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SPECIFICATIONS MODEL 180 

SPECIFICATIONS 

RANGE: 10 nanovolts per digit (100.00 pV full scale) to l-volt full 
scale in 5 decade ranges. loo% o”erranging on a,, ranges. 

DISPLAY: 4’12 digits from 0000 to 19999; floating decimal and “pv” 
or “177”” indicator. 

POLARITY SELECTION: Automatic. 
RANGE SELECTION: Automatic: Range change powible after 

each A/D cOnYerSi0”. uprange at 20000. downrange at 0999. 
Front panel control limits downranging lo one of the three most 
sensitive ranges. isolated Programming: Range may be pro- 
grammed by clowre to output Lo (< + 0.4 volt while sinking 2.1 
r”A) 0, a “Remote Enable” line and appropriate wine binary 
range control lines (TTL compatible), Preset:, When “Remote 
Enable” line is released, auto-ranging proceeds from the pro- 
grammed range. Manual: Front panel switch (uses programming 
lines). 

ACCURACY (90 days): ~0.03% of reading i0.028 a, f”,, scale 
exclusive of noise and drift. Calibrated at 25°C ?1 “C. 

TEMPERATURE COEFFICIENT: <tO.Ol% of reading/“C. 
ZERO DRIFT: <-t(X “anO”O,tS +o.oo% Of ,“I, scale) per “C 

after stabilization. 
INPUT NOISE: Less than 30 nanovolt~ ,,-p with up to 1 kilo,,,,, 

source resistance on the most sensitive range. 
INPUT RESISTANCE: Greater than 30 M62 on all ranges. 
OFFSET CURRENT: Typically less than 100 picoamperes. 
NORMAL MODE REJECTION RATIO: Greater than 90 dB at line 

frequency. 75 dS at twice line frequency. 
MAXIMUM NORMAL-MOOE OVERLOAD: &SO “olts instanta- 

neous, 30 volts runs continuous. 
COMMON MODE REJECTION RATIO: Greater than 160 dB at dc, 

tine frequency or twice line frequency. 
MAXIMUM COMMON-MODE VOLTAGE: 500 volts oeak ac + dc~ 

input Lo to output Loorchassisground; 100”olts’peak ac + $1 
output Lo lo Chassis ground. 

ISOLATION: Input Lo to a”,,~ Lo 9reattir than ,W ohms (10’” a, 
25°C. 40% R.H.) shunted by k-s* than 1500 picofarads With 
Model 1506 input cable attached. Output La to cnassis ground. 
greater than IO” ohms shunted by 0.1 pF. 

SETTLINGTIME: L~~~thanSsecondstoratedaccuracyonafixed 
range (100 millisecond rise time) except on the bottom range 
where rise time is 3 S.%O”dS. 

CONVERSION RATE: Adjustable from ‘12 to 4 seconds per reading. 

ZERO SUPPRESSION: UP to 200 micro”oits, 
‘“fb-,;,‘” ANALOG OVTPUT: 1 volt at up to 1 milliampere for full 

ISOLATED DIGITAL OUTPUT: Model 1802 accessory provides 
BCD cwtpu1 and r~utput control functions. 

OPERATING ENVIRONMENT: 15°C to 35°C u,, to 70% re,ati”e 
humidity. 

POWER: 105-125 or 210-250 “olts (switch selected), 90 watts; 
specify 50 or 60 HI. 

CONNECTORS: input (Front: Keithley Model 1485. Analog Output 
(Rear): Amphenol SOPC2F. Remote Program (Rear): Cannon 
DA-155. Output Lo. Chassis Ground (Rear): Binding Posts. 

DIMENSIONS, WEIGHT: 3% in. full-rack. o”erall bench Size 4 in. 
high x 17’h in. wide x 15% in. deep (100 x 435 x 390 mm); net 
‘Aah, 17 ~ou”ds (7.6 ko,. 

ACC&SORiE$ FUR‘N;SH& Model ,506 Low-Thermal lnpuf 
Cable: 4 ft. (1.2 m) Low-Thermal triaxial cable, copper alligator 
clips. Mating outpul and remote control connectors; hardware 
for standard 3’/1 in. x 19 in. rack mountin9. 15~ in. (390 mm) 
depth behind front panel. 
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MODEL 180 

SECTION 1. GENERAL DESCRIPTION 

l-l. GENERAL. me Model 180 Digital Nanovoltmerer 
pro”ides measuring capability from 100 p” to 1 volt 
full scale wit,, the convenience Of automatic ranging. 
me lighted 4-112 digit display aueomatica11y indi- 
cates polarity, decimal point, and engineering unit. 
me display also indicates when range changing is 
occurring to prevent rtle possibility of recording 
erroneous data. The Model 180 is uniquely suited 
to systems ap*licaCians due tc’ the versati1iq of 
the automatic and remote ranging features. l’he 180 
can also be quickly adapted LO automatic data acqui- 
sition systems through the installation of the op- 
tional Model 1802 isolated BCO OUtpUt. Complete 
input/output isolaticnl is provided enabling the input 
to be floated to 500 volts above output low. me ‘n- 
p”t is isolated from o”tpUe low by greater than 10 4 n 
so that off ground measurements can easily be made. 
The ourpue can also be floated to 100 volts above 
chassis. The combination Of floating input/floating 
OutpUt means chat syseem grounding is simplified. 
This built-in isolation feature is an aasrc w,,en using 
either the srandard analog output or the apeional 
Model 1802 Digital Output. 

d. Remofe Programming. The 180 has built-in J-bit 
binary range lines. 

e. Fully Isolated Input. The 180 has carrple:e 
input/output isolation enabling the inpu: 
floated to 500 “OlCS wiell isolation of 101 6”&, 

f. Isolatrti Analog OutpUt. The 180 !lS a 1.Y iu!i 
scale output as a fandard feature. 
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TABLE l-l. 
Front Panel Controls 

- 
Functional Description 

Turns instrument 0” 

SetS instrument se”siLi”iry 

Adjusts range in decade steps 

Sets a”tOra”g*“g limit 

Adjusts input zero suppression 

sets zero s”ppress*o” in 4 steps 

sets zero suppression (continuous control) 

Set?3 display rate up to two readings per second 

kijusts 1” zero 

shielded low-thermal receptacle 

Paragraph 

2-h 

2-3b 

2-3bl 

2-3b2 

2%3c 

2%3cl 

2%3c2 

2-B 

2-5c 

2-2a 



MODEL 180 

LINE Receptacle Mates uirtl 3-wire line cord. 

FUSE 117v: 314 ampere 

234-v': 318 ampere 

LO Terminal ConnecLio" to OutpUt low. 

GND Terminal Connection to chassis ground. 

ANALOG OUTPUT Auxiliary output, 1 v for full range. 

REMOTE PROGRAM Receptacle Maces vith remote program connector supplied. 

BCD OUTPUT (Not Shown) ~ Provides digital outputs with Model 1802 installed 
I 

u) GND 
5121631217 

(NOT SHO"N) 
DIGITAL FUSE 
OUTPUT F1201 

ANALOG GND REMOTE LINE 
OUTPLV LINK PROGRAM INPUT SWITCH 
51212 51211 P1219 51202 

0274 3 



MODEL 180 

SECTION 2. OPERATION 

2-1. Mm.SuREmNT CONSIoERATIONS. 2. ~Thermal L*s. Thermal emfs (thermoelectric 

a. Noise Considerations. The limit of resolution 
in voltage and current measurements is determined 
largely by the noise generated in the source. Z3tr.T.y 
low-level noise is present in some farm in nearly all 
electrical circuits. me instrument does not distin- 
guish between stray and signal voltages since it mea- 
sures the net voltage. men using the .l mv and 1 mv 
ranges, consider the presence of low-level electrical 
phenomena such as thermocouples (thermoelectric efiect), 
flexing Of coaxial cables (tribaelectric effect), ap- 
parent residual charges on capacitors (dielectric ab- 
sorption), and battery action Of am terminals (gal- 
vanic action). 

1. Thermal Noise. A common limitation of micro- 
valemeter measurements from high source impedance 
is the thermal tloise (Johnson noise) generated in 
the SO"ICe, Thermal noise in an ideal resistance 
can be theoretically determined from the Johnson 
noise equation as follows. 

EmIs = I 4k.T.R.F 

mere 
Em, = rms voltage noise generated in the resistance. 

T = temperature, OK. 
K = ideal resistance, ohms. 
F = noise bandwidth , HZ. 
!k = Boltzmann constant (1.38 x 10~lOjoules/~K). 

The peak-to-peak noise is approximately five times 
the rms value cherefore the equation can be 
expressed as follows. 

If the ambient temperature is 300% (room ambient) 
the" the peak-peak noise can be expressed us follows. 

The peak-peak thermal noise generaeed in an idea, 
source resistance can be illustrated as follows: 

Given: noise bandwidth* = .08 Hz 
3 = 30kohms 
t = 3 set on 100 ,,V range. 

Epp (typically) = 6.45 x 10-10 /3x104 

Epp = 0.03 p" peak-peak 

*<Noise BandwidCh = 1/(4t) = 0.08 HZ. 

potentials) are generated by ehermal differences 
between two junctions of dissimilar metals. To 
minimize the drift caused by thermal emfs, use copper 
leads to connect the circuit to the instrument. The 
ZERO SUPPRESS control can be used eo buck out a con- 
stant Lhermal offset voltage if necessary. The 
Keichley accessory Model 1483 Lou Thermal Connection 
Kit contains all necessary materials for making very 
low thermal copper crimp connections for minimizing 
thermal effects. 

3. AC Electric Fields. The presence of electric 
fields generated by power lines or other sources ca" 
have an effect on instrument operation. AC voltages 
which are very large with respect CO the full-scale 
range se*siCivity could drive the ac amplifier into 
saturation, thus producing an erroneous dc output. 

NOTE 

The inserument provides attenuation of line fre- 
quency noise superimposed on a" input signal. 
The ac rejection is specified as follows: 

NMKK: Greater than 90 d,? at line frequency, 0 
75 cl* aC twice li~iie frequency. Maximum ""rmal re 
c'veriuad is +50 voits instantaneous or 30 volts 
rlns c""tinuous. 

Proper shielding as described in paragraph 2-1, b 
can minimize noise pick-up when ehe instrument is 
in the presence of large ac fields or when very 
sensitive meaS"reme"CS are being made. 

4. Magnetic Fields. The presence of strong mag- 
netic fields can be a potenCial source of ac noise. 
Magnetic flux lines which cut a conducror can produce 
significant noise usually at power line frequencies. 
The voltage induced due to magnetic flux is propor- 
tional to the area enclosed by the circuit as well 
as the rate of change of magnetic flux. For example, 
the motion of a 3%inch diameter loop in the earth's 
magnetic field "ill induce a signal Of several tenths 
of a microvolt. One way to minimize magnetic pick- 
up-is co arrange all wiring so chat the loop area 
enclosed is as small as possible (such as twisting 
input leads). All leads should be rigidly mounted to 
avoid magnetic pickup due to lead vibration. 
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MODEL 180 OPERATION 

b. Shieldi”& 

1. Electric Fields. Shielding is usually neces- 
sary when the i”Str”me”f is in the presence of very 
large ac fields or when very sensitive measurements 
are being made. The shields of the nleaS”reme”t cir- 
cuit and leads should be connected together to ground 
at only one point. This provides a “tree” config- 
uration, which minimizes ground loops. 

2. magnetic Fields. Magnetic shielding is useful 
where very large magnetic fields are present. Shield- 
ing, which is available in the form of plates, foil 
or cables, CB” be,used to shield the measuring cir- 
cuit, the lead wires, or the inetrument itself. 

C. mxtinl: The Model 180 uei1izes Input low to 
Output Low isolation to minimize the effects of system 
ground loops or source isolation problems. Input low 
to output low is isolated by greater then 10’ ohms 
shunted by less than 1500 pF. The output ground is 
isolated from’chassis by greater than lo8 0 shunted by 
less than 0.1 microfarads. I” addirio”,the source 
can be floated up 500 “olts off chassis or outp”t low. 
At the same time the output low ca” be floated BC up 
LO 100 volts off chassis. 

d. Source Resistance. The Model 180 can be used 
in measurement circuits with up to 1 megohm source 
resistance. The Model 180 has a” input resistance 
greater than 30 megohms on all ranges, however the 
loading effects should be considered when making meas- 

e, Groundi”%. The special desipn of rhe’Hi>drl I” 
eliminatesgroundingproblems in making system connec- 
tians. Since rhe input low is isolated from output 
low by a high impedance the ty,,ical current through 
the system ground (IG) ts small compared LO the signal 
of interest. Thus IG is a function of the ground loop 
impedance ZISo as shown in Figure 4. 

NOTE 
Any ground loop resulting from ayecem connections is 
effectively brake” by the isolat‘o” amplifier I” rite 
Model 180. 

f. Grounding shift. If a “anovolt measurement has 
a fixed ground configuration the #effects of grounding 
shift need “ot be coneidered. If an experiment’s 
grounding is changed in the middle of a” experiment, 
the Model 180 or any other “anovo,lrmerer will have to 
be rezeraed using the zero suppress due to a change 
of thermals. There may also be an additional shift 
due LO grounding which ca” also be suppressed by the 
zero suppression ‘on the order of tenths of microvolts~ 
Once the ground shift is auppreased on the 180 “o 
further changes will be noticed. The extreme case 
for ground shift effect would be the situation going 
from a completely isolated input to a grounded tnpur. 
A completely isolated input is defined as greater than 
100 kn resistance and less than 2000 pf capacitance. 
A grounded input is defined 8s le”e cha” 1 k;: resis- 

ureme”;s with source resistance greater than 3 kilohms. tance and greater than .01 yf capacitance. 

SOURCE 

51212 
MODEL 180 ANALOG OUTPUT RECORDER 

INPUT HIGH P 
I '\ 

OUTPUT HIGH 

// ----- 
I ' 

>----. 
1 

IG L/' OUTPUT LOW e0 

- --- // - 

GROUND 
- v-l,\ /'- - - - 

CURRENT 
zIso ISOLATION 

IMPEDANCE J1217// 

Y 

CASE GROUND 

GROUND , * 

A- 

FIGURE 4. Input-output Conneecions. 
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2-2. CONNECTIONS 

a. Input. The input receptacle (JlOOS) on the front 
panel is a special Keithley Model 1505. This connector 
has t"o pins for input high and low. (The outer shell 
is at chassis.) The mating cable, Model 1506.(supplied) 
has four feet ot low-thermal triaxial cable terminated 
with two alligator clips. Refer to Accessories section 
for other cables available. 

b. Analor Output. The OUtpUt receptacle (51212) on 
the rear panel is a" Amphenol type 80PC2F (Keithley 
CS-32). The mating connector (supplied) is an Amphenol 
type 80MCZM (Keithley CS-33). The Output low is isa- 
lated from input low'as stated in the SpecificatFans. 

c. Digital Output. This output is available only 
as part of Model 1802 Digital Output Option. The re- 
ceptacle supplied with the 1802 is a 50-pin Amphenol 
Micra-Ribbon type (Keithley CS-221). The mating con- 
nector is a KeLthlev CS-220. The oins are identified 
as in Table 2-6. The digital out& common is isolated 
from input low as stated in the Specifications. 

d. Power. After verifying that the proper line 
voltage is selected and proper fuse is installed (see 
p. 3) connect the power cord. The 9OW power specifi- 
cation is a maximum warst case value at 250 ” SOHZ 
line with all compcmente end the 1802 outp"t pulling 
max. current. A typical value for norm.1 line volt- 
ages and output loads is 40 to 50 watts. 

2-3. CONTROLS. 

a. “POWER ON” (S12011. This switch controls the 
line power to the instrument. In the "OFF" position 
both sides of the line are disconnected. 

b. ‘TIANGE mV” (51204). This switch is a dual-con- 
ceneric type control. 

1. "MANUAL". The outer control sets the range in 
decade steps from 0.1 to 1000 m". The extreme clock- 
wise position is the AUTO/REMOTE mode. In this mode 
the l+.xle1 180 is useable as an *utom*tic ranging 
nanovoltmerer with remote ranging capability. 

2. "LIMIT". The inner control sets the lower 
?ange for downranging when in the AUTO/REMOTE 
mode of operation. The three LIMIT positions 
0.1, 1, and 1OmV designate the most sensitive 
range to which the Model 180 will autorange 
with less than 100"" applied signal. 
C. "ZERO SUPPRESS" (SlOOl). This switch is a dual- 

concentric type control. (200 ,pv maximum suppression) 

1. Coarse. The outer control sets the coarse 
suppression in four steps. The "OFF" position re- 
moves the zero suppression completely. 

2. FINE (R1051). The inner control is a contin- 
uously variable suppression adjustment, 

d. "DISPLAY RATE" (R1201). This control sets the 
display rate from a half second per reading to four 
seconds per reading. The "MAX" position-switches 
the display ~-ate to the maximum rate of a half second 
per reading. 

MODEL 180 

e. Line Voltage (S1202). This rear panel switch 
sets the instrument for either 117 or 234 volt opera 
fion. 

TABLE 2-l. 
Line Switch ,&wings 

I s1202 Setting Line Volt R¶nge 
I 

117” 105 " to 125 " 
234V 210 v to 250 ” 

I 

2-4. OPERATING CONSIDERATIONS. 

a. Digital Display. The display is composed of 
four digits, an overrange "l", a floating decimal, 
and "pV" or "mV" designations. A typical four digit 
display is shown in Figure 5. 

,+ 

I 
POLARITY 

I 
UNITS 

F1GuF.E 5. Digital Display. 

TABLE 2-2. 
Full-Range Displays 

Display Full Range Input Voltage Last Digit 

+1000.0 Ill" +1 x 10" " 100 p" 
+100.00 mv +1 x 10-l " 10 V" 
+10.000 In" +1 x 10-2 " 1 PJ 
+1.0000 m" +1 x 10-3 v 0.1 Ll” 
+100.00 p” +1 x 10-4 v 0.01 k” 

b. Ranging. The Model 180 permits manual or auto- 
matic ranging through the use of RANGE Switch S1204. 

1. Manuel Mode. In this mode the full range is 
set by the user for any one of five ranges. 
me diqlay will be blanked (except for overrange 
"1" and polarity indicators) whenever the input volt 
age exceeds 1.9999 times full scale. nor a more 
complete discussion of overloads refer to paragraph 
2-4 C. 
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OPERATION MODliL 18” 

g. Digital outputs and canrro1s (Model 1802 Digital 
Output Option). 

1. General. The Model 1802 Digital OUtpUt pm- 
“ides binary coded decimal (BCD) OUfp”CS and Control 
functions. This option is available only as a field 
installable accessory. The Model 1802 includes an 
output buffer module, a pre-wired SO-pin receptacle, 
wiring harness, and mating SO-pin connector (not wired). 

2. Connector Pin Ideneificstion. Refer to Table 
2-6. The SO-pin PRINTER/CONTROL receptacle is an 
Amphepol Microribbon Series 5740-5001 (Keirhley Part 
NO. CB-221). The mating connector is an Amphenol 
5730-5001 (Keichley Part NO. cs-220). 

FIGURE 7a. Digital O”qB”L connector. 

TABLE 2-5. 

DfGfTALouTP”T: BCD(1,2,4. S) open COlleCtor logic (Motorola 
MC 858P) represents each of 4 digits (0000 = 0). overrange 
digit overload (“I”), polarity ( + = “1”). range changing and 4 
decimal positions. 

OUTPUT LOGIC LEVEL: Output Logic “1” E open transistor 
collector to output Lo with less than 100 microamperes leakage. 
+ 6 volts maximum allowable applied voltage. Output Logic 
“0” = tra”*istor switch closure to output Lo with less than 0.5 
volt saturation voltage. f35 mA sink current. 

REMOTE CONTROL: Strobe: Open circuit inhibits all output lines 
from conducting. Closure enables conduction. Hold: Closure 
retains r**uft of fa*t conversion at both the digital output and 
display; co”wr*io”* continue. Hold #*: Closure halts co”ver- 
sions holding reading at both digital output and display. Trigger: 
Release edge of pulsed closure initiates one conversion when in 
Hold 42. Signal is averaged for a 200.millisecond period 
starting 100 milliseconds after r&ase of Hold #2 or Trigger. 
Flag Reset: Closure sets Flag (Flag) to logic “0” (“7 “). 

rlMfNG OUTPUT: Clock: Internal clock pulses (100 kHz count 
rate). Count Interval: Logic “0” appears during count interval 
(i.e. ulse width is proportional to analog input signal). Flag 
Cd: Logic “1”(“0”) appearsfora3OO millisecond interval out 
of a Conversion time of 500 milliseconds. No change of digital 
output is made inside this interval. 

REGUfREO CONTROL LOGIC LEVEL: Open circuit = either >4 
kilohms resistance or a voltage between + 2 and + 12 volts 
(except Flag Reset. + 5V max.) referenced to output Lo. Ciosure 
*Closure to output Lo within 0.5” while sinking 2.5 mA. 

C~;~g;~TOR: Output: 5%pi” Amphenol Micro-Ribbon type 57. 

ACCESSORIES SUPPLIED: Output mating connector. 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

2 x 100 
4 x 100 
8 x 100 
1 x 101 
2 x 101 
4 x 101 
8 x 101 
1 x 102 
2 x 102 
4 x 102 
8 x 102 
1 x 103 
2 x 103 
4 x 103 
8 x 103 
1 x 104 

DP1 (1.0000) 
DP2 (10.000) 
DP3 (100.00) 
DP4 (1000.0~ 

23 HOLD‘ Control Inpa 
24 FLAG RESET Control Input 
25 Noe used 

5108 
Pi" NO. Line Function 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

output LO 

Cl0Ck 
count Interval 

Flag- 
Flag 
Range Changing 
Function 1 
Function 2 
Function 3 
Overload 
Polarity 
?mIGGER 
Hold 112 

NOC used 
COIIUIIO" 
Not used 
100 ktlz 
See Table 2-5 
Not used 
See Table 2-5 
see Table 2-5 
Control output 
see Table 5-12 
see Table 5-12 
see Table 5-12 
Control OUtpUt 
Data 
Control Input 
Control Input 
No? used 
CIXItWl 
contra1 
CO"trOl 
Control 
Control 
CO"trOl 
Control 
CO"trOl I J 
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MODEL 180 

a). Integrate Period (34). During this period 
the analog signal is applied to the i"Legrating 
amplifier. The slope of Lhe ranp waveform shown in 
Figure 71) has a sign opposite the palariry of the 
input aigna1. 

b). Count Period (01). During this period the 
integrating amplifier is driven to zero by the 
proper polarity discharge voltage (the analog 
signal is removed from the inte~rnfing umplifier). 
During this period a p-p pulse is generated which 
updates the data in the latches. 

Cl. Zero Period (2). During this period the 
integraeor is zeroed and the decade counters are 
reset prior to a new conversion cycle. 

5. Open COllectOr Output. 'L‘hr buffer OUrpUt 
stages of the Model 1802 utilize "Open Collector" 
outputs. A" outstanding fearure of ape" col- 
lector outputs is the ability to drive into a vari- 
ety of digital data processing equipment such as 
printers and computers. Since the open collector 
OUtpUt operates in either a low impedance (satu- 
rated) state or a high impedance (open) state it is 
compatible with a wide variery of logic types in- 
cluding TTL, DTL, and RX.. The Model 1802 operates 
with any logic level up to +6 volts making it use- 
able with the majority of levels commonly available. 
In most cases a pull-up resistor is recommended to 
define the "open" or Logic "1" state. 'The value 
will depend o" the capacitive coupling among wires 
in the cable and to other circuitry external to 
180/1802. A value from Ik to 5k is usunlly 
sufficient. The minimum value is 180 ohms +10% 011 

0674 



OPERATION MODEL 180 

b) COUNT INTERVAL: This line is at Logic "0" 
tar a time (TX in Fig. 7b) proportion.31 to the 
input signal: 10 vs corresponds to 1 digit. The 
COUNT INTERVAL output my be used with an external 
binary ripple counter and gate to obtain a reading 
directly in binary form. The Logic "0" f.a "1" 
rransition of COUNT INTERVAL Occurs prior to the 
p-p pulse. Therefore it is nat intended for use 
as a Flag. 

IN DESIGNING CABLING TO THE 1802 OUTPUT, THE 
COUPLING CAPACITY BETWEEN "COUNT INTERVAL" 

AND "TRIGGER" LINES SHOULD BE MINIMIZED TO AVOID 

A LOW VALUE PULL-UP RESISTOR SHOULD BE USED, 

INTERVAL” OUTPUT IS NOT-NEEDED, DO NOT CONNECT 
A WIRE TO THIS OUTPUT (PIN 30). 

c). FLAG, FLAG: 

11 Internal Triggering (using DISPLAY RATE 
control): When flag is Logic "1" (FLAG is Logic 
"0") the data from the most recent conversion is 
available at the data lines. The flags etay in 
this state for 300 ms. 

2. External Triggering (using TRIGGER and 
HOLD N2 controls): FLAG remains in the Logic "1" 
state until 100 ms afrer the next trigger (see Fig. 
7c, Control Timing Diagram). It then goes to Logic 
"0" for 200 me., then back to Logic "1" indicating 
that a new reading is available at the data lines. 
IT it is desired that Flag be in the Logic "I" 
state onlv after new data is available. FLAG must - 
be reset prior to the Logic "0" to "1" craneitian 
of TRIGGER or HOL" 112. 

e). STROBE Lines: All data outputs except COUNT 
nwa.VAL, RANGE CHANGING and CLOCK are grouped into 
3- or it-line groups. Each group is controlled by a 
"STROBE" line. Logic "1" on a STROBE line inhibits 
the data; the output is an "open callector" af a 
transistor. A Logic "0" on a STROBE line enables 
the data CO determine the logic etate of the out- 
put. The groupings are indicated in Table 2-6. 
me STROBE lines are pins 43 through 50. section 
5 (above) discusses some applications using the 
open collector outputs. 

f). HOLD: If rhie line is set to Logic "O", the 
data at the display and output will not be updated 
as co""ersians are completed. FLAG Will operate 
normally. When Hold is returned to Logic "l", the 
display and output will be updated normally. beg 
data will be available be@,ning with the next 
Logic "1" state of the FLAC. If if is desired that 
FLAG be inhibited when HOLD is set to Logic "o", a 
jumper may be installed on the 1802 PC-275 between 
point "X" and "Y", see Fig. 35. 

R). HOLD 112: When rhis line is set to Logic "0" 
the conversion process is atopped. The analog out- 
put and CLOCK at output pin 29 operate normally. 
The sequence counter is stopped at the beginning 
of the "2" period (zero). Flags remain in the 
state they a=e in when HOLD 1/2 is set to Logic "0". 
The internal "DISPLAY RATE" control is disabled. 
Single conversians may be initiated using the 
TRlGGER control. 

h). TRIGGER: This line is used to initiate a 
single conversion when HOLD i/2 ia eef f~ Lo& "0". 
A conversion is initiated by a transition of TRIGGER 
or HOLD 82 from Logic "0" to Logic "1". when 
TRIGGER is at Logic "0" the internal counters are 
reset, thus 

1 REGARDLESS OF THE STATE OF HOLD 112. IF TRIGGER 

I IS z AT LOGIC "1" THE COMIERSION~PROCESS WILL 
BE INTERRUPTED *ND ERRONEOUS READINGS MAY RE- 
SULT. IF THE TRIGGER LINE IS IN A NOISY ENVI- 

1 RONMENT LO" IMPEDANCE DRIVE SHOULD BE USED. 
IF THE TRIGGER LINE IS NOT USED NO WIRE SHOULD 
BE CONNECTED TO PIN 40 OF THE OUTPUT CONNECTOR. 

In the Logic "1" sfate, TRICCER has no effect on 
the 180 o= 1802 operation. To initiate a con- 
version, trigger muse be at Logic "0" for at least 
1 ,,e prior to the Logic "0" to "1" t=e,,eiticr,. 

7. Overload and Range Changing (Lines 38 and 34). 

a) Overload Logic "1" indicates that a reading 
in excess of 19999 digits has bee,, obtained. This 
information is available when Flag - Logic "1". 
Generally, ae least the first conversion after an 
overload will provide e==~ne~"s data at the ~ufpue 
and display due to preamplifier and input time 
co*stante. 

b) Range Changing: When in the auto range mode, 
Logic "0" indicates char the range is changing, 
thus the data is e==oneous. The Flag ia inhibited 
in this stare. If the progranming lines are used, 
range changing will "ot indicate a change in range 
setting while PE is at Logic "0". If PE changes 
from Logic "1" c;; Logic "0" and the programmed 
range is different, range changing may go to Lagic 
"0" for a few hundred microseconds. Data available 
at the first conversion after "Range Changing" (Pin 
logical "0" Will be i"CO==ect. It is recommended 
that this data be ignored by a control system 
connected to the output. 

8. Installation. To gain acceee to the Model 
180 chassis remove the top cover by removing four 
screws. Insert PC-275 circuit board module in the 
mating receptacle (51202) on the chassis. (See Fig. 
22). Remcwe the SPARE connecto= cove= on the rear 
panel. Feed the cable harness through the =ea= panel 
opening 50 that the receptacle is oriented with the 
manufacturer's part number facing down. Fasten 
the 50-pin receptacle (Krithley CS-220) to the 
chassis using the wo sc=ews supplied with the 
coyer plate. Carefully connect each of the mini- 
plug-in connectors on the pc board module as ehyn 
on schematic 248660. 
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MODEL 180 OPERATION 

I 
I SEQUENCE COUNTER STATE 

CONVERSION NO. 

ANALOG SIGNAL 

APPLIED AT INPUT 

- INTEGRATOR OUTPUT 

(TP-10) 

ZERO CROSSING 

DETECTOR OUTPUT 

(TP-13) 

BUFFER STORE - 
(P-P) PULSE 

l- 
COUNT INTERVAL 

;2 3 
t FLAG INDICATES OUTPUT 

2 DATA FROM CONVERSION ( ) 

z 
2 
2 

L - 
FLAG 

HOLD 

HOLD 112 

TRlGGER 

FLAG RESET 

CONTROL ACTION 

I 
FIGURE 7~. CONTROL TIMING DIAGRAM: MODELS 180 AND 1802 
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MODEL 180 APPLICATIONS 

SECTION 3. 

3-2. TYPICAL APPLICATION8. 

a. Temperature Measurements. The Model 180 may be 
used with ehermocouples or chemopiles to moniror small 
temperature changes (typically within O.OOl'C). Con- 
MCfions can be made using materials supplied with the 
accessory Model 1483 Im.-Thermal connecrion Kif. Al- 
though some shielding is recommended, the high ac re- 
jection of the 180 eliminates most of the problems 
usually caused by nearby ac operated equipment such 
as heaters, fans, pumps, etc. The rear panel analog 
output may be used to provide a continuous recording 
in chart form. "hen the Model 1802 Digital Output is 
used, data can be easily transferred to digital print- 
ere or computers. 

b. Standards Laboratory work. The Model 180 may be 
used for comparisons of standard cells without prob- 
lems related to different ground connections. The 
isolation of the input low eliminates the possibility 
of shorting out a cell when output connections are 
changed. The low offset current of the 180 also elim- 
inaces cell polarization. Measurements can be auto- 
mated through the use of crossbar scanners at the in- 
put of the instrument. "hen the Model 1802 Digital 
Output is used, data can be easily transferred to digi- 
tal printers or compufers. 

1. Inter-comparing standard cells. By far, the 
greatest concern of people doing this fype of work 
is Chat the measurement does not present a load to 
the cells which significantly changes their voltage. 
Figure 8a shows the equivalent circuit for this meas- 
urement. Nore that the common terminal of the two 
cells is connected to the o"tp"t ground and earth 
ground on the Model 180. This is to prevent electro- 
static pickup due to the high isolation impedance of 
the input. As seen in Figure 8a, the 180 common- 
mode and normal-mode impedances determine the current 
and charge which is required from the standard cells. 
The common-mode impedance appears across only one 
cell ("2); when Che 180 is first connected into the 
circuit, a charge of 1O-g coulombs from Vz is needed 
to charge Cl, and a current of lo-10 Amps flaws 
through RI while the 180 is connected. The normal- 
mode impedance appears between the two cells, ehere- 
fare the charge and current required by Rfn and Ci,, 
is proporeional to (VI - Vz), which is an the order 
Of IIll" or less. In the case of "primary" cells, two 
saturated standard cells are used which are in the 
same enclosure, and the (VI - V,) is on the order of 
lOOIl" or less. Thus the charge required from the 
cells when the 180 is connected is on the order of 
5 x lO-1o coulombs, and Lhe current drawn by the 
180 after the serrling time is 3 x 10-l' A due to 
the minimum 3OMn input resistance. The offset cur- 
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rent of about 10-l' A musk be added to this normal 
mode current. Figure 8c shows that the difference 
berween the input voltage and feedback voltage "f 
in the 180 preamplifier is exponentially decreasing 
in time due to the time constant of the amplifier. 
shown in Figure 8b. Since the modulator has an in- 
put resistance of at least 100k. this is also the 
form of Iin. and the input resistance (V&Ii,,) has 
the exponentially increasing form shovn in Figure 
8d. From these cur"es it is seen tbac the peak in- 
put current drawn with the 100,~" cell differential 
is 10-9.4. decroaalng with rhe i,,stn~.wn~ time con- 
stant shown in Figure 8~. The acceptable limits of 
current and charge drawn from standard cells will 
be somewhat different between various laboratories 
and for various levels of comparison. However, the 
nsnoempere and nanocoulomb numbers give" above due 
fo these various effects will be low enough to 
satisfy all but the most extreme requirements. The 
magnitudes of the normal mode input impedance and 
capacify during settling time are such that it is 
g recommende, to coanee~ the 180 directly across 
an individual reference cell to measure the cell 
voltage. This is a situation which would rarely be 
useful. Figures 8b, c, d indicates the difference 
in time constant between the .lm" range and the 
other ranges on the Node1 180. For mst standard 
cell inter-comparison work, the 1mV range has suf- 
ficient resolution (.luV) a0 that the .lmV range 
with ifs slow time constant will not need LO be 
used. Due CO rhe transient input impedances, it 
is recommended that the resolution be considered 
before connecting the instrument and the 180 be set 
manually to the desired range. 

2. Other "ol~age difference measurements. At the 
Keithley standards facility, the Model 180 has been 
used for a "umber of voltage difference measurements 
in addition CO the standard cell in~ercamparison 
mentioned above. These include comparisons between 
resistors end comparisons between electronic supplies, 
perhaps using ratio dividers to compare against a 
standard cell as shown in Figure Be. Our standards 
,,eople were particularly impressed with the combined 
speed and sensitivity on the Im" range. and the 
trade-offs between speed and noise which could be 
made to get better reaolurian using the most sensi- 
tive range. The precautions mentioned above are 
to be used w,,ane"er standard cells are involved in 
the measureme"ts. when electronic sO"rces are in- 
volved, the grounding may be handled differently. 
since the electronic source usually has a wound 
back to power line of its own. See Figure 8e. The 
fnput lo (black clip lead) in z+neral should be co"- 
necred to the lowest impedance point with respect LO 
the output low. However. our experience has bee" 
that "reversal" error due to interchanging the t"0 
input leads is at the worst about .I>" and rypically 
is within the noise level on the m3sL sensitive 
range. This "reversal" error, of course, depends 
upon the magnitude of the output impedances, as can 
be see,, by looking at Figure 8a. There is usually 
no need CO use the instrument in the autoranging 
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APPLICATlONS MODEL 180 

mode for this type of measurement, but if a stand- 
ard cell is not involved, the instrumene may be used 
in this fashion. 

3. Low-resistance Yindeck" measurements. As in 
the above situations, the Model 180 has a definite 
advantage in speed and convenience over potentio- 
meter systems which have traditionally been used to 
do this type of measurement. 'The problem with low 
resistance measurements has been the trade-off be- 
tween power level and available sensitivity. I" a 
circuit such as Figure 8f, a current of only lOOmA 
may be used with the 180 on the 1mV range, providing 
.Ol% resolution. A 1lrV DVM would require 1 Amp to 
provide the same resolurion. Potentiometers would 
provide an equally sensitive measurement of such a 
low resistance, but not with the speed and cowen- 
fence of the 180 on the 1mV range. On the .lmV range, 
rhe 180 may be used in this circuit to measure re- 
sistances of 1 milliobm with .05% accuracy, still 
using the 1OoIRA from ehe currenf source. 

IOFFSET INPUT 
RINCIN AMP 

FIGURE 8a 

INPUT OUTPUT 
AMP AMP 

FIGURE 8e 

C. Resistance Thermometry. The Model 180 may be 
used for resistance themometry where small deviations 
are measured with nanowate power dissiparian. The 
Keithley Model 225 Current Source may be used to.pro- 
vide constant low-level currents. A typical resolution 
of 0.0002"c is possible using a 1000 ohm germanium 
thermometer (at 4.2'K) with only 1 nanowatt power 
dissipation. The floating input of the 180 eliminates 
problems usually encountered when floating four ter- 
minal measurements are made. The 180 can be used with 
a wide range of source resistance. When the Model 
1802 Digital Output is used, data can be easily trans- 
ferred Co digital primers or computers. 

d. Semiconductor Testing. The Model 180 may be used 
for semiconductor testing on an automated production 
line basis. Sensitive measurements can be made to de- 
termine gain stability, temperature coefficient, etc. 
without loading errors. 

lo~vF~~ RANGE 
b .05 .d5 ' .1'5 .15 .2 l-1000M .2 l-1000M 
0 0 1.5 1.5 

:; SEC :; SEC 4.5 4.5 6 6 0.1 MV 0.1 MV 

- RANGE 

.2 l-1000Ml 
6 0.1 MV 

FIGURE 8f 
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MODEL 180 

SECTION 4. ACCESSORIES 

Model 1506 Low-Thermal Input Cable 

escription: 

The Model 1506 is a triaxial cable 4’ long terminated 
by two copper alligator clips. The cable mates with 
the input receptacle. It has been specially designed 
to provide excellent shielding far sensitive measure- 
merits. 



ACCESSORIE8 MODEL 180 

Model 1483 Low-Thermal Connection Kit 

Descriprion: PBrtS List: 

This kit contains various parts required when making Item 
low-thermal connections. NO. 

Application: 

The parts in this kit, when properly used, provides 
good low-thermal connections for use when making very 
sensieive meesurements. The following diagram illus- 
trates a method useful in many applications. Other 
methods of making low-thermal connections include: 

1) Crimp connections using copper lugs and wire. 
2) Soldered connections using low-thermal solder 

(70% Cd, 30% Tin). 

1 crimping TOO1 TL-1 
2 Hex nuts, nylon 
3 screws, nylon 
4 Hook Lugs, copper I,"-22 
5 Splice Tubes, copper W-23 
6 Spade Lugs, copper L"-66 
7 Lugs, copper W-19 
8 Alligator Clips, copper AC-9 
9 Solder, cadmium-tin 

10 Shielded Cable SC-5 
11 Copper Wire, 1120 W-1 
12 storage BOX 17329D 

INSULATING SLEEVE 

iCOPPER PLATE l-p/ 

COPPER WASHERS 

Description Part NO. 

Model 260 Nanovolr source 

Description: 

The Model 260 is a secondary standard for use in csli- 
brating microvoltmerers and nanovolemeters. A choice 
of grounding is provided for use in floating systems 
and for elimination of ground loops. The direct read- 
ing front panel dials and output terminals set the 
output voltage, positive or negaeive, from 1 nanovole 
to 1 volt with 3-dial resolution and up to 0.25% accu- 
racy. The rated accuracy includes scabiliey consider- 
ations fm six months after calibration. Extreme pre- 
cautions have been taken in the design of the Model 
260 to minimize thermal emfs. All critical components, 
wires and connectors are made of pure copper. 

Application: 

Besides its function as a calibration source for ultra- 
sensitive voltmeters, the Model 260 can also be used 
es an accurate voltage source for zero suppression and 
potentiomeeric me*S"rements. 
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MODEC 180 

Model 1802 Digital output 

The Model 1802 is a buffered BCD module which provides The 1802 ut,ilizes *co “open collector IdgiL” i,, :::i~ 
both OUtpUt and control capabiliey. The 1802 includes sent each of 4 digits, overrange, overioad, p0lrlrlr.. 
an output buffer module pre-wired to a so-pin receptacle 4 decimal points, range changing and iunccion~. 1: ‘~ 
and a mating so-pin COnneCtOr (not wired). This option 1802 CB” be used LO provide C*“tr”i its YIiI .!3 .,’ ~~ 
is available only as a field inseallable accessory. The output data. When connected to a digit.11 outpiit ~:c 
printed circuit module (PC-275) plugs into a pre-wired vice such as a digital recorder or computer tile >!.h!c: 
connector on the chassis. 180 can be monitored and controlied Yifll xt~i’dt : .f~ 

bility. 

This accessory provides a variety of extender cards DCXripCiOn: Part so: 
for ease in checkout of circuitrv. If also Drovides 1 - Extender Card, 25-pin PC-337 

2 - Extender Card, 15-iin 
1 - Extender Card, 22-pin 
1 - Extender Card, m-pin 
1 - Calibratir. Cover 
1 - Test Shield 

PCG33Y 
PC-336 
PC-340 
26072C 
260738 

0274 I i 



CIRCUIT DESCRIPTION 
MODEL 180 

FIGURE 9. Overall Block Diagram. 
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SECTION 5. CIRCUIT DESCRIPTION 

5-1. GENERAL. The Model 180 is a sensitive accurate 
nanovolemeter with both analog and digital output 
capability. The circ”it design includes a low-noise 
semiconductor modulator voltage amplifier, automatic 
ranging. Complete A-eo-D co*verter and digit.31 Lib- 
play, optional digital output, and isolating amplifier. 

5-2. ANALOG SECTION. 

a. Theme. The analog section includes a sensitive 
voltage amplifier, aueorange switches, and a” iso- 
lating output amplifier as show, in Figure 9. The “olt- 
age amplifier has a two-volt output corresponding to 
full-scale inputs of 100 pv to 1000 In”. me autarsng- 
ing circuit sense.7 the output Of the A/D converter in 
order to range up or down to the desired full-scale 
sensitivity. The iso1aring amplifier pco”ides isola- 
tion between input low and output low greater than lo9 
ohms (lOlo ohms at ZS’C, 50% it”) and reduces the effects 

of transients due to output moniroring equipment (spikes, 
etc. which would otherwise feed back to the source through 
cOmmO” 10” connections). 

b. Circuitrx. 

1. Voltage Amplifier. The voltage amplifier con- 
sists of a line-frequency filter, input modulator, 
ma-stage ac amplifier, demodulator, and OUtpUt dc 
amplifier. 

a). Line-Frequency Filter (K-278). This filter 
provides up to 60 dB filtering of line frequencies. 
The circuit is a “twin-tee” filter composed of 
capacitors ClOOl, c1002, and C1003, resistors R1007, 
R1008,R1009,R1010. Potentiometer R1009 is an inter- 
nal line-frequency rejection adjustment. 

12 
I RI008 

For 100 Ill” an* 1000 rn” ranges. 

G* (gain) - (R1035 + u0391: 1 
R1035 x x c, 

FIGURE 10. LFne-freque~ncy Filter. 



CIRCUIT DESCR*PTION MODEL 180 

CL 
“AN OR 

R701 
I771 

-TF!!f! 

J‘ 

R713 

R705 u735 70 
TO 'L 

R709 
R70.3 

6 6 f? I7717 R7M 

2). The second-stage ac amplifier is composed 
of PET Q701 and integrated circuit Q.4701 (PC-282). 
me gain for this stage is determined by resistors 
R703 and R713 plus R735 where 

gain = R703 + R713 + R735 
R703 

3). the open-loop ac gain is set by a resistor 
divider for each range. me divider consists of 
resistor X701 and resistors It705 through R709. 
Transistors Q702 through 9706 act as switches 
corresponding to ranges 100 pV through 1 V re- 
spectively. For example, the divider ratio for 
the 1 " range would be (R709 + R701)/K709. Capacitor 
C719 is a phase-adjustment internal control. 

4). me output Of the second-stage is connected 
to a pair of X2 amplifiers to provide two outputs 
1800 out-of-phase. A non-inverting stage is con- 
posed of integrated circuit QA703 and resistors 
R717 and R718, where 

d). Demodulator. me demodulator is composed of 
FET switches Q707 and Q708. me demod"lator drive is 
obtained from PC-273. This synchronously fullwave 
rectifies the ac from the ac amplifiers by ground- 
ing the junction of R721 and R725, allowing the 
signal from QA702 to be presented co the dc 
amplifier, or grounding the ,unction of R720 and 
R724, allowing the signal from QA703 to be pre- 
sented. 

e). DC Amplifier. The first-stage dc amplifier 
is composed of integrated circuit QA704. Gain is 
determined by resistors R720, R721, R724, R725, 
and R728 where, 

Cain (in". input) = R728 
(R720 + R724jllR725 

Cain (noninv. input)= (K721 +R~~~5),,R724 . 

The second-stage dc amplifier is composed of inte- 
grated circuit QA705 and complemeneary transistors 
Q710 and Q711. Gain is determined by resistors 
R729 and R730 where, 

gain = I(717 + K718 = 2 
x717 Cain = R730/R729 

An invereing stage is composed of integrated cir- 
wit QA702 and resistors R716 and R719, where 
gain = -R719/R716 = -2. 

Potentiometer R726 is an input voltage-offset ad- 
justmmt for the dc amplifieer stage. C716 and 
C718 are integrating capacitors. Transistor Q709 
and relay a05 conneces C718 on 100 II" range. 

‘y” 

Lx7 r-. \P, 

Ill l-u 
ix’ 

CHOPPER DRIVE 
Lll Lll 

FIGURE 14. Chopper and Switching Circuits. 
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con&ted between the input to t\,e modulator and 
the dc output using range resistors RI026 through 
R1034 located on PC-279. Relays K801 through K806 
connect the feedback network corresponding to the 
range selected either manually or by the autorang- 
iog circuit. Potentiometers R1024 through RI033 
are gain accuracy ad,ustments for each range. 

4). Chopper Drive. A 12.5 kHz signal from the iso- 
lator circuitry drives a voltage level era”slaLor 
QA601 to provide square waves referenced to input 
low. Integrated circuit QA602 is a divider module 

m F& V;E 
RESISTORS 

FIGURE 15. Zero suppression c*=‘Cuit 

K557 
R556 

Q509 Q514 
T503 

C528 
R549 R552 -- 

%kLg 
%,i$l VA505 

R550 
4513 Q515 

I.502 

4 

CHOPPER I 
BUFFER 

DRIVE 

FIGURE 16. Isolaeor circuit. 
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3. Autoranging. The autoranging circuit permits 
manual, automatic, or auto-remote operation through 
the use of various logic and control circuits. The 
overall block diagram of the autoranging circuit is 
s11own in Figure 17. 

a ) “p-Ranging Logic. This circuit is composed 
of intecrated circuit QA904A (NOR Gate). A truth 

b). Down-Ranging Logic. This circuit is composed 
of integrated circuits QA905A (NAND Gate), QA905U 
(NAN0 Gate), and QA904ii (NOR Gate). A truth table 
for the Down-Ranging Logic is given in Table 5-2. 

TABLI! 5-2. 
'L-UC,, i'ablc - "mm-Ranging Logic 

c ). “own-Ranging Gate. This gaee 
integrated circuits QA906B (Inserter 
(NAM Gate). A trueh table for the 
Gate is given in Table 5-3. 

TAL3I.E s-3. 

INPUTS 
Qh90611 QA9038 
Pi" 11 Pi" 10 

0 0 
0 1 
1 0 
1 1 

is composed of 
.) and QA9038 
Down-Ranging 

Truth Table - Down Kanging Gate 

d). Up-Ranging Gate. This gare is composed of 
integrated circuit QA903A (NAND Gate). A true11 
table for this gate is given in 'Cable 5-4. 

Truth Table - Up Ranging Gare 

INPUTS OUTPUT 
QA903A QA903A QA903A 
Pin 12 Pin 13 i'in 11 

0 0 1 
0 1 1 
1 0 1 
1 1 0 

integrated circuit module (QA901) has four inputs 
designated Pg, PI, P2, and P3 which can be used 
for remote range selection. A truth table for 
these inputs are given in Table 2-8. me Counter 
is eriggered by either of two inputs when auto- 
ranging, namely, "UP COUNT" and "0OwN cOmT'a. 

‘TAIILI: 5-5. 
Truth ‘Table - Range counter 

2 

f). Range Decoder. me UC0 outputs from the 
Range Counter are decoded by integrated circuit 
module QA902. A simplified truth table for Range 
Decoder is shown in Table 5-6. 

TABLI? 5-6. 
Truth Table - Range Decoder 

- 

[ 

INPUTS ““TPUT+ 
Pin 6) (Pin 3) (Pin 7) Logical Input "1" (high) 

I 
1 1 0 
0 0 1 I 

100 1" (Pi" 9) 
1 In" (Pin 13) 

10 In" (Pin 14) 
100 m" (Pi" II) 

1000 mv (Pin 10) 
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g). Ranging Limit Logic. This circuit is composed 
of inteerated circuit oA904c (NOR Gate). A truth 
table f;;, this gate is.Si"en in Table 5-7. The 
t"o input.5 are derive< from the Range Decoder out- 
puts. The LIMIT Switch 51204 can be set to any one 
of three ranges, namely, 10 lx", 1 nl", and 100 IL". 
The effect of the LIMT logic is ko set the lower 
range when in the AmO-REMoTE mode. 

TABLE 5-7. 
Truth Table - hanging Limit Logic 

INPUTS OuTmT 
Pi" 5 Pi" 6 Pi" 4 

I 
0 0 1 
0 1 0 
1 0 0 
1 1 II 

h). Limit Gate. This circuit is composed of Fn- 
teEraced circuit ~~903~ (NAND care). A truth table 
for this gate is given in Table 5-8. 

TABLE 5-8. 
Truth Table - Limit Gate 

i). Range Changinp Logic. This circuit is corn- 
posed of integrated circuits qA906A (Inverter) am 
QA903C (NAND fate). A truth table for the Range 
Changing Logic is given in Table 5-9. 

TABLE 5-9. 
Truth Table - Lange Changing Logic 

INPUTS OUTPUT 
qA906A q.4903c q*903c 

(Pi” 12) (Pi" 4) (Pin 6) 

0 0 0 
0 1 0 
1 0 1 
1 1 0 

j). Decimal PoFnt Lop;ic. This circuit is composed 
of integrated circuits (all NAND Gates) QA908A, 8, 
C, and D. A truth cable for the Decimal Point 
Logic is given in Table 5-10. 

I : ” ; : : I DP2 0l”“d.j DP1 (ThouS ) 

0 - - Cl - DP3 (Tens) I 
_ _ _ - 0 DP4 (Units) 

1 

k). relays. Each relay has 0.m sets of contacts. 
one set used to connect the proper feedback resist- 
or. A second see is used to set the open-loop ac 
gain. 
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5-3. DIGITAL SECTION. 

8. General. The digital section includes the ana- 
log-to-digital converter, digital display, and digital 
output option as shown in Figure 18. 

3. The A-to-D Converter is composed of s*x major 
circuits 85 follows. See Figure 18 for a block 
diagrem. 

a). Clock (loc*ted on PC-300) 

b. Analog-to-Digital Converter. The analog-to- 
digital converter uses a dual-slope integration tech- 
nique which has inherent line-frequency noise rejec- 

b). SC0 Counter (located on PC-299) 

cl. Program/Decoder (located o” PC-299) 

1. Conversion Cycle. The analog signal is applied 
f” the Integrator for a total of 200 milliseconds 
which is a” eve” multiple of the line frequency. AC 
the end of this interval the a”al”g signal is removed 
and the integrator voltage is drive” t” zer”. The 
time interval to reach a “Zero Crossing” is counted 
to complete the analog-to-digital conversion. The 
“Discharge” period is 200 milliseconds for a full- 
scale input as shown in Timing Diagram of Figure 7~. 
The Ineegracor is zeroed for a minimum of 100 milli- 
seconds before the sampling is repeated. The tot81 
conversion time is 500 milliseconds which corresponds 
to approximately WO co”“ersio”s per second. 

2. Timing sequence. The operation of the A-LO-D 
Converter can be described by considering a typical 
co”“ersio” cycle. 

b). The BCD Counter serves as a master riming 
control for the A-to-D conversion cycle. The 
timing is accomplished by the “1000” c”u”eee which 
has five coded smces, namely 0, 1, 2, 3, and 4. 

c). The Program/Decoder c”“tr”ls the sequence of 
commends based on the coded states from the SCD 
counter. The “2” connnand initiates the integrat”~ 
“ZERO” period which rem”ves any residual charge O” 
the integrator ca’,acitor. The “3,4” command initi- 
aces the “INTEGRATE” period during which “analog 
sampling” occurs. At the end of the “INTEGRATE” 
period the “O,l” command initiates the “CODNT” 
period, 

d). When the “3,4” conmmnd is give”, the inte- 
grator samples the analog signal for a period of 
167 milliseconds. 

e). When ehe “0,l” corrrmand is give”, the analog 
signal is removed and the integrator is drive” to 
zero by a discharge current saurce. The Zero- 
Crossing Defector senses a zero-crossing of the 
Integrator outpue and re,noves the current saurce. 
A “Buffer/Score” pulse is generated Co control the 
Buffer Storage Registers. 

f). When the “Buffer/Store” commend is give”, 
the Buffer/Storage Register copies the SCD informa- 
tion from the BCD C”u”eer. 

g). The conversion cycle is completed after the 
“2” period (i.e., the Zeroing Period). 

d). Integrator (located on PC-301) 

e). Zero-Crossing Detector (located a” K-30,) 

I). Buffer/Storage Register (located on PC-299) 

4. Circuitry. 

a). Clock. An oscillator composed of integrated 
circuits QA401A, 8, C provides clock pulses at a 
rate of 100 kHz. A crystal osc‘llacor Y401 deter- 
mines the frequency of operation. 

b). 8CD Counter. The Decade Counters designated 
“I”, “lo”, “100”. and “1000 are composed of indi- 
vidual integr. -ed circvic modules @217, QA214. 
Q.4211, and QAZOS respec~lvely. All four counters 
hsve * capacity of LO-counts each. 

c). Pr”gram/Decoder. This circulc produces event 
commands co control the overall sequence for the 
conversion cycle. The Program/Decoder consists of 
a 5-state counter (QA207) and logic circuits Qh 
2030, qA205D, E, and F. The eYe”t c0mnands BT.2 
defined asa 01, 2, 34. 

d). Integrator. The operation of the Integrator 
is controlled by switches identified as SA, SD, 
Sx, and SS as shown in Figure 19. Switch SI 
(Sampling Switch) is composed of 9302. %itc\\ SD 
(Zeroing Switch) is composed of transistors 4305 
and Q315. Transistors Q306, Q307 are control cir- 
cuits arranged to control the proper FET switches 
depending on the event commands. The integrator 
amplifier c”“sisCs of two stages: gain of 20 end 
gain of 50. They are QUO’2 and Q.4303. The inre- 
grater capacitor is C312 (.l ofd). Switches 9308 
and Q310 control the discharge current period. 
The feedback rezeroing of the Integrator c‘rcuit 
is performed by FET Q315 (Switch SD). Resistor 
R351 and capacitor C317 provide filtering 111 the 
feedback loop. Diodes 0312 and 0313 provide fast 
response for large input offsets (expecielly due 
to input overlaads). 

e). Zero-Crossing Detector. The level derector 
is composed of QA304. IL is biased -3 volts E” 
insure noise imunity. IC5 output provides two 
levels which selects the proper reference for dls- 
charge period and also produces a zer” crossing 
pulse. 

f). L3uffer/Storage Register. The “L”, “10”. 
“lOO”, end “1000” storage registers are composed 
of individual i”.tegrated circuits QA218, QA215, 
QA212, and QA209 respectively. 
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C. Digital Display. The display is composed of 
four numerical readout tubes plus an overrange indics- 
to=. The Decoder/Driver circuits decode the BCD in- 
formation from the Storage Register into ten-line 
decimal code. A separate driver circuit controls the 
"Overrange 1" whenever the full range exceeds 9-9-9-9. 

1. Numerical Readouts. The four numerical readouts 
V204, "203, V202, and V201 are driven by Decoder/ 
Driver modules QA219, QA216, QA213, end QA210 respec- 
tively. Blanking of the numerical readouts occurs 
whenever the display exceeds l-9-9-9-9. The Blanking 
circuit is composed of transistors Q204, Q205, and 
Q206. Transiseor 9205 drives the base of Q204 to 
provide +I70 "olts for the readout tubes during 
normal operation. When an overload occus transistor 
Q206 is driven "ON" which in turn reduces the +170- 
volt output, thus blanking the readout cubes. 

2. Polarity Indication. This circuit is composed 
of integrated circuit QA205A, transistors Q202 and 
Q203, and polariey indicator module DS202. Integrated 
circuit Q.42028 Fs the Polariey Storage Register. 

3. Overrange Indication. This circuit is composed 
of integrated circuits QA201.4 and QA202A, transistor 
Q201, and indicator DS201. QAZOZA is the Overload 
Storage Register. 

4. Display Rate. The Display Rate circuit (located 
on PC-300) is a variable display-rate circuit (tran- 
sistors Q401, Q402, integrated circuies QA402A, 8, 
and C, and integrated circuie QAltOlD). Provision is 
made for "TRIGGER" and "HOLD 2" external controls 
when used with the Digital Output Option. 

d. Digital Output Option. The digital output in- 
cludes output buffers for all output information. The 
buffers utilize "Open Collector" output transistors as 
show" in Figure 8. The buffer stages have provision 
for optional "STROBE" control es shown in Figure 18. 

1. Buffer Stage. Each buffer is composed of a 
Motorola type MC858P NAND Gate (four gates per cir- 
cuit module). The "NAND" logic for this type of 
circuit is shown in Table 5-11. 

TABLE 5-11. 
Positive "NAND" Logic 

Input 1 Input 2 Output 

LOW LO" Hieh 

I 

LOW 
High 
High 

High 

I 

High 
LOW High 
High Low 

I 

2. "STROBE" Circuit. A typical "STROBE" circuit 
consists of an inverter stage (Keiehley I&32), a 
10 kilohm pull-up resistor (Reithley R76-IO), and a 
blocking diode (Keitbley W-39). The strobe enables 
the "NAND" gate so that the buffered outputs can be 
monitored. 

3. "HOLD" Circuit. This circuit inhibits the 
"FP" pulse when the "OLD is grounded. Inverters QA 
102 A,B are buffer stages. Diode D102 is a procec- 
tion diode to block voltages higher than c5V. 
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4. "FLAG" Circuit. The flag period corresponds 
to the 0,1 period except during range changing. QA 
EC is a "NOR" gate with inputscorresponding to 
0,l and Range Changing. The FLAG output is obtair A 
by inverting theLAG (QA106A is the inverter sti 
Both FLAG and FLAG buffer stages will conduct when 
the "FLAG" strobe is grounded. 

5. "COUNT" Circuit. Integrated circuit QA103B is 
a "NOR" gate with "STORE" and "mr inputs. The 
"COUNT" period is logic "0" when both inputs are high. 

6. "POLARITY" Circuit. Integrated circuit QAlOlB 
is a flip-flop which is triggered by a "PP" pulse. 
A "high" at pin 10 corresponds to a "+" polarity. 
Integrated circuit QAlO4B is the polarity buffer. 
The polarity output buffer conducts when the "OVER- 
LOAD" strobe is grounded. 

7. "OVERLOAD" Circuit. Integrated circuir QAlO4A 
is the overload buffer stage which conducts when the 
"OVERLOAD" strobe is grounded. 

8. "TRIGGER LEVEL" Circuit. Not used. 

9. "FUNCTION" Circuit. The "FUNCTION" outputs 
are logical "1" for corresponding inputs as shown in 
Table 5-12. The function buffer conducts when the 
"FUNCTION" strobe is grounded. 

TABLE 5-12. 
Truth Table-Function Outputs 

Rl R2 Fl F2 F3 Indication 
1 I I 

0 1 1 0 0 Ill” 
1 0 0 1 0 PV 

I 

10. "DECIMAL POINT" Circuit. This circuit con- 
sists of four output buffer stages corresponding 
to decimal positions DP-1, DP-2, DP-3, and DP-4. 
Integrated circuits QAlll A,B,C, and D are "NAND" 
gates which will conduce when the "DECIMAL POINT" 
strobe is grounded. Invereers QA.110, B,C,D, and E 
are used to invert ehe decimal point logic from the 
range circuitry. 

11. "DATA" Buffer Circuits. The data output 
buffers consist of integrated circuits QA112 (A,R,C, 
D), QA113 (A,B,C,D), QA114 (A,B,C,D), and QAll5 (A, 
B,C,D). Each set of BCD deta can be monitored sep- 
arately or in parallel by grounding the respective 
strobe designated Data i/l, Data 112, Date 113, or 
Data 04. 

12. "OVERRANGE 1" Circuit. Integrated circuit 
QAlO4C is a "NAND" gate which conducts when rhe 
"OVERLOAD" strobe is grounded. 

13. "HOLD ill" Circuit. Not used 

14. "BOLD 112" Circuit. This input is biased 
"high" through resiseor R118. Diode 0107 is a pro- 
tection diode used to block voltages higher than t5". 

15. "RANGE CHANGING" Circuit. Integrafed circriii 
QAlO5B is a “NAND” gate which conducts whenever the 
range changing input is high. 

24 1172 



CIRCUIT DESCRIPTION 

FIGURE 18. A-to-D converter I)LOCh “lagram. 
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5-4. POWEK SUPPLY SECTION. The power supply circuitry 
consists Of supplies referenced to output low and in- 
p”t low (isolated). 

a. Non-Isolated supply (PC-272). This supply pro- 
vides main power for the instrument. Transformer T 
1101 provides isolation between output law and chassis 
greater than 106 ohms shunted by less than microfarads. 

1. Regulated +5,O”. Diodes “1101 and D1102 provide 
full-wave rectification from a center-tapped winding 
(aw, CRN,yICL, GRN). Integrated circuit QA1102 is 
a regulator which supplies +5.0 volts at 1 ampere 
approx. 

2. Regulated cl5V. Diodes Dl103 and 01104 provide 
full-wave rectification from a center-tapped winding 
(RED, REDJWHT, RED). Transistor QllOZ is the series 
pass regulating element. Integrated circuit QAllOl 
is a regulator. Potentiometer RI110 is an internal 
voltage adjustment for the +15 volt output only. 

3. Regulated -15”. Diodes 01107 and D1108 provide 
full-wave rectification for the -15V supply. Trans- 
istor Q1107 is the series-pass regulating element. 
‘rransistors QllOl and Q1102 form a differential 
pair which is referenced between resistors Xl115 
and RI116 (+I5 and -15 “olt outputs). 

4. t15" ((3400 m4). Diodes Dllll through Dlll4 
provide full-wave rectification from a single trans- 
former winding (NW, ORN). Transistor QllOS pro- 
vides series regulation for the +15 volts output. 
This supply provides power for the isolating ampli- 
fier circuitry. 

5. +17v. Diode ~1110 provides a half-wave recti- 
fied voltage of approximately +17 volts. This 
supply provides power for the range relay circuitry. 

6. +21ov. Diode 01109 provides a half-wave 
rectified voltage of approximately +21ov. This 
supply provides power for the digital display 
circuitry. 

b. isolated Supply. The isolated supply provides 
regulated +I5 volts for the voltage amplifier section 
as well as the square-wave drive for the isolating 
amplifier chopper. 

1. Chopper Drive (12.5 kHz). This drive is ob- 
mined by dividing down the “CLOCK” signal from the 
A-to-D converter section. Integrated circuits QA 
501 and QA502 divide down the 100 Wz (CLOCK) frr- 
VencY to 12.5 kHz (CLOCK f 8). Transistors 9501, 
9502, Q503, Q505, Q506, and Q507 form the inverter 
stage. Main power for the inverter stage is pro- 
vided by the i-15” (cd400 mA) supply and power switch- 
ing transistors Q503 and Q507. The square-wave drive 
far the isolating amplifier is provided by transistors 
Q502 and Q506. Transformer T501 provides isolation 
between input low and output low. 

2. Transformer T502 provides power for the isolated 
115 volt supplies, Diodes D501 and D502 provide 
full-wave rectification from a center-tapped winding. 
Transistor Q514 is the series-pass regulating element. 
Integrated circuit QA503 is a regulaeor module. 
Potentiometer R523 is an internal voltage adjustment 
for the +15 volt output only. Diodes 0503 and D504 
provide full-wave rectification for the -15 volt 
supply. Transistor Q508 is the series-pass reguls*.- 
ing element. Integrated circuit QA504 is a regu: r 
module. Potentiometer K527 is an internal voltag* 
adjustment for the -15 volt oufp~t only. Capacirors 
C509 and C517 are internal tuning adjustments. 

3. Electronic Filter (R-273). Transistors 4606 
through Q609 form an electronic filter for the 215 
volt supplies. 

FIGURE 19. Integrator Block Diagram. 
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SECTION 6. REPLACEABLE PARTS 

6-1. REPLACEABLli PARTS LIST: This section cantains curer's Part Number, and the Keithlev PBrt ::c7:><.:. 
a list of components used in this instrument for user 
reference. ‘rhe Replaceable Parts List described the 

Also included is a Figure Reference i:mber s;ier,. 
applicable. The ~omplece name and addrea- o: 

individual parts giving Circuit Designation, Descrip- Manufacturer IS L>sted in the CODE-TO-&WE L’:? I. LL 
tion, Suggested Manufacturer (Code Number), Manufac- following the parts List. 

TABLE 6-I. 
Abbreviations and Symbols 

A ampere F farad il ohm 
Fig Fi,g”W 

Cb”*r Carbon Variable P pica (io-‘z) 
Certl Ceramic Disc CCb Glass enclosed Carbon PC Printed Circuit 
term Ceramic Tubular Poly Poi:~seyrene 
Cer Trimer Ceramic Trimmer k kilo (103) 
C0l”p Composition Ref. Reference 

P micro (10-6) 
DCb Deposited Carbon TC” 
Desig. De.signation Pi leg (106) 

Tinner CoppcrveId 

EAL 
ET8 
ETT 

Mfr. M*““f*Ct”rer v volt 
Electrolytic, Aluminum MCF Metal Fill” 
Electrolytic, Tubular MY bfyl*r k’ WBCC 
Electrolytic, Tantalum w u i rewound 

No. Number WV* r Wirewound “ariabie 

6-2. EI.ECTRICAL SCHEMATICS AND DIAGKhMS. SChe”l*tiC5 
and diagrams are included to describe the electrical 
circuits as discussed in Section 5. Table 6-2 idenri- 
fies all schematic part numbers included. b. When ordering carts. include the follovinv in- 

formation. 

6-3. HOW TO “SE THE REPLACEABLE PARTS LIST. This 
Parts List is arranged such that the individual types 
of components ate listed in alphabetical order. Main 
Chassis parts are listed followed by printed circuit 
boards and other subassemblies. 

1. Instrument Model Number 
2. Instrument seris, Number 
3. P*rt Dexription 
4. Schemstic circuit oesign*eion 
5. Keithley Pert Number 

6-4. HOW TO OKDER PARTS. 

8. Re,,laceable parts may be ordered through the 

c. All parts listed are maintained in Keithiey 
Spare Parts Stock. Any part not listed can be made 
avsilsble upon request. Parts identified by the 
Keithley Manufacturing Code Number 80164 should be 
ordered directly from Keithley Instruments, inc. 

TABLE 6-2. 
Schematic Diagrams 

Description Assembly NO. Schematic X0. 

Mother Board 
Power supply 
Filter - AC Amplifier 
AC Amplifier (2nd) 
mopper hiYe 
Isolator Board 
Rmging Board 
Relay Board 
Clock Board 

PC-271 25548E 
PC-272 2F054” 
PC-278, PC-279 24543D 
PC-282 251110 
PC-273 251120 

Integrator Board 
Tube Board 
Digital Output (1802) 

PC-301 250170 
PC-299 248730 
PC-275 248660 
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series Description Circuit Designation Page No. 

TABLE 6-4. 
Mechanical ParCs List 

Ifem No. Lkscriptian Qty. Per Assembly Keithley Part No. Figure NO. 

1 
2 

2 
5 
6 
7 
8 
9 

10 
1 I 

12 
13 

14 
15 

16 
17 
18 
19 
20 

21 
22 

Chassis Assembly 
Front Panel Assembly 

Front Panel 
screw, Slotted, 6-32 x 3/8 

Rear Front Panel Panel Overlay 
Side Extr"sFan Left 
Side Extrusion Right 
corner Bracket 
Screw, Phillips, 6-32 x l/2 
Screw, Phillips, 6-32 x 112 
Clip for Side Dress 
Side Dress Panel 

Top cover Assembly 
Top cover 
Screw, Phillips, 6-32 x 5/16 

Bottom cover Assembly 
Bottom cover 
Screw, Phillips, 6-32 x 5/16 
Feet Assembly 

Feet 
Ball 
Tilt Bail 
Screw, Phillips, 6-32 
Kep Nut, 6-32 

Rack Hardware 
Angle Bracket 
Screw, Phillips, 6-32 x 518 

36 

1 245800 
4 

1 1 2438X 243830 
1 24874C 
1 24874C 
2 24736B 
4 
4 
2 FA-101 
2 24360B 

1 24381C 
4 

243790 
1 24382C 
4 

4 24322B 
4 FE-6 
1 14704B 
4 
4 

2 247838 
4 

37 

28 
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FIGURE 20. Chassis Assembly - Exploded View. 

‘b 
FIGURE 21. Bottom Cover Assembly. 
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Fig 
Ref. 

35 
35 

Fig. 
Ref. 

MODEL 1802 DIGITAL OUTPUT "100" SERIES (R-275) 

CAPACITORS 

Mfr. Mfr. Keithley 
Rating Type Code twsig. Part NO. 

20 " ETT 17554 TDZ-20-106-20 C179-10M 
600 " Ce*0 72982 871-z5u0-10% C22-.OlM 

DIODES 

Mfr. Mfr. Keithley 
Code oesig. Part No. 

DlOl 
D102 
0103 
0104 
D105 

Germanium 15238 
Germanuim 15238 
Germanium 15238 
Germanim 15238 
GellM"iL!JD 15238 

D106 Silica* 01295 
0107 Germanium 15238 
0108 Germanium 15238 
0109 Germanium 15238 
DllO Ge*Ul.%"i"Dl 15238 
Dill Germanium 15238 
D112 SiliWXl 01295 
i-J113 Silicon 01295 
D114 Germanium 15238 

INTEGRATED CIRCUITS 

QA101 Dual Flip-Flop, 14-pin DIP 
QA102 Hex 1nverrer OTL, 14-pin DIP 
Qb.103 POSitiYe NOR Gate, 14-pin DIP 
QA104 Quad NAND Gate, 14-pin DIP 
QA105 Quad NAND Gate, 14-pin DIP 

01295 
04713 
01295 
04713 
04713 

4.4106 Hex hve*te* OTL, 14-pin DIP 04713 
QUO7 Positi"e NAND Gates, 14-pin DIP 01295 
Q.4108 POSitiYe NAM) Gates, 14-pin DIP 01295 
QA109 Quad NAND Gaze, 14-pin DIP 04713 
QAllO Hex 1nvereer DTL, 14-pin DIP 04713 

QAlll Quad NAND Gate, 14-p<,, DIP 
4‘4112 Quad NAND Gate, 14-pin DIP 
QA113 Quad NAND Gate, 14-pin DIP 
QA114 Quad NAND Gate, 14-pin DIP 
4.4115 Quad NAND Gate, :4-pin DIP 

04713 
04713 
04713 
04713 
04713 

JlOl 
5102 
5103 
5104 
.I105 
5106 
5107 
J108 
~108 

Connector, lo-pin 
Connector, lo-pi" 
Connector, lo-pin 
Connector, lo-pi" 
Not Used 
Connector, lo-pin 
Connector, 5-pin 
Receptacle, 50-pin 
Connector, 50-pin, Mate of 5108 
connector, Mini, Female, 

Insert in CS-237 & CS-251 
JlXOpWI 

22526 
22526 
22526 
22526 
___ 

22526 
22526 
02660 
02660 

lN3592 
lN3592 
lN3592 
lN3592 

RF-39 36 
RF-39 35 
RF-39 36 
RF-39 36 
RF-39 35 

RF-28 36 
RF-39 36 
RF-39 35 
RF-39 35 
RF-39 35 
RF-39 35 
RF-28 35 
RF-2R 35 
RF-39 36 

IC-31 36 
IC-81 35 
IC-32 35 
K-52 36 
IC-52 36 

IC-80 36 
IC-48 36 
K-48 36 
IC-52 36 
IC-80 35 

IC-52 
IC-52 
IC-52 
K-52 
n-52 

35 
35 
35 
35 
35 

CS-237 36 
CS-237 35 
CS-237 35 
CS-237 35 

lN33592 

IN914 
lN3592 
IN3592 
lN3592 
IN3592 
lN3592 
lN914 
lN914 
lN3592 

SN7474N 
MC835P 
SN7402N 
MC858P 
MC858P 

MC836P 
SN7420N 
SN7420N 
MC858P 
MC838P 

MC858P 
MC858P 
MC858P 
MC858P 
MC858P 

65039-039 
65039-039 
65030-039 
65039-039 

65039-039 CS-237 
65039440 CS-251 
5740500 cs-221 
5730500 cs-220 

22526 47439 CS-236 
ANSLEY-WEST .lOOFSZ-D-16 5-4 

36 
36 

QlOl Transistor, Silicon, NPN, Case TO-106 07263 2135134 TG-65 36 
QlO2 Transistor, Silica", NPN, Case TO-106 07263 2N5134 W-65 36 
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RlOl 
R102 
R103 
R104 
R105 

R106 
R107 
R108 
R109 
It110 

Rlll 
RI12 
RI13 
R114 
R115 

RI16 
RI17 
It118 
R119 
R120 

RI21 
RI22 
R123 
R124 
RI25 

10 k0 

10 kn 
220 12 

270 n 
10 !& 

10 !a 
10 m 
10 !a 
10 !a 
10 k* 

10 kc7 
10 kn 
10 k.G 
10 kn 
10 kn 

10 !&I 
2.2 kn 
10 kci 
10 kn 
10 !a 

10 kn 
10 kn 
4.7 k* 
220 n 
2.2 k* 

10%. 1/4w 

lO%, 1/4w 

lO%, 1/4w 

10%. 1/4w 
10%. 114w 

10%. 1/4w ~. 
10%. 1/4w 
lO%, 1/4w 
10%. 1/4w 
lO%, 1/4w 

10%. 1/4w 
10%. 1/4w 
10%. 1/4w 
10%. 1/4w 
lO%, 1/4w 

10%. 114w 
10%. 1/4w 
10x, 1/4w 
lO%, 1/4w 
10%. 1/4w 

lO%, 1/4w 
10x, 1/4w 
10%. 1/4w 
lO%, 1/4w 
lO%, 1/4w 

camp 44655 
Camp 44655 
Camp 44655 
Camp 44655 
Comp 44655 

44655 
44655 
44655 
44655 
44655 

44655 
44655 
44655 
44655 
44655 

44655 
44655 
44655 
44655 
44655 

44655 
44655 
44655 
44655 
44655 

CB103-10% 
CBlO3-10% 
CB103-10% 
CBlO,-10% 
CB221-10% 

CB103-10% 
cB103-10% 
CB103-10% 
CB103-10% 
CB103-10% 

CB103-10% 
CB103-10% 
CB103-10% 
CB103-10% 
CB103-10% 

CB103-10% 
CB222-10% 
CB103-10% 
CB103-10% 
cLu03-10% 

CB103-10% 
CB103-10% 
C8472-10% 
CB221-10% 
CB222-10% 

R76-10K 35 
~76-270 36 
R7b-10R 36 
R76-10K 35 
R76-220 16 

R76-10R ~36 
R76-10K $6 
R76-10K 16 
R76-IOK 3 6 
R76-10R 36 

R76-IOK 36 
R76-10K 36 
R76-10K 36 
R76-1OK 36 
R76-10K 36 

R76-1OK 35 
R76-2.2K ._ 
R76-10K 36 
R76-10K 35 
R76-10K 35 

R76-10K 35 
R76-10K 35 
R76-4.7K 35 
R76-220 35 
R76-2.2K 35 
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TUBE BOARD. "200" SERIES (K-299) 

CAPACITORS 

Circuit Mr. Mfr. Keithley Fig. 
Desig. Value Rating Type Code JJesi?,. Part NO. Ref. 

C201 .Ol “F 
C202 .Ol PF 
C203 .Ol vF 
c204 .Ol "F 
C205 .Ol UF 

C206 .Ol pF 
C207 .Ol uF 
C208 .Ol pF 
C209 .Ol !JF 
Cl10 .Ol LlF 

c211 .Ol !JF 
cz12 .Ol I!? 
c213 .Ol VF 
c214 .Ol UF 
c215 .Ol pF 

C216 .Ol PI 
c217 .Ol UF 

500 ” cem 56289 
500 v Ceri? 56289 
500 ” CerD 56289 
500 ” CerD 56289 
500 v CexD 56289 

500 ” 
500 ” 
500 " 
500 " 
500 v 

500 " 
500 " 
500 " 
500 v 
500 v 

500 " 
500 " 

C218 .Ol ;F 500 v 
c219 .Ol p 500 " 
C220 .0022~ 500 v 

c221 100 pF 1000 v 
c222 10 P 20 ” 

CerD 56289 
cerLl 56289 
CerD 56289 
CerD 56289 
CerD 56289 

56289 
56289 

CerD 
cem 
cerll 

CerD 
CerD 
Ceri? 
CerD 
Cm-!2 

CerD 
ETT 

56289 
56289 
56289 

56289 
56289 
56289 
56289 
72982 

71590 
17554 

DIODES 

5GAS-SlO C22-.OlM 
5GAS-SlO C22-.OlM 
SGAS-S10 C22-.OlM 
5GAS-SlO C22-.OlM 
Z&AS-S10 C22-.OlM 

SGAS-S10 C22-.OlM 
5GAS-SlO C22-.OlM 
SGAS-SlO C22-.OlM 
SGAS-SlO C22-.OlM 
5GAS-SlO C22-.OlM 

SGAS-S10 C22-.OlM 32 
5GAS-S10 C22-.OlM 32 
SGAS-SlO C22-.OlM 32 
SGAS-SlO C22-.OlM 32 
5GAS-SlO C22-.OlM 32 

SGAS-SlO CZZ-.OlM 32 
SGAS-SlO C22-.OlM 32 
5GAS-SlO C22-.OlM 32 
SGAS-S10 C22-.OlM 32 
831-2,5UO-222M CZZ-.0022M 32 

DDlOl-10% C64-1OOP 32 
TD2-20-106-20 C179-10M 32 

Mfr. tceithley Fig. circuit 
Desig. T e Code Desig. Part NO. Ref. 

32 
32 
32 
32 
32 

32 
32 
32 
32 
32 

D201 Germanium 15238 lN3592 RF-39 32 
D202 GerlllalliUJl 15238 lN3592 RF-39 32 
0203 NOT USED 
0204 NOT USED 
D205 GCXUl.WdULB 15238 IN3592 RF-39 32 

INTEGRATED CIRCUITS 

CilX"*t Mfr. Mfr. Keithley Fig. 
Desig. Type Code wsig. Part NO. Ref. 

QA201 Dual Flip-Flop, 14-pin DIP 
QA202 Dual Flip-Flop, 14-pin DIP 
QA203 PosiCiVe NOR Gates, 14-pin DIP 
QA204 Positive NAND Gates, 14-pin DIP 
QA205 Hex mverters TTL, 14-pin DIP 

QA206 Hex InYerferS TTL, 14-pin DIP 
QA207 5-Bit Shift Register, 16-pin DIP 
QA208 Decade counters, 14-pin D*P 
QA209 Bistahle Latches, 16-pin DIP 
QA210 Decoder/Driver, 16-pin DIP 

Q&.211 Decade counters, 14-p<* DIP 
QAZ12 Bistahle Latches, 16-pin DIP 
QA213 Decodes/Driver, 16-pin DIP 
QA214 Decade Counters, 14-pin DIP 

32 
32 
32 
32 
32 

01295 SN7404N x-33 32 
01295 SN7496N x-39 32 
01295 SN7490N n-37 32 
01295 SN7475N K-36 32 
01295 SN7441AN x-35 32 

01295 SN7490N K-37 32 
01295 SN7475N *c-36 32 
01295 SN7441AN K-35 32 
01295 SN7490N *c-37 32 

32 1175 



REPLACEABLE PARTS f MODEL 180 

TUBE BOARD (X-299) (continued) 

INTEGRATED CIRCUITS (continued) 

CirCUit 
Deslg. 

QA215 
QA216 
QA217 
QA2 18 
QA219 

Type 

Blseable Latches, 16-pin DIP 
Decoder/Driver, l&pin DIP 
Decade Counters, 14-pin DIP 
Bl8table Latches, 16-pin DIP 
Decoder/Driver, 16-pin DIP 

Mfr. 
Code 

01295 
01295 
01295 
01295 
01295 

INDICATORS 

Mfr. Keichley Fig. 
Des&r. Part NO. Ref. 

SN7475N IC-36 32 
SN7441AN IC-35 32 
SN7490N IC-37 3: 
SN7475N IC-36 32 
SN7441AN K-35 32 

ClX”ft 
Des*& 

v201 
v202 
V203 
V204 
DS201 
DS202 

Mfr. Mfr. Keith& Fig. 
Type Code tIesi*. Part m. Ref. 

Readout Tube 94144 CKL916 W-841 32 
Readout Tube 94144 CU916 U-841 32 
Readout Tube 94144 CK1916 EV-841 32 
Readout Tube 94144 CKl916 Ev-841 32 
Readout Tube. Overrange "1". Neon 74276 A261 PL-42 37 
Polarity Indicator Lmps Assembly 91802 2330 PL-48 32 

RESISTORS 

ClrC”lt 
Deslg. Raring T 

Mfr. Mfr. Keirhley Fig. 
Code Desig Part NO. Ref. 

R201 1 kn 
R202 22 k0 
R203 100 kn 

~204 3.3 kn 10%. l/4 w 
..205 3.3 kn 10x, 114 w 

R206 470 0 
R207 LO kR 
R208 10 kn 
R209 10 ki? 
R210 10 kR 

R211 220 R 
R212 100 kfl 
R213 80.6 kn 
8214 47 k0 
F.215 7.87 kn 
R216 1 kn 
R217 220 n 

10x, l/4 w 
10%. l/4 w 
10%. 1 w 

10%. l/4 w 
l%, 1/l w 
1%. l/2 w 
1%. l/2 w 
l%, 112 w 

lO%, l/4 w 
10%. l/2 " 
1%. l/2 w 
10%. l/4 " 
1%. l/8 w 
10%. l/4 w 
10%. l/4 w 

camp 
COW 
cmp 
COmp 
camp 

01121 CElOZ-10% 
01121 CB223-10% 
01121 
01121 
01121 

cmp 01121 
MtF 07716 
MtF 07716 
MZF 07716 
MO 07716 

circuit 
DesiR. 

Q201 
QZOZ 
Q203 
9204 
9205 
9206 

Type 

Silicon, NPN, TO-5 Case 
Silicon, NPN, TO-5 Case 
Silicon, NPN, TO-5 Case 
Silicon, NPN, TO-39 Case 
Silicon, NPN, TO-39 Case 
Silicon, NPN, TO-39 Case 

01121 
01121 
07716 
01121 
07716 

CBlOL-10% 
CB332-10% 
CB332-10% 

C8471-10% 
CEC-T-O 
CEC-T-O 
CEC-T-O 
CEC-T-O 

CBZZl-10% 
EB104-10% 
CEC-T-O 
C8473-10% 
CEA-T-O 
CBlOZ-102 
CRZZl-10% 

R76-1K 32 
R76-22K 32 
RZ-100K 32 
R76-3.3K 32 
R76-3.3K 32 

R76-470 32 
R94-10K 32 
R94-10K 32 
R94-1OK 32 
R94-1OK 32 

R76-220 32 
Rl-100K 32 
R94-80.6K 32 
R76-47K 32 
Rtm-7.87K 32 
R76-1K 32 
R76-220 32 

Mfr. Mfr. Keithley Fig. 
Code Detdg. Part No. Ref. 

86684 2N3439 K-93 32 
86684 2N3439 TO-93 32 
86684 2N3439 w-93 32 
04713 MM3003 K-58 32 
04713 ME13003 X-58 32 
04713 MM3003 TC-58 32 

33 



MODEL 180 REPLACEABLE PARTS 

INTEGRATOR BOARD, "300" SERIES @C-301) 

CAPACITORS 

circuit 
oesig. Value Rating 

Mfr. Mfr. Keithley 
Code Desip. Parf No. 

Fig. 
Ref. 

C301 
C302 

.05 !lF 

.015 !s 

.15 UP 
Not Used 
Not Used 

50 ” 
50 " 
50 " 
----- 

MPC 
MPC 
MPC 
----- 
--_-- 

---_- 
MPC 
ETT 
ETT 
MPC 

_____ 
POlY 
CZ?rD 
CWD 
-____ 

CeT3 
MPC 
ETT 
_____ 
ETT 

CeIID 
ETT 
CCXD 
___-_ 
ETT 

ETT 
ETT 
CC0 
CerD 
CerD 
&.I3 

625BlA503-J CZOl-.05M 

c303 
c304 
c305 

14752 
14752 
14752 
--__- 

625BlA153-J CZOl-.015M 
625BlA154-J C201-.15M 

34 
34 
34 

Not Used 
.15 UF 
10 MF 
10 IIF 
.15 VP 

Nor Used 
!JF 

i: pF 
.0022 !AF 
Not Used 

33 PF 
1.0 uF 
100 UF 
Not Used 
100 PF 

5 PP 
100 !JF 
5 PF 
Not Used 
10 UF 

100 VF 
10 UF 
.0022 UF 
.Ol pF 
.Ol !lF 
.Ol UF 

___-_ _____ 
----- _____ _ 

_____ 
14752 

__ 

17554 
17554 
14752 

_____ __--- 
625BlA154-J CZOl-.15M 
TDZ-20-106-20 C179-1OM 
TDZ-20-106-20 C179-10M 
625BlA154-5 C201-.15M 

97419 
71590 
56289 

__--- _____ 
PYW-R C142-.lM 
m-470 C64-47P 
loss-D-22 C64-.0022M 
-____ _____ 

34 
34 
34 
34 

_- 
34 
34 
34 

71590 m-330 C64-33P 34 
14752 625BlA105-J CZOl-M 34 
17554 TSD5-15-107-* C205-LOOM 34 

__--- 

50 ” 
20 " 
20 " 
50 " 

_____ 
100 " 
1000 " 
1000 " 
-_-__ 

1000 " 
50 " 
15 v 

C306 
c307 
C308 
c309 
c310 

c311 
C312 
c313 
c314 
c315 

C316 
c317 
C318 
c319 
C320 

_____ 
17554 

71590 
17554 
71590 

_____ _____ 
TSD5-15-107-A CZOS-100M 34 

m-050 C64-5P 
TSD5-15-107-A C205-100M 
m-050 C64-5P 
___-_ __--_ 
TDZ-20-106-20 C179-10M 

34 
34 
34 

17554 3 

17554 TSD5-15-107-A C205-10OM 34 
17554 TDZ-20-106-20 C179-10M 34 
56289 lOSS-022 C64-.0022M 34 
56289 5CAS-SlO C22-.OlM 34 
56289 5GAS-SlO C22-.OlM 34 
56289 SGAS-SlO C22-.OlM 34 

15 v 

1000 " 
15 v 
1000 v 
__--_ 
20 v 

15 " 
20 " 
1000 " 
500 v 
500 " 
500 v 

C321 
C322 
C323 
C324 
C325 

C326 
C327 
C328 
c329 
c330 
c331 

DIODES 

Circuit Fig. 
Desig. Type Code Deslg. Part NO. Ref. 

Mfr. Mfr. Keithley 

D301 
0302 
0303 
0304 
D305 

Not Used _____ ___-_ __ 
Not Used _____ _____ __ 
Silicon, zsner, 9v, l/2 w 04713 lN938 W-6 34 
Silicon, 7.ener, 9". l/2 w 04713 lN938 ix-6 34 
Not Used --_-- _____ _-___ __ 

0306 
D307 
0308 
D309 
D310 

Nat Used -____ _____ ----- __ 
Silicon 01295 lN914 RF-28 34 
Silicon 01295 lN914 RF-28 34 
Not Used ___-- --_-- __--_ __ 
Silicon 01295 lN914 RF-28 34 

D311 
D312 
D313 
0314 

Silicon 
Silicon 
Silicon 

01295 
01295 
01295 

Silcon, Zener, 6.2", 0.4 W 06751 

lN914 RF-28 34 
lN914 RF-28 34 
lN914 RF-28 34 
lN823 0%36 34 

34 0274 



MODEL 180 REPLACEABLE PARTS 

INTEGRATOR BOARD (PC-301) (continued) 

circuir 
oeeig. 

Q.4301 
Q~302 
QA303 
QA304 
QA305 
QA306 
QA307 

Mfr. 
Type Code 

Operational Amplifier, TO-99 Case, 8-pin 12040 
Operational Amplifier, TO-99 Case, 8-PI" 12040 
Operational Amplifier, TO-99 Case, B-pi" 12040 
Voltage camparacor, TO-99 case, e-pin 12040 
POSiCiVe NAND Gates, 14-pin DIP 01295 
POSitiYe NOR Gates, 14-pin DIP 01295 
Hex 1nverters, 14-pin DIP 01295 

RESISTORS 

Mfr. Keithley Fig. 
oesig. Part NO. Ref. 

SL12916 IC-2 34 
X12916 IC-2 34 
X12916 ic-2 3: 
LM311 IC-29 34 
SN7401 *c-47 ,A 
SN7402N TC-32 3$ 
SN7404N IC-33 3‘ 

Value Rating Type 
mr. Mfr. Reithley Fig. 
Code oesig. Part NO. Ref. 

R301 
R302 
R303 
R304 
R305 

R306 
R307 
R308 
R309 
R310 

R311 
R312 

: R313 
R314 
R315 

R.316 
R317 
R318 
R319 
R320 

1 kil 
18 kn 
22 kn 
1 kn 
470 0 

10x, l/4 w 
lO%, l/4 " 
lO%, l/4 w 
10x, l/4 w 
10%. l/4 w 

R321 715 0 1%. l/2 " 
R322 1 kn 0.6 w 
R323 301 n 1X, l/8 W 
R324 10 n .25%, 1/2W 
R325 33.3 kn ,012, 1/4w 

R326 100 
R327 1 kn" 

0.6 w 
0.6 w 

R328 9.1 kn .01x, 1/4w 
R329 9.1 kn .Ol%, 1/4w 
R330 1 k0 0.6 w 

R331 
R332 
R333 
R334 
R335 

R336 
R337 
R338 
R339 
R340 

10 kR 
1 Mn 
1 MS? 
100 0 
392 kn 

15 kn 
100 kfl 
56 kn 
100 n 
1 kn 

820 n 
15 kn 
4.7 kn 
33 kn 
1 kQ 

100 n 
33.3 kn 
200 n 
200 n 
10 n 

1 kn 
301 n 
715 n 
18 kn 
22 kn 

0.6 w 
1%. l/8 w 
l%, l/8 w 
l%, l/8 w 
1%. l/B u 

IO%, l/4 w 
lO%, l/4 w 
10%. l/4 w 
lO%, l/4 w 
10x, l/4 w 

lO%, l/4 w 
10x, l/4 w 
10%. l/4 w 
lO%, l/4 w 
lO%, l/4 w 

0.6 w 
O.l%, 1/4w 
1X, l/8 W 
l%, l/B w 
.25X, 1/2W 

0.6 w 
1%. l/B w 
1x, 112 w 
10%. l/4 w 
10%. l/4 w 

“ar 
“ar 

-- 

VX 

“ET 
-- 

MtF 
MfF 
MtF 

“ar 
MLF 
MtF 
camp 
Camp 

80294 
91637 
91637 
07716 
07716 

01121 
01121 
01121 
01121 
01121 

01121 
01121 
01121 
01121 
01121 

01121 
01121 
01121 
01121 
01121 

07716 
80294 
07716 
07716 
17870 

80294 
80294 
17870 
17870 
80294 

80294 
17870 
07716 
07716 
07716 

80294 
07716 
07716 
01121 
01121 

32794 
HFE-l/8 
HFF-l/8 
CU.-T-O 
CEA-T-O 

CR-153-101 
CR-'04-10% 
CB-5bFlOZ 
CB-101-10x 
CB-103-10x 

CR-821-10% 
CR-153-10% 
CB-472-102 
CR-333-102 
CB-102-10% 

CB-102-10x 
CR-183-10% 
C&223-10% 
CR-102-10% 
CB-471-10% 

3279u 
3279W 
CF.+T-o 
CRC-T-0 
1283 

502~OOHS 
502-OOS-lk 
1283 
1283 
3279w 

3279W 
1283 
CFA-T-O 
CR&T-O 
CEC-T-O 

3279W 
CEA-T-O 
CRC-T-9 
CB-183-10X 
CB-223-101 

RP94-10K 
RBB-L!! 
R88-1s 
R88-100 
R88-392K 

R76-15K 
R76-100K 
R76-56K 
876-100 
R76-1K 

R76-820 
R76-15K 
R76-4.7K 
R76-33K 
R76-1K 

R76-1K 
R76-18K 
R76-22K 
R76-IK 
R76-470 

R113-175 
RP94-lK 
R88-301 
R127-10 
R194-33.3K 

RP94-100 
RP94-1K 
R194-9.m 
R194-9.1K 
RP94-1K 

RP94-100 
R194-33.3K 
R88-200 
R88-200 
R127-10 

RP94-1K 
R88-301 
R113-175 
R76-18K 
R76-22K 

35 
36 
34 
,i 
34 

34 
34 
34 
34 
34 

34 
34 
34 
34 
34 

34 
34 
34 
3‘ 
34 

34 
34 
34 
34 
34 

34 
34 
34 
34 
34 

34 
34 
34 
34 
34 

34 
34 
34 
34 
34 

1175 

- 

35 



MODEL 180 

INTEGRATOR BOARD (PC-3011 (continued) 

RESISTORS (continued) 

Value Rating Type 
Mfr. Mfr. 
Code oesig. - 

CR-102-10% R76-1K 34 
CR.-T-O R88-392K 34 
CR..-T-O R88-100K 34 
MFF-l/8 R88-1M 34 
CEA-T-O R88-301K 34 

R341 1 kn 
R342 392 k0 

lO%, l/4 w 
l%, l/8 w 
1%. l/8 w 
1%. l/8 W 
l%, l/8 W 

1%. l/8 W 

camp 
MS 
MtF 
MU 
MtF 

MtF 
COlllp 
Camp 
c amp 
camp 

MtF 
Camp 
MtF 
MeF 
MtF 

MtF 
MS 
MtF 
MtF 
MtF 

camp 

01121 
07716 
07716 
91637 
07716 

R343 100 kn 
R344 1 MO 
R345 301 kn 

07716 
01121 
01121 
01121 
01121 

R346 301 kfi 
R347 47 n 
R348 2.2 kn 
R349 4.7 n 
R350 4.7 n 

R351 1 MQ 
R352 4.7 n 
R353 1 ks? 
R354 32.4 kn 
R355 634 n 

CEA-T-O 
CB-470-10% 

R88-301K 34 
R76-47 34 
R76-2.2K 34 

lOi, 114 w 
lO%, l/4 w 
lO%, l/4 w 
lO%, l/4 w 

1%. l/8 w 
10%. l/4 w 
l%, 118 W 
1%. l/8 W 
l%, l/8 w 

CR-222-10% 
CR-47R-10% 
CB-47R-10% 

R76-4.7 34 
R76-4.7 34 

R88-1M 34 
R76-4.7 34 
R88-1K 34 
R88-32.4K 34 
R88-634 34 

R88-10K 34 
R88-20K 34 

91637 
01121 
07716 

MFF-l/8 
CB-47R-10% 
CEA-T-O 
CEA-T-O 
CEA-T-O 

CEA-T-O 
CEA-T-O 

07716 
07716 

07716 
07716 
07716 
07716 
07716 

01121 
___-_ 
07716 
01121 
Oll2l 

07716 
01121 
01121 
07716 
07716 

R356 10 ki, 
R357 20 kn 
R358 2.8 kn 
R359 2.49 kn 

1%. l/8 W 
1%. l/8 W 
l%, l/8 W 
1%. l/8 W 
l%, l/8 W 

CM-T-0 R88-2.8K 34 
CBA-T-0 R88-2.49K 34 
C&t-T-O R88-2.8K 34 R360 2.8 kn 

R361 470 n 
R362 Not Used 
R363 1.8 kfl 
R364 1 kn 
R365 4.7 kn 

*R366 80.6 kQ 
R367 470 n 
R368 4.7 kn 
R369 100 n 

hR370 232 kn 

lO%, l/4 w CR-471-10% 
----- 
C&t-T-O 
CB-102-10% 
CB-47R-10% 

CU.-T-O 
CR-471-10% 
C&472-10% 
CBA-T-O 
CEA-T-O 

R76-470 34 
___-_ -- 
m-1.aK 34 
R7b-1K 34 
R76-4.7K 34 

R88-80.bK 34 
R76-470 34 
R76-4.7K 34 
R88-100 34 
R88-232K 34 

I%, l/8 w 
10%. l/4 w 
10%. l/4 w 

MC 
camp 
C0lTlp 

MtF 
camp 
c "p 
MCF 
MCF 

l%, l/8 w 
lO%, l/4 w 
lO%, l/4 w 
l%, l/8 W 
1%, l/8 W 

*Nominal value, selected during cal. 

Cil?C"it _ Mfr. 
rype Code oesig. Parf NO. Ref. 

0301 N-Channel JFET. Case RllO 32293 ITF.4391 TG-76 34 
4302 P-Channel FET;Case TO-72 80164 Selected 25740.4 34 
9303 Silicon, PNP, Case TO-106 07263 2N5139 Z-66 34 
Q304 Silicon, PNP, Case TO-106 07263 2N5139 TG-66 34 
9305 N-Channel JFET, Case RllO 32293 ITE4391 TG-76 34 

9306 Silicon, NPN, Case TO-106 07263 2N5134 TG-65 34 
Q307 Silicon, PNP, Case TO-106 07263 2N5139 X-66 34 
Q308 P-Channel FET, case TO-72 80164 Selected 25740A 34 
4309 Silicon, PNP, Case TO-106 07263 2N5139 TG-66 34 
Q310 P-Channel PET, Case TO-72 80164 Selected 25740A 34 

Silicon, PNP, Case TO-106 
Dual N-Channel mm, case TO-18 
Not Used 
N-Channel JET. Case RllO 

07263 2N5139 TG-66 34 

32293 2N3956 TG-74 34 

32293 ITE4391 TG-76 34 
07263 2N5139 TG-66 34 Silicon, PNP, the TO-106 

36 0674 



MODEL 180 REPL.4CEABI.E PARTS j 

CLOCK BOARD. "400" SERIES (PC-3001 

CAPACITORS 

C401 
c402 
C403 
c404 
c405 
C406 
c407 
C408 
C409 
c410 

.068 “F 50 v MPC 

.068 u-3 50 " MPC 

.0082 !JF 50 v “PC 14752 

.Ol UF 500 " cerI) 56289 

.Ol !JF 500 " CerD 56289 
10 IIF 20 v ETT 17554 
.Ol "F 500 v CerD 56289 
.Ol uF 500 " CUD 
.Ol vF 500 " Certl 
.47 IIF 50 " CerF 72982 

D401 
D402 
D403 
D404 
D405 
D406 

DIODES 
silicon 07263 
Germanium 15238 
Germani"m 15238 
Silicon 01295 
Silicon 01295 
Silicon 01295 

MISCELLANEOLE 

5401 Not Used . . . . . . . . . . . . . 
5402 Connector, Card-Edge Type, 44-pins 

5403 
(Mates with X-299). . . . . . 

Connector, Card-Edge Type, 22-pins 

5404 
P401 
P402 
P403 
P404 
QA401 
QA402 
QA403 
Y401 

@fates with PC-301). . . . . 
Nat Used . . . . . . . . . . 
Not USed . . . . . . . 
Part of PC-299 . . . . . . . . . 
Part Of PC-301 . , . . . . . . . 
Not Used . . . . , . . . . . . . . 
positive NOR races, 14-pin DIP . . 
Positive NOR Gates, 14-pin DIP . . 
Decade Counters, 14-pin DIP 
Crystal ResonaLor, 20OkHZ. . . . 

625BlA683-3 C201-,068M 
625BlA683-J CXJl-.068H 
625BlA822-3 CZOl-.0082H 
SGAS-SlO C22-.OLY 
5GAS-SIO c22-.01x 
CCL-020-10610 CEO-lo?1 
SCAS-SIO C22-.OlH 
5CAS-S10 c22-.OlN 
5CAS-SlO c22-.ou! 
8131-050~651- 

474N c237-.47w 

3, 
13 
33 
33 
13 
33 
33 
33 
33 

33 

33 
33 
33 
33 
33 
33 

. . . . 

33 

33 
. . 
. . . 
3, 
33 

. 
33 
33 

:: 
3, 

33 
33 
33 

33 
33 
33 
33 
33 
33 
33 
_- 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 -_ 
33 

37 

lN4607 RF-41 
lN3592 RF-39 
lN3592 RF-39 
lN645 RF-14 
IN914 RF-28 
lN914 RF-28 

. . . . . . . 

Jumper . . . . . . . . . . . . . 

. . 

. . 

. . 

. . 

. 

. . 

. . 
. 

. 

09922 

09922 
. . . . 
. . . . . 
. . . . . 
. . . . . 
. . . . . 
01295 
01295 
01295 
00815 

. . . . . . 

. . , . 

PSCADD(22)-12 CS-205 

PSC4SS(22)-12 CS-182 
. , . . . 

, . . 
. . . 

. . . 
. . . . . 

SN7402N 
SN7402N 
SN7490N 
NE-6E 
. . . . . 

2N5134 
2N2646 
2135134 

CEA-T-O 
C&4-T-O 
CB221-10% 
CB471-10% 
CB392-10% 
CB392-10% 
CB152-10% 
L---- 
C8221-10% 
CB223-10% 
CEA-T-O 
CBlOl-10% 
CB152-10% 
CB331-10% 
CB103-10% 
CB680-10% 
CEA-T-O 
CB103-10% __-__ 

89P-500R 

........ 

........ 

........ 

........ 

........ 
IC-32 
IC-32 
IC-37 
CR-3 
J-3 

TRANSISTORS 

07263 
03508 
07263 

RESlSTORS 

75042 
75042 
01121 
01121 

Q401 Silicon, NPN, Case TO-106 
9402 Silicon, ""ijunction, Case TO-72 
9403 Silicon, NPN, Case TO-106 

R401 
R402* 
R403 
R404 
R405 
R406 
R407 
R408 
R409 
RPIO 
R4ll 
R412 
R413 
R414 

'115 
~416 

R417 
R418 
R419 
u420* 

402 n 
301 n 
220 0 
470 0 
3.9ki-2 
3.9ktl 
1.5kn 
Not Used 
220 n 
22 kR 
1 kn 
100 R 
1.5ksT 
330 n 
10 kO 
68 n 

1%. l/8 " 
1%. l/E w 
104, 1/4W 
10%. 1/4w 
10%. 1/4W 
IO%, 1/4w 
10%. 1/4w 
---_- 
lO%, 1/4w 
104, 1/4w 
l%, l/8 w 

4.02kn 
10 kR 
Noe Used 

10%. 1/4w 
10%. 1/4w 
10%. 1/4w 
10%. 1/4w 
10%. 1/4w 
l%, l/8 W 
lo%, 1/4w 

soon "J5W cermet Variable BECK 
*Alternate construction as shown an Schematic 25098D. 
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K-65 
X-52 
X-65 

R&3-402 
R88-301 
R76-220 
R76-470 
R76-3.9K 
R76-3.9K 
R76-1.5K 
_-_-_ 
R76-220 
R76-22K 
R88-1K 
R76-100 
R76-1.5K 
R76-330 
R76-10K 
R76-68 

01121 
01121 
01121 

01121 
01121 
75042 
01121 
01121 
01121 
01121 
01121 
75042 
01121 

RBE-4.02K 
R76-10K 

RP-89-500 



REPLACEABLE PARTS MODE,. 180 

ISOLATOR BOARD, "500" SERIES (PC-2741 

CAPACITORS 

C501 
C502 
c503 
c504 
c505 

C506 
c507 
C508 
C509 
c510 

C511 
C512 
c513 
c514 
c515 

C516 
c517 
C518 
C519 
C520 

C521 
c522 
c523 
C524 
C525 

C526 
C527 
C528 

c"%i 

0.01 PI 
100 pF 
100 p.F 
0.01 @F 
1.0 p!? 

0.02 UF 
1.0 pF 
0.02 IJF 
0.1 p 
100 LLF 

100 pF 
200 p.F 
0.01 pF 
10 i-IF 
1.0 pF 

0.01 p 
1.2 &F 
100 @ 
200 v3 
1.0 UF 

1.0 &!I 
1.0 pF 
1.0 pF 
10 w 
10 ILF 

330 pF 
0.5 p3 
0.22 fl 

E $ 

500 " 
25 " 
25 " 
500 " 
50 " 

500 " 
50 v 
500 v 
50 " 
40 " 

40 " 
35 v 
500 " 
20 " 
50 v 

500 " 
20 " 
40 " 
35 v 
50 v 

v 
:: " 
50 " 
20 " 
20 " 

1000 " 
50 " 
50 " 

:,"oo ," 

72982 871~z500-103fI 
29309 JC8100258P 
29309 Jc8100258P 
72982 871-ZSUO-103M 
72982 8131050651 

72982 
72982 
72982 
84411 
73445 

Sll-ZSUO-203M C22-0.02M 
8131050651 C237-1.OM 
Sll-Z5UO-203M C22-0.02M 
601PE-O.l@ C41-0.N 
C437ARtGlOO C150-100M 

73445 
90201 
72982 
17554 
72982 

C437ARfGlOO C150-1OOM 
MT"ZOON35PDN C177-2OOM 
871-2500-103~ c22-0.01M 
TSD2-20-106 C179-1OM 
8131050651 C237-1.0 

72982 
17554 
73445 
90201 
72982 

72982 8131050651 C237-1.0 29 
72982 8131050651 C237-1.0 29 
14752 636A1.4105 C213-l.OM 29 
17554 TSDl-20-106 c179-1OM 29 
17554 TSD2-20-106 c179-1OM 29 

71590 DO-331-10% C64-33OP 29 
14752 625BlA-0.5 C201-0.5M 29 
84411 601PE-.22@ C41-0.22M 29 
84411 601PE-.l,,.F C41-0.N 29 
71590 DD471-10% C64-470P 29 

DIODES 

Code 
Mfr. 

C22-O.OlM 
c211-1OOM 
C211-100M 
C22-O.OlM 
C237-l.OM 

871-5~0-103~ 
TSD1-20-125 
C437AWGlOO 
MT"200N35PDN 
8131050651 

Desig. 
Mfr. 

C22-O.OlM 
C179-1.2M 
C150-100M 
C177-200M 
C237.1.0 

Part NO. 
Keifhley 

29 
29 
29 
29 
29 

29 
29 
29 
29 
29 

29 
29 
29 
29 
29 

29 
29 
29 
29 
29 

CirC”it 
Desig. Type 

Fig. 
Ref. 

D501 Rectifier 07263 IN4607 RF-41 29 
0502 Rectifier 07263 IN4607 RF-41 29 
0503 Rectifier 07263 lN4607 RF-41 29 
0504 Rectifier 07263 IN4607 RF-41 29 
D505 Rectifier 07263 lN4607 w-41 29 
0506 Recfifier 07263 IN4607 RF-41 29 
0507 Rectifier 07263 IN4607 RF-41 29 
0508 Rectifier 07263 lN4607 RF-41 29 

INTEGRATED CIRCUITS 

Circuit 
Desig. Type 

Mfr. Mfr. Keithley Fig. 
Code Desig. Pax-c No. Ref. 

QA501 Dual J-K Flip-Flop, 14-pin, DIP 01295 SN7473N IC-54 29 
QA502 Dual J-K Flip-Flop, 14-pin, DIP 01295 SN7473N IC-54 29 
QA503 Voltage Regulator, 14-pin, DIP 07263 U6A7723393 IC-25 29 
Q.4504 Voltage ReSularar, 14-pin, OIP 07263 "6~47723393 IC-25 29 
QA505 Operational Amplifier, E-pin, Case TO-99 24355 AO504L IC-56 29 

38 0274 



Q501 
4502 
Q503 
9504 
9505 

11506 
"507 
9508 
Q509 
4510 

0511 
Q512 
Q513 
(2514 
Q515 

Q516 NPN, Case TO-106 07263 255 i 'y4 
Q517 PNP, Case TO-5 02734 40319 
4518 PNP, case TO-106 07263 ?Li51?9 

K5"I 
12502 
R503 
K5"4 
K505 

K506 
R501 
R508 
R509 
ISLO 

K516 
R517 
II518 
R519 
R520 

R521 
R522 
R523 
K524 
R525 

~~ K526 
I(527 
R.528 
R529 
R530 

U-65 
m-50 
X-66 



REPLACEABLE PARTS 
ISOLATOR BOARD (N-274) conrinued 

RESISTORS (cont'd.) 

Circuit Mfr. Mfr. 
ksig. Value Ratina Type Code Desig. 

R531 
R532 
R533 
R534 
R535 

lM n 
1Ok n 
1.8k n 
500 n 
1.24k n 

RS36 
R537 
R538 
R539 
R540 

3.01k n 
2.7 n 
2.2k n 
10k Si 
10k n 

R541 10k n 
R542 470 n 
R543 2.2k n 
R544 lM II 
R545 470 n 

R546 
R547 
R548 
R549 
R550 

2.2k 0 
lM n 
lM n 
3k n 
700 n 

R551 
R452 
R553 
R554 
R555 

20k n 
11.35!& 0.25%, 1/4W 
470 n lO%, l/4 w 
100 n lO%, l/4 w 
470 Q lO%, l/4 w 

RS56 35.9k ~1 
R557 2k 12 
RS58 10M 0 
R559 * 8.06k n 
KS60 Not Used 
R561 * 14k 0 
R562 7.6k n 

10%, l/4 w 
I%, l/8 W 
IO%, l/4 w 
0.75 w 
1%. l/8 w 

l%, l/8 w 
lO%, l/2 w 
IO%, l/4 w 
lO%, l/4 w 
lO%, l/4 w 

lO%, 114 w 
10%. l/4 w 
lO%, l/4 w 
lO%, l/4 w 
lO%, l/4 w 

10%, l/4 w 
lO%, l/4 w 
IO%, l/4 w 
0.25%, 1/4w 
0.25%. u4w 

1%. l/8 w 

0.25%, 1/4W 
0.75 w 
1%. l/2 w 
1%, l/8 W 

l%, l/8 W 
0.25%, 1/4W 

01121 
07716 
01121 
73138 
07716 

07716 
01121 
OllZl 
01121 
01121 

01121 
cl1121 
01121 
01121 
01121 

01121 
01121 
01121 
15909 
15909 

07716 
15909 
01121 
01121 
01121 

15909 
73138 
91637 
07716 

07716 
15909 

CB-105-10% 
CEA-lOkn-l% 
c-182-10% 
89P-5oon 
CL-1.24kn-1% 

CEA-3.OlkR-1% 
EB-2.7n 
c-222-10% 
CB-103s10% 
CB-103-10% 

CB-103-10% 
CB-471-N% 
m-222-10% 
CB-105-10% 
G-4,1-10% 

m-222-10% 
CB-105s10% 
CB-105s10% 
1350-3kn 
1350-7oon 

CL-ZOkn-1% 
1350-11.35k 
CB-471-10% 
CB-101-10% 
CB-471-10% 

1350-35.9k 
89P-2kG 
DCF-l/z-lOMn 
CEA-8.06k0 

CEA- 14kn 
1350-7.6kn 

*Nominal value 

Keithley 
Part NO. - 

K76-1M 
R88-10k 
R76-1.8k 
RP89-500 
R88-1.24k 

R88-3 .Olk 
R1-2.7 
R76-2.2k 
R76-1Ok 
R76-10k 

R76-10k 
R76-470 
R76-2.2k 
R76-1M 
R76-470 

R76-2.2k 
R76-lM 
R76-lM 
R195-3k 
R195-700 

R88-20k 
R195-11.35k 
R76-470 
R76-100 
R76-470 

R195-35.9k 
RP-89-2k 
RX-10M 
R88-8.06k 

R88-14k 
R195-7.6k 

circuit 
lksig. 

T501 
T502 
T503 

Mfr. Mfr. 
Description Code Lksig. 

Drive for isolator 80164 --- 
1sa1ation for i15" Regulator 80164 --- 
Isolation for analog signal 80164 

CHOPPER DRlVE ) "600" SERIES (K-273) 

CAP‘4ClTORS 

Keithley 
Part NO. 

m-137 
m-135 
n-151 

circuit Mfr. Mfr. Keithley 
Desig. Value Rating Type Code Desig. Part NO. 

C601 ,047 LLF 400 " Poly 97419 M2w-~-.0471,F C197-.047M 
C602 100 pF 15 v ETT 06751 TSD-loo~F C205-10OM 
C603 1.5 pF 50 " MPC 14752 625BlA-1.5ur C201-1.5M 
CbO4 .0022 p 100 " Poly 13934 E3FR2221C C152-.0022M 
C605 .0022 pF 100 " POlY 13934 E3FR2221C C152-.0022M 

C606 1.5 plJ 50 " MPC 14752 625BlA-1.5uF CZOl-1.5M 
C607 100 LlF 15 v **I. 29309 JC6100158P C210-100M 
C608 100 b 15 
C609 100 p 15 
C61O 100 @ 15 

40 

- 

MODEL 180 

Fig. 
Ref. 

23 

2 
29 
29 

29 
29 
29 
29 
29 

29 
29 
29 
29 
29 

29 
29 
29 
29 
29 

29 
29 
29 
29 
29 

29 
29 
29 
29 

29 
29 

Fig. 
Ref 

29 
29 
29 

Fig. 
Ref. 

28 
28 
28 
28 
28 

28 
28 

EAT. 29309 JC6100158P C210-1OOM 28 
EAI. 29309 JC6100158P CZlO-IOOM 28 
EAL 29309 JC6100158P CZlO-10OM 28 
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MODEL 180 
CHOPPER DRIVE (X-273) continued 

WmACEABLE PARTS 

CAPACITORS (Cont'd) 

Cii-C"iC 
Lksig. 
C611 
C612 
C613 
C614 
C615 
C616 

Value Rate 
400 p 35 " 
400 p 35 v 
10 p 20 " 
10 p 20 " 
.OOl irF 1000 " 
,001 LLF 1000 " 

Mfr. 
Type Code 
EAL 29309 
EAL 29309 
ETT 17554 
ETT 17554 

cerlJ 72982 
cam 72982 

INTEGRATED CIRCUITS 

Mfr. Keithley Fig. 
lkaig. Part NO. Ref. 

Jc12400358P C2L2-4OOM 28 
JC12400358P C2,2-4OOH 28 
TSD1-2O-lO"F c179-LO 28 
TSDl-20-10UF c179-10 28 
801000X5P0102K C64-.001X 28 
801OOOX5FO102K C64-.OOlN 28 

ChC"if 
Desia. Type 

Mfr. Mfr. Keithley Fig. 
Code lksig. Part NO, Ref. 

QA601 
QA602 

D601 
0602 

Voltage Comparator, *-pin, TO-99 Case 12040 IN311 IC-29 28 
Decade Counters, 14-pin DIP 01295 SN749ON IC-37 28 

Silicon 01295 IN914 RF-** 28 
Silicon 01295 lN914 RF-28 28 

RESISTORS 

circuit 
Desig. - 

8601 
R602 
R603 
R604 
R605 

R606 
R607 
R608 
R609 
R610 

1 k0 
2.8 kl7 
604 0 
370 n 
1 MO 

1.5 kn 
15 kn 
47 kfl 
15 k0 
10 kn 

l%, l/8 w 
l%, l/8 W 
l%, l/2 w 
l%, l/2 w 
lo%, l/4 " 

R611 
R612 
R613 
R614 
R615 

l%, l/8 w 
1%. l/8 w 
lO%, II4 w 
l%, l/8 w 
l%, l/8 w 

l%, l/8 " 
I%, 118 w 
lo%, l/4 " 
l%, 1/e w 
l%, l/8 w 

R616 
R617 
R618 
R619 
R620 

10 kR 
15 kR 
47 kn 
15 kfl 
1.5 kfl 

1 MC? 
10 kn 
100 kn 
100 kn 
10 kcl 

IO%, l/4 w 
1%, l/E w 
I%, l/8 " 
I%, l/8 " 
l%, l/8 w 

R621 
R622 
R623 
R624 
R625 
R626 
R627 
R628 

1 kfl 
10 a 
1 kn 
1 kn 
10 n 
1 kfl 
1 kn 
1 kfi 

1%. l/8 " 
lO%, l/4 w 
l%, l/8 w 
l%, l/8 w 
lo%, l/4 " 
l%, l/8 w 
l%, l/8 " 
l%, 1/a w 

Q601 NPN, case TO-5 
Q602 Silicon, PNP, TO-92 Case 
Q603 Silicon, PNP, TO-92 case 
Q604 Silicon, PNP, TO-92 Case 
Q605 Silicon, PNP, TO-92 Case 

Q606 NPN, TO-92 Case 
Q607 Silicon, NPN, TO-92 Case 
Q608 PNP, TO-92 Case 
Q609 PNP, TO-92 case 
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Type 
Mr. Mfr. Ke‘thley Fig. 
Code Deb-i*. Pact NO. Ref. 

MtF 
MCF 
DCb 
DCb 
camp 

MC 
MtF 
camp 
MZF 
MCF 

“CF 
MCF 
camp 
MCF 
MtF 

camp 
MfF 
MtF 
MtF 
MC 

MS 
CO”P 
MtF 
MeF 
comr, 
MW’ 
MtF 
MCF 

07716 
07716 
91637 
91637 
44655 

cm-lkR-1% RBB-lk 
CEA-2.?kn-lX R88-2.8k 
DCF-l/2-60411 RL2-604 
DCF-L/2-370n R12-370 
C*-105-10z R76-lb, 

07716 CEA-l.Sk+1% Es*-1.5k 
07716 CEA-lSkll-1% R**-LSk 
44655 C&473-102 R76-47k 
07716 CEA-15kn-1% R88-15k 
O77L6 CEA-IOkG11 R**-10k 

07716 CEA-lOkn-1% R*S-1Ok 
07716 cm-ISkn-1X R88-15k 
44655 CB-473-102 R76-47k 
07716 CR,,-lSkn,lZ R**-15k 
07716 CF.,,-l.Skn-12 !a*-L.5k 

44655 
07716 
07716 
07716 
07716 

07716 
44655 
07716 
07716 
44655 
07716 
07716 
07716 

TRANSISTORS 

02734 
04713 
04713 
04713 
04713 

04713 
04713 
04713 
04713 

CB-105-10x R76-1" 
cm-lOkn-1X R88-10k 
cm-100kG1X KS*-100k 
cm-lOOkf?-12 R**-LOOk 
~S~rlOkfl-1X R88-10k 

CEA-lkI2-1X we.-lk 
c*-100-10% R76-10 
CEA-lkfl-1X R88-lk 
CEA-lkn-1% R88-Lk 
CB-100-101, R76-10 
CF.,+lk+lZ R**-lk 
CE‘+lkn-1% R**-lk 
CM-lkf+1% Ml*-lk 

40317 x-43 
2N5087 E-61 
2N5087 K-61 
2N5087 X-61 
2N5087 X-61 

2N3904 
2N5089 
2N3905 
2N33905 

x-47 
X-62 
w-53 
x-53 

28 
28 
28 
28 
28 

28 
28 
28 
28 
28 

28 
28 
28 
28 
28 

28 
28 
28 
28 
28 

28 
28 
28 
28 
28 
28 
20 
28 

28 
28 
28 
28 
28 

28 
28 
28 
28 
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.i,-cuit 

84411 

17554 
14752 
7,590 
71590 

71590 
71590 
72982 
72902 
71590 

14752 
7L590 
05079 
72982 

DIODES 

Mfr. 

DD-330 
“O-330 
813105065L 
8131050651 
DD-33" 

625UU-SW 
L-ID-330 
TESI251OCLNx 
53801193R 

Type Code “CSig. 

Zener, 5.*v 12954 IN706 
zener, 5.8" 12954 IN706 
iener, 6V, 400 mW (Selected)** 12954 ""lN754.A 
Zener, 6", 400 mW (Selected)‘” 12954 **hv754.4 

nrmxATED CIRCUITS 

C4I-.,OM 27 
C 6 4. li 27 
Ch&" 27 
C64-" 27 
C64-" 27 

C6&-” 27 
CIHO-22EI 27 
C201-."5M 27 
C64-LOOP 27 
C64-331' 17 

'5.71) i Operational Amplifier, a-Pin, DIP 12040 LM3OIAN IC-24 27 
';:702 Opelational Amplifier, *-pin, DIP 12040 LM301AN ic-24 27 
.\ /,,'I Operational Amplifier, *-Pin, DIP 12040 LM301AN 1c-24 27 
,/ ii14 opcrationa1 Amplifier, B-Pin, DIP Special K-76 27 
h\705 Operational Amplifier, R-Pin, DIP Special IC-76 27 



MODEL 180 REPLACEABLE PARTS 

AC AMPLIFIER (PC-282) continued 

RESlST0RS (cont'd.) 

Mfr. Mfr. Keithley Fig. 
Code Desig. Part NO. Ref. 

R706 
8707 
R708 
R709 
R710 

Selected* I%, 1/B w Mm 
Selected* I%, l/8 W MCF 
Selected* l%, l/8 W MeF 
Selected* l%, l/8 w MtF 
17.4 kc7 l%, l/8 kl MtF 

R711 50 kfl .7s " camp “ar 
R712 15 k0 l%, l/8 w MCF 
R713 100 kO l%, l/8 W MC 
R714 1 MCI l%, l/8 w MtF 
R715 2.2 Pfn l%, l/2 w DCb 

R716 4.99 kn l%, l/8 w MtF 
R717 4.99 kn l%, l/8 W MCF 
R718 4.99 kS, l%, 1/a w MtF 
F.719 10 kO l%, l/8 W MCF 
R720 10 kR l%, l/8 W MU 

R721 10 kil 
R722 10 k.0 
R723 
R724 
11725 

R726 
R727 
R728 
R729 
R730 

R731 
R732 
R733 
R734 
R735 

* Selected 

10 k* 
10 k0 
10 kn 

100 kO 
2.2 Mn 
49.9 k* 
40.2 kO 
10 MI7 

10 kn 
330 n 
330 n 
10 kn 
50 kR 

in Calibration 

l%, l/S w 
I%, l/8 W 
l%, l/8 w 
l%, 1/a " 
l%, l/8 " 

.75 w 
l%, 1/2 w 
I%, l/8 W 
l%, l/8 w 
l%, 1/z w 

lO%, l/4 w 
lO%, l/4 W 
lO%, l/4 " 
lO%, l/4 w 

.75 w 

07716 
07716 
07716 
07716 
07716 

c&4-* Ima-* 
ix*-* R&3-* 
CEA-* FL**-* 
cEA-* R88-* 
C&4-* mu-17.4k 

80294 
07716 
07716 
07716 

3009P-5oKn RP89-SOL 
CEA-LSK"-1% R&8-15k 
CEA-100Kn+l% RBB-LOOk 

91637 
CEA-,“I?-1% R**-1" 
DCF-1/2-2.2I4e Rl2-2.2" 

07716 
07716 
07716 
07716 
07716 

cm-4.99w-1% Em*-4.99k 
CEA-4.99KO-1% RBB-4.99k 
CEA-4.99KO-1% R88-4.99k 
CEA-loKn-L% R88-10k 
CEA-LOKO-1% R*8-LOk 

MfF 
MCF 
MtF 
MtF 
MLF 

07716 
07716 
07716 
07716 
07716 

CEA-lOKO-1% R88-10k 27 
C&4-lOKO-1% R88-10k 27 
CEA-lOKrl-1% RBB-1Ok 27 
CF.& x+1% R88-10k 27 
CEA-IOK.i-1% R&3-LOk 27 

camp vsr 80294 3009P-100Kn RP89-100k 
DCb 91637 DCF-L/2-2.2MO R12-2.2H 
MS 07716 CEA-49.9KO-1% R88-49.9k 
WF 07716 CU.-40.2KO-1% R88-40.2K 
DCb 91637 DCF-l/*-loMa Rl2-LON 

COmp 44655 CB-103-10% R76-LOk 
COtlIp 44655 CR-33L-10% K76-330 
COttIp 44655 CB-331-10% R76-330 
COl7lp 44655 CB-loo-10'1 R76-10k 
camp "ar 80294 3009P-50Kn RP89-5Ok 

27 
27 
27 
27 
27 

27 
27 
27 
27 
27 

27 
27 
27 
27 
27 

27 
27 
27 
27 
27 

27 
27 
27 
27 
27 

TRANSISTORS 

Circuit 
Lksig. 

Q701 
Q702 
Q703 
Q704 
Q705 

Q706 
Q707 
Q708 
Q709 
Q710 
Q711 

'U e 

N-.,&U, TO-72 Case 
Silicon, PNP, TO-92 Case 
Silicon, PNP, TO-92 Case 
Silicon, nip, TO-92 Case 
Silicon, PNP, To-92 Case 

Silicon, PNP, TO-92 case 
N-Channel JFET, TO-18 Case 
N-Channel JFET, TO-18 Case 
P-Channel, MOS-FET 
NPN, TO-5 case 
NPN, TO-5 case 

"fk-. Mfr. Keichley Fig. 
Code Lhsig. Parr NO. Ref. 

04713 2N4220 X-42 27 
07263 2N404.4 m-99 27 
07263 2N404A x-99 27 
07263 2N404.4 m-99 27 
07263 2N404A TO-99 27 

07263 2N404A x-99 27 
32293 ITS4391 ~6-76 27 
32293 ITE4391 X-76 27 
27832 WGPlOOl TG-86 27 
02734 40317 TG-43 27 
02734 40319 x-50 27 
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RELAY BOARD, "800" SERIES (PC-281) 

C*P*CITORS 

Rating Type 
Mfr. 
Code 

Mfr. 
lksig. 

Keithley 
Pare NO. 

Fig. 
Ref. 

CEO1 1.2 UF 20 v ETT 05397 KlRZJZOK CEO-1.2M 31 
C802 1.2 s 20 " ETT 05397 K1RZJZOK CEO-1.2M 31 
CEO3 1.2 5 20 v ETT 05397 KlR2JZOK CEO-1.2M 31 
CR04 1.2 UF 20 " ETT 05397 KlRZJZOK CEO-1.2M 31 
CEO5 
C806 

1.2 GF 20 " El-7 
1.2 LLF 20 " ETT 

05397 KlR2JZOK CSO-1.2M 
05397 KIRZJZOK CSO-1.2M 

il 
31 

Type 
Mfr. 
Code 

Mfr. 
lxsig. 

Fig. 
Ref. 

Circuit 
Desig. Type 

Mfr. 
Code 

Keithley 
Part No. 

Fig. 
Ref. 

K801 
K802 
K803 
KS04 
K805 
K806 
Q.4801 

Relay, Reed 
relay, Reed 
Relay, Reed 
Relay, Reed 
Relay, Reed 
Relay, Reed 
Integrated Circuit, 14-pin DIP 

27682 5300022 m-37 31 
27682 5300022 RL-37 31 
27602 5300022 RL-37 31 
27682 5300022 RL-37 31 
27682 5300022 RL-37 31 
2,682 5300022 RL-37 31 
01295 SN7406 K-62 31 

RESISTORS 

Value Rating TYpe 
Mfr. 
Code 

Keithley 
Part No. 

Fig. 
Ref. 

R801 820 R 
R802 820 0 
R803 820 n 
K804 820 n 
R805 820 r, 

R806 820 R 
R807 LOO kR 
RX08 220 kR 
RB09 220 %R 
R810 220 kn 
R811 220 I& 
R812 220 WI 
RS13 100 kR 
K814 8.2 kR 
R815 8.2 kR 
KS16 812 !4 
KS317 8.2 kn 
KS18 8.2 kR 

IO%, l/4 w 
lO%, l/4 w 
LO%, l/4 w 
lo%, l/4 w 
lO%, l/4 w 

lO%, l/4 w 
lO%, l/4 w 
lO%, l/4 w 
lo%, l/4 w 
lO%, l/4 w 
lO%, l/4 w 
lO%, L/4 w 
lO%, l/4 w 
lO%, l/4 w 
10%. l/4 w 
lO%, l/4 w 
lO%, l/4 w 
IO%, l/4 w 

CO!lV 44655 CR-821-10% R76-820 
COlllP 44655 CB-821-10% R76-820 
COIUp 44655 CR-821-10% R76-820 
camp 44655 B-821-10% R76-820 
camp 44655 m-*21-10% R76-820 

COUlP 44655 CL?-821-10% 
COllZp 44655 CR-104-10% 
Camp 44655 m-221-10% 
COlllP 44655 CB-221-10% 
COtlIP 44655 CB-221-10% 
COW 44655 CB-221-10% 
COmP 44655 CB-221-10% 
COTlIp 44655 CB-lOl-10% 
C0lllp 44655 CR-822-10% 
Camp 44655 m-822-10% 
camp 44655 CB-822-10% 
COIIIP 44655 CB-822-10% 
COlllp 44655 CB-822-10% 

R76-820 
R76-look 
R76-220k 
R76-220k 
R76-220k 
R76-22Ok 
876-220k 
R76-100k 
R76-8.2k 
R76-8.2k 
R76-8.2k 
R76-8.2k 
R76-8.2k 

31 
31 
31 
31 
31 

31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
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MODEL 180 

RANCINC BOARD, "900" SERIES (K-280) 

CAPACITORS 

REPLACEABLE PARTS 

Rating Type 
Mfr. 
Code 

INTEGRATED CIRCUITS 

Circuit 
Desip. Type 

lpi901 Up/Down Counter, 16-pin DIP 
qn902 Decoder/Driver, 16-pin DIP 
$4903 Positive NAND Cares, 14-pin DIP 
QA904 Positive NOR Gates, 14-pin DIP 
Q.4905 Positive NAND GaCes,ll-pin DIP 
Q.4906 Hex 1nverter3, 14-pin DIP 
QA907 Hex Rlverters, 14-pin DIP 
QA908 Posifive NAND Gates, I4-pin DIP 

Mfr. Mfr. 
Code tlesig. 

01295 SN74193N 
01295 SN7442N 
01295 SN7400N 
01295 SN7402N 
01295 SN7410N 
01295 SN7404h 
01295 SN7404N 
01295 SN7400N 

Keithley 
Part NO. 

IC-44 
IC-51 
IC-38 
IC-32 
1C-43 
IC-33 
IC-33 
IC-38 

Circuit 
Ilesig. 

R901 
R902 
R903 
R904 
R905 

“altie 

10 kR 
10 krl 
10 !4 
10 kn 
1.5 kR 

Mfr. Mfr. Keitirley F,g. 
Rating Type Code Desig. Part so. wi. 

lO%, l/4 w COTlIp 44655 CB-LO3-10% K76-IOk 3" 
lO%, l/4 w COlllp 44655 CB-103-10% Rib-lOk HI 
lO%, l/4 Y COmp 44655 CR-IOIl-10% K76-1"k 30 
IO%, l/4 w CO*p 44655 CB-103-LO% K76-10k 30 
lo%, l/4 w CLWlp 44655 CB-LOZ-IO% K76-L.5k 30 

1175 



REPLACEABLE PARTS MODEL 180 

RANGING BOARD (E-280) continued 

RESISTORS (cont’d.) 

Circuit Mfr. Mfr. Keithley Fig. 
iksig.. Value Rating Type Code i%sig. Part NO. Ref. 

R906 470 n lO%, l/4 w C0lUp 44655 m-471-10% R76-470 30 
8907 220 n lO%, l/4 w CO*p 44655 CB-221-10% R76-220 30 
R908 10 Id7 lO%, l/4 w CODlp 44655 CB-103-10% R76-10k 30 
R909 10 kfi lO%, l/4 w CLXUp 44655 CB-103-10% R76-10k 30 
R910 10 kfl lO%, l/4 w COUlp 44655 CB-103-10% R76-10k 30 

R911 10 k.Q lo%, l/4 w C0mp 44655 CB-103-10% R76-10k 30 
~912 1.5 kn lo%, l/4 w CLXllp 44655 CB-152-10% R76-1.5k 30 
R913 1.5 kfl lo%, l/4 w GXip 44655 CB-152-10% R76-1.5k 30 
R914 1.5 kfl lO%, l/4 w COtTIp 44655 CB-152-10% R76-1.5k 30 
R915 1.5 k0 lO%, l/4 w Cbltlp 44655 CB-152-10% R76-1.5k 30 

R916 1.5 kfi lO%, l/4 w Camp 44655 CR-152-10% R76-1.5k 30 
R917 1.5 kc2 lO%, l/4 w C.Xlp 44655 CB-152-10% R76-1.5k 30 
R918 82 0 lO%, l/2 w COTlIp 01121 EB-82R-10% Rl-82 30 
R919 82 R lO%, l/2 w COlQ 01121 EB-82n-10% Rl-82 30 
R920 33 R lO%, 112 w C0tllp 01121 EB-33s10% Rl-33 30 

Circuit 
Desig. Type 

Mfr. 
Code 

Keithley 
P&It-C NO. 

Fig. 
Ref. 

Q901 Silicon, NPN, case TO-104 02735 2N5183 X-68 30 
Q902 Silicon, NW, Case TO-104 02735 ZN5183 'K-68 30 
9903 SilkOn, NPN, Case TO-104 02735 2N5183 'E-68 30 
Q904 Silicon, NPN, Case TO-92 04713 2N5551 X-67 30 
9905 Silicon, NPN, Case TO-92 04713 2N5551 'E-67 30 
9906 Silicon, NPN, Case TO-92 04713 2N5551 W-67 30 
Q907 Silicon, NPN, case TO-92 04713 2N5551 E-67 30 

FILTER - AC AMPLIFIER, “1000” SERIES (X-278, X-279) 

CAP*CITORS 

Value Rating Type 
Mfr. 
Code 

Mfr. 
msig. 

Keithley 
Part No. 

Fig. 
Ref. 

Cl001 2.5 MPC 14752 636AlA255F C218-2.5M 25 
Cl002 2.5 

$ 50 ” 
50 ” MPC 14752 636AlA255F C218-2.5M 25 

Cl003 5.0 LlF 50 ” MPC 14752 636AlA505F C218-5M 25 
Cl004 1.5 PF 2000 ” Trim 74970 27311.1.5pF C184-1.5P 25 
Cl005 2.0 pF 50 ” MPC 14752 636AlA205 C213-2M 25 

Cl006 10 
Cl007 ;0 

$6" 50 ” MY 84411 601PE.O.lW C41-.lM 26 
ETT 07436 NG106A CL82-1OM 26 

Cl008 33 PF 1000 ” Qk-D 71590 m-330-10% C64-33P 26 
Cl009 100 p 15 ” ETT 06751 TSD515107A C205-100M 26 
Cl010 .0155 LlF 100 ” POlY 84171 PE-153.J C45-.0155M 26 

ClOll .0155 Ll? 100 ” POlY 84171 PE-153J C45-.0155M 26 
Cl012 .0155 @ 100 ” POlY 84171 PE-153.J C45-.0155M 26 
Cl013 33 PF 1000 ” CerD 71590 m-330-10% C64-33P 26 
Cl014 4.7 pF 20 ” ETT 05397 K4R7JZOK C80-4.7M 26 
Cl015 .0155 pF 100 ” P0lY 84171 PE-153J C45-.0155M 26 
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FILTER - AC AMPLIFIER (PC-278, E-279) continued 

QA1001 Integrated circuit, 8-Pin DIP 
QA1002 Integrated Circuit, 8-pin DIP 
JlOOl Terminal, Berg Pin 
51002 Terminal, Berg Pin 
51003 Terminal, Berg Pi" 
51004 Terminal, Berg Pi" 
51005 Terminal, Berg Pi" 
51006 Terminal, Iserg Pin 
51007 Not USed 
81001 Switch, ZERO SUPPRESS, COARSE 
51008 connector, Input, Triaxial 

1204" l.M3OlA?: ic-24 Lb 
12040 LM301‘4N ic-24 26 
80164 24249A 26 
80164 24249.4 26 
80164 2424% 26 
80164 24249A 26 
SOL64 24249A 26 
80164 24249.t 26 

80164 SW-,46 22a.b 
80164 24613A 22a 

RIO01 1 kn l%, l/8 W 
R1002 20 kn l%, l/8 ” 
R1003 15 ks7 l%, l/8 W 
R1004 1 kc7 0.6 w 
RI005 99 MR l%,I w 

RlOO6 1 kn 
RIO"7 1060 n* 
Rl""8 1060 n* 
R1009 200 n 
RlOlO 499 n 

RlOll 1 kn 
RI"12 10 !4 1%, l/8 W 
R1013 10 krl .75 w 
RI"14 10 krl I%, l/8 W 
Rl"15 1 kcl l%, l/8 w 

R1016 1 MCI 
R1017 9 Mn 
RI018 1.5 MR 
R1019 301 kfl 
R1020 150 kn 

K1021 1 kn 
R1022 12.1 kn 
Rl"23 100 n 
F.1024 50 R 
R1025 3 0 

I%, l/t? w 
.25%,.33 W 
.25%,.33 W 
.75 w 
l%, l/8 W 

1%. l/8 w 

l%, l/8 W 
l%, l/2 w 
1%. l/2 GI 
l%, l/2 w 
l%, l/2 w 

1%. 112 w 
l%, l/8 w 
.01%,.33 w 
.75~ w 
l%, 1/z w 

07716 
07716 
"7716 
94271 

07716 
01686 
01686 
80294 
07716 

C&t-lkli-1% R88-kk 25 
7"10-106OiP K1,2-1060* 25 
7"10-10601P K132-1"60* 25 
3009~-200R RP89-200 25 
cEA-499n-1z K88-499 25 

07716 C&l-lk+l% K88-Lh 26 
07716 CEA-lOkB-1% K88-10k 26 
80294 3""9?10k" RP89-I"h 26 
"7716 CEA-IOk"-1% R88-1"k 26 
07716 CEA-lk+l% R88-Lk 26 

07716 
91637 

cEklMo-1z R88-1H 
HEW-9H" R219-9H 

CEC-L.SHO-1% R94-1.5H 
CEC-30lk"-lz R94-301K 
CEC-lSOkU-1% R94-L50k 

26 
22b 
22b 
22b 
22b 

"7716 
07716 
07716 

07716 
07716 
15909 
80294 
91637 

CEh-lkL-1% R88-1k 
C&-20k.;-l% K88-20k 
CC,+lSk..-1% K88-15k 
502"OSlK RF96lk 
A-60-99M R-235-99% 

CEC-lkn-1% R94-lk 
C&t-lZ.Ikii-1% R&3-12.1k 
1283-1OOn R196-100 
3009P-5"" few-50 
DCF-l/2-5 RlZ-3 

25 
25 
25 
25 
25 

22b 
26 
22a 
26 
26 

*Value far 6" Hz line frequency (1273n for 50 Hz) 
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111053 9.1 kll 
KI"54 45.3 kn 

FlLTER AC AMPLIFIER (FC-278, PC-279) continued 

Ratinx 

."1%, l/4 w 

.75 w 

."l%, l/4 w 

.75 w 

."l%, l/4 w 

75 w 
:"I%, l/4 hi 
.75 w 

.?i w 
I%, 118 W 
I%, l/8 w 

75 w 
i%, l/S w 
L%, 1/a w 
L%, 118 w 
I%, l/8 w 
5% 2w 
I%, l/8 w 
."1%. .25w 
1%, l/2 w 

- 

RESISTORS (cont’d.) 

Type 
Mfr. Mfr. Keithley 
Code Desig. Part NO. 

camp “iar 

camp “ar 

camp “ar 

camp var 
ww 
MU 

MU 
MU 
DCb 
MU 
MtF 

MtF 
MtF 
camp “ar 
MLF 
MtF 

camp “ar 
MtF 
MC 
Mm 
MtF 
ww 

Fi~g. 
Ref - 

15909 135"-1""G R198-100 26 
80294 3""9P-loOn KP89 100 26 
15909 135O-1900.39x R198-1900.391 26 
80294 3009P-500n RP89-500 26 
15909 135"-19903.m R198-19903.1 26 

80294 3""9P-Skii RP89-5k 26 
15909 1350-1999318 R198-199931 26 
80294 3"09P-10"!4 KP89-1O"k 26 
15909 1250-2.0002LMn R197-2.0021M 26 
"7716 cm-lZlD-1% R88- 121 26 

07716 CEA-6."4kn-1% K88-6.04k 
"7716 CEA-lMn-1% RW-lH 
91637 DCF-1/2-2.2Mn R12-2.m 
“7716 CEA-3.OlkW1% R88-3.01h 
"7716 CEA-90.9kW1% R88-90.9k 

"7716 CEA-4.99kW1% 
"7716 CEA-llkll-1% 
80294 3"09P-5O"n 
07716 CEA-7.87kP1% 
07716 CEA-4.99k -1% 

R88-4.99k 
R88-Ilk 
RP89-50" 
R88-7.87 
R88-4.99k 

80294 
07716 
07716 
07716 
"7716 
12697 
"7716 
15909 
?7716 

3009P-50052 
CEA-32.4kW1% 
CEA-l"kSl% 
CBA-2k&l% 
CEA-2.8kn-1% 
62JA-1Okn 
CEA-1OOkS1% 
1283-9. I!4 
CEC-45.xn 

RP89-50" 
K88-32.411 
R88-1Ok 
R88-2k 
R88-2.8k 
RP42-1"k 
R88-1"Ok 
K194-9. Ik 
R94-45.3x 

FET, case TO-18 
FET, case TO-18 Selected* 

N-channel FET, case TO-72 
P-Channel FET, Case TO-72 

94144 RN-1030 TO-51 
94144 RN-1030 W-51 3 

22376A 

17856 2N4869A E-83 
73293 Hr)CP1""1 X-86 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 
26 
26 
26 
2% 

Cl101 200” pF 15 v EAL 29309 JCN2000158P C?l"-2"""M 24 
Cl102 1"" &IF 15 " EM. 29309 JC6100158P C21"-1""M 24 
Cl103 2"" pF 35 " EAL 90201 MT"ZO"N35 Cl,,-2""M 24 
CL104 2"" pF 35 v EN. 90201 MT"200N35 CL,,-2""M 24 
Cl105 2"" (Is 35 " EAL 90201 MT"2OON35 C17/-ZOOM 24 

Cl106 
Cl107 
Cl108 
CL109 
Cl110 

2”” &lF 35 " 
1" P 350 " 
400 $3 35 v 
2000 &IF 35 " 
2"" p 35 v 

90201 MT"200N35 Cl,,-2""M 24 
MATS" ECE-A35"YK C-24O-IOM 24 
29309 .TC5"40"3S8P C212-4""M 24 
29309 JC52000358P C2L2-2"O"M 24 
90201 MT"ZO"N35 Cl,,-2""M 24 
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n, l/8 w 
3%,3 w 
LO)., 114 w 

camp 
DCb 
cump 
“Cb 

camp 
camp 
“Cb 
MtF 
camp “ar 

MtF 
COmp 
COlllp 
camp 
MtF 

MtF 
ww 
c’mp 

91637 
44655 
91637 

44655 
44655 
91637 
“7716 
80294 

“7716 CBA-3.“lKD-1% R&3-3.01k 
44655 CB 333-I”% R76-33k 
44655 CB 153-l”% R76-l5k 
44655 CB 183-l”% R76-L8k 
07716 CL-7.5K”-1% R88-7.5h 

“7716 CEA-7.5kS1% R88-7.5k 
440”-330:, R92-33” 
CB 333-l”% R76-33k 44655 

EB-L”.1-10% RI-10 
EB-IMe-10% RI-lb, 
DCF-l/2-700 RIZ-7” 
CB 472.10% K,b-4.7k 
DCF-l/2-3Q R12-3 

C8182-10% R76-1.8k 
CB 472-L”% R76-4.7k 
DCF-ll2-3n RL2-3 
CEA-3.3X&I% R88-3.321 
3009P-lW RP89-lk 

24 
24 
24 

24 
24 
24 
24 
24 

24 
24 
24 
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REPLACEABLE PARTS MODEL 180 

POWER SUPPLY (PC-272, cO”ti”“ed 

TRANSISTORS 

circuit Mfr. Mfr. Keithley 
oesig. Type Code Desig. Part NO. 

QllOl Silicon, PNP, case W-106 07263 2135139 TG-66 24 
Q1102 Silicon, Power, NPN, case TO-5 02734 40317 TC-43 24 
91103 Silicon, PNP, case ~0-106 07263 2N5139 TG-66 24 
Q1104 Silicon, PNP, Case TO-39 04713 MM4003 x-59 24 
Q1105 Silica", PNP, case ~0-106 07263 2N5139 TC-66 24 
Q1106 Silicon, PNP, case TO-106 07263 2N5139 X-66 24 
91107 Silicon, PNP, case ~0-106 07263 2N5139 TC-66 24 
Ql*"l* power, case TO-66 02734 40312 x-54 22a 

*see SchemaCic 255483 

MAIN CHASSI!i, "1200 SERIES" 

FRONT PANEL 

circuit 
Desig. 

Mfr. Mfr. Keithley 
Code DeSig . Part NO. 

K1201 POt~"tiO~~t~~, “DISPLAY RATE", SOOkn , Cb”ar 71450 x45-500k RP75-500k 
Knob assembly, "DISPLAY RATE" 80164 -_ 24517A 

RI202 Potentiometer, "IV ZERO ADJ", 2&l, 0.75 w 73138 78LRZK56BW RP95-2K 
51201 Switch, "POWER ON" 80164 __ SW-271 
51202 switch, "117-234V" (~ocared on Rear Fanel) 80164 -_ SW-318 
51203 Switch, "DISPLAY RATE MAX" 80164 __ SW-346 
51204 Switch, "RANGE", dual concentric 80164 _- SW-333 
__ Knob assembly, “LIMIT”, inner concentric 80164 __ 25066A 
__ Knob assembly, "MAWAL", outer concentric 80164 __ 25062A 

SlOOl Switch "ZERO SUPPRESS", o"ter concentric 80164 -- SW-346 
Knob assembly, "COARSE", o"fer concentric 80164 _- 25062A 

RI051 Potentiometer, "ZERO SUPPRESS", inner concentric 12697 62~~ RP42-10k 
_- Knob assembly, "FINE", inner concentric 80164 _- 24606A 

DSl201 Indicator Lamp 08806 382 FL-55 
DS1202 Indicator Lamp 

Indicator Lamp Installed in Module PL-56 
08806 382 PL-55 

051203 08806 382 PI.-55 
DSl204 Indicator Lamp 08806 382 PL-55 

__ Indicaror Module 72619 7111885180 PL-56 

REAR PANEL 

circuit 
Desig. Description 

Mfr. 
Code 

51219 
Pl219 
F1201 
F1201 

T1201 
51211 
Pl211 

___ 
.J1212 
Pl212 
51217 
51216 

__- 
___ 

51202 
Cl201 
Cl202 
Cl203 

50 

Receptacle, Line Voltage 
Line Cord, 3-pins 
Fuse, 3AG, Slo-BiO 117": 314.4 
Fuse, 3AC, Slo-Blo 234": 3,8A 

Fuse Holder, Extractor Type 

Transformer, Power 
connector, u-pins "REMOTE PROGRAM" 
Connector, 15-pins, Mates with 51211 
Cap, Mates with 51211 
Retainer, Mates with 51211 
Connector, "'ANALOG OUTPUT" 
Canneccor, Mates with 51212 
Binding POSf, Green, "CASE GND" 
sinding POST, Black, "OUTPUT LO" 
Shorting Link (for binding pasts) 
Plate, COnnector Cover (DIGITAL OUTPUT) 
Switch, "117-234V", Slide type 
capacitmr, 0.01 &F, 1200" 
capacimr, 1000 PF, 2000 " 
CapaCitOr, 1000 PF, 2000 " 

82389 
70903 
71400 
71400 
75915 
80164 
71468 
71468 
71468 
71468 
02660 
02660 
58474 
58494 
24655 
80164 

97419 
ERI 
ERI 

Fig. 
Ref. 

FAC-301 
__- 

MDL-314.4 
km-318.4 
342012 

DA-15s 
DA-15P 
DA-5920 
DA-51220-l 
80PC2F 
80MC2M 
DF21GC 
DF2 1BC 
938-L 
2453OA 
~~-318 
M2W-R-.01@ 
808-25UlO2MZKV 
808-25u102M2Kv 

lx-254 
CO-7 
FL!-19 
F"-18 
FH-3 
TR-133 
cs-86 
Cs-a7 
CAP-11 
B-153 
B-32 
CS-33 
BP-11 CRN 
BP-11 BLK 
BP-6 
24530.4 
SW-318 
c181-.0u.f 
c-287-1000p 
C287-1000~ 
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MODEL 180 REPLACEABLE PARTS 

MOTHER BOARD, "1200" SERIES (PC-271) 
CONNECTORS 

CirCUit 
Desig. 

Mfr. 
CLX%S 

Mfr. 
DeEzig. 

Keithley 
Part No. 

Fig. 
Ref. 

51201 
51202 
51203 
51204 
51205 
51206 
51209 
51208 
51209 
51210 
51211 

Rece,,tacle, Card-Edge Type, 25-pins (Mates with PC-271) 
Receptacle. Card-Edge 'I,.pe, 44-pins (Mates "ith K-275) 
Rece,mcle, Card-Edge Type, 44-pins (Mates with PC-300) 
Receptacle, Card-Edge Type, 15-pins (Mates Wifh PC-274) 
Receptacle, Card-Edge Type, 15-pins (Mates "ifh PC-274) 
Receptacle, Card-Edge Type, 44-pins (Mates with PC-280) 
Receptacle, Card-Edge Type, 44-pins (Mates with K-281) 
Receptacle, Card-Edge Type, 44-pins (Mates with K-282) 
Receptacle, Card-Edge Type, 44-pins (Mates with PC-279) 
Receptacle, Card-Edge Type, 44 pins (Mates with PC-273) 
Receptacle, 15-,,i"s. "REMOTE PROGRA"" (Located on Rear 

Panel)....................... 
51212 Receptacle, z-pins, "ANALOG OUTPUT" (Located on Rear 

51213 
51214 
51215 
51216 
51217 
51218 

Panel)....................... 
Receptacle, IO-pins, Mlnl-P" (Range Switch Interconnect) 
NaeUsed....................... 
Notuaed....................... . . . . . 
Binding Post, Black, "OUTPUT LO" (Lacated on Rear Panel) 58474 
Bindina Pmt. Green. "CASE GND" (Located on Rear Panel) 58474 
Receptke, iO-pins; Ml",.-P" (Remote Program Intercon- 

31219 
nect) ................... 

Rece+wle for Line Cord (P1219) ....... 

P1201 
Pl202 
P1203 
P1204 
P1205 
~1206 
P1207 
PI208 
P1209 
Pl210 
P1211 
P1212 
Pl213 
PI214 
P1215 
P1216 
Pl217 
P1218 
PI219 

Part of PC-271 ................ 
Part of PC-275 ................ 
Part of PC-300 ................ 
Part of PC-274 ................ 
Parr af PC-274 ................ 
Part Of PC-280 ................ 
Part Of PC-281 ................ 
Part of PC-282 ................ 
Part of PC-279 ................ 
Part of PC-273 ................ 
Mating ~o,,,,e~eor far 51211, "REMOTE PROGRAM" . 
Mafing connector for 51212, "ANALOG OUTPUT .'. . 
Mating ptns for .I1213 (Part of PC-271) .... 
N"tU8ed ................... 
NotUsed ................... 

. . 

. . 

. . 

. . 

. . 

. . 

. . 
. 

. . 

. . 
* . 
. 
. 
. . 
. . 
. 
. . 

Not Used ................... . . 

Not Used ................... . I 

Mating pins for 51218 (Part of PC-271) .... . . 

Line Cord. 3-pins. .............. . 
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. . . . . 

. . . . . 

. . . . . 

. . . . . 

3 . . . 

. . . . . 

. . . . . 

. . . . 

71468 

02660 
22526 
. . . . . 

22526 20052 CS-237 
82389 Pn,-301 CS-254 

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

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

. . . . * ....... ........ 

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

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

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

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

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

71468 DA-15P cs-a7 
02660 BOHCZI, m-33 
.I... ....... ........ 
. . . . . ....... ........ 
. . . . . ....... ........ 
. . . . . ....... ........ 
. . . . ....... ........ 
. . . . . ....... ........ 
70903 co-7 co-7 

....... 

....... 

....... 

....... 

....... 

....... 

....... 

....... 

....... 

....... 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

DA-155 cs-a6 

SOPC2P CS-32 
22052 CS-237 
....... ........ 
....... ........ 
OP21BC BP-11BLx 
DFZlGC BP-11GRN 

. 

. . 

. . . . 

. . . 
. . . 

. . . 

. . . . 

3 

3 
22 

. . 
. 

3 
3 

22 
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. . 
. 

. . . . 

. . . . 

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

. 
3 
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. . . . 

. . . . 
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COMPONENT LAYOUTS 

FIGURE 24. Component Layout, PC-272 
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COMPONENT LAYOUTS 
MODEL 180 

FIGURE 25. Component Layout, PC-278 

FIGURE 26. Component Layout, PC-279 

FIGURE 27. Component Layout, PC-282 
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FIGURE 36. component Layout, PC-275, (Part 2) 
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COMPONENT LAYOUTS 

FIGURE 35. component Layout, PC-275 (Part 1) 
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SECTION 7. 

7-l. GENERAL. This section contains information 
necessary to maincain the instrument to published 
specifications. 

7-2. REQUIRED TEST EQUIPMENT. Minimum requirements 
for test equipment are given in Table 7-1. 

7-3. ADJUSTMENT AND CALIBRATION. This procedure 
should be used whenever it is necessary to calibrate 
the insrrument to ens"re that it meets published spec- 
ifications. Calibration should be accomplished every 
90 days to ensure accuracy or more frequently if am- 
bient temperature conditions are changed. 

a. Environment. The calibration shauld be per- 
formed in a controlled enviranment. The factory cal- 
ibration is performed at 25°C il'C. Recommended tem- 
perature range for recalibration is 23'C to 27'C. 

b. Temperature. TO maintain a constant ineerna1 
temperature of the Model 180, a special Test Cover 
@art No. 26072C) should be used. This 'rest Cover 
(included in Access"ry Model 1803 Extender Card Kit) 
allows access to calibration adjusrmenrs without up- 
setting the internal temperature. 

IMPORTANT 

apply power to the Model 180 and allow In- 
strument t" warm-up and stabilize with test 
cover in place f"I- a rni"inl"ln of 4 hours prior 
to calibration. 

T 

CALIBRATION 

C. Preamplifier Zero. 

1. connect Model 1488 Shorting Plug. 

2. connect Null detector (D) to Model 180 Analog 
outpue. 

3. Select 1OOOm" range on Model 180. 

4. Adjust front panel "1V ZERO" (R1202) on Model 
180 co obtain zero +ZOu" reading on Null Detector at 
Analog Output of Model 180. 

5. Select lm" range on Model 180. 

6. Check for zero at Analog O"tp"t on Model 180 
on lln" range. Ad,ust potentiometer RI013 (Internal 
Zero Ad,.) a6 necessary (within noise on Im" range). 

7. Select O.lmV range. Monitor Analog Outpue 
which should be within about lm" of zero. Peak- 
co-peak noise in 100's of u" is to be expected. 

8. select 1OOOrn" range. Recheck Analog Output 
zero. O"tput should be zer" +20!1V. 

9. Check Analog Outp"t a" lm", lOmV, a"d 100~1" 
ranges. O"tput should be within t75uV af zero on 
each range. 

TABLE 7-l. 
Recommended Test Equipment for Adjustment 6 Calibration Procedure.. 

Description 

Voltage source, 0.002% of setting accuracy 

Voltage Divider 1,10,100,1000 ohm seeps 

Shorting Plug 

Null Detecror/Micro"olrmeter 

Low-Thermal Resiseancr, 1060 Oh,,, 

Low-Thermal Resistance, 99 kilohm 

Mfr. 

Fluke 
nuke (alternate) 

ES1 

Keithley 

Keithley 

lceitllley 

Keithley 

Model 

343A 
i3308 (alternate) 

SR-1010 

1488 

R-132-1060 

R132 

R-105-99K 
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MODEL 180 

1. Select lOOOm” range on Model 180. 

2. Observe digital display on Model 180. 

3. Adjust porentiomeeer 8301 (Digital Zero Adj.) 
to obtain zero reading such char polaricy sign flashes 
between + and -. 

e. Offset current. 

NOTE 

Low-thermal source resistances are essen- 
tial for this procedure. Low-thermal fest 
resistors may be assembled by using parts 
of Model 1488 Shorting Plug and Model 1486 
Male connector. see Figure 3,. use a 
crimping cool from Model 1483 Lo.-Thermal 
Connection Kit for making low-thermal copper 
CO”“SCiO”8. Make certain resiatancea are 
enclosed t” prevent disturbances from tem- 
perature variations (due t” nmvement of air) 
or electrical noise pick-up. If this ca”““t 
be done, an alternative procedure is t” use 
a M”del 1506 cable. Far shorred-input co”- 
nectians, clip leads tagether. For high 
and low resistance measurements clip o” t” 
leads of Ikn or 1OOkn resistors. I” each 
case protect the connections from tempera- 
ture variarions due to air currents by 
wrapping the connection in polyurethane 
foam and ,,lace in a small box or other pro- 
tective enclosure. 

Low-Thermal source Resistances. 

Keithley 
s Type Part NO. 

lkn Low-Thermal, Wire-Waund R132-lkn 
lOOki Low-Thermal, Wire-wound RllO-100kn 

1. High Resistance Adjustmenr (100 kilohm 
source). 

a). Select In,” range on Model 180. 

b). Connecr Model 1488 Shorfing Plug to Model 
180 Input. 

c) . Check front panel display for zer” reading. 
Adlust front panel Zero Suppress (R1051) to ob- 
tain a reading of .OOOO ? .OOOlmV. 

d) . Remove Model 1488 Shorting Plug. 

e). connect Low-Thermal Resistance (100 kil- 
ohms) to Model 180 Input. 

f) * Check front panel display for zer” reading. 

9) . Adjust potentiometer R1004 (Offset Current 
Adj.) to obtain a reading of .OOOO * .OOlO”S. 

1175 

2. Lo”-Resistance Adjustment (1 kil0hm source). 

a). Select 1mv range on Mod-21 180. 

b). Connect Model 1488 Sh”rti”g Plug. 

4. Verify reading is .OOOO ! .0001 19,. 

d). connect Low-Thermal Resistance (1 kil0h.n). 

e). Allow reading “1 to stabilize. Record “1. 

f). With Low-Thermal Resistance cannecced. ad- 
just capacitor Cl004 such that displayed reading 
is: 

v2 - -2 v1 

(For example, if Y1 is a negative quantity, the” 
V2 should be set positive by a facror of ZVl.) 

9). Remove Low-Thermal Resistance (1 kilOhrn,. 

h). Connect Model 1488 Shorting Plug. 

5). Record reading to the nearest 4 digit as 
“3. 

NOTE 

The digital display can be read to within 
k ‘1 digit by ins,ectio”. If the least sig- 
“ificant digit remains at “0” with the polar- 
ity flashing between + and -, the” the last 
digit is “0” + ‘r digit. If the display 
flashes between -1 and 0, the” the last digit 
is - ‘r digit. If the dieplay flashes be- 
tween +1 and 0. the” the display is + 4 
digit. 

k). connect Law-Thermal Resistance (1 kilohm). 

n). Determine offset currenr from folloving: 
v4 ~- v3 

Lffaet - 1000 

where V4 is from step m. 
v3 is from step 1. 

p). Repeat steps a) through n) above until the 
offset current (Ioff& is within 2100 pica- 
ampere. This is achieved when V4 - V3 with*” 
tl digit. 

EXAMPLE 
if v1 = -.00015, the” v - + .0003 
if “3 - .0008, vq - . 0807, the” I - 100p.t. 

9). Repeat paragraph 7-4d in its entirety. 
Then skip ahead to paragraph 7-4g. unless a 
more sensitive ad,usCmenr is desired. 
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CALIBRATION MODEL 180 

I 

SHELL FROM MODEL 1488 LOW THERMAL 
SHORTING PLUG WIREWOUND 

CRIMPED-ON PLUG FROM 
LEADS MODEL 1486 

FIGURE 37. Assembly of Low-Thermal Resistance Source. 

I 
VOLTAGE 
DIVIDER 

HI 
REF 

HI -HI 

VOLT 0 
INPUT 

SOURCE MODEL 180 OUTPUT OhA0 

O-LO 
+ - G 

LO 

CASE CASEA NULL DETECTOR CASE 
I 

GROUND1 
- SEE FIGURES 39, 40, 41, 42, & 

43 FOR DIVIDER CONNECTIONS. 

FIlxmE 38. Test set-up for Pre-Amp Gain Calibration. 
L 

L I 
FIGURE 39. Voltage Divider Connections, lOOOn," Output. 
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MODEL 180 

3. option*1 Ad,“stme”t of Offset current to be- 
low 100 DA. the offset current may be adjusted t” 

,. better than 100 picoampere at a specific source 
: reeistance by repeafing paragraph 7-4f2 with spe- 

--~ cific value of Low-Thermal Resistance. 

f. Preamplifier Cain Calibration. 

1. Assemble test equipment as show” in Figure 38. 

2. Set potentiometer R557 (Gain Adj.) to *perox- 
imately center rotation. 

3. set Null Detector to 1 dl range. 

4. 1000 mV Cain Calibration. 

a). connect Voltage Divider for 1:1 division 
ratio as shown in Figure 39. 

b). set Voltage Source to zero. 

Cl. Adjust front panel ZERO SUPPRESS on Model 
180 to obtain zero within t2Ou” on NUN Detector. 

d). set Voltage source tLl approx. +1.9 v 

e) . Adjust potentiometer RIO24 (1OOOmV Cain 
Adj.) (located on K-279) t” obtain null on Null 
Detector. See Figure 23 for lacatio”. 

f). If adjustment of R1024 is t”” coarse, set 
R1024 to a stable position. Then adjust R557 
(Gain Adj.) to obtain a null. 

g). set Voltage source to -1.9 v. 

h). Observe null reading on Null Detector. 

1). Adjust potentiometer R1024 t” reduce the 
Null Detector reading to a “mid-point” reading 
(split the difference to compensate for “on- 
linearity at twice full range). 

,). Repeat steps 4a) to 4,) to obtain same null 
for positive and negative inputs. 

NOTE 

Typical readings are -350 microvoles from 
““11 “he” input signal is near twice full 
range. The minus reading indicates that 
the positive gain of the analog amplifier 
is high and the negative gain is low. see 
Figure 43. 

OPTIONAL CHECK 

Full range linearity may be checked by 
repeating steps 4a) to 4j) using a t1 volt 

-3 inpuf . Typical readings are 100 micro- 
Volts from null. 

CALIBRATION 

5. 1 “V Gain Callbratio”. 

a) * connecr Voltage Divider for 1:1000 division 
ratio as shown in Figure 40. 

b). set Voltage source to zero. 

c). Adjust front panel ZERO SUPPRESS on “ode1 
180 to “brain zer” ?4OuV on Null Detector. 

d) . set “olLa*e Source to approx. +1.9 “. 

e). Adjust potentiometer RlO31 (1mV Gain Mj.) 
to obtain null on Null Detector. 

f). set Voltage source to -1.9 v. 

g). Observe null reading on Null Detector. 

h). Adjust potentiometer RIO,1 t” reduce the 
Null Detector reading LO a “mid-point” reading 
(split the difference LO compensate for non- 
linearity at: twice full range). 

6. 0.1 mV Cain Calibration. 

d). Set Voltage Source to swrox. +1.9 ” 

e). Adjust potentiometer Rl033 (100;1V Cain 
Adj.) to obtain null on Null Detector. 

f). set “catage source to -1.9 Y. 

9). Observe null reading on Sull Detector. 

h). Ad,ust paten~iometer MO33 to reduce Thhe 
Null Detector reading to a “mid-point” reading 
(split the difference t” compensate for “on- 
linesrity at twice full range). 

7. 10 m” Cain Calibration. 

a). connect Voltage Divider for 1:lOO division 
ratia as horn in Figure 42. 

b). Set Voltage source to zero. 

c). Adjust front panel ZERO SUPPRESS on ““de1 
180 to obtain zero f20uV on Null Detector. 

d). set Voltage source to approx. +1.9 v. 

e). Ad,ust potentiameter R1029 (10~~” Cain Mj.) 
to Obtain null on Null Detector. 

f). set Voltage source to -1.9 v. 

b). Adjust potentiometer RIO29 LO reduce the 
Null Detector reading L” a “mid-point” reading 
(split the difference to compensate for “on- 
linearity at twice full range). 
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CALIBRATION MODEL 180 

8. 100 mV Cain Calibration. 

a). connect "olra~e Divider for I:10 division 
rn'.io as shown in Figure 43. 

b) . set "alrage source to zero. 

Cl. Adjust front panel ZERO SUPPRESS an Mode1 
180 t" obtain zero 120"" 0" Null Detector. 

d) see Voltage source co apprax. +1.9 v. 

e). Adjust potentiometer RI027 (IOOmV Cain Adj.) 
to obtain null on Null Detector. 

f). set Voltage source tn -1.9 ". 

8). Ohserve null reading "" Null h?cectar. 

j). A(just potentiometer RI027 to reduce the 
Null Iktector reading to a "mid-point" reading 
(split rhc difference LO compensate for non- 
linenrity at twice Cull range). 

if iic my time a particular gain ad,ustment 
cnnn"~ he ,performed, potentiometer FL557 should 
be adjusted on the particular range. If ad- 
justmeni of R557 is necessary, then the Pre- 
amplifier Cain Cnlibraiion must be performed 
startinp, wit,1 1000 nl" Grli" calibration (step 
x4). 

cl. Select 1OOOmV range on Model 180. 

d). "eriiy Analog Output within 120~" of 2 

e) . Check Model 180 display for zero reading. 

f) . Adjust potentiometer R301 (Digital Zero 
Adj.) to obtain 0000.0 with polarity flashing. 
This is a sensitive adjustment. The display 
may occassionally flash fo a +1 or -1 digit. 

9). Remove Model 1488 Shorting Plug. 

2. i Reference Adjustment. 

a). Adjust potentiometers R326 (+ REF FINE AM.1 
and R331 (-REP FINE ADJ.) for center )msition (approx. 
5 turns). 

b). Connect Voltage Source to Model 18" 

cl. Apply f1.50005" from Voltage Source. 

d). Adjust potentiomerer R330 (-REF. COARSE A&l) 
LO obtain approx. C15OO.O mV reading an Model 180. 

e). Adjust R331 (-REF FINE ADJ) to obtain a read- 
ing between +1500.0 and f1500.1 m". 

f). Repeat steps c) through e) using -1.50005" 
input. Adjust potentiometers R327 and R326. 

3. Verification of Linearity (1000 mV range). 

a). C'=""eCt VOltage Source to Model 180 ~,,put. 

b). Apply voltages to Input as shown in Table 
7-2. 

c). Verify that readings are within maximum 
diviation specified in Table 7-2. 

TABLE 7-2. 
Verification of Linearity 

Input Voltage Allowable Reading 

+1900.0 In" +1899.6 to +1900.4 m" 
-1900.0 In" -1899.6 to -1900.4 m" 
+1500.0 In" +1499.9 to +1500.1 m" 
-1500.0 Ill" -1499.9 to -1500.1 m" 
+1000.0 mv + 999.8 to +1000.2 m" 
-1000.0 Ill" - 999.8 to -1000.2 mV 
+500.0 In" +499.8 to f500.2 m" 
-500.0 m" -499.8 to -500.2 mV 
+100.0 m" +999.8 to +100.2 m" 
-100.0 In" -999.8 to -100.2 m" 
+ 50.0 In" + 49.8 to + 50.2 I,," 
- 50.0 mv - 49.8 to - 50.2 mV 
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FIGURE 4". ““i~tage Divider connections, lm” output 
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MODEL 180 

INPUT 
1 

C9 

A10 

REF 

OUTPUT 

. ^ 
FIGmu? 42. Voltage Divider mnnect*o**, l”rn” uucpuc. 

INPUT AlO 

61 

A0 

_-----_ 
I I 

50 
REF 

5 OUTPUT 

I i I 
I 100 mV lkfl I ) 

FIGURE 43. Voltage UlYLaer connections, loom” output. 
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VOLTS 4 
+-ZOO NANOV0LTS-j 

10 NANOVOLTS 10 NANOVOLTS 

FIGURE 44a.b. Typical Drift and Noise Recordings. 

h. Drift Check. i. Noise Check. 

1. Allow Model 180 to stabilize vith power on 
for a least four hours. 

2. connect Model 1488 Shorting Plug to Model 180 
Input. 

3. Observe the long-term drift under a closely 
controlled enviranment, preferably held to within 
?l'C. 

4. Typical long term drift is shown in Figure 
44a. This data was recorded on an Eaterline4ngus 
chart recorder (Model 602) by monitoring the Model 
180 hdag oUtpOt. Measurement was made in a lab- 
oratory with temperature controlled to ?l°C with 
very slow temperature variations. 

1. Allow Model 180 LO stabilize as above in para- 
graph 6-31. 

2. Connect Model 1488 Shorting Plug. 

3. Observe noise at the Model 180 display, r\nalog 
Output, or Digital Output. "Noise" is intended to 
mean the peak-to-peak excursion over a span of 30 
seconds observed at the display or Digital Output. 
Typical noise at ehe Analog output is shown I" 
Figure 44b. Wide-band recorders may indicate 
higher noise levels than shown. The Node1 180 A,,) 
converter sectian will average faster variations. 
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CODE-TO-NAME LIST 

00686 

OIlZl 

“1295 

02660 

02734 

02735 

02777 

“2985 

03508 

04009 

04713 

“5079 

“5397 



54294 Shallcross Mfg. Co. 73690 ElCO Resistor co. 
: Selma, N.C. 27576 New York, N.Y. 

56289 Sprague Electric Co. 
North, Adams, Mass. 01247 

74276 Signalite Inc. 
Neptune, N.J. 07753 

58474 superior Il1eccric co. 
Bristol, Co”“. 06010 

74970 Johnson, E.F., co. 
traseca, Mi”“. 56093 

61637 Union Carbide Corp. 
New York, N.Y. 10017 

63060 “ictoree” 1nstrunlent co, 
Cleveland, Ohio 44104 

75042 IRC Di”. Of TRW Inc. 
Philadelphia, Pa. 19108 

02288 Allied Control Co., 1”~. 
Plantsville, Con”. 06479 

75915 Littelfuse, *nc. 
Des maines, Ill. 60016 

76055 Mallory Controls Div., 
Mallory P. R. & co., 1°C. 
Frankfort, I”d. 

70903 BeMe” Mfg. co. 
Chicago, Ill. 60644 76493 Miller, .J. w. co. 

compton, Calif. 90024 
71002 Birnbach co., Inc. 

New York, N.Y. 10014 76545 Mueller Electric Co. 
Cleveland, Ohio 44114 

71279 Cambridge Thermionx Corp. 
Cambridge, Mass. 02138 77764 Resistance Products Co. 

Harrisburgh, Pa. 17104 
71400 Bussma”” Mfg. 

Div. of McGraw-Edison Co. 
se. Louis, MO. 63017 

79727 c,ontinenta1-Nirt 
Electronics Corp. 
Philadelphia, Pa. 19144 

71450 CT8 Corp. 
Elkhart, Ind. 46514 80164 Keithley InSerumenCS, 1°C. 

Cle”eIa”d, Ohio 44139 
71468 ITT Cannm Electric, Inc. 

Los Angeles, Calif. 90031 

71590 Centralab 
Di”. of Globe-Union, 1°C. 
Milwaukee, wise. 53201 

80294 Bourns, Inc. 
Riverside, Cellif. 92507 

71785 Cinch Mfg. Co. 
Llovard B. Jones Div. 
Chicago, 111. 60624 

81073 Grayhill, 1°C. 
LB Grange, Ill. 60525 

81483 International Rectifier 
Los Angeles, Calif. 90069 

72259 Nyfronics, Inc. 
Pelham Manor, N.Y. 10803 

72619 Dialight Corp. 
llrookly”, N. Y. 11237 

72653 G-C Electronics Co. 
Rockford, Ill. 61101 

82389 Switchcrafe, Inc. 
Chicago, Ill. 60630 

83125 enem Instrument cmp. 
Capacitor Division 
Darlingto”, S.C. 29532 

83330 Smith, Herman H., 1°C. 
Brooklyn, N.Y. 11207 

72699 General Instrument Corp. 
Capacitor Division 
Newark, N.J. 07104 

83594 Burroughs Corp. 
Electronic Components Div. 
Plainfield, N.J. 07061 

72982 Erie Technological Prods. 
Erie, Pa. 16512 

83701 Eleceronic Devices, 1°C. 
Brooklyn, New York 

73138 Beckman I”Sfrme”fS, 1°C. 
Helipoe Division 
Fullerton, Calif. 92634 

73445 Amperex Electronic Div., 
North America” Philips co. 
Hicksville, N.Y. 

84171 A~=” nectro”ics, I”=. 
Great Neck, N.Y. 11022 

84411 TRW cap@.cleor Di”. 
Ogallala, Nebr. 

84970 Sarkes Tarzia”, 1°C. 
Bloomington, I”d. 

86684 

87216 

90201 

90303 

91637 

91662 

91737 

91802 

91929 

93332 

93656 

94144 

94154 

94310 

94696 

95263 

95348 

95712 

97419 

RCA 
electronic Compo”e”ts 
Harrison, N.J. 0,029 

Philco Ford Corp. 
tansdale Div. 
Lansdale, Pa. 19446 

Mallory capacitor 
Indianapolis, Ind. 46206 

Mallory btttery co. 
Tarrytown, N.Y. 10591 

Dale Electronics, 1°C. 
Columbus, Nebr. 68601 

Elco Corp. 
Willow Grove, Pa. 19090 

ITT Gremar, Inc. 
bloburn, Mass. 01801 

Industrial “evices 1”~. 
Edgewater, N.J. 07020 

Honeywell 1°C. 
Micra Switch Div. 
Freepart, Iii. 61032 

Sylvania Electric Prod. 
Semiconductor Fred. Div. 
Woburn, Mass. 01801 

Electri~c Cord Co. 
Fairfield, N.J. 07006 

Raytheon Co., Industrial 
Operation Componenrs Div. 
quincy, Mass. 

Tung-so1 l?lectric, inc. 
Newark, NW Jersey 

mmcor, 1°C. 
Coinponenfs Division 
Huntington, I”d, 46150 

mgnecratt Electric co. 
Chicago, ill. 

Leecraft Mfg. co., 1°C. 
L.I. city, N.Y. 11101 

Gordos Corp. 
Bloomfield, N..,. 07003 

Dage Electric Co., Inc. 
Franklin, Ind. 

Standard Condenser Co. 
Chicago, 111. 60613 

97933 Raytheon co. ComponenCs “iv. 
Semiconductor Operation 
Mountain View, Calif. 

99120 Plastic capacitors, ~nc. 
Chicago, I1 1. 
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28775 AURORA-ROAD 
CLEVELAND, OHIO 44139 

SERV’CE FORM 
.,“I --- 

"'TDEL NO. --.- SERIAL ND.-- 1x.0. NO. DATE R- -.I 
.-. 
NAME PHONE 

COMPANY 

ADDRESS CITY STATE ZIP 

El . Describe problem and symptoms using quantitative data whenever possible (enclose 
readings, chart recordings, etc.) 

- (Attach additional sheets as necessary). 

cl 2 Show a block diagram of your measurement system including all instruments connected 
(whether power is turned on or not). Also describe signal source. 

xl List the positions of alJcontrols and switches on both front and rear panels of 
the instrument. 

El Describe input signal source levels, frequencies, etc. 

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

El List and describe all other equipment used in the experiment. Give control settings 
for each. 

El Environment: 
Where is the measurement being performed? (Factory, controlled laboratory, 
out-of-doors, etc.) 
What power line voltage is used? Variation? Frequency? 
Ambient temperature? "F. Variation? "F. Rel. Humidity? 
Other 

I3 Additional Information. (If special modifications have been made by the user. 
please describe below.) 

REV 0774 





INSTRUCTION MANUAL 
CHANGE NOTICE 

MODEL 180 DIGITAL NANOVOLTMETER 

INTRODUCTION; Since Keithley Instruments is continually improving pro- 
duct performance and rel iabi Ii ty, it is often necessary to make changes 
to Instruction Manuals to reflect these improvements. Also, errors in 
Instruction Manuals occasionally occur that require changes. Sometin:es, 
due to printing lead tiinc and shipping requirelnents, we can’t get these 
chanyes ilnmediately into printed Manuals. The following new chanyc in- 
formation is supplied as a supplement to this Manual in order to provide 
the user with the latest inlprovements and corrections in the shortest 
possible time. Many user-s will transfer this change information directly 
to a Manual to !minimize user error. All changes or additions are indi- 

CHANGES : 

Page 53 
Table 7-l. 

I tan 0 should read: 

D 

Item E should read: 

E 

Hul I Detector/Microvol tmeter Kei thley 

Low-Thermal Resistance, ID60 Ohm Kei thley 
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