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BPECIFTCATIONS

SPECIFICATIONS

AS AN AMPLIFIER:

INBUT: Bingle snded or differantial,

GAEM: 1 e 1O in tw and 333 stepa.

AN ADCURAGCY: Botter than £ 1% bt do exclusive of nolss ang dnft,

GAIMN STARILITY' Better than £ 0.1 % pur & months exciusive of npise and drift,

ZERD BTABILITY: Wilhin 4 millivos par week and 300 microvolts /° £ relerrad 1o input aftar & 1-hour
WRIT-UG,

CINEARITY: Botter than £ 0.1% of full output at de exciusive of noise and diift.

FREQUEKRGY RESPONSE: 1% de 1o 10 4z on all geing, fram 1000-0hm source 1asistonca or lase,
+3 ¢B 10 200 kHr at minimum gain for small slgnsls, decreasing to BO &Mz aa maxtmum galn,
taximum linesr culpul pwing desregess sbove 10 &Mz 1o 10% of full sutput 8 75 &Mz

HIGH FREQUENDCY ATTEMUATOR 6 dB par asteve with .3 B polntes &t 100 Hz to 30 kHz in sl
1% angt Ix steps. Sevenih etep gives rated frequancy respenes.

ROIBE: Less than 20 microvoits mma, 3 {0 100 Mz; lepa than B0 microvaita rme, 3 Mz 10 B0 #Mz with
maxlnum galn (approximately Ulpls with minbvem galnl Melss incrasses sprraximataly in propartian
1o iz tme decrasse when guarding,

MEUT IMPERAMCE: Geeater than 10" ohme shunisd by leas then § picofareds in ungusedse position,
graater then 10 ohme shunted by lass than 1 pltofwsd in guerded position, Inner shisld of wianisl
cabie i drivan in gusrded posttion.

COMMON MODE REJECTION: Grostar then 50 B, de 1o 120 Mz, decrsssing to BD of st t kM2,

CGM{E?& RACIDE WOLTALE Up to & 11 volte, de to 1 &My, dacrssszieg to + B0 milivalte mestmum
ut EN

QUTFUT: 210 volte eingls snded for 1ull acafa ot up {o B miiligrmpetes,
bty @aln: Two outputs provide eignals oqual i gagh Input-to-ground voliege =0.006% m de
{exolusive of up to 5 mibivoits saro offset referred 10 output).

Atl cutputs are shori-chroul? proot,

AS AN ARMMETER (with acoessory shunis):
Lass then 2 x 107" ampars.
TYPRICAL RIGE TIMES AMD NOIBE {with Model 604§ Ditfarential Curent Shunt *):

Bhiavt Resietor Saiergnt Bpan Ouarded Linguarted
inhms) uli snaiel Bitas Thrng {10% 20%§ Noize {prB) Bies Thme (18%-B0%!  Nolss ipp)
1or 0% o 10 A Q.00005 AXTOE A 0.G0038 5 20107 A
10 FIOLI R Rl 00005 & PRIt uLE: C06 & 2010 A
10 T0 g 1009 8 0.08 & X1 4 ] ] 25100 4
Fon it 1M A 0.8 4 FESNAELY 0.0 [ et 4

Twilth thise Teel of tisxinl (npUt osbla 408 £0 Bihel SRUDT CBRAGANGS. THNEn mazEwing curram with tha Intarnsily mounisd
8033 Snunt Reslstors, the Modat 604 nae slightly shortar slae timas and lower nalge for correaponding Model 8041
ARG,

Modsa! 8041 Differentisl Curranr Bhunt

Aeode! 2041 Spacinations:

RBeelwter Absurzoy: 2 2% 10% o 10M ofing o decards Mo,

Connsotars: Ioput: Triaxial, Chupul Cabls and conteaioes mata with Model 804 Input,
Dimenslons, YWalght: 7' flgh x 8% wide x 107 deap! net waight, § pousds.

A8 A DT YOLTMETER:

RANGE: & 1 millivolt full gesle 1o %1 volt in sevan 1% and 3a BLEDH.

METER ACCURALY: 2% of full soxle exciusive of noine and drift.

METER ROISE: x40 micraveits with inputs ehorlsd,

POLARITY: Moter switch - nalesis leftasre {poaltive or regstvel or conlar-zarp soples. Matsr switch
doet not feverss polgdliy of guiputs,
EMERAL:

ZEAC SUPPRESRION: Upto w1 volt do betwasn inputs.

MAXEMURM INPUT BVERLOAD. 400 velta, do - 100 kHZ alther Input to grount ar between inpuits.

CONMECTORS: ingut: Spaclal Tellon-insulated Triswlsl Dage 33050-t. Amplifier autut 80 PCIR,
Unity-gain autput; BN,

POVWER T0B-126 o 310-280 voits lawiteh sslected); BO-50 Hyr 10 watts,

DIMENSIONS, WEIGHT: 77 high x 8% wide = 107 deep; net walght, 12 paunds,

ACCESSORIES FURRIBHED: Two 8011 inpua Cubles) mating amplifier GUIRHL Cennactnr,

iv
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MOOEL 604 BLECTROMETER BMPLIPIER

BECTION 1.

1~1, CEHERAL,

B. The Kaxrrley Modal 664 bDifferential Elactrom-
ter lifier ig a coﬂpxetely solid-state lnstru-
can be ugad by dtself single-endedly oz
ially either as an ampiifier or & milli-

The Ampiilier has selectable gains of
in ix and 3,.33x steps corresponding to
Switeh settings of 1 to 001,

b, When used ipn conjunction with the Model £041
Differential Current Shunt ths Model 504 becomes =a
single-ended or differantial pilcoammeter. Hingle-
andgd and dL Fferentlial current measurements Ixon
1079 to 10714 ampore can be made with this setup.

Blso, high megobn resistors way be instalied within
the Modal 504 to allow shunt piooammatsr operation.
L~2. MODEL 604 PEATURES.

&, &z an amplifier, the Model 604 will opeorsts

ovar a bendwidth From de o 50 kiz or greater with
5;x gelactaklis 3~dB peints from 30 kHz to 100 Hz,
Thug, the signal-to-nolse ratic may-be optimized for

a particular applivation. The amplifier cutput fur-

nishes #10 volts at 5 milliamperes single-endad.

. The Electrometer daplifisr has an input re-
glscancs of gresvsr than 10M4 ohms shunted by less
than & nicofarads in the unguardsd position, that
allows high impedance measurement to be mads easily,
Whan in the gu%aumd pesition the input impedance 1s

shuntad by less than 1 picofarad,

2. lLow affset current - less than 2 x L0708 BERE LS
inimizes zero offsst with hgh source rasiztance
and permits maxinum resolution when measuring cur-

rant.

r

&, & ghoice of outputs which can he usad aimul-
tanscusly or singly dis availaeble. Bach lnput of
che Model 604 hag a unity gain output, which has
50 ppm ssosuracy. This allows the Model 604 to be
Laod a8 a prearnplifier with differentlel or digitval
ere for pracise wmeasursments. AlsD, thess
: aan be fsd inio an X-Y recorder for recording
Gata ELQm high impsdancs Sources. When desired, the
unity=gain outhubs can be monlitored for absolute
valuss while rseordings are madsa from the amplifier

vo ket

&, ALl oukpubs sre short~circuitc proof, and out-
pt nolse refarred bto the inpult ls ngarly constant
regardless of the gain.

., The guayding capability ©f the Model G604 al-
s fast peasursments From high resistance gourees,
&l;?lna*i.g rhe affsats of gable capacitance and
rakaga. 'To convenlantly facilitate these measure-

ntg, ths Model 8301 Guavdead Proba can be uzad to
= xnacb the sourse to the Medsl §04 Ln the guardsd
mede. Tha guard feature 1s switch selectabla.

GENERAL DRSCRIPIION

GENMERAL DEBCRIPTION

g. Ancther outstanding feature of the Kelthley
Hodel €04 is its zaro stabdlity. Signals can be
monitorad over weeks wlthout constent rezerolng,
Zero drift of the Amplifier is less than 4 milli-
volts par WLek, garo offset dus to tamparature ghan-
ges ls less than 300 miovovelts per °¢, Zerc shifu
due 4o m@chaw;yal shook or vibration is negligibls.

h. Overloads up to =400 volts will npot damage
the 604 Amplmfie:, and recovery is almost immediate.
A unigue cirouit provides protection while main-
taining the favorabls Ffeatures of the MOS FET inpui.

i. As anothar convenlence feature, the Model 604
provides a vary stable tl wvolt augpxessiaﬂ onoany
venge., Variatlons as awall as I milliiwvolt in a
l=volt gignal can be dispilayed Eu}l suala.

4. Variations in line woltages fram 1G5 oo 135
volts causs no apparsnt changs sven on the nost gen-
sitive range. Lina frequency noise is pragtically
aliminatad from the Model 604 oukpun.

1-3. MODEL 6041, The Model $041 Differenwtial Cur-
ent Shunt is an accessory specifically deslgned o

convert the Modal 604 amplifier ipto a single-snded
or differential multi-range pilcoammeter.

&. ‘Phe driven guard enables the Model 604 Aupli-
fier and the Model 6041 Shunt combination teo obtaln
fagt response in current measuramenis. Input gapag-
itanca ab the end of a 10-foot wable is maintained
at 1 plopfarad in ths guarded moda. As & result,
rige timess of .5 millisecond are pogslible with
e ampere input signals. Guarding is nmalntained
through the Model 6041 by the use of triaxlsl input
gopnectors and total guarding within ths Shunti
itself.

5, For those spplicaticns where maximum signai-
to-nolse ratle is more desirable than fast response,
the Model 604 can be used 1o ita unguarded mods,
&Q%%S will be ag low as 2 x 107 ampers using a
10"- ohm resistor, However, rise times are mach
iumger than when the Modal 604 1s in its guardad
mode . Ragardless of mode, the high frequshcy cut-
off can be used to readuwe noise at the higher fre-
guancies .

¢. For those cases where & limited currsnt span
iz to he monitored, a palr of high msgohm resls-
tors, avellable as the Model 8033, can be mountsd
internally within the Model 804, Although this
mathod limita the current span to only four decades,
it does sligntly improva bosh the nolss and the
rise time charactasristics over that obtainable with
the multi-range Hodel 6041 Current Shuat, The gom-
promise between noise and rise time still must be
made by choosing the guarded or unguardsd mods.

4., Low offast current minimlves zero offset with
nigh sourse resistance, permitting maximum resolu-
tion whan measaring curyent.



DYERNLION

MODEL 604 ELBECTROMETER AMPLIFIDR

BEGH CUl HE Bwitgh

METER Switch

Metey Pilet Light

SUPPRESS Controls: PFINE
AR, , MEDIUM, COJARSE

ZERC CHECK Buttons

GUARD-OFF Switoh

{4} snd (=} INPUT
Recaptacles.

TABLE 2. Model €04 Front Panel Controls {(Tigurs 1).
Control Functional Description Paragraph
VOLTH Switah Salacts full scale range Medel 6§04 iz to measure, or 25

gain instrunent ls to amplify.

Yaries the high frequency rolleff of the Model €94 and 2-5
selevts the maximum bandwldil to be measured. When ths
Switech ds dn the OFF Position the full bandwidth of the

Modsl 6804 is avallable.

Turns lustrument off and an; disconnects metsr: sslagts 2-2
mater polarity: sets instrument for center zers operation.

Indicates instrument iz on, 2~8

Zerosz ampliifler output and dstermines the amount of zere 2-6
suppregsion; uwp te zl volt do between inputs.

shunts reepective INPUT Recepiacie. Locking either one -2
allows single ended usse. Logking both zerces the mater.
Opaning heth allows differential measuremsnts.

Allows guarding for high speed measuremants from high -2
ragistance sources when in GUARD Pasition.

Connect jnputs to sources. May be uged sither singularly 2-1
or conjointly for single snded or differential messure-

ments respectivaly. Receptacles are Teflon-ingulated
triaxial connectors.

TABLE 3. Medsli 604 Rear Fanel Controls (Flaure 2).
Control functlonal Descriptlion Paragraph
VHITY GAIN OUTRPUTH: For use as an sxbremely linear preamplifier. Outputs 2-1%
FROM (~) INPUT:; FROM {+) are agual o respective inputs within 20.005% at do,
INPUT exclugive of offset, nolse and dwift.
GROUND Post Connacted to ground of all the cutputs and the ground i
wire of the power cord.
AMPLIFIER OULPUT For monitoring cutput, 2-11
LIMNE YOLTAGE Switah Sets instrument for 117 volt or 234 volt opsyation. 2-2
FUYE 3AG 3low Blow. 117 volt opearation: -1/8 ampere. 2-8
234 volt operation: -~1/Ll5 ampere.
TARLE 4. Model 6043 Differential Current Shunt Front Panel Controls (RPlgurs 3).
Control Functional Descriphion Faragraph
+INPUT Switch Switches shunt resisbor ab input of the amplifier 2-2
for the Model 604 +INFUT Receptacle, thus dstermining
full scale current range Model 604 1l €0 measure.
~LHNPUT Gwitoh Switches shunt resistor at input of the smplifiex 2=2

INPUT: 4 and -

TG 804 INPUTS:
4 oand -

GND

for the Model 604 -INPUT Recspbacle, thus destermining
full scale current range Model &04 iz to measure.

Both switches are used in differential current measure-
ments,

Connects Model 6041 inputs to sources. May be used eithsy 2-2
shngularly or conjointly for single~ended or differential
measurenents respaotively. Receptacles ars Teflon-

insulated triaxial connectors.

Gonneuts Model 6041 to zespective Model 604 Input Recep- 2m2
tacias.,

Connected to ground of Modeals 604 and 6041,
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MOGET, 604 ELECTROMETER AMDPLIFILR

BECTION 2.

2-1,  INPUT CONNECTIONS, The Modal 604 has itwe in-
put connecteors, the +INPUT Receptacls and the -IN-
PUT Receptacie, for use sither singles-endedly or
for measuring the difference betwsen two Input
glgnals,

Model 604 INPUT Receptacles are Teflon-
ingulated triaxial connecters. The center terminal
is the high inpsdance terminal; the inner shield is
chither guard or ground; the outer shield is ground.
The inner shiold of the IHPUT Receptacle may be

B & guard with the GUARD-OFF Switch in

feithley Ascsssories availlable whioh
Lnoresse acouracy and convanienoe
Lhone .,

¢, The Model &01L Input Cable facilitates input
conpections. Table § indicates the «elor wcoding
of the alliigator oline. The center terminal ls
shielded by the inner braid of the triaxial cable up
to the miniature alligator clip., If the unshielded
clip zauses pickup from nearby electric fislds, re-
rove 1t and eonnect the shisglded lead directly to
tha souroge,

TEBLE 5. Color Coding of Alligator
Clips for Model 6011 Input Cable.

Ltz Clrouit Tarminal

heavy wiye with Center
rad slip vovar high

thin wire with
Black olip cover
thin wire with
arean olin cover

Inner Shield
guard

Qutar Shield

OPFERATION

OPERATION

d. When working with a high impedance sourcs
carefuily shield the input connection and the source
aince any variation in the electrostatic field near
the input may ¢avse definite meter disturbanges.

&, Use high resistance, low~loss materials --
such as Teflon (recommended), polyesthylene or poaly-
styrena -- for insulatlon. The inaulation leakage
resistance of test fixtures and leads should be
geveral crders of magnitude higher than the inter-
nal resistance of the source. Excessgive leakage
reducss the accuracy of reading from high lwpedance
sourees. Triaxial or esaxial cablag uassd should be
a low nolsse type which smploys a graphits or other
condustive ocnabing  petwesn the dlalesotric and the
surrounding shisld breld. &uphencl-Borg Elestronics
Corporation, Microdot, Inc., and Simpilex Wire and
Cable Company make satliszfactory types. se of the
Model B6Gl1L Input Cable insures good input conneo-
tionsg.,

NOTEL

Clean, dry connections and cables ars very
important to maintain the value of all in-
sulatior materials. Even the bsst insulation
will be gompromlged by dust, dipt, solder
flux, films of oll or water vawor. A good
cloaning agent is methyl alochol, which dis-
sglves mopt common dirt without chemically
attacking the insulation. BAir dry the cablas
or gennagtions aftar washing with alachol or
use dry nitrvogen 1f available, Or, if it

is availahle, Freon is an excellent cleaning
agent,

f. wWith the GUARD~OFF Switech in GUARD Position
the Moedel 604 mway have at least ten fest of triaxial
cable on ite input without adding capacitance to the

o LT

L stsn eur
i 8109

i METER
’ 109

'JFFRESi
Py CUhRe INBUT FIWE REDIVM
JI6L 5193 2o RUER COARGE

siu?

JHPEER AOUED UK Sat pbufl
Ut e N
PR
5 Jey N 3
@ wd @

o

FIGURE 1, MModal 604 Pront Pansl Controls
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OFERATION

taput (input capacitance is speolfied at 1 PPy,
Note, however, that guarding can only eliminate in-
put cable capacltance effects, Except in one PR
ial ease, ees subparagraph 2-1i, guarding cannot be
used to eliminate affects due to fource capacitance,
bo pot gonnset the guard gircuit to the source.

NOTE

Por a complets discussion on guarding with
the Model 804 rafex to paragraphe 2-3 and
24,

g+ When working wilth a high impedancs sourcs any
ehange in the shunt capacitance of the input ecip-
cuit will ceuse disturbsnces in the reading, Maks
the maasuring setup as rigld as possible, and tie
down connenting cables to prevent thelr movement.
A continuous vibration may appear at the output as
& sinusoldal signal, and othsr preceutions may be
necessary te isolate the inscrument and khe connaa-
ting cable from the wibratisn.

h, Por low impedance measuremanis -- neasyrements
that are above 10~% ampara -~ unshielded leads may
e usad,

h. The Medel 6012 Triaxizl-to~Coaxial adapher
enables using coaxial cables and accessories with
the Model 604 by adapting the triaxial INPUT Racap~
tacles to the UHF coaxuial type,

L, he Adapter connecis the Model 604 inner
shield to ground defeating the guard capabllity
zhat the triaxial receptaclss make pessible. Ex-
capt for the special case spelled eut in the Fol-
lowing subpavagraph 2, the GSUARD-OFF Switch must
ba in the OFF position for the instrument to funo-
tion.

2. If the Model 6012 Adapter is umed with the
Modal 8041 shunt in front of the Model 604 ang
the current sourde can be floated off ground, then
a foedback plocampeter connection is possibis.

In this situation the eoaxial shield is guard
with the GUARD-OFF $witsh in the GUARD position.
To make possible a guarded circuit, connect guard,
the coaxizl shiasld, to the low of the ouryrent
source., Remember, however, if the current source
low is grounded, the GUARL-OFF Swiltch nust be in
the OFF position for the instrument to ocperate,
and no guarded clreoult ig posgible this way,

2=2, INFUT COMBIRERATIONS.

a. ‘Tha Hodel 604 + INPUT Receptacle is the input
to the non-inverting amplifier. This means shat
for a single-ended positive input te this Recepiacle
the output iz positive and for a negative input tha
output 1lg nagative, The polarity can also be inter-
preted with the METER Switeh and displayed on the
mater.

. Tha Model 604 - INPUT Reoeptacle is the input
be the inverting amplifier. Thus for a single-
ended positive inpuit signal to this Receptacle the
output is negative and for a negative input the
cutput is positive.

S, ¥For gingle-andad measurements just leck the
SERC CHECK Button for the Input Receptacle that you
do not intend to uss, and apply the signal to the
other Receptacle. When locked, the ZERD CHEOE Bute
ton will cenmiect its Input Receptacls to ground pre-
santing an open clrouit o the respegtive amplifier,
The Model 604 always measures the signal diffsren-
tially. In the single-endsd mode it messuraes the
diffarence between the appiied signal and the rsfw
sranve slgnal {ground).

MODEL 604 ELBOTROMETER AMPLIFIER

DAY DIEFEABNTIAL SURAREMT @ -0NT

| e o e
v o e

i ~‘*“‘1%§§- -—4{&\5;.;102@ @ ‘
! I ) pret {5!‘) i

| WY § N R R

FIGURE 3. Mcdel 6041 Front Panel Controls ang
Tarminals,

d. For differential measuremsnts unlock bokh ZERO
CHECK Buttons and apply one signal to ons of the Tn-
put Receptacles and tha other signsl to the obher
Bsusptacle. It does not makter which Receptacle
accepts bha high or low signal, If the sighal co
the ~INPUT Raceptacle is positive with respact fo
tha signal to the +INPUT Receptacle, then the output,
and the meter, will read negative. IF the signal
toe the +IHPUT Reweptacle i3 positiva with respeoh
to the signal o the -INPUT Receptacle, then the
cutput will be positiva.

. The Model 6641 is a Differantial Current Shunt
which, when uged in conjuncticn with the Model 804,
enables the Model 604 to become either a single-
ended or differential shunt ammeter., The INPUT Re-
ceptacles on the Model 6041 are nombnally labeled,
That is, it is not essential that, aingle-andedliy,

a positive signal be applied to the (+) Receptaols
and a negative to the {~} Reseptacle or, differan-
tially, the high signal to the (+)! and the Llow to

the {=),

1. 7The Model 6041 outputs {labeled: 10 604
INPURE; + and -}, whioh connedt the Modal 8041 we
the Modsel 604, sre directly tied to their corres-
ponding Input Recveptacla., That is, a signal to
the +INPUT Reoaptacle will be acgephed at the +
output and a signal 2o the ~INPUT Receptacle will
bs acoepted at the - output.

2. Though it is not absolubsly necessary, Lt
iy recommandsd that upon connesting the Model
§041 Lo the Model 604, the corresponding oubput
receptacle of the Modsl 6041 he connectad to the
corresponding Input Receptacle on the Modal 4064,
Otherwise, the user may become utterly gonfussd
at what the polarity at ths Model 604 output
correaponds fo.

3. Note that the +INPUT Bwitch on the Model
6041 appllies to the Model £041 +INPUT Receptacle
only and thas -~INPUT Switeh appliss to the -rINBUT
Receptacle only, regardless of the relative or
absolute polarities of the =ignals ar the dnputs.
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MODEL G604 DLECOTROMETER AMPLIFIER CPFRRATLON

23, GUARDING. £agp = .16 = 1,6 [z,
THTI0450) {107 54)
&, Thers are saveral factors which contributs %o
the bandwldih of an experiment, 8¢, ir this example, connecting the scurce Lo the
amplifier with & 3 foot cable, without guarding,
L. PThe amplifier handwidth; woeuld cause a L0:L1 reduction in bandwldth,
2, Ths source gesistance and capagitancs;
2. The capacitance of the cable connag¢ting the ¢, ‘Fhe Model 604 is designed to eliminate {(guard)
anplifier to the sourge. the cable vapacitance when used in the guard wode,

The Model 604 will reduge the apparant capacity at
the end of an up to 10 foot long Lriaxial cable o
approximetely 1 picofarad by driving the inner
shiald of the cabla.

NQTE

Hodel &04

The capacity from the gentey condugtor of a

triaxial cable to the ianer shisld is aboutb

30 pleofsrads per foot, From the inner shileld

te the outer shieid it is aboubt 70 pleofarads

par foot. The signal scuree, however, only

saas the capacity frowm the centar conductor

¢ the inner shield. The gusrd clrounit,

though, drives the entirve capacity, about

o LG0 picofarads per foot. The Model 804 guard
I’ cirouit effectively driwves up to 1000 pico-
i &

EERT

Farads; thus the 10 foot cable limitation.

1. In the above exampls, then, the guard fea-
tureg of the Model 604 allows the user te achieve
almost the entire bandwidth of the sourcs clreuit.

Eaap = L6 = 14.5 Ue,
TOETI0+15 (10 Ldy

2. dotlese that, in the above case, guarding

FPlgure Depicts a Typleal Experiment Show- . does not increass the bandwidith of the sourse, bul
piifier, Cable and Source. In the figure practically eliminates the effect of cable cap-
the capacitance dus to the conhsoting cablse, acity.

s the sourve capacltance, kg is the sources re-

sance and By 1y the source voltage. @,  The guard featurse does, however, have several
limitvatians,

In the zypical setup shown in Figure 4, LF 1. It is effective driving only up to L00G

et oanplifier ware placed at the source, the 3 d3 plieofarads. Thus, no more than 1000 ploofarads

ieney of the source wouwld be should be guarded fron either input for optimum

. Tesponyea,

Fyas = _L/mg ¢y = 16/Rg Cg eguation i. A Cpe be Limi: ;
2% 2. The guard voltage swing is limited by the
the 3dB bandwidth of the soures in Hz; commor. mode voltage swing (:ll volts do 2o 1 kiz
& source registance in ohms. and approxinately *2 volts at 5 kHz).

and Cg Lls the source capacitance in farads, . Y ) ) .
3. The guard feasture ig not effective beyond

1. If, ko take an example, Ry is agual to 102 ) BHz baecause of %nt&rnal vhase anifts. These
ohis and Cg 18 egual to 10 picofarads, then shifts cause peaking Fo aoour ahove 5 kHz, but
the system still remalns stable.
fia8 = .18 « 16 = 16 lz. - N
(ITey (=111 {162y &, Hote that each input of the Model §04 has its
ownl separate guard clreult which is completely in-
able is used to connect the source dependent of the other, Note, alsc, that guard and
5 new bandwidth is snoountearad ths unity=-galn cutpute ars slsctronically ildentical
Gdaition of the cable capacltance {aao schematic diagram Z2Z2BI0H in Seationi !,
baconas
2=4. GUARL-OPF SWITCH.
fyag = .16 eguation 2, i ) . ‘ ) ]
Rg {0y 00 a. This wa@ch whan in the GUARD Position reduges
the affect of input cable capacity and provides
is the 34D bandwidih of the system in high spesd measurements from high resistance sourc
’ at the end of & wable by driving the gable capaci
i soures reslstance in ohms, tance and the lnner shisld of the INPUT Recepta-
e gource capacitange ia farade; qle{s)i?eferjto paragraph 2-3). A& guazded circult
and Cn le the vable cavacitance in farads, is possible in thie way.
En average cable adds approximately 30 pleofarads b, With the Swirch in the GUA&D Position input
per foot o the cireuit., Thus, & I-foot cable capacity is decreasad (Lo approximataly L pF even
would add 30 piecfarads and with up te 10 feet of cable on the input) and

timg ls decreased. Nots, however, that the noisd
ig increased.




OFRRATION

G. With the GUARD-OFF Switeh in the OFF position
the input capacity is increased to 5 pF with no
wable the input and 100 pF with 3 feet of cable
on the input. The speed of response and the noisa
ars decrensed.

NOTE

When using the Model 6041 with the CUARD-
CFF switech in the GUARD position the total
systen 1s guarded. Also, less than 3 pF
will he present at the Model 5041 input
with 3 faet of cable on the input:

d. Therefora, although guarding inoreazes speed,
it also lnsresses nolss az well and & coppromise
betwesen spead and nolss will have to be made.

2-5, HIGH CUT HZ SWITCH.

a, This Bwltch allows the user to sslegt the most
amenable bandwidth te achieve optisuw riee time and
nelse,  The amplifisr rolls off at 6 dB/cotave and
the Switeh detémines Ehe measured bandwidth of the
anplifier and cubs off Righer frequenciss at the 3
di-point. For example, 1f the Switeh is set to L
kilz the bandwidih of the Modae} 604 iz 1 khz and aill
higher Traguengiles ars cuk off. Satting tha Switoh
to OFF gives the yated fregquency responss,

I, The uset can vss the HIGH QUT H¥ Switch to
salaot the optimom bandwidth for his measurement Iy
cutting off nigher frequency noise components, ring-
ing and overshoot. Notw, howsver, tha lowar tha
bangwidth the longer the rise time. So the umsr
will have o use the reguirsments of hig axpariment
and the method of trial and error to selest the
propar sebbting of the Switch for optimum sghleve-
ment.

Z=6, BUPPRESS CONTROLS.

&. There are threg SUPPRESS dontrols: FINE ADJ.,
MEDIUM and COARSE. The (OARRSE and MEDIUM SUPPRESS
Contrals are eight position switches. The MEDIUM
Control inberpolates betwaen the setting of the
COARSE Contrel. The FINE ADJ, Control ls & ten-
turn potentiometer that interpolatss batwaen the
gettings of the MEDIUM Contzol, These gonirols may
eithar be used for suppression or for zeroing the
Modsl 604,

b, The zers suppress clweult canesls any constant
@a voitage Ln ordsr £o use s more sensitive ranga {o
observe a superitnposed signal, There is up ho 1
volt avallable for zerc suppression. 7This means
that on the most zensitive ranges uy ko 1000 times
full somls may be suppressed. For example, the Model
6C4 omn measure changes of 1 millivolt Full scale in
& 1 volt steady signel on ite .00l volt range.

¢. Operation.

1. Adjust the VOLTS switch to the range that
gives the closest to & full scale meter deflsc-
tion.

2, Mupn the SUPPRESS Controls completely in
the dirsctlon opposite meter deflaction (aounter-
clockwide for positive deflsotions snd olockwise
for negative deflegtions).

3. Turn the COARSE Control setiing until the
meter needle passes through zeros., Tuarn the MED-
Tu Control until the needle passes back through
gare and then adiust the FING ADJ. Control for
zerce deflection,

MODEL €04 RELECTROMETER AMPLIFLER

4. Bet the VOLTS Switch ho & more sensitive
range and readiust for szero, 17 necsssary.

27, COMMON MODE REJECTION.

a. A good differential amplifier is gharacter-
ized by Its common mode rejection and aleo ies
comnon mode veltage rangs.  The Model 604 retes rol-
atively well in both these arveas,

b, The aspecifications in Pable 1 read greaber
than 90 dB from d¢ to 120 He decreasing to B0 4B
at 1 kHz., Actually, the comuon mode rejsotion is
greatsr than this. The spseification is based on
the nonlinesr distortion caussd by swinging the
ampilifier beotwean *11 vol&s comwon mods, The fun
damental iz almost completely removed and sli
appears ab the output is predominately secand hap-
monde of the commen moda input signal, This diste
ortion invreases with fraguency and tha specifica-
tien is degraded ascordingly, Bt lower common
mode levela, lets say 2 valts paak-to-peak, it is
practically impessibles to ses any oubput change
dua o thy common wode signal up w0 1 kHz at any
gain getiting on the Model 504.

2-8. PRELIMINARY PROCEDURIS,

a. Chaok the Fuse and the LINE VOLTAGE Switch
for the proper line voltage. Connechk the power
cord te the power source.

b, Bet the Model 604 front panel conbrols ag
follows:

FERQ CHECH Rutton [+t LOCKH

ARBEO CHECK Bukton (-} LOCE
VOLYE Switoeh 1

HIGH CUT HZ Swiltoh OFF
GUARD-DFP Switch Q'

METER Switch POWER QFF.

¢. Turn the METER Switch to UENTLR ZERO, The
Metsr Pilet Light should turn on. Within a few
segonds the wmeter nesdls should some to the ventar
position. If not, adijust the meter zers wilh the
FINE ADY. and MEDIUM SUPPRESS Controls. Nermally,
there ls no need 4o use the COARSE Control.

HOEE

Uslng the center zero gcales decreasss accu-
racy because the seals span iz redused.

4. After » few moments lngrease the voltags fen-
gltivity by advancing the YOLTS Switoh to .3, Wy
etc. Continue zercing with the FINE ARJT Control.

@. Aftsr long periods of gtorage or after an
tverioad, the Model 604 may Arift excessively, The
inpu® transistors are insensitive to mechanical
shook; hovwever, a severe input overload may cadses
& zero offset. This ls corrected with the BUPDRESS
Controls. Drifting, though, can cogur for seversl
hours.

-8, VOLTAGE MEASUREMENTS.

&, The Model 604 can be used to measurs wothages
bwo ways. Both ways may bs used in either the
guardad or the unguarded mode {(refer to paragraphs
2=3 and 2-4),

L. In the single-anded method the unknown volt-
age is connected to one of the Input Reveptacies.
The othar Receptacle iz losked in %erc Check Po~
gition {refer tv paragraph 2-2).
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NOTE unlogk both ZERD CHECK Buttons. Set the METER
Switch o + or -, ag negessary. Increasa sensi-
The ZERO CHECR Buttons are true tranafer tivity with the VOLTS Swisch until the greatest
type switeghas, When they are depressead, or. geale meter deflectlon is obtained, Rachack
the input will be briefly connected to nerg serting after increasing sensitivity., The
167 ohms to ground, Then as the Buottons difference signal is egual =0 the percentace of
are further depressad towerd LOCK posi- . Enll geale that the meter reads times the YOLES
tion the dnput is open circuited and will gwitch setting, {(Refer to paragraph 2-2 also).
remain g0 untll the Buttoen is releasad.
In the LOCK position the Model 604 input 3. Por guarded, fast measurements, set the
s dnterrally cennected to ground. TPlesass GUARD~OFF Gwitch to GUARD, {Rafer 0 paragraphs
nobte that for certain very high impedance 2~3 and 2-43,
sources 1t may be necessary t0 never oon-
nect the input to ground, even through 4. Set the HIGH CUT HY Switch to the desir
199 ohs Lf this 1s the case, depraess position to obtain optimunm regponsa. (Refer to
and re se the ZERO CHECK Button as paragraph 2-5) . ’
famb az posgible and the source will aese
1o% chme for only a few milliseconds, d. Yo measure sources grester than 1 volt, uss
ohe of ftwo divider probss, The Model 81¢2a lo:1
2, in the differential wmethod one unknown volie Nivider Probe exkends the Model B04'as range Lo LD
age iz connected to one of the Input Recepiaclies volts; overall accuracy is 4% and input reslstance
and the cther voltage is connected to the other ia 1Qiu ohms. Tha Model 61034 1000:1 Divider Probe
Input Receptacle, In uwhis mode both ZERD CHECK extands the Model 604°s range ©o 1 kilovelur over-
Buthons are unlocked. {Refer wo paragraph 2-2). ail accuracy Lls +46% and input resistance is )012
. . ehms, Follow the sams opsrating procsdures with
3. Accessory probes extend the Model £04's the dividers as in aubparagraph b, The Model 6012
rangs te 10 kilovelts. {Use either single- endedly Trisnisl-to-Coaxial Adapter must be used with the
or differsntially oaly with the GUARD~UFF &witch Models 61022 ang 8LO3A Dividey Probes., HNots, bhow-
in the OFF poesition). awsy, ugking the Adapter connects the inner shield
to ground, defeating the guarding capabllity of
L. Single-Ended Mothod Voltage Measuremsnte. the Model $04. Thersifors, the GUARD-QIY Switah
Tris mathod should be uaed when an unknown voltage mugt ke ln the OFF position for the instrumant to
Lrom a sing spurese is to be messured.  (Refsr to eperase, The full-scale voltage rangs L the di-
paragraph 2«2 alsol. vidaer ratio times the VOLTE 8witch zetting.
1. Bet the Modal 604 Iront pangl controls as NOTE

forlliows:

) N LY the Models 61022 and 6103A Divider Probas
Button [} LOCK are used with the wModel 604 in the diffsren-
Button (-} LOCGK tigl mode, the commen mode rejection is Llim-

a i ited by the probe matching and typically would
i switeh oFF e about 30 dB.  Thus, 30 volta of common
5W1t¢h GEE mode voltege would cavse a full scale indiea-
iteh CEITER ZERD. tion.
't othe unknown voliage to one of the 2-10, CURRENT MEASUREMENTS. The Modsl §04 becomes
cles. Zery the meter (paragrapn 2-6) an ammeter when used in conjunction with the Model
and unlock the ERO CHECE Button pertaining to €041 Differential Current Shunt or when reslstors
the usad Input Receptacle, Keep the cbher ¥IRD are installed within the cases of the Model 301 {see
CHECK Button Ln the LOCK posltien, Set the METER Figure 6}, When using the Model 6041, zeslstors
Sgicch o+ or -, as necassary. Incveass gensi- are switched across the inputs of the Modal 301
bivity with the VOLTS Switeh untlil the greastest aplifiers in tha Model 604 with the + and - IKPUT
meter deflection is ohtained. Rechack Switehes on ths Model 6041. “The full scale current
Zero selting after increasing senslilvity, (Re- range is sgual to reciprocal of the TNPUT Switch
far to parvagraph 2-21 a4lsol. setbing on the Model 6041 times the setting of the
. VOLTS 8Switch on the Modal BG4 Por example, 1f
i, Por guseded, fayt measurements, set the the INPUT Switcn is set to 108 and the VOLTS Swit

“

GUARD - slteh to GUARD, This method raduges ig gat to .01, fhen the full scale current range
tha ai*m of input cable capaelbty with wery is sgual to 37168 x .01 = 1008 w0l = 10-10 amp~
high Ilmpedsncoe sourcas and allows guarded voltage Bres,

moeauurements {Reler Lo paragraphs 2-3 and 2-4),

WOTE
4. et the HICH QUT HZ Switel to the desjired
itlon to obtain optimum response. {Rafer te The Modal 301 Instruction Manual, supplied
aph 2-3). with the Model 644, givas complets informa-
tion on Model 301 Qp@ratlQM; glrouit desorip=-
<. Riffsrencial Method Veltage Measurenents, tien, troeublsshosting, calibration, parts
This method ghould be used Lo measure the difference lists and schenatica ﬂiagramﬁ. Thara are
Eatwean bBwo uhknown VOLLdng neither of which has two Model 301 Operaticnal hmplifiers used
ty e at ground potential, and either of which may a8 plug-in unlts in the Modal 604,

s k1l velts fo ground., (Rafer to para-

a. The Modsl 604 can measurs ourrents sgveral
. waysa, €ach of which may be used eithar in the guard-
1. Set the Model €04 front panel centrols as ed or unguarded mode.
in suwparagraph bl above. )
1. In the single-ended method the unknown our-

Connect one unknown voltage to one of the ront iz conneched to onsg of the Input Recephacles
Rgceptacles and the other voltage to the or the Model 6041, The other Input Receptacls on
Input Receptacle. JZero the meter and then the Model 6041 is locked in Zeroe Check position
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by its corresponding 2ERD CHECK Button on the rangs, the inpui capacity and the method used
Model 604 front pansl. (Refer to paragraph 2-2). (guarded or unguarded). B8ee spesificatioang, Tahle
L, page ii. On all ranges, the rlss time in the
2. In the differential method one unknown our- guarded method is less than one szacond with the spe-
rent is connecsied to one of the Input Recsptacles ¢ified capacity acrossz the input. Bven wieh muach
on the Modal 60641 and the other current is con- larger capagities on the input the negative feedback
nected to the other Input Recsptacle. In this maintaing a relatlvely short rise time. Siven a
mode poth ZERO CHECK Buttons are unlocked, (Re- chelge, 1t is better to place the Modsl 6041 nearaer
fer to paragraph 2-2). te the current scurce than to the data rsading ine
atrument. Transmitting the input signal through
3. with the shunt resistors mounted inside the long oables decrsases the reasponses gpesd and in-
cases of the Medeld 301 Amplifiers in the Model 604 cresses nolse,
+he Model 604 may be used as an ammeter either
single-endedly or differentially. This method, o, Single-Bnded Method Current Measurements with
howsver, limita versatillty and gives only four Model 6041, This method is used to measure an un-
decades of pesponsae. The same inpul considera- known current from a single source (Refer to para-
tionz apply with this methed as szpelled out in graph 2-21.

paragraph 2-2.
1. fonnect the HModel 6041 outputs, lahsled 10

CAUTION 804 INPUT + and -, to the gorresponding input
Receptacles on the Model 604 with the supplisd
When resistors are mounted intarnaily, the mating eable. Sat the Model 804 and 6041 front
input im cpen circuited whan in zerc check. panel controls as follows:
This presents an open circuit toc the cur-
rent source, stopplng current flow., In ZHRC CHECK Button (+4) LOCK
some cases this could be harmful o the SERG CHECE Buthon ([~} LOUR
current sourge and possibly to the Model VOLTS Switoh 1
504 itself when high complicance voltages HIGH CUT HE Switoh OFF
are gnocuntared. GUARD-DFF Bwiteh SHE
HETER Switah CENTER ZERO
MNOTE FINPUT Swikch SHORT
: ~INPUT 8witah GHORT .
When making measurements from high inpedance
sourees or low Qurrent sources using the 2. Qonnewt the unknown ourrent o ong of the
guarding feature, it may be dasireable to Input Heceptacles on the Model 6041, Zero the
apt the HIGH CUT HEZ Switch to the lowest meter and unilogk the ZERC CHECH Bubton bthat gor-
satting, 100 Hz, to limit the nolse band- regponds to the Ianput Receptacls belng used. Set
width in some cases. The noise increasa, the METER Switoh to + or -, as pecessary. In-
when quarding, increases linsarity with arease sensitivity with the VOLTS sSwiteh and the
the bandwidth increase and the nolse nay Input Bwitch that orresponds to the Input Rewsp-
svantually overload the amplifier. This tBgle being used until the greatest on-scals
would cause an error in a mebter roading,. meter deflection is obtalned. Recheck zero seh-
Dut the error would go undetscted unlaess ting after increasing sensitivity. (Refer to
the output was monitored on an escilloscops. paragraph 2-2 alsol.
b. Rise tiue varies primasrily with the current 3, The full-scale ourrent range is the VOLTS

measuring pointk

Vv vt Y et )
! R
| P o
i A i t in
= o
— i lmeter
i i & {
T RCE T L TR T

b= imatar —Rgﬁ'” % grror i reading due to clroult foading = 100

if Ripd{ R, 5w imeter  and % arror 82 Q

PIGURE 5. grror due to Ammeter Resletance. Current sources may ke considered a wvoltage (B) in series with
4 resistance {R). The current with the ammetsr short clrouited is I = E/R, With the short clroult remeved,
the effective input reslstance of the ammeter (Rin) iz in series with the source resistance (R} . The our-
rent of the gomplete clroult is rveduced and Imetar = B/(R+Rin). If the aﬁﬁeat%va ammeterAipput peglistanca
ls small wvompared to R, Ipgpay ~~ [ and the error introduced by cliroult loading is negligible.

G373
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Switch setbing timas the reociprocal of the In-
put Bwiteb seitting., Use the smallest VOLTS
Awitoh esstting possible to minimdze input volte
age drop and thus obtain the best agcuracgy. Ths
fuil seale input voltags drop is egual to the
VOLTE Switeh senting.

NOTE

if tha scurgs has very high compliance
voltage and large souree resistance, bhe
gignal-to-neise ratio can be improved,
without appreciably degrading the acou-
racy, by using a larger shunt resistor
and a less gansitive valtage range.

(For example: If a current, sourcs has &
340 volt vompliance and 107 ohms cutpul
yegistance, then [ = 300/10%% = 3 % 316710
ampers, Using a 107 ohms shunt resisior
and & 300 millivolt full scale volitags
ranga would display this current full
sgale.  The lpading error would be only
D.1%, which is 40 times less than the
accuracy of the aystem, The signal-io-
netse ratio would be 180 times bebter
than 1f a2 197 chms zhunt resistor and

a 3 millivolt full scals range ware
ased} .

g, Differentlai Method Current Msasurements with
the Medel 5041, This method is used to measure the
difference betwesh bwe unkacwn currents nelither of
whigh hag to be at ground., (Refer to pavagraph -2
alaa).

1. Connect the Model 6041 cotputs, labaled TO
S04 INPUTSE + and -, to the respsthkive Input ke
caeptagles on the Model 604 with the supplied mat-

e

e

OPERATION

ing cable, 8ei the Models €04 and 6041 front pan-
al copntrols g follows:

ZBRO CHECK Button (+) LOCK

FERC CHECK Button {=) LOCK

VOLES Switah 1

HIGH CUl HZ Switeh OFF
GUARL-OFF Switch OFF

METER Switch CENTER ZTRO

+INPUT Switoh EHORT
-INPUT Bwilitch SHORT.

2. Gonnect one unknown surrent to one of the
Input Recephacles on the Model 6041 and the other
gurrant to the othsr Input Receptacle. Zerg the
moter and unlook boith EERO CHECK Buttons. Set
tha MEVER Switen &0 4+ oy -, a8 negsizary. In-
srxeage sansSitivity with the VOLTS Switch and both
of ths Input Swltghes wntil the greabksst on-scale
meter deflection is obiainsd., {Increase the set-
tings of both Input Switchas in unison). Recheck
zerp setting after increasing sensitivity. (Re-
fer to paragraph 2-2).

3, The difference signal is egual to the per-
gentage of full scale that the meter reads times
the VOLTS Switevh setting times the reciproval of
the setting of the Input Switchea, Use the smal-
lest VOLTS $witch setting possible to minimize
input voltage drop and thus obtaln the best ao-
guracy., The full scale lonput volvage drop 1a
agual bto the VOLTS Bwitch setting.

2. Each Model B04 Input Recgeptacle 12 conneoted
t0 g Modal 301 Operational Amplifisr hooked up in
gingle~ended configuration. The Ampiifier corres-
ponding to the +INPUT Receptacle 48 in a non-in-
verting mode and the Amplifisy ocorresponding te the
~iNPUT Receptacie is in an inverting mods. If so

or Loy

2
N

gl Megobm Resls

f shupt Piccammeter Operation Letween These §

FIGURE 6, Inisrngl View of Model
301 Amplifier Showing Location
for Installing internal Reslstor,
For complate and comprehensive
information on the Medel 301, re-
far to the supplied Modsl 301
Instruction Manual,

[
(%)
4
b

i
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PRULE 6.
shunt Resistors Initernally Mounted.
permisgable to obiain the riss times.
o the signal bhandwideh,

MODEL BU4 DLECTROMBTILR AMPLIFINR

Typival Rise Times and Nolse of the Model 604 As An Ammetsr With a Bingle Palr of Model 6033 )
This takle was complled using the gsmellesgt HIGH CUT HE Switeh setting
Thug, the nolse bandwidth of the aysten ils kept as olose as possible

Shunt Current 100 pF Guarded : lGG‘pF Unguardeq
Rasistor Span Blge Time Noise Rise Timg Nolse
{ohnal {full scals) 1G%-80% i 10%-30% p-p
166 106 to 167% 0.00003 gac 10%% A 0.0003 sex 1oml0 A
108 1078 o 16-11 A D.0003  mec 1o-id A 0,03 s8¢ 1o-ld A
10 10-10 to 16743 4 9,03 sa0 10732 a 3.0 se0 21071
-3 1%
1011 10-1l o 10-%4 A 0.3 sev 10747 & 30,0 gec 2xi071

desired, the Model 604 may be used as an amweter

by installing shunt rasigbors within the cases of
alther or both Medel 301 Amplifiers. Figure ¢ shows
the positions in which the internal rasistors may

be mounted.

®OWH

When msasuring current with the internally
mountad Kelthley Modsl £033 Shunt Resziestors,
the Hodel 804 has slightly shorter rise tinas
and lower neize for sorresponding Model 6041
ranges, Please refer to Takle &,

i. In this venfiguration, therefore, the Modsl
6041 Current Shunt does not have fo ba usad with
the Model 604 te maks current peagursments, Note,
howavey, that installing the registors within tha
Model 301 cases is a time conswnlng operation,
Hote, alse that using the Model 604 in such & man-
net aeverely limits the versatiilty and capabil-
ity of the Model €04, Alsc, uzing it as an am-
mataer in such a way allows only four decvades of
current messuring capability,

WOTE

The KHodel 804 may be used to meapure voltages
with the resistors installed within the
Amplifiews. Note, howsver, that the magni-
tude of the input impsdange would than be
agual to the value of the installed resis-
. This would lead to significant srrors
ir veltage measurements if the source resis-
hance is on the grder of magnitUde of the
ingtalisd resistor,

4, The Hodel 804 may be used a5 either a
single-endsd or differential current measuring
device in this configuyation. The game instrug-
tions glven in paragraph o and 4 sbove, less the
Model 6041 ingtruations, apply here for the
singla~ended and differential modes respactively.
The full suale current range, or dlfference sig-
nal, is egual to the reciprogal of the shunt
resletor tlmes the setting of the VOLTS Switch.
{Refar Lo paragraph 2Z~2 also).

CAUTION

Pay special attention to the cautlon of
parvagyraph 2~10a, sube-paragraph 3.

¢, Use the GUARD-QFF Switch for Guarded or Un~
guarded Magsurements, Guarded oy unguarded meas-—
ureraite can be made in each of the preceeding
modes. (Refer to psragraphs 2-3 and 2-4 alsel

g, Use Lhe HIGH CUT B2 Bwitelh in sach of the
current moded sy desired to obtaln optimum response.
(Refer to paragraph 2-5).

2-11.

QUEPUTE,. The Model 604 haw three outpubs:

L0

two UNITY GATY QUIPUTS each aprresponding to it
respactive Input Receptacle, providing signals
sgual to each input-to-ground voltage two within
#0.005% A% doi sn AMPLIFPIER QUTPUT for regor
the amplified or difference signal, These outp
may be used to drive recorders, vscllloscopss a
£ and ¥ recorders to record amplified signals, dif-
farence glgnals and sbsoluts signals.

HOTE

The fTront panel BUPPRESS Contrels will wsro
only the FROM +INPUT GAIM OQUTPUT: that

t# the cutput for the non-inverting input.
Also, the 2l volt suppreassion may only be
applied at this output. The FROM -INPUT UNITY
GALN QUTPUY nay be zercad intarnally by ad-
justing the zers control in the Amplifisr

Eor the -INFUY., {(Refer to the supplisd Hodel
30l Imstruaction Manwall. Thus, when tha
RMPLIPIER QUIPUT ls zeroed, it is highly
unlikely that both UNITY COATN OUTPUTE wlll

be zerosd and several wmillivolis offset may
be present, Also, 1t is very improbable that
hoth the URITY GAIN OUTRPUTS and the AMPLIFLER
GUIRNT will all be exastly 2ero at the same
time, Lut any two of the three gan be.

a. The AMPLIFIER QUTPUT iz z10 wvolts at 5 mitli-
amperes to amplify signals within 13 for peaorg
cacilloscopes and similar instruments. This oube~
put cap be used for recerding singls-ended 53 1z
or Alffarential, relative glonals. The AMPLIVIE
CUTPUT Reweptacls ls o wlorophens resspiacls Amphen-
ol type BOMCAF and mates with an Amphencl btype
8OMCZM, Pipn Ho, 1 of the outpub terminal is the
output and pin numker 2 is ground whan the GUARD-OFF
swlteh g in the OFF position.

b. 7The AMPLIPIRR OUPPUT Repeptasle and the UNITY
GAIN Receptacles may be used in conjunsbion: the
AMPLIFISR QUTPUT for recording the relatlve differ-
ence slgnal and a UNITY GAIN for recording the ah=
solute signal of Lis input,

NOTE

ALY outpubs of the MNodel 604 are short
ciroult proof,

¢, Phe UNITY GAIN Cutpubs provide signsls to
each input-te-ground volhage within 20,008% a dc,
They can bs used for lmpedange matching to mini-
mize eclroult loading errors or convenient gonnec-
tiong te 4 recorder when the QUARD-OFF Switoh is in
the GUARD position. Also, these bwe outputs may hs
uged o recoyd with an EY recorder; 1 output to
drive the X channel and ¢ne the Y.
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MODEL 604 HLECWROMETER AMFLIFIER

SECTION 3.

3-1. OGENERAL.

a. The Medel 604 is an entirely solidw-state in-
shrument that uges ag its basic elroult components
two Kelthley Model 301 Operational Amplifiers.

These twe aspllfiers, hooked-up in unliy-gain con-
figuration, ars the inpoat amplifiers for the Model
504, Three other major bleoaks of the Model 604 cir-
cuit are ocomposaed of three integrated cliroult ampli-
fiers that serve the functions of differential amp—
Lfler, auxillary amplifier and an output amplifler,
gaspectivaely, The lst major hilock to be considered
ig the powsr supplies, Peripheral ciroults result
in zaro suppression, fragquency ghtenuation and amp-
i a1 gain through switched in resistors and cap-
aRLLOrE .

o, The plock dlagram 4n Floures 7 Lllustrates the
bASLL sectiong of the sircult of the Model 604, The
watic diagram, 22820F, is & detailed diagram
owina the complete cirouit of the Modal 604 and
thae olvoulte dcbigrat;on». pefer to these to aattar
understand the description gilven in the followin
pArAgraphs .

WOTE

The circult description of the Modal 361
amplifiers, givcuit designations ARLOL and
ARLOZ, are net given in this particular
dtaLlﬂh. Howaver, the copplete ciroult
criptlion of se anplifisrs is in the
aupplied Model 301 Instruction HManual.

-2, THPI AMPLIFIRRSG .,

a. fweo standard Kelthley Modsl 301 Solid-State
:leDLAOmater Gperaticnal kmplifiers, designated

CIRCUIT DESCRIPEION

CIROUT DESCRIPTION

sach input, They are gonnected for unity galn in
such a faghion that an input rasistance of greater
than 1014 ohws for the Modslh 804 is achieved. This
ig dons by using the ipverting input of the HModel
301 as the input, conneocting its output to ground
and using the comean as the oubtput with the noa-in-
verting inpot connected to commen, In this config-
uration the gain acouracy is the recliprocal of the
open loop gain of the Model 301 Auplifier,

b, Zero suppression is added between the non~in-
verting input and zhe commen in the Model 301 Ampli-
fier which 1s used in the Model 604 + Lnput. Front
panel controls 5106 and §107 switeh in resistors
R122 through R144 o achleve this suppression.

HODE
Refer to Tabla 7 for the galng of sach amp-

ifier in the Model 604 corresponding to
ach total gain of the Model 604,

5 e

3~3. DIFFERENTIAL AMPLYPIER, (ircult dasigﬂa?ion
0ALGL is a linear integrated circult connected as

a differential amplifier. The common mcde rejsciion
2T tha Model €64 is obtalned by adijusting this
amplifise, through capacitor Cll4 and resistor

Bl4¥, hoth at low and high freguency,

3-4. AUXILIZRY BMPLIPIER. Circult deslgnation
Qal02 is a linsar inteqgrated circeulit connscted for

a non-inverting galn of 30. It is used ornly on the
nighest three gains, 1000 to 16,000 {refar to
Table 7).

3-5.,  QUIPUT AMPLIVIER., Circuls deslgnaslon QALDS
ig @ linear integrated circult gonnected as an in-
verting amplifiec, Gain iz adiustable bstwesn

4 34 P he Rial froaougmey
ARLOL and BRLOZ, arve used in the input; ons for and 33.3  {Ses Table 7). “he high frequency rolloff
R,
: Laput 91 tnity Gakn Quepul
. Admplifiers 1 HLby AR Al
(X1 ! From 1 TInput
INEUT i ; : i
s & e v o o e
) - g B iferntial H
Model 30L 1oAmplifier (X0} ¢ High Cuts
- \ g ; AR oSS e ey §
Suppross fw’wyﬂ - i f t Auxilitary Amplilicr I
= E CENT i
- |
Tave : h A
i onee e G5
o uw‘yafyg -
X1
e ]
. NN“:“Mh Amplificr
.:;' PP fodul J0L X . Grtput
@ — = H
i ¥
i ¢ ¢
, e AU wo X33.3
nity Gaip Ouipul i . i
Eram ¢ inpil L. g Oubpul Amplifier "
- R |
PIGURE 7. Meodel 804 Block Dlagram,
11

0373



CIRCULIT DEBCRIPTION MODEL 604 ELECTROMETER AMPLIFIAR

TABLE 7. Model 604 Gain Chart
The Tanhle gives the total gain of the Model 504 Elsstrometer amplifier in one wolumn, and the gain of each
component amplifier within the Model 604 corresponding to each kotal galn. Refer alse to Figure 7 which
shows the basic amplifisrs composing the Model 604 cirzouit.

Total Input Differsntial ruxiliary Dutput
Model 04 Amplifier Ampiifier Amplifisr Anplifisey
Gain Gain Gain Gain Gain
10 1 10 - 1
33.2 1 11 ' - 3.33

104 1 10 - LG
333 1 19 - 33.3
Loag 1 10 3% 1.33
3333 1 Lo 3 Lii:
10,004 1 10 30 33.3
of this amplifier ip adjusted between 100 Hz and supplied Model 301 Ingiruction Manual for a datailaed
wideband with the HIGH CUT H2 Switoh, 8108, by description of Model 301 power supply regulatoy olr-
switching capacitors CL21 through CL26 across the eudts) . With the exception of the pre-~ragulators,
feedback resistor, R1S53 through RLS7. The rolloff the power suppliss are all short cireuit proot,
of these high ¢uts is § dB per ostave. 7The output
of ALO3 goes to output connector J103 and drives I-7. MODEL GU41 DYFFORENTTAL CURRENT SHUNT.
the metar, ML, By pulting the RIGH CUT HZ Switeh Model 6041 basically consists of two differen
in the output amplifisr, the noise bandwidth is connected, shielded, high negehm switch aing
always the same as the signal bandwildth. either or both switchas, high megohm re Loys are
shunted across the inputa of the respective Model
3-6, POWER SUPPLIES. Thers are three sefs of 15 30L Amplifiers te make the #Model 604 a differencial
volt power supplies in the Model 604. One set is or single-endad ammetrer.
located on the main board and drives the thres lla-
zar integrated civeuit amplifiers, QAl01l, QAlDZ and NOTE
@AlG3.  Thexe is cne set of supplies for each of the
Model 201 Amplifiers locsted inside the Model 301s, Refer to scehematic diagram 234580 for the
With pre-regulators on the main board. (Refer o Model 6041.
TABLE 8.
Bguipment Recommended for Models 604 and 6041 Maintenance. Use these instruments or thels eguivalent,
Instruments Refer to Paragraph
Ballantine Model 340 Trus RMS Volimster 4~8
Fajrohild Modgl 7050 Dlgitel Voltmeter 2,46, 4-12,4-15,4~16
Hewlett~-rackard Model 200CD Signal Geherator 4-7,4-13,4-14
Hewlatt-Fackard Model 400 AC Voltmeter 4-153,4-14
Kelthley Insbrumentz Modal 241 Voltage Suppliy 45
Keithley Instruments Model 240 Nanovols Source 4-12,4-15,4-1%
Bsithley Instruments Model 261 Plosampere Source 4-18
Kelthley Instruments Modsel 370 Recorder d=11
Keithley ILnstruments Hode) 3155 High Megohm Registor Standards 4-15
Kalthley Inetruments Model 6012 Triaxlal-to-Cosxial Adapter 4«16
Keithley Instruments Model 6100 Electrometer 42
Keithley Instruments Model 662 Differential Voltmeter g, 4=5
Kelthley Instrumsnts Type C5~178 Connechor i h=2
Tektronix Model 561 Oscillescope 4w, 8-, 6-7,4~13
Ccffset Current Fixture (composed of & 10+2 ohim reslator and a
Keithley Type {8~141 Connsctoer) 4=
10011 pivider 4=7,4-13
1:3 and 1000:1 Dividers 4=13
10:1L Divider 4~13,4-14




ROTROMETER AMPLIFIER MATRTENARN

BECTION 4. MAINTENANCE

d-1. GERERAL fiers until so apecifisd fn subparagraph 4-21.
the funaticn of the maintenance section is ko ¢,  Adjusi mechanical meter zero for zero indlica-
a mebthod of checking the Models 604 and 6041 wion on the meter,
syre that they cperate properly and within
cifications given in Table 1 cn page ii. 4. Check for proper operation of both ZRRC CHECK
Butions as delineated in subparagraphs 1 through 7
The foliowing procedures are recommended for balow.

ng oand cailprating th' Me 5 H04 and 6041,

equ;pmenh red cmmenﬂ 4 in Table 8. If prop- NOTE

icias are not aval }aule or if difficulty is

1, contact Keithlay ~cumenta, Inc., ov The ZERQ CHECK Buttons arve break-beiore-

sentatives to arrange for factory calibra- make Lransg switohos wish a 169 ohm

registor built dnte the shaft of zhe

switch, 7This rasistor places 107 ochms

tobko Kelthley In- regisvance to ground across the oosrac

Ehe hns

g fﬁ or oal o, use the Repalr ponding Model 301 amplifier irput (RRICI
i at the rsar of this manual, o ARIGZ) ,ur'g transfor hetwsen oon-
clarify d@ifficulties that may tacts., Thae 107 ohm reslstance elimipates

in H, good service. large transients during break,
pieasgse detach along detbted

L, Set the TERD CHUCK Buuton for thae
Receplacle to LOCK,
quras et the end DI fhi* s2ction show

i

youts For the Model £04. pefer to 2, Conpect the ARIGY Modsl 301 Ampli
& red componsents Eor adjusting the {rigure 8} fo a #Medel 6100 Electrometor,
rofer alsoe bto the ¢lrouit desgription adaptar or cable with » Keiihley Type 0517

L moat the hack

tloal gom-

schamatic diac
entlify the mnore o

i
]

the end for conpecbion o the ARICL

ate the Model 100 in Normal mode oan E
ohms rangs, With the + INPUT ZERQ 0K But
n fully depre 4 oy in LOCK, bhe Blecltromeier

HOTE meter should indicate zerc.

L 301 Instruction Manual 3. Release the ZLRG CHHOK Button i
bhe tmgu:Lﬁ’hou=1; calibracion ig released the Model 6100 should indicato

component layouts and sohematic imately 1 x 307 ohms when the Button is
the MRINDL and ARLUZ awplifiers. g /64 of an in from full dapression,

olint s the bhreak from the ground contacth.
B 3

TABLE B, 4. The ! x 109 ohms r@adinq b“fuld corlintie un-
el BG4 Intoernal Controls. {Geo Figures at ond ril the ZERO CHECK Button nears :

sf khis section for gontrol locations). position, at which time the raading
crease to greater than 10 x 107 chme ';1; pu‘n
Circult is the make with the input contact when the 199
Control Designation Baragraph ohmad resistance shaft moves awsy from the wipez.
IModel 30L) 44 B, Set the Model §10C for 10 % 1000 ohms ranygs
RL1Z 4m2, d=3 to slow the reading. Depress the YERC CHECK bBut-
R129 Aw2, 343 ton until a 1 x 109 ohm reading is achieved.
Mode ﬂat Rl4s 4-7 Thisg is the position at which the sha ot
tode Clid 4-7 Button touchess the wiper Note the distance thak
neer h i R158 A-6 the shalft must be &le&bEvL to reach this point.
Tull Seoale Add RIAL 1w The distanse should be approximately l/E& of an

imeh.  This will ensure that the shaft will net
readily touch the wipa“ and place LU ohms ac

&
the input when the ?ERO CHECK Button is in th
B INITL G THMENTE, unleocked position,
8004 s not connected Lo 4, FRelease {he LERD CHECK Button and short the
ar panel LINE VOLTAGE qenter pin of the + INP Receptacle to ground,
snt panel controls as The mater reading sheuld go bo 2ero.

7. PRepeat steps I othrough 6 using the ¢l

Butbon (+) LOCK CHECK Button for the - INFUE Receptacle and the
! 1=} LOCH inpub jack for the ARLO2Z Model 301 Ampl g

Switaoh oFF . CUonnect the Fairrchild Model 7050 DV hetwesn

¢Luoh OFF ground and the int shield Qr the Model €04 & IN~

POWLR OFF PYT Receptacle. dse the Model 7050 as an ohmmeter
on the 150 kilohm range,
Model 301 Amplifiers, clrouit
and ARLCGZ (Figure 147, from the 1. With the dModel 604 GUARD-OFF Swilitoh in i
Po net reingtall these ampli- OFF Posi ion the Madel 7450 should vead zero.
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MATHTENANCE

With the Switch in the GUARD position the ohm-
mater should vead greater than 30 kilohms and type
ically from 50 to 70 kilohms.

2. Repeat the above btests with the Model 7050
connected hetween ground and Inter-shield of the
~ IHPLP Recaeplacle,

3. ®Wonen completed set the Differential Ampli-
fiey METER Bwitch to OFF.

£, Plug the Model $04 into a 117
power dource and turn the METER
CENTER ZERO.
fiers, ARIOL

Gr 234 velt ac

Switch o 4+, ~ or
(Make sure that the Model 301 Ampli-

and ARLOZ, are removed).,

1. If ehe Differential Amplifier is operative,

the metesr rsading will remain at or near zero.

2, Lf the instrument s inoperative, that ls,
if the meter pags or lndicates a largs paaltlve
or negative up-scele reading, then sst the +15
and -15 volt suppliss per subpsrayraph ¢ below.
Do khis before troubleshooting for other than an
ohvicus problien,

g. Set the +13 volt regulated supply 4o approxi-
mately L5 velts with the +15v ady, Potentiometer
Ril?Z?, In like manner set the -1% veolt regulated
supply to -15 volts with the =13V aAdd. Potentiom-
eter RLZD. (Figure 17 shows the locations of RLL1Z.
and RIZ0 and the layout of PC-195 in gensral).

he Use a Model 6100 to check for approxlﬂately
30 ko 36 volts across capacitors ClO02{+}, CLO3 (-
Cio4(+! and Clo5(-); the unregulated positive anm
negative supply voltages Model 301 Amplifiers ARIGI
and AR102, Since the common for these supplies has
no referencg Lo yround, these volbages can be
chacked by cohnecting the Electrometer divectly a-
cross sach capaciter. Pigure 16 shows the location
of the capacitors,

NOTE

The voltage across these capacitors with
the Medal 30ls installed will be approx-
imately 29 wvolts, Hence, they are re-
ferred to as unregulated 2% wolt suppliss.

i, Het the Model 604 METER Switch to POWER QFF
and install the Model 301 Amplifisrs.

1. 3Fet the Model 604 GUARD-CHE Switch fo GUARD,
Check for continulty hetween the inter-shleld of
the + INPUT Receptacile and the center pin of the
JUITY GAIN QUTPUT, FROM + INPUT. In like manner
chagk for continulity between the inter-shield of
the - INPUT Receptacle and the center pin of the
OHITY GAIN OUTRFUT, TROM - INPUT,

2. If there is no continuity, check the rsspec-
tive Model 301 Amplifier for continulty hetween
pin 2 and pin 13,

3. Bat the Model 604 front panel controls as
follows:

ZERO CHECK Button [+] LGCH

" B (=) LOCK
VOLTS Swlteh 1
HIGH CUT HZ Switch OFF
GUARD=QFF Switch OFF
METER Switch o

If it is not possible to bring the meter on scale
or te zere it, then one of the following problems
may be the wause,

i4

MODEL 604 BLECTROMETER AMPLIFIER

1. Tha Model 301 Amplifiers may be defeotive.
If this is smco, then elther they should be repaired
or a npew gperational set must he substitutad,

2. The Model 604 suppression may be defschive.
Check this out per paragraph 4-56.

3. fThe IL volt regulated supplies may be defpo-
tive. Refer to paragraph 4-3 to check the sup-

plles.

4. If nong of the above localizes the problam,
then perform the Zero Balanze and Unity Gain
checke as shown in paragraphs d-4 and d4-5%,

4=3. POWER BUPPLY ADJUSTHMENTS
a. Connect the Tektronix Model 361 Uscilioscops
ketwsen the Meodel 604 chassis and the proper test

pointg shown in Pigure 11 for performing the pOWer
gupply cheoks.

n. Check the plus and minpug 25 volt supplies,
{(Purdng this check, the Model 604 zhould be connect-
ed to a 117 or 234 wolt ac power sourcel.

. The voltage for thisg check ghould be 26
velts £3 volits,

2, The ripple must
Lo-peax,

e less than 3 volis peak-

3. Figure § shows a typical
for the 26 voli supply.

ripplie obtainsd

FIGURE 8. Typical Ripple Obtained for Lhe 26 Vol
supply, The scale iy 1 volt per division vertic
and 5 milliseconds per division borizonital.

al

¢. Check the plus and minuve 15 volt supplles with
the Model £04 conneotsd to a L17 or 234 voli ao
power line,

Lo Adjust +15V Adj. Potentiomester,
+1.5 veles 230 millivolts. (Plgure 17

R1lZ2, for
shows RLL21.

R120, for
shows R1Z0) .

ntiometay,
(Figure 17

2. Adjusi -15V Adj. Pote
~1% volts #30 millivolts,

3, whe ripple in each case must be less than 2
mililvolts peak«to-pgak, Figure 9 shows typical
ripplse for the 15 volt suppliies.

4. Monitor the plus and ninus 1% volt supplies
ag the line voltage is changed from 145 to ]
volts ag for a 117 volt line or 210 Lo 250 volits
for a 334 volt line. The voltage changs in ths 15
volt suppiies should ba lesz than 100 nillivolbs.

5. BReturn the line %o 117 or 234 volis ao.
d. Check the regulated plus,.and minus 2L volt

suppllies of poth Model 30ls. Pin & and pin 10 of
the Model 30ls on the underside of the PO board are
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MODEL 04 RLROTROMETER AMPLITI®R MATNTENANCE

BOTE
! T The Model 3051 supply volbages are refor-
i = enced to ground only when the 30ls are
: I -+ inskalled. Usae the common of capacitors
i - C10Z2 and €143 oy €104 and CIO5 Lf the

i : k4 Model 30ls ars removed. Ripple maagure-
e LAy 1aS NI WNE- suu VRS VWM YRS VEUT YRNE Y ments are meaningless with the Model 301s
FAVAVAVAVIVAVAVAY
¥ 7
L

[FIGURE
Supply.,
rical,

Typioal Rippls Obtained for the 15 Volt T
teois L omillivolt per division ver-

iseconds per division horizontal,

1
2

Lost poinss for the -21 volt supply ang 21 volt
respectively, Figure 19 shows the location

rest poinks.

and ~2L volts »2 wolts

le in each case shozld be FLGURE 10, 7Tyeloal Ripple Obitained for the 21 volt
volts peax-to-peak and i3 typic Supply. The scale is 10 millivelts per division
idiivelts peak-to-peak. Tigure 10 shows vartical, and % milliseconds per divisieon horizon-
a typlosl ripple fer the 21 volt supplics. tal.

AR10Z Unregulsted
F25V Test Points

ARLDL
Unregulated
4297
Test Polnts

Unregulated
+26V
~Tast Poings
~15Y Adj.

— {(R120)

_ #1557
Tast Polnt

“+15V Ad3d.
{RL12}

_Zero Centper
Adj. (R158)

=15Y
Tgat Point

ARIOT

Common Mode
Adi, (Clia)y

~ Full Scale
"Add. {R151)

ARLIOZ Common Moda Ad3,
(R148)

FIGURE 1l. 'Lecation of Voltsgs Supplies Test Points (ses paracraph 4-3).
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HMAINTENANCE

4=-4, MODEL 301 ZERO BARLANCE ADJUSTMENT AND GSCILLA-
TEOM CHEQK.

&. 8st the Medel 604 front panel conirols as
follows:

ARRO CHECK Barton (+) LOCK
* " 8 (=) LOCK
VOLTS Switeh L
HIGH CUT H? 8witch {(OFF
GUARD-OFEF Bwltch OFF
METER Switch OFF

k. On the underside of PC-195, jumper Lthe sup-
pression valtage te lew as shown in Pleure 14, The
suppression volitays is available at one input of
the AR1GL Model 301.

1. Connect a Keithley Model 662 Differential
voltmeter to the Medel 604 UNITY GAIN QUTPRUT,
FROM + INPUT. - Adjust the ARLOL Medsl 301 dero
Control, available through the Meodel 301 cover,
for garo volts 21 millivelt.

2, Repeat the procedures in subparagraph 1 a-
powve utsing bhe UNITY GAIN QUTRUT, FROM - INPUT
and the ARIOZ Modsl 301,

3, Remove the jumper attached in subparagrapn
4~4% above. Set the dodel 504 VOLYS Switch to
(0L and zero the Meter with the Model 604 SUP-
PRESS Contrals, When completed returs the VOLTS
Switeh Betting to L.

¢, CJonnect the UNITY GAIN OUTRUT, PROM + INPUT
toe an ac coupled Model 561 Qacillosoope and set it
on the 1 millivolt per division vertical scale.
Onsarve the Oscllloscope for high freguency ocscil-
lationg as the Model 604 VOLTS Switech Ls stepped
from I through 001 settings., I1f oscillations ars
Vbﬁerved, it oan pe corrected by replacing the 1.2
microfarad capacitor C103 in the Model 20L.

MOTEH

Do not misteks normal oubput neiss for
oscillation. Nermal output noise lg
approsimateiy 1 aillivelt of grass and
120 cycle ripple.

d.  Connagt the UNITY GAIN QUTPUT, FPROM - INPUT
to the Oscilloszcope and repeat the procedures of
parvagraph 4-4c sbove.
dw-5,  UNIWY GAIN CHECK.

a4, Set the Model €04 front panel controls as
follows:

ZERO CHECK Button (4} LOCK
v i " (=} TOCK
VOIS Ewiteh 1
HIGH CUT HE Switch DFF
GUARD=~OFF Switch org
METER Switch QFF

1. <Cohnect a Kelthlaey Modsl 241 Voltage Supply
to the Model 604 + INFUT Receptacle and to the
low tarminal of the Kelthley Modsl €62 Differens
rial veltmeter, Make sure, upon connection, that
the Model 241 is d4ialed for zers volis and that
the outpus is on. Ensure, also, that the link on
the Medel 662 is not atitached between low and
ground of the Dilffsrential Voltmetier,

2, Connect the Medel 6034 UNITY GATN QUIPUT,

FROM + INPUT Terminal te the high terminal of the
Model 662.

15
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3., Set the Model 662 dials to zero and the null
switeh to 10 millivolts. The Model 682 should in
dicate at or near Zerd.

HOTE

A lavge transisnt generated when the Model

241 eutput switeh is charged from stand-by

to on causes a zerc shift which results in

errcnecus readings. The correct method to

use iz to dial out zers volts then turn the
cutput switeh to on.

L. With the Model 241 abt zero volts, release the

Model 604 ZERC CHECE Button Ffor the + INPUT Recsp-

tacle and note that the Model 862 null remains the
saWe .

Lo Apply a positive 10 volts with s%u Model
241, The Model 662 null indication she not
change wmore than ¢.5 millivolts and tgpaaa 1y
less than ¢.2 millivolis. A changs of 0. Ll
volts indicates a unlty gain of 30 ppm.

4. Return the Model 241 to zers volts, The
Model 662 mall should return to the original resd-
ing.

¢. Repeat the procedures in above paragraphs a
and b with the Model 241 sonnected to the Modsl 604
= INPUT Receptacle and the Model 604 INIDY GAYE OUT-
PUT, FROM - IRPUT Terminal connsctad to the high
terminal of the Model 662,

4w8. SUPPRESBION AND METER CALIBRATICH.

a. Beb the HModel 604 front panel cuontachs as
follows

LOCK

ZERO CHECK Button (+)
it 1t L (=}

VOLTS Switch

HIGH CuUT HZ sSwitaeh
GUARD-QFF Bwiteh
HETER Switch

b. Connect the Model 604 AMPLIFIER OUTPUY o the
Model 7050 Diglitel voltmeter.

o, Check bto make surs that the Model 604 SUPPRESS
Controls are able to adjust the output for grestey
than plug and minus- 10 velts. Then get the output
for exactly 10,000 wvolte (10.000 valts is ag
when the Model 7050 alternates betwsen 9.99
10,007,

d. Addust the Full Scale Potentiometer, RLEL
(Figure 17}, Eor full scale meter indication.

e, Set the VOLTS Swltch to 001 and zerc the
Model 604 ocutpui and meterw,

L. Set the VOLTE Switeh to 1 and addust the
PIRE ADJ BUPPRESS Control for exagtly £.900 volis
at the output, if necessary.

2. Bat the METER Switch teo (ENTER ZERO and ad-
just the Zero Center Potentiometer, RiHE {Figure
L7}, ko obtain a zero meter reading on the center
zare sceale.,

A«F.  COMMON MODE REJECTLON CALIBRATION.

a. Seb the Model 604 front panel contrels as
Follows:

ZEQO CHECK BUTTO& {+} LOCK
{=} LOCK
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awiboh L0031

IGH CUT MB Switch 146

SUARD~OFF Switoh Qre
METER Switah [$100 08

. Zers the Mode! 604 metsr with the SUPPRES3

ve Conpest the Hewlebi-Fackard Model 2000D 8lg-
ral Generator £o both the + INPUT Receprtacie and -
INDPUT Receptanie of the Model 604 and apply 3 Uz at
20 volts peak-to-peak, OConnect the Model 604 AMPLI-
FIER OUTFUT to a do coupled Medel BE1 Osclilloscope.

both ZERD CHECK Buttops sinmultanc-
ousliy and ust tha Common Mode Add, Potentiow-
ar, 14 igure 171 for mindlmum output, Mini-
outrput zhould ooeour at g null {a null is a-
vad where tho voltage increases when the po-
iometer is adjusted either side of minimum
cutput) .

i Raloasge

Z. Tha output voltage muast he lesgs than & volis
k-to-pesk (this ig 80 dB of rejection at the
slifier galn of 107}, Typically the minimum
oetput will be less than 3 volts peak-to-peak and
will be composed basically of second harmonic,

3, When completed with the above tests, 2ero
chook bhoth Modal 604 INPUT Receptacles.

bt +
Ejﬁ 3 ™ .
. I fi 7 3
ANS o 3
%'%{j;r‘giﬁs%f A o
! E Y
----- R % =

FIGURE 32, Hull Obtained with the Sigral Gensrator
.

he gcale ls 1 volt per divisionn vertical,
and 0.1 sevond per division horizontal,

4. Ssb the Model 604 HIGH CUT dHZ sSwitch to 10X
and apply 1 kilocherts at 20 volts peak-to-peak to
the Model 804 with the Model 200C0 Signal Generabor.
Zern the meter with the SUPPRESS Controls.

L. Relesse bDoth ZERO CHECHK Buttons simultane-
ously and adjugi the Jommon Mode Adj. Trimmer ca-
tor, Tii4 (FPlgure 16}, for minimuem output

nall, If null is unatainable, inoreane or de-
crease the value of capscleoy C127 (Figure 16} as
neaded,

2. Thae sutput voltage must be less than 20
veriths peak-to-peak (thig is 80 &B of rejection at
amplificr gain of 10%). Typieally the mini-
roeubput will be lass Than 8 volts peak-to-péax
will be czomposed basically of second harmonic.

1. When completed with the above tests, zero
chaek both Model €04 INPUT Receptacles,

e. if, in aither or both of the preceding cheoks
of paragraphs o and d, the minimum cutput axcesds
vhe stalted limits, then the probable causs ig high
secnnd harmonle generated by intograted cirouit
amprifisre QARLGY {FPigure l4). If this is so, re-

BEINTENANCE

-

PIGORE 13. w®ull Obtained with the Signal Genervator
at L kHz, The scale is 2 volis per division verti-
cal, and L wmilligecond per division horizental.

place QALDL with a new component.

£ Set the HIGH CUT HZ Switch te QFF and set the
Signal Generator to 75 kilchertz at minimuow ouiput,
Connect & 100:2 divider petween the Signal Seperator
and the + and - INPUT Roceptacies of tho Modal 604.
Conpect an ac coupled Model 561 Oscilloscops Lo both
Model 604 WMLTY GATM GUTPUY Receptacies,  Beb ol
Geeilloscope to B0 millivelts pexr division ver
Tt may be necessary o floab ths Oscilloscope to
eliminate 60 cycle ground Loops,

NOTER

Monitoring the UNITY CGAIN CUTPUT Terminals
1s effectively the same a8 monitoring the
input.

L. fat the METER 8witoh to on (+, - or CENTER
ZEROY.  Zewvo the Model 864 weter with the SUPPRRESS
Controls and release both ZERC CUHECK Zuttons gl-
multanaousiy.

2, Dhserve the meter and slowly ingreasss the
Sigral Generatoy output untll a d¢ shift is ob-
sarved,

3. Deorsase the slgnal to the polny whers the
de ghift just starts to oocur.

4. The signal at the input, monitored st the
UNMTTY GALIN OUTPFUT Terminals with the Oscillascope,
ghoild be 100 millivolts peak-to-peak or greater,

HOTE
Por the calibration procedures in paragraph
4-8 through 4-1%, it ils imperative that the
Model 604 cover be on the unit.

4-8, NOISE CHECK,

a, $Set ths Model 604 front panel controls as
follows:

ZERC QHECK Bubton (+) LOCK
“ " v {=} LOCK
VOLTE Switch L0
KIGH CUT HE Switch 180
GUARD-DFF sSwiteh OFF
METER Switeh CENTER 35RO

. Attacn the fHallantine Medel 340 True RME Volt-
meter to the Model 604 MMPLIFPIRR QUTPUT Receptacie.,

2. Obseryve ths output nolse and meiter polse.

L. Zero the Madel 904 with the SUPERESSE Controls,
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a) The meter nolse, excluding drift, should
e less than 80 npillivolis peak-to-peak.

I} The output noilse, exeluding dzift, must
e less than 200 millivolts RMS.

3. Sat the GUARD=OPP Switch to the GUARD pesi-
tion and chegk the noise. There ahould be ne
approciabie changs in noise. Return the 3witch
to OFF,

., Bet the RIGH QDT HE Switeh o OFF and obaosrve
the cutput nedse, It should be lags than 600 millii-
velts RMS.

4-%, OFFSEY CURBENT CHECK. This check reguires a
special, sasy~to-conpstruct, fixture, The fixture
congigts of a triaxial <:J:>zw.m=,ctor_f Keithley part
number Q8~14L1, and a shielded 1012 ohm remistor
that connectz the center pin of C8-141 to ground.
The fixzture must be shielded to eliminate excessive
nolze pickup,

&, Set the Model 604 front panel controls as
Foliows:

ZERD CHECK Button (+) 1LOCK
i i i (-] LOCK
VOIS Switeh L0001
HIGH CUT HE Switch OFF
GUARD-OFF Switch OFF

HETER Switch CENTER ZERD
k. Connact the Current Offset Tixture to the
Moedel 504 + INPUT Receptacle and zero the meter.

1,  Bet thes VOLTS 8witch to .l. TIn conjungtion
with the 1012 ohm resistor in the Fixture, this
resuits in 10-43 ampere full mcale,

Z, Ralegase the + ZERC CHECK Butten and note
the offget ocurrent. It should be less than 2 x
19718 ampare (this is within 2 major divisions of
zers) .  The qffset may be positive or nmegative.

¢, PRepsab the procedure of above paragraph b
with the Fixture on the - INPUT Receptacle.
4-18, 234 YOLT AC OPERATION CHECK. {for 117V units).
&4, Bet bhe LINE VOLTASE Switch on the rear panel

of the Model 604 to 234V and plug the unit into a
231 wolt ac 850 or 80 Hi power spource.

4. Bet the VOLTS swltch to .20l and Zsreo the
matar with the SUPPRRESS Controlz. Being able to
zarc on this range iz sufficient indieation that
the ingirument is operative at 234 volts ac,

c.  Unplug the instrument £rom the 234 wolt ac
powar source and return the LINE VOLTAGE Switeh to
1r7.
4-1L, DRIFT VERIFPICATION.

a. Set the Model 604 front panel controls as
Follows:

ZERQ CHECE Button (+) LOCK
" " v {~} LOCR
VOLTE Switch LU
BIGE QUT HZ Switch DFF
GUARD-OFF Switeh oFE
METER Switch CFF

ke Connect the Model $04 AMPLIFIRR QUIFUT Receap-
tacle to the Keithley Model 370 Recorder. Set the
Racorder attenuator te 10 volts., Recorder calibra-

=
o]

MODEL 504 ELECTROMETER AMPLIFIER

tion is now 10 millivelts full soale elther side of
R0,

¢.  After a one hour warm-up, the Model 604 must
not drift more than 4 millivelts ner wesk or more
than 0,3 millivolts per 2O,

d, wWhile the drift specifications ils in berms of
a week, 1t may be possible o determine the 2r
within 24, 4% »r 72 hours vather than run the Full
wazk., After the one hour warm-up and excluding
drift due to temperaturs, the drift may be calou-
lated as shown In the subparagraphs helow,

1. After 24 hours, &f the drift is less than
0.55 millivelt, the instrument mesets specifica-
Lions.

&

2. Aftey 48 hours, Lf the drif: during the
last 24 hours s multiplisd by six and is added
to the drift during the first 24 hours ang the
total iz 4 millivolts or less, then the Medel g04
nmeets specifications.

3. After 72 hours, if the drift during the last
24 hours multipliied by 5 is added to the drift of
the first snd second 24 hours and the total is 4
milllvolts or iegs, then the unit meets the weak's
drift specifications.

@. Since temperature can pe a major contrlibutor
to drift (up to 0.3 millivelt per ©C allowaple),
the temperature should be recorded sleng with she
drift.

£, ITE the drift of the Model 604 is excessive,
age the instrument snd redrifc. If it s a+ill ax-
cessive, then a probable cause of poon Model 504
drift iy excessive Model 301 Amplifier drifi. One
or both of the Model 30ls may have sxcegsive drift,
Or, At may be that the drift of that pariicular
palr of Model 30ls iz sdditive, In which case re-
slaving one Model 301 micht solve the problem.
4-13, VOLTAGE ACCURACY VERILIFICATION.

a. get the Model 604 front panel controls as
followe

FERG CHECK Button (4} Unlack
15 L it ( - ) LOCK

VOLTE Swltch 1

HIGH CUT HZ Switch (e}

GUARLE-0OFF Bwitch DFE

METER 8Switoh OFF

. Connech the Kelthlay Medel 260 Nanovolt Source
to the Model 604 + INPUT Receptacle, Monitor the
Model €04 AMPLIFIEZR QUTPUT Receptacle with the Model
TOED DVM.

<. Starting with setting of 1, check all the seh-
tings of the VOLTS Switch down to .001 for L0 wvolts
£1% at the output. Thig is an indication of from
3,80 volte to 10.10 velts on the Model 7030,
4-313, FREQUENCY RESPONSE CHECK.

4. Bat bthse Model 684 front panal controls as
follows:

ZERO DHRECK Ruston (+) LOCK
" ! # - LOGCK
VOLTE Switoh 1
HIGH CUT HI 8witoh QIrE
GUARL-OFF Bwiboh OFF
METER Switch OFF

G373



6da DLECTROMEPRER AMPLIDIER
Sigral Cenaerator throusgh a Lil di-

: o INDUL and - INPU Receptacles
of the Model 604, Monltor the AMPLIPIER QUTPUT Re-
poth a Hewlasrt-Packard Model 400 AQ
tmater an ac Lmupicc Model 561 Dacilloscope.
¢ rnhe voltmeter on the 10 volt range and the Os-
liogceope should bo at § volis por division verti-

el
NOTE

cther than a constant amplltude gignal
rator is usad, it will be necessary Lo
Lhe oulput of the signal generator
another voltmeter in order to waintain
the same sigral level &t the various fra-
guenoi Do not use the Model 60? UBITY
GRIN PUT Terpinals 7

. Set the Signal Generator for 100 He.
jrk Lhe + ZERC CHECE Hutton and adjust
Gonerater amplliude to obuain 7 volts

sianal
approxi-
ro discernib

wutput of t‘a Model &04., Tha
on the Osclllogoope showld be
mately 20 volbs peak-tovpeak with
digstortion.

hle

the guaney from 100 Hz to 10 kilo~
autp nagt remain withis 18 of the
T owelt BMS reference (6.% veolts to 7.1

phe Oscil-
stortion,

%ﬁSJ and
should

the signal observed on
have no discernible di

ZERO CHECK Button bo LOCK and un-~

CHELK Button.,  The output signal
be 7 volts RME 21% and the gral

U5l uwld have no dis-

the o+
ZERG
4t

4, Sot both ZERG CHRECK Buntons o LOCK,

with a 10:1 divider,

kliz and the Oseil
Tgnore the Wolt-

Givider
nerator to 75
peY ALvision,

JNPUT Receptacle and note that
at least 2 wvoles poak-to-

LLON,

tLhe +
will =% ¢
wt discernible disto

tore oaeck the + INPUT Reccptacle and re-
Lhe procodurs of subparagraph 1 above with
- INFUT Receptacle open,
3. Set both YERO CHECE Buttons to LOCK.

o, cive JO-L givider with & 100:1 divider.
>ﬂ1 censrator to L0 kifz and the Voltme-

168 miilivoles range, Ogoil-

this testi.

Ignore the

i, Unlook the + 2ERN CHECK Ruttorn and adijust
the Signal Gensravoy amplitude to obbtain 70 milli-
veelts at the HModel 604 AMPLIPIER QUTPUT.

2. aguency [vom 10 Kz to 200 2tz
EhEg sy ain with +3 dB of the 10 kHz

Pl ranco,

RO DHECK Bubton to LOCR posi-

; Gk & ~ ZERD CHECH Button. Again,
bt fr ouwbput signal musc pe within 13 dB of
L 18 kbw 70 milliivolts rels
& hoth ZERG CHIECK Buttons to LOCK.
£, Zer tho Model £04 VOLTE Switveh o 001 and

zero the meter,
rear zers during the
paragraphs g and h or

el i.ppec& .

and

g, Set the Voltmetoy to the 19 volt cange

the Uscilloscope to & volts per division vertical,
Use a 1000:1 dlvider and chegk the 001 setilng oI
the Model 804 VOLTS Switch per above parigrag k
{(Nots that thore will be nolse riding on the signeal

observad on the Oscilloscops) .
! Use a 1000:1 divider and
grator to 10 kHz, the Volim

and the Qgsgillaogcops to 2 volts per division,

1. Unlock + BERO CHECK Button and adjust
the Signal Generator amplicude to obtain 2 0w
RME at the cubput of the Model &G4, The ol
ohasarved on the Osciiloscops should be approxi-
mately 6 volts psak-bto-poeak and noisy,

%, Bweep the frequenzy from 10 kife to 30 Kifz
The cutput should remain within £3 4B of tho 10

kilz 2 wolits BME veference,

3. Get the + ZERC CHECR Button to LOOKR

set the Signal Gen-
eter to the 3 velt sange

and un-

lock the - ERRO CHECK Button. Again, the 50 kHs
cutput signal must be within 3 4B of the 10 kHz

7 ovolts RMS refervence.

i, Zaro check both Inputs of the Model 604,
d-14, NIGH QUTS CHECK
a, Set thne Model 624 fropt papel con is as

follows:

EERO CIECK ﬂuLLow {+) Hnlonk
" (-} LOCK
WOLTS Zwiveh 1
HIGH LT e Switeoh OFF
GUARD~ O“F ABuwlitch OFF
METER Switch SFY
b, Lonnact the Signal Cenerator through e 1051
divider to the Model §04 + INPUT PRecoptacle., CJon-

nect cthe Model 604 AMPLIFIER OQUTPUT Receptacie to
the Model 400 AC Voleometer and set the Volimetar to
the 3 volt rangs.

o, With the HWIGH CUP #7% Switch ag OPF, gev thoe
Slgnal Generator to 100 kHz and adjust the amplibude
ro ohtadn 2 volts RMS at the output of Model 6064,

used ag a reference
{paragraphe 4 and @

This lovel will Dbe
the High Cuts cheagks

chroughout
Dalowd .

NOTE

Rafer #o note af garagragh 4-130 conoern-
ing the use of & constant amplitude signal
ganerator.

THALE 10,
High Cut Hz Settings for Fregquency Cheok.

HIGH Ciy Hz 3 dB Down
Switch Setting Fraguency Limits
100 80 to 120 uz
300 249 to 38l Hz
LK 8O0 to 1200 Mz
3K 2.4 tO 3.6 KHz
19% B te 12 kilz

A0K 24 to 36 khgz
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d, Set the HIGH CUT HZ Switch to the settings
indicated in Table 10, Chack that the ocutput is 3
6B down from the 2 volls RME refesrence ab gome fre-
guency within the freguency limits listed for each
getting,

e. If £he output does not roil off at 3 dB with-
in the freguency limlts listed, the applicable high
oat aapacitor ls oub of tolerance,
4~15, THNPUT IMPERANCE CQHECK,

@, Bet the Model 604 front panel controls as
follows:

ZERO CHECK Button [+) Unlook
" il it (w) TLODE
VOILTE Bwitoh 1
HIGH CUT HZ Swltch OFR
GUARD=OFF Switech ore
METER Switoh OFF
. Connect the Model 2850 Wanevolt Sourcs te the
Medeil 604 + INPUT Raceptacle and the Modsel 70580 DVM

is
tw the AMPLIFIER QUTPUT Recedntacle.

1. Apply + 1 volt to the + INPUT Receptacle.
The output veltage should bhe 10 volbs zl% {9,390
to 10,10 veltg}.

2. Connect a Keithley Model 5155 High Megohm
Standard 101Z shmm rvesister in series between the
Model 260 and the + INPUT Receptacle,

I. Apply + 1 volt te the + INPUT Receptacle.
Tha output volbtage must come o within 100 miilli-
volts of the voltage noted in subparadraph 1 a-
bove, This indicates an input impedance of 1049
ohms or greater. Note, howsver, that it may xe-
guire a few minutes for the reading to come in
and atabilize.

¢. Repeat the procedurs in paragraph b using -1
yolt and the ~ INPUT Recephacle.

4-k6. MODREL &£04%1 DIFFERENTIAL CURRENT SHUNT CALIw
BRATTON,

a. Chack the full acale accuracy of the Modal 604
con the L ovelt range per paragraph 4~12. Mohe the
actual outplt voltage and use this as a reference to
determine the acouracy of the Model 6041 yanges.

a0

MODEL 604 ELECTROMEIER AMPLIFLER

k. Bet the squipment wp in fesdback plcoammeter
configuration asg spscified in the following sub-
paragraphs.

L. Seat rhe Model 4041 + INPUY and - INPUTD
Bwitches to the 10% posiliion., Attach the T 504
INPUTE + and - Conhectors Lo thelr respective
Model 684 INPUT Recepltacles.

2. Set the Model 684 front panel gontrols as
Eollows:

ZERQ CHECK Putton {4} Unlock
o il " (m ) LOCK

YOLTS Bwiteh 1

HIGH CUT WZI Switch SFF

GUARD~OFY Switch GUARD

METER Switch CFF

3. Connect a Model 7050 DVH to the Model 604
AVMBLIFPIER OUTPUT Receptacle.

4. ERemove the link from betwesn low and ground
on the reay of the Reithley Model 261 Picoampere
dource. Connect the Modsl 26) to the Modsl 6041
+ INPUT Receptacle through a Kelthley mModel 6013
Coaxial~to-Triaxial Adapter.

¢. Cheok the Full scale acouracy of the 10%
threngh 1041 sectings of the + INPUT Switeh with the
Modsl 261 set for L x :07% fhrough 1 x 10714 ampars.
ALL ranges must bhe within 22% of the Model 604 full
gcala acouraey {actual output veoliage 0,20 wolt) .

i, After cheacking the acouracy seb the bdodel
6641 - INPUT Switeh te 1031 mnd the Model 604 +
ZERO CHECK Button to LOCE and tha GUARD-OFF Switoh
te OFF. fhig places the equipment in shunt ploo-
ammeter conflguration,

2., Release the + ZERO CHECK Button and notg
that fhe meter reading olimbs slowly to approxi-
wately 1/2 scale indication.

3. Whan completed, set the + EERD (HECK Button
to LOCK and the GUARD-GFF Swibtch Lo GUARD.

d. Repeat the procedure of paragraph ¢ above with
the Model 261 connechted to the Model 6041 - INDUT
Receptacle.
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FIGURE 14, Top view Modal 604 Chessils, Pront pansl facas up. Figure shows location of compo-
rapts, pe bosrds, snd switches., PFor Bottom View, sse Figure 15,
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CALIBRATEION MODEL £04 BLECTROMETZR AMPLIFIER

R109 rlil al12 R159
RI1O | R113 BLl58

""" BL51
== RE4G
I R150
R116 = e RLSD
RIQT k150 51
s B L5
y§306 RL4T
R11! = 2 L4
B114 == R1Z20
Q117 e s B | 445
RLIG == 1148
. “R11&
210"
R10O3 =
R1053

st R‘l i‘&' 2

8120 | =141
R143 R1b4

PIGURE 17, Reslstoy Lochtions on PO=L195. Fox other component locations, see Pigure 16.
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MODEL 604

BECTION B,

ACGESSORTIES

ACCESEORIES

Model 4011 Input Cable

Dzacription: The 601l is & low-noise triaxisl cable,
3N lang, terminated by three color-coded alligator
clips. This cable mates divecktly with the triaxial
input, The cable iz fabricated using a Kelthley part

no, C85-1l4l connector and part no. 56~22 lowenolse cable,

Application: The 6011 way be used for measurements
which require a triaxial cosnection, espeoially whap
the fnput L0 LIs floated above CASE ground. The cable
permits £uil use of the Medel 615,capabilities.

S0=33

Model 6301 Guarded Probe

Deacription: The 8301 is a guarded friaxial cable,
3 fx. leng, terminated by a probe for making pointeto-
polnt measuremegnts.

Application: Tha 6301 may be used for wmeasurements
which raquire & triaxisl cable with a guarded probe
having an insulation resistance greater than 10°7 vhms.

BC=22

Model 133} Gripplong Probe

Deascription: The 1531 is a triaxial cable, 3 £t. long,
terminated by a8 special gripping-type prohe. The 1331
insulation resistsnce is greater than 10V ohme, The

probe 1z raced for off ground meagurements up te 500 v

dpplication: The 1331 way be used for measursments
which require a griaxial cable, The probs perwmits
convenilent connecticns to the circuit undar tegt due
to the gripping feature.

Hi emet

: $C-22

’w;m;:h--naﬂmg

S

Lo Lead

85C-32

Model 60312 Triasx-to-Comx Adapter

Degeription: The A012 ds an adsprer for wating the
triaxial input and UHF {coax) type comnectors, 7Thiz
adapter can be used with Models 61014, 6101B, 61034,
1024, =te,

T

[

CB-b4

{

CE=141
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ACCESSORIEE

MAODEL &04
Model 4006 Rack Mounting Kit
Descrlption: Parts List:
The Model 4006 ig @ rack moonting kit with overall Ttem Qty. Per Keithley
dimensions, 7 inches high » 1% inches wide., TIwe top Mo, Deseription Assembly Part He.
covers are provided for use with sither L0 inch ox
L3 inch deep instruments. i Top Cover, 10V 1 200168
Z Panel Adapter Plate 1 191584
fpplicationt 3 Angle Support i 191574
& Serew, #L0 x 3/8" 4 -
The Model 4006 coaverts the instrument from bench 5 Conuecting Plate 1 191544
momnting to rack mounting. Tt {s sultable for mouwmt- & Bcrew, #10 x 172" 4 -
ing one instrument in ons-half gf a gtandard 19-inch 7 angle 1 191478
rack, 8 Top Gover, 13¢ 1 2001358
Model 4007 Rack Mounting Kib
Desoriphlond Parts List:
The Model 407 iz a rack meounting kit with overall irem Qry, Pav Reithley
dimensions, 7 Iinches high w 1% inches wide, Two top Yo, Dascripticn Assewbly Part Wo.
are provided for use with elther 10 inch or ‘
1% inch deep instruments. 1 Top Cover, 10V ) 200168
4 Screw, #10 x 1/2" 3 -
Lication; 5 Connacting Plate i Lgi56A
& Sogew, #10 % L/2Y 4 o
The Model 4007 converts the Instrument from bench 7 Angle - 1#1&73
gouniing to rack mounting. 1t is suitable fov wount- 8 Tap Cover, i3Y ? 2?0153
ing two instruments in a standard 19-inch rack, 9 Zee Bracket i 191674
10 Plate 1 187C0A
24 Q373



MODEL 604

BECTION 6.

6=1. REPLACEABLE PARTS LIST: This scotion contains
a liat of components used In chis instrument for
user reference. The Replaceable Parts List describes
the individual parts giving Circuit Designation,
Description, Buggested Manufacturer (Code Number),

REPLACBABLE PARTSH

REPLACEABLE PARTS

Manufacturer’s Pare Number, and Lhe Kelthlay Part
Humber., Alse included 1s a Figure Reference Number
where applicable. The complete name and addrecs of
each Manufacturer 1s listed in the CODE-TO-NAME
Listing following the parzs list.

TABLE &~1.
Abbreviations and Symbols
i : i
A i ampere ¥ farad Q P ohm
: Fig Figure :
ChVar Carbon Variabls p P opico (10712
Cerl Ceramic Dise Gk Glasa encliosed Carbon PO ¢ Primped Circuilr
Ger Trimmer Ceramic Trimmer . Paly &  Polystyrene
Comp Composition k kila (10 3) :
Ref. ¢ Reference
Bk Deposited Carbon u micre (107%) f
Desig. Designacion TCu 1 Tionmer Copperweld
o Meg (109 :
EAL Blectrolytic, Aluminum Mfr., ¢ Manufacturer v { volx
ETB Electrolytic, tubular MEE ! Metal Film
ETT Electrolytic, tantalum My : HMylar W i watc
W I Wirawound
No. Humber WWiar § Wirewound Variable
6-2. ELRLTRICAL SCHEMATICS AND DIAGRAMS. Schematics Sales Bervice Department, Kelthiey Instrwnente, Tuc,

and diagrams are included to describe the eleetricdl
clreuits as discusaed in Section 3.

8-3, HOW TO USE THE REPLACEABLE PARTS LIST, This
Parte List s arranged such that the individual types
of components are listed in alphabetical order, Main
Chageis parts arve listed followed by princed circuit
boards and other subassemblies.

b=4. HOW T0 ORDER PARTS.

&, Replaceabls parts may be ordered through the

0373

or your nearest Kelthley representative,

b. When ordering parss, include the following
information.

Instrument Model Number.
Instrument Serial Numbey,

Part Description,

Schematie Circult Designation,
Keithley Part Number,

RV K S

e+ All parts listed are maintalned in Keithley
Spare Parts Stock. Any part not listed can be made
available upon vequest, Pares identified by the
Keithley Menufacturing Code Number 80164 should be
ordered directly from Relthley Instruments, Inc.



REDLACTRRLE PARTS MODEL 604 ELECTROMETER AMPLIPIRR

MODTL 604 REPLACEBAERLE PARTS LIST
{Refer to Schematic Dlagram 22820F for cireuit designations)

CAPRCITORS
Clreult MEg. M. Keithiey Pig.
Dasig, Value Rating Type Code Part No. Part No, Ref.
16w 6 v BT 07438 NGlida CLBZ-10M 16
LOG nE 46 v BEAL 73445 C437AR/GLOG C150-100x¢ 16
0 WF a0 v EAL Tid45 CAITRRAGLOG CLED-100M g
L3O pE 40 9 EAL 734545 C43TRR/CLOC CL30-100M L6
160 wr LIRS EAL T3I445 CA3TAR/GLOG CL50~-1000m 18
10 p¥ a6 v BAL 73445 C43TARS/GLO0 CL50~100M 18
160 uP 40 v AL V3448 C4I7ARSGLOO CLEO~1L00Mm ig
LGOL uR 500 Y Card 72882 ER~, 00k CaE-.001% 16
1,2 up 20 v B 05387 KIR2J20K CH0-L.2M Le
106 ul &0 v BAL 73445 C437TAR/GLDY CLEG-100H 16
49 v EAL F34458 CEITAR/GLOG Ci30-100M 1a
BOO W Card 728832 ED-,001 C22-.001M 18
20y A GIN 0%387 KIRZ2JZ0K BG=1,2HM 14
A00-300 W TA%E3 E38~037 ey L&
S00 v Cari 72582 8E-10 CcZz2~10z e
5 ok 600 W Ceri g2 Lh~8 CAL-BE 16
22 pr 500 v Card Fasnz Bl-22 C22=-22F 14
Wot Used
1 pP ant v Card 72982 D10 oz2-lop 14
33 pF [FIH Ot CarD 72982 BL~33 CAR-337 14
a0 wF &G0 v Card Ta%82 C22-500F 15
LE00 pF 660 ¥ CerD LY C2Z-1800P 15
LGOS uF G800 v CarD ja98z CA2w,005M 15
LOLE pp g0 v Cerd 72582 EL.OLS C22- 00154 15
OB uE 00 v 56485 IPS-550 CL7e-,05M 13
15 RF 75 v Poly 56285 225D01540R75243 Cl67~,15M 15
W10 pE 500 v Carl 72382 BE~19 C22-108 --
CONNECTORE AND TERMINALS
tifo, MEY ., Kelthley Fig.
~ Lescrivtion Code Part No. Pard Wo. et .
Tlol Receptacie, triaxial, +INPUT 55712 33050 -NT=34 UB-181 1
Jine2 Recenptacle, triamxial, -IWRUT 95713 33050-NT-34 ¢E-1al 1
i Pluyg, triaxial, mate of of J101
and J102 (2 rag'd} 95712 301871 C8-141 e
Fi03 Recaptacle, microphone, AMPLIFIER
OUTROT GZ660 BO-PCIF G832 2
e Plug, microphone, mate of J103 02680 80-MCIM tE-32 -
J104 Hacaeptasls, BNO, FROM ~INPUT UNITY
GARIN CUPPUT (Mil., ¥No., UG~1094/U) (1660 31-221 CE-15 2
J10% Recephacie, O, FROM SINPUT UNITY
GAIN QURPLD { LoNo. UGe-1094/00 G680 3l-221 CE-15 o
- Piug, BN, mate of J104 and J105, 2
ragid (Mil. Fo. UG-B8/U GE6ED 31003 Cfedd -——
Card edge sonnector to ARLOL 05922 PEC4A8815-12 C8-178 -
Card edge connaector tn ARLDZ 09922 PBCAdsEls~32 05=-175% -
Blug, cpaxial, -Input of ARLOL Q2660 PHRIO?TE GE-179 _—
o Hooded Shisld for P10l 92660 FYRZ273 CE-180 .
- Coaxlal Receptacle, mate of pLOL Q2680 FRRELTS QHE-178 -
Plug, apawrial, +Input of ARLOL CE660 FXRIOTIN C8=179 -
Hooded hield for ploz 026806 FXRZ275 C8~-1890 e
o Coaxial Recaptacle, mate of 21o2 JZ6450 ERR2L73 C8-178 -
#103 plug, coaxisl, -Input of ARIQ2 0ZEE0 FERIOTIS CE-179 —
e dooded Shield for PLO3 02660 FER2275 ce-180 R
e Coaxlial Receptacle, mata of PLO3 02660 TERILTE CB~L78 -

Filominal valus, ractory sel.
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MOREL 604 ELECTROMEYER AMPLIFIER REPLACEABLE PARTS

CONNECYORS AND TERMINALS {Cont'd)

Cirouit MEg. Mfg. Keithiey Fig.
Desig, Description Code Fart No, Part Wo, i Rof .,
PLO4 Plug, Soaxial, +Input of ARIDZ G2860 FXR3NITS 08179 -
= Hooded Shield for pLod 02660 FER2275 C5-180 -
- Coaxial Receptacle, mate of Plid DEE60 FXR217S 05~178 o
- e Binding Posk, ground 08811 33~-28s BFP-15 -
DIOnES
Cirguit tifg, Keithlay Fleg.
Dasig, Type N Humbar Code Part No. kef.
Di0l Silicon 1n645 01205 RF-14 16
nloz S5ilicen IN645 01295 RF-14 g
»ilG3 Silicon 1NB45 Uleaes RE-14 16
104 Silicon NG4S 01295 RE-14 iN-
o106 Silicon 1N645 01295 RE~-14 16
[ARRRS! INBAE 01295 RE-14 16
DIG7T ING45 01285 RF-14 1
Dica Silicun 1M&45 061295 RF-14 in
nioe Silicon 1NG45 0L295 RF-14 16
DLLO $illicon 1H645 CLz95 RE-14 16
bllz Siiicon INGAG 01285 RF-14 14
L1z Gilicen ING45 D1255 RF~14 la
DLL3 Zaner INTFLE 12954 DE-22 1A
Dlid Zener INTLE 12354 DE-22 i6
£lis Lansr IN715 12854 BZ-22 15
Dilg Zenéy IN715 12954 D2-22 16
0317 hener INTLE 12954 DE-Z2 16
Diia senar 1H715 12954 DE-Z2 18
D19 Zoner INTLES 12954 DE=22 16
D120 ltenar INVLE 12954 DE-22 A6
123 Jener ANTOZRA 01295 DE-33 16
piz2 Zengr IN709 12954 D421 .8
D123 Silicon Iedh 01295 RF-14 L6
124 senar IN709 12854 DE-21 e
L1Z5 giiicon INGAS 01295 REP-14 Le
D126 Lenar IM702A 1295 D2-33 14
D127 saner ANG35 B4713 DE~7 16
hilzs Langr INT35 04713 DE-7 14
INTRORATED CIRCUITSE AND CGPERATIOWNAL AMPLIFIERS
{For Parts List of ARLIO1 and AR1GD, See Supplied Model 301 Manual)

Cirouit mMiq, Mig. Keithley Pig
Desig. Dageriphion Code rart No, Fart No. Raf
ARLOL Operational Amplifier to +INPUT

Receptacle 80164 Model 301 Modal 301 14
ARIO2 Dperational Ampilfier to ~INPUT

Receptacla 80164 Model 301 Model 303 14
OALDL, Integrated Circuit, Differential

Amplifier 120490 LMIOLAM » 272235k 18
QALD2 Integratad Clrouls, Auxiliary

Amplifier L2040 LMIOLAH = 272254 16
QBRLO3 Integrated Circuit, Cutput Amplifier 12040 TM30LAK* R7Z25A 16

*Selected for slew rate of 0.5Y per Microsscond.
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REPLACHERBLE BRATSE MODEL 604 ELECTROMETER AMPLIFIER

HISCRLLAMNEOUS PARTE

Mig. Heithley iy,
Deggxiption Codo Fart Neo, Ref,
D10 vilot Light {Mfg, Mo, 2160} 51802 PL-218 :
FLOL {117} Fuse, Slow Blow, L/8 » (MEg, Type HDL) T1409 PU~20 2
0L {234V} s@, Slow Blow, 1/16 A (Mig. Tvps HDL;
- Fyse Holder (Mfg., No. 342012 7RG FH-3 —
MLl Motey BG4 ME-33A 14
PLOS Cord Set, 6 feet {MFfg., No. 4638-13 936546 205 2
R Cable Clamp {(Mfy. No, SR-3P-1) 285240 coe-4 -
TLOL Trangformear 50164 TR~117 16
RESISTORS
Mig. oI Keithliey Fige
Yalue Ratilng Type Qode Part No. Park No. Raf,
;"C?I‘J"; }\5‘,
iLokR 0%, L/2 0w Somp 01121 il RL-1K e
1 kD 10%, i/2 ¥ S 1121 G Fle=lX 17
5104 1k 10%, 1/2 W St Glla} e Ri-1K 17
RLOS i kR 0%, /2w comp 51121 ER RLI-1K 7
RLgE Zad ki 0%, /2w Comp oilzl EB Ri=2,2% 17
RLOT 2.2 KB 0%, /2 W Comp nil21 Es Ri-2.2K 17
R1 LORG ics, /2w Comp D313 fige) R1l-1K 17
15 & L0%, i/2 W Comp 01123 ES RL-15 17
I kR i0%, L/2 W Comp 0Lizl EB RL-1X 17
S.% ki W0y, A/d oW Conp 01121 EB B1-5.%K 17
Z kO i/4 W Ch 37942 MIC-1.4 RP&7~2K 17
4,7 k@ LGE, L2 W Coip gL12% BR R1-4.,7K 17
2.2 ki 10%, 1/2 W Conp 41121 ol R1-2.2K 17
2.2 ki 10%, 1/2 W Comp AER R 5B Ri-2,2K iy
1 k& 16%, 1/2 W Comp Nlial ZB Ri-1% 17
15 & 10%, 1/2 W Comp 011zl BB R1-13% 17
1 ki 18%, L/E W Comp 0Lzl B Ri-L% 17
4.7 ki s, L/2w Comp i1zl EB Hl-~4,7X b
3Ry 174 W Ch 37942 MEC-L4 RPET7-2XK 17
5.6 KR W%, 1/2 % Comp 01121 EB R1~5. 8K
10 k& Th%, 2 W WWvar 12697 Serisds 62 RET7O-10% 14
4,02 ki 13, /2 W Hrp 07716 CEC RO4-4.025 15
4.02 ki 1w, 1/2 % MER 7716 CEOC RE4-4,02K 18
4,02 ki g, 1L/2 W MEP B7TLE CRC Radwq 02K 15
4,02 kO 1%, 1/3 @ LF 07716 CHC R84A-4, D2ZR 18
4,02 k@ 1%, 1/9 W MEF 07718 CEC R94=4, 02K 15
4,07 kD i, 1/2 W MEF 0?iLe fo):Te! RG4-4 ., 02K i
4,02 kg it, 1/2 @ M 07716 CEQ R94m4 . 02K i5
4,02 ki 1%, /20w ML 07715 CEC R94-4,02K 15
4,02 ki 1%, /2 W HLp 07714 CEC R94~4.,02K iE
15 kb 1%, /2 W MEF 67714 CRC RY4-1BK iE
i 1%, /2 W MEF 07716 CEC RY4-15K i5
ki 1%, /2 W MuF 07ile CEC R94~15K i5
Y 1k, L2 W MeF 07714 CEC RYE-15K 18
1% ki 1%, 1S W HMuF 07746 LEQ R4-1358 15
13 ki 1%, L/2 W MEF 07716 CEC RI4-15K 15
1% ki 1%, 172 W MLF 0778 cuC RO &~13K 15
15 kR 1%, L/2 W MEF 07716 oBe RB4-15K 15
A 1%, /2 W MLE 01716 CEC RH4-15K 15
432 k& 1%, /2 W MEW 07716 CEC RG4-402K 17
402 ki L%, L/ W MET 0YTTLE CEC R%4=-402K 17
01 & 18, 1/2 W MEP 7716 CEC RE4-B01 17
JEL o0 1%, i/2 W MEF 07718 CEC RE4-HOL 17
10 kil 0.1%, 1/2 W MLF 07714 CEC T-1 RL3IS-LOK 17

wr RLGL i2 an iontegral vart of lamp DSLGL and may he obtalined by ordering thig lamp from Keithley
menke under the part nusker PL-38.
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MODEL 6064 ELECTROMEYER AMPLIFIER RERLACEARLE PARYS

RESTSTORS (Cont ‘d)

Circult MEg. Mig, Keithley
Dedtyg, value Batling Type Code Part Mo, Part do.
RL4& LY kD G.1l%, 172w MUF Bi77le cBC Tl RI35- 10K i
47 96,5 kg 0.1%, /2 W MLE D7716 cBe T-1 ®135-90 8% 17
Rid8 1 ki 0.1%, 1/4 W 8 17842 KTC~14 BPE7~1K L7
Ri49 100 ki 0.1%, 1/ w MEtF 07716 CEC Pl B135-100K 17
Ri5G 3.45 k@ 0.1%, 1/2 W MLF 07718 LEC T-1 RL35-3, 45K 17
15) 100 ki C.l%x, 1/2 W ML 0776 QEC T-1 RLI35-100K 17
R152 10 ki G.l%, 1/2 w MEF BTG CEC T-1L H135-10K 7
R153 900 i 0.1%, 1L/2 @ MEF 7716 CEC T~1 RL3IZ~800 14
RS54 304 4 D.i%, 1/2 w MEE 07716 . {EG T-1 R135-300 14
K155 FAN 4 0.1%, 1L/2 W MEp 017ls LEC Twl B135~1K 14
R1G& 3 ki 0.1%, i/2 W MEr c7716é CRGC T-1L RL35~3K I 4
RLEY 10 ki G.l%, L/2 W MtE a7TLle CEQ 7-1 RLI35~10K 14
R158 2 kN L4 W Ch 379242 M~ 1,4 RPAET 2K 17
R159 28.7 kR lg, 1/8 w MEF 07718 CEA ®BE-28.7K 17
RLE0 9.76 ki3 1%, i/8 W MEF 07716 CEA REB-Y . V6K 17
RLBL 1 k& /4w Cch 37942 MPC-14 RPGT~1K 17
R1E2 41’9& ey, 172w Comp 01121 LB Bi~47 -
7163 197 @ 208, 1/2 W Comp 75042 oo rR37-102 -
R164 197 g 208, 1/2 W Comp 75042 GRT R37-109 _—
STRUCTURAL PARYS
Clrouit M. MEy. Hgithley Fig.
Desig. Dascription Coda Bart No. Fart No. Raf.
e Top Covar Assembly 80164 - 203068
e e Botfom Cover Assembly 50164 —— 19298C
o Foot, 4 rag'd F2512 4004n FPE~5
e Ball, one for each foot BGLls4 e e s FE-§
SWITCHES AND CONTROLE

Cirouit Mfy, Kalthlaey Fig.
Resig, Dessgription Cods Part Ko, Raj
8101 Push Button Switoh, +INPUT 2ERG CHECK 80164 143764 1
-——- Enob, +Input Zero Check Button B0l 14376R 1
510632 Push Butkon Switoh, -TNPDP SBRO CHBECK ROLG4 142764 i
LT Kpob, -Input Zero Check Button 80164 14376A L
SL103 5lide Switch, GUARD-OFP 80164 SW-45 i
5104 &lida Switoh, LINE VOLTAGE BOL64 SW-151 2
8105 Rotary Switeh, METER 84164 SW-165 1
- Knob hsserbly, Meter switeh BOiGd LAB3EA i
53306 Potantiometer, PINE ADJ. (R1Z22) 1387 BP0~ 10K }
- s Knob, Pine Adj. 80164 L6373A L
S107(AeB) Rotary Switch less components, MERIUM and

COARSE BGLl64 SW-267 1
- Rotary 2witeh with components, Medium and

Coarge 80164 2249738 -
oo Knob Rssemoly, Medium Switgh 80164 16993a 1
—m- Knob Assensly, Coarse Switeh 80164 1692954 1
3108 Rotary Bwitch less ¢omponents, VOLTS 80164 SWH~206R 1
- Rotary Switch with components, vVolts 80164 228801 ——
- Enob Assembly, Volts Switch 80164 14838n 1
5108 Rotary Switch less componentg, HICH Cur HI anle4d SW-266
- Rotary Switch with compenents, High Out Hz 80164 22974R -
- Knob Assembly, High Cut Hz Switeh B0164 148384 1
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REPLACEABLE PARTS

MODEL 604 BLECTAONETER AMPLIFIER

THAMSISTORS
BMEy . Kelthley Ply.
Humper Coda Part No, Ref,
2M3565 07263 T3-39 16
23638 07263 TE~33 16
2N3565 07263 TG3-39 i6
IN3538 07293 TG-33 16
40317 02734 TGE-43 ia
GLoOg AN35a5 472613 TGR-39 16
Glav 213565 37263 TG 39 18
Glog ZN3638 37263 P33 18
SLO% 40319 G2734 TE-50 16
(SRR 2H3638 07263 TG-33 e
MODEL 8041 REPLACEABLE PARTS LIa&T
(Refer to Schnemalic Diagram 234580 for clrouit designationa}
CONNECTORS AND TERMINALS
ML, MEg. Kaithley Fia,
Desaription coda, . Dare Part Noj el
Regaptacls, triawxial, +INpOD 95712 33050-0T-34 ce-181 2
Plug, triaxial, maise of J101 o871z 36197-1 08141 -
Cap, +INPUT Regeptagle 028690 31-007 CaP-18 -
4102 Racaptacls, triaxial, -INPUT 95712 33080-NT-34 {818l
- Fluy, triaxial, mate of J102 §5712 3G197-1 Qe~141 B
- Cap, ~INPUT Receptacle 0268]) 31-007 CAP-18 L
103 Zinding Post, GND GHELL 33-288 Bl~15 3
PO Connector, triaxial, TO 604 IKPUT:+ 95712 301971 TE-141 -
e connedator Azsembzly with cable 80164
conpector, triaxial, TC BG4 INRPUT:- 45712 30197=-1 ¢8-141
Connector hssembly with cable BOLE4 -
RESISTOREHRS
Cirauit Mfy. Mfeg, Kaithley ¥ig.
Lesiy, Value Rating Typs Codg Part Ho. Part No. Ref,
RI0L 1611 ¢ +3-0%, 1/RW acl 63050 RE-1 REG-"J.O*:”%“ .
2102 1640 g +3-0%, L/R W GCh 63060 R~ R20-107% -
RLGS 167 4§ +3«0%, 1/RW GOk 63060 RE-L R2CG-10¥ o
R164 LGOME 1%, 2% ZCh 91817 DC~2 Ri4-3100M -
2165 1¢ Mg 1%, 1/2W Lo 91637 DCF=1/2 R1E~10M -
R1GE 1 ﬁiéé 1%, L/2wW e 51637 DCF=-1/2 R1Z-1M, . .
rle? 1G: i +3~0%, 1L/R W GCI G3060 RX-1 REOwiﬂlg -
R1DE 1@3?-9 & +5-0%, 1/R W &0 53060 RA-1 R20-10; -
klg9 19 & +3=0%, 1/R ¥ [l 630680 RE~L R20=10 v
1110 1E0MY 1%, 2W uch 91637 | ateliirt R14=-100M s
2111 14 i 1%, 1/2W OCh 91837 GOP-1/2 R1Z-10M B
R112 1 #R 1%, 1720 DGR 91637 GUF-3/2 Rla~1M i
SWITCHES AND CONTROLS
MEy. Keithlsy Flg
Descripition Gode Part Ma. Ref
2101 Rotary Switoh, +INPUT 80164 Model 3011
-- Eneb hssenbly, +Input Switeh BOLG4 16334A e
51032 Rotary Switoh, -INpoD 80164 Modal 3011 3
—— Enob Assenbly, «Input Bwitch 80164 163384 =
EE

Nunber of 6033,

The Model 6033 contains resistor palrs matohed to within 7%,
ogdering resistors for the Model §041 the user purchase matchsd palrs Lo assure ACCUTATY.

Cokplets gal 0T resistor for the Medel 6041 may be purchased from Keithley Instrurents under the Model

It is advised that upon
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TABLE la, Code List of Suggested Manufactursrs.
{Basaed on Federal Supply Code for Manufachurers, Cataléeging Handbook H4-1%,

01121

01295

Q2660

02734

04713

053567

07282

07716

08811

02922

12687

Allen=Bradley Qorp.
1201 south 2nd Streex
Milwankes, Wis. 53204

Texas Instiwnents, ITno,
Semiconductor~Conponents Division
L3500 North Cantral Expresaway
Dallas, Texas 75231

Amphancl Corp.
2801 Bouth 23th hvenue
Broadview, T1l. 50153

Radio Corp., of America
Defense Electronic Products
Camden, N, J,

Motorola ssmiconductor Produchts Ine.
5005 East Mchowsll Road
Phoenix, arlz. 85008

Uniopn Carblde Corp,

Lindge Div. Kemet Dept.

1180) Madison

Cleveland. Ohlo 44107
Yalrohlld Camera & Instru. Jorp.
Semicenductor Division

313 Frontage Road

Mountain View, Cal,

IRC, Ing,
2850 Mt, Plepasant
Burlington, Towa SREOL

GL Electronica Division of
GL Industries Ine,

300 Harvard Avahue
Hastville, §. J, GR093

Burndy Corp.
Richards Avenue
Norwalk, Conn, 06852

Natlonal Benmiconducior Corp,
Lomneres Drive

Post DEfice Box 442

Danbury, Conn, D&EZL3

Clarostat Mfg, Co., Inc.
Luwer Washington Street
Dover, N, H. 03820

Dickson Electroniocs Coro.
02 8§, Wells Fargo Avenue
Scehtadale, Arizona

28520

37942

56285

63080

71400

72982

13445

75042

80164

41802

93656

95712

Heyman Mfy. Co.
147 ¥. Michigan Avenue
Kenilworth, N. J.

Mallory, P. R, and Co,, Inc.
3029 E, Washinghon Strest
tndianapelis, Ind. 46206

Sprague Electric £o.
North Adamsg, Mass.

Victoreen Instrumants Co.
580G& Hough Avenua
Cleveland, Ohic 44103

Bugsmann Mfg., D
MoGraw-LEdison O
2538 W, Univers
B, Louis, Mo.

iv, of
(s}

ity Straat

Erie Techpologival Products, Inc,
544 W, l2th Street
Brie, PA. 16512

Aaperex Blectronic Co., Div, of
Morth Aamerican Philips Co., Inc.
Hickaviile, M. 7.

IBC, Inea.
401 North Broad Street
Philagelphia, PA. 19108

Littlefuse, Inc.
§00 E. Horthwesht Hwy.
Das Plaines, I1l, 60016

Felthlev Instruments, Inc.
28775 Aurora Road
Cleveland, Ohio 44339

Indusgtrial Devicas Ino.
982 River Boad
Eduewater, N, J, Lrnzo

Electric Cord o,
1475 Bloomfield Avanus
Caldwell, . J.

Dage FElestric Cg., Ino.
Rurricane Road
Franklin, Indiana




REPLAUHABLE PARTS

Mechanical Parts List

MUDEL

604

Guantity Kelthley
Description Per Assenbly Part HNo.
1) Chassis 1 226308
11y Front Panael 1 223060
Top Cover Assembly - 209088
12) Cover, Sheet Matal 1 Z4561D
13)  Beraws 4 -—
Bandle Assembly e -
l4) Handle i Hit-18
15)  Sersws #6-32 = 3/8Y R.1. slotted 2 -
Boriom Cover Assembly - 1g288¢
21 Gover L 17149¢C
3y Fastenar 2 Ta=54
Faee: Azsembly - -
4y Faet 4 FE~3
5} Ball £ F
B} Sovews #8-32 x 387 Phillips, Pan Heed & e
Tiit Bail Assembly - -
71 Ball 1 171478
8) Right Asssmbly 1L 192088
91 Left Asseubly 1 1920358
10y Screws #6-32 % 1/4" Phillips, Pan Head z ——

14
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REFLACEABLE PARTS

MODEL 604

Top Cover Assembly,

FIGURE 13,

Bottom Cover Asssmbly.

FISURE 19.

35
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CHEOH-2
Applles to Mancal Printed

January, 1977. Sheet | of

HIDITHILEY INSTRUMBE NI, 1IN,

INSTRUCT | ON MANUAL
CHANGE ROTICE
MODEL 504 ELECTROMETER AMPLIFIER

THTRODUCTION:  Since Keithley Instruments {s continually {mproving pro-
duct perfarmance and vetiability, it is often necessary to make changes
to Inseruction Manuals to reflect these improvements. Also, errors in
Instruction Manuals cccasionally occur that reguire changes, Sometimes,
due to printing lead time and shipping requirements, we can't gat these
changes immediately into printed Manuals, The following new change in-
formation is supplied as & supplement to this Manual in order to provide
the user with the latest Tmprovements and correciions in the shortest
possible time, Many users will transfer this change information directly
tooa Manuz: to minimize user error. All changes or additions are indi-=
catod in dtalics.

. Pl 200-300 ¥ 13050 (=584-1,9P~15.7F 16

2HBYTVEH AURGORA ROAD » CLEVELANGDGD, OHIG 44338 » (218) 248-0400
TELEX: 98-5a489 + CABLE KEITHLEY

]



KEITHLEY INSTRUMENTS, INC.
28775 AURORA ROAD
CLEVELAND, OHID 44139

SERVICE FORM

MODEL HC. SERIAL NO. _ PO MO DATE R~

NAME PHONE
COMPANY
ADDRESS - CITY STATE 21p

{I] Describe problem and symptoms using quantitative date whenever possibie {anclose
readings, chart recordings, etc.)

(Attach additional sheets as necessary),

Eﬁ} show a block diagram of your measurement system including all instruments connected
{whether powsr 1s turned on or not). Alse describe signal source.

E?E List the positions of all controls and switches on beth front and rear panels of
T the Instrument.

(4, Describe input signal source levels, freguencies, ete.

§5& List and describe all cables used in the experiment (length, shielding, etc.).

[g} tist and describe all other equipment used in the experiment, Give control settings
far each.

7,1 Environment:

where 1s the measurement being performed? (Factory, controlled laboratory,
cut-of-doors, etc.)

What powsr line voltage is used? Variation? Frequency?
5 0 ! £l 1 T . L
Ambient temperature? “F. Variation?  PFTTTTReT Humidity? L
Other

Eij Additional Information. (1f special modificaticns have been made by the user,
" please describe below. )
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