componenli). 

YES 

Troubleshoot The logic 
Circuit (AIOU I 2 , U22, 
U26 And Associated Com · 
ponents!. 

Check A I OUS And Associ 
ated Components. 

" The SwitCh Drive 
Voltage At Pin 1 Of 

Al0U4 Approx . 
IJ V dc? 

NO 

I. 
The Driver Input 

Voltage At Pin 7 Of 
AIOU4 >4 Vdc 

I 

NO 

I. 
The Device Select 
Signal At Pin 9 Of 

AIOUI3>4 V 
Peak-To-Peak 

I 

Troubleshoot The Device 
Select Circuit (AIOUI3, 
V14. U26 And Associa 
ated Components) . 

YES 

YES 

I. 
The Voltage 
At Al0TPl 

Approx.1J V dc 
I 

YES 

NO 

Troubleshoot The Attenu 
ator Cin;uit (A l OU IS, 035 
037 , 038, 039, 040 And 
Associated Components). 

TroubleshOOt The logic 
Circuit (A IOUI3, U22 . 
U26 And Associated Com 
ponents!. 

Check A I OU4 And Associ 
ated Components. 

" The Switch Drive 
Voltage At Pin 2 Of 

AI OU4 Approx . 
o V dc? 

NO 

" The Driver Input 
Voltage At Pin 5 01 

AIOU4 > 4Vdc 
I 

NO 

I. 

YES 

YE S 

The Device Select 
Signal At Pin 9 Of 

A IOU13;. 4 V 
Peak·To ·Peak 

YES 

, 
NO 

TrOUbleshoot The Device 
Select Circuit (AIOUI3. 
U14 , U26 And Associated 
Components) . 

" The Voltage 
At A 10TP6 

Approx.1;J V dc , 

TroubleshOOt The Feed · 
back Amplifier (AIOU3, 
09, 01 1 , 025, 026 And 
Associated Components). 

TrOubleshoot The logic 
Circuit (AIOU13, V22 , 
U26 And Associated Com
ponents). 

YES Check AIOU4 And Associ 
;'IIed Components. 

" The Switch Drive 
Voltage At Pin 2 Of 

AIOUS Approx . 
I;J V dc? 

" The Driver Input 
Voltage At Pin S Of 

AI OU5> 4 Vdc 
I 

NO 

I. 

YES 

The Device Select 
Signal At Pin 9 Of 

AIOUI6 > 4 V 
Peak-To-Peak 

YES 

I 

TrOubleshoOt The Device 
Select Circuit (A10U I 6. 
V14, U26 And Associ 
ated Components). 

I. 
The Gate Bias 

Voltage At Al0TP3 
Approx.O V dc 

TroUbleshoot The Gate 
Bias Amplifier Circuit 
(AIOUI, as, And Associ
ated Components). 

Troubleshoot The logic 
CirCuit (A I OU I 6. U22 , 
U26 And Associated Com
pOnents) . 

Check AIOUS And Associ· 
ated Components. 

I. 
The Switch Drive 

Voltage At Pin 2 Of 
AI OU6 Approx . 

IJ V dc? 

NO 

I. 
The Driver Input 

Voltage At Pin 5 Of 
AIOU6>4Vdc 

I 

NO 

" The Device select 
Signal At Pin 9 01 

Al OUI6 > 4 V 
Peak -To -Peak 

? 

TrOlible$hoot The Device 
Selec! Circuil (AIOUI6, 
U14, U26 And Associ 
ated Components). 

YES 

YES 

YES 

Cileck Switching FEr's 
AI002. OIS_ 022. 027, 
02B , 032 And ASSOciated 
Components. 

I. 
The Voltage AI 

A IOTP6 Approx . 
IJ V dc? 

Troubleshoot The Feed· 
ba!;k Amplifier (AIOU3, 
09 , a" , 025, 026 And 
A$wcialed Componenu). 

YES 

TroublnhOOl The logic 
Circuit (AIOU16, U22, 
U26 And A~sociated Com
ponenu). 

Check AI DU6 And Auoci 
ated Components. 

Figure 8-H-7. Inguard Troubleshooting Procedure Diagram, 
Auto-Cal Circuit ry TEST 9, 
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Slart 

WIth A Dlsp lllV Reading 0 1 
''8'' (Test 8 F,ilure)' Mea · 
su. e The SWllch Drive 
Voltage On Pin 13 01 
AIOUR . 

" The Driye YES 
Voltage Approx, 

<J V dc~ 

NO 

" T he Driwr Input 
Voltage At Pin 11 

0IA I OU8 > " Vdc 
7 

NO 

I. 
The Device select 
Signal At Pin 9 01 

AIOU12 > " V 
Peak·To ·Peak 

7 

Troubleshoo t Thc De~Ice 

~Iect Circuit (A ' OU I 2. 
UU. U26 Alld Anoci . 
Bled ComilOOIlI'IUl. 

YES 

YES 

I. 

The Gale BIas YES 
Voltage At A IOTP3 

Approx. a V dc 

NO 

Troubleshool The G~le 

B'llS AmpJi!icr Circuit 
(AIOUI. 05 And AS$.Oci . 
1I1ed CompOnentsl. 

Troubleshool The Logic 
Circui , (AIOUI2 . U22. 
U26 And Associ.iJloo Com. 
ponents). 

Check AIOU8 And Aswci · 
a tcd Components . 

" The SwitCh Drive 
Voltage AI Pin 2 

01 A IOU" Approx . 
G V dc' 

NO 

I. 
The Driver Input 
Voltage At Pin 5 

01Al0U" > " Vdc 
7 

NO 

" The Device Select 
SIgnal At Pin 9 01 

AIOU I 3 >" V 
Peak·To·Peak 

7 

NO 

Troubleshoot The DeVIce 
Select Circui t (AIOUI3. 
UI " . U26 And Associ · 
nwd CompOnenlS). 

YES 

YES " The Voltage At 
A ! OTP6 Appoox . 

o V dc~ 

\--otI Check A IOU" And Associ 
ated Components. 

T,oublnhOOI The Feed· 
back Amplifier IA IOU3. 
09. all. 025, 026 And 
Associated ComilOnenul . 

Troubleshoot The Logic 
CirCUli /AIOU !3 . U22. 
U26 And Anoclat«i Com. 
POnennl. 

" The Switch Drive 
VO III(lE! A t Pin I" 

01 A ' OU5 Approx . 
(I V dc? 

YES Check SWitching FET's 
!-'''''-tj Al002 . 021. on And 

Associated Componenu. 

NO 

" The Driver Inpu t 
Voltage At Pin 9 Of 

A10U5 > " Vdc 
7 

NO 

" The OiIv;ce Select 

YES 

Si90,1 Al Pin 9 Of 
AIOU16 >" V 
Peak·To·Peak 

YES 

7 

NO 

Troubleshoot The Device 
Selec t Circuit (A I OU I 6. 
UI". U26 And Anoel · 
lleO Componenu). 

I. 
The Gate Bias 

Voltage AI A l 0TP3 
Appro/( . (J V de 

? 

TrOUbleshoot The Gale 
Bin Amplifier Cilcult 
(AIOUI. 05 And Associ· 
ated ComPOnentsl . 

Troubleshoo t The Logic 
Circuil (AI OU I 6. U22. 
U26 And Associated Com. 
ponenl$l . 
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YES 

Figure S-H-8. Inguard Troubleshooting Procedure Diagram, 
Auto-Cal Circuitry TEST 8. 
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ated Components. 



Start 

Wi lh A Displa." Aeadms 
Of "1" (Tesl 7 Fai lure), 
Measure The Swi~ eh Dd'l(l 
VOI lage On Pin I. 01 
AIOU" . 

I. 
The Drive 

Volu,ge APPrOx. 

" V de~ 

NO 

" The Dri'l(lr 

YES 

InpUt VOll8ge AI 
Pin9 Of AIOU. 

>. V del 

fY!.!i"--tj Ch(!(:k AIOU4 And Associ · 
ated CompOnenl$. 

NO 

I. 
The De~ice Select 
Signal At Pln 9 Of 

A l 0UI3 > .V 
Puk·To·Puk 

TroubleshoOl The Logic 
lY:.;E"S~~ Ci,cuit (AIOUI3, U22. 
r U26 And Anociated Com. 

7 

NO 

TrOubleshoot The Device 
Select Corcui l (A IOUI3. 
UI 4 , U26 And Associ · 
ated Compoonenu). 

POnents!. 

" The Switch D, lve 
Voll. AI Pin 10 

Of AIOU2" Approx. 
(J V dc~ 

" The Driver Input 

YES 

Vollagu A. Pin I t 
Of AIOU24 > 4 V (Ic 

7 

Ill"'..! Check A IOU24 And Ano · 
Ci8ted ComponenTS . 

NO 

" The Device Select 
Signal AI Pin9 Of 

AIOU I2 > . V 
Peak·To·Peak 

Troubleshoot Tlw Device 
Selec. Circuit (A 10U12, 
UI4, U26 And Anoci· 
aled Components). 

YES 
TroublC$hoot The LogIc 
Ci,cuil (A IOUI2, U22, 
U26 And Asrociated Com. 
pOnent$! . 

I. 
The Switch Drive 

Voltage At Pin I Of 
AIOU9 ApPl'Ox , 

(J V del 

" The Od~ar Input 
VOltage At Pin 7 

OIAIOU9> "Vdc , 
NO 

" The Device Select 
Signal AI Pin 9 Of 

AIOU I 3 > " V 
Plek ·To·Peak , 

NO 

Troubleshoot The Device 
Select C l r~uil (AIOU I 3, 
01 •. U26 And Associated 
CompOnents~ , 

YES 

YES 

ES 

" The Gatl! Bial YES 
Voltage AI AI OTP3 

Approx." V dc , 
NO 

TroubleshOOt The Gate 
Bias Amplilier CirculI 
(A IOU I . 05 And Associ 
ated CompOnents) . 

Troubleshoot The Logic 
Circuit (A I OO I 3 . U22. 
U26 And As~cialed Com· 
ponenn) . 

Check A IOU9 And Associ· 
Hted Componen". 

I. 
The Switch Drive 
VOl!8ge At Pin 13 

OtA I OU5Approx , 
OJ Vdc? 

NO 

" T he Driver ' nput 
Voltage At Pin II 

Of AIOUS > 4 Vdc 
7 

NO 

I. 
The Device Select 
Sign81 AI Pin 9 01 

A IOU16 > .. V 
Peak·To..pe8k , 

NO 

Troubleshoot The Device 
Select Cireui. (A IOU 16. 
UI". U26 And Anoei · 
ated CompOnents) . 

YES 

YES 

YES 

Check Switching FET's 
AlOOIS, 019.034. 035, 
Aeln Al0K6 And Associ 
ated Components. 

I. 
The Gate 8iiu 

VOltage At Al0TP3 
Appro>: . " V de , 

TroubleshOOt The G8te 
8ias Amplifier Circuit 
(A IOU1, as, And Associ· 
ated CompanenuJ. 

Troubleshoot The Logic 
Circuit (Al0U I 6, U22, 
U26 And ASSOciated Com· 
ponents) . 

3 4 55 - 0-5 

Figure 8·H·9. Inguard Troubleshooting Procedure Diagram, 
Auto·CaI Circuitry TEST 7. 

8-95/ 8-% 

YES Check Al0U5 And Associ · 
a led Components. 



With A Displav RClldlng Of 
"6" ITen 6 F,ilureJ, Me,· 
sure The SwitCh Or ive 
Voltage On Pin l A Of 
AI OUA . 

" The Or i\19 YES 
Voltage Approlt. 

(J V dc ? 

NO 

" The Driver 
Input Vol wge AI 
Pin 9 Of AI OUA 

> A V dc? 

NO 

" The ~vice $elect 
Signlll At Pin 9 Of 

A IOUI3> A V 
Peak ·To.f'e,k , 

NO 

Troubleshoot The Device 
Selec. Circuit (A IOU I 3, 
U14 . U26 And Associ . 
ated CompanenuL 

3455-D · 7 

YES 

YES 

Check A 10UA And Associ· 
at l'd CompOnents. 

TroubleshOOt The Logic 
CirCUli (A IOU13. U22 . 
U26 And ASSOCiated COm. 
ponents) . 

" The Switch Drive 
Vol.agt: AI Pin 10 01 

AIOU2" Approx . 
(J V dc? 

NO 

" The Oriwr Input 
Vo ltage At Pin II Of 

A IOU24 > 4 Vdc , 
NO 

" The Oevice Selec i 
Signal At Pin 9 Of 

A IOUI2 > A V 
Peak·To·Peak , 

NO 

Troubleshoot The Device 
Setect Clrcuil (A IOU I2, 
U IA, U26 And Associ· 
f ted Companents). 

YES 

YES 

S 

Check A I OU24 And Assoc· 
iated Components. 

TrOUbleshoot The Logic 
Circuit (A IOU I 2, U27, 
U26 And Associated COm. 
ponents!. 

" The Switch Drive 
Vollage At Pin 14 

Of AI OU6 AP\>folt, 
(J V dc? 

NO 

" The Driver InpUI 
VollalJll At Pin 9 01 

AIOU6 > 4 Vdc , 
NO 

" 

YES 

The Device Select 
Signal AI Pin 9 Of 

AIOUI6 > 4V 
Peak ,to ·Peak 

YES 

? 

NO 

Troubtcshoo. The Device 
Selec t Circuit (A IOU I 6. 
U1 4 , U26 And Au.oci,lI ed 
Com pone!lfsJ , 

" The Vo ltage 
At A lOT PI 

Approlt . <J V dc 

YES 

TrOUbleshoot The An en'" 
ator Circuil (A I OU IS , 
031. 035. 038 . 039 And 
Assocoated COmponents) . 

Troub leshoo. The Logic 
Circui. iA IOU I 6. U22 , 
U26 And Associa ted COm. 
ponents!. 

Check A I OU(j And Associ· 
ated CornIXlne"l&. 

" The Switch Drill(! 
Vohagl! AI Pin I 01 

A IOU6 Appro>t. 
<J \'dc? 

NO 

" 

YES 

The Driver Inpul 
Voltage At Pin 7 Of 

Al0U6 > 4V rlc 

YES 

NO 

" The Device Select 
Signal At Pon 9 01 

AIOUT6 > 4 V 
Peak·To .f'ellk 

? 

NO 

Troubleshoot The Device 
Select Circuit IAIOU16, 
UI4, U26 And ASSQcia. ed 
Compon!:!nts) 

S 

" The G8te Bias 
Voltage At A I OTP3 

ArlOrox.OVdc , 

Tro"bleshoot The Gate 
B'I$ Amplifier Circuil 
(A IOUI. as Arid Assoc;· 
"ed Componenu). 

TrOUbleshoot The Logic 
Circui, (A I OUI 6, U27 . 
U26 And Associated Com . 
ponents). 

YES Check AIOU6 A"d Associ· 
ated Comporte"". 

" The Switch Drive 
Voilige At Pin 1301 

A IOUS Appro,c. 
G V dc , 

" The Driver In put 
Voltage At Pin I I 

OIAI OU5> 4V dc , 
NO 

" The De\ice Selec. 
Signal At Pin 9 0 1 

AIOUI6 > 4 V 
Peak ·To ·Peak , 

NO 

Tro ubleihoot The Device 
Select Circuil (AIOUI6. 
U14. U26 And Associ· 
aled Components). 

Figure 8·H·to. Inguard Troubleshooting Procedure Diagram, 
AUlO·Cal Circuilr}' TEST 6. 

8-91/8-98 

YES 

YES 

YES 

Check Swilching FErs 
AIQQ16. 019 . 034 .039, 
Relav A I OK6 And AsSQc, ' 
ated Components. 

" The Gate Bias 
Vo ltage AI AIOTP3 
AplJro~ . 0 V dc 

YES 

Trouble:;hoo. The Gate 
Sias Ampli fier Circuli 
(A I OUI. 05. And A~soci · 
ated Components) . 

Troubleihoot The Logic 
Circuit (AIOU16, U22, 
U26 And Associatted Com. 
ponenUI. 

Check AIOUS And Auoci . 
I ted COn 'IJOnCnts ; 



SUit t 

With A Display Reading 
01 "5" {Test 5 Failure!, 
Meillure The Switch Drive 
Voltage On Pin 13 Of 
AIOU4 . 

YES 
Vollage ApProli . 

-+9 .5Vdc , 
NO 

" The Dr iver 
Inpu t Vollage At 
Pin 10 O f AIOU4 

Appro • . O Vdc , 
NO 

Troubleshoot The Device 
Select Circ uit (A 10U 13, 
U14, U26 And Auoci· 
ated Componen ts). 

S 

YES 

Check A 10U4 And Associ · 
~ t ed ComllOnenu. 

Troubleshoot The Logic 
Circuit (A l0 UI 3, U22, 
U26 And A$soci~ted Com· 
ponen ts) . 

" The Switch Drive 
Volt.ge At Pin 10 Of 

A I0U24 APPl'OIl , 
iJ V dc? 

NO 

" The Driver ' nnut 

YES 

Voltage At Pin I I YES 
01 AIOU24 > 4 V d e , 

NO 

" The Device Selec! 
Signill AI Pin 9 01 

A l 0U 12 > 4V 
Peak·To ·Peak 

YES 

, 
NO 

TroubleshOOt The Device 
Stlect Circuit (AIOUI2, 
U14 , U26 And Auociated 
Componann) . 

Chllck A lOU24 And Asso· 
elated Components. 

Troubleshoot The Logic 
Cucuit (A10U 12, U22, 
U26 And Associated Com· 
ponents) , 

" The Switch Drive 
VOlta9l' At Pin I Of 

A 10U9 Appro • . 
· 1 Vdc? 

NO 

I, 
The Driver Input 

VoIIOg' At Pin 7 Of 
AIOU9 > 4 Voc , 

NO 

" The Device SeleG'! 

YES 

YE 

SIgnal At fi n 9 Of 
Al 0U13 > 4V 
Peak ·To ·Pe,k 

YES 

1 

NO 

TroubleshOo! The Device 
Select Circuit (A IOUIJ, 
U14 , U26 And ASlociatcd 
Componem s), 

" The Ga te Bias 
Vol tage At A IOTP3 

Approll .· 1 V dc , 
uY,,"'-t~ Check A 10U9 And Associ -
r eled Compo.1enu. 

Troubleshoot The Gale 
Bias Ampl ifier Circui t 
(AIOUt, 05 And Associ · 
i1ted Componenu) , 

Troubleshoot The Logic 
Circuit (A l 0U 13, U22 , 
U26 And Associ;ued Com. 
POnents). 

" The Switch Drive 
Voltage At f in 14 

Of A 10U5 Appro .. . 
·1 V dc , 

NO 

" The Driver Input 
Vol tage AI Pi n 9 01 
Al0U5>4Vdc 

NO 

I, 
The Device StIeG'! 
Signal At Pin 9 Of 

AIOUI6> 4 V 
Peak·To·Peak , 

NO 

Troubleshoot The Device 
Select Circuit (A 1 OU16, 
U14, U26 And Associ · 
IIled Components). 

Figure 8-H-l l. Inguard Troubleshooting Procedure Diagram, 
AUlo-Cal Circuitry TEST S. 

8·99/ 8·100 

YES 

YES 

YES 

Check Switching FErs 
Al0015, 02 1, 033, 035, 
Aelay AIOK6 And Associ · 
ated Components. 

" The Gatll Biu 
VOltage At A I OTP3 

Appro •. - I V dc , 
NO 

TroubleshOO t The Gille 
Bin Amplifier Circuit 
(AtOUI, as And Associ · 
ated CompOnents). 

Troublll$hoo t The Logic 
Circuil (Al0U1 6, U22, 
U26 And Associated Com
ponenul. 

YES Check A 10 U5 An.d Associ· 
ated Component ,;. 



With A Displav Reading 01 
"4" (Test 4 Failure), Mea· 
sure The Swi tch Drive 
Voha!ll! On Pin 14 01 
Al0U4 . 

" The Drive 
Voltage Approx . 

G V dc? 

NO 

I, 
The Driver 

Input Voltage At 
Pin90fAl0U4 

> 4 V dc? 

" The Device select 
Signal At Pin 9 Df 

AIOUI3>4V 
Pcak·To·Paak 

7 

NO 

Trouble~hOOt The Device 
Salect Circuit (Al0U13. 
U14. U26 And Associated 
Components). 

3455- D-8 

YES 

YES 

YES 

Check A IOU4 And Associ · 
ated Compouents. 

TroubJes hUOt The Logic 
Circuit (AIOU I J. U22. 
U26 And AssoCiated Com· 
ponenuJ. 

" The Swi tch Drive 
Vol!age At Pin 1001 

Al0U24 ApprOH. 
(I Vdc1 

NO 

" 

YES 

The Driver Inpu t 
Voltage At Pin II Of 

A l 0U24 >4 Vd<;; 

YES 

7 

NO 

" The [}e ... ice SeleCI 
Signal At Pin 901 

A 10U12 > 4 V 
Peak·To·Peak 

YES 

7 

NO 

Troubleshoot The Device 
Select Circuit (AIOU I 2, 
UI4 , U26 And Associ· 
ated Components). 

Check Al0U24 And Assoc· 
iated Com,)()fl(jnlS. 

Troubleshoot The Logic 
Circu,l (AIOU12, U22, 
U26 And Assoc iated Com · 
ponents) , 

" The Swi tch Drive 
Voltaga At Pin 1 01 

AIOU9 Approx. 
(J V dc~ 

NO 

I, 
The Driver Input 
Ver lage At Pin 7 

OfAl0U9>4Vd<;; 
7 

NO 

I, 
Tho! ~vice Select 
Signal At Pin 9 Of 

Al0UIJ > 4 V 
Peak-To·Peak 

? 

Trouble~hoot The Device 
Seletl Circuit (A IQU I 3, 
U14 . U26 And Associ· 

YES 

YES 

YES 

" The Gate Bias YES 
Voltage AI A IOTP3 

API)(O~.(J Vue 
7 

NO 

Troubleshoot The 
Bias Amplifier 
(A IOUI, 05 And 
i ted ComPOllenlS 1. 

GaIC 
Cir<;;uit 
Associ · 

Troubleshoot The Logit 
Circuit (A l0U13, un, 
U26 And Associated Com. 
pOnents). 

Che<;;k AIOU9 And Assoc, 
iated Components , 

" The SwitCh Drive 
Voltage At Pin 1401 

Al0US Approx 
(I V de? 

NO 

I, 
The Driver Input 

Voltage At Pin 9 01 
AIOU5>4Vdc 

NO 

" The Device Select 
Signal At Pin 9 Of 

Al0U16 > 4 V 
Peak ·To·Peak 

7 

NO 

Troubleshoot Tha Device 
Select Circu" (A l0U16, 
U14. U26 And Associ · 

aled Components). aled Components). 

Figure 8-H- 12, Inguard Troubleshooting Procedure Diagram, 
Auto-Cal Circuitry TEST 4. 

8·101 / 8·102 

YES 

YES 

ES 

Check SWilChillg FEr's 
AIOalS. 021, 034, 035, 
Relay AIOK6 And Associ · 
ated Cornponefll$, 

" The Gate 6,as 
Voltage At A 10TP3 

APfJrOx . O V de 
? 

NO 

YES 

TroubleshOOt The 
6ias Amplitle. 
~ Al0Ul, as And 
aled Com,)Qne"u' . 

Gate 
Clfeuit 
Associ-

TroubleshOOt The Logic 
Circuit ~AIOUI6, un, 
U26 And Associated Com· 
l)()ne'"S' . 

Check A IOU5 And Associ· 
ated ComponentS. 



Start 

With A Displav Reading Of 
"3" (Ten 3 Failure) Mea· 
su re The Switch Drive 
Volta~ On Pin 13 Of 
AIOUB. 

NO 

" 
Input Volta~ At 
Pin 11 Of AlGUB 

> 4 Vdc] 

NO 

I, 
The Device select 
Sginal At Pin 9 Of 

Al0U 12 > 4 V 

YES 

Tro ubleshoot The Device 
Select Circuit (A I OUI 2, 
U14 . U26 And Associa ted 
Components) . 

34 SS-D- a 

I, 
The Gate Bias 

Vol tage At AI OTPJ 
ApprOll. (,I V dc 

YES 

1 

NO 

Troubleshoot The Ga te 
Bias Amplifier Circuit 
AI OU I, as And Associ 
ated COmponents). 

TroUbleshoot The logic 
Circuit (Al 0U12, U22, 
U26 And Associa ted Com· 
ponents). 

Check A10UB And Associ
ated Compone nts. 

I, 
T he Switch Dr ive 
Volta~ At Pin I Of 

AlOU4 Approx. 
(,I V dc? 

o 

I, 
The Driver Input 
VOl tage At Pin 7 

Of AlOU4 > 4 Vdc 
1 

NO 

I, 
The Device Select 
Signa' At Pin 9 01 

AIOUIJ > 4 V 
Peak-To·Peak 

1 

NO 

YES 

T roubleshoot The Device 
Select Circuit (A I OUIJ. 
UI 4 , U26 And AssOCiated 
Components) . 

" The Gale Bias 
Voltage At AlOTP3 

Approx . (,I V dc 

YES 

1 

Troubleshoot The Gale 
Bial Amplifier Circuit 
(AIOUI , 05 And Associ
.lOt ed Components). 

Troubleshoot The Logic 
Circuit (Al0U1 J, U22, 
U26 And Associated Com· 
POnents). 

Check AIOU4 And Associ· 
ated Components. 

I, 
The Switch Driva 

Vol tage At Pin 2 Of 
AIOUS Approll . 

YES 

(,I V'dc? 

NO 

I, 
The Driver Input 

Voltage At Pin 5 Of 
AI OUS >4 V dc 

1 

NO 

" The Device Select 
Signal At Pin 9 Of 

Al0Ul6 > 4 V 
Peak-To-Peak 

1 

Troubleshoot The Device 
Select Circuit (A IOUI6. 
U1 4, U26 And Associ· 
ated Components). 

" The Gate Bias 
YES Voltage At Al OTPJ 

Approx. a V dc 
1 

NO 

TrOUbleshoot The Gate 
61as Amplifier Circuli 
(AIO UI, aS And Associ
ated Components). 

Troubleshoot The Logic 
CirCtJil (A IOU16, U22 , 
U26 And Associated Com· 
ponents). 

Check A I OUS And Aswci· 
ated Components. 

" The Switch Drive 
Voltage At Pin 2 Of 

AIOU6 Approx. 
a Vdt? 

" The Driver Input 
Voltage ;&. t Pin 5 

Of AIOU6>4Vdc 
1 

NO 

" The Device Select 
Signal At Pin 9 Of 

AIOUI6 > 4V 
Peak·To -Peak 

1 

Troubleshoot The Device 
select Circuit (A I OUI6, 
U14 , U26 And Associa ted 
Components). 

Figure g-H-13. Inguard Troubleshooting Procedure Diagram, 
Auto-Cal Circuitry TEST 3. 

8-103/ 8-104 

YES 
Check 
AI002 . 

Switching FET's 
018. 027, 028, 

038 And Associated Com_ 
ponents. 

I, 
The Voltage 
At AlOTP6 

Approll. a V dc 
1 

YES 

NO 

Troubleshoot The Feed· 
back Amplifier (A IOUJ. 
09, a ll , 025, 026 And 
Associated Components), 

TrOUbleshoot The Logic 
Circuit (A IOUI 6, U22. 
U26 And Associated Com· 
ponents). 

Check A IOU6 And Associ· 
ated Compcinents. 



Start 

With A Dllplav R~dinll Of 
"2" (Tell 2 Failure' Mea· 
lure Thl Swlleh Drive 
Voluge On Pin 13 Of 
A IOUS. 

Voltage Approx. 
(I V de1 

NO 

" The Driver 
Input Voltage At 
Pin II OfA l 0 UB 

> 4Vde7 

NO 

" 

YES 

Troubleshoot The Device 
SeleC'! Circuli IA I OUI2. 
U14, U26 And Associated 
Components'. 

3455-8-9 

,. 
The Gale Bias YES 

Vollage At Al OTP3 
Approx. (I V de 

1 

NO 

Troubleshoot The 
81as Amplifier 
(AIOU I , as And 
ated Components' . 

Glte 
Cireuil 
Assoei· 

TrOUbleshoot The Logic 
Circuit (AIOU I2 , U22, 
U26 And Associ.ted Com. 
ponents). 

C',eelC A IOUS And Anoel· 
ated CompOn'nts. 

,. 
The Switch Drive 

Voltage At Pin 14 Of 
AIOUS Approx. 

YES Check Switchlrlil FEn 
~~.tf A1002, 021 And AsllOd· 

.ted Components. 

(I V de? 

NO 

,. 
The Driver Input 

Voltegll At Pin 9 Of 
AIOU5> 4V de 

1 

NO 

" The Device Select 
Sign.1 AI Pin 9 Of 

AIOUI6>4V 
Peak.To·Peak 

1 

NO 

Troubleshoot The Device 
Select Circuit fA IOUI6, 
UI4, U26 And Associ· 
ated CompOnents!. 

" The Gall Blu 
Voltage At A I OTP3 

Approx. (I V de 
1 

t:Y~E"S~~ Check AlOU5 And Associ· 
ated Components. 

TroubleshOOt The Gall 
Bias AmpUller Circuit 
(AIOUI, a5 And Anocl· 
lied Components). 

Troubleshoot The Logic 
Circuit fAl0U16, U22, 
U26 And Auoclltld Com. 
POnents!. 

Figure 8-H- 14. Inguard Troubleshooting Procedure Diagram. 
Auto-Cal Circuitry TEST 2. 

8-10518-106 



Stan 

With A Dilip l<JV Reading 
Of "I" (Te$t I Fa ilu re ) 
Me<J$ure The Switch Drive 
Voltage On Pin 1 Of 
A10U4 . 

I. 
The Drive 

Vo ltage Approx . 
o V d c? 

NO 

I. 
The Driw, In put 
Vol tage At Pin 7 

OfAIOU4 > 4Vdc 
1 

NO 

" The Device Selec t 
Signa l At Pin 9 Of 

AIOUI3 > 4 V 
Peak ·To ·Peak 

Tro ublesh OO t The Device 
Select Ci rc uit IAIOUI3. 
U14. U26 And Associ<JtCd 
Compor1Cnt~) . 

34 55- 0-10 

YES 

YES 

" The Vol tagt 
At AIOTPI 

Approx.0 V de 
1 

Troubleshoot The Atten u· 
alo r Circuil IAIOUIB. 
037 ,035 , 038 , 039,040 

'"" Associ,lIed Com. 
pone nts ). 

YES 

Troubleshoot The Logic 
Ci rcu it (AlOUD, U22. 
U26 And Assoc iated Com · 
ponents ), 

Ched AlOU4 AJld Assoc i. 
ated Components. 

" The Switch D,ive 
Voltage At Pin I Of 

AIOU6 Approx. 
o V dc? 

NO 

I. 
The Driver In pu t 

Voltage At Pin 7 01 
AlOU6 > 4 V de 

? 

NO 

I. 
The Device Select 
Signal At Pin 9 01 

AIOUI6 > 4V 
Pea k·To·Peak 

1 

NO 

TrOUbleshoot The Device 
Select Ci rcuit IAIOUI6. 
UI4, U26 And Associated 
Components I. 

YES 

YES 

" The Gate Bias 
Voltage At A I OTP3 

Appro:or..1;1 V dc 
1 

U
,/O ubleShOOt The Gate 

" ( ' Amplifier Circuit 
(} IOU I , 05 And Associ· 
at d Componentsl. 

T 'oubleshoOt The Logic 
Crcuit (A IOUI6, U22. 
V 26 And A5sociated Com. 
p jnenl5l. 

YES Check A I OU6 And Associ
ated Components. 

" The Switch Drive 
Voltage At Pin 2 01 

A lOUB Approx. 
I) V dc? 

" 

YES 

The Driver Input 
Voltage At Pin 4 

OfA I OUBApprox. 

YES 

1;1 V de? 

" The Device Select 
Signal At Pin 901 

AIOU21 > 4 V 
Peak-To-Peak 

? 

NO 

YES 

TrOubleshoot The Device 
Select Circuit (AIOU21. 
UI 4 , U26 And A$soei
ated Components). 

Check A10U8 And Anoci· 
ated Components, 

Troubleshoot The Logic 
Ci rcuit IA , OU2 1, U22 . 
U26 And Associated Com· 
POnents). 

" The Switch Driw YES 
Voltage AI Pin 14 Of 

AIOUS APPJOx. 
I) V de? 

NO 

" The Driver Input 
Voltage At Pin 9 Of 

AIOU5>4Vdc 
? 

NO 

" Tne Device Select 
Signal At Pin 9 Of 

AI OUI6 > 4V 
Peak.To·Peak 

NO 

Troubleshoot The Device 
Select Circuit lA'OUI2, 
UI4, U26 And A$soclated 
Components). 

YES 

Check Switching FEr's 
AI0016, 021, 036, alB 
And Associated Com· 
ponents. 

" The Gate Bias YES 
Voltage At A IOTP3 

Approx. (J V de 

NO 

TroubleshOOt The Gate 
Bias Amplifier Circuil 
(A IOUI . as And Aswci · 
ated Components). 

TroubleshoOI The Logic 
Circuit (A IOUI6, U22, 
U26 And Aswcialed Com. 
ponents ' . 

Figure 8-H-IS . Inguard Troubleshooting Procedure Diagram, 
Auto-Cal Circuitry TEST I. 

8·10718·108 

Cheek A I OUS And Associ
ated Components. 



With A Display Reading O f 
.. ~ .. (Test 0 Failure) , Mea· 
sure The Switch Drive 
Voltage On Pin 14 Of 
A1OU9. 

Troubleshoot The Device 
Select Circuit (A 1 OUI 3, 
U14 , U26 And Associated 
Components) . 

3455-D-IO 

YES 

YES Check Al DUg And Associ· 
ated Components . 

Troubleshoot The Refer
ence Supply (A 11 A ssem· 
bl y Al 0 U7 and Associ
ated Components). 

Troub:eshoo t The Logic 
Circuit (Al0U13, U22, 
U26 And Associated Com· 
ponents). 

Troubleshoot The Device 
Select Circuit (A 1 OU13, 
U14 , U26 And Associated 
Components). 

YES 

YES 

Troub leshoot The Attenu· 
alr Circuit (Al0U18 , 
035,037,03B,039,040 
And Associated Com· 
ponents). 

Troubl eshoo t The Logic 
Circuit (Al0U13, U22, 
U26 And Associated Com· 
ponents) . 

Check A1OU4 And Associ· 
ated.Co mponents. 

Tr oubleshoot The Device 
Select Circuit (A 10U16, 
U14, U26 And Associ· 
ated Components) . 

",Y;,;E ... S __ Check Al0U6 And Associ· 
ated Components. 

Troubleshoot The Gate 
Bias Amplifier Circuit 
(Al0Ul, 05 And Associ· 
ated Components). 

Check Switching F Ers 
Al0016, 021,029 , 031, 
032, 03B And Associ· 
ated Components . 

Troubleshoot The Gate 
Bias Amplifier Circuit 
(A 1 OU1, 05 And Associ
ated Componentsl. 

Troubleshoot The Logic 
Troubleshoot The Logic 
Circuit (Al0UI6, U22, 
U26 And Associated Com· 
ponents) . 

~;.;...-! Circuit (Al0U16, U22 , 
U26 And Associated Com· 
ponents). 

Troubleshoot The Device 
Select Circuit (A 10U16, 
U14, U26 And Associ· 
ated Componentsl. 

Figure 8-H-16. Inguard Troubleshooting Procedure Diagram, 
Auto-Cal Circuitry TEST 0. 
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Check Al OU5 And Associ · 
ated Components. 



Volt/Oiv. 

," 

Time/ o i .... 
5 ms.ec: 

,. 

( Start J 
! 

Turn Tne 'nltrument OFF . 
Disconnect The Test 
J umper Located Bel ..... ~'Iln 
AlQU27 And U28 . USII A 
Clip Lead To Connect 
A10TP9 To Inguard 
Ground. Be Cerlain ThaI 
The Test J umper On The 
A3 Auembly Is Oi$COn
nllCtOO And The Plug Is 
Disconnel:ted From A1J1 . 
The F,on! Panel GUARD 
Switch Should Be " I,, " 
ConrleClin!! GUARD ."d 
IN PUT Low . Connect The 
Oscilloscope To A14TP I . 
Turn Instrument ON . 
Using A Clip Lead. 
momentarily Short 
AIOTPtO To Inguard 
Ground. Apply . 10 V de 
To The 345SA INPUT. 

" Wave/arm 1 
Present At 
A14TPl 

? 

YES 

NO 

T he Majority or The Inguald Logic And 
The AID Convener Is Worlelng. The 
Following Procedure Tests The Inguard l 
OUlguard Trans fer Circull.v . 

Turn The Instrument OFF 
And Reconne~t T he Plug 
To A1J1 . Remove ThO} Clip 
Lead From Al0TP9 . Con . 
nect The Oscilloscope To 
Al 0TP9 . Turn Innrt.,,"ent 
ON. 

A 
ApproK;mately 4 msec I~N::O"--.I 

In Duration And r 
> 4 V P·To·P, present 

? 

YES 

Is The 
In REO High 

Or Toggling At 
U26 Pin 29 

? 

YES 

A 

Connect T he Scope To 
A3TPI . 

" A Posil;ve Pulse, 
ApproK;mately 12 msec 

In Durat ion And 
> 4 V P·To-P, Pre-senl 

? 

YES 

TroubleshOOI FtJ Transfer 
Cir culi (AIOO, AlOU35. 
A IOU27 . A t OU28 And 
AnoclaleO ComponenuJ. 

Troubleshoot U26 Tum · 
)IN:O'"--fI On CircuitfA I OU24 , 19, ~ 

9 ' . 

NOTE 

"{hl"1! 5ig"(j/~ A,. .. Oiffiwll 1v Oburv<I < 
0 " An Oscillvswpe. An 41/tfllUh: 
M er/,od Tv Determine /I rhe S,gnuls Ar<l 
I'(e.enl Wv u/(l Be 7"u Us.. A Logic 
Probe, Such /l J Th e ./lp. Mvd.:! 10525 7". 

NO Go To Outu!lil rd Trouol.· 
shoolUlg Section . 

Connect The Osclllo$COpe 
To A IOU26 Pin 36, 

~ 
ApproKimately 1.3 mleC "N~O"-+I 

In Duration And r 

~~'7 
-rES 

Connect The O~cilloscope 

To A 10U27 , Pin 5. 

" A Positive Pulse, 

Conn~ T he ScofJ/! To 
A3TP2 . 

" A Nllllltive Pul "" 
ApprOKllTlIIteLy 1 .3 msec NO 

In Oure,IOn And 

~T~'P? 

r ES 
TrOUbleshoot The f l 
Transfer Circuit fA 108, 
Al0UJ5 And Associated 
Componenlil . 

ApprOKlmately 2 j.l5eC 
In OuratiOn And 

> 4 V P·To·P 
Present 

LN"O,,-~J~ ConneCI The Scope To 
r '1 A1U33. Pin9 . 

--- ? 

YES 

Go To Outguard Trouble· 
shooting Section . 

k 
- ------.... 1 ApproKlmately..5 ~sec ,N::::O~~ Go To OUlguard 

~ In Duration And r shoollng Section . ---- Trouble· 

3455-0-12 

~~.~ L. ____ ~ ____________ J 

f_~~ 
TroubleshOOt The Transfer 
Intef,upt CirCUli (A 107, 
A IOT2 , AIOU32 , A IOU27 , 
A10U28 And Associated 
Componenlil. 

Connect The Oscilloscope 
To A3TP4 . 

~ 
APIKOKimately 15 msec "N~0i!..~ Connect The Scope To 

III Duretlon And I" A IOU26. Pin 34. 

~T~'P? 

r ES 
Reconn~ct The T~st 

Jumper Located Belwoon 
A IOU27 And U28. Con · 
nect The Oscilloscope To 
A3TP3. 

" A Positive Pulse. NO 
> 4 V P-To·P. 

~6,"/ 

r ES 
Go To Outguard Trouble · 
shoo ting Section. F igure 
8·63. 

" A Negative Pull;e, 
ApproK;mately 15 msec I'N~Oi!..~_~1 Check Inguard Processor 

In Dura tion And r 1 AI OU26 And Al 0042. 

~'T~'P7 

fEs 
Troubleshoot The F3 
Transler Circuit (A 10042, 
Al 0UJ4 . A3U9. And 
Associated Componenill. 

Connect The Scope To 
A l 0 U26, Pin 35 , 

AN~~ 
ApproKlmately 50 ,",sec NO 

In Duration And 

~T~'P7 

r ES 
Troubleshoot The F2 
Transfer Circuit (AI0Q43. 
Al0U34. A3U9 And 
Anociatoo Componen t$. 

Check tnguard Processor, 
A l0U26 And A 10043. 

Figure S-H-l1 . Inguard Troubleshooting Procedure Diagram, 
Inguard/ Outguard Transfer Circuitry. 
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A 
Measure The 

Inguard Power 
Supplies 16 Labeled 
Test Points On The 

A10 Assembly) . 
Are The Voltages 

NO ,-----------, 

Within ± 5% Of The 
Marked Values 

Also Measure ± 10 V 
Reference Supplies. 

1 

Troubleshoot The Inguard 
Power Suppl~. 

YES 

Measure 

Replece Al0R l 05 With 
The Proper Value. 

The 818$ 
Voilige On Pin 38 

Of Al0U26. Is 
This Voltage Within 
.t .25 Volts Of The 

Value Marked 
On U26 

1 

YES 

NO 

h 
A l 0R l 05 The 

Proper Value For 
The Voltage Marked 

On Al0U26? 

· 2.0V-7B7kn 
-2.5V-S.04kn 
-3.0V " 4 .75kfl 
• 3 .5 V .. 3.92 kG 
. 4D V " 3.32 kn 
-4.5V "' 2BOkn 
-S.oV - 2.37kn 

YES 

Turn Instrument OFF And 
Carefully Rem01/8 
A l 0U26. Turn Instrument 
ON . 

h 

NO 

• Bies Voltege 
On Pin 38 Of The 
ICSocket Within 
:I: ,3 volu Of The 

Value Marked On 

U26 May Hav, Ailed And 

Aeplac!td 

U261 

3455-8- 13 

Conn~ The OscillOSCOpe 
To Al0U26,Pln 27. 

h 
The Clock 

Signe1 (Waveform 2) 
Pr~ent? 

YES 

I. 
The Interrupt 

Signal At Pin 29 
Of A 1 OU26 Held 
High Of Toggling 

1 

YES 

A" 
The Data Sigrlllis 

On Pins 18 Through 
250fA l 0U26> 4 
VOlts Peek-To.peek 

1 

YES 

NO TrOUbleshoot Clock Cir
cuit (A10U21. A10U23, 
A 1 0U28 And Associated 
Compont1ltsl _ 

NO 

TrOUbleshoot Th, Int.r
rupt CirculI (A10U9. 19 , 
21. 24, 27 28, 32 And 
Anoci,ted Componenu). 

T rOUbleshoot The 1/0 Cir
cuit (Al0U ll , 12,13,15. 
16. 17,22,25,26,27 And 
Associated Compon.nn). 

Waveform 2 

B 
Volts/Div 

1.0 

Figure 8·H· 18. 

ov 

T imll!Oiv 
.5/o1sec 

Inguard Troubleshooting Procedure Diagram. 
Power Supply and Controller Circuitry. 
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B 

Turn The Instrument OFF. 
RI/connect The Plug To 
Al J7. Be Certain ThaI The 
Test Jumper On The A3 
Assembly 15 Disconnected. 
lurn The Inurument ON . 

" The Device Select 
Signal Preserlt At 
Pin 9 Of A IOUI 57 Troubleshoot The Device 
(This Signal Is A "N~O'--tI Select CirculI (Al0U14. 

Negative.(lolng Pulse r U26 And Associated Com-
Approximatelv 1 J'l;ec POnlmtsl. 

In Duration And L-'-_-' _______ J 
> 4 VollS Peak -To-

Peak.! 

Ac. 
The Signals At 

Pins2,10, And12 
Of Al0U15 > 3 .5 
Volts Peak -To-Peak , 

" The AID Input 
Voltage AI A1QTP4 

. 10Vdc? 

YES 

NO 

NO 

Troubleshoot The AID 
Switching Circuit 
(Al0U 1S, AI4U l , U2, 01 
Thro ugh 04 And Associ· 
ated Components) . 

TroubleshOOt The DC 
Preamp And Input Switch
ing Circuilry (Schematic 
No. 11 . Be Certain That 
- 10 V dc 15 Applied To 
The 34SSA Input Termj· 
nals. 

~ 15 
The Reference NO The Reference NO 

Voltage At Al0TP7;:'::::;:''''~: Voltage At Al0TPS :>::;:. .... ~ 
-'OVdc7 +10Vdc? 

YES 

Turn The Instrument OFF. 
Disable The Inguard Clock 
By Disconnecting The Test 
Jumper Located Between 
Al0U23 And Al0A79. 
Turn Instrument ON. 

3455-0-12 

TrOUbleshoot The MinU5 
Refer&nce Supply (A ,OU7, 
A 14U2 And ASSOCiated 
Components) . 

Troubleshoot The Refer. 
ence Supplies (All Auem
bl .... A10U7 , A14Ul, U2 
And Associated Compo
nenn). 

The Voltage 
At A 14TPI Greater 

Than+l0Vdc , 
YES 

I. 

NO 

The Voltage At NO 
Pin 14 Of The A14 F~-.j 

Assembly> + 4 V dc , 

Troubleshoot The Inte
grator Circuit (AI4U3, U4. 
as, 04 And A5Socillted 
Componenu). 

TrOUbleshoot The .2 V De
tect And Absolute Value 
Circu its (A14US, U6. 06 
And Associated Compo
nents). 

Is TrOUbleshoot The 10 V 
The VOltage At Detect And Absolute 

Pin IS Of The A14 ~N~O"',.j Value Circuits (AI4US, 
Auembly > + 4 V dc U6, 06 And Assoclated 

? Components). 

YES 

" The Voltage At 
Pin S Of The A14 

Assembly> 4 V de , 

Force The Integrator To 
Auto·Zero By Connecting 
A Clip Lead Between T he 
Cathode Of A14CR8 And 
Inguard Ground . 

" 

N 

The Voltage At 0 
14TPI (I V dc J. .2 V dc , 

Remove The Clip Lead 
From A14CR8 And 
Inguard Ground And Con. 
nect It Across AI4C2. 

TrOubleshoot The Q Detect 
Circuit (A 14U6 And 
Assoclated Componenu). 

Troubleshoot The Inte
grator Circuit (AI4U3. U4, 
Q4. as And Assoclated 
Components) . 

" The Voltage At 
Pin 14 Of The A14 
A$Sembly (I Volts 

TroubleshOOt The .2 V 
NO Detect And Absolute 
I!!~,.j Value Circuits (A I4U5. 

t .3 Volts dc? 

YES 

U6, 06 And Associated 
Components) . 

" The Voltage At 
Pin 15 Of The A14 
Assembly Q Volts 

-t .3 V dc7 

YES 

" 

NO 

Troubleshoot The 10 V 
Detect And 
Value Circuits 
U6, 06 Aod 
Components). 

Absolute 
(A14U5. 

Associated 

The Voltage At TrOubleshoot The (I Detect 
Pin S Of The A14 ~N~O~,.j Circuit (A14U6 And 
Assembly 0 Volts Associated Components). 

:t .3 V dc? 

Remove The Clip Lead 
From AI4C2. 

If , At This Point. The Problem Has Not 
Been Isolated To A Circuit. Recheck. The 
Symptoms To Be Cenain The Problem 
15 In The Inguard Section Of The Instru
ment. Refer To The Theory Of Opera
tion And Schematics To Locate Prob-

10m. No' co:]' T~" "0'00"" . 

Figure 8-H-19. lnguard Troubleshooting Procedure Diagram, 
A-to-D Convertor Circuitry_ 
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Model 34SSA SERVICE GROUP H Section VIII 

8·H·8. OUTGUARD TROU8lESHOOTIIG. 

8-H-7. This section contains information and procedures to aid in troubleshooting the digital 
(outguard) portion of the 34SSA. 

8-H-8. A Signature Analyzer (-hp- Model SOO4A) is required to perform the Outguard 
Troubleshooting procedures. If one is not available, it is suggested that the 34SSA be returned to an 
-hp- Sales and Service Office for repair. 

8-11 7/8- 11 8 



NOTE 1 

The Siqno/IJre Analyzer 
Should Be Set As "-oflows 
TeSI. 

Comrols 
For This 

UNE . 
START. 
STOP .• 
CI.OCK. 
IIOLD 
SU"-TEST. 

.0N(fN) 
'- (IN) 

· . J (OUT) 
. J (OUT) 

· .Of·F (OUT) 
· .OFF(OUT) 

r 
y 
I 
I 

Star t 

Tum The I ... strument OFF . 
Disco ...... ect The Test 
Jumper 0 ... The A3 A$sem· 
bly . Disco ...... ect The Plug 
From A1J7 . Set All HP·IB 
Address Switches To The 
""0" position (down), Turn 
The I",strume ... t ON . 

Prope r Operat io ... 01 The Outguard Test 
Rout i ... e Is Indica ted By A Number Or 
CharaCter Being Strobed Across The 
Display And The Front Pa ... el Enunci· 
ators Bei ... g Alternately Lit. 

Does The 
I ... nrume ... t 
Enter The 

Outguard Tes t 
RoutIne? 

YES 

NO Go To The Main Controller 
~'--.I Troubleshooting Proce· 

dure. 

Connect The Signature 
Analyzer As Follows: 
1. START input to 

A3TPI. 
2. STOP Input T o A3TP1 . 
3. CLOCK Inpu t To 

A3TP5. 
4. GND Input To Chassis 

(See NOT E 1 For Signa· 
ture Analyzer Control 
Settings,) 

Use The Signature Analy· 
zer To Chock T he Signa· 
tures At The Following 
Points: 

Signatu re 

NOTE: Or Check The 1- 5 V 
Signature For 4F53 (An 
Al ternative Quick·Check) 

Location 
A1U34 
Pin 2 
Pin 5 
Pin 9 

184P 
7FPH 
AFOP 
UHUC 

I 

Pin 12 
A1U42 
Pin 2 
Pin 5 
Ping 
Pin 12 

P6PH 
P96' 
PH 16 
BCPA 

A" 
These Signatures NO 

Correct , 

The RAM Circuitry Is Working Correctly. 

Connoct The Signature 
Analyzer, START And 
STOP Inputs To A3TP2 
And Check The Following 
Signatures: 

Go To The Main Controller 
T roubleshooting 
dure. 

-, .. 
I 
I 

Prote· 

NOTE : Or Check The + 5 V 
Signature For CH29 . (An 
Alternative Quick· Checkl 

Location 
A1U34 
Pin 2 
Pin 5 
Ping 
Pin 12 
A1U42 
pin 2 
Pin 5 
Ping 
Pin 12 

Signature 

6A09 
5042 
U330 
9954 

PP05 
AH54 
530U 
2A69 

I 
.J 

A" 
These 

Signatures 
Correct? 

,N""O ... ~ Go To The A LU TrOuble· 
, shoot in" Procedure. 

YES 

The ALU Ci rcuitry I, Working Correct ly. 

Go To The Device Select 
Troubleshoot ing Pro· 
cedure. 

L... _____ ._ -+ 3455-8-17 

Figure 8-H-20. Preliminary OUlguard Troubleshooting Procedure Diagram. 
8-119/ 8-120 



NOTe 1 

nl<' Sh,lIulllf<' lI11ul) ' ,1'( CulJln-ls 
Should 8r S~I 11$ I ()II()"~ I ur on,;) 
Tt$l: 

1. 1/\ l. . 
SIII~r .. 
STOI' .. . 
avo .. . 
1101.11 •• 
Stu- ,.I-Sl . . 

.UN (IN) 

. "\.. ( IN) 
.f {DUn 
.f (U U I ) 

.. VII (v u n 

.. UI-I (DUn 

NOTe 2 

TI,.: 1-,,1/"''';''11 IJ A 1 ;,1 0 1 U ''''f'<JI '''''U 
Wllieh , Ire c.:"ml<'O'·,j I" III" PrU(fb (lr 
Input VoJlu /l1I~. 

Vo!t /DI ~. 

1 .0 

A IU~ 

,110 21 
AIV2J 
AI Un 
,11 /13-1 
AIU3.~ 

A lU41 
AIU43 
.. I I ~ 'IO 

OV 

AIUI 
111 U I :; 
A/U16 
A l U I? 
IIIVIS 
AIS/ 

A/U') ') 
A IU60 

WAVEFORM 1 

T"ne/DI~ . 

.5 ",scc 

( S(a( ~ ) 

Be Cenain Thai ' Thtl TC"S t 
Jumper Oil The A3 A~sem . 

bly h DisconneCled, The 
Plu'! Is D.sconrHlCled Flam 
AIJ7 And The HP· IB 
Address Switches Are All 
Sel To The ' "11" positIon. 
Turn The Instrument ON. 

Ch"ck The Fo llowmg P, ns 
On A1J6 fOf The Volt · 
ages L,sted tA3 Aswmbly 
Plugged In) : 

Pin Vollage 

A +5 V !.3 V 
M i9Vl.5V 
L Equal To The 

Voltage Stamped 
On A3U9 t .3 V 

Tro ullleshOOt The Power 
SUl-'phes. II The Vol lage 
A, AIJ6 Pin l Is Inca' · 

Vol ' age ResIstance ~ 
ree t . Be Cer tai n That 
A3 R3 Is The Proper Value 
for The Vo ltage Stamped 
On A3U9 . 

Thi.~!:ges >N~O::"'-4~ 
? 

YES 

" The Clock 
Signa l tWavelorm 

I I Present At 
3TP5~ 

YES 

. NO 

Turn The Instrument Off. 
Warning: Make Sure Thll 
3455A Is Turnlld Off Or 
Incorrec t Signatures May 
Be Presont When The A3 
Boord Is Reconnected. 
Remove The A3 Assem· 
bly And Conn llc t It To An 
Extender Board. Place 
Tape Acc ross P in s B 
Through K (8 Pins) 0 1 The 
Eletender Boil rd ITo 8reak 
The Data Bus Connec· 
tions) And lnsart It In 
Al J 6 . Connect The S ig · 
natu re Ana lyzllr S TART 
And STOP Inputs To 
A3TP3 . Conne ct Thll 
CLOCK Input To A3TP5 
And The GND To The 
Chassis. (See NOTE 1 For 
Signatu re Ana lyzllr Con· 
trol Settings . Turn In · 
struments ON . 

'" V 
4 .64 kn 

. 4 .5V 2.87 kn 

. 4.0 V 1.96 kn 
· 3 .5 V 1.37 kn 
· 3 .0V 1.00 kH 
· 2.5V 115 n 
· 2.0V 511 n 

Troub leshoot The Clock 
CI ' cuII (Schemali c 81. 

US!! T he Signa ' ure Annly· 
~er To Check The Signa· 
tures On The Following 
Pins Of The A3 Assemblv, 

p," SIgnalure , 3A9C 
C H3fH 
0 m, 
E 62PP 
F 1018 
H F757 
J 15fU 
K 97C6 

... 
These Slgr"'lurCI 

COrreCI ? 

YES 

NO 

Connect The SIgnature 
Aoalyzer START And 
STOP Inputs To A3TP2 
And Check The f o llowing 
SigMillures; 

Pi n Slgnll'U,t: , 
C 
D 
E 
F 
H 
J 
K 

8AAf 
693A 
C304 
4F60 
C43U 
4CHH 
6093 
9H95 

A •• 
Thcse Signalures 

Correc t ? 

YE S 

NO 

Con"cct The Sig"alurc 
Analyzer START And 
STOP InpulS To A3TP3 
And Check The following 
Signatures. 

Pm Sigrllllure , PC79 
C AI02 
D lAAU 
E OC52 
F 6UAO 
H H8CH 
J 1P29 
K U478 

~ 

+5 V ; 4 F53 

+5 V : CH29 

Replace The A3 Assembly. 

+5 V : 0 2C2 

", 
These 

Signalu.es 
Correct ? 

NO ,::::.._tj Repl3cc The A3 Assembly . 

YES 

Connect The SIgnature 
Analy1.er START And 
SIOJ) Inpu ' s To A3TP4 
And Check The following 
Signatures; 

Pin Signatu, e , CHe< 
C SCOP 
0 A43P 
E 129C 
F DC03 
H CP65 
J f511 
K 6P03 

... 

+5V : 19fU 

These NO 
Signatur es >""'--'ti Replace The A3 Alist!mbly. 

Cor;ecl L _________ -' 

YES 

Connect The Signature 
Analyzer START And 
STOP InpulS To A3TP3 
And Check The Following 
Signalures: 

Pin Signa ture 
4 U5P6 
? 23F9 
9 2A6f 
10 3A9f 
II 6242 

A" 
Thc$e 

Slgn~ t ur es 

Collect , 
ES 

NO 

Use An Oscilloscope To 
t-.(.easure Ttw! Amplitudc Of 
ThI: Waveforms A, A3TPI. 
TP1. TP3. And TP4 . 

+5 V : 02C2 

~epl ace The A3 AIi$embly. 

A .. 
All Waveforms 

> 4V 
Peak·To-Peak 

? 

NO 
Replace The A3 Assembly. 

YES 

The Mam CorlllOUe, Tei! Roul/ne Is 
Opera ting Pro perty . 

1 
Use An Oscilloscope To 
Measure The AmplilUde Of 
The Signals On The Proces· 
sor Data Bus Lines At The 
Following Points : 

AI U34 P;ns5.9, 12 
A I U42 Pins2,5,9.12 

A .. 
These SIgnals '),:N~O::.. ... ,..._-tI 

> 4 V Peak·To -Pc"k " 
? 

YES 

I, 
The Voltage 
AIPin201 

AIU34 > 4 Vdc 
? 

YES 

NO 

The Processor Input Data Bus Is 
Operaung Proper lv ,~ 

Turn The Instrument OFf. 
Removn The A3 Assemb ly 
From The Ele,ender Board 
And Raplacc It In The 
Instrument. (Be Sure To 
Remove T hc Tape From 
The E~,ender Board.) Turn 
The Instrument ON. 

Go To The RAM Trouble· 
shoollng Procedure . 

3455-c - re 

Refe. To S<:;hematic a To 
Determine Which Data Bus 
Line 101) Through 071 Is 
8elng Held . T'oubll1Shool 
The Companena Which 
Are COnneCle-U To This 
Line . ISee Note 2.1 

I" Most Cases. A High 
ReSOlution Voltmeter 
(1 ",V R~'Sol u l lonJ May Be 
Used To DClIermine The 
Slid Coml>oncn, . If The 
D<I,a line Is Being Held 
Low, The Companent With 
The Lowen Voltage 
Read ing Will Glnenllv Be 
The f au lly Pari. If The 
linc Is Being Held High. 
The Ba-d Pari Will Normal· 
1'0' Have The Hight'S' 
VOI"'IJI! Reading. 

When TrOubleshOOting The 
Pr~sor Data Bus. The 
A3 Assln"'t)ly Should Be 
Removed From The InSlru· 
men!. IBc Surl To Remow 
The Tape From The 
Eletcndm BOl rd .1 

Figure 8· H·21. Outguard Troubleshooting Procedure Diagram, 
Main Controller Circuitry . 
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Th. fo llowing signatures .r. for the outguard RAM ci rcuits. Th. 
If1IneturlS ar. lIIkltn ..... ith the sun/stop Inputs of th. sign.ture 
.n.1Vzer connected 10 AlTPI, 

NOT E 
- - These sIgnatures apply .... hen U44 and U4S art 
remoyed from their sockets. 

- To obtaIn this signature, a 10 K reststor must bt 
connected bet_en the 5 Yolt TP and the probe tlp 
o( the sfgnoturr. analyzer. 

To chr.clt (or proper logIc trocu connections yulfy 
signature o( +5 lest poInt Is 4F53. Thr. slf1tlotures In 

+5 V: 4F53 this sutfon tORr. one or two readings to stabilize. 

Pin Signeture PI" Signature Pin Signature 

U34 1 7622 U37 1 "53 U44 1 9lAF 
2 184' 2 F281 2 U6FF 

3 184P 3 PSPH ' 3A9C' ," 3 OHAH 
4 7622 4 P961 - H3FH', •• 4 4AC4 , 7FPH , SCPA·P2FS · .·· , IUFP 

• 7FPH 6 PHI6·62PP· ••• 6 FFl l 

7 0000 7 4 '53 7 671F 

8 AFOP 8 0000 8 0000 

9 AFOP 9 IPP5 9 AFOP·7078·.· • ,. 7622 ,. 4F53 
,. 184P"97C6· .· • 

11 UHUC 11 93AF 11 UHUC·F757· ... 

12 UHUC 12 USFF 12 7FPH' 15FU' ," 

13 7622 13 OHAH 13 9037 
14 4F53 14 4AC4 14 7622 

15 le3F 15 143A 

U3' 1 3A7 1 16 4F53 16 "53 
2 184P 
3 184P U38 , 1PP' 
4 3A71 8 lPP5 U45 1 93AF , 7FPH 11 F2S1 

, U6FF 
6 7FPH 12 IPP5 3 OHAH 
7 0000 13 9037 4 4AC4 

8 AFOP 
, lUF P 

9 AFOP 
U39 8 HF64 6 FF11 ,. 

3A71 
9 9037 7 671F 

11 UHUC 
8 0000 

12 UHUC 
U42 1 7622 9 PHI6·62PP· ... 

13 3A71 
2 ,"PH ,. SCPA·P2FS· ... 

14 4F53 
3 ,"PH 11 P96I 'H3FH' ," 
4 7622 12 P6PH·3A9C ' •• • 

U36 1 4F53 
, '961 13 9037 

2 F2S1 6 P961 14 7622 
3 AFOP- 707S · .· • 

7 0000 15 143A 
4 UHUC'F757' . " S PH I6 16 4F53 , 7FPH'15FU ' ," 9 PHI6 
6 184P ' 97C6' , ., 10 7622 U46 1 HF54 

7 183F 11 SCPA 2 7622 

8 0000 12 SCPA 3 3A7 1 

9 l PP5 
13 7622 ,. 

183' 
14 4F53 

11 671F U43 1 3A71 
12 FF 11 2 PoPH 
13 IUFP 
14 143A 

3 P6PH 

15 66P. 
4 3A71 , '961 

16 "53 6 '961 
7 0000 

8 PHI 6 
9 PH I6 ,. 3A71 
11 SCPA 
12 SCPA 
13 3A71 
14 4F53 



NOTE 1 

The Sfgnature Anafyzer Controls 
Should Be Set As Foffows For This 
Test; 

LINE .. 
S TART. 
STOP .. 
CLOCK. 
HOLD. 
SELF TEST .. 

NOTE 2 

.. ON (IN) 

. " ( IN) 
f(OUT) 
f(OUT) 

.OFF (OUT) 

.OFF(OUT) 

The Follo wing Is A List Of Components 
Which Are Connected To The Output 
Data Bus. 

Schematic 8 Schematic 9 Schematic 10 

AIU23 
AIU24 
AIU25 
AIU29 
AI U31 
AI U34 
AI U3S 
AIU36 
AIU37 
AIU42 
AIU43 

A1UII 
AI UI8 
AIU19 
AI U20 
AIU26 

A IUSI 
AIUS4 
AIU63 
AlU64 
A1U65 
A1U66 
A IU67 
A1 U68 
AlU69 
AIU70 

SUrt 

Be Certain That The Test 
Jumper On The A3 Auem· 
bly Is Disconnected, Tho 
Plug Is DI$C()nnected From 
A 1J7 And All Hp· IB 
Address Switches Are Set 
To The "0" POsition . Turn 
Instrument ON. 

COnnect The Signature 
Anelyzer START and 
STOP Inputs To A3TP1. 
Conoect The CLOCK 
Input To A3TP5 And The 
GNO To The Chessis. (See 
NOTE 1 For Sigoature 
Analyzer Control Settings.) 

Use The Signature Anal· 
zer To Check The RAM 
Output Sigoatures At The 
Following Poin ts: 

Location Signature 

A1U34 
Pin 2 
Pin 5 
Ping 
Pin 12 
Al 042 
Pin 2 
Pin 5 
Pin 9 
Pin 12 

184P 
7FPH 
AFOP 
UHUC 

P6PH 
P961 
PH16 
8CPA 

Signetures 
Correct? 

YES 

NO 

The RAM Circui ts Are Operetlng Cor· 
rect ly . 

Go To The ALU TroUble · 
shooting Procedure . 

3455-8-20 

Chack The Signatures 
The Following Points: 

LOClil tion Signature 

A1U44 
Pin 9 
Pin 10 
Pin 11 
Pin 12 
Al 045 
Pln9 
Pin ,0 
Pin 11 
Pin 12 

AFOP 
184P 
UHUC 
7FPH 

PH16 
8CPA 
P961 
P6PH 

Signetures 
Correct , 

NO 

A< 

YES 

Turn The In$trument OFF 
And Carefully Remove 
A1044 And 045. Turn 
The Inst rument ON. 

Check Tne Signetures 
The Following Points : 

LOClil tion Signature 
A1U44 
Socket 
Pin 1 
Pin 2 
Pin 3 
Pin 4 
Pin 5 
Pin 6 
Pin 7 
Pin 15 

93AF 
U6FF 
OHAH 
4AC4 
, UFP 
FF' , 
671F 
143A 

A" 
These 

Signatures 
Correct , 

YES 

I. 

A< 

NO 

" The Enable 
Signature At NO 
A 1U43Pin 1 

3A7 1 
? 

Output Buffer Al U35 Or 
A 1U43. 

The Enable 
Signature At 

A1U44 Pin 13 
9037 , 

NO Go To The Device SeleC:1 r:; .... ~ TroubleshOOl ing Proced · 
ure . 

RAM, A 1 U44 Or U45. 

Go To The Devlc:e Select 
Troubleshoot ing Proced · 
ure. 

Turn The Instrument OF F. 
Connect A 10 kO Resistor 
Between The -t5 V Test 
Point On The A 1 Assembly 
And T he Probe Tip Of The 
Signature Analyzer Turo 
The Instrument ON. 

Check The Signatures 
The Fo llowing Poin ts: 

Locat ion Signature 
A 1U44 
Soc:kel 
Pin 9 
Pin 10 
Pin 11 
Pin 12 
A1U45 
Socket 
Pin 9 
Pin 10 
Pin 11 
Pin 12 

7078 
97C6 
F757 
15FU 

62PP 
P2Fa 
H3FH 
3A9C 

These 
Signatures 

Correct , 
NO 

Old 
Any Of The 

A< 

YES 

Points Checked YES 
Have A 

Signature 
0' .... , 

Data Bus OUtput Buffers 
A1U34or 042 . 

I. 
The Signature 
AIPin2 0f 

Al U36 F281 ? 
Is The Signature 

At Pin 9 Of 
AW36'PP5 , 

NO Go To The Device Select 
\o::l .... ~ Troubleshooting Proced· 

ure . 

Preseltable Counter 
A'U36Or U37 . 

A Signature Of (J (J (J (J 

Indicates The Output Data 
Bus Line II Being Held 
Low . Troubleshoot The 
Components Which Are 
Connected To This LIne. 
(see Note 2 .1 

In Most Cases, A High 
Resolution VoltrTMller 
!1 ,..V Reso lution) May ge 
Used To Determine The 
Bad Component. In Gen. 
&I'al, The COmponent Hold· 
Ing The Line Low Will 
Have The Lowest Vollage 
Reading. When Trouble· 
shooting The Dala Bus. 
The A3 Assemblv Should 
ge Removed From The 
Instrument . 

NOTE 3 

Be Sure To Remove The 10 kO 
Resistor Connected Between The 
Signatllre Anofyuf Probe Tip And 
The +5 V Test Point. 

Replace A IU44 And A lU45. 

Figure 8-H-22. Outguard Troubleshooting Procedure Diagram, RAM Circuitry. 
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The following signatures are for the outguard ALU circuiu. The 
signatures are taken with the start/stop inpUb of the aignature 
enalvzer connected to A3TP2. 

NOTE 
-To obtain this signature, a 10 K resistor must be 
connuted between the 5 volt TP and the probe tip o( 
the s(gnature Qna(yzer. 

To che,if for proper signature analyzer connutlons 
verify sIgnature of +5 V ttst point Is CH29. 

+5V: CH29 

Pin Signature Pin Signature Pin Signature 

Ul. 4 CPP3 U24 1 CH29 U29 1 CH20 

5 CPP3 2 A81P 2 UCHS 

• 03FA 3 UH01" 3 FAA3" 
4 17A6" 4 3541" 

U21 1 6457 5 37FH 5 87C2 
2 8CPU • FH98 • 150U 
3 9954 7 9P30 7 H074 
4 6457 8 0000 8 0000 , UPUH 

• 5042 9 3UFF 9 25Hl 

7 0000 10 94AU 10 HHF5 
11 32UF " 11 21 Hl" 

8 6A09 12 CH29 12 CH29 
9 2131 13 CH29" 13 CH29 " 
10 6457 14 CH29' 14 CH29" 
11 U330 15 CH20 15 CH20 
12 HAF 7 ,. CH29 

,. CH20 
13 6457 
14 CH29 U25 1 CH20 030 1 A81P 

2 6406 2 'HSC 
U22 1 6457 3 FAA3 " 3 9U2A 

2 9445 4 3541" 4 3US2 
3 ppo, , 9COF , 2762 
4 6457 • 150U • 08U7 , CPOH 7 H4UF 7 SC08 • AH54 8 0000 8 5673 
7 0000 9 ... , 

9 3UFF 
10 CPOH 8 2A69 10 3P9' 

9 POF9 11 21H," 11 POF9 

10 6457 12 CH29 12 0000 
11 530U 13 CH29" 13 F84U 
12 F54U 14 CH29" 14 1456 
13 6457 15 CH29 15 0129 
14 CH29 16 CH29 ,. OP.P 

17 HAP6 
U23 1 CH29 U28 1 6406 18 94AU 

2 08U7 2 UCH6 19 3H92 
3 UH01" 3 9U2A 20 9P30 
4 17AS" 4 3U52 21 59H2 , 2762 , 2762 22 37FH 

• FH9S' • OSU7 23 tHHA 
7 3US2 7 OP.P 24 CH29 
8 0000 8 5673 

9 U23H 9 HAF7 U31 1 CH29 

10 9U2A 10 8CPU 2 'HSC 
11 32UF" 11 UPUH 3 UH01" 
12 SC08 12 0000 4 17AS" 
13 FAA3" 13 2131 

, lHHA 
14 3541 ' 14 32AC " • FH98 

" 
5673 15 F693 7 59H2 ,. 
CH20 ,. CPP3 8 0000 

17 5C64 9 25Hl 
18 31'95 10 3H92 
19 HHF5 11 32UF " 
20 H4UF 12 CH20 
21 H074 13 CH29 
22 9COF 14 CH20 
23 a7C2 15 CH29 
24 CH29 ,. CH29 



NOTE 1 

The Signoture Analyzer Should Be 
Sn As Foffows For This Tnt. 

LINE. 
STAR T. 
S TOP . . 
CLOCK. 
HOLD 
SELF TEST . . 

.. ON (IN) 

."\. (IN) 
f (OUT) 
/ (OUT) 

.OFF(OUT) 

.OFF(OUT) 

( Start "") 

l 
8e Certain That : The Test 
Jumper On The A3 Assem. 
bly Is Disconnected. The 
Plug [5 Disconnected From 
A1J7 And All HP· IB Ad· 
dress Switches Are Set To 
The "(J" POSition . Turn 
The Instrument ON. 

Conne!:! The Signature 
Analyzer START and 
STOP Inputs To A3TP2. 
Connect The CLOCK 
Input To A3TPS And The 
GND Inpu t To Chassis. 
(See NOTE 1 For Signa
ture Analyzer Control Set
tings.l 

l 
Use T he Signature Analy
zer To Check The A LU 
Output Signatures AI The 
Following POin ts; 

Location Sign,l1ure 

A1U42 
Pin 2 
Pin 5 
Pin 9 
Pin 12 

PPO' 
AH54 
'30U 
,A69 

A .. 
TheSIl 

Signatures 
Correct ? 

YE S 

Check The Following A LU 
Output SignaturllS : 

l ocation Sigoature 
A1U34 
Pin 2 
PinS 
Pin 9 
Pin 12 

6A09 
5042 
U330 
9954 

~ 

3455-D-19A 

NO 

A" 
These NO 

Signatures 
Correct ? 

YES 

" Tho 
Signature 

At Pin 6 Of 
A1U1603FA , 

YES 

Go To The Device Select 
TroublllShooting Pro!:ltd· 
ure . 

NO 

I, 
Th, 

Signature 

~
' Pi"'Of 

A I U I ~CPP3 

YES 

Inverting Gate Al U16. 

ALU. Al U28 

Check T he Signatures At 
The Following Points : 

LocatiOn Signature 
A IU2 1 
Pm 2 8CPU 
Pin 5 UPUH 
Pin9 213 1 
Pin 12 HAF7 

'" These YES 
Signatures 

Corre!:t 
1 

NO 

Check The SignalU'llS At 
The Following Points : 

LocatiOn Signaturll 

AIU29 
Pin 2 UCH6 
Pin 5 87C2 
Pin 7 H074 
Pi n 10 HH F5 

Aco 
ThEt5c 

Signatures 
Corre!:t? 

YES 

Che<:k The Signatures At 
The FOllowing Polnu : 

Location Sign~ture 

AIU25 
Pin 2 6406 
Pin S 9COF 
Pin 7 H4UF 
Pi n 10 3095 

NO 

Aco 
These 

Signatures 
Couect? 

NO 

YES 

• 
ALU.A1U28 

Output Buller A I U21 . 

Input Lat!:h AIU29 Or 
ALU AIU28. 

Input Latch Al U25 Or 
... , ALUAIU28 . 

Check The Signatures At 
The FollOwing Points : 

Locat ion Signaturll 

A1U22 
Pin 2 
Pin 5 
Pin 9 
Pin 12 

9445 
CPO H 
POF9 
F84 U 

A" 
These Signatures 

Correct? 

NO 

Check The Signatures At 
The Following Points : 

location Signat ure 

A IU31 
Pin 2 
Pin 5 
Pin 7 
Pin 10 

5 H5C 
lHHA 
59H2 
3H92 

YES 
" The Oevi~ 

Sele!:1 Signature 
•

~'Pi"'0f Al U22 6457 , 
NO 

Go To The Device Sele!:t 
Troubleshooting Pro
cedure. 

Are Is 

YES 
OUIPut Buffer AI U22 

The Device 
These NO ~N::::O~" Go To The Device Select ".:.~_~ Sele(;t Sigl1ature 

Signatures ~ '~t Pin 9 Of Troubleshooting Pro-
CorreCt ? L"'~""""""C-_______ --l 

A1U3~ 25H1 

YES 

Che!:k The Signalurlls At 
The following Points: 

Localion Sig"ature 

AIU24 
Pin 2 
Pi n 5 
Pin 7 
Pi n 10 

Check 

A81 P 
37FH 

"30 
94AU 

A" 
These 

Sig"aturEt5 
Correct? 

YES 

Th, Slg"atures 
The following Poin ts : 

Location Signa ture 

A1U23 
Pi n 2 08U7 
Pin 5 2762 
Pin 7 3 U52 
Pin 10 9U2A 
Pin 12 'COS 
Pin 15 5613 

1 

A< 

NO 

YES 

I"pul Latch AI U31 Or 
ALU A1U30 . 

Input Latch AI U24 Or 
ALU A1U30. 

Go To The Device Seleci 
Troubleshooting Proced · 
ure. 

I, 
The Device A" 

These 
Signatures 
Corfllct? 

NO $elect Signatu re NO Go To The Device Select I 

~
t Pin 9 Of t";...-ti Troubleshooting Pro!:ed· 

YES 

I, 
Thl! ""Carry" 

Signature At Pin 7 Of 
Al U28 OP6P , 

YES 

Output Buffer A1U22 Or 
ALU A1U30 

A I U23 U23H '-""C"C-_ _______ _ 
I 

YES 

Input latch A1U23 Or 
ALU AIU30 . 

LN~O~~ ALU, AIU28 Or ALU, 
r A I UJO 

Figure 8-H-23 . Outg ..... rd Troubleshooting Procedure Diagram, ALU Circuitry. 
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NOTE 1 

The Signature Analyzer Controls 
Should Be Set As Follows For This 
Test: 

LINE .. 
START. 
STOP .. 
CLOCK. 
HOLD 
SELF TEST .. 

. ON (IN) 

."\.. (IN) 
f (OUT) 
/(OUT) 

.OFf· (OUT) 

.OFF(OUT) 

+5 V: 02C2 

( Start ) 

1 
Be Ceruin That : The Ten 
Jumper On The A3 Assem· 
bly Is Disconnected, The 
Plug Is Disconnected From 
A IJ7 And The HP. IB Ad· 
d ress Switches Are All Set 
To The "0 " Posit ion. Turn 
The Instrument ON. 

1 
Conne<:t The Signatu re 
Analyzer START And 
STOP Inpu ts To A3TP3. 
Connect The CLOCK 
Input To A3T P5 And The 
GND Inpu t To Chassis. 
(See Note I For Signature 
Analyzer ContrOl Sett ings.! 

Use The S ignature Analy· 
zer To Che<:k T he Device 
Select Input Signatu res At 
The Following POints: 

Location Signature 

A1U33 
Pin I 
Pin 2 
Pin 3 
Pin 4 

6242 
3A9F 
2A6F 
23F9 

A" 
These 

Signatures 
Correct? 

NO 

YES 

A3 Assembly Or A I U33. 
U41. 

3455-0- 19 

" The Signa ture 
At A I U46 Pin 3 

SAPS? 

NO 

I, 
The Signature 

At A1 U46 Pin 2 
U5P6? 

YES 

I, 

YES 

NO A3 Assembly A1U32. U34, 
U39 U42. U4-4. U4S Or 
U-4 6. 

The Signature 
At A I U46 Pin I 

58571 

YES _I 1 AW3S, U43 Or U46. 

NO 

I, 
The Signature 

At A IU39 Pin9 
SAPS? 

NO 

YES 

Turn The Instrument OF F 
And Carefully Remove 
RAM's A1 U44 And U45 . 
Turn The Instrument ON. 

I, 

A1U39 

T he Signature 
AI A1U39 Pin 9 

Now SAPS? 

NO 
,;.:;::.....tj A'UJ8, UJ9 Or U41 . 

YES 

RAM Al U44 Or U45. 

" The Signature 
At AIUJ8 Pin II 

CU60? 

YES 

" The Signature 
At AIUJ8 Pin 8 

P137? 

YES 

" The Signature 
At A I UJJ Pin 11 

5UH2? 

YES 

I, 
The Signature 

At AI UJ3 Pin 12 
7131 ? 

YES 

I, 
The Signature 

At A1U3J Pin 13 
H4 CH? 

YES 

" The Signature 
At AIUJ3 Pin 14 

SA8F? 

YES 

I, 
The Signatu re 

At AIU3J Pin 9 
1764 ? 

YES 

I, 
The S'gnature 

AI AIU33P,n 10 
55PA? 

YES 

NO 

NO 

NO 

NO 

" 0 

NO 

NO 

NO 

I, 
The Signature 

AtA I U38 Pin 12 
P1377 

NO 

A1 UJ80rU41. 

AIU36. UJ7. Or U38. 

AIU21, U220r U33 . 

AIU24,U2S0r U33 , 

AI U29. U31 Or U33, 

AIU2 3 Or U33 

AI U33 Or AI07 

YES 

A3 Assembly Or A I U33 

A I UJ6. U37 Or UJS. 
" The Signature 

At A I UJ9 Pin 10 
2PSS7 

NO 

I, 
The Signature 

At AI U39 Pin II 
2FPA? 

NO 

" The Signature 
At AIUJ2Pin 4 

2FPA? 

YES 

I, 
The Signature 

At AIU32 Pin S 
U754? 

NO 

I, 
The Signature 

At AIU39 Pin 13 
USP6? 

NO 

YES 

YES 

NO 

YES 

YES 

AJ Assembly Al U32, U34, 
UJ9. U4 2, U44, U45 

I, 
The Signature NO 

At AtU32 Pin J 
02cn 

AIU I S, un Or U39 YES 

I, 
The Signature YES 
AtAIU8Pin2 

4C96? 

AIU32 Or U4 1 NO 

" The Signature YES 
AtAIUaPin l 

4924 7 

AIUJ2 NO 

" The Signa ture NO 
At AI U32 Pin 10 

4924 ? 

Al U32 Or U39 YES 

A I U4, US, Or U32. 

At U19,U200rU32. 

" The Signature NO 
At AIU32 Pin II 

02C2? 

YES 

I, 
The Signature YES 

AI ua. UI S, U16, Or Ul a , AtA I U7Pin 6 
HC61? 

NO 

" The S igna ture NO 
A1U32 Or U4 1 At AI U7 Pin 5 

H9 H3 ? 

YES 

A1UI Or AIU7 

AIUII.U260rU32 

A1U7 Or AIU41 

" The Signature 
AI AIU4 1 Pin 13 

AC4A? 

NO 
>,:::...,~ Al U41, U48, U54 Or U6J 

YES 

I, 

The Signature ::>N~O ... -tI 
At AIU41 Pin 15 

0207? 

YES 

" T he Signal ... re 
At A1UJ3 Pin7 

00667 

YES 

I, 
The Signature 

At AI U33Pin 15 
F541 ? 

YES 

NO 

NO 

The Device Select CircuifS A,e Operat ing 
Correctlv . 

J 
Go To The Interrupt 
Troubleshooting Proced· 
ure. 

AIU41 Or U64 

A1UJ30rU6 4 

AIU330rU51 

Figure 8-H-24. Outguard Troubleshooting Procedure Diagram, 
Device Select Circuitry. 
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NOTE 1 

The Signature Analyzer Controls 
Should Be Set As Follows For This 
Test: 

......... . ON (IN) 
. \. (IN) 
/ (OUT) 
J (OUT) 

t. INE . 
STAR T. 
STOP .. 
CI.OCK. 
HOLD. 
SELF TEST . 

.OFFroUT) 
.. OFF(OUT) 

+5 V : 79FU 

3455-D ~ 2 1A 

t Start j 

! 
Be Certain That : The Test 
Jumper On The A3 Assem· 
hi, 

" 
Disconnected. Th, 

Plug Is Disconnected From 
A1J7 Aod Tho HP·IB 
Address Switches Are All 
Sel To The "(I." Posit ion . 
Turn The Instrument ON. 

2 A For ins truments with serial number 

~ 1622AQ1505 and below the pulse is 5 
msec wide. 

Connect Th, Signature BFor Instrumel1!S with seria l number 
Analyzer STAR T Aod 1622A0 1 506 and above and with a 
STOP Inpu ts To A3TP4. Rev. D o f the A' board. The pulse ~!_ 
Connect Th, CLOCK posit ive w hen keys ere pushed and 
Input To A3TP5 And The negative when keys are released. 
GNO Input To Chassis. 
151M! No te 1 For Signature 

C For inSlruments w ith serial number Analyzer Control Sett ings.) 
1822A03 5 38 end above or w here Ser· 
vice Note 3 45 5A-1 3 h" been im· 
plemented, the negative pulse is L5 
msec w ide. 

" The Hp·18 
Interrupt NO Go To The HP·IB Tro ub le· 

SignaUJre At shoot ing Procedure. 
A1U53 Pin 5 

A9F1? 

YES 

U" Ao Oscilloscope To 
Measure The Disp lay Inte r· 
ruPt S igna l At A1U53, Pin 
3 . T his Signal Should 8e A 
Negative·Going Pulse 
Approximately , msec In 
Duration FOllOwed ., A 
Negative-Going Pulse 
Approximately 2.8 msec In 
Duration. Ampli tude 
Should ., About 4 V 
Peak·To·Peak. 

" The Display 
NO J Connect Th. Signature 

Inte rru pt Analyzer START AND 
Signal Correct? 1 STOP Input To A3TP3. 

YES 

" 
Connect The Oscilloscope 

The De vice One·Shot Muitivibrator 
To AIUS5 Pin 4 . Press Select Signature YES A1U48, AIC29. AIR42. 
Aod Hold 0" 0' Th, At A1U48 Pin 10 Gate AIU53, Or Decoder 
Front Panel Keys 1Except AC4A? A1U56. 
LINE. LOCAL Aod 
GUARD). The Front Panel 
Interrupt Signal Should Be NO 
A Negative·Going Pulsy 
Approximately " m~' In Duration And 4 V Peak· Decoder Al U41, One·Shot 
To-Peak Mult ivibrator A1U48, 0 , 

Latchl'S A1U54 Aod 
A 1U63. 

1 6pse c if Al C32 is a . 68 pF capaCitor. 

" The Front 
Panel Interrupt NO 
Signal Correct 

? 

YES 

Connect The Oscilloscope 
To A1U55 Pin 3. Press 
Aod Hold 0" 0' Th, 
Front Panel Keys . The En· 
able Signal Shoutd ., A 
Negative·Going Pulse Ap· 
proximately 15 msec

2 
In 

Duration Aod 4 V Peak· 
To·Peak 

" The Enable NO 
Signal Correct 

? 

'1 YES 

Connect A Clip Lead To 
Tho EXTERNAL T R IG· 
GE" Input IRear Panel 
8NC). Connect The Signa· 
tu re Analyzer Probe To 
A1U53 Pin 4. T his Point 
Should Be Low 1Signature 
0 1 0000 . and Probe Light 
OFF ,I Momentarily Touch 
Th, Clip Lead To Th, 
+S V T est Point And Then 
To Chassis Ground. 

Did 
The Probe NO 

LIght-

YES 

Use The Signature Analy-
leT To Read The Signature 
At Al U53 Pin 6 . Be Sure 
Th, START Aod STOP 
Inputs To T he Signature 
Analyze r AI, Connected 
To A3TP4. 

" The Signature 
At A1U55Pin6 

NO The Same As 
The Signature 

At A1U53 Pin 6 
? 

YES 

Connect TO, LOGIC 
TRACER START Aod " STOP tnput ~ ::; A3TP3. The Signature 
Press Aod Hold 0" 0' AtA1U55 Pin3 NO TO, Front Panel RANGE The Same As -I Gate Al U55. 
Keys. The Signature 

At A1U55 Pin 
? 

" 
YES 

The From 
Panel Interrupt mL Go To T he Display Trou· 

Signature b leshoOl lng Procedure. With The Signature Analy_ 
AtA 1U48Pin2 '" Probe Connected To 

42AP7 A1U55 Pin 3. Press And 
Hold 0" 0< Th. Front 

YES Panel Keys. 

One·Shot Mult ivibrator Does 
A1U48, A1C32. AIR41. The S ignature NO A1U40. Latch A1U58, Change Momentarily Gate Al U55. 
Aod Gates A1U47, 0, To (J(J(JIJ 
AIUSS. ? 

YES 

A1U40, U39. U47 0, U" Ao Oscilloscope To 
U55. Measure The Voltage Levul 

At A1 U47 Pin8. 

" The VolUlge NO 
At A1U47 Pin 8 A3 Assembly 0, A1U47 . 

> 4 Vdc7 

YES 

" The Voltage NO Turn-On CirCuit AIUS, 
At A 1U47 Pin 10 U28 And Associated Com-

> 4 V dc? ponenu. 

YES 

Go To The Display Trou· " bleshooting Procedure. The Voltage NO 
A3 . Assembly 0, A1U55. At A 1U55 Pin 12 

<.2Vdc7 

YES 

Th. Interrupt Circui ts Appear To ., 
Working Correctly, However, The Dyn~· 
m it: Operation Of The Following Com · 
ponents Has Not Been Checked : 

A1U39 Pin 2 
A1U46 Pins 6 And II 
A1U47 Pins 3,8 And I I 
A1U55 Pin I I 

! Gate AIU53 Invener 
AIU52GateA1U55 . 

Go To The Display Trou· 
bleshooting Proced ure . 

Figure 8·H~2S . Outguard Troubleshooting Procedure 0; agram, 
Interrupt Clfcultry. 
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The following slgn.tures Ire for the outguerd Dispiev circuits. The 
slgnatu ..... are teken with the nart/nop Inputs of the Ilgneture 
analvnr connected to A3TP3.. 

NOTE 

-To obtain this Jignature, a 10 K resistor must be 
connected between the 5 voJt TP and the probe tip of 
the signature anolyltr. 

" To obtain thll Ilgnature, press and hold the 
Iront paMI MATH OFF key. 

fTo obtain this signatun, prm and hold thr front 
(XIne' LOCAL Itry. 

ffTo obtain thfs signoturt, press and hold thr front 
pone' DCV Itry. 

"'5 V ; 02C2 
To ,heclt for proptr logIc tract( connrctlons IItrlfy 
slgnatun of+5 V trst point Is O]e]. 

Pin Signnura Pin Signatura Pin Signatura Pin Signature 

"" 
, 5APe U56 1 JfSA U" 1 0202 U66 1 0202 
9 CUA4 2 Probe Tip Blinks 2 0066 2 695P 
10 "68 3 6144 3 U47S ' 3 Cf21 ' 

4 Probe Tip BlinkS 4 1961 4 U65A" 
U49 1 66H6t S AB74 5 CH2 H 5 4P3H 

2 "'" 
, f45A 6 f62P 6 7AAU' 
7 PACP 7 6006 7 f9A4 

• Probe Tip Blinkl 
S 3MA 9 53'" 9 HAJJ 9 HA3J , 3816 10 lP03 10 U395 It 8607 

11 74AP 13 '''' 11 OC52 , 

USO 1 66H6t 12 OPf4 14 0000 12 J79H 

2 361. 13 6757 15 0207 13 6UAO' 

3 6f34t U65 1 02C2 14 H8CH' 

• 401 ftT U57 1 J30H ' , 2 257C 15 56P6 

S "64' 3 401 Ftt 3 CF21 ' 
6 42APtt • .... , • U65A' U" 1 0202 

6 64641 5 3804 2 3H62 

• 40IF 7 .... , 6 7AAU' 3 CF21 ' 

9 42AP 9 .... , 7 2690 • U65A' 
10 42AP 14 401 ffl 5 AAHH 
11 66H6t 9 6OC6 6 7AAU ' 

12 .... , U56 3 64 .. ' 10 lAHf 7 709A 

• 64641 11 OC52' 
USI 2 42AP 6 .... , 12 HP75 9 CH2H 

3 CF21' 11 64641 13 6UAO ' 10 P2P7 

• U65A ' 13 6F34t 14 HaCH ' 11 OC52 ' 

5 JICU 15 63A2 12 2851 

6 7AAU ' U59 3 UPeC 13 6UAO' 

7 3MA 6 2H8' U66 1 0202 14 H8CH' , F400 2 H9C8 15 052A 
9 F541 11 543C 3 CF21' 
10 AU99 • U65A' U70 , 0202 
11 OC52 ' U60 3 3071 5 9CC8 2 766P 

12 IV38 6 U478 6 7AAU ' 3 CF2 1' 

13 6UAO' • S5H6 7 2102 • U65A ' 
14 H8CH' 11 9A99 5 26PP 

15 .... 9 F62P 6 7AAU ' 
US2 1 FU84 

10 25Ce 7 066F 

U52 5 0202 2 CUA4 
11 OC52 , 

6 0000 
6 "68 12 142F 9 UJ95 
7 5HAf 

13 6UAO ' 10 F96P 

• 0000 14 HBCH' 11 OC52 ' 

9 02C2 9 A29F 
15 A19P 12 O5OC 

10 66H6t 
10 904A 13 6UAO' 

11 .... , 11 6836 
US7 0202 14 H8CH' 

12 6863 
1 

12 0202 2 USCI 15 2867 

13 0000 
13 USA< 

3 Cf2t ' 
14 5APe • U65A' 

U71 2 A29 F 

U53 • 330H 
15 P579 

5 AH7A 3 P579 

9 31CU U63 2 6757 6 7AAU ' 6 6863 

3 CF21' 7 8fHP 
, U5A4 

U54 2 5HAF • U65A' 904A 
3 6UAO' 5 8144 9 1961 11 

• H8CH' 6 7AAU' 10 A2C1 13 6836 

5 FUS' 7 35FA 11 OC52' 15 5APe 

6 ''''" 12 POAA 17 54A7 

7 CUA4 9 AC4A 13 8UAO ' 
9 AC4A 10 54A7 14 HBCH ' 
10 "68 11 OC52 ' 15 865H 
11 0.78' 



NOTE 1 

The Signalure Analyzer Camrols 
Should Be Sel As Follows For ThIs 
TeSI: 

LINE. 
START. 
STOP. 
CLOCK. 
HOLD. 
SELF TEST. 

NOTE 2 

.. ON (IN) 

.. "\.(IN) 
/(O UT) 
/ (OUT) 

. OFF(OUT) 

.OFF(OUT) 

A Character, Slorling A I The Mosl Sig
nificant Dlgll, Is Strobed Acrou The 
Display. The Characters Displayed Are 
1,2,3,4,5,6,7,8,9./,1, ",[,L, Blank And 
Period. Each Character Is Strobed Across 
The Display Twice. The Decimal Poim 
Accompanies The Character On The 
Second Strobing Sequence. Also, In The 
Leosl Significanl Digit, The Decimal 
Point Is Lit On Each Strobe. The Only 
Meaningful Displaying Of The + And -
Signs Is Before The Number 0 And 1 
Storl Their Display Sequence. The Time 
Requrred To Run The Complele TeSI 
Is 3 Minutes. 

( Slart ) 

Be Certain ThaI : The Te$l 
Jumper On The A3 A~~em· 
bly I~ Oi$(;onnecled, The 
Plug Is Oi$(;onnected From 
A1J7 And All Hp·IB 
Switches Are Set To The 
"0 " po~ition. Turn The 
Instrument ON. 

Connect The Signature 
Analyzer START And 
STOP Inputs To A3TP3. 
Connect The CLOCK 
Input To A3TP5 And The 
GND Input To The 
Chassis. (See Note 1 For 
Signature Analyzer Control 
Settings.! 

Press And Hold The Front 
Panel LOCAL Key. 

I. 

+5 V: 02C2 

" The Signature ~N~O,-_ .. < 
AtA1U57Pin14 ... 

T he Signature YES 
At A1U51 Pin 15 

6464? 

YES 

While Observing A l U57 
Pin 14 With The Signature 
Analyzer, Press Each Of 
The Math Entry Keys 
(Those Marked In Blue 
And T he STORE Keys). 

" 

6464' 

NO 

I, 
The Device 

Select Signature 
At Al U51 Pin 9 

F541? 

NO 

Go To The Device Select 
Troubleshooting Pro· 
cedure. 

YES 

A251.A2W2.0rA1US7 

Input Latch AI U51 

The Signature 
330H When 
Each Key Is 

" "N~O,,-_ .. <, The Signature 
r AtA1U51Pin 5 

3 1CU? 

NO J Input Latch A1U51 Or 
A1U53. 

Pres$Cd , 
YES 

While Observing A1U57 
Pin 14 With The Signature 
Analyzer. Press ElICh Of 
The Remaining Keys 
E)(cept The LIN E And 
GUARD Keys). 

YES 

Inverter Al U53, Switches 
SI-SS, SI 0-S13, 523-
528, Ceble A2W2 Or 
A1U5? 

~ 
401 F When 
Each Key Is 

Pressed 
? 

YES 

" The Signature 
At A1U58 Pins 

3.4.6 6464 
When The 

LOCAL Key 
Is Pressed , 

YES 

I, 
The 5ignature 

At A1US8 Pin II 
6464 When 
The LOCA L 

Key Is Pressed , 
YES 

I, 
The Signature 

AI A1U58 Pin 13 
6F3" When 

The LOCAL Key 
Is Pressed 

? 

YES 

" The Signature 
At A1U60 Pi n 1 

3818? 

YES 

ConneCt A Clip Lead Be· 
tween Thc Junction Of 
A1C41 And A1R43 (Pin 1 
Of AIU61J And Chassis 
Ground. 

NO 

NO 

I, 
The Signature NO 

AIA1U

f
lPin2 

42AP? 

YES 

Inverter AI USO. Switches 
52.57 - 59,513,515- 522, 
Cable A2W2 Or Al US7 . 

A1US70rA1U58 

"N!O~_~ Gate A 1 usa, Inverter 
r A1U490rAIUS8 

'-'lN~O,-... ~ Gates A I usa Invener 
r A1U49Or AIU58 

Input La tch A1U51 Or 
Invertcr A I USO. 

NO I, '>:l!!~J;;:~;:;-~~;:;-~;--;;;l TheSignalure NO Input Latch AIU5 1 Or 
AtA1USl Pin7 InvenerA I U49. 

3AAA? 

YES 

Buffer A1U60 Or Inverter 
AI U49. 

I, 
I, The External 

Tr igger Interrupt 
Signature At 
AIUS2PinS 

AU99? 

NO The Signature ,Y~E$"."'''llnverter A I U52 Or Gates 
AtA1U52PinS '" A1U4S0rA1US3. 

AH2C? 

NO 
YES 

" The Signature NO 
At A1U51 Pin 10 

AlJ99? 

YES 

Gate AIUSI Or Inverter 
A1 U52. 

I, I, 
The Signature 

AI AIUSI Pin 2 
lH8A? 

>~N~O,-_ .. C The Signature YES 
At AIUSI Pin S 

YES 

Remove The Clip Lead. 

A 
All Front 

Panel Enunciato" 
(e~cept REAR 

TERMINALf Light? NO 
lHalf Of The F"--t! 

Enunciators Are 
Lit Alternately 
With The Other 

y 
3455-0-21 

1 U38? 

NO 

Inpul Latch A1U51 Gate 
A1U61. 

Use Schematic No . II And 
The Display Signatures 
Table To TroubleshOOt 
The Enunciator Ci rcuitry. 

Input Latch A1 U5 1 Or 
GateA1US1. 

Gate AIUSI . 

k 
Segments And 

Decimals light? 
(See Note 2 For 
A Description 

Of The Display 

Use Schematic No. 1 0 And 
LN"O,,-'tI The Oisplav Signatures 
r Table To Troubleshoot 

The Display Circuitry . 

Operation.! 

YES 

The Displav Circuitry Appears To Be 
Working Correctly, However, The Oper· 
ation Of Latch Al U58 And Output Buf· 
fers A I US9 And U60 Have Not Been 
Checked . 

Go To The Hp·IB Trou. 
bleshooting Procedure. 

Figure 8-H-26. Outguard Troubleshooting Procedure Diagram, 
Display Circuitry. 
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The following signatures are for the outguard HP-IB circuits. The 
signatures an taken with the $tart/stop inputs of the signature 
anlllvzer connected to A3TP4. 

NOTE 

-To obtain this signature, a 10 I( resistor must be 
connected between the S volt TP and the probe tip of 
the sIgnature analy:rer. 

To check for proper logIc tracer connectIons verify 

-+-S V: 79FU 
signature of +5 V test poInt is 79FU. 

Pin Signature Pin Signature Pin Signature Pin Signature Pin Signature 

Ul 1 0000 U1 3 79FU 
U12 2 F4P2 U17 1 lP03 U26 2 CP6S " 

2 6P52 • 79FU 2 7F46 3 8AH5 

• 672S 5 79FU 3 CH2H 
3 40CF 5 0952 , OA1A , 0000 • CH2H • HC7A 

8 A72S 5 2952 5 7F46 U32 1 FOSO 
10 77H9 U8 1 F509 

, 2952 , 77H9 2 U491 
12 2A3P 2 CFF6 1 509H 

8 2A3P 3 88H7 

" 
79FU 3 9668 9 P823 

9 1018 • U491 

• PUA7 10 91PF 10 7F46 5 C94U 
U2 1 350' 5 SP30 " 91PF 

" A72S , 0589 
2 9FFS , 27UU 12 CC75 12 390F 8 F509 
3 A9FI 8 Hl66 13 390F 13 7F46 9 C94U 

• 1682 9 A8A9 
,. 390F 10 361:; 

5 FF71 10 27UU 15 40F3 U18 1 CH2H " 8AH5 , 0952 " SP30 
U13 1 9U3A 2 7F46 12 3613 

8 A8A9 12 79FU 2 A8A9 3 6PS2 13 F080 
9 H166 13 0000 

3 1682 • CFF6 
10 79FU • A8A9 5 0000 U39 10 7F46 
11 CC75 U9 2 27UU 5 FF71 6 6P03 '" 0589 
12 79FU 3 5P3O 6 1901 8 672S 12 C9.U 
13 F2CA • SP30 8 4FFC 9 91PF 13 F080 

5 7907 9 P6US 11 OA1A 
U' 1 0000 6 1907 10 SP30 12 2952 

2 79FU 1 00F8 

" 9U3A 
3 0000 9 PSU5 12 79FU U19 2 CH2H 

• 79FU 10 9U3A 13 9U3A 3 CHC4" 
5 0000 " 9U3A • 6COP" , 79FU 13 0952 Ul. 1 00F8 5 2952 
8 0000 15 109H 2 9U3A 6 A43P" 
9 79FU Ul0 1 CSCP , 9668 1 91PF 
10 0000 2 FF71 • 7907 9 88H7 

" 79FU 5 9U3A 5 79FU 10 390F 
12 0000 6 PSU5 , OOFS " 129C" 
13 79FU 8 709H 8 PC93 U20 2 1018 

U4 2 0000 9 0952 9 9H17 3 OC93· 
3 FS09 12 92SF 10 27UU • CP6S" 

• 79FU 13 PC93 " SP30 5 HC7A 
5 0000 U" 1 79FU 12 79FU 

, F517" 
8 79FU , 5P30 13 27UU 1 lP03 
9 0000 3 CHC4" 9 88H7 
10 79FU • 6COP" U15 1 0000 10 28PH 

" F509 5 9U3A 2 CFF6 11 6P03" 
6 A43P' , 40CF 

U' 2 69H1 1 F2CA 5 0000 
3 1018 9 8AHS , 77H9 • 1018 10 A8A9 8 2A3P 
5 HC7A " 129C' 9 4FFC , HC7A 12 9H17 

" A725 
1 A2C5 13 0C93" 13 109H 
9 67FF " 

F517" 
10 lP03 15 C5CP U16 1 79FU 

" lP03 2 CFF6 
12 CC7S 3 6P52 
13 28PH 8 6725 
15 5122 9 PC93 

" OA1A 
12 9668 





lAIC I 

AID .... VUOf<N 
",~eT>:)OI-- _______ ___ DCV 

;%!.D-iE"s'ciiiii.,·i';-: :~: =::..g:::~ 
~'l."JM~~::::-::~:: ~~1~ vUri ______ __ - _ _ _ ___ • OF~ 

-'0'0'« IF'l''-'~ O TD 11ot: ''II'IIT 

~~~~----------~----------~ AI4 I AID CDf'VE NTER 

I.....,' , 

- - -----------------, ~~AI~~~~.,"~"~"~~-~' -------------------------------------~ 

--I , • .:1':,,,,,1 I II 
~~ 

I 

- - ------------------ ---------------------------------- - - -------------------------------' 
Figure S-H-2B. Detailed Block Diagram. 
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Section VIII Model 34!15A 

Replaceable Parts 

Reference HP Part Oty Description Mlr Mfr Part Number 
Designation Number Code 
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Model 3455A Section VIII 

Replaceable Parts 

Reference HP Part 
!ltv Description MI. Mfr Part Number 

Designation Number Code 
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.I~~I U • .u-h.h " R<.~ 1 51OR 1 0~ 5 ( . n ll tL I c · - ..... 0/ · 100 01l~1 CUU) 
Al~"H ~Oal-hlS M~ S I S I OII. ~ . ~K )1 . H . ft It o ' ~ OO" lOO QII 2I tUt02) 
AI.HIH "OSJ-YI1) , 111:5 151011: 'flO, C . 2)0 F e I C·- "UOJo ~OO Olll! U9 1U 
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"" ... 0<3. 11 .. 911- 11'. , • .. OS I " hlll. ,~ 10 1»1>< . 0) 2 .... 0 ~\It-Ul. 
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U~~H oI .. 'l8- UH .. u I $lUll LIIII~ H .l511 tc ,, · · .. \/11/ · .00 olin 'UO~ :; 

"J")~ ~/oU-lIIH ML~ I S IIM " " .2SI1 H " 4-"0 ... , · /00 Ollli ~nj)n 
AI .. .. ,,~ U.d)-.a" , lid I SlOM O. l( S ' . l5" H I ... · ~ OO/ . l OQ 0 11 2 1 C •• U5 
AIJ")~ <l ,,'Ioi- 7Ul , 1t1~ ISlI.I< " " . 12). f 1,, · J · ·11lO 1' 1 01 Itf sc Ill · IO· I OO4 - f 
"' I JA), iI"9CI-1JJl MH I S IUR " " .I ~~II f 1' 4 (1 ._1 00 19101 IIf~Cl/'- f O- I OO"-f 

AI ... " ,,, i) " iJ'H~S Il<.SI S lUM S I OI< )~ .lSII ft 1_ · - ~ 00/ · '0iI OIiU CUi45 
"' 11l"H 1I.9d- ... JtQ , MH I S HII .. . 1' . US- f 1 ~"J.-tS 0l&~8 ''''US-I II- r 9'5001-8 
"'I~M)~ ........ -.Jlll M L ~ I 5 1011. " .1 C .Il ' " f IC - U · -~) ullin '~ESS'I/e- 1 9·S001- i 

.I ..... '~ U" ~J-J ,, ~' , ~{~ I S IOM W il l( 10 ' ~ ~ " " · iI · ~8 ~ Olil l "UO"I 

., .. 1.01 U"~)-I~"I ~ = s nrQII I UUIl 1 11 1 ~. (C I ~·O • • B~ OIi Z I H8 ' 0 '" 

'l~oI .. t Oo~d-"H ReS l i l UII 100 11 S I . l ) . " 1':._ 4 0(1/. ~O(I OIlU tU045 
.IU"~. ... a U-H .. l ~I S I S II V E )ci . 10 111 100 KOHM !I NCLUDES 11'1) n"8~ 1l8l 1-'''. 1 
Alllllh "'"W-d lll KI'$ I S IOII. '" I ~IID tIt1J1 . U) 2.UO 0<>98-01111 ., ...... , ",,1I3- 15H , oI' ~ I $ TOII 1~~ 5 1 . 2)11 fC I t· - ~OO' ·GOO Oli l l U l)JS 

" " ~"~" ~ I OO- ' ~~j , ilL S I S I DIt- TMJI" )0 I U~ , I Op· AOJ I -UN ll1U U- I OI 'O 
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AI ... >lh .) 7)1-0<010;; IIL:> I I; I I.I< I 'NII " .ll S. F l e ·O· -IOO 24 ) 4 ) t~- III' T O '1 OU}-f 
'I~MlI O l H-..... ~~ Il~S I S I Oil 10011 " .I ~ ~ . 

, " ' O ' - I O~ 2 4S ... C"- lIa- I O- I OO)·f 
AIJklt <l,,~ J-~"I. 1I~ ) I SIQl. '" ., .n . H f L __ .. all/'.UU Ol il l CBlO IS 

"'I ... M/J " "'-U<o~'" 
, R~u~rlM 0 1. W; .. . It . ... , ,, ' 0 ' - 1011 l " 5 ~ 10 t ~ - I /.' TO'.19l·f 

"lO", .. ..... I$.o- ~/~, • .~ ~ I ~11lJt ~.' I( " . l~ " H " . · ~ OOf . l DO Oli l l U41n 
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"'1~~11 ... .. J~- 4Il. "H I S I Uk .. . IIl " .l ). " I ;· ' \ UO/.N~ 01l ~1 Cb"12~ 

u ... Mh ...... ~.- ~ 1 ~ . II I S I S lIM .. . 1 1l ., . l~ . ~C I to· .. OO/O 100 Oll l i u .. r z~ 
AI<.Id9 0698- 8717 RI, ) I STUil F)(O 1(1)(1 O"M .015 " ... 06911-8711 
. ,,, ,,.1 ~-"" R~U HOM 211. ~" .2!iW FC TC'4IIOIolIOO 01121 C112025 
AllUI •• ~"U-~I • • , .... S I) Ia.r. "lOll " . Z • • tC I t ·-dOD/.? O)~ 0 112 1 "911>5 
"I ....... .... 'Itl-. I J' ~. S I S I..,.. l ll .. ~ )' . <! • • (. .. l_ o_ 4!N/· .. u o Uil l i CUO"S 
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A. U ..... ~"'~d-81 11 IClSISIUIi . '" IIIIIU VII " . O~ :l"U~ 0698-8111 
"'I ~hl O .. 'IOI-.fli !u'~ I S I [JI; . hU I ~OO UH.~ ."' Z8 " ,0 0.98-8117 
A 1 .... 10 ..... d)-) .. . • RlSI~TDK HU ) ' . 2.W f ~ It · -~UO/ ·Io.w O l l~ l te.IIS 

AlU ..... lI"d-H IS R c. ~ lsrl.l< ~ J U " . l" ~~ "·-~OU/ . ~"'U olla tU U S 
AI~ .. ~I "'";U-l,,h ~l Si S II .. " , ~, .2). ~~ T ..... JO/ ·dOO .H lli ~d20J-' 
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Section VIII 

Reference 
Designation 

III""', 
Al~"\Ic. 

III ~"'" 
AIO"~. 
AI~kn 
""01110'. 11102 
""01'1 103 
""OI'IUM 
"'''1106· 

.1 ~ 'tI ~. 
AI UkU1 
AU»U U" 
AIUkl~~ 

""01'11" "A 

U~ ) ' ". 

At OUi 
AlU.u 
"lUll) 
"l<1 U~ 
.lIOII> 

U<lu. 
AlOll1 
AI IIUIiI 
A '<lUll 
,,'UUII 

. lUIiU 
AIOUI~ 
U~Ul~ 
UIIIII ; 
A' IIU'" 

&lU Ul1 
"iUUn 

U"U'" 
A ' ~o.al ' 
UO""~ 

UUIU. 
A ,,,IN., 
"I,]W-~ 
U~u..: .. ",,,WI 
" ,u.u6 
.. , .. lUi 
U ..... H 
U IIUU 
AtOUu 

A' IIUH 
.1 ... 10)) 
HilUS" 
A' ..... n 
At oilUl 

AIO .. J9 

AI \l .. , 

dl"C 

HP Part 
Number 

O .. »-ZIII ~ 
II .. U - 211IS 
1I .. 6 .... ZII15 
..... 0-2025 
01III-I177 
~-"'" ""'-"" 
"""-' '" 
_-3250 
""'-"', 
07~1-{M3, 
()1~1....Q4.3!i 

oa,-<M33 ----"'. 
OHI-OlH 
","1il-202S 
U .. iU-"H~ 
O .. 83- .. HS 
oet3 ..... ,25 
O"9i)-O"II~ 

lIl .... O .... ) 
lI~OI O'll 
.. ~O)ij .. 
IIZ.-0 .. U 
" ..... OJU 

l ilZ..-O.U 
UZc.-0411 
U~""O)H 
U2 .... 0JH 
lioN-lito 

lllO-l.91> 
l~lO-Ii9" 
lIiItU-IU" 
11121)-119. 
1820-11 9 .. 

U~<>-li9 .. 
IUa..-UH) 
I ~~o-O"'I 
l820--lIil 
IUJ-U99 

l eZO-H~U 

I. ~o-OUI 

• • '1-22HJ 
03.55_ "501 
1,,~o- l l'IIa 

ili2U-lIn 
l "lO-ll~1 
1".: ...... 14 ... 
loiZG-llil 
U~""""l< 

19_0~H 

III'N-OHI 
1~2"- OU" 
U J .... r.t~9 
I "~O-03S8 

II~-OU' 
Il~OJU" 

'1111-11501 

11111A 

, , 
, , , , , , 

, , , , 

• 

, 

, 

, 
• 

Replaceable Parts 

Description 

RtSIST OJc 200 S1 . lS~ Ft I t. -~OO/ . .. OO 
Itl SlSlDll ZOO ) ' .15~ F' 1"'-'00/ ... 00 
Rt S I SIOJc 2~ H . zsw F~ " __ " 00/.'00 
IIt~ U'tI'! 2K ~ '.l~W f ~ ,e·-,oO/."IO 
R r ~ISICII F)(O 1000 OHM .05 
RESistOR 20K MI. .l5W FC TC"'--400/<800 
RESISTOR 4.71( 5'11i .2fiW FC TCw-4OOl<800 
IIESISTOR 13K 5 .. .2!iW FC TC"'--400/'eoo 
rAODI Nr: I I~T (PIC OMS5-41:ZSOH 
RESISTO R 7.871( I " .I;lf;W F Tr....,...., m U.OVI 
RESISTOR "IM~ 1-' . 12~W f TC-OO- ' W(.2.5Vl 
RESISTOR 4.1SK ,.. . I2§W f TC __ IOO(-3.OV ) 
IIESISTDR 3.t21( I" . I2liW F TCoQo- ' OO(-3.5V ) 
RESISTOR 3.32~ '" . I25W F TC-O+-100( ·4 .OV) 
RESISTOR 2.81C I'lli . Inw F TC+- IOO(4.5Vl 
RESISTOR 2.37)( '''' . I25W F TC_- 'OO(-6.C!V ) 

REUST.,., 1.2111. 11 .Ihl! F 1(.· ... _100 
K~5IS'UR 2K S~ .l ~ . Fe ".·400/ . '00 
IU' ~ISIUR ". l K St . h M Fe "·-~OU/O'OD 
kES I SllJI '.1~ )l . 2h F' JC . ~ "OO/.l00 
RESISTOR 4.71( 6'" .2§W FC TC"-«XII*700 
S.I ""-..... ' ~(f" FI,IIlII A JIll. 1lII0¥ tlllo l 

' ''.''SfClllOt.M, 'UlSt 
'~A"SfIl'CIIER, I'UL Sl 

I t /I' 
It -IA 
I t Lf 
I ~ , J 
I t , J 

I,}foe 01' Ali I' 
2A2S ." ..... 1' 

15S 0' .11' 
(UN'U! VI l lllH 
'O",UTH "'UI¥ 

", J C(lIU'UlfK l ll U9 $J't, . 
" Of' A"'" LOW·OAlfT TOfi 
I e , J ' O"'UTU (. 11 )39 ~,u . 
I ~, J 'O",,,,'EIt Lll ll9 51't'. 
It-" I 61"l S/lhlH,.." ff l L5 ilEA 

1(.-D I r.Il .... SII7 ..... $I,.. '" IlL l5 IIh 
I t - Ol lol"'" SNHlS IHN Jl l lS ilEA 
I t-1I 16 1lAL SII1usuali TTl l 5 1 
l o.-O I (; IUL SIOUSiJ~1t T(l L~ IIU 
I C- OIIiIT_L S"' ..... 5 174" fll LS HU 

1('-Jh.I"(' 51., ..... SlnH TTL l S HEK 
1(. lit I' nc lIP All,. 
It-O I GlJn S"'''0611 III HU 1 
" -D I GU ..... ~NIU SOON TIL LS QUA.D ~ 11.,.0 
l e-0 16 IU(' s""'tSO .. ,, TI L u itO: I 

It-J I IiIfU SNHU 92N TI L LS 0 1'1-;(-\2 
tt-OllllT.l.l ~ II'.u,," ffL HEA I 
I t. , 1I ~s.-1l0ll 
foI,t.HOf'AOCESSOR A,SSY INCLUDES A lOA 105· 
i(.-) I .. IIA(. S II'~L SU1N TTL LS OU"" ~ ""NO 

It. -O l .. " ..... SN7ItlSO~N la L$ IIEI I 
1 ~ - O ".llAt SNHlSOON ff L l S olU.O !t NA"O 
"-G I GliA(. ~1I1"LS92" III lS OIY-I-U 
1C-;l I GiT.l SNH~SHN In L~ OU .... 
It-JI 6 "AL S"'~SHN fl1 ~ ~ UUAL 

OI'lo- I SOU ' OIi LEO-'PI unS I ~ I F_ SOIIA_IIU 
O .. IO- I SOlA ' UIi Lfo-"O ' U/J~I" I f.:;;OIlA-IIU 
I ~ ... kli/. I " 
It Y MGLI Il " ".5<: y ~(,4, IK 

I ~ III no 'I " 6lf M 
..d l S lll~ SGL ' U-llO-I'~G 

LnL~ .HL .... Ll . l . I.(lfoiClUOES PH 

t "" $ IAL . QUANll4iI5.200kH, 

GllI"~'Pt;JG-IH 1'1,. dOAJIU 

.o.ssE ~ 8lY. R£FUENte 

NOT flELO RE''''''''A8l( . 
IIEBUILT ()(tH,t.HGE A,SSEMBlY 
REPLACOIENT ASSEIoIBlY 

"A RESISTOR Al0Rl II APPLIES ONLY TO SEAI ... L "U""BEIIS ImAlllMI I ... 010 ABOVE . 
"B REED SWITCH P. IOSI AI'PLIESON l'f TO SERI"'" foIU~BERS 1522A01MIO AfoiO BELOW. 
"t RE'LACE WITH ,t.,2OA,SSE MB l'f PART NUMBEA 11 Ina FOR REPLACEMENT 01'1 EIICHAfoiGE. 
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MI. 
Code 

0 11 2 1 
01121 
Ollll 
01lB 

"'" 01121 
01 121 
01121 

,,, .. , .... , .... ,,,,, 
", .. 
"'" , .... 
H~'" 
OIiB 
01111 
olin 
0 1121 
21UO 

OUll 
2nl0 
2701' 
2.UO 
lBUO 

2 .... 0 
02180 
nuo 
uuo 
OIZU 

OU9S 
01l9~ 
oun 
012U 
0129S 

OUU 
~lI J 

0 119' 
Oll9, 
OU9~ 

9UU 
OtlQS 
lllUO 
HUO 
0 12'S 

01l9S 
DIl9S 
01295 
olln 
012'5 

lIUO 
nuo 
2rol. 
2ro l4 om, 
2701~ 

28"80 

OOIU 

28UY 

Model 34llA 

Mfr Pan Number 

,nou 
C112015 
"lOiS 
~=, 
01III-I177 

""'" C84125 ",,,. 
1:4_ 1/8_T0-7A'I _·F 
1:4- 1/8- TO--IIMR _ F 
C4- 118-ro- 4151 _ f 
C4- 118-1'O-3821- F 
C4-118-'fO. ·3121 · F 
C4_118-TD-2IIDI _ f 
CoI- I/8-TD-n7l - f 

'~ III- TO-ll I J - f 
"2025 
"un 
, ... 12 5 

" .. " 0.90-0102 

"00-00.,. 
9100-1119 

I'IC l'l.c.G 
IIZft-OIOOI 
lfUSH 
11210- 0141 
In .... OJ" 

I U .... a,.., 
OP-(17CJ 
U2 .... 0J U 
II1'-OH7 
SIIUtSl14N 

SII1"lst14N 
S"7 .... SI HII 
SIIJU SIJaIi 
$"J41 $1 aN 
$"' ..... SI HII 

Sill ..... 51 , .... 
I'ICIUI>.:' 
$10 "0001 
$.N H1 'OON 
S",..lSO," 

SW1USUN 
$01140'" 
""-1210 
03455-'2501 
SNHlSO).'j 

SHHlSO'N 
SII1 .... S0OH 
$IIHtSUN 
!oIIHlS7 ," 
SN' .... SHN 

Uto-OH? 
1'1190-0H 1 
SL.l6M3-24 
lMl2DT_ 24 
1815UC 

l 020' ·15 
UO'-OIO'l 

~~o-OIIO 



Model 34S5A Section VlIl 

Reference HP Part Number Oty Description 
MI, 

Mfr Part Number Designation Code 

'" 03f~!>-66S12 , PC ASSEMB LY. 011 111 CONYEIITOII ".., 0346$- 1;66'2 
A'XI Ol80-02Xl C""AcrTOII FXO IUF . _~ SOII OC TA ,,~. 15OOI05)(00!i0"-2 
AI1C2 0160- 0 1&1 , C...,ACITOII FXO .D39UF' _ 1m. 200 YOC ,,~ O'GO-OI&I 
AI2C3 48 01&0-0151 , CA9AcrTOII FXO 47OOPF' _I OlI. 200YOC , .... 01GO-OIS1 
AI2CIII - CII' 190I-IlO5O DrODE _swrTc ... rNG BOY 2OO"'A 2NS 00-7 ".., 1901- 0050 
A.2CAS 1902-0111 , DIOOE - ZNII IN8 <'5 O.ZY 5'" 00- 1 PD-.25W GUll ,~ 

AIXII6. CRI ' 90' - 0050 DIODE-SW ITCH ING80Y 200MA 2N5 00--1 ".., '90' - 00s0 
AI:lCII' 190'-0036 , DIODE - HY IIECT lKY 600MA OO_N ,..., ' 90 ' - 0IXI6 
A.XIIO II102-Jl19 , DIOOE _ZNA 8 .25V 5. 00-1 PD-.4W TC·· .os:nt. GU13 s.z '0030_158 
AI:lCIIIl _CIIIS ' 80 ' - 0060 DIODE _SW ITCHING IIOY 200MA 2NS 00--1 """ 1901 _0060 

A.20' 1856- 02'1 TIIANSISTOII - JFH DUAL N-CHAN D_ MODE T0-11 ~~ 185!;-020 
AI102 18S3-0020 TIIANSISTOII 'N~ 51 POoJIlOMW FT· 1SOMHZ ".~ ,,"-"'" 
A1203 '~-0081 TIIA"'SISTOR "'PN 51 PD ' l9OMW H - 1SMHZ """ I~-ooe1 

AllOC 1854-0019 , TIIANSISTOR "'PN 2tG1:J9 51 TO-S P'D-1W 02135 ''''~ AI105 ' 855_0241 TIIANSISTOII _ JFET DUAL N- CHA'" D- MODf TO-l1 ~~ 1855-02'1 

A12I1 . D6IIJ _ 1115 , IIeSISTOR liD " .25W FC TC o_ 4OD/>600 01121 CBIIlS 
A12112 01183- 0<'5 , IIESISTOR 4.3K 5lIi. .15W FC TC·-400/HOO 0 •• 2. CII'I325 
A12R3 0151- ClO58 , IIESISTOR 1M 1"" .SW F TCoQo-ioo 111101 MF 7C ' I2 _ 10-'004_ F 
AI211. 0683_2135 , IIeSISTOR 21K 5,., .<'5W FC T(;o-'lOO/ '800 0"21 C821J5 
A12115 O89II- 'oIe8 , IIESISTOR 1.I3K I"" .1<'5W F TCoQ+-'oo ,. ... c. - 1/8- TI)- IIJI - F 
AI2R' 0ti98- '202 • IIESISTOR 8.87K I'" . 125W F TCo()' _ Ioo ,. ... c._ IitI _ TO _8Il11 _ F 
AI2Rl. liB r.,. 4B 0157- 0442 • IIESISTOR 10K. I"" . 125W F TCo(). _ loo "'" Ct- 1/8 - TI)_ ' OO2_ F 
A121111 0683-1235 , IIESISTOR 121( 5"" .25W FC TC°-400/.800 01121 CHI2)!; 
A.21111 0&II3~115 , IIESISTOII 410 S • .2SW FC TOo-4OOJ>600 01121 CII'I115 
A121112 0683_2'<'5 , II[SIS1011 1.4K 5"" .2SW FC TC~/.700 01121 CB2425 
A.21113 .... -"'" , RE SISTOII JIll( S" .25W FC TCo_ 4OO!.800 0 "21 """ 
A.1R14 0698- l451 , IIESISTOII 133K 1" .125W F 1<:-_ ' 00 ,. ... Ct- IIB- TI) ,~, 

Alll116 0883- 1731!1 IIESISTOR 2'''' ~,. .25W ~C 1C'-@ /'800 01 111 cnn5 
A" RII. IIU 4A AB 0751 .. 04·012 IIES15TOII ,OK: . " . '<'5W F TC~_IOO "'" C4- 118- TO- lOO2- F 
AI2111B 0IIB3- .335 , IIESISTOII 43K 5" .25W FC 1C· - 4OD/'800 0112 ' CII4335 
Al1Rli 0683-'535 RESISTOII I~K 5,. .2SW FC TC' -*XlJ'800 01121 C81535 
A111121 0683-1235 II ESISTOA 11 ... 5" .25W FC TC"--'OO/'800 0"'1 caU3S 
AllR22 01183_ 11<'5 , IIESISTOR , . ,1( 5"" .25W FC TC __ @ /ol00 01121 CB lln 

4A SEE NOTE ON SCHEMATIC 4. 4, SEENOTEON~HEMATlC • • 
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Section VJJI 

Reference HP Part 
Designation Number 
.1~R2~ OJl 0.0-OUU9 

.I ~ " 91 1»-0 .. ", 

.UI,II l'lO- OUJ 

.Ilu.t 'llO-OJaJ 

'" OJ)U~-"~'H ~ 

.htl 'JL_ZU~ 
u .. C'.z .!I~~~O~ 
.UI.J O loO-.~OI 

UJ(~ UltoO-.~~2 

.h~' ual)-2 1YY 

.ut .. 0 1,\I- ~3U 

.uu 0U.l)-.~98 

.u!;. .!16o)- ~~UI 

.0'" U I _~~'''' 
u~(.u OJI_Oi~~ 

.U(H 111_01'11 ' 
U~(.U "'18l)-U~S 
.U(j~ ~ l toO-219~ 
. U('h O 'd-o~n 
UILI .. 0 100-.11.1 
AllCU "......, 
AI3C18 0180-11"6 
AI JCI8 0 100-3HCI 
AI 3C21 """'"' .,"" 0180-01'7 .,"" 0160-31;)01 
AI:)(;24 0110-(11'7 .,"" ., 0100-0J78 

0100-2 1~ 
0140-01110 

AI3Cl'6 0100-J8045 
AI :tC27 0150-009II 

.l1J~. 0 1_~i'l9 

.13 .... ~ OIW-hh 

.UCH YI IIO-1H I 
Ul~)~ o I ~l)-02"'l 
AI .. ~H 1I1_ .. ~J~ 

.I.>~J" iH21-0H" 
Al JtU J "'''- Ha l 

.U"'''I U G.1-~~~ 1 

u~(. .. ~ l 'ilU I -OUl~ 
Al ltll J U~I-OU~\I u, ... ~~ I'IICI -O ... ~) 
.U(Il, I 'ilel-"~h 

l U(u i9tl-O',. IJ 
. IJI.~ ' l'iIlll-llN 
.U""d ' 9~ I-OU.U 
ll)(lti 1 9~I-o...e 

UJ"' I . '9 CI- U .... . 0 

.U(MIl i9 ~ I -O."O 
lhto< U 19QJ- I l.dl. 
.I .. (.U~ ' lIo;.l-j\lo~ 

'dl.'''~ I" C I -OU~" 
• I~("I .. 19 \1 1- .... ~ .. 

.utRIl I'IICi-o,k,H 

. IX",. I 'IO I-UJ '" 

.Uu.H 19 CI-,)U h ' 
• 1 j(.~ ~ I i9 CI-oJU." 
UJto< u hUI-O"~,, 

.U"I .. .. _0II8:J 

.1.11<..0/ " ~ W-0II8:J 

AI~"" 0~ _""1>J 

.!JIII I ' ~"-0 .. 11 

.u,,~ I d""O~1I 
• UJl u~~ u ...... 
.I)~ I.~"'''~ d'' 
'IJII~ Id ' r O .... 

.u .... 1.~)-OJd .. 
&lJ,,1 I .. ~ .... Il .. "1 
.AI .... d I ~:J-U" I II 
.IJ~ I ,, : >-G_~u 

AUIII, 1 4""-UU I 

8·142 

Replaceable Parts 

Qty Description 

2 I I. ~II lO lA UP .11' 
I ~ LII JOIl Uf' . 111' 

I P. ~ . ASUII~LT . At ~ONYhT£l 

4 ,.,." rOIl - FAO H'~ ..... H JU~ . ~ I)( 1111.. 
I ( A' t CI TUII-fUI . 1 ~Uf .-IO~ 100_ YOC POllP 
J U~ A( IIOII-fXU . \lliof' . - 10l 10llol VOC POI,.Y' 
I ~" .C l rO Jl-UO .IUf .... 10& I OO~YOC 'Ol.yp 

C.P Atlrul-FIl II JO'~ _ ~" JOOo VU( III ( A 

l (A"( I I OR-FIlO . 0 1 2UF . - I O ~ 200WVU( PO~YP 
("" I lilli- flO . UIlUf +- 1 01 lOOWIIOC POlfP 
UP.t H OIl-nO . 01OF . - 101 III O ~YU( POLY, 
U'ICITlJJI-FA O . 0 1llF _lU I 1 00~VOC POl ,p 
( .'ACII UR-fXO HUP ..... I UI 10llue fA 

C.' .(lIOIl-flO ~.lUf ..... IOt 10VII( fA 
CAP . e I I OI- F l O . ~2UF.- I U ' J SVO( I' 
,.,.(IIOIl- fIl O l;)PF .-~ C J UO.VO( IIIU 

I UP'C IiOIl-V IKIIH-Ala l .l l1".II'~ )SOY 
I U,l t I10 1l-U O " PF .-1 0 1 ~OOIiVOC IIIU 
1 CAPACITOR-F){O ~F ~~.3OOWVOC MICA 
I CAPACITOR_ FIlO I$UF"-I~ 2OVOC TA 
2 CAPACiTOII- F){O ;u&'F .... , ,., 500WYOC POIIC 

CAPAClTOII_ FIlO .oIUF '80-2Ol' l00wvOC ({R 
CAPACITOR- FlCO 1.l\JF·_I~ moc fA 

2 CAf'ACITOR_ F){O .oIU F t-Ig,., IOOWVOC CER 
CAf'ACITOR- PlIO <I.1UF .... lg,., 2OVOC TA 
CAPACITOR_ F){O <l7PF . _ 6'0 SOOVOC MICA 
CAPACITOR- FlIO 33PF ' - S'" JOOWVOC MICA 
CAPACl TOR_ F){O 38PF . _5~lOOWVOCMICA 

2 CAPACITOR- F){O Jllf'F ~- 1,.,5QDWYOC MICA 
1 CA'ACITOR_ fIlO .000F '80_~ IIVNVOC CER 

CAP.Cl lull-~XO lU'P . -~" J~JIIV O( 111 (. 
I ' ''''!lOIl-fIlO 10 'f . - U: I OOONVAC p<)fI( 
I C.'.' I'~.-~tD 970" ..... 11 I OO . Voe PORC 
I C.,,, I,,jll-f .( U I ~ P F . -H )OO.YU( '"(. 
I (.A" ClTOW-FlO I U" .-u l~OOoVQ( 1'011.( 

2 (II'A( 'IOII_V 111. "11 - 41 11 2.4/i •• S' f l~tw 

2 ( IPlCl1 lJ.11;- fIl O .I\If' .-~u ~JJII VOC 11(1 

) I)j O~E-U"1 lOll H 00- 1 'U .. .. II " - •• o ln 
1 Il I O')E-GU' 1'11.1' 180~ ~O~"A uu- I 

~ ~ ~ I UOr-$WIT (~IN~ )GW SO NI ~N ~ Do-)~ 
UI OUf-Cil N PItP I ~O~ 200111 0.10-1 

S OIOOE-SOIO'I'" 

O I C~i'-~HOII'" 
1 " 1 (J~E- L'<11 I .llY )~ 00-1 1'0)0."11 It6 ' , 0.U 

OIO)t-So l l (ri IN G .l OW SO", i NS Oo-) ~ 
" I OUf- SooI1 CIIIN G lOll SO ... ~"$ ul)-H 
O I ODt-SWil(MI" ~ l \lV SO .. A lNS oo-n 

OIUi)t- ~W'ICH'N{, '" ~ONA illS Ol)-lS , U' JO ~ - lllR .. . hll 2' 00- 7 PO " ~W 1(6 - . 0 19' 
OIJO~ -lHR ~.lH nOl)- I PU_ . ~ . 1(0- . 0 19' 
U I :' Jf - ~ .. 1 It., III G ,~ .oM 211~ !)l)-)~ 

Ui!NE-.WllCtI". G '"' SU~I till Uu-J> 

, u l aOE-sw l T(.tll liG ,,. 15"A I ONS 
Dl uut-$ WI ICHiio G ". '~M. IONS 
0 1 OJE-SIIII I.U INC '" SO lO. ~"$ oo-lS 
OI OOf-5WI I (,, ' "'' '" SUII • '" Ul)-J~ 

U I ~OE-SW If(U I "" '" ~""I l NS Qu-J~ 

~t~ll- IIUO .. 1~0" • 1 ~;)UV ue SVO(;-(OIL 
lI~ln-IlU_D .. 1,,0 111 10UIIVO(; Syot-'''' I l 
Rd l' - lIt tll .. 1 ~01l • 1 0U~~.:li. SIIOC-l.OIl 

IkU$ I STDII ,~ " 'Ool.)ON~ f 1 a 2 0~Kl 
I~IN~ I $IOII "'" " PU • .JOIlII~ HoiOOlOHl , lU ~SIS I Ol< .l-F ~I i .... l~l N-CII4Ij l)-"ODt 
I MA N$ I STOII ~-HI 2 N4 )n lI-t"IN .... IIUIIE 
I lIlN$I.l(.101 .I-o't I 2N4)'1l 10-( ..... O- MOM 

I ~'N$ISIUIC .I-HI l N4 Hl N-(H4,j G-Nl)Ot , I KI"S I ~TQfI. II~H S l I II- I I Pu_ i<>U"" 
hl~S I S' OIl ,~ " IU-I& PO' .1,,011" 
IHII SI$ I OR .I-HI ~""HI ..... t~IN O-II O,,€ 
T ~U. $iSIOlo .. ,.. 51 I \l-U P "' J~UII~ 

Model l4SlA 

Mlr Mfr Part Number 
Code 

11502 JlGJl 

21410 9101)-01>19 

270H VIlO""" 
HO B ~JII)OI.~ 

2"'1 0 O)4SS-"S I) 

2"80 0 1.l)-ll99 
zauo OUl)-"O" 
2.U3 OUl)-<I401 
inlO Ol.l)-"OZ 
U~jO OUO-2199 

lU.O OII>O-UU 
214 10 01.0- 4)91 
2nlO OUl)-"OI 
28"0 OU o-" OI 
Se2U I~OO):w. UOl cal 

:>1>219 I~OOll5UQ20U 
S4U9 I SOOUU901S.l 
28"'0 0 1.l)-2199 
'4910 U9- S0S-125 
2. 410 OUl)-OlU ,..., "....., 
..". 15OQ1511JCiQ2082 
".., 0180--:111<10 
".., 016O--QOlill 

"'" IlOOnlX*320A2 "..., 01tJO--l,:M 

"' .. 1500725X*320A2 

""" OUIO_OI81 
".., 0180-2150 

""" 0140-01110 
".., "...,... ,..., 00 ...... 

UUO OUl)-Zl99 
u~ao 01.0-191. 
21UD DUl)- J971 
I2lh 011' K 15 Q.JOSOO>lYlCl 
21UO OUl)-lUO 

H910 U9-S09-U~ 

f~002 00110460 

0"111 Sl. 10'1)9-219 
i . 4IO 190 1-00)) 
laue 1901-00..0 
UUO 190 , -00n 
21 ... 0 1'I01-0SlI 

U ... O 1901-0S U 
0<0111 U 1(9)9-IU 
2 .... 0 1901- 0040 
laUO 190 1-00 ..0 
28 .. eo 190 1-00..0 

2'UO 190 1- 0040 
0<011) " 10 919-93 
0"111 U 1(9)9- 9 0 
2nle 190 1-0040 
2~UO 190 1-00 '10 

la~ IO 1'I01-00~1 

U '80 19 0 1- 00'" 
laue 1901-0040 
21UO 1901-0040 
21'10 1901- 0040 

lI~.O 0<090-0II8:J 
2.UO 0"9l)-0II8:J 
21~8G 0<090-00.l>l 

2auo lISA-OOl I 
U "'O I n ..... OG li 
0"711 21OH92 
0<011) 2NH'll 
0"'" 2101H92 

Q47U 2" .. )92 
21~ao "~""'Ol 5 1 
ZI'dO 1"1-0010 
0411l 2 N4J9 1 
inlO I " ..... OJ" 



Model34S5A 

Reference 
Designation 

... h"lJ. 
AJ .... U 
AIJ ~a 

AU"h 

U~ ... 
A lJoti 
4hll .. 
A I.>a~ 
"UkS 

.h .... 

. UII' 
AU". 
.\Ila ~ 

"hall 

"Uic U 
"1>10.1 .. 

.UI"~ 
"b.h 
.IJ.I .. 

.UMI 1 

.1.>"1.> 

.IJ"I ~ 
"'l.> .. ~ I 
... U""~ 

"'I.oti. 
"'h"Z~ 
... I .... ' ~ .' .ML .. 
AU"a 

... 1.",. 

... u ..... . 
"' .... JI 
u ... )~ 
"ti"U 

"'Ukh 
"'hotJ) 
"'1J .. :o ~ 
... 1 .... , 

"' .. .. h 

UJI<}¥ 
Ulol~, 

.. U .... . 
U .. h. 
4iJ"H 

41 • .,1 
" h U1 ."U. 
41) .... 
4UU .. 

... 
U .... , 
U .... l 
"'1'01. . 
"'H .. ~ 
... "', .. 
• H"~ 

."' .... 1 

.I~ ..... 
u ....... 
• I~~ .. ~ 
U .. I." ~ 

U~C .. o 
.1 ....... 1 
."' \..<0;> ."', ... 
u~~ .. , ~ 

" 

" 

HP Part 
Number 

18 ~'-"u . O 
U~ \I .. Ji 
I. ~)-Ch~ .. 
1. :';"U~lIl 

0"1..1- 51'" 
U"8..I-L.J5 
U .. oIl-Zd~ 
0 .. l1li- ... ,,, 

" ...... -HS~ 

0 1 )'-~"~ 
ulSl- Odu 
Ut.&J-UJ) 

" .. U-I".j 
""tU-) l h 

L'(iU-'J~" 
l I W - n .. 9 
11 .. 911- ..... , 
" .. "l-IYH 
UJ )l-<I'OOI 

o .. '<II- .. a, 
O .. II .... L .... ' 
U"6J-)IU) 
"'J51-\l~~ J 
., .. 9&- .... II~ 

2 1 ilO-lJ:lI 
11 0 ""'.<: .. 2) 
ooW-.LI ) 
U .. U--"'''d 
O .. ~- i " l ~ 

Oo'l - J"I ) 
" .. u-,~u 
lI .. n- l~j" 

" .. U-)I.:' 
117Sl-u.. ~ 4 

<I"IU-I.JS 
II" U- .~,) 
Z 1 .:.,0.. .. .. <1 .. 
o .. U - H" 
~ .. 'Ii-~<i ~ 

""\101-".00: 
1I .. 91>-".U4 
" .. ,.,.... .. ~\l4 
0"_0-15 
Il .. <;a- .. ~ I o 

0 .. 9<0- .. .1 .. 
. I<»- ~ ~ I I 

1 1 ..... "",9 
l IlZ .... ....,'9 
' " Io-... U 
I l~IIv) . 

1. ~ .... t.IU. 

,) I ....... ,)u .. ~ 

' I ..o- ~~ . .. 
"I_IIH~ 

.. I ~""" " 
,)I_"U~ • 

I~ <u- .. ~. I 
1~ ' 1 -031e 
19 " · ...... ... 
I .,.~I· .. . I ... 
I'" " I -II ; I .. 

I ~Cl-03J6 
t ~c.!-j.J , 

I~ CI- .. " .. .. 
I ¥C I - .. ~ ~ .. 
hCl-II" .. .. 

Oty 

• , 

, 
• • 

• , , 
• • , 
, 

• 
, 

• , 

Replaceable Parts 

Description 

f l<,'~S I S I OIt PNI' ~ I I U -l ~ ' .... n ... Nw 
U'NSISTIJII "p .... 5 1 PI;I-J.xINoi n ·l::HI ....... 
1 .. ~~S I SIOti. J -t'E I IN .. )~ I N-t ... " D-IIOIIE 
hl. . .. SISfOfo.-JH.1 W.~ N-t"a:, U- II,",<lE S I 

..~ S I SI( ... S\ .... 5 •• LS " h I ; __ .0(U .90:l 
II~ ~ I H!;It llol .. , .nll ft I C·-':>O/.~OO 
kL~ I S It .. n. Sa .h. Ft 1';'-.. 00/. , 00 
Ilts lSfOll ) U II " .I ~) ~ ~ I . '~. - I OO 
IU.S IS I ~ J'''" I ~ .1l~J f It· .. . - I OO 

~ " .ISII ... I "'''~ II . 1(~ " ,. 1; '0'-100 
IIl 41S101t 2'U n . 12 ~" F , .. -g ' - I OO 
kd lSiOP. 22. S a .l)1I FC " __ " OU/. ,OO 
1l.~ I HOII III~ 5 4 . 2) . H II.' - 'UU/"OI.I 
k . USIUiI ~Hl lt 51 .l' .. ' ~ c I C'~.O'U.'IgJ 

IlESISlfII- I IUIK )O~ 10 l I. S I UE- ... OJ II- III'" 
1I < ~I ~ IOII - Tk"l1 2& 10 1 .. ~ 1 .. ~ -a " J II-UN 
II. USllJI I . ... ~ U .U". F It'" ... IU O 
lIe S I S IUI< l " ~ .. , . .. ~" H I ~ '-"I OH'OO 
"~ ~ I ) ' lII UN " .I Z5 W ~ ".g o_ IIIJ 

" " ~ I.iI Ull. .. 12 ~ , .12~ .. f I ~_O O _ I OO 

a . U $ fi.IC 20111< U . ~ ~o/ , .. 1 ~ ·-" ijO/ O ~OO 

... S I'IOII S I S'[ .2S ~ Fl.. I C·-~OO/' ~1l0 
k • .i I.11II ) " .11<. 11 . ilh F ' t_O O_ IOU 
1l~~ I UUl< LI> . loI. 1 4 .I ~ SW F ' ~'''''' HIU 

"c~ I£T"-IR"~ ) ~ I ;I~ t H o.£- 60 J iJ- lkN 
k r S I S I Ok 2 11 )1 .l~ I' C ' C·-~0<l'.100 
1I<~ l iIUl< !iIIK .5'11 (P/O MATCHEOSUll15.38.~3) 
!lu lSl"'" 111 so: .n_ I~ " .. .. 00/ ., .. 0 
~ ~ ~ I S luO< I<lU S{ . 2~" h 1 ~'-,0"'''500 

.~ :> UIUl< ~, ~ ,; . l' ~ h ,, __ .. 0 0 / ' 000 
II.S I S TCII. ll ~ :>1 . Z ~ .. I C "'-' <I(l/ ' ~"'0 
II.,;J 51U11 I UIl ~ : . l> ~ fL , ~ . - ~UOI oIOO 

I< ~ tSI~ HO~ ~ • • t) .. r L 1 ~·-d"0"9UO 
IIc ~ I ~l lII 11)1.. l~ .1 0 ," f r ~ ''' ' - I ~O 

M.S I~l U1< I ~ ~ >. '~ '1f ' ~ 1 ~ ·· .. ~Ql> o"O 
~~) I .lli)O. lit h . .. , ,, r ~ " .·, ,,, ... , . 7 0 0 
iI ': ~ I SI t». - ' k". ~,, '" I U' C ~I .. ~-.UJ II_ It". 
;o. ,, ~I~ ' ''''' .. ,~ , ~ .')~ f t I Co -"OU/ ... OO 
Rc~ I S 1 0)l. WK .S" (P/O M.TCHEOSET 1126, 38,013) 

.. ~ ~I.i l'" II . " ' .. 11: .1 4> 0/ f II.' O. - I U .. 
IU:~ I ~ "'" <I . d1ot " .Il~~ ~ It' ~'-I OO 
" _UUOII • • 61 .. I "' .1 2~" f "-O'-IUO 
II~ S I 51 UK 2M .Ii~ ,'/0 MATCHED SET 1115,38.43) 
"~~ I S I Oll 2O.2ot .ho'P/O M.TCMEOSETR ..... Il.S1 

II, ~ I)I UII 2M _ CfIOMATCHEOSET 11". 1145) 
"~ >ISIL.t-"'''~ ~UU 10 1 ... J)[-6IlJ t1-IIl" 

I . ~" ZIl"" uP ' " ' 
I ~ ll< 2U II CP '''P 
I ~ . FINE U .. t ,It" 
l~~" l ll i. UP .I<~ 
I .. ~. Z&Z, ~ P ... ~ 

SU"' I .... . ~S . OZO· f "~ 
E ~l k.~ TOR-PC uV IllK ' lllY t .Oo l-~O· IHK~ S 

L~' . l l i ull- HO .I UF . ... -~U. l~,) .'o.II. 'EM 
lV.~ IIOIl-f l ll . <l6.UF ' - I .. . ~" .. ~~~ .. "ll'~ 
t.P'C I T "'k-' ~1l .. ,"'~ 0 " " JJO~V !lO,. ,,"a 
"~~'L II II"- '. <1 . IUF ' ~,)- ~ Ot 1 ""~Vo.. U k 
.. ~P.t ll llk-flO . IUf o d"'_ lO~ I ,J" ~ VDC ,H 

UIJJ~-U.oI 4JV ) ." !Ill- I ~II · •• ~ r '· , ."IJ~ 
O I <l J~-GEN'"P 3!iV IiOMAOO-l!!i 
UI"<lt-:;"l l t,, I"''' JOV SO". l HS .. ll-h 
"1 .. ~ " ·(itH P .. , ~s v >.o"~ ""' 1 
.. 1 1~ l ~ C.U. P~" .j, , .. N' ....... 1 

') I Jt.~_GEHPIIP 3!iV SOMA 00)5 
"I JJ~·LIo" lJV ). lIV-f P:'O.h 1~ ... ;)l J' 
UI ) J. -$.I IC" , "C. )IlY i"" ~ ... ~ uu- . , 
J : .. n· •• /I 'hl .... J OV ,J" • • NS 'Ill-,s 
J I ... IlE-) .I1 V II ",C. .OY )"~. ~"'. <I.I-~ ~ 

•• SE ll fAl NUMBEIlS 1622.05131 AND ABOVE NOH !"I ) ON SCHEMATIc a . 

I I I 

MI. 
Code 

h~~D 
l8UO 
OHI) 
I n ... 

ou.z t 
Oilt! 
0 11 2 1 
91 U7 
9al l 

HH~ 
lU"~ 
OIILl 
01l ~ 1 
IIU21 

12191 
12"1 
HHI> 
OUl l 
ldU 

OUII 
0 11 2 1 
011 21 
Z">U 
H5H 

)2997 
01121 
uno 
Oli ll 
01121 

.. lI l l 
Olin 
Olill 
Olill 
lH4) 

0 1"1 
OIlZl 
)H9I 
Olill 
2 ... 80 

,['H~ 
HSH 
HS'~ 
H .. ao 
lli~ bO 

HJ I~ 

a OH 
llUD 
2n" 
HUD 

01195 

2~ "' 0 
~J"U 
f l U' 
28 '''0 
Zb"~O 

ZH 60 

OAII ) 
U~d~ 
ZhlO 
~ 8UO 
26'60 

liUO 
0 .. 11) 
lll ~ ~" 
l $U;I 
28'8<1 

Section VIII 

Mfr Part Number 

USl-OO U 
IIS~-OO'I 
2 .... J91 
H ZI 

cn ... , 
tUllS 
UUU 
C llr- 5~" '-I 
C"F·S~t, I -I 

C ~- I/' · IO-I OOJ-I' 
C'-l/" ID-I '~l-F 
C82ZJS 
UIO)5 
cas U) 

lOOl>' -l- li Ol 
100"- 1-.1; 0 2 
C"- I ,,- 10-1 051" 
' ilion 
"'-III· IJ-lal - ' 

P"€~S- I 'I - la -"'lO-~ 
CllOA) 
cn l g~ 
''-11_' ' ~-)Oll-~ 
C ... I II · " -2.IZ- ' 

100 .. ' -I - SOl 
'.2025 
0.9'-'215 
CUOH 
ClIOU 

CI2~I ~ 
CUllS 
c"l on 
CI )I"~ 
c.-1I1- ' <I-1001-' 

tbUH 
tU02~ 
100l>P- I - .. OJ 
tI~1iS 

o."'·'lIj 
C'- I II· 10-1I11-F 
',"""111- 11)01111- 1 
''-l'.-III-~I 'I - F 
009~-I2U 

06U-~ I O 

"".,.,-ail .. 
100 .... - I -SO I 

llllOI "" 
U'lOI '~ 
IUO-Ol SJ 
llllOl-"l 
IILI>-Ol a'l 

0150-008 .. 
0100-096 
ON I SF.1IJO)00~ ¥I C~ 
0 150- 00a .. 
IInO-00~4 

Sl 1 09)9-21>9 
190 1_ 0378 
190 1 -0~"O 
190 1·UJ1 .. 
190 1-01 ,~ 

1'0 1_0316 
~! tOU"-2~9 
190 1'~)~J 
190 1_00 ' 0 
190 1 -00~ 

8-143 



Section VIII 

Reference 
Designation 

Ah .. l 
"H.u 
"1~ .. ) 
",~g.. 

u ""'~ 

A ... .... 

"'~Il "I 
"l.k~ 

" u u 
"hU 
Ahll!> 

U~ ... 

u~'" 
U~1I11 
U~,,~ 

AlhlJ 

"'''U I 
AH"1l 
U\"IJ· 
A".II~ 
Ah .. h 

u~ .. a 
A ... "" A!u14 AI .".1\'1 AI 
.I .... ~~ AI 

.u ..... 
u~ .. a 
u~ .... , 
.... ;u~ ... 
U~ .. l) "I ........ 
u~.u 

" ... Ill. 
. 1 . .... 11 
"' .... l~ 

ahkJI 
.hlt" 
Ah .... 
UU)o. 

AU"' ) 

u .... ~ .. 
UU.H 
Ahli .. 
.H .. ~~ 
A","h 

...... " ...... ~ 
U'''u 

A"'4'. 
U ..... , 
........ 4 

."'UI 

.... UJ ."',,) ....... 

.I.<b 

8-1 44 

.. .. 

HP Part 
Num ber 

1'01-0)11 
I~ O '_OU.~ 

' ,,'-l-ooN 
,.n-OUH 
I' _C.~'" 
II»-OCB 
",~02"11 

1 1)~-OU~U 

0 • .0-10311 
0.U-2Gl~ 
O •• - J I " 
"" U-l)" 
O ' ''-~h 

Ul "-0..'0 
U."'-l'U 
U l ~ I-o..O 

U J "-~'l 
UJH-o.~u 

O.'Ii- J >11 
O"U-lW> 
O .. U-U" 
"J"-OOH u. II-:W I I 

O "'-~~ I 
O l 'J-~') 
01)1'0213 ---~~ 
"' 11-2) / 1 
O''ie-JU) 
U .. U-'~U 
1I .... _ 10l6 
U.Il-IOl6 

... ..... n.o 
0.W-. .. ", 
.... .l-dH 
O.OO-J'I~) g.-.... ~~ 
o.~-)~.u 

O .. 'IoI -)H' 
u.W-J~n 

" .. Ii'l-I<lH 
" ...... " .. 
06¥J- lH' ".O-",H 
u ..... -~uu 
U"IIJ- J~l) 
OJ 51- lIu Z 

U' ) l - ..... H 
O"-.I- .. th 
O .. U-l .. " 
0 .. 11- :10M 
.) ... .l- I IUo '. 

.... d- I .... 5 J._H" 
O)/H- 0401 

I ¥CI>- oun 
I~u.-OU I ~ 
1 . . ... 0471 
1 ...... 0~~9 
1 • • ~O/o) J 

, 
• 

, , 

, 
• 

, 
, 

, , 

Replaceable Part. 

Description 
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OI IlOE- SooITCrilll' 10\1 SO ... ~S OO-H 

I 'UII$IST I.M; 'W $1 '''''''00,", fl' I SOMIoI 
IIIU'SHlca ,,,. $ 1 TO-II ,o-UOIIW 
, " &IISUI Oil J-H I 1 .... 191 ot-t""" 0-Il0II0( 
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"U UI IJII 1'.Sol. 11 _ IH " r I t'O' - IOO 
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Model 34S5A 

Mfr Part Number 
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Model 34SSA Section VIII 

Re placeable Parts 

Reference HP Part Number Oty Description 
MI, 

Mfr Part Number Designation Code 

... 03-'5e-06518 , I'C ...ssE .. aL ... . o\c ~MS "'" 03f~15 

AISC I 01~121 • CAPACITOR-~lID . I U ~ '80-~ 5OWVOC CER -.. 0150--0121 .. '" " "'-"'" , CAl'ACITOR- H:D .0:21 UF 200V "'" " "'-"'" .. '" ,,~ , CAl'ACITOR-~lID .22 UF 200V "'" ",....". .. ~ ,,~ , CAPACltoR- FlID . IUF __ I~ lOOWVOC CE R "'" OI80-XlIiM .. '" 0 1110-)1" CAl'ACnOA_~lID .DIU! '_I~ lOOWVOC CE R "'" 0 180-31" .. '" Oleo-203II , CAPACITOR - FlID lWF ~5" 3iXM'VOC MICA "'" 01110-2035 
.0.1 5(:7 Oll!lO-22OI Co\PACITO R- FlIO ICIOPF _-Ii" 3iXM'VOC " 'CA "'" 011!lO-2201 .. '" OiOO-OI$,J Co\PACltoR_~lIO .033 UF 200V , ... , OiOO-Ol$,J .. '" ,,- , Co\PACITOR_ FX O .21 UF ._I~ IiOWVOC 101fT n'" ,,-
O\ISC Il 01110-1* Co\PACITO R_ FlIO 2(J'F ~5" IlOOWVDC CER "'" 01110-1* 
AI5(:U 01<10-01" Co\PAC ITOII - FlIO 200P~ '-$" JDOW\IOC " 'CA 121J11 ~1&F20IJ(1JIJ(1oN'o"CA 
.0.15(:13 OUIO_Z251 CAPAcnOA - ' lID IOPF _" IlOOWVDC CEA "'" 0 11!lO-2:1!i7 
A'SCI',CI$ 01Il0-02II1 CA.PACITOR_FlIO I Uf +-I~ 35VOC fA "'" 1500I!I5Xg()J§A2 
AISCIB 01llO-m7 C""ACITOR _ FlIO IOPf ' _5'4 IlOOWVOC C[R , .... Oleo-21S? 
AISCI1_ 18,OI 01~121 CAl'ACI ' OR _ FXO .IUF .eo-~ 5OWVOC CER "'" 0150--0121 
A I~o 'AooIHO LISl 

OlW-Z2l\1 CAPACITOR- FXD IOPF ' - 5'11. IlOOWVDC "'" 01l10 .... 2:1!i1 
011lO-:rn;e CAPACITOA- IXD 12fOF 0-5'4 IlOOWVDC "'" OIBO-nM 
01110-2281 CAPA(;ITOR_ FlIO 15'F 0- 5" IlOOWVDC "'" 0180-~1 

AISC13.0' Ol~111 CAI'ACITO R_ FlIO . IUI 'I!IO-~ SOWVDC C£R "'" OlSO...()121 .. "" ,,~ CAPACI TOR- FlIO )WF -1'4 IlOOWVDC PORC 
_ .. 

,,~ .. "" O l~I21 CAl'ACITOR-FlIO .IUF "!l0-~ 50WVDC cu "'" OlfiO..(lUI 
AII!C27 OillO--3liM5 CAPACITOR- FlIO 3IlPF __ I" 500WVDC POIIC "'" OUI0_~5 .. "'" 0 1~l21 CAPAC l toR-~xO .IUF oBO-20'4 50WVDC CER "'" Ol~121 
AISC2t. C30 0 100--1480 , CAPACITOR. FlID IOPF lOilV "'" 0180-"110 
AI 5(:31 0 180-:»48 , CA' ACI101l - FlIO 01Of'F 0- 1" 500WVDC PORC "'" 0 11lO-:s..u .. "" OlllO-nDO Co\PACITOR _ FlIO O'F - - 5'4 :JOOWVDC "'" OlllO-noti 
AI5(:33 "'P "....,... Co\PACltoA- FlIO .21iJf . _ 1~ oIOO'IOC ..... ,,,,, .. ,,,, .. "" 0 121-Dt31l Co\P,t.CITOR .... V ,A .. II_AIR 2.'/24.5f'~ 350V ' <OM I._508_ I:1!i .. "" 01010-0183 , CAl'ACITOR- FxO 82f'F _ 5'4 300WVDC MICA 721311 OM 16E82OJOJOOWVICII 
... I 5CJII-3II '" A 0180-2I::I5e , CAl'ACIlOIl_fllO .0lUf .., _~ 11IOVOC CEil "'" o I 110-2O!ifi 
""50'0 "'J 0100-0128 , CAP,t.CIlOR- FlIQ U UF o_20'4!iOOVOC CEil "'" 0100-0128 
""SCll l. 2, 3 11101-0040 DlODE_SWITCHI NG :JOV SOMA 2N5 00-36 "'" 11101...0040 
"'15(:11', B 11101-0811 DlOOf.-5CItClTTK ... "'" I 110 I -OIi 11 
... ,Be IM 111OI-oGoIO , DlOO£_SWlTCIiING:JOV SOMA 2NS 00-35 "'" llIOI...QOoIO 
A'BeR1 ' 1101-08811 , DlOO E. GEN 'R' XlII 25MA TO-12 "'" 11101-<1*1 
AlBeR'. CR' 11102-3013 OIOOE-lNH UlV~" 00-1 ,o-4WTC- _ .0;U" 01713 Sl U»3I1-71 
A1Belm-e'lIl 11101-0040 OIOOE-SWlTCHI,..G)(N &O!AA 2NS 00-38 "'" 11101-0l)I0 
A1BKI . Kl .. -"'" IIEU, ... _IIU O I .... lOOMA lOOOVDC , ... oe-cOIL , .... 

~-A' 51O. K' ~- IIEU, ... _REEO IA lOOMA lOOOVDC B Voe-cOlL , .... ,....."" 
AI50I ' ,..-0071 UANSISTOR 1'1'1'1 SI Po-lOOMW FT-2QOM1il ..... 11164-0011 
AI&Q2- Q4 '0U-4<~ U ... NSISTOR J-FET 2NU:11 N_CIiAN O_ MOOt OUll 2NGI 
""5~ 18M-<IOII2 , TRANSISTOR J-FET N_CHAN ~e SI ..... '_-<I0Il2 ..... ,_-0071 UANSISTOR NP'" 0 1 1'Qo:lOOlo\W fT- 2OOM1l, "'" ''''-0071 
AI5Q7 , """""'" TIIANSISTOR PNP 51 ,o-JOOMW fT-iSOtol Il, ..... ,"'-""" ..... 

" " .. 4m 
TRANSiStoR l-P ET l NGI N_CIl...,.. O_MOOE OI11 l 2""311 1 

AI5(». OI1 I .. ...(l7G03 , THAHSISlOII, ADaIl ..... l11M-0753 
AI&OI2 ,,~ TIIANSISTOR fflP SI Po-3OQMW n -iSOMIiZ ..... ,-
"" &013 '_-0071 TR ANSIStoR HPN 51 'O-3OOMW n-:zotIMIiZ ..... 1B~71 
AlJel" ,"'-- • TII AmISlOI! HtP 21'1"11 51 , o-2QOMW "'" 21'1'817 
A15OI8 1~415 , TRANSISTOR H'N 51 PO-lIIOIoIW FT-3OOMHZ 01713 SP'S 31111 
AI&OIB 1Il54-0071 TR ANSISTOR 1'1'1'1 51 P'QoJOOMW n -2OOMIiZ ..... 1Il5'-0071 
A15017 , """""'" TRANSISTOR PNP 51 P'Qo300"W n-I50 .. IiZ ~ ... ,-
AI&01 8 , ........ , , UANSISTOII J_F£T 2N~"Ii N-CH...,.. O-MOOE 51 ,,- ..,..~'5 
AI&010. C20 , ........ ~ TIIANSISTOII J_FE T 21'1 43111 N_CIlAN O- MOO£ 1)01713 2NG I 
AI5RI -,~ RES ISTOR 101< 5.,., .25W FC TC- -0I00/'7OO 011 21 CI10311 
AI5 R2 -"'. RESiStoR 12K ,.,., 2t,W FC TC--4OOI<800 0 1121 """ AIBR3 D!III3-li145 IIESISTOR 510K 5' .2riW FC TC--8OOI-IlOO 011 21 C8lil"1i 
AI 5R' -"'. IIESIStoR 21K 5"" .25W FC TC .... OO/olIOO 01121 '~M 
AI5R5 0&13-51 "'5 RESISTOR 1l0K 5'4 .25W FC T,"-8OOIo1IOO 011 21 C8liI"'5 
AI5 1M- 'AOOING LIST 

~M II ES ISTO R U'8K '" . I:1!iW F ,,~ " _ III_1O __ '·F 
on7~ IIESISTOR 12.IK ,,, . I25W F ,,~ " _ 11I-1O-'212_ F -.. ~ RESISTOII IUK '" . I25W F ", .. " _ III_lD-1fi92_ F 

AI5117 0~'-044II , II [SlstOR 10K ' " . 1:1!iW F TC_Oo _ loo """ ~III-T~II_F 
AI5118 --- • RESISTOR I!IOK 1'4 .1:1!iW F fC_Oo _ :1!i 0711' C£A_\IIII3-N330 
AISM ......"., • IIESISTOR 010.2 ' '' . 125W F fC-O- - loo " ... Cl- III-TD-'D22_ F 
AI5 Rll 0888-3I!o11 • 11(5151011 l8, IK ' " . 1:1!iW F TCoO'- loo " ... " _ I1I-TO-l8I2_F 
,0,151112 0IS83-2'" • RESISTOII 2"'101 '" .25W FC rC-_ IIOO!'lloo 01121 CB2'M 
A151113 -"" , RESISTOII 287K '" .I25W F TC-o- loo " ... ~- I I1-TO-2873-F 

A' 5RI4 -,~ RUISlOR 101( 5'4 .2\jW FC TC • ...0100/.100 01121 celO3ll 
A"R" _n~ RESISTOR nK 5'4 .25W FC rc- oIOO/ofIOO 01121 can» 
,0,'''''5 2111G .. 3151 RESISlOII TH .. R 201( 10'4 C SIOE _Aru 17_ TRN "'" 3CI06I'_ 1_203 
AIS II17 "'c 21110-30511 RESISTO R- Til .. " 10K lot; C SIOE_ACIJ 17_ TRN ", .. :JOO6I'_ 1-110'2 
AI5R I8 "'L. "'N ~ RESISlOII 732K 1'4 .115W F Tc-o.-loo ,." MC5CI ,..To.732J.F 
AI5II10 075J-Dt11 IIUISlOII S112 I.,., .125W F TC+-loo " ... C'-IIII-TO-SII?R_f 
.0.1 1;1121 - 'AOOING LISl 

0883- 18"!1 IIESIStoR IlIOK 5'4 .25W FC 01 121 ClI"5 
0883_2145 IIE SIS101I 2'201( 5'4 .2SW FC 01121 c a21'1 
0883- 2'-45 RESISlOII 2.aK 5'4 .:1!iW ' C 01 121 ,~ ... 
-~, RESISTOR lOOK 5" .2SW FC 01121 

,_. 
""'~, RESISTOR JIiOK 5'4 .2!iW FC 01 121 C8JUS 
0lIl3-5" 5 RESISTOR 510K "" .2!>W ' C 0 1121 Cl51 45 
-~, RESISTOII 1!SOK 5'4 .:1!iW FC 01121 C875'5 
08I3-15M R£SISlO II I.5M 5" .2$W FC 01121 CI16M 

""BII'22 0~J-G401 , IIE515TOR 100 I • • I :1!iW F fCoOo-ioo ,,~ C'-III_1O-100II _ F -. SEE NOTE ()rt stllEMATIC 3. . , SEE Hon ON stIlE ..... Tl C l . 

" SEE Hon ON SCH[MATIC 3. 
"'L."' N SEE NOTE Oft stllEMATIC 3. .. 5£E HOTE ON stIolE ....... TlC 3. 
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Section VIII 

Reploceoble Ports 

Reference 
Designation HP Part Number Oty Description 

""511n 6. e 
"'151124 6.e 
.... 5R21 
...,5112$ 
"'151121 

... I5R28 

... ISfQI .ll. 6.N 
"'1'"32 
"'151133 
... 151U<e 

" '511l5 
"'SRlII 
"I5Rl1 
"I5R38.IIlII 
",I5R41 

"'SR42 
"1''''3 
"'1511« 
"'I511~5 
""5R"8 

"'SRU 
"1511"11 
"'51149 
"I~RS I .l~ 
"'I5R52 ~e 

"'I5R5.3 6.e 
"'I$R~ 
"'I'R55 
... I5R58 
"I5R51.R58 
""5R!iQ .I" 
"1511'1 
... 151162 
... I511G3 
"'S",", 
""5RGS 

... 151111e "0 
"'51161 6.0 
... 151168 
"'SR&a 
"15"'1 
"'5I1n 6.. 

"ISII13 
"15")4 
"151115 6., 
"'511" 
"I511n 

"1511" 6.G 
"1'")11 
"I'RaI 6. M 
"151182 6. fII 
"1511113 6. fII 

"1511&0 
"15"85 " .. 
1.15/\88 
1.151188 
"'I5RII9' "A 

AI5RIII 

AI5M2 
"'51N] 
1.1611114 

"'1'"" "ISRiI& ~A 
... I6Ri7 ..... 
AIWI 
AlSU2 
AISV3. !JoI 6.H 
... ISU5 
,,~ 

QG83_ 1045 __ n~ .... -"" .... _n 
..... ·'m 
2100-3161 
~.....,., .... -... 
0IIII8- 14111 
0151-Q0111 

0)51-0210 011"' _ _ 0 

01183-51011 
QG83-51Q1i 
0157-00113 

1lII98- « 211 
0IIM ..... 18 
QG83-51Q1i 
o&98- «l'II 
0508_".7 
0157~33 
075) _0438 
011118_327i 
2100-3O!I5 ..... "" .... -"'" 06II8_1431 .... -2100-31el 
OG1I:3- I~ 

01183-1045 
OIIIIl-iOlII 
0157_0417 
0"/67-0491 .... ~~ 
2100-31" 

....... ~ 
0683- 133& 
0683- U3.b 
OIS83_ IO$ 
0161 -
2100-]In 

2100_30611 
2100-33011 
2100- 31&4 
---,~ 
0157-<M87 

0151-0280 
O$8l- ISQIi --.... .... -"" 00ll!I- 8Il8S 

~~ 
OHI!t- J IlII 
07$)-()U8 .... -"" ---0757-0«9 
0698-8182 

06118-8216 
0888-821' 
2100-3311 

111$7- 3551 ......... 
01183-1045 ,,,...,,,., 
182()....00178 
lne-Qlitl 
1820-0471 
182e-G351 

~". ,,...... ,-
1.20 6. 11171-09501 

"... SEE fIIOTE ~ SOIE ..... TIC l . 
"I 5HNOTE~SCHEM"'TIC3 . 
.. c SUNOTEOHSCHE""'ftC3. 
"G SU NOTE ON SCHEfIIATIC 3. 

, 

, 

, , 

• 
, , 
• 

, 

, , 
, , , 

, 

RESISTOR lOOKM' .25W FC lC-_oI()(){o£IOO 
RESISTOR 22K "I. .2!lW Fe TC-......ooI·8OO 
RESISTOR lOOK . 11' . I25W f T~-2!I 
RESISTOR 1l11K I" .I2!IW F TC-O-iOO 
RES'STOR 4."K I" .I25W F TCeOo- IOO 

IIESI5TOII_ TRMII 20IC lew. e SIOE _ AOJ t1_TIIN 
R[SISTOII 1:J2K I" . I~W F TC-o.- lOO 
IIESISTOII 2. 15K I" . 12!lW F T(o(»_ IOO 
RESISTOR 2.Cl7K I" . I25W F TC _ _ lOO 
RESISTOII IiBl I" .IlSW f TCoOt _ lOO 

IIESISTOII tit '" . I2!lW f TC-o'_ IOO 
RESISTOII ... ~ I" .I2!lW F Te-O __ lOO 
R[S'STOII 51 5" .2$W FC rc __ oIOOIor.otI 
RESistOR 'I ~" .25W FC TC-- 4OW'600 
IIeSISTOR J92 I" .I:IliW F TC_- l OO 

II ESISTOII U7K I" . I25W F TC-()o_ IOO 
RESISTOII lO.1K I" . 125W F TC-O' _IOO 
IIESISTOII 51 5" .25W Fe TC--<IOO/-600 
RESISTOR U"C I" . I25W F 1C-o'_IOO 
RESISTOR 180 I • . I25W F tC_Oo_lOO 

IIESISTOII 3.32K I" .I25W f TC-()o_IOO 
II[SISTOR 5.IIK I" . I2$W f TC-()o_ IOO 
IIESI STOR 4.1!1K I" ,I2SW F TC-o.- lOO 
IIESISTOR - TllfIIR 200 I,", C SlOE 
IIeSISTOR 201( .1" . ' 25W F TC-O<-25 

IIlSlSTOR IOK . I" . I25W f TC-o.-2!I 
IIESISTOR 23,1 I'" .I 25W F T(oO __ IOO 
IIESISTOR 5K . 1" .I25W F TC-()o_ 25 
IIESISTOII_ TIIMR 10K 10!I0 C SIO E-AOJ t1 _ TRN 
AESISTOII 15 5" .2!lW FC TC--<IOOI.600 
RUISTOR lOOK 5" .25W FC TC 
RESISTOII 10K 5" .25W FC r C--4OOJ+100 
RESISTOII 1iB2 I" .I 2!lW F rC-()o_ IOO 
RESISTOR 8:lS1( ' " .I25W f TC-o._ l OO 
RESISTOR !iI( .1" .I2!lW F TC-()o_ 25 
RESISTOR_ TRMR 201( lOll. e SIOE_ ... OJ U _TRN 

RESISTOII l et: 5" .25W fC TC_«IO{'8OO 
R£SISTOII 13K5" .25W Fe TCo-<IOOI' 8OO 
~ ESISTO II 10K 5" ,25W Fe T(;--4OOI'100 
RESISTOII lOll 5" .2$W Fe TC __ 4OW"00 
RESISTOII 132 
RESISTOII_ TIlIoIR 100 lO!Io C TOI' 

IIESlstOR_TIIMR 51l lew. C SIOE_AOJ I1_ TII'" 
RESISTOR_TAMR $OK. lOll. C SIOE_AOJ " _TA N 
RE SISTOR_TR MR I~ lew. e S,OE _ ... OJ I1_TIIN 
RE SISTOR 2201( .6" (~/O"'ATC"EOSETR7$. ee.iU 
RESISTOR 825K I" . I<>5W F TC-()o_I OO 

IIESITOII IK I" .I25W F TC-Go _ lOO 
RESISTOR 16 5" .2SW FC TC-_4OW'600 
RESISTOR 5.491( '" . IW F TC-()o- IO 
RESISTOR I'91t '" . IW f T(oI)o-iO 
"ESISTOII 1.811( '" . IW F 1C-()o-IO 

RESISTO II l .l2K I" . 125W f TCoOo_lOO 
RUISTO" &3t '''' .I W f Te-O' _ IO 
RESISTOR UElfII .5\Io (PlO fIIATCIi EOSET R1UI!.91 ( 
RES ISTOR 15 5" .25W FC TC __ 4001or.ot1 

PAODING liST 
RESISTOII 'B.IIK I " . ' 25W FTC- D'_lOll 
RESISTOR 11.8K ' " .I2SW F TC-O' - lOll 
AESISTOR 18.2K I " .I 2SW F TC-O'- lOll 
AESISTOR 18.7K I " .I2!lW f Te- O'- IOO 
RES ISTOR 1'.11( I" .I2SW F TC-O' _ IOO 
RESISTOII 10K I " .I25W f TC-O'-IIXI 
RESISTOR SET. "' ... TCIiED 2M ." (' 10 fII ... rCIiEO SET 

1176. Ree, "'11 
RESISTOII 2101 .6" (P/O "'AfCHEO SET R'2. IItll 
IIESISTOII 2O.2K ." (PIO fIIATCHEO SET RU. "'l! 
RESISTOII_TIIMR 600 I D!!.C SIOE _"OJ I7_ TAN 

RESISTOR eoe I " .I 25W F 1C_0' _ lOll 
IIESISTOR 1.1'" 5" .25W FC TO 
IIESISTOR lOOt( 5'.110 .25W FC TC 
Ie. OP A"'Pl. lFl5B 
IC lfll 308 OP AN.P 
IC 357 01' AJoIP TO--" 
lC-OIGITAL SN1401!iN TTL HElti 
lC lFl57H OP A"P 

EXU"CTOR-PC eo IILlll'()lYC ,DlU-eo THIlNS 
HUT 51 NIl-sefllICONOUCTOII 
HE"TSINIl TO _~O_39-PKG 
A.$SEMIlY, IIHEIIENCE 
NOT FIELD IIEP"'II"BlE OllOEII 
RE,v.cefllENT A.SSl:MBl Y "CCESSORY NO. I Iina 

4l . "N SEE NOTE ON SCHEMATIC 3 
A see NOTE ON SCHEfIIATIC 5. 

:~ ~~::g~:~~~:::~:g AO SEENOTEONSCHEfII ... TICl. 
AI( SERI AL NUMBERS 1612A!Xl7ll'ANO ... SOVE IIEI'LACES01S7_0280 (502 11) 

8- 146 

MI, 
Code 

OHI07 
01121 om, 
,,~ 

,,~ 

-, 
~m 
,,~ 

,.~ 

,,~ 

,.~ 

""" Ott 21 
01111 
,.~ 

,,~ 

24$"8 
Ott21 

" ... ,.~ 

,.~ 

,.~ 

,.~ 

ro,~ 

""" om, 

"'" "'" n." 
01121 
(180) 
01121 
,.~ 

,.~ 

"'" ,-, 
OiliQ) 

"'~ 01\21 
01 121 

""~ 
"'~ ",,, 
~,~ 

""" , .... 
rom 
01121 ,..., ,..., 
""" 

""" ""', 
""" """ ""'" om, 
~~ 

""" """ ,-, 
""" OUI07 
01601 
~~ 
21014 , .... 
"'''' 211114 

""" ~~ 
~~ 

Model 34SSA 

Mfr Part Number 

cal045 
C82235 .". C4_ IIB-TO- I811_ F 
C4_ IlB-fO..-t991 _ 0 

lOOBP_ 1_203 
JroIC5C-IIB-TO--ll2l-F 
C4_ IIB-TO_2151 _ F 
C4_I IB-TO_2611 _ f 
C4_ 118_TO_IiB2R_ f 

C4_ IIB-TO· lOOI _ F 
ct- I18_ TO-S49R _ F 
<:15105 
C851011 
C4_ IifI _TO-J92R _ f 

C4_ 118_ TO_ I871 _ f 
C4_ 118_1O-I072_0 
e85105 
C4- 118- TO_ I87I _ F 
C4- 118- TO-2IOR _ F 

C4- IIB-TO_J32I _ F 
(;4- 118- TO-5 'I I _ f 
C4- 118_ fO..-ti'9 I - F 
lOOBP- I-201 
NESS 

NE65 
PME65_ 118_ TO_23R1_ F 
'fIIE55- 118- 19_6001 _1 
~-I 203 
CII~ 

CBlOIS 
C'IOO5 
C4_ IIB-TO_$62 R_ F 
.M 
PM£55· "" - 19- 6001 - 1 
:JOO6P- I - 203 

C81Q 

~"" talOOS 
ce lO35 

3(X)6P-I- IOI 

~ 
XOlI'- I - $03 
3006f'- I - 102 
0618-8782 

••• 
C4_ IIII_ TO_ IOOI _ F 
C81~ --.... -----C4_ IIB- TO-3321 _ F --0IIaB-8182 
C8 1505 

ct-I18_TG-I682_f 
Cl-IIB-TO-- I l'B2 - f 
ct-I18- TG-I8B2- F 
C4-1/8- TO- I872- F 
C4-III_TO-- IIII2_ F 
C4- IIB-TG-2002- F ...... '" 
06II8-B21B 
08!III-B21B 
:JOO5II'_ I_ 50IOOO-F 

0157- 3557 
e 8 11M 
ealOlS 
1828_0340 

~~" 
182!I- !Xole 
SN7406N 
l fl51H 

4040-07"11 ,,,...,. 
1206-0002 



A10 
03455-66510 

Rev. C 

A 
SER. NO· 1622400 410 
Afli O aELOw 

B c o 

JI 

NOTE 1 

E 

NOTE 2 

F 

SEA . NO. t622 AOO4n 
AND ABOVE 

~ 
I 
~ -41108 - -fl109 -

I WI -C66-

f······ 
3455 -C - 45~ 

Port 57 is a reed switch which is used as a voltage breakdown device. 
Th is port is used on 03455-665 70 Rev. 8 assemblies only (serial 
numbers 7622A 004 10 and below). 

The Offset Adjustment is mode by connecting a resistor between 
the unlabeled lead and either the "+ " or "-" lead. Refer to Section 
V for the Offset Adjustment Procedure. 

Component Col 

Cl B 
2·3 C 
4 0 
5-6 E 
7·9. 11 F 
12 B 
13·15 C 
16 0 
17 A . 
18·19 E 
21 ·22 A 
23·25 B 
26·27 C 
28·29. 31 0 
32·34 E 
35-36 F 
37·39. 41-49 C 
45 0 
46 B 
47 C·O 
48 0 
49 E 
51 F 

52·53 B 
54·57 C 
58-59. 61 0 
62·63.65 E 
66 F 

A 10. Component Locator Table. 

Component Col Component Col Component Col Component Col 

CR1·2 B J l C·O 01 ·5 C Rl A 
3·5 0 2 E·F 6 0 2 B 
6 E 3 A 7·9. 11 E 3-4 C 
7·8 F 4 B·C 12 F 7·9. 11 0 
9 . 11 B 5 E 13·16 C 12·19 E 
12·13 0 17.18 C· O 21 ·27 F 
14 E 19. 21 ·22 0 28·29. 31 ·37 B 
15 F 23·29 E 38 C 
16·17 B JM1·2 F 31·32 F 39. 41-44 0 
18·19.21·22 C 3 0 33·36 B 45 E 
23 F 37·39 A 46 F 
24 B Kl·2 A 40-41 B 47 B 
25-26 C 3 B 42-43 E 48 C 
27·28 A 4-5 A 44·45 A 49 C·O 
29. 3 1 C 6 B 46 B 51·58 F 

37·39 0 7 A-B 59. 61·62 C 
41-4 2 0 8 B 63 A·B 
43-44 A 9 A·B 64·65 A 
45-47 B 66·69. 71 · 72 B 
48·49. 51 -56 C L1 A 73 C 
5758 A 74·78 0 
59 B 79.81 F 

61 ·64 C 82·83 B 
65-68 0 B4 0 
69 F 85 A 
71·72 0 86·89. 91 -92 B 

93·96 E 
El A 97·99 F 
E2 IBelow K9) A·B 101 ·102 B 

103 C 
104·105 0 
106·107. 11 1 E 
108·109 F 

.1c Serial numbers 1622A01806 and above replaces C4 : 0160-0 154 (. 22 f./-F) 
RN :0683-2025 (2 K) 

The new values improve stability in the X2 6AN configuration. 

Component Col 

SI A 

T1 B 
2 F 

UI-4 0 
5-6 E 
7 F 

8 C 
9 0 
11 C 
12·13 0 
14·15 E 
16·17 F 

18 B 
19 C 
21 0 
22·23 F 
24 C 
25 0 
26 E 
27·29.31·35 F 
36 B·C 
37 C·O 
38 0 
39 O· E 

WI F , 
VI F 
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Figure 8-H-29. Input and Auto-Cal Switching Schematic. 
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TP2 - RS - -C5- - RII- BB T: I _ CR7 -
-@IQz\ -CRI--CR3- -RI5-

- Rt- 0 1 ~-R9- RI2 RI3 - RI6 -
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A13 
03455-66513 

Rev. A 
t::.A For serial numbers 1622A02436 and above. The preferred value for C25 was changed from part 

number 0160-2150 (33 pF) to improve frequency response near 10kHz. 
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1---...J03455 - 665ID 

I AC CCNVERTER 
A 13J 03455 -6651 3 

JI PI 
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7 HRI2 ---.1.-<'0 L1 
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~ PI 
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I I 
I I 
I 
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CR22 

IOOV r 
LOW FREO 

ACJ 

x r=------·--

COPYHIGHT 1976 BY HEWLET T-PACKARD COMPANY 

CRI9 

.5v 

GR21 

,. ,5V · '5V 

R4 1 R42 
8. 87K 8.87K 

-ISV . 01 ~C23 

R34 
12K 

R3S 
3K 

IV 
LOW -HE t ADJ. 

10V 

G26 
LOW FREQ 

AOJ 
39pF 

I 
R25 
54K 

R23 
SK 

Clf;-
346pF 

GIS .-
H 4p F' 

2 --l 
CI6 
5pF 

RI9 CI3 
5 1 . 22 

CR9 

GR8 

GI2 
2. 2 

IOV 
• HIGH FRE 

ADJ. 

RI8 
200K 

-15V 

R2 1 
30. IK 

+ ell 
33 

CR7 
7. 32V 

TPI 511Pi' 
JI 

433 

109 

RI3 
2K 

80K 

80K 

4 33 + ISV 

534K 300K 3 l 
.--'Wv-+~~ t ~gK 

IK -ISV I 

RIO 
1. 05K 

... 
IV 

HIGH. FREe 
AOJ. 

DC 
OFFSET 

ADJ 

G8 
. Ol~ 

RII 
510K 

X6.67 AMPLIF IER 

Figure 8-H-30. Average Responding AC Convertor Schematic . 
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A15 
Rev. B & C 

!Instrument Serial No's 1622A00906 and greater) 

3455 - 8-4702 

-"- CDr£..;~ 0W· =e~.= CD~1JR =;&~-~~!::~~ r:6~ =ffi=a !..~-aaR ~~=:k. ~ -.... --030--.. 3- ~3. ~8 - CI- -RI I - 16 17 - R24- ~ 29 14 -R42_!it 56 -m- 65 - R71 - 72 N _RB~I-JMPR2 N 

- R2- ~ - Af2- -(; R2 - \.!.!J -R43- = - ®"C!I R8!S --" '--- -C3I- 8 -t,,- • -<113 - 0 I -A44- R ,-' - - ~ I 
( ? ) -R - -c5- U2 .C~- -R45- ~2-- -A86-- ~-8R1= ~-
~.- 0 -RI4- -R"- -'3I - -C,"-- "6- =Im= e -.. 3---- J!!!!!3_ R76-rV\ ~I K3 , 
=Ri= 5 - Rl!S- - RI9 - -R2!S- I 12 =~32= - Ct6- -R47- U4 -A64fa"\-~ \!!) -C35o- If) 

~- -cR1- Q_;S,~- l:i 13 - .Jl- -C22- -R" - r~ ~ ~ r-;;;I _-~l--C\U6 .-<:29 .. 2--'-C33 _ K4 5, 

W - cz-® ~ 3F T GV-:1~~~t= === -· .. -OOOO"OOODOODOL...::....JODO ~=~~ ~ ~_.'I I_ -R'" 
---Cl- CD v __ c.__ -fl36-=~1:= - FM9 - -- ~ ~ 

t.A 

A15 
03455-66515 

Rev. A 
(Instrument Serial No's 1622100905 and below.) 

C37, C38 and A97 have been added and the value of A 15A59 has been changed from 10 kn to 
100 kn to eliminate transients during auto-ranging which cause inaccurate "first " readings. 
(Instrument Serial No·s 1622A00906 and greater.! 

R89 has been made a "selected" value to improve the accuracy at 1 MHz. (Instrument Serial 
No's 1622A00101 and greater.) 
C36 and A96 have been added to reduce offset at elevated temperatures. (I nstrument Serial 
No's 1622A00906 and greater.) 

Aelay K3 has been changed to a different type to prevent arcing during auto-ranging when 
1000 V is applied to the input . (Instrument Serial No's 1622A00906 and greater.) 
The values of potentiometers R72 and R75 have been decreased to improve the temperature 
stability of the input amplifier circuity. The value of resistors R81 and A85 have been increased 
to center the pots. Previous values were : A72, 200; A75, 2 K ; A81, 5.11 K ; R85, 562. These 
changes have been made on instrument with Serial No 's 1622A00906 and greater . 
The following component changes have been made to improve the down-scale linearity of the 
RMS converter: A17 ; from 2 kn to 5 kn. R23; from 68 kn to 100 kn. R25; from 25 kn to 
100 kn. R51 ; from 100 n to 200 n. R52; from 10 kn to 20 kn. R53; from 5 kn to 10 kn. 
These changes have been made on instruments with Serial No's 1622A0511 and greater. 
Serial numbers 1622A01000 and above. Aeplaces 0757-0417 (562 m to increase the zero ad
justment range. 
Serial numbers 1622A01806 and above replaces 5080-9080. The new part is not hand-selected. 
Serial numbers 1622A01656 and above replaces A36 : 0698-4450 (324 nI and A95 : 0757-0407 
(200 n1 . A95 p rovides improved de compensation . A36 essentially improves temperature sta
bi lity. 
Serial numbers 1622A02256 and above. Added as ac bypass of CA3. 

Serial numbers 1622A01956 and above. Aeplaces 0757-0486 (825 K) to increase the offset 
adjustment range. 
Serial numbers 1622/\01206 and above the following component changes were made to im-
prove input amplifier temperature stability : 

Old Part No. 

R81: 0698-3382 (5490) 
R82 : 0698-4308 (16.9 K) 
R83 : 0698-4429 (1 870) 
A85: 0698-4459 (634) 
A71 : See padding list as per Table 6-1. 

t.N Serial .numbers 1622A03136 and above. Improved specifications on U3 and Ul make the ex
panded offset adjustment range no longer required. A18 and A31 were changed from part 
number 0698-4540 (412 K ) to 732 K to reduce this range and improve stability. 

~O R66 was changed from 200 K (0683-2045) to 16 K (0683-1635) to improve the f irst 
reading after switching from the 10 V range to the 100 V range. 

~p C33 was changed from .1 "F (0160-3581) to .22 "F (0160-3986) to improve accuracy at 
30 Hz. 
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ANO BELOW 

A12 
03455·66512 

Rev. A 

B 

345S - 8 - 4581 

C 0 

I 

JI I 
A 

Al0 
03455-66510 

Rev. C 

E 

NOTE1 : UNKNOWN RESISTANCE IS MEASURED -

NOTE 2: REFERENCE RESISTANCE IS MEASURED + 

NOTE 3 : K9 IS CLOSED DURING REFERENCE MEASUREMENT 

F 

. . 

NOTE 4 : K2 AND K4 ARE CLOSED DURING 2·WIRE Kn MEASUREMENTS 

NOTE 5: K3 IS CLOSED DURING 4·WIRE KO MEASUREMENTS 

flA The value of resistors R7, R8, R16, and R17 have been changed from 4.99 kn to 10 kn to 
properly bias differential amplifiers Q1 and Q5. These changes have been made on instruments 
with Serial No's 1622A01056 and greater. 

48 The value of resistor R7 , R8, R16 , R16 have been changed from 10K (0757-0442) to 4.99 
K (0698-3279) and C3 has been changed from .039 p.F (0160-0164) to .0047 p.F 
(0160-0157) to eliminate first reading errors. These changes have been made on in
struments with serial numbers 1622A04831 and above. 
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AI2 

;============= VOLTAGE CLAMP AMPLIFIER ============== ===-

+-IOV TO+-/5V 

R2 
4 . 3K 

RI3 
30K 

+6.2V 

TP ot 

+S.2V + 6 . 2V Di4
3
7 6 e CRI3 

RI7bA,e RIG bA,B 
499K 4 99K 
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lOOK 

+S. 2V 

RI8 
43K 

-8.3V 
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RI9 
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F==== =======CURRENT AMPLIFIER = =I:== = = ==== ===-

+S. 2V +S. 2V 

RBbA,B R7 bA,B 
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RS R3 
+S .2V ~8~.~87~K~~I~M~~ ____ ~~ 

R5 
1. 13K CR2 

- 8. 3V 
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RII 
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+6.2V 

R9 
12K 

-8. 3V 

+5V 

CR25 

7 HI02~19 12 Lt~ 5 UII(2)~ +v 

CR 6 

K9 I I ,\3 ~i---

i>r-~----:-L~~--:O-O J.;....-~I (e ~_~o 
7 uWPf) 9 19· +5V 

CR 

K8 

7 H105 5~ 
U I I(l2l----~ - 4t-J +5V 

CR33 

SIA JI 
I 1 

Ctill 

~~ -------------------------f-----' 'iNPUT' 
SIC 

t:: __ J 

I 

CR57 CRS8 

- J3 

't> All 
OR 

't> A20 

RII 

R2 
IOCK ~ 

453K liEill 

R61 
lOOK 

TO 
AlOO l4 

- PI 

55-E-4663 

::::0] 

SIA 
I 

[HlJ 

r-n--' 
I SIGNAL 1 

SIC 
L: ____ J 

I 
[Q>J 

J5 . 
I 
I (]j] 

l!NPuTI 

@J 

lID 

ISltNALI 

~ 

4 
Figure 8-H-32. Ohms Convertor Schematic. 
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IOV { COARSE 
AOJ 

A11 
03455-66511 

Rev. A 

P4. ~'" ~_ -CR5- ~- G~-a: a:: -RI6- a: G:: II: 

11IIII1 
tTP5 I I I 
,. I II qQl TP2 ~ ~ B~ 
f.:'::\ 0 • ii ~ I I 

~I 8811 
~ilJ ~ U2 
rt:1Ci:ct:: G I I I RZ3 R22 . R21 .~ 

'::::/ I '(',1,2. 
TP7 II! ';'0:

1 
'7 

• I I 
~ R24 

I 

M 

A20 
03455-66520 

Rllv.A 

IOV { COARSE 
ADJ 

A11 
03455-66511 

Rev. B 

TP4~ 8 ~~~~8 8 ~ ir -R1:""'" ~ a:: ii 
TP5 I II II II 

• HnH: I I,J,! -RI4- TP2 -

-C4- HI UI I ·~f~ 
8 TPI. I~ 

.T 3 8 8 
U2 

R23 R22 RZ! J, ~.!.~ 

A:IO 
03455-66520 

Rev. B. 

i ' '71 

~ Serial Numbers 1622A016956 and above A20 replaces all, part number 03455·66511. 

~A Serial numbers 1622A02106 and above replaces 0160·0820 (,05 JlF) as frequency compensation 
to supress U2 Oscillations. 

~ Replaced with A20 assembly only for serial numbers 1622A05871 and above. 8-155 



A 
SER. NO· 1622400410 
AH D BELOW 

Component 

Cl 
2·3 
4 
5-6 
1·9. 11 
12 
13·15 
16 
11 
18-19 
21 ·22 
23·25 
26·21 
28·29, 31 
32·34 
35·36 
31·39, 4149 
45 
46 
41 
48 
49 
51 
52·53 
54·51 
58'59. 61 
6 2·63 . 65 
66 

Col 

B 
C 
0 
E 
F 

8 
C 
D 
A 
E 
A 
8 
C 
D 
E 
F 

C 
D 
8 

C·D 
0 
E 
F 

8 
C 
0 
E 
F 

B 

Component Col 

CA1 ·2 B 
3·5 0 
6 E 
1·8 F 
9, 11 B 
12·13 0 
14 E 
15 F 

16·17 8 
18·19, 21 ·22 C 
23 F 

24 8 
25·26 C 
21·28 A 
29.3 1 C 
31·39 0 
4 142 D 
4344 A 
4541 8 
48·49,51·56 C 
51·58 A 
59 8 
61·64 C 

65·68 0 
69 F 

1 1·72 0 

El A 
E2 (8elow K91 A·8 

c o 

JI I 

A10 
03455-66510 

Rev. C 

Al 0. Component Locato r Table. 

Component Col Component Col 

Jl C·O 01 ·5 C 
2 E· F 6 0 
3 A 1·9. 11 E 
4 B·C 12 F 

5 E 13·16 C 
17·18 C·O 
19, 21·22 0 
23·29 E 

JM 1·2 F 31 ·32 F 

3 D 33·36 8 
31·39 A 

Kl ·2 A 4041 8 
3 B 4 243 E 

4·5 A .. 45 A 
6 8 46 8 
1 A·8 
8 ~ 

9 A·8 

L1 A 

8-156 

E F 

345~-C - 4596 

Component Col Component Col 

Al A 51 A 
2 B 
34 C T1 B 
1·9. 11 0 2 F 

12·19 E U14 0 
21 ·21 F 5·6 E 
28·29, 31 ·31 B 1 F 

38 C 8 C 
39, 4 144 0 9 0 
45 E 11 C 
46 F 12·13 D 
41 8 14·15 E 
48 C 16·11 F 

49 C·D 18 8 
51 ·58 F 19 C 
59, 61·62 C 21 D 
63 A· 8 22·23 F 

64·65 A 24 C 
66·69. 11 ·72 B 25 D 
13 C 26 E 
14·18 D 21·29, 31 ·35 F 

19, 81 F 36 8·C 
82·83 8 31 C·D 
84 D 38 D 
85 A 39 D-E 

86·89. 91 ·92 8 
93·96 E WI F 

91·99 F 

101·102 8 Yl F 

103 C 
104·105 D 
106·101, 11 1 E 
108·109 F 
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03455 - 66510 03455 -66520 
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/ 

u 03455-66514 '"" AI4 AID CONVERTl R 
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REFERENCE 
03455 -6651 ~SSEMBLY 

J3 

4 TO AIOK4 --i< A 

4 TO AIOK.-+<. 

4 
4 

TO AIOK7 U ~14 

TO AIOR59-i< c 

4 1OAIOK.1 I 
4 TO AI201 ~ I " ~I~--

+2 • • 3V--k" ~ ~ .. 29""V 

-15V---}<M ~-IOV 
GUARO--j-< I ~CASE 

I TO 0IO '27'31'36~J I I ~--6.~R·6~ 

I TO 01.,'8,3'--{<! I. 

I I 
TO R63.64~R 

TO 03. --T< S )1, ----- --

I I I 

~l!u" Cto C3 r
E 

. 01 

R 

COPYRIGHT 1976 BY HEWLETT- PACKARD COMPANY - --------------

~E LINE 
UI SISTCR NETwORK 

Figure 8-H-33. 
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131.,OVR .. 
R46 t 
IK I 

I 

TP8 ~ 
TO OJI , 032,0 33,R 4 1 

Reference Assembl y. 

8-157/8-1S8 5 

J2 PI 

AID CONVERTER - ---
03455 - 66514 

I 5.ET;;OVREF 6 
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I 
I 
I 
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I
@ I I I I 
~~e~ !0~@ 

- CR9-
--cRKr-
- R34-

T.PI Qoo -R36- f.::\ ~ 

=~~= ~ =~:b= 

"'I ~~~ I -cJ- I =~:~ I =r:= I I I - CR6- -R7- ~_ 
- R1 2 - -R26- -CI-

I (Q2\ I -RII- -R3- -R9-

@) -C3-

-R25- 8 -CR8-
-fl35- -R33-
-R28- -R32-
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-R5- --Rf--.,. -R3P- '" -fl16-

a: ~22-5 -RI7-

I ~1= I =~~= 00000 000 0000000 
CaMp. SIDE 
CKT. SIDE 

A14 
03455-66514 

Rev. A 

15 
S 

-C5-
-fl37-
-C4 -

- R42-

- CRI2-
-R47-
- R48-
~3-
-R46-
-R45-
-CRII-

- c&-
-R44-

3455-8-4590 

LlA The value of R44 has been changed from 40 Mil to 2 Mil to prevent the zero-detect compara
tor from osci llating. Instruments with Serial No's 1622A01056 and greater have this change 
incorporated. 

1'8 Serial numbers 1622A05231 and above the following component changes have been made 
to improve reliability of A lOU 1 5 : 

Old Part No. 

Rl : 0683-4335 (5 .1 K) 
R18 : 0757-0435 (3 .92 K) 
R19: 0757-0421 (825) 
R20: 0757-0442 (10 K) 
CR2 : 1901-0040 
CR6: 1901 -0040 



AIO MOTHER BOARO 
0345~ -66510 

JZ 

AI4 A-O CONVERTER 
03455 - 66514 

-15v 
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nK 
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7 
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+ 15V 
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UI 
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75K 
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LVIN:;-;--i-( ~ ~---------+-f 
fROM U15(21 

I 
I 
I 
I 
I 

V,N ~ 7 ~"""'...,...c---.-----\r' 
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I 
I 
I 
I 
I 
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I RI6 

d • 
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FROM UIS(SI i i 
LNRF~ " ~----~--__ M..~~~---' 

FROM UI51151 I MI 

I I 
I I 

+30V---t< I ~.30V 

+ISV--K (4--+15V 

+VREF~ £ ~+VREF(·tOV) 
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-15V 
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10K 

- Z4V 4.~~ 
R23 
B20 
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6 
Figure 8-H-34. Analog-to-Digital Convertor Schematic. 
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A 
SER. NO. 1622A00410 
AND BELOW 

Component 

Cl 
2·3 
4 
5-6 
7·9. 11 
12 
13·15 
16 
17 
18·19 
21 ·22 
23-25 
26·27 
28·29. 31 
32·34 
35-36 
37·39. 41-49 
45 
46 
47 
48 
49 
51 
52·53 
54 ·57 
58-59. 61 
62-63. 65 
66 

Col 

B 
C 
0 
E 
F 

B 
C 
0 
A 
E 
A 
a 
C 
0 
E 
F 

C 
0 
a 

C·O 
0 
E 
F 

8 
C 
0 
E 
F 

B 

Component Col 

CR1 ·2 B 
3·5 0 
6 E 
7·8 F 

9. 11 B 
12·13 0 
14 E 
15 F 

16·17 B 
18·19. 21 ·22 C 
23 F 

24 B 
25·26 C 
27-28 A 
29. 31 C 
37·39 0 
41·42 0 
43·44 A 
4547 B 
48·49. 51 ·56 C 
57·58 A 
59 a 
61 ·64 C 
65-68 0 
69 F 

71 -72 0 

El A 
E2 18elow K91 10.-8 

c o 

JI 

A10 
03455-66510 

Rev. C 
A 10. Component Locator Table. 

Componenl Col Component Col 

J l c·o 01 ·5 C 
2 E· F 6 0 
3 A 7·9. 11 E 
4 B·C 12 F 

5 E 13·16 C 
17·18 C· O 
19. 21 ·22 0 
23·29 E 

JM1·2 F 31·32 F 

3 0 33·36 a 
37·39 A 

Kl ·2 A 4041 a 
3 a 42-43 E 
4-5 A 4445 A 
6 a 46 8 
7 A·a 
8 8 
9 10.·8 

L1 A 

E 

Component Col 

Rl A 
2 B 
34 C 
7·9. 11 0 
12·19 e 
21 ·27 F 

28·29. 31 ·37 B 
38 C 
39. 41·44 0 
45 E 
46 F 

47 a 
48 C 
49 C·O 
51 ·58 F 

59. 61-62 C 
63 10.·8 
64-65 A 
66·69. 71 · 72 B 
73 C 
74·78 0 
79. 81 F 

82·83 a 
84 0 
85 A 
86·89. 91-92 a 
93·96 E 
97-99 F 

101 -102 8 
103 C 
104·105 0 
106·107. 11 1 E 
108·109 F 

Cornponent 

51 

T1 
2 

U14 
5·6 
7 
8 
9 
11 
12·13 
14 ·15 
16·17 
18 
19 
21 
22-23 
24 
25 
26 
27·29. 31 -35 
36 
37 
38 
39 

WI 

VI 

Col 

A 

B 
F 

0 
E 
F 

C 
0 
C 
0 
E 
F 

B 
C 
0 
F 

C 
0 
E 
F 

a·c 
C·O 

0 
O·E 

F 

F 

F 
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II 
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ci5JJ i:1lr. CR37 ~U9 13 T. 'r~ · ;g1~",-,Y'°---1~TO:- ~;211 . '0./3) 

CR38 FROM < _ *~28 v , I JUNCTION T 0 
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t:.A C32 has been changed from 2.2 I'F to .22 I'F to eliminate double entry of front panel keys. 

t:.G C46 applies to serial numbers 1622A01506 and above. C46 serves to reduce turn-on noise 
causina false interruots. 

Component Col Component 

Cl ·5 A CRI 
6·9 B 2·9 
11 ·12 B 11 -13 
13·14 C 14·15 
16·17 C 16 
18-19 0 
21 0 
22 O·E 
23 ·29 E 
31·33 E 
34 ·39 F 
41 F 
4 2 G 
43-44 F 
46 C-O 

A 1 Component Locator Table. 

Col Component Col Component COl Component Col Component Col 

B J l A 01 ·2 A Rl ·7 A Ul ·5 A 
C 2 B·C 3·6 B B·9 B 6·11 B 
0 3 B 7·8 E 17-19 A 12-26 C 
E 4 ·5 0 9 F 21 -28 8 27·32 0 
F 6 O·E 11 -18 G 29. 31·33 C 33 ·48 E 

7 F 34·35 0 49-63 F 
8 F· G 36 C 64·71 G 
9 G 37·39 E 

4 1-44 E 
45-49 F 
51·59 F VI F 
6 1·63 F 

JMl F ·G 64·67 G 
2 F 68 C 
3 0 69 F 

L1 F 51 A 
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A 1 Component Locator Table. 

Componen t Col Compo nent Col Componer,t Col Component 

Cl ·5 A CAl B J l A Ql -2 
6 -9 B 2·9 C 2 B·C 3·6 
11·12 B 11 -13 D 3 B 7·8 
'3 ·14 C 14-15 E 4-5 D 9 
16-17 C 16 F 6 D·E 11·18 
18-19 D 7 F 
21 D 8 F·G 
22 D·E 9 G 
23-29 E 
31 ·33 E 
34-39 F 
41 F 
42 G JMl F·G 
43 ·44 F 2 F 
46 C·D 3 D 

L1 F 

o 

Col Component Col 

A Al ·7 A 
B 8-9 B 
E 17· ' 9 A 
F 2 1·28 8 
G 29. 31 -33 C 

34·35 D 
36 C 
37·39 E 
4 1·44 E 
45·49 F 
51 ·59 F 
61 ·63 F 
64·67 G 
68 C 
69 F 

Sl A 

Component 

Ul ·5 
6 ·11 
12-26 
27·32 
33-4 8 
49 ·63 
64·7 1 

Yl 

E 

Col 

A 
B 
C 
D 
E 
F 
G 

F 

F 

~ CElffiJ 
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Rev. A 
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03455·66501 
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Rev. 0 
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\ Resistor R68 has been added to Instruments with Senal No s 1622A00906 and greater so the 
instrument can be externally triggered by a switch closure to ground. Capacitor C43 has been 
added to eliminate a pulse which was coupled to the clock signal. The addition of these 
components changed the 03455·66501 Assembly from Rev. A to Rev. C. 

SEll: . NO. 1122"'0I~ 
AND G'lEATER (fII[\I 01 

A 1 U57 has been changed from a standard power TTL to a low power TTL device and resistor 
assemblies A2R17 and R18 changed from 2.2 kn to 10 kn to reduce the effects of switch 
contact resistance, This change has been made on instruments with Serial No's 1622A00906 
and greater. 

Resistor R69 and capacitor C44 have been added to filter out pulses caused by switch bounce 
to eliminate "double entries" in the MATH mode. Addition of these components change the 
03455·66501 assembly from Rev. C to Rev. D. This change has been made on instruments 
with Serial No's 1622A01506 and greater. 

A 1 Component Locator Table. 

Component Col Component Col Component Col Component Col Component Col Component 

Cl ·5 A CAl B J l A Ql ·2 A Al ·7 A Ul ·5 
6·9 B 2·9 C 2 B·C 3·6 B 8·9 B 6 · 11 
11·12 B 11 · 13 0 3 B 7·8 e 17· 19 A 12·26 
13· 14 C 14· 15 e 4·5 0 9 F 21 ·28 B 27·32 
16·17 C 16 F 6 O· E 11 · 18 G 29. 3 1·33 C 33·48 
18·19 0 7 F 34 ·35 0 49·63 
21 0 8 F·G 36 C 64·71 
22 o·e 9 G 37·39 E 
23·29 E 41-44 E 
31 ·33 E 45-49 F 
34 ·39 F 51 ·59 F Yl 
4 1 F 61 ·63 F 
42 G JMl F·G 64·67 G 
43-44' F 2 F 68 C 
46 C·O 3 0 69 F 

L1 F 51 A 

COl 
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A10 
03455-66510 

Rev. C 

A 
SER. NO. 16224004.0 
AND BELOW 

Component 

Cl 
2·3 
4 
5-6 
7·9, 11 
12 
13·15 
16 
17 
18·19 
21 ·22 
23·25 
26·27 
28·29.31 
32·34 
35·36 
37·39. 41-49 
45 
46 
47 
48 
49 
51 
52·53 
54·57 
58-59, 61 
62·63,65 
66 

B 

Col Component 

a CR1 ·2 
C 3·5 
D 6 
E 7·8 
F 9, 11 
a 12·13 
C 14 
D 15 
A 16·17 
E 18·19, 21·22 
A 23 
a 24 
C 25·26 
0 27·28 
E 29, 3 1 
F 37-39 
C 41-42 
0 43-44 
B 45-47 

c·o 48-49. 51 ·56 
0 57·58 
E 59 
F 61-64 
B 65-68 
C 69 
0 71 ·72 
E 
F El 

E2 (8elow K9) 

c o 

JI 

A10, Componenl Localor Table, 

Col Component Col Component Col 

a Jl C· D 01 ·5 C 
D 2 E·F 6 D 
E 3 A 7·9, 11 E 
F 4 8 ·C 12 F 

8 5 e 13·16 C 
D 17·18 C· D 
E 19. 21·22 D 
F 23·29 E 
8 J M1·2 F 31·32 F 
C 3 0 33·36 a 
F 37·39 A 

a Kl ·2 A 40-4 1 8 
C 3 8 42-43 E 
A 4·5 A 44-4 5 A 
C 6 8 46 a 
D 7 A·8 
D 8 8 
A 9 A·8 
B 
C L1 A 
A 
B 
C 
0 
F 

0 

A 
A·B 

E F 

. . 

Component Col Component Col 

Rl A 51 A 
2 8 
3·4 C T1 8 
7·9, 11 D 2 F 
12·19 E UI-4 D 
21·27 F 5-6 E 
28·29, 31 ·37 a 7 F 

38 C 8 C 
39. 41-44 0 9 0 
45 e 11 C 
46 F 12·13 0 
47 8 14·15 E 
48 C 16·17 F 
49 c·o 18 8 
51 ·58 F 19 C 
59, 6 1-62 C 21 0 
63 A· a 22·23 F 
64·65 A 24 C 
66·69, 71 · 72 B 25 0 
73 C 26 E 
74·78 0 27· 29, 3 1·35 F 

79. 81 F 36 B·C 
82·83 B 37 c·o 
84 0 38 0 
85 A 39 D-E 
86·89, 91 ·92 B 
93·96 E WI F 

9 7·99 F 
101 ·102 B VI F 

103 C 
104·105 0 
106·107, 111 E 
108·109 F 
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Model 3455A Appendix A 

APPENDIX A 

A·1. INTRODUCTION. 

A-2. The following section of this manual gi ves some remote programming (HP-IB) examples for 
the 3455A. These examples are given in the HP Basic (-hp- Model 9830A/ B ComrolJer), HPL (-hp
Model 9825A Controller), and Enhanced Basic (-hp- Models 9835A/ B and 9845A/ B) Controller) 
languages. 

A-3. For effective program writing, it is advisable to write a good algorithm first . Then write the 
3455A program using the HP-IB information in Settion III of this manual and the appro priate con
troller manual. Most -hp- controller manuals have a summary of the HP-ID messages (usually in the 
HP-IB section) in a tabular form . These messages are written in the respective controller languages 
and are given as sample HP-IB operations. This information and the fo llowing program examples 
can be very helpful when you start writing programs for the 3455A. 

A-4. Program Example # J: In this program example, the 3455A is set up to take 50 readings quick ly 
(with Auto-Cal off) and stores them into an Array. Each reading is primed o ut after all the readings 
have been taken. The 3455A is then set back to the Auto-Cal mode to insure accuracy . The programs 
in this example perform basically the same functions using di fferent languages. The first program in 
this example is written in the HP Basic language, the second in HPL. and the third in Enhanced 
Basic . 

E)(ample # 1 fHP Basic). 

Set OVM to OCVIFl). Autorange IAn HOld/Ma nuel (T3). 
1£1 D I 1'1 FI( 50] ./ Auto·Cel Off (A0) end Oate Ready Off (00). 

20 ct'1D "?U6", 'FIR7T2T3A0DWY _ Begin For ... Next loop 

30 FOR 1=1 TO 50- Address DVM to lilten. Controller to Talk. 
4 0 Ctm "" 11'"''' 50 FORI'1F1T - ~8;=---------- Fo.rmat tne Output. 

6f1 OU TPUT (13.S0 :·256,8,512 __ TnggerthaDVMIGETI. 

713 eND .. "V5 c.,.3.~====::::::~== Set DVM to Talk. 
813 FORt'lAT E 13.6 Formet tna Output Irelding) . 

90 EtHER (13, :3(1)A( 1 ] - ---- - Enter tne Output into Variable. 

100 ~lEXT I~~~~~~-::======= ComplelO For ... Next loop. 110 CMD "?U6",··Al & 
120 FOR 1- 1 TO 5£1 - Auto·Calon to Maint l in Accurlcy tAl ). 

130 PR I tH A[ I ]_ - Begin For ... Ne .. t Loop. 

140 HEXT I - Print tnll Ent ire Arrey . 

150 EHDI----_______ ===== Complele For ... Next Loop 

- Endl5 Ihe Progrem . 

A·I 
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A·2 

Exemple , 1 (HPL). 

0 : c:Hi'l 
__ ----------=Dimen'ion the Array. 

A[ 5£1 ] - _Assign Name to the DVM Addre, a. 

.. DVM " , 722- Set DVM to DCV (Fll. Autorange IR71, HoldiMalllJaIITJ), 

.. D()('l" , "F 1 R7T2 T3A£1D£1 ':':'----Auto-Cal Off (AIIII, Data Reedy Olf (Dill) 
1 : deo 
2: \oJ rt 
o· 
~ .. for l::;:l to 50 Begin For . .. Next loop. 

.. DVf"," Trigger DVM (GETI . 
"D'.)f'I", A[ I] 

4: t r~ 
c. red ~ . 

6: nex 1:· l~:~-::;=u::========:Enter the Reading into Variable . 
7 : \~r t "DVf' j ", "A 1":":' Complete For . .. Next loop. 

8 : t' xd 6--;jI~;-;50::::::=_-====-:::Auto-cal on to Maintain Accuracy. 
9 : f o r T -= 1 ~. 0 50- -Format the Output. 
10: p r t A[ I 1- __ Begin For. .. Next loop. 

11 : ne x t I-~:====::::=:::==: -Print the Entire Array. 
12 : c 1 r " Dl.)f'l " 
1 ~ ..... --Complete For ... Next loop . 

..::: SPC .j=======-======= 14 : en dl- _____ -========: leer the DVM (let to turn on stelal. (SOCt. *' 2 7 7 02 Advance Printer 3 Spaces. 

Ends the Progrem. 

Example # 1 (Enhenced Basic) 

10 
20 
30 
40 
50 
60 
70 
80 
90 
l tH3 
110 
120 

____ Choose Option Bile for Array (see Nota). 

OP T [Otl BASE 1---- ___ Dimension the Array. 

D I t·, \I c' 1 t (I. ~ e ( 5 (1 )---- --Usa Variable for DVM Address. 

D() 1'1 :::722 Set DVM to DCV CEO, Autorange (R7), Hold/ManueI IT31. 
OUTPUT DV('I ; " F 1 R7T2T 3 A0 D0 ~ Auto·Cel OffIAIII), and Data Reedy Off 10111 .. 

FOR I nde-x::: 1 TO 50 Begin For ... Next loop. 

TR I GGER D'.)('·t Trig(JBf DVM (GETI. 

t'lE~~ T i~cl~~ ('I; '/0 1 t 'J ~e ( I ndo? x A. Enter the Reading Into Variable. 

OU TPUT D'.)('I;" A 1':':"" Complete For .. . Next loop. 

F I XE D 6 - _Auto_Cal on to Maintain Accuracy. 

t'lAT PR I tH \101 t, (I. ~O?-------=Fofmat the Array . 

END - Print the Entire Artay. 

_ Ends the Program. 

Note: Refer to Controller Manual lor Explanation of Option Bese 

A-5. Program Example #2: When the 345SA is in the Binary mode. another featu re called the 
"Learn Mode" can be used . With this feature. the set-up of the instrument (FIT3. etc) can be learned 
by the controller to be used later on in the program. This can be accomplished by sending the 3455A 
an ASCII "0" in the Data Mode and reading the next four bytes output by the instrument into a str
ing variable. The instrument can then be reprogrammed to the previous set-up by using the string 
variable instead of program codes. It is important to remember to program the 3455A into the Binary 
mode by sending an ASCII "B". The instrument can transfer its set-up information to the controller 
in the Binary mode only. The fo llowing programs show how the "Learn Mode" feature can be used. 
These programs are written in the HP Basic. HPL. and Enhanced Basic languages. 
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Example' 2 !HP Basic) 

Dimenlion Variablel. 

Store 20 Into "Y"end -69100 into " Z" Registers of DVM 

t Set DVM to DCV (F1!, Scale (Ml), Hold/Manual 1131, High 
1 (1 D Hl A[ 10 ], 8$[ 20 y-- Resolution Off (H0 1. Auto-Cal on (A 1) , 10 V Range (R3), 
20 (:t'lD ",?U6" , "E'(2 0 SV EZ-69 10€lSZ and Binary Program (B)' 

30 e ND "? U6 "," F 1 t'11 T3 T 3 HOA l~Address DVM to listen. 
40 01D " ?V5" . -Format the Output. 

50 FOR~lAT 48 , F62J0~========::Enter Output into String Variable. 
60 ENTER ( 1 3,50'S I 
7 0 8$( 5 ] =B$ [ 18] Enter First Four Characters of Output into String Vari.ble 

80 CND " ?U6 " ," F 3 t'1 3R7 'e.' _______ Set DVM to ACV (F31, Mllh Off (M3), and Autorange on 
IR7). 

~u FOR 1' 1 TO 10--______ _ 
1 00 Ct,W "?U6" Begin For ... Nellt l oop. 

11£1 FORt'lAT 38- Address DVM to listen, Controllor to Talk . 

12€1 OUTP UT (13 ,11 0 ) 256 ,8,51 2-.... --Format the Output. 
130 C~1D " ,?\o'5 '':'" ---Trigger the DVM (GETI . 

140 F ORt'lAT Fl ~:.6~ ----Set DVM to Talk. 
150 ENTER (13, 140)RI 1 ] ___ ____ 
160 I-l EXT I _ ------====== Format the Output (reading). 

1 7 0 FOR J:; 1 TO 5€}--===--- Enter the Output of the DVM into Variable . 
18£1 l,JA I T 100 ~ ~ Complete For ... Nellt loop. 

190 D I SP J -local Controller Operation without DVM . 

200 NE XT J ;~===========set DVM to lIlten. 210 CI1D "7U6" 
2 2 0 FOR t'l AT " B " Format to set DVM into Binary Mode. 

23 0 OUTPUT ( 1:3,220) B$ Set up DVM to Binery Informftion in String, 

240 C t'W .. ?U6 "'------------ Set DVM to listen, Controller to Talk. 

250 FORt1A T 38-------- ---Format the Output. 

~~~ g~ri P~~ ,,/~ ~ 3 , 250) 2 56,8 , 512--__ Trigger the DVM (GEn. 

280 FORt'lA T F 13.6 Set DVM 10 Talk. 
290 EN T ER (13,28121) (:_ Format the Output (reading) . 

30£1 FOR I :;; 1 TO 1 (',.-;;:;:;:::===-__ - Enter Output Into V.ri8ble . 
310 FORt1AT F 1 3 . 5 :- - Begin For ... Nellt loop. 
320 l,JR I TE ( 1 5 .310 ) A[ I ~ ----- Format the Default Printer. 

330 I~ EXT 11.:::-=====:::::::::::-__ ______ 3 40 P R I t·l T _ Print the Entire Array . 

350 FORMAT F1 3 .0 ,'~CompletaF()f ... Nelltloop. 

360 ~'JRITE .: 15, 35(t)C~SkiP e Space on Default Printer. 
370 PR I NT Format the Default Printer. 

380 PR l tH~ Print Value in Variable. 
390 C~ID " OU6" 
400 FORt'lAr 3 Skip a Space on Default Prioter. 

410 OUT PUT (1~ Skip a Spau on Defeult Printer. 

42121 END ~~ Set DVM to lIlten, Controller to Telk . -
----________ ~~ ~ Format the Output. 

Clear the DVM (set to turn-on state), (SOC). 

Ends the Program. 

A-l 
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A-4 

Example' 2 (H PL) 

d i ((1 

1: de-v 
2 : loJrt 
3 : fNt 
4: l...Jrt 

_______ Dlmanllon Variable. 

_ ~A"lgn Name to the DVM Addl .... 

H( 10 ], B$( 4 ] Store 20 Into " Y" .nd -89100 Into "Z" Regist'll of DVM. 
"DV(,,", 722 
"DVf')'" "EY20SYEZ-69100SZ" Format OutPUt_ 
_ ~ Set DVM to DCV IFl), Ho4d/Manu.1 (T31, High R.soIutlon 

';; ~~~ ~ J "F 1 T2T3 H0t'11 R3B ::.-----?~I~ (H"I, Scal. IM1I, 10 V Range IR31, and Binary Program 

5: f Mt .""m",o T"~O" Co",,""'. 
6: re-d "Dv(',", B$ . 
7 "D" " F" rr OR7" Entll' Binary Chatact.ralnto String. : loJrt V(', , .;.' '" 
8 : for I :..; 1 to 11.3 -Set-up DVM to ACV IF31, M.th Off IM31, and Autor.~ 

"I" ----- IR71_ 9 : t. r':! l V,,',·'---___ _____ 
Ie: red "D v('l ",A[ I ~BeglnFor .. . NelO:tloop. 
11 : next I Trlgg.r the DVM IGET) . 

12 : f xd e ntar Output of DVM Into V.riable. 

13: for J= t to 50} omplete For ... NelO:t loop. 
14: I".IU i t 1013 _ Format Output. 
15 : dsp J 
16 : next J -local ConuoU.r Oper.tlon without DVM. 

17: loJ tot " DVI'j " ," 8" , 8$ s.t·up DVM to Binary Information in String. 

18 : t r '3 " DVf'j " Tr!goer tna DVM (GEn . 

19: rod "Do," " B '"''' 0",,,""",0 V"I,b". 

20 : fx d 6;~~~;:=============: Format the Output, 
2 1: for 1"1 to Itt 
22: p rt R[ I ] Begin For ... Nlkt loop. 

23 : next I~i~~==========:printtheEntiraAnay. 
24: fAt f4.0, " A"- <om."" ''' ... N .. '' .... 

25 : ',.Jr t 16, s --=== ______ ===-<'=:ormat the O.fault Printer. 

26 : e- l r " Dv(', :::'=== _____ ....:===::;-P,int Value in Veriable. 

27 : S P C 3-========-____ ~========= leer the DVM ' .. t to turn-on l1atal, (SOC). 
28: e nd-*' 1 9550 ------___ ..:.======-:Adv.nce O.fautl Print.r 3 Specel. 

""'End. the Progr.m. 
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Example # 2 (Enhanced Basic) 

10 
2 £1 
30 
3 1 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
15£1 
160 
170 
180 
181 
190 
191 
200 
210 
220 

_________ ----==ChooSll Option Base lor Array Isee Note). 

OPTr ON BASE 1 Dimension the Array. 

D I t'1 Ai' lt-- 1 it UdE ( 1£1 ) Use Variable lor DVM Address. 
n ..... i'l = 722 
OUTPU T DW"I; " EY'2 0 S'tE Z-69 100SZ ':'- _Store 20 into " Y" and · 69100 into " Z" Registers 01 DVM . 

I t'1AGE # , 13A Format the Output Statement . 

OUTPUT DVN US I t·jG 40 ;" F 1 T2 T3H0t'11 R3S..:.:.Set DVM to DCV IF1), HoldiManual lTJI. High Resolut ion 
Et.lTER DVi'l ; 8 in,,. r y $ 0;' IH0), Scale 1M 1), 10 V Range IR31. and Binary Program 

OUTPUT DVM; " F3M 3R7" I). 
FOR I nd ex::; 1 TO 10 ======----====:Enter Binary Character. into String . 

TR I GGER DV i'l Set DVM to ACV IFJ I. Math Off IM1). and Autor.nge IR7 ). 

EtHER DW'd A 1'"1 P 1 i t ude ( I nae x )~::::---...-. ----BegIn FOf ... N8lCt loop. 

UEXT In dex ~ -----Trigoer the DVM IGEl). 

Loc .• ). l _op €, t"(1. t i (:on : FOR J = 1 TO 5£1 Enter OutplJt of DVM into Veriable. 
flAIT 100 
DI SP J 
I~EXT J 

Complete For ... Ne)(1 Loop. 

Local Controller Operstion without DVM . 

OUTPUT D'.)('I; " B" , 8 i no. ry$ ____ -''-__ Set.up DVM to Binary Informat ion in String. 

TRI GGER D .... 'f'·1 Trigger the DVM IGETI. 

ENTER II V i'l ; Reo. a i n "'3-----------Enler Output into Variable. 

FIXED 6~~~;J~~~=============== Format the Output. MAT PR TNT AM P litude 
F I >~E D (1 Print the Entire Array. 

PR I IH US I Nt:. "K" ; Read i n"'3, "A ~ Format the Default Printer. 

CLEAR D'v'fl ---Print Value In Variable. 

END -----________ ========Cleaf the DVM I.et to turn·on statel. (SOC) . 

End. the Program. 

Note; ReIer to Controller Manual for e)(planation of Option Base. 

A·SI A·6 
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