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FOR YOUR SAFETY 

Before undertaking any maintenance procedure, whether it 
be a specific troubleshooting or maintenance procedure 
described herein or an exploratory procedure aimed at 
determining whether there has been a malfunction, read the 
applicable section of this manual and note carefully the 
WARNING and CADTlON notices contained therein. 

The equipment described in this manual contains voltages 
hazardous to human life and safety and which is capable of 
inflicting personal injury. The cautionary and warning 
notes arc included in this manual to alert operator and 
maintenance personnel to the electrical hazards and thus 
prevent personal injury and damage to equipment. 

If this instrument is to be powered from the AC Mains 
through an autotransformer (such as a Vartac or equivalent) 
ensure that the instrument common connector is con- 
nected to the ground (earth) connection of the power 
mains. 

Before operating the unit ensure that the protective con- 
ductor (green wire) is connected to the ground (earth) 
protective conductor of the power outlet. Do not defeat 
the protective feature of the third protective conductor in 
the power cord by using a two conductor extension cord or 
a three-prong/two-prong adapter. 

Maintenance and calibration procedures contained in this 
manual sometimes call for operation of the unit with power 
appliedandprotective covers removed. Read the procedures 
carefully and heed Warnings to avoid “live” circuit points 
to ensure your personal safety. 

Before operating this instrument, 

1. Ensure that the instrument is configured to 
operate on the voltage available at the power 
source See Installation section. 

2. Ensure that the proper fuse is in place in the 
instrument for the power source on which the 
instrument is to be operated. 

3. Ensure that all other devices connected to or in 
proximity to this instrument are properly grounded 
or connected to the protective third-wire earth 
ground. 
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SECTION 1 GENERAL DESCRIPTION 

1.1 INTRODUCTION. 

1.2 The Model 5900 Digital Multimeter is a five-decade 
instrument with a sixth digit providing 60% overrange. The 
basic instrument is equipped for dc and dc/dc ratio meas- 
urements on five ranges. With the addition of the optional 
AC Converter, a-c and ac/dc ratio measurements on four 
ranges are available. The Ohms Converter, also optional, 
adds ohms measurements on eight ranges. Complete meas- 
urement capability of a fully equipped instrument is tabu- 
lated in table 1 .l. 

r 

Table 1 .I - Measurement Capability 

FUNCTION 1 

OhIllS 

DC & Dc/Dc 
RATIO 

(Model 52 
Ohms 

Range (Basic 5900) Converter) 

.lV I x I 

1vI x I I I 

1ov X 

IOOV I x I 
ooov I x I 

100. I I x 
.I KS2 X 

1Kn X 

10Kn 1 I x 

100 K$-l 1 I x 

000 KS2 1 I x 
lOMa/ I x 

lOOMa 1 I x 

AC & AC/DC 
RATIO 

(Model 32 
or 33 

AC Converter) 

1.3 Range can be selected manually or automatically 
(autorange). In AUTO range, the proper range for a partic- 
ular measurement is selected automatically (full scale is de- 
fined as “100000” on any range). The instrument “up 
ranges” at 16U% of full scale and “downranges” at 15% of 
full scale. Polarity selection is also automatic and is dis- 
played on the readout. 

1.4 Two operating modes are provided. In Hold mode 
(RATE control on EXT), a measurement is held (displayed) 

until a single reading is commanded by an external com- 
mand. The new measurement is then held until the next 
external command. In Periodic mbde (RATE control CW), 
measurements are made automatic+ly at the rate of approxi- 
mately four per second. 

1.5 The basic Model 5900 includes an analog output 
voltage that is proportional to the parameter being meas- 
ured (except ratio). The voltage, at 20 volts maximum, is 
available at a rear panel connector. 

1.6 Also included as standard equipment is a solid-state 
isolated BCD output. TTL-compatible output levels of the 
reading, function, range, etc., plus a print command are 
provided. An additional line enables a new reading to be 
commanded externally. An optional isolated remote pro. 
gramming unit (Model 42) allows all operating commands to 
be made extcmally. 

1.7 OPTIONS. 

1.8 All optional accessories having model numbers are 
plug-in circuit boards that may be added at any time. A 
calibrated accessory board can be installed without af- 
fecting the d-c calibration of the basic instrument. An 
instrument shipped without PCB accessories will not be 
equipped with a Function Switching PCB assembly. This 
board must be added when accessory boards are installed. 
Analog accessories are identified in table 1 .l. 

1.9 Model 42 Remote Programming. 

1.10 The Model 42 Remote Programming accessory al- 
lows the selection of function, range, filter, read command, 
etc., to be made externally. Auto range selection is also 
provided and appropriate timeouts are generated internally 
when ranging takes place. Remote Programming “overrides” 
all manual control settings to prevent erratic selections. 
Complete isolation of the programming unit is achieved by 
the use of photoauplers and pulse transformers. 

1.11 Rear Input Options (-1, -lB, -1s. -1SB). 

1.12 Two rear input options are available for the Model 
5900 DMM. The option designated -1 or -IB consists of 
connector 5204 on the back panel with input lines + 
INPUT, + CURRENT, and GUARD wired in parallel with 
the front panel input terminals; the option designated -1s 
or -1SB is the same as the -1 or -lB except that the front or 
rear inputs are selectable by a switch on the front panel. 

b I-I 
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1.13 Rack-Mounting Flanges (403402). 1.17 Current Shunt Set (651). 

1.14 Rack.Mounting Flatages are used where 1111’ IIIS~~U- 
ment is to be installed in a relay-rack or cabinet. 

I .I8 The Current Shunt Set consists of six precision 
sIllill assemblies witb values selected to produce a voltage 
drop that, n~e:tsured in millivolts. Ins a numerical value 
cqual to 111~ current Ilow in milliamps or micro;tmps. 

1.15 High-Voltage Probe (641). 
1.19 ELECTRICAL DESCRIPTION. 

1.16 The High.Voltage Probe extends the voltage range of 
the instrument up to 10,000 volts (or 7SOOV rms). It is an 
insulated prube containing a 1000: 1 voltage divider. 

1.70 1be Model 5900 DMM is a dual slope integration 
instrument consisting of three main functional areas: signal 

l-2 
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1.28 The Function Switching board is used only when 
either or both of the options (AC and Ohms) are installed. 
With no options installed, the Function Switching board is 
replaced with the Switching Bypass board. The Switching 
Bypass merely connects the + Input (from input connector) 
directly to the Isolator input and the - Input to ground. 

1.29 At the rear edge of the Logic and Interconnection 
assembly is a PCB connector that extends to the rear panel 
and serves as the BCD output connector 1201. If the 
optional Remote Program board is installed, it is mounted 
on stand-offs above the Logic and Interconnection board 
with the PROGRAM INPUT connector (J202) available at 
the rear panel above the BCD OUTPUT connector. 

1.30 The POWER input connector 1203, the power trans- 
former, and power transistors for the power supply are 
mounted on the rear panel of the instrument. Other power 
supply components are mounted on the Logic and Inter- 
connection assembly. Also mounted on the rear panel, in 
addition to .I201 and 1202, is the rear INPUT connector 
J204, the ANALOG OUTPUT connector and common, the 
EXTernal REFerence connector and common, and the line 
fuse F201, 

1.31 A dimensional outline of the Model 5900 is shown 
in tigure 1.2. 

conditioning, integrating, and control/display. A block dia- 
gram of the instrument is shown in figure I, 1. 

1.21 The signal conditioning section includes the 
Switching p-c board, AC Converter, Ohms Converter, 
Attenuator, and Isolator. The function of these circuits is 
to convert the incoming signal to 10 MC, full scale into the 
integrator. 

1.22 The Integrating section consists of the Integrator 
amplifier, Null Detector and + reference voltages. The 
function of these circuits is to convert the conditioned in. 
put signal to an equivalent time period and to transmit this 
iime period to the display portion of the DMM. 

1.23 Dual slope integration operates as follows in a 
sequence of program (PCM) states: 

a. Signal Integration (KM-A). The integrator capaci- 
tor charges to a voltage proportional to the input 
voltage during a 20 msec sampling period. 

b. Reference Integrate (KM-C). During this period, 
the integrator capacitor discharges at a constant cur- 
rent. The time that the integrator requires to dis- 
charge (full discharge detected by the Null Detector) 
is measured by the counter. The data in the counter 
at the end of PCM.C is proportional to the input 
voltage. 

c. Strobe @CM-D). At this time, data in the counter 
is strobed into the storage latches and displayed - 
the print pulse is inhibited, however if an uprange 
or downrange command is generated by the Auto- 
range logic. If a range change is required, the 
counter is reset and the program returns to PGM-A. 

d. Reset @‘CM-E). At PCM-E, all internal logic is reset 
in preparation for the next reading. 

1.24 An additional control state, PGM.B, occurs after 
PGM-A and is a delay to allow for propagation time of the 
counter. 

1.25 The Control/Display section generates the control 
signals necessary to operate the signal conditioning and 
integrating circuits. 

1.26 MECHANICAL DESCRIPTION. 

1.21 The ohms measurement option consists of a single 
printed-circuit board. The AC options both consist of two 
boards. The accessory boards plus the Digitizer, Isolator, 
and Function Switching board all plug into the Main Logic 
board called the Logic and Interconnection assembly. This 
board also carries much of the instrument logic. 

Figure 1.2 Dimensions 

1.32 SPECIFICATIONS. 

1.33 Specifications are listed in table 1.2. 

1-3 
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SPECIFICATIONS, MODEL SSOO 
AS A DC VOLTMETER IBASIC INSTRUMENTl 

RATIO tdcldc. mVldc. acldc) 

SPECIFICATIONS CONTINUED NEXT PAOE 
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SECTION 2 INSTALLATION & OPERATION 

2.1 UNPACKING AND INSPECTION. 

2.2 The Model 5900 DMM is packed in a molded 
plastic-foam form within a cardboard carton for shipment. 
The plastic form holds the DMM securely in the carton and 
absorbs any reasonable external shock normally encountered 
in transit. Prior to unpacking, examine the exterior of the 
shipping carton for any signs of damage. Carefully remove 
the DMM from the carton and inspect the exterior of the 
instrument for any signs of damage. If damage is found, 
notify the carrier immediately. 

2.3 Included with the instrument in the packing con- 
tainer are the instruction manual, power cord, and rear in- 
put and BCD output mating connectors. With instruments 
equipped with remote programming, a mating connector 
for that accessory is included. 

2.4 BENCH OPERATION. 

2.5 Each Model 5900 is equipped with a tilt bail or 
“kickstand” to enable the front of the instrument to be 
elevated for convenient bench use. The tilt bail is attached 
to the two front supporting “feet” at the bottom of the 
instrument. For use, the bail is pulled down to its sup- 
porting position. 

2.6 RACK MOUNTING. 

2.1 The instrument can be mounted in a standard 19. 
inch rack with the optional rack-mounting flanges (403402, 
includes attaching hardware). To install the flanges, pro- 
ceed as follows: 

a. With instrument on its side, remove four Phillips- 
head screws holding bottom cover. Remove cover. 
Remove screws holding feet (and bail) in place. Re- 
place bottom cover. 

b. Place one of the supplied screws through each of 
the two holes in the mounting flange (figure 2.1). 
Thread a securing nut onto each screw just enough 
to attach it to the screw (approximately one turn). 

c. Place the mounting flange onto the mounting slot 
in the instrument side panel so that the securing 
nuts fit entirely into the slot. Be sure the rack- 
mount slots on the flange are toward the front of 
the instrument. 

d. Tighten screws. The securing nuts will rotate and 
hold the flange securely in place. 

2.6 POWER CONNECTIONS. 

2.9 Standard units operate on either 1 IS volts or 230 
volts, SO to 60 Hz (400 Hz available). Power consumption 
is less than 40 watts. Operation on either of the two line 
voltages is selectable by a slide switch on the rear panel. 
Operation on lOO/ZOO volts or 1201240 volts is possible by 
simple rewiring of the power transformer secondary wires: 

WARNING 
Disconnect the instrument from the AC Power source 
before attempting to change power connections. 
Potentially lethal voltages are exposed when covers 
are removed. 

a. For operation on 100/200 volts, cut the brown wire 
1” from the transformer and splice it to the red 
wire on the transformer; cut the blue wire 1” from 
the transformer and splice it to the violet wire. 

b. For operation on 120/240 volts, cut the brown 
wire 1” from the transformer and splice it to the 
black wire; cut the blue wire and splice it to the 
yellow wire on the transformer. 

2-I 
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2.10 A standard power cable having a three-pin plug is 
supplied with the instrument. It connects to POWER con. 
nectar 5203. The ground pin (round) is attached to the 
instrument case. It is important that this pin be connected 
to a good quality earth ground. 

2.1 I Fuse receptacle F20l on the rear panel is equipped 
with a .5 amp fuse in domestic units. 

2.12 INPUT/OUTPUT CABLING. 

2.13 Binding Posts. 

2.14 Several connectors on the Model 5900 consist of a 
pair of binding posts spaced so as to accept standard 
“banana” plugs. The connectors are: 

I Front Panel I Rear Panel I 

+ INPUT f. ANALOG OUTPUT 

+ OHMS CURRENT ?1 REFerence INput 

2.15 Input cables to fit this type of connector can be 
ordered from Keithley (P/N 5900-402190). Figure 2.2 is a 
wiring diagram of this cable included for assistance to users 
desiring to construct their own cables. 

2.16 Rear Input Connector. 

2.17 Instruments equipped with the -I or -IS rear input 
option are supplied with 5204 7.pin input connector 
(Keithley P/N 5900-600673) and a mating connector 
(Keithley P/N 5900-600616). The instrument acceptsinputs 
applied to this connector or inputs applied to the front- 

panel binding posts. The rear-panel input lines are wired in 
parallel with the front-panel input lines. It is recommended 
that the cable for the mating connector be constructed as 
shown in figure 2.3 using two two-conductor shielded 
cables. Other configurations may be desirable depending 
on the ohms measuring method to be used (see para- 
graph 2.28). 

2.18 MANUAL OPERATION. 

2.19 Controls. 

2.20 All operating controls are located on the front panel 
of the instrument. They are shown in figure 2.5 and their 
operation described in table 2.1. Description of Systems 
operation begins in paragraph 2.44. 

2.21 DISPLAY. 

2.22 The Pisplay consists of 6 LED decimal readout 
devices with moving decimal point. The decimal point 
moves in conjunction with the range switchor automatically 
in auto range. Maximum usable readout with overrange is 
159999. Overload is indicated by a NO and 160000 read- 
out. A non-compatible range and function is indicated by 
a NO. However, mechanical interlocks are provided to pre- 
vent illegal combinations from the front panel. Figure 2.4 
illustrates the readout, NO indicator, polarity sign and the 

DC MO 
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- I L-, L-4 L-4 L-,’ L-4 PGM 

KO 
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n 
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Fiwe 2.4 . Readout 
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Figure 2.5 -Front Panel 

Table 2.1 . Operating Controls 

Control 

POW1 
(rocker switch) 

Function Select 
(rotary switch) 

Position 

ON (UP) 

OFF (down) 

ACT 

DC 

Function 

Applies power to instrument 

Removes power from instrument 

Selects the measurement of AC voltages on the I, IO, 100, and 
1000 volt ranges (max. input, 1OOOV RMS) 

Selects the measurement of DC voltages on the .l, 1, IO, 100, 
and 1000 volt ranges (max. input, IlOOV) 

Selects the measurement of resistance on the 10 ohm range; on 
the.1,1,10,100,andlOOOkilohmsranges;oronthe10or100 
Megohm ranges 

Range Select 
(rotary switch) 

AUTO Selects Auto Range in which the optimum range is selected auto- 
matically by internal circuits. Uprange occurs at 160% of full 
scale; downrange occurs at 15% of full scale 

Other Positions Enables manual selection of fiied ranges. Ranges permissible for 
each function are inscribed on the parlel 

DATA OUTPUT 
(pushbutton) 

Depressed ,Enables the print pulse causing BCD data at P201 to be recorded 
by printer, or other output device. (Output data is present at 
P201 regardless of the position of this switch.) 

PROGRAM CONTROL 
(pushbutton) 

Depressed Enables the selection of range, function, and mode to be made 
externally through the remote programming connector and dis. 
ables all front panel controls (requires programming option) 

RATIO 
(pushbutton) 

Depressed Selects a ratio measurement in which the readout represents the 
ratio of the input to an external d-c reference voltage (applied at 
terminals on the rear panel) multiplied by 10: Ein/ERafx 10 

FILTER 
(pushbutton) 

Depressed Adds an active four.pole filter across the input circuit 

RATE EXT (ccw) Selects the Hold mode. A new reading is initiated through the 
(pot) remote program input 

cw Increase periodic read rate to a maximum of four readings/second 

FRONT/REAR FRONT Connects front panel data input terminals to instrument 
(slide switch) 

REAR Connects rear panel data input terminals to instrument 

*NOTE: Ohms input terminals are open in AC or DC function. 
TNOTE: For inputs greater than lSOV, Filter should be “IN”. 
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2.23 MEASUREMENT CONNECTIONS. 

NOTE 

Before taking any measurements, refer, to the list of 
maximum input voltages, table 2.2. 

Table 2.2 - hlaximum Input Voltage 

CAUTION 

Do not exceed the following maximum inputs: Y ‘RMS 

DC 

AC 

1lOOVDCor 1OOOVRMSAC 

1OOOV RMS decreasihg to 20V RMS at 
1 MHz (see figure 2.7) 

n +SOOV peak between +I and -I(lOOOV 
RMS if in DC or AC function.) 

RATIO Input: same as function selected 
Reference: +lO.SV, -0.5V 

GUARD Voltage between GUARD and - INPUl 
must not exceed 250 volts or damage 
to the instrument may result 

2.24 Basic Voltage Measurement. 

2.25 An ac or dc voltage measurement connection rec- 
ommended to minimize the effects of noise requires a two- 
conductor shielded cable connected as shown in figure 2.6. 

2.26 For all voltage measurements, the GUARD lead ar Id 

t 

Figure 2.6. Basic Voltage Measurement Connections 

the - INPUT lead are connected to the measurement point 
nearest ground potential. Somewhat less shielding is 

achieved by ‘placing a shorting bar between - INPUT and 
GUARD and shorting the single banana plug (shield) to the 
- INPUT side of the double banana plug at the input con- 
nector. This arrangement is adequate for measuring all but 
low voltage (mV) levels and/or in high-noise environments. 

2.27 When making “floating”voltage measurements(both 
measurement points above ground potential), do not con- 
nect GUARD to measurement ground without making sure 
that the voltage between GUARD and - INPUT does not 
exceed 250 volts. 

2.28 Ohms Measurement. 

2.29 Ohms measurement in the Model 5900 consists of 
the application of a known current through the unknown 
resistance (Rx) and measuring the ratio of the voltage drop 
across Rx to the drop across an internal “full-scale” resistor 
(Eh/EFS). Current through Rx is applied through leads 
from the f. OHMS CURRENT terminals. The voltage drop 
is sensed by the + INPUT terminals. 

2.30 TWO.WIRE MEASUREMENTS. 

2.31 Connections for a simple two-wire shielded ohms 
measurement are shown in figure 2.8a. It consists simply of 
a single-conductor shielded cable with the conductor serving 
as both the t CURRENT and + INPUT leads and the shield 

2.4 
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Figure 2.8 - Two Wire Ohms Measurements 
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Figure 2.9 - Four Wire Ohms Measurement 
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carrying - CURRENT and - INPUT. While reasonably 
accurate measurements can be made with this method, 
shunt leakage problems result from the parallel combinations 
of Rx and the cable impedance. This causes loss of accuracy, 
especially at high resistance (100 Ma range). Also, lead 
resistance becomes a factor in the 10 and 100 ohms ranges; 
the four wire measurement system is recommended for 
these ranges. 

2.32 A more accurate two-wire measurement connection 
is shown in figure 2.6b. The + INPUT and + CURRENT, 
- INPUT and - CURRENT terminals are again tied to- 
gether. But now, the positive side is a single-conductor, 
shielded cable with the shield tied to Ohms Guard. Ohms 
Guard is the low ANALOG OUTPUT terminal on the rear 
panel of the Model 5900 when ohms is selected. The negative 
side is a single wire connected as shown. Guard current is 
present in the low side, but the leakage problems of the 
first configuration are eliminated. 

2.33 In high noise-level environments, the configuration 
shown in figure 2.8~ is recommended. This method also 
eliminates error due to shunt leakage, but provides more 
complete shielding. The positive terminals are tied together 
and carried in a single-conductor, double-shielded cable with 
the inner shield tied to OhmsGuard (-ANALOG OUTPUT). 
The outer shield is tied to GUARD. The negative terminals 
are tied together and carried in a single-conductor shielded 
cable with the shield tied to GUARD. This configuration 
eliminates guard current sensitivity, thereby increasing 
guarding characteristics. 

2.34 FOUR-WIRE MEASUREMENTS 

2.35 In most system applications, the device to be meas- 
ured is located at B remote location requiring interconnection 
by cables of lengths from several to possibly hundreds of 
feet. When measuring low resistance values over long cables, 
most lead resistance problems can be solved by the use of a 
four-wire measurement system. 

2.36 For high resistance measurements over long cables, 
other problems are encountered: noise pick-up, leakage 
resistance, and capacitive loading of the system. These 
problems can be minimized by proper shielding and the use 
of ohms guard. 

2.37 Figure 2.9a shows a basic shielded four-wire ohms 
measurement configuration. This method uses two single- 
conductor shielded teflon cables. The conductors carry the 
positive sides of the INPUT and CURRENT lines while each 
shield carries the low side. 

2.36 This configuration, although shielded, places the 
shield capacitance and cable leakage in parallel with Rx. 
This results in loss of accuracy and slow measurements. In 
addition, it is very responsive to the triboelectric effect at 
high resistance measurements. 

2.39 Better guarding is achieved by the use of the con- 
figuration shown in figure 2.9b. Here again, RG196U teflon 
dielectric cable (either single-conductor shielded or two- 
conductor shielded) is used on the positive terminals. The 
shield(s) are connected to Ohms Guard (low ANALOG 
OUTPUT terminal). The negative leads are single wires with 
the - INPUT terminal tied to GUARD. 

2.40 This eliminates much of the shunt leakage problem 
of the previous configuration since guard current now flows 
through the low side of the measurement circuit. Measure- 
ment is much faster since the shield capacity is driven by 
the guard current. 

2.41 A high-noise environment calls for the “super” 
configuration shown in figure 2.9~. Here, a two-conductor, 
double-shielded cable is used as the positive leads. The inner 
shield is tied to Ohms Guard. A twoanductor shielded 
cable is used as the negative leads. Its shield is tied to 
GUARD and to the outer shield of the positive cable. The 
shield is also tied to CURRENT at the measurement point. 
This configuration maintains high guarding characteristics 
while eliminating guard current sensitivity. 

2.42 Ratio Measurements. 

2.43 Ratio measurements are made by applying a positive 
d-c voltage to the reference input terminals on the rear panel 
and an input signal of any function at the front input 
terminals. For DC/DC or AC/DC ratios, the reference 
voltage must be within the range of +IV to +lO.SV. Input 
signal limitations (numerator) are the same as tbosc given 
for conventional measurement of the particular function 
(table 2.2). The readout is the ratio multiplied by ten: 
Einput/Ereference x 10. In the standard instrument the 

INPUT terminal is internally connected to the REF in- 
put terminal; in instruments equipped with the option 62 
4-wire ratio, both reference inputs arc floating (IO Ma 
between - REF and -SIGNAL). 

2.44 SYSTEM CAPABILITIES. 

2.45 The 5900 has two system interface connectorsdesig- 
nated as 3201 (PRINTER OUTPUT) and 5202 (PROGRAM 
INPUT) mounted on the rear panel of the instrument (fig 
ure 2.10). The following is a brief description of the capa- 
bilities of each connector. 

2-7 
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2.46 Printer Output - 5201. 

2.47 Through this connector the 5900 supplies BCD 
representations of the decimal display; various flags or 
indicators of the mode of operation, function and range; 
and a print command. Provision has also been made for 60 
Hz instruments to accept a fast (20 readings per second 
maximum) or a superfast (I 01 readings per second minimum) 
read command. In 50 Hz units, the fast command obtains 
I7 readings per second, minimum, and the superfast com- 
mand 93 readings per second. 

2.48 Program Input. 

2.49 Through this connector the 5900 receives externally 
generated signals that select the function, range, mode of 
operation, and initiate the read commands. 

2.50 LOGIC LEVELS AND ELECTRONIC IN- 
TERFACE. 

2.5 1 TTL-compatible positive-true logic levels are used 
in the 5900. In some instances, however, complementary 
signals are used. These terms are more specifically defined 
below: 

Signals and Their Complements - 

2.52 If the non-inverting output of gate A is defined as 
signal X, then it follows that the inverting output is ???; in 

other words, the complement of X is x. The truth table 
shows that the two signals X and x, are by definition, in 
opposite logic states (see table 2.3). 

Table 2.3 - Positive True Logic Relationships 

Voltage Level of Voltage Level of 
Signal Logic State Output Line “x” Output Line “p 

“X” True or “1” 2.4 - 5.0 Volts 0.0.0.4 
False or “0” 1 0.0-0.4 Volts 1 2.4.5.0 

2.53 As seen above, if gate A has a true or “1” level on 
output X, its voltage level is the most positive of the two 
ranges present, and output x must be in a false or “0” 
state with the lowest or most negative voltage range present. 
The reverse would be true for a false or “0” level on output 
X. 

2.54 Driving the Inputs. 

2.55 All inputs are TTL compatible and most are the 
equivalent of one 7400 series TTL input with a pull-up 
resistor for contact closure operation. 

0 

2.56 TTL Loading Conditions, 

2.57 To input a “I” level the pull.up resistor will supply 
the necessary source current (40 /.tA) to maintain the mini- 
mum 2.4 volts. In fact, the pull-up resistor will maintain a 

Figure 2. IO - Rear Panel 
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Figure 2.11 Measurement Sequence 
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one level as long as the input source resistance (RI) to 
ground is greater than ISK ohms. 

2.58 To input a “0” level, at least 2.0 ma of current must 
be sinked maintaining the input voltage below 0.4 volts. 
This requires a resistance to ground of 200 ohms or less. 

2.59 

a. 

b. 

c. 

Exceptions to Input Loading Conditions. 

Program Storage Input (5202, pin B.15) is the 
equivalent of 3 TTL inputs and requires a minimum 
5.8 ma sinking current, or 68 ohms or less to com- 
mon. 

Maximum input voltage level, referenced to common, 
must not exceed 5.5 volts peak. Otherwise, gate 
destruction will occur. 

The Direct and Time Out Commands are AC coupled 
with pullap resistors to t5 volts. These inputs are 
compatible with TTL outputs or contact closures 
to ground. The AC coupling does require that rise 
and fall times be less than 100 peconds. This input 
circuit is illustrated below: 

ts” +5V 

P 9 

d. Digital output common can be floated as high as 
200 VDC above power line ground. 

2.60. TTL Output Capabilities. 

2.61 The 5900 electrical outputs are specified to drive 
two ‘ITL inputs such as described in the TTL loading section. 
Summary: 

False: 0 to tO.4V 
True: t2.4 to +S.OV 
Fanout: 2minimum , 
Maximum Capacitance Load: 500 pF 

2.62 Timing Sequence. 

2.63 The standard remote mode of operation of the 5900 
is to initiate a reading sequence with each Direct Command 
received through the programmer, providing that sufficient 
time has been allowed between commands for the reading 
to be completed. This reading sequence is illustrated in 
figure 2. I I 

TI .To 

T2-TI 

T3-T2 

T4.T3 

T5.T4 

To-TS 

TI -To 

During this period the input signal must fin- 
ish settling to within the desired accuracy. 
Any control changes involving the 25 msec 
relay settling time (a) can he completed; 
other logic control inputs (b) can also be 
changed. 

The Direct Comma signal, which is AC 
coupled, must meet the following conditions: 

a. Rise and fall times less than 100 /.wc. 

b. Signal must stay in the logical “0” 
state for at least 3.4 /&ec. If these 
conditions are met, the internal read 
command is sustained at T2 and the 
signal integrate period is started. 

The period of signal integration lasts for 
16.2/3 mw (60 Hz line frequency; 20 mw 
in 50 Hz units). During this time the inte- 
grator charges to a voltage proportional to 
the input voltage. This is the input sampling 
period. 

During this period, the integrator is isolated 
from the input signal, and is discharged at a. 
precise current. The time the integrator re- 
quires to discharge to a level equal to its 
voltage at T2 is proportional to the input 
voltage. This time is measured by an internal 
counter and stored. 

This I.7 /J.W period is required to strobe the 
new reading from the internal counter into 
the readout latches. 

This 5 mseconds (&IO%) is required to reset 
the internal logic for the next reading. 

If the next read command is a Direct 
Command, this period must be made long 
enough to allow for the condition covered in 
the first cycle; however, if the next command 
is a Timeout Command, this period can 
approach zero since the necessary timeout to 
satisfy these conditions are automatically 
programmed. 

2-10 
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Figure 2.12. Command Timing 

a. Time Out Command: Again, this is an AC coupled 
input which must have rise and fall times of less 
than 100 weconds but must remain in a “0” state 
for at least 0.1 @second. The timeouts given in 
table 2.7 for various combinatioris of ranges and 
functions ranging from 30 mseconds to 500 msec. 
onds will be automatically inserted before the in- 
ternal read command is generated. If this command 
is wired to the m on J2Ol - pin 
All, fully automatic reading with timeouts is 
achieved. 

The 5 msec internal delay is not adequate for settling 
time on the 100 VDC, 1000 Ka 10 MS1, IO0 MS1 
ranges, or any AC range. Therefore, the timeout com- 
mand, providing timeout delays listed in table 2.7, 
must be used to initiate accurate readings on these 
ranges unless a fixed range and function have been 
programmed and the input has been present longer 
than the timeout period. 

b. System Direct Command: While the other two read 
commands were AC coupled and programmed 
through the Program Input Connector (J202), this 
command is DC coupled and programmed through 

2-11 

2.64 Other Read Command Options. 

2.65 In addition to the Direct Command, there are two 
other programmable read commands, as illustrated in fig- 
ure 2.12. 
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Figure 2.13. Minimum Read Rate vs. Input 

the Printer Output Connector (5201). The $&% and 160% of full scale (full scale is defined as 100000 on any 
Direct Command must remain in the “0” state for range). The figure shows that the maximum reading rate is 
at least 3.4 /.&seconds to generate the internal read a function of the input signal. The signal integrate period 
command. This delay, as in the Direct Command, is and internal reset remain fixed while the reference integrate 
to prevent noise from triggering the readings. If this period can vary from 0 to 32 mseconds. Therefore the 
command is tied to ground, the 5900 will recycle at maximum read rate could very from 17.4 to 45 reading per 
its maximum reading rate with no timeouts. second. 

2.66 Reading Rates. 

2.67 In figure 2.13, integrator operation with three dif- 
ferent input signal levels is illustrated: half scale, full scale, 

2.66 Superfast. 

2.69 The Superfast reading mode (programmed through 
either the PRINTER OUT or PROGRAM INPUT connector) 

2-12 
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Figure 2.14 - Superfast Read Rate (Worst Case) 

increases the minimum reading rate from 20.5 to 102 
readings per second (50 Hz: 17.4 to 93 r/s). This is done at 
the expense of losing the least-significant digit which is re- 
set to zero (blanked out on readout). The signal integration 
period is reduced from 16.2/3 msec to I -2/3 msec (SO Hz: 
20 msec to 2 msec). This and the resulting reference inte- 
grate period reduce the maximum recycle time from 48.8 
msec to 9.8 msec (SO Hz: 57.5 msec to 10.7 msec), thereby 
yielding the 107 reading per second figure (93 r/s with 50 
Hz). Timing changes are shown in figure 2.14. 

2.72 Numerical Data 

2.73 Numerical data appears as positive true, four-line 
BCD code, as shown in figure 2.15. The designator of each 
line identifies the digit and weight. For example: Pins Al8, 
19, 20, and 21 are designated 12. Ig, 14. and I, consecu- 
tively. The 1 indicates these lines correspond to the units 
or least significant display; the 2, 8, 4, and I subscripts 
indicate the hinary weight of each line. 

2.70 PRINTER OUTPUT. 

2.71 The printer output connector is a double-edged 
PCB connector (extension of Interconnection and Logic 
board) with pins Al through A22 on the bottom edge and 
pins B I through B22 on the top edge. Pin assignments are 
shown in figure 2.15. All outputs are referenced to digital 
ground pin B I. 

CAUTION 

True output lines arc not short-circuit proof. Acci- 
dental grounding may damage the output circuitry. 

2.13 
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Figure 2.15 . Pin Assignments 5201 PRINT.!?R OUT 

2.74 Polarity is indicated in positive true format on pin 
A9 (positive) and pin A10 (negative). The positive polarity 
line is true when the function output is AC or .lK through 
IK OHMS ranges. Negative polarity is true with Ohms on 
the IOK through lOOMranges. If the instrument overranges, 
the polarity bit is not updated since no axis-crossing has 
occurred. 

2.76 Function Data. 

2.76 Function outputs appear on pins Al, 2, 3 and B2 in 
their true format. For example: with AC function selected, 

AC is true and is indicated by B true level on the corre- 
sponding line. 

2.77 Range Data. 

2.78 Range data appears in four-line BCD code on pins 
Al4 through Al7. Range codes are described in table 2.4. 

2.79 “NO” Indication. 

2.80 The NO line (pin AI2) is the same as the 
NO indicator on the readout. The line is true if a function 

2-14 



980453 

Table 2.4 - Range Codes (Printer Output) 

or range is selected for which the particular instrument is 
not equipped. Overrange is indicated by a true NO line plus 
a numerical data output of 160000. 

2.81 Status Output Lines. 

2.82 The following outputs indicate the status of the 
conversion process within the instrument. 

DATA READY. This line (pin Al 1) remains true 
during the signal and reference integration periods 
plus any overrange time, if required. The line drops 
to the false level to indicate to the printer that the 
measurement is complete and output data can be 
printed (PrinterCommand). With front-panel opera- 
tion, DATA READY ‘is enabled only when the 
DATA OUTPUT switch (on front panel) is de- 
pressed. Minimum false level time is 4.5 mseconds. 

HOLD FLAG. A true level on this line (pin A4) 
indicates that the instrument is in the Hold mode. 
A reading can be initiated by one of the following 
commands: 

1. SYSTEM DIRECT COMMAND (J201.A8) 

2. bIRECT COMMAND (3202.A15) 

3. TIMEOUT COMMAND (JZOZ-B IO) 

4. RATE Control (front panel) 

SYSTEM READY. This line (pin AS) drops to a 
false level to indicate that the instrument can now 
initiate a new reading at the first available read com- 
mand. 

d. 

2.83 

a. 

b. 

c. 

SIGNAL INTEGRATE. This line (pin B 1 I) becomes 
true at the end of the signal integration period. After 
this time, the input signals may be changed in prepa- 
ration for the next reading. The input signal need 
remain constant only while the instrument is in 
Signal Integrate, indicated by this line in the false 
state. For example, the l-2/3 msec sample time in 
Superfast could be used in slow sample and hold 
applications. 

Input Control Lines. 

DATA DISABLE. A contact closure to ground or a 
false logic level applied to this line (pin A7) inhibits 
the DATA READY output (Print) pulse. 

SYSTEM CONTROL. A contact closure to ground 
or a false logic level on this line (pin B6) &sables 
all front panel operating controls. Operation of the 
instrument is then under control of the Remote 
Program input. This command duplicates operation 
of the PROGRAM CONTROL switch on the front 
panel. It is necessary that one of these commands 
be initiated during Autorange to inhibit extraDATA 
READY pulses. 

SUPERFAST. A contact closure to ground or a 
false logic level applied to this line (J20l-A6 or 
1202.A7) decreases the conversion time of the 
instrument while sacrificing the least-significant 
digit. This mode is described in paragraph 2.68. 
Because of the superfast read rate, do not use this 
mode with Autorange. 
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Figure 2.16 -Pin Assignments 5202 PROGRAM INPUT 

2.84 SYSTEM DIRECT COMMAND. 

2.85 To externally initiate a measurement with this com- 
mand, the instrument must be in the Hold mode. Then, a 
contact closure to ground or a false logic level to this line 
(pin A8) generates a read command. Minimum false level 
time is 3.4 r.oec. Continuous readings at the maximum read 
rate are obtained by tying this line to ground. Read com- 
mands delayed by 5 msec f 10% (for settling time) are then 
generated automatically. 

are made by a switch closure from the appropriate pin to 
ground or by standard TTL logic levels as described earlier. 

2.88 SYSTEM CONTROL. 

2.89 A contact closure to ground or a false logic level 
applied to pin 86 disables all front panel operating controls. 
Operation of the instrument is then under control of the 
remote program input. This line duplicates the PROGRAM 
CONTROL switch on the front panel. 

2.86 REMOTE PROGRAMMING. 
2.90 Function Programming. 

2.87 The instrument accepts commands made through 
PROGRAM INPUT connector J202 on the rear panel. Pin 
assignments of 5202 are shown in figure 2.16. Commands 

2.91 The desired function is selected by applying a 
ground or false logic level to the appropriate pin (table 2.5). 

2-16 
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Table 2.5 -Function Programming 

FE NC 

I z I nin A8 

OHMS pin A9 

RATIO pin 88 
FILTER pin B7 

2.92 The 5 msecond internal delay is not adequate for 
settling time on the 100 VDC, 1000 Kilohm, IO Megohm, 
100 Megohm, and all AC ranges. Therefore, the timeout 
command, providing timeout delays listed in table 2.7, must 
be used to initiate readings on these ranges unless the input 
is fixed with range and function predetermined. 

2.93 Range Programming. 

2.94 Range programming is selected by applying false 
logic levels in BCD code to the four range lines described in 
table 2.6 below. With no lines programmed, Autorange is 
automatically selected. 

2.95 + Five Volts. 

2.96 This voltage, +5 volts + 5%, from the logic power 
supply isavailable at pin Al3 for external use. Current out- 
put is .lA, maximum. 

2.97 Hold. 

2.98 The Hold line parallels the operation of the ccw 
position of the front panel RATE potentiometer and is 
selected by a contact closure or a false logic level on pin 
AIO. Hold is required when using either of the two read 
commands. 

2.99 Read Commands. 

2.100 Either of two read command lines can be selected 
by a contact closure to ground or by a negative logic 
level applied to the appropriate pin. Pin AIS, DIRECT 
COMMAND, commands a new measurement if applied after 
a five millisecond reset delay, and if the command is pre- 
sent for 3.4 peconds. Pin BIO, TIMEOUT COMMAND, 
starts a new measurement after five milliseconds plus a 
timeout delay to allow for internal settling time of the 
measured signal. TIMEOUT COMMAND may be com- 
manded before the previous 5 mw delay since the timeout 
generator stores the reading. 

2.101 Timeouts. 

2.102 Timeout periods for each function are listed in 
table 2.7. In Autorange, the indicated delays are taken 
following each range change. 

2.103 Data Inhibit. 

2.104 A contact closure or false logic level on pin B9 
inhibits DATA READY OUTPUT (Print pulse) from being 
generated. 

2.105 Program Storage. 

2.106 A false level (equivalent to three TTL inputs) on 
pin BIS will stoIe all the programmed inputs except the 
Direct and Timeout commands as they existed on the 
negative edge of this command (see diagram below). 

PROGRAM STORAGE 

c’ at this time the program 
is stored 

Table 2.6 _ Range Codes (Rogrammer) 
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2.107 SUPERFAST. 2.109 ADDING/REMOVING ACCESSORIES. 

2.108 A contact cloture to ground or a false logic level 
applied to pin A7 decreases the signal integrate and the 
reference integrate times (see paragraph 2.68). This pro- 
vides the maximum reading rate in the Direct COMMAND 
mode of operation. Because of the high reading rate, Supa- 
fast must be programmed with a fixed range rather than 
AUTORANGE. 

Table 2.7 . Timeouts 

DC 30 rmec 

I Ohm to I Meaohm 130 msec 1 

2.110 The AC and Ohms options may be added or re- 
moved at any time in the field without modification to the 
basic instrument. Note that the switching board (403625) 
is required whenever the plug-in options are used. Access 
to the mounting connectors is by removal of the top cover, 
held down by captive screw in each of the four corners, 
and by removal of the shield, mounted by four flat head 
screws. 

2.1 I I When an option is added or removed from the 
instrument, a jumper corresponding to the option is re- 
moved or added to allow proper operation of the NO cir- 
cuitry. The two jumpers (WI Ohms and W2 AC) are 
located on the display board, shown partially in figure 2.17. 
When an option is added, the corresponding jumper is 
added; conversely, whw iin wxcssory is removed, the 
jumper is rcmovcd 

IO Meg* 30 msec 

100 Megohm 300 msec 

Filter 470 msec (plus function timeout) 

ACffixed rawznofilter) 180 msec 

AC+Filter(&Autorange) 650 msec I 

*Use filter for <.Ol% error 

Table 2.8 -Maximum Input Voltage 

CAUTION 

Do not exceed the following maximum inputs. 

DC 1000 MC or RMS AC 
All ranges 

AC 1000 RMS to 20 kHz decreasing 20 dB/ 
decade to 20V RMS at 1 MHz 

RATIO Input: same as function selected 
Rcfercnce: +10.5V. -0.5V 

) OHMS ) +5OOV DC or Peak AC 

1 

GIJARD Voltage between GUARD AND - INPUT 

1 / to the instrument may result 
mutt not exceed 250 volts or damage 

Figure 2. I7 - Jumper Location 
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SECTION 3 SPECIFICATION TESTS 
3.1 GENERAL. 
3.2 This section contains procedures that compare the 
operation of the instrument against the published specifi- 
cations found at the front of this manual. It is intended to 
be used for incoming inspection and as a periodic check to 
determine if recalibration of the instrument is warranted. 

3.3 The procedures provide sufficient checks to verify 
proper operation and that the instrument is within the 90 
day accuracy limits. Covers of the instrument are not re- 
moved for any of the tests. The required ambient 
temperature of the environment is 23” + 5°C. 

3.4 REQUIRED EQUIPMENT. 
3.5 In Table 3.1 is a list of equipment necessary for 
checking the instrument. The equipment in this table, with 

the exception of those in the OTHER category, is the same 
as required for recalibration and is explained in detail in 
Section 5. 

3.6 PROCEDURE. 

3.7 Allow one hour for warmup. Convert the instru- 
ment end the test equipment as shown in the figure supplied 
with each accuracy check. Select the controls and inputs as 
called out in the tables and monitor the instrument readout 
for the indicated values. If the instrument is equipped 
with the rear panel selectable input option, set the FRONT/ 
REAR switch to the FRONT position for all procedures 
presented in this section 

Table 3.1 - Required Equipment 

ES1 SRI with corrections 

ES1 SRl with corrections 

ES1 SRI with corrections 

ES1 SRI with corrections 
ES1 SRI with corrections 

ES1 SRI with corrections 



Table 3.2. DC Range Check (Low Ranges) 

DVM INPUT SIGNAL 

DC NOMINAL 
FUNCTION RANGE VOLTAGE 

DIVIDER TOLERANCE NOTE 

STANDARD 
SETTING READING 

DC .lV I0.00000 .01000 .1ooooo .099992 - .I00008 23% + PC 

IV 10.00000 .10000 I .ooooo 0.99997 - 1.00003 (After zeroing) 

(1” VOLT SOVRCE, 
STANDARD CELL 
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Table 3.3 - DC Range’Check (High Ranges) 

( “fooooo 

+ 

3-3 
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Table 3.4 -3.Wire Ratio Check 

TOLERANCE 
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Table 3.5 -4-Wire Ratio Check 

DVM I INPUT SIGNAL I I I 

FUNCTION 

DC 

RATIO 

NOMINAL 
RANGE “OLYAGE READING TOLERANCE NOTE 

STANDARD 

10 + 2.ooooov tlO.OOOO 9.9980 - 10.0020 23% + 5°C 
10 + 1 o.ooooov +10.0000 9.9996 - ~O.OOO~ (After zeroing) 

-1o.ooooov +10.0000 9.9996 - 10.0004 

I 

3-5 
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Table 3.6 - DC Input Resistance 

TOLERANCE 

*Adjust the DC Voltage 
Standard to produce the 
DVM DISPLAY reading. 

DC “OLTAGE STANDARD 

l--+T-1-1 
0000000 

O”ARDTERMlNAL 
STRAPPED TO LOW 
lNP”T TERMINAL 
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Table 3.7 - Model 33 AC Converter Range Check 

TOLERANCE 

formation on use 

3-7 
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FUNCTION 

-__- 
AC 

Table 3.8 - Model 32 AC Converter Range Check 

DVM INPUT SIGNAL 

IT111 
0000000 

c 
0 

l_;i 
i 

ZACo 0 0 

u 000 

0 
0 
0 0 0 

L 

I 
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Table 3.9. Ohms-Megohms Range Check 

TOLERANCE 
(Same as Standard) 

TOLERANCE 

3-9 



Table 3.10 -Common Mode Rejection (In DC Volts Function) 

TOLERANCE 

DMM’s readout 
in the “nominal 



Table 3.11 - Normal Mode Noise Rejection (In DC Volts FuKtion) 

t 

DVM INPUT SIGNAL 
NOMINAL TOLERANCE NOTE 

FUNCTION RANGE DC AC READING 

DC 
FILT. OUT IO osv iOV*, 60 Hz? 00.5000 ~400 digits 

FILT. IN IV 0.w 2V*, 60 Hz? 0.50000 ? 2 digits 

*peak 
t50 Hz (Option 04) 

3-1 I 



980453 

Table 3.12 _ Common Mode Rejection (In AC Volts Function) 

TOLERANCE NOTE 

Enter reading with 
shorted input in 
nominal column 
before beginning 

3-12 



SECTION 4 

4.1 GENERAL, 

4.2 This section describes the operation of the main 
circuitry of the Model 5900 DVM, briefly covering the 
mechanical organization and then the electrical operation of 
the instrument. The simplified drawings provided in this 
section are for the purpose of illustration, and supplement 
the complete schematics of Section 6. 

4.3 MECHANICAL DESCRIPTION. 

4.4 The Model 5900, shown in figure 4.1, consists of a 
large, single, printed circuit Logic and Interconnection 
board (Main Logic) with as many as 12 separate PC boards 
plugging directly or indirectly (by means of cables) into the 
Main Logic board. The electronics are housed in a sturdy 
die cast and stamped aluminum package with the readout, 
input terminals, and allmanual controlslocated on the front 
panel. On the back panel is located the power cable input, 
all data output, optional remote input, analog output, 
external reference, and optional rear inputs. 

4.5 ELECTRICAL DESCRIPTION. 

4.6 The instrument is divided into three functional 
groups. These are the Signal Conditioning section, the 
Analog-to-Digital Conversion section, and the Display/ 
Control Logic section. 

4.7 SIGNAL CONDITIONING SECTION. 

4.8 The Signal Conditioning section for a fully equipped 
instrument consists of: the Switching Board, the Ohms 
Converter, the Averaging AC Converter or the RMS AC 
Converter, the Attenuator, and the Isolator. The basic 
instrument consists of the Switching Bypass Board, the 
Attenuator, and the Isolator. 

4.9, The Signal Conditioning section routes, scales, filters 
and, when required, converts the input signal into a stable 
lOvolt full scale dc level for use by the measurement portion 
of the DVM. 

4.10 Switching Board. 

4.11 The Switching board is a single printed circuit 
board and occupies conne&ors J5 and 36 on the Main Logic 
board. The Switching board is used with instruments 
equipped with either the Ohms Converter or either of the 
available ac converters and is necessary for the generation 
and isolation of range data and for signal routing required 

by the options. The interconnection of the Switching board 
with the options and the other components of the Signal 
Conditioning section is shown in block diagram form in 
figure 4.2. 

4.12 The control of signal flow through the Switching 
board, shown in simplified form in figure 4.3, is by means of 
two relays Kl ‘and K2. The three possible signal routes 
provided by the board are illustrated in figure 4.4. Re- 
ferring to this figure, with the- dc function selected, 
neither of the relays is energized and the signal flow is as 
shown in (a); with the ac functiowselected, relay Kl is 
energized and the signal flow is as shown in(b); with ohms 
function selected, relay K2 is energized and the signal flow 
is as shown in (c). 

4.13 The range control of the option boards uses analog 
supply voltages and require isolation from the digital 
supplies and decoding. This is provided on the Switching 
board by three Optically Coupled Isolators (OCI) and a 
BCD to TEN line driver. The decoding of the range logic is 
given in table 4.1. 

Table 4.1 -Switching Board Range Decode 

4.14 Ohms Converter. 

4.15 The Ohms Converter circuitry is mounted on a 
single printed circuit board and occupies connector JIO on 
the Main Logic board. The circuitry, shown simplified in 
figure 4.5, consists of a high gain amplifier and a relay 
operated positive current source that is capable of pro- 
ducing any one of eight precise current levels depending on 
the range selected. 

4-l 



LOGIC AND 
INTERCONNEC 

READOUT 

DISPLAY 

TION 

J2 

J4 

I 

PROGRAM (LOCATION - 
J3 BOARD NOT SHOWNI 

Jl4 II-WIRE RATIO (LOCATION 
BOARD NOT SHOWN) 

J7 ATFENUATOR 

J8 ISOLATOR 

J9 DIGITIZER 

JlO OHMS CONVERTER 

Jl, RMS BYPASS’ OR 
AC CONVERTER 

J12 RMS CONVERTER* OR 
SCALtNG AMPLlFlER 

‘INSTRUMENTSHOWN IS EOUIPPED~WITH RMSCONVERTER, 

Figure 4.1 -M&mid Assenrbly 
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4.16 The Ohms Converter, in conjunction with the 
Switching board, the Attenuator, and the Isolator, converts 
the resistance to be measured into a proportional dc voltage 
that can be measured by the DVM. The current produced 
for each range, when applied to a resistance equal to the 
range selected, generates a voltage et the output of the 
resistance measurement network of 10 volts. 

4.17 The resistance measurement network assumes two 
forms, depending on the range being measured, as shown in 
figure 4.6. The basic technique used consists of effectively 
connecting the resistance to be measured (Rx) as a negative 
feedback path of an operational amplifier, with the amplifier 
provided by the Ohms Converter and the input to the 
operational amplifier formed by the current generator. In 
this hookup, the current through Rx equals the current 
generated by the current SOIIIC~. Referring to configuration 
(a). used for the ranges 10 kilohm through 100 megobm, the 
voltage developed across Rx is monitored through the - IN 
front panel connector and buffered by the isolator in a gain- 
of-one mode. The full scale output for these ranges, as 
shown in the table, is -10 volts. Referring to figure (b), 
the isolator is connected in a potentiometric configuration 
but with the input at an effective ground potential and the 
reference end of the feedback nehvork tied to the voltage 

developed across Rx. The low impedance provided by the 
isolator feedbacknetwork is offset by the current compensa- 
tion circuit (CL). This circuit monitors the output potential 
of the isolator and produces a current drain precisely equal 
to the current produced by the feedback network. The re- 
sult is that the feedback network appears to have an 
extremely high input impedance. The configuration used 
in (b) reduces normal the gain of the isolator by I, thereby 
producing gains of 99 and 9 as shown in the table. 

4.18 Scaling Amplifier. 

4.19 The Scaling Amplifier, shown simplified in fig 
ure 4.7, is used in conjunction with the Averaging AC 
Converter and occupies position J12. It provides isolation 
between the signal being measured end the signal converting 
circuitry and it scales the input signal to a level suitable for 
the converter (1V RMS output for a full scale input). 

4.20 The Scaling Amplifier consists of an AC coupled 
operational amplifier with four possible gain settings (XI, 
X.1, X.01, and X.001). The gain control network is con- 
trolled by three relays and these are operated from decoded 
data from the range logic. A change in the roll off of the 
amplifier is provided when the 1 volt range is selected. 

4.3 
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Figure 4.3. Switching Board 
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, .I + 1” ,- INPUT, 
0 

la) DC Routing 

K1 

6 0 

lb) AC Routing 

c) Ll Routing 
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* I 

Figure 4.5 - Ohms Converter 
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Figure 4.7 - Scaling Amplifier 

Figure 4.8 _ Averaging AC Converter 

4-8 
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4.21 Averaging AC Converter. 

4.22 The Averaging AC Converter receives the scaled in- 
put from the Scaling Amplifier and generates a positive dc 
equivalent for the DVM, measurement section. The circuitry 
is mounted on a single printed circuit board and occupies 
location 111 on the Main Logic board. The circuitry, shown 
simplified in figure 4.8, consists of an active rectifier, a 
summing qmplifier, and an active filter circuit. 

4.23 Referring to figure 4.8, a full scale input (1.414 
volts peak) is shown applied to the input of the active 
rectifier. The active rectifier consists of an operational 
amplifier having two polarity selective feedback loops (one 
positive, one negative), and the closed loop gain of the 
circuits is set at 2. The output of the negative going feed- 
back loop is fed through a resistor to the summing node of 
the summing amplifier. Also fed to this summing node and 
through a resistor is the full wave input signal. The 
summing amplifier adds the two inputs, averages them and 
multiplies the signal by I .I I to produce the dc equivalent 
of the RMS input, or 1 volt dc. The ripple content is 
attenuated by the summing amplifier. A full scale input of 
100 Hz would result in a ripple at the summing amplifier 
output of 350 millivolts. Further ripple attenuation is 
provided by the active 3.pole filter. For the same example, 
the filter would increase the ripple attenuation to=5 milli- 
volts. 

4.24 RMS AC Converter. 

4.25 The circuitry is shown simplified in figure 4.9. The 
Scaling Amplifier consists of an operational amplifier with 
a fixed input impedance and four feedback paths. The 
feedback path for the one volt range is permanently wired 
into the circuit; the 10, 100, and 1000 volt range feedback 
paths are connected in parallel to the I volt feedback path 
by relays KI, K2, and K3. The scaling amplifier supplies an 
accurate 1 volt output on each range selected with full 
range inputs applied. 

4.26 The active rectifier is an operational amplifier with 
two polarity selective feedback paths (one conducting only 
with a positive amplilicr output and the other conducting 
only with a negative amplifier output). The voltage 
developed across the positive conducting leg is applied 
through a IOK resistor to the summing node of the log 
amplifier along with the full wave signal through a 20K 
resistor from the output of the scaling amplifier. These two 
inputs are combined and, due to the non-linear feedback 
loop of the log amplifier (consisting of Q14A and QISA) 
produce the log of the combined signal at @ This rig- 
nal is fed through an identical path (consisting of transistors 
Q1SB and Q14B) to the input of the summing amplifier. 

4.27 The summing amplifier converts the signal to a dc 
level. The ripple content of the dc level is attenuated and 
the output reduced to provide a dc equivalent of the RMS 
value of the ac input signal. 

4.28 Attenuator. 

4.29 The Attenuator board is a single printed circuit 
board and occupies connector 57 on the Main Logic board. 
The Attenuator consists of a relay controlled voltage 
divider used on dc function that provides selectable scaling 
factors of Xl, X.1, and X.01 ; a relay controlled feedback 
network used in conjunction with the isolator that provides 
selectable gain factors of Xl, X10, and X100; and current 
compensation circuitry used in conjunction with the ohms 
converter. 

4.30 Isolator. 

4.31 The Isolator is a single printed circuit board and 
occupies connector JB on the Main Logic board. The Isolator 
consists of a high open-loop.gain amplifier, a bootstrap 
amplifier, and a 3.pole filter. The amplifier is used 
potentiometrically and operates in conjunction with the 
attenuator board as shown in figure 4.10. 

4.32 The bootstrap amplifier generates the + and - 
supply voltages for the input stages of the isolator, causing 
them to track the input signal. This results in an effective 
input impedance of greater than 10,000 megohms. The 
filter is an active 3-p& Bessel type connected by relay Kl 
to a point between the gain stage and the post amplifier of 
the isolator. The filter increases normal mode noise 
rejection from 10 to 48 dB (at 59 Hz) when Kl is energized. 
Filter selection is through the front panel switch or the 
remote programming option. 

4.33 Switching Bypass. 

4.34 The Switching Bypass board is a printed circuit 
jumper board and occupies connector IS. The Bypass 
board replaces the Switching board when the Ohms and AC 
converter options are not used in the DVM. The signals are 
routed through the Bypass board in exactly the same manner 
as in the Switching board when the dc function is selected. 
A block diagram of the Signal Conditioning section with 
the Bypass board installed is shown in figure 4.11. 

4.35 INTEGRATION. 

4.36 The Model 5900 uses an improved version of the 
standard dual slope integration method of analogto-digital 
conversion, called delayed dual slope. As in the standard 
technique, the input signal is integrated for a set time 

4-9 
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AC ,NP”T 

Figwe 4.9 - RMS AC Converter 
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Figure 4.10 Attenuator/lsolntor DC 

period to produce a voltage that is directly proportional to 
the input signal. At the conclusion of this signal integration 
period, the input signal is removed from the integrator and 
replaced by a fixed reference voltage whose polarity is 
opposite that of the input signal. This causes the integrate 
output voltage to discharge at a linear and fixed rate for a 
time period that is directly proportional to the voltage 
developed during the signal integration period. This 
reference integration time period is measured and displayed 

in the instrument readout. The transition from signal to 
referenceintegration in the A toDsequence, is accompanied 
by switch noise in the form of spikes. Due to this and 
normal mode noise which may accompany the input signal, 
the standard dual slope technique issubject to noise induced 
errors with input signals at or near zero. The delayed dual 
slope technique used in the Model 5900 DVM minimizes 
this source of measurement error by generating a period of 
non-measurement or delay between the two integration 

4-11 
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-. 
Figure 4.11 - Signal t&w, Switching flypass 

periods. The circuitry used to perform this task include 
both the Digitizer and portions of. the Display/Logic section. 
In the Digitizer, shown in simplified form in figure 4.12, 
this is reflected as an adjustment to the basic shape of the 
integrator output signal as shown in figure’ 4.13. The 
‘delay’ portion of the integration cycle is initiated imme- 
diately following the signal integrate period and is the result 
of two factors. First, an’ analog level equal to 180 digits 
and of a polarity that resists the axis crossing from occurring, 
is produced at the integrator output by a network called 
the feed forward circuitry. Second, a capacitor in the feed- 
back network of the gain stage that follows the integrator 
adds to the total delay period. The total effect is a fixed 
delay of the axis crossing signal of 200 digits. 

4.37 Digitizer. 

4.38 The circuitry that performs the A/D conversion is 
mounted on the single, printed circuit Digitizer board and 
occupies connector J9 on the Main Logic board. The cir- 
cuitry includes: an integrator and switching network, a 
gain stage, null detector, transformer driver, signal and re. 
set logic, switch controls and + and - reference supplies. 

4.39 INTEGRATOR. 

4.40 The Integrator consists of an operational amplifier 
with a capacitive feedback path to convert the dc levels 
applied to its input to a corresponding ramp voltage at the 
integrator output. The use of a dual FET input stage pro. 
vides a correspondingly high input impedance and per- 
mitting capacitor input coupling during the integration 
period and allowing auto-zeroing during reset. The feed 
forward circuitry is a voltage divider network that takes a 
portion of the reference voltage and applying it to the non- 
inverting input of the integrator. This results in an equal 
amount of voltage appearing at the integrator output. 

4-12 

4.41 The integrator switches consist of junction FET’s, 
controlled by circuitry located on the Digitizer. Referring 
to figure 4.12, switch Sl conducts during the signal inte- 
gration period, switch S2 or S3 during reference integration 
and S4 and S5 during reset. The output of the integrator is 
coupled to the following Gain Stage through two FET’s 
connected as current generators. The purpose of these 
generators is to prevent loading of the Integrator while 
maintaining reasonable coupling to the gain stage input. 

4.42 GAIN STAGE. 

4.43 The gain stage greatly increases the amplitude of the 
integrator output especially in the area near zero to provide 
a more clearly defined axis crossing signal for the null 
detector to respond to. The gain stage also exhibitslow pass 
filter characteristics which, as previously discussed, adds to 
the total delay of the integration sequence. This reduces 
the total noise response of the system and reduces the wide 
band response requirements of the null detector. The cir- 
cuit consists of a potentiometric amplifier with a pro- 
grammed gain control, providing gains of 300 for stage inputs 
of up to I3 mV and decreasing to 14 for signals above this 
level. 

4.44 NULL DETECTOR. 

4.45 The Null Detector consists of an inverting, open- 
loop amplifier with an output swing of 5 volts. The Null 
Detector converts the amplified analog signal (ramp) from 
the integrator to a digital level (logic 1 =: +5 volts and logic 
0 =: 0 volts). This digital signal, called either the null 
detector output or axis signal is used on the Digitizer board 
for determining the polarity of the reference to be used for 
the reference integration and, by way of the transformer 
driver and transformer Tl, the circuitry of the Display/ 
Logic section of the main assembly. 



980453 

-1 

Figure 4.12 . Digitizer 
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PGM E ll 

Figure 4.13 -Integration Timing Dkpm 

4.46 TRANSFORMER DRIVER. 4.50 DIGITIZER LOGIC, 

4.47 This circuit consists of a complementary emitter- 
follower, capacitor coupled to the isolation transformer Tl. 

4.48 SIGNAL AND RESET LOGIC. 

4.49 This circuitry operates from pulse data obtained 
through isolation transformers T2, T3 and originating from 
control circuitry of the Display/Logic section. The data is 
converted into control signals for operating the integration 
switches. 

4-14 

4.5 1 The Digitizer Logic receives its timing information 
through isolating data transformers T2 and T3. The logic 
converts this information into control signals that operate 
the FET switches. The timing of the input data and switch 
operation is provided in figure 4.13. 

4.52 Ratio, Standard. 

4.53 The standard ratio consists of relay KI on the inter- 
connect board. When nonenergized, this relay routes the 
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I 
Figure 4.14 - 4.Wire Ratio Option 

outputs of the internal zener reference bridge to the 
reference amplifier (both located on the reference amplifier 
assembly) and produces a fixed + and - IO volts; when 
energized (Ratio selected) the relay reroutes the signal flow, 
replacing the zener input with the EXT REF input and 
converting the +I0 output amplifier to a noninverting gain 
of one amplifier. 

4.54 Ratio Option. 

4.55 The four wire ratio circuitry is mounted on a single 
printed circuit board and occupies connector 514 on the 
Main Logic board. The 4wire ratio option eliminates ground 
loop errors in ratio measurements by permitting the 
reference input common lead to float in reference to the 
signal input common. The circuitry, shown in figure 4.14, 
consists of two gainof-one isolation amplifiers driving a 
differential potentiometric amplifier. Field installation of 

the ratio board requires removal of jumpers WI and W2 on 
the Main Logic board. 

4.56 Display Board. 

4.57 The Display board is a single printed circuit board 
and occupies connectors JI and 52 on the Main Logic 
board. The display board is located directly behind and 
parallel to the front panel of the instrument; the function 
and range control knobs on the front panel are connected 
by shafts to the rotary switches on the display board. A 
mechanical interlock attached between the two shafts pre- 
vents the manual selection of incorrect function/range 
combinations. The display board contains the function, 
the manual and autorange, and the annunciator circuitry. 
The circuit is shown in simplified block form in figure 4.15 
and described below. 

4.58 FUNCTION AND RANGE SWITCHES, 

4.59 These generate a negative true output and operate 
only in local control (programming not selected). The 
function switch has three positions_generating outputs -- 
(from left to right) of AC, DC, and a The range switch 
has nine positions and generates the outputs shown in 
table 4.2. 

4.60 DATA ENCODE 

4.61 The output of the range switch is converted to 
positive true 1248 BCD logic by this circuitry. The BCD 

Figure 4.15 . Display Board 
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Table 4.2 - Range Switch Code Table 4.3 - Autorange Logic 

output is the same as produced by the programmer for 
remote range selection and is shown in table 4.2. The four 
BCD output lines from the data encode are applied to the 
up/down counter. 

4.62 UP/DOWN COUNTER. 

4.63 The up/down counter is adecade counter capable of 
counting up from, 0 to 9 and overflowing to 0, counting 
down from 9 to 0 and overflowing to 9, being preset to the 
BCD input, and being cleared to zero. In manual range the 
up/down counter is held in the preset mode and the output 
of the counter always equals the BCD code from the data 
encode circuitry. In autorange the BCD input from the 
range data encode is inhibited and the output of the counter 
is controlled by the autorange logic. 

at the clock rate until the counter is in an available range. 
The autorange circuitry then operates normally to select 
the most appropriate range. The forbidden ranges are 
indicated in table 4.3. If the counter output produces an 
‘impossible code’ (as could happen when the instrument is 
turned on and autorange is selected), the impossible code 
logic resets the counter to zero; the autorange circuitry then 
selects the appropriate range. 

Table 4.4 -Relay Logic Coding 

4.64 AUTORANGE LOGIC. 

4.65 The autorange logic generates the control pulses, 
for advancing the counter up or down. Data are received 
from the function switch and from the range data decode 
circuit, a BCD to IO-line converter. If no range change is 
required the circuitry generates no control signals and the 
counter is not advanced. An up range signal is generated 
during the Program D period if an up range 160% signal is 
true and the up range inhibit signal is not false (see 
table 4.3). One up range signal is generated per measure- 
ment cycle. A down range signal is generated during the 
Program D period if the down range 15% signal is true and 
the down range inhibit signal is not false (see table 4.3). 
One down range signal of this type is generated for each 
measurement cycle. In the event that the counter is in a 
,forbidden range (not available for thk function selected), 
during the clear period, the counter is made to down range 
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Table 4.5 - Annuncint 

4.66 RELAY LOGIC. 

4.61 The relay logic is generated by data from the range 
data decode and the function switch and is used via optically 
coupled isolators on the Main Logic board to control the 
attenuator range relays. The codes as shown in table 4.4 
indicate the attenuator relay closure. 

4.68 ANNUNCIATOR LOGIC. 

4.69 The annunciator logic controls the selection of the 
annunciator lamps as shown in tables 4.5 and 4.6. 

4.70 MAIN LOGICANDCONTROLCI~ClJITRY. 

4.71 This circuitry, shown in the block diagram of fig. 
ure 4.16, is located on the Main Logic board and consists of 
the control and display logic. In general this circuitry 
controls all instrument operation including the integration 
cycle, ‘times’ the output of the digitizer, and converts this 
information into data compatible with the Display board. 

4.72 Control Logic. 

4.73 This circuitry controls the operation of the instru- 
ment and consists of the program logic, program counter, 

Table 4.6 - “NO” Annunciator Logic 

4-l 7 
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program clock, read rate generator, master clock, clear 
logic, and counter logic. The instrument operates on a five 
step program cycle produced by the program circuitry. 
This consists of a five stage shift register (or program 
counter), a program clock, and control logic. The five out- 
puts of the program counter correspond to the five program 
states (PGM A, PGM B, PGM C, PGM D, and PGM E). 
Only one output of the counter is true at any time during 
the measurement cycle of the instrument and all of the 

outputs are false when the instrument is in clear. The 
program counter is advanced by a gated square wave from 
the program clock. The program clock output is driven by 
and equal to the master clock frequency divided by IO or 
600 kHz and is synchronized with the counter at the start 
of each measurement cycle. The correlation between the 
master and program clocks causes a IO count lag between 
the program counters advancing during the signal integration 
period and the counter. 
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4.74 Program Cycle. 

4.75 Preceding the start of the measurement cycle, the 
instrument is in a clear state with the counter set to 
100000 and the logic in the reset state. Upon receipt of a 
read command, whether from the read rate generator or by 
an external command, the clear signal is removed and the 
counter begins counting. After ten clock counts (100010) 
the program counter advances to PGM A. Program A, via 
the pulse transformer T3, initiates the signal integrate 
period of the integration cycle on the digitizer board. Pro- 
gram A is terminated after the counter is advanced 100,000 
counts. The period is a precise 16-213 millisecond and the 
counter now reads 000010 (the counter overflows to zero 
at 199,999). At the completion of Program A, Program B 
is initiated, lasting for 200 clock cycles. This period 
corresponds to and provides the required digital delay for 
the analog delay period between the signal and reference 
integrate periods of the digitizer as described in para- 
graph 4.36. At the completion of the 200 count delay 
(PGM B), the l’s, lo’s, and 100’s decades of the counter are 
reset, causing the counter to read OBOOOO. At the same time 
the program counter is advanced to Program C, which in 
turn enables the axis crossing detector. The program counter 
remains in this state until (1) an axis crossing signal is 
received, indicating the reference integration period of the 
digitizer is completed or (2) the counter reaches 160,000, 
indicating an overload condition. One of these two inputs 
causes the axis flip-flop output to go true, inhibiting the 
clock gate and stopping the counter. The program counter 
is advanced toProgramD and the A(delta) delay is initiated. 
The delta delay lasts for about 1 millisecond and prevents 
the ready line from going through until after the program 
counter has completed its cycle. Program D lasts for one 
program clock cycle and strobes all but the 1OOK latches. 
The program counter then advances to Program E which 
also lasts for one program clock cycle and strobes the IOOK 
latch. At the end of Program E, the Program A-E line goes 
false, resetting the read rate oscillator, starting the E (epsilon) 
delay which lasts for 5 milliseconds and generates the reset 
signal for the digitizer, and generates the clear signal which 
sets the counter to 100,000 and resets the logic. At the 
end of the delta delay, the ready line goes true generating 
the DATA READY output signal and enables the program 
logic to receive a new read command. At the completion 
of the epsilon delay, the SYSTEM READY signal is 
generated and indicates that the instrument is able to 
accept an externalread command. This returns the circuitry 
to the state at the start of the program cycle. 

4.76 Display Logic. 

4.77 This circuitry consists of the counter, latches, BCD- 
to-7 line converters, display strobe, clear logic, decimal 
logic, and the counter control logic. The counter consists 

of five series connected decade counters and a J-K flip-flop, 
and is capable of counting from 000000 to 199999 and then 
overflowing to 000000. The counter is driven by the 6 MHz 
master clock by way of the clock gate and the counter 
logic. The clock gate permits the counter to advance only 
during the measurement cycle. The counter logic circuitry 
routes the clock signal for normal or superfast operation. 
The clear logic operates in conjunction with the clear flip 
flop and the counter logic to clear all or portions of the 
counter depending on normal or superfast operation for 
different parts of the measurement cycle. The latches store 
the information from the counters from the last measure- 
ment cycle in the form of BCD data. The units through 
10K latches are strobed (the information at the input of the 
latch is transferred to the latch output 1 at Program D; the 
1OOK latch is strobed at Program E. The data from the 
latches are converted to be compatible with the seven 
segment LED displays by the BCD-to-7 line converter. The 
converters are also used in conjunction with the decimal 
logic to provide leading zero blanking. The LEDs on the 
readout board are controlled by the BCD-to-7 line converters 
and powered by the driver decoder strobing circuit. This 
consists of a one-shot driven by a 120 Hz signal. The strobe 
permits the LED’s to operate at their greatest efficiency 
while maintaining low overall power consumption. 

4.78 Superfast. 

4.79 This is a high speed operating mode in which the 
instrument is effectively converted to a four decade instru- 
ment. The actual selection of this mode and timing 
considerationsare covered under paragraphs 2.68 and 2.105. 
Basically the superfast mode is achieved by bypassing the 
least significant decade (l’s) with the counter logic. At the 
start of a superfast measurement cycle, the l’s decade is in 
the clear mode and the 6 MHz clock is applied directly to 
the input of the lo’s decade. The signal integration time of 
the digitizer is reduced from 16.2/3 milliseconds to 1.6.2/3 
milliseconds. The 200 digit time period nnut remain the 
same as in the standard measurement operation so the 
instrument is converted back to standard operation during 
the 200 count delay. At its completion the operation 
reverts back to superfast and the reference integration 
period is measured at the same rate the signal integration 
period was generated. 

4.80 Power Supplies. 

4.8 1 There are two separate power supplies used in the 
Model 5900; one provides the voltage levels required for 
operating the analog portions of the instrument and the 
other provides the voltage levels for the digital/display, data 
output, and programming. The two supplies use a common 
transformer core and primary winding but the supplies 
themselves are completely isolated to maintain the common 
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Figure 4.17 . Progranr Block Diagram 

mode rejection characteristics ofthe instrutient. The analog 

supply provide outputs of +25 volts, +20 volts, and -40 
volts, all referenced to analog common (mecca). The digital 
supply provides outputs of t5 volts, +5 volts unregulated, 
and +I 50 volts, all referenced to digital common. 

4.82 Program. 

4.83 The program board is an option provided to allow 
external remote operation of the instrument. The circuitry 
is mounted on a single printed circuit board. The board is 

4-20 



980453 
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located above and parallel to the Main Logic board and 
mounted to the Main Logic board on standoffs. Electrical 
connection between the Main Logic board and the Program 
board is by way of two cables (13.J3A and J4-J4A). A 
portion of one end of the Program board extends through 
the rear panel of the instrument, through an opening pro- 
vided for that purpose. This portion of the board forms an 
edge connector and isdesignated P202 PROGRAM INPUT. 

4.84 The circuitry, shown simplified in figure 4.17, con- 
sists of the program logic, data gate, and the command/ 
timeout circuitry. The program logic converts the control 
line data generated at P202 to correspond to the instrument 
control lines. The data gate paws or rejects the converted 
data; the gate is enabled when the. program switch is 
operated and system control is selected on P202. A series 
of inputs with their outputs are shown in table 4.7. The 
timeout circuitry generates the necessary timeouts for 
delayed remote programming. The timeout periods are 
covered under paragraph 2.99. 
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Table 5.1 -Required Calibration Equipment 

- 

Qty 

- 

Minimum Use 
Specifications 

Suggested 
Equipment Item 

aturated Standard Cell Bank 
5 cells) 
IC Voltage Sources 

‘oltage Divider Adjustable 

0: I Voltage Divider, Fixed 

00: I Voltage Divider, Fixed 

qull Detectorl~Voltmeters 

ihermal Transfer Standard 

fhermal Voltage Converter 

9C Voltage Source 

Pulse Generator* 

-1 
I: 
\ 
I 

I 

P 

1 

1 

1 

I 

1 

I 

I 

I 

I 

I 

Resistance Standards 

IOR 

I oon 

IKS?a 
10Ka 

100 Ki2 
I M&-I 

lOMa 

100 MZ;2 
- 
(1) 
Gi- - 
(1) - 
(1) 

(1) 
- 

tiomentary Switch, SPST 

‘hillips head screwdriver #I 

;nsulated Adjustment tool 

IO Kohm l/4 Watt 5% 
zarbon Resistor 

I Megohm l/4 Watt 5% 
larbon Resistor 

- 
Lx 

AC 

SPPLEY 106 (1) 

0 
0 
<I, 

I ppm, certified 

D.1 ppm resolution 

0.1 ppm linearity 

1 PPm, 
Output Z 210 Kohms 

FLUKE 3328 
FLUKE 720A 

Fabricated* 

- 
1 aom. Fabricated* 

FLUKE 845AR 

0) 

0 
O;ipu; 2 110 Kohms 

I WV sensitivity 

35 ppm @ 400 Hz, 
50 $rn @ 40 kHz 

SO ppm @ IO0 kHz 

I ppm resolution 

HOLT 6A (1) 

~(1) 
-5 - 
(1) - 

(8) 

HOLT I I 

HP745A/746A 

TEKTRONIX 2101 
- 

IO voltsvariable, 5On outp”t 

OTHER 

ESI SRI with corrections 

ES1 SRI with corrections 

ES1 SRI with corrections 
ES1 SRI with corrections 

ES1 SRI with corrections 

Fabricated* 
ES1 SRI with corrections 

Fabricated* 

10 w* 
low* 
10 pp* 
10 w* 

Iow* 
10 w* 
50 w* 
80 w* 

- 

JFD5284 

5% 

5% 

*See Text 



SECTION 5 CALIBRATION 

5.1 SCOPE. 

5.2 This section describes the calibration of thcKeithley 
Model 5900 DMM and the following options: 

Model 52 Ohnx/DC Converter 

Model 32 AC/DC Converter, RMS 

Model 33 AC/DC Converter. Averaging 

Model 62 4-Wire Ratio 

5.3 GENERAL. 

5.4 The Keithley Model 5900 undergoes rigorous testing 
and is precisely calibrated under closely controlled condi- 
tions, prior to leaving the plant. The procedure provided in 
this section isdesigned to recalibrate the Model 5900 and to 
keep the instrument operating within specifications for 
indefinite periods of time. If the instrument is equipped 
with the rear panel selectable input option, set the FRONT/ 
REAR switch to the appropriate position for each of the 
checks in this section calling for the application of input 
signals to the instrument. 

5.5 Required Equipment. 

5.6 A list of the equipment required for calibration is 
provided in table 5.1. The specific types of equipment in 
the Suggested Equipment column are acceptable for cali- 
bration and provided as a guide in selecting suitable equip- 
ment; instruments having operating characteristics equal to 
or better than those indicated may be substituted. 

5.7 Fabricated Calibration Equipment. 

5.8 Two fixed voltage dividers, 10: 1 and 100: 1, are re- 
quired for dc range calibration. The dividers provide the 
required accuracy and low output impedance not normally 
available on commercial equipment. The specifications of 
the dividers are indicated in table 5.2. 

5.9 Two standard resistors are called out for ohms 
calibration, for which no commercially available standard 
resistors having the required accuracy are presently avail- 
able. These can be fabricated by mounting precision 
resistors in a standard minibox on 5.way binding posts. 

Table 5.2. Fixed Voltage Dividers 

Range outpu1 
Ratio Used on lmpcdancc 

The absolute accuracy of each 

age applied (i.e., the voltage 
‘oo”~pdd”,y / /;~cJntmustalsobe 1 

Suitable lypes of resistors for the IWO ranges are listed 
below. 

I Megohm 2 ppm TC wirewound of known value 

100 Mcgohm 25 ppm TC metal film of known value 

5.10 DC Voltage Sources. 

5.11 To produce voltage levels of necessary accuracy, 
special techniques are required. Suitable methods of 
generating these voltages are shown in figures 5.1 and 5.2. 

5.12 IOVOLT SOURCE 

5.13 Aprecise and traceable source of IOvoltsis required, 
not only for calibrating the IO volt range. but also as a 
reference for generating highly accurate 1, I, 100, and 1000 
volt levels. The 10 volt source used must satisfy the 
following requirements. 

a. It must be traceable to the National Bureau of 
Standards; 

b. It must have a total accuracy of 1 .I ppm; 

c. It must have a low output impedance 

A source filling these requirements is shown in figure 5.1. 
This circuit consists of a null detector, II-decade voltage 
divider, a dc voltage supply, and a bank of saturated 
standard cells. Two advantages of this particular hookup 
are that; (a) there is minimal loading of the standard cells 
and (b) stability, not accuracy, is the primary requirement 
of the dc voltage supply. 

5.14 The output of this circuit is set to a precise 10 volts 
by setting the voltage divider to the value of the standard 
cells. The dc voltage source is then adjusted to produce a 
null on the null detector. The accuracy of the IO volt 
source is within I. I ppm. 

S-1 
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Figure 5.2 - Generating Accurate DC Levels 

5-2 



Table 5.3 - DC Source Accuracies 

Range 
10 Volt Fixed Total 
Source Divider Accuracy 

24 hr. 
DMM 

Accuracy 
Times 
Better 

10 

I 

.I 

100 

1000 

I.1 ppm - I.1 ppm 10ppm 9 

1.1 ppm 1 pm 2.1 ppm 10ppm 4.8 

1.1 ppm 1 PPm 2.1 ppm 20 pm 4.8 

1.1 ppm 1 PPm 2.12 ppm lOPPm 4.7 

1.1 ppm 1 PPm 2.12 ppm 1OPPm 4.7 

5.15 OTHER SOURCES. 

5.16 The remainder of the dc sources can be generated by 
the circuits shown in figure 5.2. Each of these hookups use 
a calibrated 10 volt source having the characteristics of the 
one previously described: 

errors in this discussion are defined in parts per million 
(ppm). For the 10 volt source, the error is the sum of the 
standard cell bank (certified at 1 ppm) and the voltage 
divider (0.1 ppm), giving a constant 1.1 ppm. In table 5.3 
is shown the errors ofeach voltage source, the totalaccuracy 

5.17 ACCURACY. DC. 

5.18 The accuracy of the dc voltage sources is obtained’ 
by adding the various sources of error in each hookup; 

of each hookup, the accuracy of the Model 5900 DMM, and 
the degree to which the sources exceed the required 
accuracy of the DMM (4 to 10 times better is the suggested 
accuracy ratio per MIL-M-38793). 

DC. With DMM used to monitor DC output, dc source is 
adjusted to desired voltage. Transfer standard is then used 
per manufacturer instructions. 

ACSOURCE TRANSFER STANDARD 
, AC. The ac source is adjusted to produce a null on transfer 

o- standard. The ac source output is now calibrated and can 

o- 
be used as a precision source for the recalibration of the 
5900 AC Converter. 
NOTE: Because of the low input impedance of the transfer 
standard, the DMM input leads must be connected as close 
to the transfer standard input terminals as possible. 

rrgure J.3 n c 3ource 
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Table 5.4 _ AC Source Accuracies ~ 

1000 Volts 200ppm 
400 Hz 52 wm 42 wm 

1 
600 ppm 

5.19 AC Voltage Sources. 

5.20 The generation of accurate ac signals for calibrating 
the ac converter ranges, requires the use of a thermal 
transfer standard and a precise dc standard as well as a stable 
ac source. Sufficient accuracy can be obtained by using a 
dc source and the Model 5900 being calibrated (immediately 
after the dc calibration has been completed). The circuitry 
connections are shown in figure 5.3. Information on the use 
of the transfer standard can be obtained from the operators 
manual accompanying the standard. The 5900 is used to 
set the dc source to the desired voltage; the thermal transfer 
standard is then used to calibrate the output of the ac 
source. The calibrated ac source is used to calibrate the 
5900 ac converter. This procedure is repeated for each 
range. 

5.2’ ACCURACY, AC. 

5.22 The accuracy of the ac source is equal to the sum of 
the transfer standard accuracy and the accuracy of the dc 
source. The accuracy of the setup for each range and fre- 
quency used in the calibration procedures as well as the 
specified accuracy of the converters is provided in table 5.4. 

5.23 PRELIMINARY PROCEDURE. 

5.24 Warmup. 

5.25 Apply power to the instrument and allow two (2) 
hours of warmup time before calibrating with instrument 
covers in place. 

5.26 Familiarization. 

5.27 Prior to starting the procedure, read all of the steps 
and verify that all of the necessary equipment, tools, and 

5-4 

miscellaneous hookup cables required for the calibration 
procedure are readily available. Verify that all of the equip- 
ment used in the calibration is warmed up for the period 
prescribed by the manufacturer to reach full accuracy. 

5.28 Calibration Points. 

5.29 The location of the calibration points (except ac) 
used in the calibration procedure are shown in figure 5.4. 
The ac calibration points are shown in figure 5.8. Access to 
the calibration points is gained by removal of the top 
cover; the cover is secured to the DMM by captive screws 
located in each of the four corners of the cover. Directly 
beneath the cover is located a metal shield with access holes 
to calibration points (except ac). The shield is part of the 
instrument internal guard system and helps to reduce noise. 
For reference, an abbreviated form of the basic calibration 
procedure is silkscreened to the top of the shield. The 
shield is to be left in place unless specific instructions are 
given for removal. 

5.30 Environmental Considerations. 

5.31 The ambient temperature of the calibration environ- 
ment shall be held to 23OC + l°C. 

NOTE 

In instruments equipped with the optional 4.wire 
ratio option it is necessary to remove the 4.wire ratio 
circuit board and connect jumpers W2 and W3 on the 
interconnection board. The shield is removed for 
~CCCSS to the circuit board and then replaced prior to 
calibration of the instrument. 

5.32 RECALIBRATION PROCEDURE. 

5.33 The procedure is designed to produce the highest 
accuracy in the least number of steps while minimizing 
interaction between adjustments. To ensure accuracy, do 
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Figure 5.4 -Adjustment Locations 
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not deviate from the order of adjustments as given in the 
procedure. 

Removal of covers exposes potentially lethal voltages. 

5.34 Isolator Zero. 

a. Select DC function and .l volt range. Short the + 
input terminals; connect microvoltmeter to 

ANALOG OUTPUT terminals. Set DC OFFSET 
(front panel) to the center of its mechanical spa”. 

b. Adjust RI4 (.lV Zero) on Isolator for a micro- 
voltmeter reading of less than 100 microvolts. 

c. Replace the jumper across the t INPUT terminals 
with a 1 Megohm resistor. Adjust R3 (1OOV ZERO) 
for a reading of less than I millivolt. 

d. Replace the resistor with a jumper. Select IOV 
range. Adjust R7 (IOV Zero) for a reading on the 
microvoltmeter of less than 20 microvolts. 

e. Repeat the above steps until all ranges are zeroed 
within the indicated tolerance. 

5.35 DC Voltage Zero and Gain. 

a. Select DC function and IOV range. Apply a” input 
of +OO.OOlOV. Observe readout and reverse polarity 
of input (-OO.OOlOV). Adjust R27 (+lO DIGIT 
BAL) for same readout for 9” or “-” inputs. Ad- 
just R40 (+lO DIGIT SPAN) for + 10 digits. 

b. Apply inputs listed in following tables to the front 
panel input terminals and the rear panel ratio input 
terminals. Select mode as listed for each step and 
adjust indicated control for a readout of +lO.OOOO. 

r-- F/P Input 

5-6 

Ratio Select Adjust 
Input Mode (on Digitizer) 

t1.000OOV Ratio RS (-RATIO LIN) 

+l.OOOOOV Ratio R64 (+RATIO LIN) 

t10.000OV Ratio R2(-IOV RATIO) 

DC R4(-IOV) 

DC R57 (+lOV) 

c. Repeat the above steps as required until all steps 
are calibrated. 

d. Verify that the voltage at the ANALOG OUTPUT 
terminals (on rear panel) is the same as the voltage 
on the input terminalsat various input levels (+lOV, 
klV, etc.). 

5.36 DC RANGE CALIBRATION. 

5.37 Apply inputs listed in the following table. Select 
DC function and range as listed for each step. Adjust the 
indicated control for a readout equal to the input voltage. 

5.38 OHMS CALIBRATION (Figure 5.4). 

5.39 Ohms Zero. 

a. Select 0MS2 function and the IO Megohm range. 
Short the + INPUT and + CURRENT terminals 
together. Adjust R56 (0 ZERO) for zero readout. 

+ INPUT 

4:1 

70 MEGOHMS 
- lNP”T 

-I 
Figure 5.5. Ohms Input Connection 

b. Remove short from INPUT and CURRENT ter- 
minals. Connect a IO Megohm standard resistor 
across the + INPUT terminals. Do not connect the 
+ CURRENT lead (figure 5.5). 
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5.40 OHMS RANGE. 

Figure 5.6 . Connectiunsfor Ohms Range Adiustment 

I I I I 

b. Connect input with 4.wire configuration (figure 5.7) 
and complete the adjustments of the low ranges. 

Figure 5.7 - 4. Wire Connections 

5.41 AC CALIBRATION (Model 33). 

5.42 AC Converter Zero (Figure 5.8). 

a. Remove Scaling Amp, insert Scaling Amp Bypass 
card (Keithley P/N 5900-410617) in its place, and 
install AC Converter 011 extender. Select AC 
function, any range, and leave illput open, 

b. Connect the microvoltmeter with a IO kilohm 
resistor in series with the positive lead to TP3, with 
negative side to TP6 (common). Adjust R35 for a 
microvoltmeter reading of less tba” IO cNolts. 

c. Cormect the + microvoltmeter lead alternately 
between TPS a”d TPI. Adjust R5 so that the 
voltages at TPS add TPI are equal (balanced) within 
approximately +IO~olts(oppositepolarities). The 
voltage at each of the two test points must be less 
than +20 /NoIts. 

5.43 Frequency Response. 

a. Depress FILTER switch. Apply I volt at 400 Hz 
and record readout. Apply 1 volt at 100 kHz and 
adjust Cl3 for same readout (+I0 digits) as ob- 
tained with 400 Hz. 

b. Remove extender fro”1 AC Converter; remove 
Scaling Amp Bypass cud. Install AC Co”verter and 
Scaling Amp into instrument. 

c. Apply the inputs listed in the followiop t;lhlr a”d 
adjust the indicated co”trol 01, Scaling Amp for a 
readout equal to the illput. 
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I -! t I 

Figure 5.8 - ACAdjustment Locations 
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Ein 

.01000 

1 .ooooo 

10.0000 

100.000 

Freq. 

400 Hz 

400 Hz 

400 Hz 

400 Hz 

Adjust 

AC OFFSET (front panel) 

RI I (1V L.F.) 

R8 (1OV L.F.) 

R7 (IOOV L.F.) 

1 1000.00 1 400 Hz ( R3 (IOOOV L.F.) 

I - - Cl (1OOOV H.F.) 
set to center of span 

1 500.00 1 40 kHz 1 CZO(INFW H.F.) I 

5.44 RMS AC CALIBRATION (Model 32). 

Use 10 KS2 resistor in series with + lead of micro. 
voltmeter. 

Set DVM power switch to off. Extract converter. 
Set Sl and S2 to DC (away from center of board), 
replace converter and set power switch to on. Se- 
lect AC and 1 volt range on DVM front panel. 
Allow 10 minutes for temperature to stabilize. 

Connect jumper across DVM input terminals. Con- 
nect the microvoltmeter to TPI (t) and TP5 (-). 
Adjust RI7 for a microvoltmeter reading of 0 + 
30 /.tVuv. Remove t microvoltmeter lead from TPI. 
Turn R41 fully clockwise. 

R54 is a” FSV adjustment and is reset only if major 
repairs have been perfornud on the converter. In this 
event, perform the following adjustment: 

Apply a calibrated l.OOOOOV RMS pulse train with a 
crest factor of 7 and a period of 1 millisecond (1 kHz 
repetition rate). Adjust RS4 for a readout of I .OOOOO. 
Remove the pulse generator from the DVM input and 
continue with the calibration procedure starting at 
step k. 

Connect microvoltmeter + lead to TP4. Adjust R42 
for a microvoltpxaer reading of +20 pV + 10 pV. 

k. Set power switch on DVM to off, extract converter, 
set Sl and S2 to AC (toward center of board). Re- 
place converter in DVM. Reapply power and allow 
10 minutes for temperature to stabilize. Select 
FILTER. 

Connect t microvoltmeter lead to TP2. Adjust R33 1. Connect the AC source to the DVM input terminals. 
for a microvoltmeter reading of 0 + 30 PV. Re- Apply the inputs listed in the following table and 
move microvoltmeter t lead from TP2. adjust the indicated control for the proper readout. 

e. Connect + microvoltmeter lead to TP3. Adjust R31 
for 0 + 30 mV. Remove t microvoltmeter lead 
from TP3. 

f. Connect + microvoltmeter l&to TP4. Adjilst R41 
counterclockwise until the voltage at TP4 reads 
0 ?1 5 /.tV. Remove microvoltmeter leads a”d re- 
move jumper across DVM input. 

g. Apply -1 SIOOOOV DC and “otc DVM display. 

h. Reverse polarity of input to +i.OOOOOV DC and 
adjust R28 to obtain approximately the same DVM 
display as obtained in step g. Repeat steps g and h 
until the two readings are within .OI% of each 
other. Remove DC supply from DVM input. 

i. Apply tO.10000 to DVM input and note DVM 
display. 

j. Reverse polarity of input to -0.10000 and verify 
DVhI display is within +5 digits of the reading 
obtained in step i. If not, use R31 to balance the 
readings. 

NOTE 
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I l-i??-+ I I 
Range Voltage Freq Adjust Readout 

1v 1 .oooo 500 Hz R58 1 .ooooo 

1v .I000 SO0 Hz a.c.offset 0.10000 

Repeat steps for R58 and ax. offset until no 
adjustment is required. 

IOOOV 1 1000.0 t 500 Hz 1 R3 I 1000.00 

I ooov 500.00 1 40 kHz’ ! Cl 1’ ! 500.000 1 

IV 1 1.0000 ( 50 kHz 1 C9* 1 1.00000 
IOV 1 10.000 1 500 Hz 1 R7 I 10.0000 I ~~~ , 

IOV 10.000 50kHz C7’ 10.0000 

I oov 100.00 500Hz R5 100.000 

IOOV I00.00 SOkHz C4* I00.000 

*Use an insulated screwdriver when adjusting the 
capacitors. High voltage present on Cl I. 

I I 

5.45 4WIRE RATIO CALIBRATION. 

NOTE 

DC calibration of the instrument must be completed 
before calibrating 4wire ratio. The DC calibration 
must be performed with the 4.Wire Ratio boaid re- 
moved andjumpers installed across W2 and W3 on the 
interconnection board. 

a. Install 4.Wire Ratio board; remove jumpers across 
W2 and W3. Select RATIO, IOV RANGE, and DC 
function. 

b. Connect -1.OV to front panel INPUT terminals; 
connect +l.OV to REF INPUT terminals on rear 
panel. Connect a jumper from high side of reference 
input to ANALOG COMMON (on rear panel). 

c. Adjust R12 on 4.Wire Ratio board for a readout 
of -10.0000 (figure 5.9). 

d. Increase voltage at INPUT terminals to -10.0 volts; 
increase REF INPUT to t10.0 volts. Adjust RlO for 
a readout of -10.0000. 

e. Repeat steps b through c until both are achieved 
without further adjustment. 

f. Remove jumper from high side of reference input 
to comma”. Connect the jumper between low 
reference input and common. Adjust R9 for a 
readout of -10.0000. Remove jumper and verify 
that the readout does not change by more than one 
digit. 

g. Apply +l.OV to both signal and reference inputs. 
Verify a readout of t10.0000. 

0 ““N! 
R10 R12 AB 

-xi-J- 
Figure 5.9.4.Wire Ratio Adjustment Locations 

5.46 TROUBLESHOOTING 

-I 

5.47 This procedure is provided to aid in locating the 
cause of an instrument malfunction. The procedure consists 
of a systematic basic instrument operation check, a table 
of symptoms and probable causes, and a brief description 
of major areas of the instrument circuitry from a trouble- 
shooting standpoint. To eliminate as much as possible 
redundant material, frequent reference is made to informa. 
tion located in other sections of the manual. 

6.46 Troubleshooting Equipment 

5.49 The equipment listed in table 5.1 can be used for 
the procedure with the addition of an oscilloscope such as 
the Tektronix type 453. Access to the main circuitry is 
gained by removal of the top cover and shield. 

5.60 Power Supply Check 

Removal of covers exposes potentially lethal voltages. 
Avoid contact with internal electrical connections 

5.51 Before proceeding with the analog and digital cir. 
cuitry, check that all the supply voltages are present. If a 
discrepancy is found, proceed to table 5.5. 



Table 5.5 -Power Supply Check 

Low or Zero output of Supply: 
1. Set power switch to OFF. 
2. Remove all plug in boards to eliminate possible 

source of shorts. 
3. Apply power and recheck supply output. 

a. If normal, check plug in boards 
b. If low, check components on main board 

for excessive heat dissipation. 

No output of any Supply: 
1. Disconnect power cable from line voltage and 

back of instrument. 
2. With power switch on, check for continuity 

(Low DC resistance) between HI (pin 2) and 
Lo (pin 1) of 3203 (typically, 110 volt range is 
12a 220 volt range is 3%X). An open indicates 
a failure of F201, S201, S202, or Tl. 

5.52 Operational Check 

5.53 The check consists of narrowing down the problem 
to a specific area or circuit. This is done by checking out 
the basic instrument functions in a prescribed sequence and 
referring to the troubleshooting guide when the instrument 
fails to perform as indicated. 

5.54 Preliminary Instrument Setup 

a. Select DC function, I Range, Filter OUT, Ratio 
Out, Data Output Out, Remote Control Out, and 
Rate Control fully clockwise. 

b. Verify the line voltage selector on the DMM rear 
panel is positioned for the available line voltage 
and connect power cable. 

c. Perform the checks indicated in Table 5.6 if the 
instrument fails to provide the indicated output, 
refer to table 5.7 for assistance. 

5.55 Circuit ljascriptions 

5.56 The remaining paragraphs describe the operation 
of the instrument circuitry from the standpoint of specific 
operating characteristics. These are to be used in trouble- 
shooting to verify proper operation. The majority of the 
circuitry operates in a linear flow; that is, a signal is genera- 
ted at one point and processed, encoded, decoded, or con- 
verted through various other circuits. If the output of one 
of the circuits is incorrect. the circuit is bad. 

Table 5.6 - ODerational Check 

across + and - 

volt (DC sburce) 
6. Select 10 volt on range - 00.1000 

DMM 

7. Select 100 volt range - 000.100 
on DMM 

8. Select 1000 volt range - 0000.10 
on DMM 

9. Increase input voltage - 0200.00 
to -200 volts 

Reduce DC Source and remove source from 
input I 

I *May require adjustment of front panel offset 

5.57 MEASUREMENT LOGIC. These circuitsare covered 
in paragraphs 5.58 through 5.63 and include the control 
and display logic. Symptoms of a failure in this area is the 
Display does not change with a change of input signal 
(see block diagram in figure 4.16 and schematic -figure 6.3) 

5.58 CLOCK OSCILLATOR. The clock oscillator runs 
continuously at 6 MHz. If there is no signal, repair the clock. 
(5. MHz for SO Hz operation). Ql, lJ38C, YI, U13A 

5.59 DECADECOUNTERS. These IC’s(Ul4.UlS,U33A) 
are the decade counters and are driven by the 6 MHz clock 
and run only during measurement cycle. If they do not run, 
replace them. 

5.60 LATCHES. These 1C’s (U7.Ul I, U38B) store the 
information appearing at the input line (2, 6, 7, 3) upon 
receipt of a transfer pulse (PGMD) the stored date 

5-l I 



Table 5.7 . Troubleshooting Guide 

Symptom Diagnosis Probable Cause Reference 

Display Blank 
Left 3 digits blank 
Decimal point wrong position 
Display does not change with 
a change in input signal 

Range Logic 
Instrument locked up 

Power Supply 
leading Zero Blanking 
Annunciator Logic 
Clock 
Decade Counters 
Measurement Logic 

Pam. 5.50 
Para. 5.61 
Pam. 5.66 
Para. 5.58 
Pam 5.59 
Para. 5.57 

Will not read full scale 
’ Integrating Capacitor C8 

Digitizer Logic Table 5.8 
Isolator Table 5.9 

appears and remains at output lines (16, 10, 9, 15) until 
the next transfer pulse. (PGMD). 

5.61 BCD TO ‘I-LINE CONVERTERS. These units Ul 
through U6 convert the data from the counters to ‘I-line 
for the display and provide the leading zero blanking 
function. These units may be checked by swapping if a 
malfunction is suspected. 

5.62 READ-OUT. The LED’s on the readout board 
(LED 1 through LED 6) are controlled by the BCD to 
7.line converters and are powered by the driver decades 
strobing circuit (U44, Ql9). Failure of strobe circuit is 
indicated by blank display or excessive current drain 
from +SV regulated supply. 

5.63 CONTROL LOGIC. This circuit controls the opera- 
tion of the instrument and consists of the program logic 
(U38B, U38D, Ul3D, U32A, U38A, U36A.E), program 

counter (U37), read rate generator (Q43, Q42, Q9, QlO, 
U31B. U30A), program clock (U39), clear logic (U28A, I$, 
U29B), counter clear logic (Ul9A, Ul3F, U27B, U27A, 
U34C, U20A, C, D, Ul3E, U34D), decimal logic (U41), 
auto range logic (U4OA, D, U26A, U19B, D), are axis 
crossing/polarity logic (Q2, Q3, U32C, U3OB, U26B, 
U29A). Failure of any of above circuits would be indicated 
by a locked-up display. See figure 4. I3 for timing and wave. 
form diagram. 

5.64 DIGITIZER LOGIC AND IOV REFERENCE AMP- 
LIFIER. (See block diagram, figure 4.12 and schematic 
figure 6.13). This circuitry performs the A/D conversion. 
It is mounted on a single PC Board and mates with 
connector J9 on main logic board. The circuitry includes: 
integrator and switching network, gain stage, null detector, 
transformer driver, signal and reset logic, switch controls 
and 310 volt reference supplies (see paragraph 4.38 
through 4.5 I for theory of operation). For troubleshooting 
chart on digitizer and 100 reference amplifier see table 5.8. 
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Table 5.9 - Troubleshooting Chart - 
Isolator and Attenuator Boards 

Sympton Probable Cause 

1, Unstable, Noisy Reading a. Oscillation of AR2, 
on all functions or AR4 

b. BadQ6 
c. Filter circuit AR5 

Kl (Isolator) 
d. Attenuator relays 

Kl,K2,K3,K4 

2. Won’t Read Full Scale a. Q8 or Q9 
b. See table 5.8 

3. Display locked on over- a. Ql 
load b. AR3 (Check AR4 

pin 6 if 20 volts 
replace AR3) 

c. Q6 
d. Q2, Q3, Q4, or QS 
e. See table 5.8 

4. Excessive Input Bias 
Current 

a. Adjust R3, R7 
b. Ql failure if cannot 

adjust 

5.65 ISOLATOR. The isolator is a single printed circuit 
board and mates with connector 18 on the main logic 
board, The isolator operates in conjunction with the 
attenuator board as shown in figure 4.10. See table 5.9 for 
troubleshooting information. 

5.66 ANNUNCIATOR LOGIC. This logic controls the 
selection of annunciator, autoranging and polarity as shown 
in tables 4.5 and 4.6, and schematic figure 6.17. Failure 
of these circuits would cause improper range coding, 
improper annunciation, improper decimal placement, or 
improper autoranging. 

5.67 OPTIONAL ACCESSORIES. Options include AC 
converter, RMS AC converter, ohms converter, remote 
programming, and four-wire ratio. See troubleshooting 
guide table 5.10 for more information. 

5.68 BOARD REVISION. 

5.69 Every effort is made to keep the manual con- 
current with the instrument despite changes to the design, 
which are an inevitable adjunct of the manufacturing pro- 
cess. The manual is updated and periodically reprinted 
throughout the year. In between printings, Addendums 
and Errata Sheets are added to the manual if required to 
implement the reprinted copy. 
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Table 5.10 - Troubleshooting Chart -Optional Accessories 

REPLACE “l,C 

5.70 Any design change is accompanied by a” updating 
of a board revision. Such change could be as simple as a 
revised hole size or as complex as major modifications of 
the circuitry. The revision of a board is indicated by the 
letter preceding the assembly number stamped on the 
board; the revision of the assembly drawing in Section 6 or 
on a” Errata Sheet is indicated by the letter following the 
assembly number, located below the drawing. Comparing 
the revision letters can indicate how closely the drawing 
corresponds to the hoard. 
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Table 5.10 -Troubleshooting Chart-Optional Accessories (continued) 







Table 6.1- Sii htammxtion List 980453 

6-2 



.I 

Y 



6 

I 21 1 



sf I^ 



- 



C4 

t 



I 
--. 

P 

> 
-I------- 

2 

- 

3j 

- 

-, ----__----_------ 



980453 

r 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Figure 6.7 -Layout, Switching (403625) 
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Figure 6.9. Layout, Isolator (403624/ 

6.12 



E 

Y n 



980453 

Figure 6.11 -Layout, IOVReference Amplifier (403916) 
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Figure 6.12 -Layout, Digitizer (403626) 
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F&we 6.17 Schematic, Di.#zy 
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Figure 6.28. Layout, Rear Panel (403659) 
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Figure 6.29 Layout, Parallel Front-Rear Input 
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Figure 6.30 -Layout, Switchable Front-Rear Input 

6-32 



SECTION 7 PARTS LIST 

7.1 This section contains lists of replaceable parts 
arranged in the order of the following subassemblies: 

Page 

La@& Interconnection 7.3 
Readout. ............. 7.10 
Attenuator ............. 7.12 
Switching ............. 7.14 
Isolator .............. 7.16 
IOV Reference. ........... 7.19 
Digitizer. ............. 7.20 
Program .............. 7.26 
Display .............. 7.28 
AC Converter ............ 7.30 
RMS Converter ........... 7.33 
Scaling Amplifier ........... 1.37 
Ohms Converter ........... 7-40 
4-Wire Ratio ............ 7.44 
Rear Panel ............. 7-45 
Switchable Front-Rear Input ....... 7-46 

7.2 Manufacturers are identified by FSC numbers listed 
in table 7.2, “List of Suppliers”. The code numbers are 
from the Federal Supply Code for Manufacturers Cataloging 
Handbooks H4-I, 114.2, and their supplements. 

7.3 The Keithley part number consists of a 5900 prefix 
followed by a six digit number. For example, 5900-l 10126 
is a 6.8 FF tantalum capacitor. Certain parts having 21793 
listed in the “FSC” colomn arc specially selected semi- 
conductors. For some of thcsc, standard commercial parts 
will serve as satisfactory rcplaccments. Thcsc parts are 
identified in table 7. I along with the commercial equivalent. 

Table 7.1 

021 Transistor 1 hfPSA42 I 
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403614 -~ Assy.. PCB. LOGIC& INTERCONNECTION (Figure 6.3) 

REF 
DES DESCRIPTION FSC 

MANU 
P/N 

Cl 
C2’ 
c3 
c4 
CS 
C6 
c7 
C8 
Cl0 
Cl1 
Cl2 
Cl3 
Cl4 
Cl5 
Cl6 
Cl7 
Cl8 
Cl9 
c20 
C2I 
c22 
C23 
C24 
C25 
C29 
c30 
C3l 
C32 
c33 
c34 
c35 
c37 
C38 
c39 
c40 
c41 
C42 

ElTHLEl 
PIN 

- 

II0126 
130142 
100017 
110129 
110129 
120310 
II0156 
I20308 
110128 
I10067 
II0067 
110126 
110126 
II0126 
II0126 
II0127 
I10066 
100017 
100017 
100017 
100017 
100017 
100017 
I20290 
100017 
101174 
101145 
101174 
110178 
110178 
110178 
II0143 
110148 
110140 
100017 
120090 
120308 

CAP TANTA 6.8 MFD 35 v 
TAP MICA I50 PFD 
CAP CERAM .Ol MFD IOOV 
CAP TANTA .I MFD 35 v 
CAP TANTA .I MFD 35 v 
CAP POLY .Ol MFD 250 V 
CAP TANTA 4.7MFD 6V 
CAP PDLY ,047 MFD 250 V 
CAP ELECT 6000 MFD IOV 
CAP ELECT 2000 MFD 35 v 
CAP ELECT 2000 MFD 35 v 
CAP TANTA 6.8 MFD 35 v 
CAP TANTA 6.8 MFD 35 v 
CAP TANTA 6.8 MFD 35 v 
CAP TANTA 6.8 MFD 35 v 
CAP TANTA 22MFD 6V 
CAP ELECT 16 MFD 200 v 
CAP CERAM .Ol MFD IOOV 
CAP CERAM .Ol MFD 1OOv 
CAP CERAM .Ol MFD 1oov 
CAP CERAM .Ol MFD IOOV 
CAP CERAM .Ol MFD IOOV 
CAP CERAM .Ol MFD IOOV 
CAP MYLAR .22 MFD IOOV 
CAP CERAM .Ol MFD 100 v 
CAP CERAM ,001 MFD 500 v 
CAP CERAM 100 PFD 5oov 
CAP CERAM ,001 MFD 500 v 
CAP ELECT 47 MFD 1oov 
CAP ELECT 47 MFD IOOV 
CAP ELECT 47 MFD IOOV 
CAP TANTA I MFD 35 v 
CAP TANTA .22 MFD 50 v 
CAP TANTA 47 MFD 6V 
CAP CERAM .Ol MFD 1oov 
CAP MYLAR .22 MFD 600 V 
CAP POLY ,047 MFD 250 V 

?O’% 

5% 
20% 
20% 
2w> 
IlYs 

I ‘$3 
I c% 

I@& +75% 

20% 
20% 
20% 
20% 
20% 

20% 
20% 
20% 
20% 
20% 
20% 
20% 
2@% 
10% 
10% 
10% 
10% 
10% 
10% 
20% 
10% 
20% 
20% 
5% 

10% 

05397 
72136’ 
56289 
15397 
35397 
73445 
35397 
73445 
56289 
87730 
87730 
05397 
05397 
05397 
D5397 
05397 
73445 
56289 
56289 
56289 
56289 
56289 
56289 
73445 
56289 
04222 
04222 
04222 

05397 
05397 
05397 
56289 
27556 
73445 

:3688685M035AS 
)MS-IBIJ 
‘023BIOIFl03M 
r368Al04M035AS 
r368Al04M035AS 
:280MAE/AIOK 
r368A475K006AS 
:280MAE/A47K 
l6D602COIOAA2A 
1000DXW35 
2000DXW35 
r368B685M035AS 
r368B685M035AS 
r368B685M035AS 
I-368B685M035AS 
r368B226M006AS 
:436AR/L16 
~023BIOIFl03M 
~023Bl01Fl03M 
~0238101F103M 
“023Bl0lFl03M 
C023BIOIFl03M 
C023Bl0lFl03M 
CZBIAH/AZZOK 
C023B10lFl03M 
SCD.DI-2X5F.1000 
I’CD.DI-IN5600.100 
SCD-DI-2X5F-1000 
lOOVBa.47 
lOOVBSL47 
lOOVBSI.47 
I-368AIOSM035AS 
T368A224K050AS 
T368B476MOO6AS 
C023B10lFl03M 
ZAI IOIJ 
C280MAE/A47K 

CR1 211083 DIODE SILICO 018 21793 211083 
CR3 211083 DIODE SlLlCO 018 21793 211083 
CR8 210004 DIODE SILICO I N4004 81349 I N4004 
CR9 2 10004 DIODE SILICO 1 N4004 81349 I N4004 

*In 50 Hz units only: 

c2 130094 CAP MICA 220 PFD 5oov 5% 72136 SCDMIO-221J 



403614 - Asry.. PCB, LOGIC & INTERCONNECTION mnrinued 

REF 
DES 

WTHW 
P/N 

CR10 
CRII 
CR I2 
CR13 
CR14 
CR15 
CR16 
CR17 
CR18 
CR19 
CR20 
CR21 
CR22 
CR23 
CR24 
CR25 
CR26 
CR27 
CR28 
CR29 
CR30 
CR31 
CR32 
CR33 
CR34 
CR35 
CR36 
CR37 
CR38 
CR39 

2 I 0004 
2 I 0004 
2 I 0004 
2 I0004 
2 I0004 
2 I0004 
2 I0004 
2 I 0004 
2 I0004 
22001 I 
220007 
21 IO83 
211083 
211083 
2 I0004 
22001 I 
220040 
2 I 0004 
210004 
211083 
211083 
,220049 
2 I0004 
211083 
211083 
211083 
211083 
211083 
211083 
211083 

DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 

JI 453505 CONN 
J2 453505 CONN 
J5 600228 CONN 
J6 60067 I CONN 
J7 600280 CONN 
J8 600280 CONN 
J9 600670 CONN 
JIO 600280 CONN 
JII 600280 CONN 
512 600280 CONN 
Jl3 600575 CONN 
J14 60067 I CONN 
KI 310109 RELAY 

7-4 

DESCRIPTION FSC 

SILICO 
SILICO 
SILICO 
SILICO 
SILICO 
SILICO 
SILICO 
SILICO 
SILICO 
SILICO 
SILICO 
SILICO 
SILICO 
SILICO 
SILICO 
SILICO 

SILICO 
SILICO 
SILICO 
SILICO 

SlLICO 
SILICO 
SILICO 
SILICO 
SILlCO 
SILICO 
SILICO 
SILICO 

ZENER 
ZENER 

ZENER 
ZENER 

ZENER 

l2PIN MODIFIED 
12 PIN MODIFIED 
18PIN 
6 PIN 

IZPIN 
IZPIN 
IOPIN 
IZPIN 
IZPIN 
12PIN 
25 PIN 
6PIN 

I N4004 31349 N4004 
I N4004 51349 N4004 
I N4004 31349 N4004 
I N4004 31349 N4004 
I N4004 51349 N4004 
I N4004 31349 N4004 
I N4004 51349 N4004 
I N4004 31349 I N4004 
I N4004 31349 I N4004 
I N968B 31349 IN9688 
IN751A 31349 lN75lA 
018 21793 !I 1083 
018 21793 !I 1083 
018 21793 !I 1083 
I N4004 B’I 349 IN4004 
I N968B 81349 I N968B 
IN753A 81349 IN753A 
I N4004 31349 I N4004 
1 N4004 51349 I N4004 
018 21793 211083 
018 21793 211083 
lN957B 81349 I N957B 
I N4004 81349 I N4004 
018 21793 211083 
018 21793 211083 
018 21793 211083 
018 21793 211083 
018 21793 211083 
018 21793 211083 
018 21793 211083 

252-18-30-160 
252-06-30.160 
252.12-30.160 
252-12-30.160 
252.10-30.160 
252-12-30.160 
252-12-30.160 
252-12.30.160 
252-25-30.160 
252-06-30-160 

.5V 

21793 153505 
21793 153505 
71785 252.18-30.160 
71785 252-06-30-160 
71785 252-12-30-160 
71785 252-12-30-160 
71785 252.10.30-160 
71785 252-12-30-160 
71785 252-12-30-160 
71785 252-12-30-160 
71785 251-25.30.160 
71785 252-06.30-160 
24796 RIOE-2515-l 

MANU 
P/N 
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403614 - Amy., PCB, LOGIC & INTERCONNECTION conrimed 

REF 
DES 

LI 

QCI-I 
Ccl-2 
OCI-3 
oc1.4 

Ql 
Q2 
Q3 
44 
QS 
Q6 
Q7 
QS 

$0 
Qll 
Q12 
Q13 
414 
Ql5 
Ql6 
Q17 
Ql8 
Q19 
Q2l 
422 
Q23 
Q24 
~25 
Q26 
427 
Q28 
Q29 
030 
Q3J 
Q32 
Q33 
035 
Q37 
Q39 
Q4l 
Q42 
Q43 

ZITHLE 
P/N 

310055 CHOKE RF 

250000 ISOLATOR 
25OBOO ISOLATOR 
250000 ISOLATOR 
250000 ISOLATOR 

200099 TRANS 
200037 TRANS SILICO 
200037 TRANS SILICO 
200099 TRANS 
200037 TRANS SILICO 
200099 TRANS 
200037 TRANS SILICO 
200200 TRANS 
200099 TRANS 
200037 TRANS SILICO 
200136 TRANS SILICO 
200037 TRANS SILICO 
200037 TRANS SILICO 
200200 TRANS 
200200 TRANS 
200200 TRANS 
200200 TRANS 
200200 TRANS 
200167 TRANS 
2002Oa TRANS 
200200 TRANS 
200088 TRANS SILICO 
200200 TRANS 
200088 TRANS SILICO 
200088 TRANS SILICO 
200200 TRANS 
200088 TRANS SILICO 
200200 TRANS 
200068 TRANS 
200155 TRANS SILICO 
200130 TRANS SILICO 
200154 TRANS SILICO 
200200 TRANS 
200200 TRANS 
200200 TRANS 
200200 TRANS 
200200 TRANS 
200200 TRANS 

DESCRB’TION FSC 

4.7 /.a 93 I O-28 

OIWCALLY COUPLED 
OFTICALLY COUPLED 
OPTICALLY COUPLED 
OPTICALLY COUPLED 

NPN 

NPN 

NPN 

NPN 
NPN 

NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
PNP 
NPN 
NPN 
PNF 
NPN 
PNP 
PNP 
NPN 
PNP 
NPN 
PNP 
NPN 
NPN 
PNP 
NPN 
NPN 
NPN 
NPN 
NPN 
NTN 

2N4258 81349 2N4258 
2N3646 80131 2N3646 
2N3646 80131 2N3646 
2N4258 81349 2N4258 
2N3646 80131 2N3646 
2N4258 81349 2N4258 
2N3646 80131 2N3646 
200200 21793 200200 
2N4258 81349 2N4258 
2N3646 80 I 3.1 2N3646 
2N5963 81349 2N5963 
2N3646 80131 2N3646 
2N3646 80131 2N3646 
200200 21793 200200 
200200 21793 200200 
200200 21793 200200 
200200 21793 200200 
200200 21793 200200 
MPS-US5 04713 MPS.U55 
2002oB 21793 200200 
200200 21793 200200 
2N4248 80131 2N4248 
200200 21793 200200 
2N4248 80131 2N4248 
2N4248 80131 2N4248 
200200 21793 200200 
2N4248 80131 2N4248 
200200 21793 200200 
2N4250 80131 2N4250 
MJESZO 04713 MJE520 
MJE3055 04713 MJE3055 
MJE370 04713 MJE370 
200200 21793 200200 
200200 21793 200200 
200200 21793 200200 
200200 21793 200200 
200200 21793 200200 
200200 21793 200200 

76493 

MANU 
P/N 

93 IO.28 

01295 TILIOE 
01295 TILIOB 
01295 TILIOB 
01295 TILIOB 



403614 Assy., PCB. LOGIC& INTERCONNECTION continued 

REF 
DES 

RI 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
RIO 
RI1 
RI2 
RI3 
RI4 
RI5 
RI6 
RI7 
RI8 
RI9 
R20 
R2l 
R22 
R23 
R24 
R26 
R27 
R28 
R29 
R30 
R3l 
R32 
R33 
R34 
R35 
R36 
R37 
R38 
R39 
R40 
R4l 
R42 
R43 

7-6 

EITHlE’ 

P/N 
- 

10039 I 
JO0 IO2 
)OOl2I 
JO05 I2 
100 I 02 
300102 
100 I 02 
JO0201 
10020 I 
MO200 
MO200 
JO05 I2 
300 IO2 
300512 
300204 
300303 
300202 
300302 
900432 
DO0512 
0005 I2 
000154 
wo512 
000102 
BOO512 
WOlO2 
000511 
000 I03 
000302 
000182 
00036 I 
000182 
00024 I 
000361 
000182 
000361 
000182 
000102 
00036 I 
000103 
000103 
000103 

DESCRIFWON 

RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 

CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 

390 OHM 
IK 

1200HM 
5.1 K 

1K 
1K 
IK 

200 OHM 
200 OHM 
20 OHM 
20 OHM 
5.1 K 

IK 
5.1 K 
200 K 
30K 

2K 
3K 

4.3 K 
5.1 K 
5.1 K 
l50K 
5.1 K 

IK 
5.1 K 

1K 
5lOOHM 

IOK 
3K 

l.8K 
360 OHM 
l.8K 

240 OHM 
360 OHM 
I.8 K 

360 OHM 
I.8 K 

IK 
360 OHM 

IOK 
1OK 
IOK 

5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% 1/4w 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% 1/4w 
5% l/4W 
5% l/4W 
5% l/4W 
5%’ l/4W 
5% l/4W 
5% 1/4w 
57% l/4W 

FSC 
MANU 

P/N 

31349 IC07GF39lJ 
31349 LCO’IGFI 02J 
31349 LC07GF12lJ 
31349 IC07GF5 121 
31349 IC07GF 1025 
31349 tC07GF102J 
31349 tCO7GF lO2J 
31349 tC07GF20lJ 
51349 LC07GFZOIJ 
81349 tC07GFZOOJ 
91349 <CO7GFZOOJ 
81349 WO7GF512J 
81349 tC07GFl02J 
81349 XC07GF512J 
81349 iC07GF2041 
81349 iC07GF303J 
81349 iC07GF202J 
81349 XC07GF302J 
81349 RC07GF432J 
81349 RC07GF512J 
81349 RC07GF5 123 
81349 RCO’IGF I541 
81349 RC07GF512J 
81349 RC07GF102J 
81349 RC07GF5 l2J 
81349 RC07GF1021 
81349 RC07GF51 IJ 
81349 RC07GFl03J 
81349 RC07GF302J 
81349 RC07GFl82J 
81349 RC07GF36lJ 
81349 RC07GFl82J 
81349 RC07GF24lJ 
81349 RC07GF36IJ 
81349 RC07GF I82J 
81349 RC07GF36lJ 
81349 RC07GF l82J 
81349 RC07GF IO23 
81349 RC07GF36lJ 
81349 RCO’IGF IO3J 
81349 RC07G F IO3J 
81349 RC07GFl03J 



Y80453 

403614 - Assy., PCB, IGGIC & INTERCONNECTION continued 

REF 
DES 

EITHIEl 
P/N 

R44 Jo0103 
R45 IO0272 
R46 MO272 
R47 300512 
R48 300103 
R49 300332 
R50 300103 
R5l 300511 
R52 300122 
R53 300122 
R54 300183 
R55 000202 
R56 901738 
R57 020576 
R58 000183 
R59 WI 738 
R60 D40235 
R6l 010778 
R62 010778 
R63 000203 
R64 000203 
R69 BOO203 
R72 040235 
R75 COO203 
R78 000202 
R79 0005 IO 
R80 000102 
R82 000 I 54 
R83 0005 I2 
R84 0005 I2 
R85 000202 
R86 0005 I I 
R87 040272 
R89 000103 
R90 000332 
R9l 000224 
R92 000103 
R93 000822 
R94 000432 
R95 000822 
R96 000432 
R97 000822 
RI03 000102 

DESCRIPTION 

RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
POT 
RES 
RES 
RES 
RES 
RES 
POT 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
POT 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 

CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
ww 
CARBON 
CARBON 
GERMET 
METAL 
METAL 
CARBON 
CARBON 
CARBON 
CERMET 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 

CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 

IOK 
2.7 K 
2.7 K 
5.1 K 
IOK 

3.3 K 
IOK 

5lOOHM 
1.2 K 
l.2K 
l8K 
2K 

1.5 OHM 
.24 OHM 
l8K 
I .5 OHM 
IOOK 

2.74 K 
2.74 K 

20K 
20K 
20K 

IOOK 
20K 

2K 
51 OHM 

1K 
150K 
5.1 K 
5.1 K 

2K 
5lOOHM 
50 K 
IOK 

3.3 K 
220 K 

IOK 
X.2 K 
4.3 K 
8.2 K 
4.3 K 
8.2 K 

IK 

5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% lj4W 
5% l/4W 
5% l/2W 
5% 2w 
5% l/4W 
5% l/2W 

10% 
1% l/lOH 
I% l/ION 
5% 1/4w 
5% l/4W 
5% 1/4w 

10% 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% 1/4w 
5% l/4W 

10% 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5%) l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5’% l/4W 
5% l/4W 

FSC 
MANU 

P/N 

81349 RCO’IGF1031 
81349 RC07GF272J 
81349 RC07GF272J 
81349 RC07GF5 I25 
81349 RC07GFl03J 
81349 RC07GF332J 
81349 RC07GFl03J 
81349 RC07GF51 II 
81349 RC07GFl221 
81349 RC07GF 122J 
81349 RCOIIGFl83J 
81349 RC07GF202J 
81349 RC20GFI RSJ 
07716 BWH Series 
81349 RC07GF I833 
81349 RC2OGFl RSJ 
73138 89PRlOOK 
81349 RN55C274 I F 
81349 RN55C274lF 
81349 RC07GF203J 
81349 RC07GF203J 
81349 RC07GF203J 
73138 89PR I OOK 
81349 RC07GF203J 
81349 RC07GF202J 
81349 RCO’IGFSlOJ 
81349 RC07GFl02J 
81349 RC07GFl54J 
81349 RC07GF5 I2J 
81349 RC07GF5 I2J 
81349 RC07GF202J 
81349 RC07GFSI II 
II237 200 
81349 RC07GF IO3J 
81349 RC07CF332J 
81349 RC07GF224J 
81349 RC07GF lO3J 
81349 RC07GF822J 
81349 RC07GF432J 
81349 RC07GF822J 
81349 RC07CF432J 
81349 RC07GF822J 
81349 RC07GF IO2J 

7.7 



Y80453 

403614 - Assy., PCB, LOGIC & INTERCONNECTION continued 

SWITCH PUSHBUTTON 
SWITCH PUSHBUTTON 
SWITCH PUSHBUTTON 
SWITCH PUSHBUTTON 

TRANSFORMER 
TRANSFORMER 
TRAliSFORMER 

TP6 
TP7 
rP8 
rP9 
TPIO 
rPl I 
TPl2 
rPl3 
TPl4 

TEST POINT I-87022-0 
TEST POINT 
TEST POINT 
TEST POINT 
‘rEST POINT 

600786 POST TEST POINT I-87022-0 00779 I-87022-0 
600786 POST TEST POINT I-87022-0 00779 1.87022-O 
600786 POST TEST POINT 1..87022-0 00779 1.87022-O 
600786 POST TEST POINT l-87022-0 00779 I-87022-0 
600786 POST TEST POINT I .87022-O 00779 I-87022-0 
600786 POST TEST POINT I-87022-0 00779 I-87022-0 
600786 POST TEST POINT 1.87022-O 00779 l-87022-0 
6007X6 PDST TEST POINT 1.87022-O 00779 I-87022-0 
600786 POST TEST POINT I-87022-0 00779 I .87022-O 

UI 230132 INTEGRATED CIRCUIT 7447 01295 7447 
u2 230132 INTEGRATED CIRCUIT 7447 ,O I 295 7447 
u3 230132 INTEGRATED CIRCUIT 7447 01295 7447 
u4 230132 INTEGRATED CIRCUIT 7447 01295 7447 
115 230132 INTEGRATED CIRCUIT 7447 01295 7447 
116 230132 INTEGRATED CIRCUIT 7447 01295 7447 
u7 230065 INTEGRATED CIRCUIT 7475 01295 7475 
UX 230065 INTEGRATED CIRCUIT 7475 01295 7475 

7.8 



980453 

403614 - Assy., PCB, LOGIC & INTERCONNECTlON conrinued 

REF KEITHEY MANU 
DES P/N DESCRWI’ION FSC P/N 

J9 230065 INTEGRATED CIRCUIT 747s 01295 1475 
JIO 230065 INTEGRATED CIRCUIT 747s 01295 747s 
JII 230065 INTEGRATED CIRCUIT 7475 01295 7415 
JI2 230028 INTEGRATED CIRCUIT SN7400 01295 SN7400 

J13 230064 INTEGRATED CIRCUIT SN7404 012% SN7404 
J14 230037 INTEGRATED CIRCUIT 1490 01295 1490 
Jl5 230037 INTEGRATED CIRCUIT 1490 01295 7490 
516 230037 INTEGRATED CIRCUIT 7490 01295 1490 
J17 230037 INTEGRATED CIRCUIT 7490 01295 7490 
318 230037 INTEGRATED CIRCUIT 7490 01295 7490 
219 2301 I4 INTEGRATED CIRCUIT 7408 01295 7408 
LIZ0 2301 I4 INTEGRATED CIRCUIT 7408 01295 7408 
U2l 2301 I4 INTEGRATED CIRCUIT 7408 01295 140x 
u22 230064 INTEGRATED CIRCUIT SN7404 01295 SN7404 
U23 230064 INTEGRATED CIRCUIT SN7404 01295 SN7404 
LJ24 230064 INTEGRATED CIRCUIT SN7404 01295 SN7404 
U25 230064 INTEGRATED CIRCUIT SN7404 01295 SN7404 
U26 230072 INTEGRATED CIRCUIT SN7474 01295 SN7474 
U27 230072 INTEGRATED CIRCUIT SN7474 01295 SN7474 
U28 230029 INTEGRATED CIRCUIT SN7401 01295 SN7401 
U29 230072 INTEGRATED CIRCUIT SN7474 01295 SN7474 
u30 230030 INTEGRATED CIRCUIT SN7402 01295 SN7402 
u31 230028 INTEGRATED CIRCUIT SN7400 01295 SN7400 
U32 230031 INTEGRATED CIRCUIT SN7410 01295 SN7410 
u33 230035 INTEGRATED CIRCUIT SN7473 01295 SN7473 
u34 230028 INTEGRATED CIRCUIT SN7400 01295 SN7400 
u35 230064 INTEGRATED CIRCUIT SN7404 01295 SN7404 
U36 230116 INTEGRATED CIRCUIT 7432 01295 7432 
u37 230080 INTEGRATED CIRCUIT 7496 01295 7496 
U38 230028 INTEGRATED CIRCUIT SN7400 01295 SN7400 
u39 230037 INTEGRATED CIRCUIT 7490 01295 1490 
u40 230028 1NTEGRATED CIRCUIT SN7400 01295 SN7400 
u41 230071 INTEGRATED CIRCUIT 7445 01295 7445 
U42 230073 INTEGRATED CIRCUIT SN7405 01295 SN7405 
u43 230029 INTEGRATED CIRCUIT SN7401 01295 SN7401 
u44 230133 INTEGRATED CIRCUIT 74121 01295 74121 

w2 600245 JUMPER L-2007-1 LP L-2007-I LP 
w3 600245 JUMPER L-2007-I LP L-2007-1 LP 

Yl 920627 CRYSTAL 6 MHz 13571 6 hm 

7-9 



980453 

403857 - Assy., PCB, READOUT (Figure 6.3) 

REF 
DES 

LED1 
LED2 
LED3 
LED4 
LED5 
LED6 

RI 
R2 
R3 
R4 
R5 
R6 
R7 
RB 
R9 
RIO 
RI1 
RI2 
RI3 
RI4 
RIS 
RI6 
RI7 
RI8 
RI9 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R29 
R30 
R3l 
R32 
R33 
R34 
R35 

7-10 

EITHLE 
P/N 

- 

210065 
210065 
210065 
210065 
21006s 
210065 

00024 I 
00024 I 
000241 
00024 I 
00024 1 
COO241 
M)O24 I 
00024 I 
000241 
BOO24 I 
09024 I 
000241 
000241 
00024 I 
000241 
000241 
00024 I 
03024 I 
Dxr241 
000241 
IX024 I 
00024 I 
00024 I 
W024 I 
00024 I 
00024 I 
00024.1 
000241 
00024 I 
00024 I 
000241 
000241 
00024 1 
000241 
00024 I 

DESCRII’TION 

L.E.D. 
L.E.D. 
L.E.D. 
LED. 
L.E.D. 
L.E.D. 

RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES’ 
RES 
RES 
RES 
RES 
RES 
‘RES 
RES 
RES 

DISPLAY 
DISPLAY 
DISPLAY 
DISPLAY 
DISPLAY 
DISPLAY 

CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 

240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240 OHM 
240~0HM 
240 OHM 
240 OHM 
240 OHM 

185082-7750 
HP5082.7750 
HP5082.7750 
HP5082.7750 
HP5082.7750 
Ht’5082.7750 

5% l/4W 
5% l/4W 
5% 1/4w 
5% l/4W 
5% l/4W 
S% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% 1/4w 
5% 1/4w 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% 1/4w 
5% 1/4w 
5% 1/4w 
5% l/4W, 
5% l/4W 
5% l/4W 
5% l/4W 
5% 1/4w 
5% 1/4w 
5% 1/4w 
5% 1/4w 
5% l/4W 
5% l/4W 
5% l/4W 
5% 1/4w 
5% 1/4w 
5% l/4W 

FSC 
MANU 

P/N 

50434 HP5082.7750 
so434 HF5082.7750 
50434 HP5082.7750 
50434 HP5082.7750 
50434 HP5082.7750 
50434 HP5082.7750 

81349 RC07GF24 1 J 
RI349 RC07GF24 I J 
81349 RC07GF24 I J 
81349 RC07GF24 1 J 
81349 RC07GF24lJ 
81349 RC07CF241 J 
81349 RC07GF24lJ 
81349 RC07GF24 I J 
81349 RC07GF24lJ 
81349 RC07CF241 J 
81349 RC07GF24 1 J 
81349 RC07GF24 I J 
81349 RC07GF241 J 
81349 RC07GF24 I J 
81349 RC07GF24lJ 
81349 RC07GF24 1 J 
81349 RC07GF241 J 
81349 RC07GF241 J 
81349 RC07GF24 1 J 
81349 RC07GF241 J 
81349 RC07GF241 J 
81349 RC07CF241 J 
81349 RC07GF24 1 J 
81349 RC07GF24 1 J 
81349 RC07GF24lJ 
81349 RC07CF241 J 
81349 RC07GF241J 
81349 RC07CF241 J 
81349, RC07GF241 J 
81349 RC07CF241J 
81349 RC07GF241 J 
8 1349, RC07GF24 1 J 
81349 RC07CF241J 
81349 RCOBGF24IJ 
81349 RC07GF24 I J 



980453 

REF WITHfEY MANll 
DES P/N DESCRWTION FS( P/N 

R36 000241 KIiS CARBON 240 OHM 5% 1/4w 81349 KC07GF24 I J 
R31 000241 RkS CARBON 240 OHM 5% 1/4w Xl349 RC07GF24 I J 
R3X 00024 I Rt:S CARBON 240 OHM 5% l/4W 81349 RC07GF241 J 
R39 00024 I RES CARBON 240 OHM w 1/4w 81349 RC07GF24 I J 
R40 00024 I RI;S CAKBON 240 OHM 5% l/4W x I349 RC07GF24 I J 
R41 00024 I RES CARBON 240 OHM 5%, l/4W 81349 RC07GF24 I J 
R42 00024 I KES CARBON 240 OHM 5% 1/4w 81349 RC07GF24lJ 
R43 00024 I RES CARBON 240 OHM 5%. l/4W 81349 RC07GF24 I J 
R44 000241 RES CARBON 240 OHM 5%’ l/4W 81349 RC07GF24 I J 
R4S 00024 I RES CARBON 240 OHM 5% l/4W 81349 RC07GF24 IJ 
R46 OQO241 RES CARBON 240 OHM S%, l14W 81349 RC07GF24 II 

7-11 



9x04.53 

403623 Assy., PCB. ATTENUATOR (Figure 6.5) 

r- REF 
DES 

-__ 

~ITflLE Y 
P/N 

- 
DESCRIPTION 

Cl 
c2 
c3 
c4 

CRI 
CR2 
CR3 
CR4 
CR5 
CR6 
CR7 
CR8 

KI 
K2 
K3 
K4 

RI 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
RI1 
RI2 
RI3 
RI4 
RI5 
RI6 
RI7 
RI8 
RI9 
R20 
R2I 
R22 
R23 
R24 

7.12 

I00046 
100012 
I20309 
120313 

CAP 
CAP 
CAP 
CAP 

211083 DIODE 
211083 DIODE 
211083 DIODE 
211083 DIODE 
211083 DIODE 
211083 DIODE 
210004 DIODE 
211083 DIODE 

310111 RELAY 
310112 RELAY 
310111 RELAY 
3101 I3 RELAY 

000 I 07 RES 
00 I 796 RES 
010027 RES 
010769 RES 
040229 PDT 
010770 RES 
000753 RES 
00 1806 RES 
00 I 806 RES 
040229 POT 
020640 RES 
040229 PDT 
010161 RES 
020640 RES 
010768 RES 
000107 RES 
040235 POT 
010033 RES 
000107 RES 
010616 RES 
010616 RES 
010616 RES 
020640 RES 

CERAM 
CERAM 
PDLY 
POLY 

SILICO 
SILICO 
SILICO 
SILICO 
SILICO 
SILICO 
SILICO 
SILICO 

REED 

CARBON 
CARBON 
METAL 
METAL 
CERMET 
METAL 
CARBON 
CARBON 
CARBON 
CERMET 
WW, SET 
CERMET 
METAL 
WW, SET 
METAL 
CARBON 
CERMET 
METAL 
CARBON 
METAL 
METAL 
METAL 
WW, SET 

.Ol MFD 1000 V 
33 PFD 500 v 

,015 MFD 200 v 
.I5 MFD 200 v 

20% 
lG% 
5% 
5% 

56289 :023B I02K I03M 
71471 TCD-DI-l(N750) 
27556 ‘A2C153J 
27556 ‘AZC 154J 

018 21793 !I 1083 
018 21793 II 1083 
018 21793 311083 
018 21793 311083 
018 21793 !I 1083 
018 21793 II 1083 
IN4004 91349 1N4004 
018 21793 211083 

28 V 
28 V 
28 v 

R4092.3 

24796 RI OE-23 14.2 
24796 RIOE.23 15.2 
24196 RIOE2314.2 
15636 R4092.3 

IOOM 
2.7 OHM 

499 OHM T-O 
4.5 K 

IK 

5% 1/4w 
5% l/4W 
1% 1/8W 

.Ol% 
10% 
.OI% 

5% 1/4w 
5% 2w 
5% 2w 

10% 

81349 RC07GF107J 
01121 See Descrpt. 
81349 RN60D4990F 
18612 HP202 
73138 89P Series 
18612 HP202 
81349 RC07GF753J 
01121 See Descrpt. 
01121 See Descrpt. 
73138 89P Series 
21793 020640 
73138 89P Series 
81349 RN60D I I OOF 
21793 020640 
18612 HP202.M 
81349 RC07GF107J 
73138 89PRlOOK 
81349 RN60D4992F 
81349 RC07GFt07J 
81349 RN55C5002B 
81349 RN5SC5002B 
81349 RN55C5002B 
21793 020640 

45.0097 K 
75 K 

200 K 
200 K 

IK 

IK 
IIOOHM T-O 

500 OHM 
IOOM 
IOOK 

49.9 K 
IOOM 
50K 
50K 
50K 

10% 
1% 1/8W 

.OI% 
5% 1/4w 

10% 
1% l/8W 
5% 1/4w 
.I% l/low 
.I% l/lOW 
.I% l/lOW 

FSC 
MANU 

P/N 



980453 

403623 - Assy.,PCB,ATTENUATOR continued 

INTEGRATEDCIRCUIT AMP 



980453 

403625 - Assy., PCB. SWITCHING (Figure 6.7) 

REF 
DES 

CRI 
CR2 
CR3 
CR4 
CR5 
CR6 
CR7 
CR8 

KI 
K2 

0CI.l 
OCI.2 
OCI-3 

Ql 
Q2 
Q3 
Q4 
QS 
Q6 
Q7 
Q8 
Q9 

RI 
R2 
R3 
R4 
RS 
R6 
R7 
R8 
R9 
RIO 
RI1 
R12 
RI3 
RI4 
RI5 
R16 

7.14 

r’ EITHW' 
P/N 

211083 IlODE SILICO 
211083 XODE SILICO 
220019 XODE SILK!0 
220022 MODE SILICO 
211083 >IODE SILICO 
211083 XODE SILICO 
211083 IlODE SILICO 
211083 >IODE SILlCO 

310110 RELAY 
310110 RELAY 

250000 ISOLATOR 
250000 ISOLATOR 
250000 ISOLATOR 

200200 TRANS 
200200 TRANS 
200200 TRANS 
200200 TRANS 
200200 TRANS 
200200 TRANS 
200200 TRANS 
200200 TRANS 
200200 TRANS 

ooOlO2 RES CARBON 
000 102 RES CARBON 
000103 RES CARBON 
000103 RES CARBON 
000103 RES CARBON 
000361 RES CARBON 
000361 RES CARBON 
000361 RES CARBON 
000203 RES CARBON 
OOO203 RES CARBON 
000203 RES CARBON 
ooOlO3 RES CARBON 
000103 RES CARBON 
oQOlO3 RES CARBON 
000682 RES CARBON 
000472 RES CARBON 

DESCRIPTION 

018 
018 

ZENER IN752A 
ZENER lN965B 

018 
018 
018 
018 

5V 
SV 

OPTICALLYCOUPLED 
OFWCALLYCOUF'LED 
OPTICALLYCOUPLED 

NPN 

NPN 

NPN 
NPN 

NPN 
NPN 
NPN 
NPN 
NPN 

IK 
1K 

10K 
IOK 
IOK 

3600HU 
3600HM 
3600HM 
20K 
20K 
20 K 
IOK 
IOK 
IOK 

6.8 K 
4.7 K 

200200 

200200 

200200 
200200 

200200 
200200 

200200 

200200 
200200 

5% l/4W 
5% 1/4w 
5% 1/4w 

5% l/4W 
5% 1/4w 

5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% 114w 

5% l/4W 
5% l/4W 
5% I/JW 
5% 1/4w 
5% l/4W 

FSC 
MANU 

P/N 

!I793 

!1793 
11349 
11349 
!I793 
!I793 
11793 
11793 

,I1083 

,I1083 
N752A 
N965B 
111083 
!I1083 

!I 1083 
!I 1083 

14796 <lOE-2445.1 
24796 tlOE.2445.1 

31295 rILio8 
31295 rIL108 
31295 rfLlo8 

21793 !002Oa 

21793 100200 

21793 l00200 

21793 200200 

21793 200200 

21793 200200 

21793 200200 

21793 200200 

21793 200200 

81349 RC07GFl02J 
81349 RCO7CFlOZJ 
81349 RCO7GF103J 
81349 RC07GF103J 
81349 RC07GFl03J 
81349 RC07GF361J 
81349 RC07GF3611 
81349 RC07GF361 J 
81349 RC07GF203J 
81349 RC07GF203J 
81349 RC07GF203J 
81349 RC07GFl03J 
RI349 RC07GF103J 
81349 RC07GF103J 
81349 RC07GF682J 
81349 RC07GF472J 



980453 

403625 - Assy., PCB, SWITCHING mntinued 

REF (EITHLE! 
DES P/N 

000472 

000472 

230073 

230034 

INTEGRATED CIRCUIT SN7405N 
INTEGRATED CIRCUIT 74141 

7-15 



980453 

403624 - Assy., PCB, ISOLATOR (Figure 6.9) 

REF EITHIEY 
DES P/N 

Cl 
c2 
c3 
c4 
cs 
C6 
c7 
C8 
c9 
Cl0 
Cl1 
Cl2 
Cl3 
Cl4 
Cl6 
Cl7 
Cl8 
Cl9 
c20 
C2l 
c22 
C23 
C24 
c25 
C26 
C27 

120004 
101175 
101175 
101145 
101099 
121092 
101145 
lOOOl2 
120271 
101 I82 
IO0017 
100017 
101182 
II0126 
120313 
100032 
121394 
IO1 I45 
120313 
II0163 
110163 
101145 
101 I45 
100012 
100012 
100012 

CRI 
CR2 
CR3 
CR4 
CR5 
CR6 
CR7 
CR8 
CR9 
CRIO 
CRII 
CR12 

210004 
2200 IS 
220035 
220007 
220007 
2 10004 
2 I0004 
211083 
211083 
21 IOR 
211083 
211083 

KIA 
KIB 

3101 I3 
310113 

01 

7.16 

200191 

DESCRIPTION 

CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 

DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 

RELAY 
RELAY 

TRANS 

POLY 
CERAM 
CERAM 
CERAM 
CERAM 
MYLAR 
CERAM 
CERAM 
POLY 
CERAM 
CERAM 
CERAM 
CERAM 
TANTA 
PDLY 
MICA 
MYLAR 
CERAM 
FQLY 
TANTA 
TANTA 
CERAM 
CERAM 
CERAM 
CERAM 
CERAM 

SILICO 
SILICO 

SILICO 
SILICO 
SILICO 
SILICO 
SILK0 
SILICO 
SILICO 
SILICO 
SILICO 

REED 
REED 

,001 MFD 
220 PFD 
220 PFD 
100 PFD 
680 PFD 

.0022 MFD 
100 PFD 
33 PFD 
.S MFD 

47 PFD 
.Ol MFD 
.Ol MFD 
47 PFD 
6.8 MFD 
.I5 MFD 

.OOl3 MFD 
.lS MFD 
100 PFD 
.I5 MFD 
4.7 MFD 
4.7 MFD 
100 PFD 
100 PFD 
33 PFD 
33 PFD 
33 PFD 

ZENER 
ZENER 
ZENER 
ZENER 

PNP 

SOOV 
IOOV 
IOOV 
500 v 

1000v 
IOOV 
500 v 
500 v 
sov 

500 v 
IOOV 
IOOV 
500 v 

3s v 
200 v 
IOOV 
IOOV 
500 v 
200 v 
3s v 
35 v 

500 v 
500 v 
500 v 
500 v 
500 v 

I N4004 
I N967B 

l6V 
lN7SlA 
lN75lA 
I N4004 
I N4004 
018 
OIR 
018 
018 
018 

R4092.3 
R4092.3 

2N I305 

10% 
10% 
10% 
10% 
10% 
1% 
10% 
5% 

10% 
20% 
20% 
10% 
20% 
5% 

lC% 
10% 
10% 
5% 

20% 
20% 
10% 
10% 
10% 
I@% 
10% 

5% 

FSC 
MANiJ 

P/N 

J8257 KS0 Series 
11471 SCDIXSF 
71471 SCDlXSF 
J4222 TCD-DI-lNS600.100 
71471 SCDZXSF 
39023 WMFID22 
l4222 TCD-DI-lNS600.100 
71471 TCD-DI-I(N750) 
27556 PVZAS04J 
11471 TCD-DI-Z(N750) 
56289 C023BIOIFl03M 
56289 C023Bl0lFl03M 
71471 TCD-DI-Z(N750) 
15397 T368B68SM03SAS 
27556 PA2C154J 
72136 DM19Fl32J 
39023 WMFIPIS 
34222 TCD-DI-INS600.IOO 
27556 PAZClS4J 
35397 T368B47SM03SAS 
35397 T368B47SM03SAS 
34222 TCD-DI-INS600.I00 
34222 TCD-DI.INS600.100 
71471 TCD-DI-l(N750) 
71471 TCD-DI-l(N750) 
71471 TCD-DI-l(N750) 

81349 I N4004 
81349 I N967B 
81349 I N966B 
81349 lN7SlA 
81349 IN’ISIA 
81349 I N4004 
81349 I N4004 
21793 211083 
21793 211083 
21793 211083 
21793 211083 
21793 211083 

15636 R4092.3 
IS636 R4092.3 

81349 2Nl305 



980453 

403624 - Assy., PCB. ISOLATOR continued 

REF 
DES 

K EITHIJ? 
P/N 

22 200200 rRANS 
Q3 200088 TRANS 
34 200200 rRANS 
QS 200200 IXANS 
26 20020 I rRANS 
37 200199 TRANS 
Q8 200088 TRANS 
Q9 200200 TRANS 

RI 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
RIO 
RI1 
RI2 
RI3 
RI4 
RI5 
RI6 
RI7 
RI8 
RI9 
R20 
R21 
R22 
R24 
R25 
R26 
R28 
R29 
R30 
R31 
R32 
R33 
R34 

010529 
010277 
040235 
001Sl0 
000103 
000103 
040235 
001810 
000 IO3 
co1737 
010779 
001737 
000220 
040232 
010429 
001737 
010779 
001737 
000432 
000432 
000513 
000513 
010106 
000103 
000 I 03 
010106 
010536 
010529 
010536 
010621 

00024 1 

RES METAL IOK T-O 1% l/lOW 
RES METAL 442 OHM 1% l/SW 
PDT CERMET IOOK 10% 
RES CARBON 47M 5% l/2W 
RES CARBON IOK 5% l/4W 
RES CARBON IOK 5% lj4W 
POT CERMET IOOK 10% 
RES CARBON 47M 5% l/2W 
RES CARBON IOK 5% l/4W 
RES CARBON FSV 5% l/4W 
RES METAL 806 K 1% l/4W 
RES CARBON FSV 5% l/4W 
RES CARBON 22 OHM 5% l/4W 
POT CERMET IOK 10% 
RES METAL 475 K 1% l/SW 
RES CARBON FSV 5% l/4W 
RES METAL 806 K 1% l/4W 
RES CARBON FSV 5% 1/4w 
RES CARBON 4.3 K 5% 1/4w 
RES CARBON 4.3 K 5% l/4W 
RES CARBON 51 K 5% 1/4w 
RES CARBON 51 K 5% l/4W 
RES METAL 324K T.0 1% l/SW 
RES CARBON IOK 5% 1/4w 
RES CARBON IOK 5% lj4W 
RES METAL 324 K T-O I% l/SW 
RES METAL IOOK T-O 1% I/IOW 
RES METAL IOK T-O 1% l/low 
RES METAL IOOK T-O 1% l/lOW 
RES METAL 49.9 K T-O 1% I/IOW 
RES CARBON IK 5% l/4W 
RES CARBON 240 OHM 5% l/4W 

DESCRIPTION FSC 

SILICO 

DUAL 
DUAL 
SILICO 

NPN 
PNP 
NPN 
NPN 
NPN 

PNP 
NPN 

200200 21793 
2N4248 80131 
200200 21793 
200200 21793 
200201 21793 
200199 21793 
2N4248 80131 
200200 21793 

81349 RNSSC1002F 
81349 RN60D4420F 
73138 89PRlOOK 
01121 See Descrpt. 
81349 RC07GFl03J 
81349 RC07GFl03J 
73138 89PRlOOK 
01121 See Descrpt. 
81349 RC07GFl03J 
21793 001737 
81349 RN6SEBC63F 
21793 001737 
81349 RC07GF220J 
73138 EYPRIOK 
81349 RN60D4753F 
21793 001737 
81349 RN65E8063F 
21793 001737 
81349 RC07GF4323 
81349 RC07GF432J 
81349 RC07GFS 135 
81349 RC07GFSl3J 
81349 RN60D3243F 
81349 RCO’IGF IO31 
81349 RC07GFl03J 
81349 RN60D3243F 
81349 RN5SClOO3F 
81349 RN5SCl002F 
81349 RNSSCl003F 
81349 RNSSC4992F 
81349 RCO7GF IO2J 
81349 RC07GF24 I J 

MANU 
P/N 

200200 
2N4248 
200200 
200200 
20020 I 
200199 
2N4248 
200200 

7.17 



9804.53 

403624 -- Assy., PCB, ISOLATOR conrimed 

I UiITHlE1 
P/N 

000 104 
000241 
000103 
230103 
230054 
230054 
2300.54 
230054 

DESCRIPTION 

RES CARBON IOOK 5% 1/4w 
RES CARBON 240 OHM 5% 1/4w 
RES CARBON IOK 5% 1/4w 
INTEGRATED CIRCUIT LM308 
INTEGRATED CIRCUIT LM30lA 
INTEGRATED CIRCUIT LM30lA 
INTEGRATED CIRCUIT LM301A 
INTEGRATED CIRCUIT LM30lA 

600786 POST TEST POINT l-87022.0 
600786 POST ‘TEST POINT 1-87022-O 
600786 POST TEST POINT I-87022.0 

FSC 

81349 
81349 
81349 
27014 
27014 
27014 
27014 
27014 

MANU 
P/N 

RCO’IGF 1043 
RC07GF24lJ 
RC07CFl03J 
LM308 
LM301 A 
LM30lA 
LM301 A 
LM30lA 

1.87022-O 
1.87022-O 
1.S7022.0 

7.18 



403916 - Assy., PCB, IOV REFERENCE (Figure 6.12) 

REF 
DES 

<EITHIlW 
P/N 

CR]’ 220032 

QI 200 I 96 
Q2” 200200 
RI’ 020654 
R2 02064 I 
R3 040232 
R4 040235 
RS 040236 
R6 000565 
R7 010774 
R8 010773 
R9* 020655 
RIO* 010941 
WI*’ 010879 
Rl2” 012007 

AR1 230127 

DESCRIPI’ION 

DIODE ZENER 403686 21793 403686 

TRANS 
TRANS 
RES ww 
RES ww 
PDT CERMET 
POT CERMET 
PDT CERMET 
RES CARBON 
RES METAL 
RES METAL 
RES ww 
RES METAL 
RES METAL 
RES METAL 

INTEGRATED CIRCUIT 

NPN 2N3568 
NPN 200200 
FSV 403686 1% 

IOK I% .os w 
IOK 10% 

IOOK 10% 
200 K 10% 
S.6M 5% 1/4w 
3.7 K .o I %s 
6.3 K .Ol% 

FSV 403686 I% 
FSV 403686 ZENER BRIDGE 

IM 1% l/IO\ 
23.2 K NOM FSV 1% 

81349 2N356X 
21793 200200 
22045 J.90 
22045 J-90 
73138 89PR10K 
73138 89PR 1 OOK 
73138 89PR200K 
81349 RC07CFShSJ 
18612 v53-1 
18612 v53-I 
22045 J-90 86 
21793 010941 
81349 RNSSDl004F 
21793 012007 

SSS725C 

*Zener Ref FSV Kit 403686 
**Part of temperature compensation circuit and may not be installed in all assemblies 

All other components are Ref Amp Assy 4039 17 

FSC 
MANU 

P/N 

7-19 



9x0453 

403626 - Assy.. PCB, DIGITIZER (Figure 6.12) 

REF 
DES 

Cl 
c2 
c3 
c4 
CS 
C6 
c7 
C8 
c9 
Cl0 
Cl1 
Cl2 
Cl3 
Cl5 
Cl6 
C17 
Cl8 
Cl9 
c20 
c21 
C26 
C27 
C28 
C29 
c30 
C31 
C32 
C36 
c37 
C38 
c39 
c41 
C42 
c43 
c44 
c45 
C46 
c47 

CR1 
CR2 
CR3 
CR4 
CR.5 
CR6 
CR7 
CR8 

7.20 

EITHW 
PIN 

- 

110125 
I10125 
101098 
IO1642 
101174 
I00006 
110127 
I20253 
101642’ 
110125 
101642 
100012 
110126 
100017 
100017 
110126 
100068 
110126 
100068 
120308 
110126 
130142 
110126 
I20308 
100068 
110126 
110126 
100017 
110127 
110129 
101098 
100006 
100017 
110165 
110158 
101644 
101642 
101644 

220054 
220059 
211083 
211083 
211083 
211083 
211083 
211083 
1 

DESCRIPTION FSC 

CAP TANTA 
CAP TANTA 
CAP CERAM 
CAP CERAM 
CAP CERAM 
CAP CERAM 
CAP TANTA 
CAP POLY 
CAP CERAM 
CAP TANTA 
CAP CERAM 
CAP CERAM 
CAP TANTA 
CAP CERAM 
CAP CERAM 
CAP TANTA 
CAP CERAM 
CAP TANTA 
CAP CERAM 
CAP POLY 
CAP TANTA 
CAP MICA 
CAP TANTA 
CAP POLY 
CAP CERAM 
CAP TANTA 
CAP TANTA 
CAP CERAM 
CAP TANTA 
CAP TANTA 
CAP CERAM 
CAP CERAM 
CAP CERAM 
CAP TANTA 
CAP TANTA 
CAP CERAM 
CAP CERAM 
CAP CERAM 

DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 

SILICO 
SILICO 
SILICO 
SILICO 
SILICO 
SILICO 

2.2 MFD 35 v 
2.2 MFD 35 v 
330 PFD IO00 V 
I50 PFD 500 v 

,001 MFD 500 v 
IO PFD 500 v 
22MFD 6V 
.33 MFD 100 v 
150 PFD 500 v 
2.2 MFD 35 v 
150 PFD 500 v 
33 PFD 500 v 
6.8 MFD 35 v 
.Ol MFD IOOV 
.Ol MFD 100 v 
6.8 MFD 35 v 
.02 MFD 100 v 
6.8 MFD 35 v 
.02 MFD 100 v 

,047 MFD 250 V 
6.8 MFD 35 v 
150 PFD 
6.8 MFD 35 v 

,047 MFD 250 v 
.02 MFD 100 v 
6.8 MFD 35 v 
6.8 MFD 3.5 v 
.Ol MFD IOOV 
22MFD 6V 
.I MFD 35 v 

330 PFD IO00 V 
IOPFD 500 v 

.Ol MFD IOOV 

.I5 MFD 35 v 
IOMFD 5ov 

200 PFD IOOOV 
I50 PFD 500 v 
200 PFD 1 ooov 

ZENER lN5260B 
ZENER 33 v 

018 
018 
018 
018 
018 
018 

20% 
20% 
II% 
10% 
10% 

20% 
5% 

10% 
20% 
10% 
10% 
20% 
2G% 
20% 
20% 
20% 
20% 
20% 
10% 
20% 
5% 

20% 
10% 
20% 
2wo 
20% 
20% 
20% 
20% 
10% 

20% 
10% 
10% 
20% 
10% 
20% 

5% 

T 

MANU 
P/N 

15397 ‘368B225M035AS 
15397 ‘3689225M035AS 
i6289 :016BlO2E33lK 
71471 ;CDIXSF 
)4222 K-D-Dl-2X5F-1000 
71471 ‘CDI-I(N750) 
15397 r3689226M006AS 
11785 163UW 
71471 1CDlXSF 
15397 ‘368B225M035AS 
71471 ICDIXSF 
71471 TCD-DI-l(N7SO) 
35397 r3689685M035AS 
56289 :023BIOIFl03M 
56289 :023BlOlFl03M 
I.5397 r3688685M035AS 
56289 :023BlOlH203M 
35397 I368968SM03SAS 
56289 :023B IO1 H203M 
73445 :280MAE/A47K 
35397 I368B685M03SAS 
72136 DM5.18lJ 
35397 T368B685M035AS 
73445 :280MAE/A47K 
56289 :023BlOlH203M 
35397 T3689685M035AS 
35397 l’368B685M035AS 
56289 :023B10lFl03M 
05397 T368B226M006AS 
05397 T368Al04M035AS 
56289 :016Bl02E331K 
71471 ICDI.l(N750) 
56289 :023BIOIFl03M 
05397 T368AIS4K035AS 
05397 r362Cl06K050A 
71471 ZPDX5F201K 
71471 SCDIXSF 
71471 GPDX5FZOlK 

81349 I N5260B 
81349 IN9739 
21793 211083 
21793 211083 
21793 211083 
21793 211083 
21793 211083 
21793 211083 



980453 

403626 - Assy., PCB, DIGITIZER continued 

DESCRIPTION 

Q4 
Q5 
Q6 
Q7 
Q8 
Q9 
QIO 
PI1 
PI2 
Q13 
PI6 
Q17 
Ql8 
Q19 
Q20 
Q21 
Q22 
Q23 

2ooO88 TRANS SILICO PNP 2N4248 80131 2N4248 
200088 TRANS SILICO PNP 2N4248 80131 2N4248 
200088 TRANS SILK0 PNP 2N4248 80131 2N4248 
200088 TRANS SILICO PNP 2N4248 80131 2N4248 
200088 TRANS SILICO PNP 2N4248 80131 2N4248 
200162 SWITCHES FET MATCHED SET 21793 200162 
200224 TRANS 200224 21793 200224 
200162 SWITCHES FET MATCHED SET 21793 200162 
200224 TRANS 200224 21793 200224 
200162 SWITCHES FET MATCHED SET 21793 200162 
200224 TRANS NPN 200224 21793 200224 
200037 TRANS SILICO NPN 2N3646 80131 2N3646 
200161 TRANS SELECTED FET E415 17856 E415 
200037 TRANS SILICO NPN 2N3646 80131 2N3646 
200160 TRANS FET E-304 17856 E.304 
200 160 TRANS FET E-304 17856 E-304 
200037 TRANS SILICO NPN 2N3646 80131 2N3646 
200200 TRANS NPN 200200 21793 200200 
200037 TRANS SILICO NPN 2N3646 80131 2N3646 



YSO453 

403626 - Assy., PCB, DIGITIZER conlimed 

REF KEITHIEY MANU 
DES P/N DESCRII’TION FSC P/N 

J24 200203 TRANS E-20 1 I7856 E-20 I 
m 200203 TRANS E-20 1 I7856 E-201 
xx 200088 TRANS SILICO PNP 2N4248 80131 2N4248 
127 200088 TRANS SILICO PNP 2N4248 80131 2N4248 
J28 200200 TRANS NPN 200200 21793 200200 
129 200200 TRANS NPN 200200 21793 200200 
230 200037 TRANS SILICO NPN 2N3646 80131 2N3646 
?31 200099 TRANS 2N4258 81349 2N42S8 
232 200200 TRANS NPN 200200 21793 200200 
233 200200 TRANS NPN 200200 21793 200200 
234 200200 TRANS NPN 200200 21793 200200 
235 200088 TRANS SILICO PNF 2N4248 80131 2N4248 
236 200088 TRANS SILICO PNP 2N4248 80131 2N4248 
237 200200 TRANS NPN 200200 21793 200200 
238 200068 TRANS PNP 2N4250 80131 2N4250 
241 200201 TRANS DUAL NPN 200201 21793 200201 
a43 200037 TRANS SILICO NPN 2N3646 80131 2N3646 
144 200200 TRANS WN 200200 21793 2002OB 
245 200200 TRANS NPN 200200 21793 200200 
246 200200 TRANS NPN 200200 21793 200200 

RI 000273 RES CARBON 27 K 5% 1/4w 81349 RC07GF273J 
R2 040240 PDT CERMET IOOHM 20% 73138 89PRIO 
R3 000101 RES CARBON 100 OHM 5% 1/4w 81349 RC07GFlOlJ 
R4 000101 RES CARBON 100 OHM 5% 1/4w 81349 RC07CFlOlJ 
RS 000103 RES CARBON 10K 5% 1/4w 81349 RC07CF103J 
R6 000104 RES CARBON 100K 5% 1/4w 81349 RC07GFl04J 
R7 000202 RES CARBON 2K 5% 1/4w 81349 RC07GF202J 
R8 000 104 RES CARBON IOOK 5% 1/4w 81349 RC07GF104J 
R9 000202 RES CARBON 2K 5% 1/4w 81349 RC07GF202J 
RIO 000202 RES CARBON 2K 5% 1/4w 81349 RC07CF2023 
RI1 000392 RES CARBON 3K 5% 1/4w 81349 RC07CF302J 
RI2 000152 RES CARBON 1.5 K 5% l/4W 81349 RCO’ICFISW 
RI3 000302 RES CARBON 3K 5% l/4W 81349 RC07GF302J 
RI4 000152 RES CARBON I.5 K 5% 1/4w 81349 RC07GF152J 
RI5 000103 RES CARBON 10K 5% 1/4w 81349 RC07GF103J 
RI6 000104 RES CARBON IOOK 5% 1/4w 81349 RC07GF104J 
RI7 000104 RES CARBON IOOK 5% 1/4w 81349 RC07CFlO4J 
R18’ 010621 RES METAL 49.9 K T-O I% l/lOW 81349 RNSSC4992F 
RI9 000152 RES CARBON 1.5 K 5% l/4W 81349 RCOIICF 152J 
R20 000153 RES CARBON 15K 5%. 1/4w 81349 RC07GF1533 
R21 0005 11 RES CARBON SIOOHM 5% 1/4w 81349 RCO’IGFS I I J 

*In SO Hz units, RI8 is: 
RI8 010642 RES METAL 59K T-O 1% 81349 RN55D5902F 
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980453 

403626 - Assy., PCB, DIGITIZER continued 

REF 
DES 

R22 
R23 
R24 
R2S 
R26 
R27 
R28 
R29 
R30 
R31 
R32 
R33 
R34 
R35 
R36 
R37 
R38 
R39 
R40 
R41 
R42 
R43 
R44 
R45 
R46 
R47 
RSO 
R51 
R52 
R53 
R54 
R55 
R56 
RS7 
R58 
R59 
R60 
R6l 
R62 
R63 
R64 

EITHLE’L 
P/N 

- 
300s 11 
Doo511 
300153 
Do0272 
DloB13 
040228 
Olo621 
Boo473 
Olool3 
010502 
000302 
ooOl53 
ooOlO4 
010027 
010621 
600245 
000107 
001737 
040234 
000272 
ooOl53 
ooo203 
OoolO4 
Co1737 
000272 
000153 
000392 
000103 
000204 
0005 11 
ooo511 
000392 
ooOlS2 
040235 
000390 
000102 
000 I 03 
000622 
000206 
010871 
040235 

DESCRIPTION 

RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES METAL 
PDT CERMET 
RES METAL 
RES CARBON 
RES METAL 
RES METAL 
RES CARBON 
RES CARBON 
RES CARBON 
RES METAL 
RES METAL 
JUMPER 
RES CARBON 
RES ‘CARBON 
PDT CERMET 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
PDT CERMET 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 

SIOOHM 
SIOOHM 

1SK 
2.7 K 

60.4 K T-2 
500 OHM 

49.9 K T-O 
47 K 

60.4 K T-2 
249 K 

3K 
ISK 

IOOK 
499 OHM T-O 
49.9 K T-O 

L-2007. I LP 
100 M 

FSV 
SOK 

2.7 K 
ISK 
20K 

IOOK 
FSV 

2.7 K 
ISK 

3.9 K 
IOK 

200 K 
SIOOHM 
SIOOHM 
3.9 K 
1.5 K 
IOOK 
39 OHM 

IK 
IOK 

6.2K 
20 M 

RES MATCHED PAIR 5 K HP202 
POT CERMET IOOK 

5% 1/4w 
5% 1/4w 
5% l/4W 
5% l/4W 
1% l/8W 

10% 
1% l/IO\ 
5% 1/4w 
1% I/8W 
1% 1/8W 
5% ll4W 
5% 1/4w 
5% 1/4w 
1% l/8W 
I% IllOH 

5% Il4W 
5% l/4W 

10% 
5% ll4W 
5% l/4W 
5% ll4W 
5% 1/4w 
5% 1/4w 
5% 1/4w 
5% 1/4w 
5% l/4W 
5% 1/4w 
5% l/4W 
5% l/4W 
5% ll4W 
5% l/4W 
5% l/4W 

10% 
5% l/4W 
5% l/4W 
5% ll4W 
5%. l/4W 
5% l/4W 

I 0% 

FSC 

81349 
81349 
81349 
81349 
81349 
73138 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 

81349 
21793 
73138 
81349 
81349 
81349 
81349 
21793 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
73138 
81349 
81349 
81349 
81349 
81349 
18612 
73138 

MANU 
P/N 

RCO’IGFSI IJ 
RC07CFSllJ 
RC07GF 1535 
RC07GF272J 
RN6OC6042F 
89PRSOO 
RNSSC4992F 
RC07GF473J 
RN60C6042F 
RN60D2493F 
RC07GF302J 
RC07GF I53J 
RCO’IGF I O4J 
RN60D4990F 
RN5SC4992F 
L-2007.1 LP 
RC07CFl07J 
001737 
89PRSOK 
RC07CF272J 
RC07CFI53J 
RC07GF203J 
RC07CF104J 
001737 
RC07GF272J 
RC07GFl53J 
RC07CF392J 
RC07GFl03J 
RC07GF204J 
RC07CFS I I J 
RC07GFS I lJ 
RC07CF392J 
RC07GFlS2J 
89PR I OOK 
RC07CF390J 
RC07CFl02J 
RC07GFl03J 
RC07GF622J 
RC07CF206J 
HP202 
89PRlOOK 
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Y80453 

403626 - Assy., PCB, DIGITIZER continued 

REF 
DES 

R65 
R66 
R67 
R68 
R70 
R7l 
R72 
R73 
R74 
R7S 
R76 
R77 
R78 
R79 
R80 
R8l 
R82 
R83 
R84 
R8S 
R86 
R87 
R88 

EITHLE’I 
P/N 

100100 
310520 
310871 
310646 
300 IO3 
300 103 
DlOl24 
DO0750 
010533 
LlOO512 
000390 
0005 I3 
000101 
0005 IO 
000200 
000183 
000202 
000104 
000565 
000 I 00 
cH30105 
000204 
000684 

DESCRIPTION FSC 

XES CARBON IOOHM 
IES METAL 21.5 K 
&ES MATCHEDPAIR 5 K HP202 

5% l/4W 
1% l/lOW 

IES METAL 2.49 K T-O 1% l/lOW 
IES CARBON 10K 5% 1/4w 
RES CARBON 10K 5% 1/4w 
RES METAL 19.6 K T-O 1% l/8W 
RES CARBON 75 OHM 5% 1/4w 
RES METAL 28.7 K 1% l/lOW 
RES CARBON 5.1 K 5% l/4W 
RES CARBON 39 OHM 5% 1/4w 
RES CARBON 51 K 5% l/4W 
RES CARBON lOOOHM 5% l/4W 
RES CARBON 51 OHM 5% l/4W 
RES CARBON 20 OHM 5% l/4W 
RES CARBON I8K 5% l/4W 
RES CARBON 2K 5% 1/4w 
RES CARBON IOOK 5% 1/4w 
RES CARBON 5.6 M 5% l/4W 
RES CARBON IOOHM 5% l/4W 
RES CARBON IM 5% l/4W 
RES CARBON 200 K 5% l/4W 
RES CARBON 680 K 5% 1/4w 

$1349 
31349 
18612 
31349 
31349 
31349 
31349 
51349 
31349 
51349 
51349 
81349 
51349 
81349 
81349 
81349 
81349 
81349 
81349, 
81349 
81349 
51349 
81349 

MANU 
P/N 

RC07GFlOOJ 
RN60D2152F 
HP202 
RNSSC249lF 
RCO’IGFl03J 
RC07GFl03J 
RN60Dl962F 
RC07GF750J 
RNSSC2872F 
RC07GFS 121 
RC07CF390J 
RC07GFS 131 
RC07GFIOOJ 
RC07GFS I OJ 
RC07GF200J 
RC07GFl83J 
RC07GF202J 
RC07GFl04J 
RC07CF56SJ 
RC07GFIOOJ 
RCO7GFlOSJ 
RC07GF204J 
RC07GF684J 

TI 403553 TRANSFORMER PULSE 403553 21793 403553 
T2 403553 TRANSFORMER PULSE 403553 21793 403553 
T3 403553 TRANSFORMER PULSE 403553 21793 403553 

TPl 600786 POST TEST POINT l-87022-0 00779 1.87022-O 
TP2 600786 POST TEST POINT I .87022.0 00779 l-87022.0 
TP3 600786 POST TEST POINT l-87022-0 00779 I-87022-0 
TP4 600786 POST TEST POINT I-87022-0 00779 I-87022-0 
TPS 600786 POST TEST POINT l-87022.0 00779 l-87022-0 
TP6 600786 POST TEST POINT 1-87022-O 00779 I-87022.0 
TP7 600786 POST TEST POINT I-87022-0 00779 1.87022-O 
TP8 600786 POST TEST POINT 1.87022.0 00779 I-87022-0 
TP9 600786 PDST TEST POINT 1-87022-O 00779 I .87022-O 
TPIO 600786 WST TEST POINT l-87022-0 00779 I .87022-O 
TPI I 600786 POST TEST POINT I-87022-0 00779 I-87022-0 
TPl2 600786 POST ‘TEST POINT I-87022.0 00779 I .87022-O 
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403626 - Assy., PCB, DIGITIZER continued 

DESCRllWON 

INTEGRATED CIRCUIT LM301 A 
INTEGRATED CIRCUIT !~A725 

INTEGRATED CIRCUIT 74LOO 
INTEGRATED CIRCUIT 74LO0 

7.25 



980453 

403616.-Assy.,PCB,PROGRAM(Figure6.14) 

REF 
DES 

;EITHlE 
P/N 

AI 403682 

Cl 
c2 
c3 
c4 
c5 
C6 

I I0152 
II0165 
II0153 
121091 
I20308 
I20308 

CRI 
CR2 
CR3 

211083 DIODE 
211083 DIODE 
211083 DIODE 

Ql 
Q2 
Q3 
44 
Q5 
Qb 
Q7 
08 
Q9 
QlO 

200200 TRANS 
200200 TRANS 
200200 TRANS 
200200 TRANS 
200200 TRANS 
200136 TRANS 
200088 TRANS 
200037 TRANS 
200037 TRANS 
200037 TRANS 

RI 000103 
R2 000103 
R3 000 IO3 
R4 000 I03 
R5 000103 
R6 000103 
R7 000 103 
R8 000103 
R9 000 IO3 
RIO 000103 
RI1 000103 
RI2 000103 
RI3 000103 
RI4 000512 
RI5 0005 I2 
RI6 000s I.2 
RI7 000512 
RI8 000512 
RI9 000432 
R20 000432 
R2l 000432 
R22 000432 

7.26 

DESCRIPTION 

CABLE Assy. 

CAP 
CAP 
CAP 
CAP 
CAP 
CAP 

RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 

TANTA 
TANTA 
TANTA 
MYLAR 
KILY 
POLY 

.47 MFD 

.I5 MFD 

.27 MFD 
,033 MFD 
,047 MFD 
,047 MFD 

50 v 
35 v 
sov 

IOOV 
250 V 
250 V 

SlLlCO 018 
SILICO 018 
SlLlCO 018 

SlLlCO 
SlLlCO 
SILICO 
sILIco 
SlLlCO 

NPN 200200 
NPN 200200 
NPN 200200 
WN 200200 
NPN 200200 
NPN 2NS963 
PNP 2N4248 
NPN 2N3646 
NPN 2N3646 
NPN 2N3646 

CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 

IOK 
IOK 
IOK 
IOK 
IOK 
IOK 
IOK 
10K 
10K 
IOK 
IOK 
IOK 
IOK 

5.1 K 
5.1 K 
5.1 K 
5.1 K 
5.1 K 
4.3 K 
4.3 K 
4.3 K 
4.3 K 

10% 
lw% 
10% 
10% 
10% 
IW% 

5% l/4W 
5% 1/4w 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% 1/4w 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% ll4W 
5% l/4W 
5% l/4W 
5% 1/4w 
5% l/4W 
5% ll4W 
5% lI4W 
5% l/4W 
5% l/4W 
5% l/4W 

FSC 
MANU 

P/N 

21793 $03682 

05397 T368A474KOSOAS 
05397 T368Al54K03SAS 
OS397 KR27PSOK 
09023 WMFlS33 
73445 C280MAE/A47K 
73445 C280MAE/A47K 

21793 211083 
21793 211083 
21793 211083 

21793 200200 
21793 200200 
21793 200200 
21793 200200 
21793 200200 
81349 2N5963 
80131 2N4248 
80131 2N3646 
80131 2N3646 
80131 2N3646 

81349 RC07GF103J 
81349 RC07GFl03J 
81349 RC07GFl03J 
81349 RC07GFl03J 
81349 RC07CFl03J 
81349 RC07GFl03J 
81349 RCO7GFl03J 
81349 RC07GFl03J 
81349 RC07GFl03J 
81349 RC07GFl03J 
81349 RC07GF103J 
81349 RC07GFl03J 
81349 RC07GF103J 
81349 RC07GF5 I21 
81349 RC07GF5 l2J 
81349 RC07GFS l2J 
81349 RC07CF512J 
81349 RC07CFS 121 
81349 RC07GF432J 
81349 RC07GF432J 
81349 RC07GF4323 
81349 RC07GF432J 



9110453 

403616 -~ Assy., PCB. PROGRAM coutirrued 

KEF 
DES 

(EITHLE’ 
P/N 

R23 OIOh50 
R24 000105 
R2S 010529 
R26 000 I 03 
R27 000103 
R28 010676 
R29 000242 
R30 010697 
R31 000512 
R32 000222 
R33 0005 12 
R34 000242 
R35 000511 
R36 OBOIO3 
R37 000103 
R3R 000222 
R39 000222 

Ul 230029 
u2 230114 
u3 230029 
u4 230029 
U5 230028 
U6 230065 
U7 230065 
US 230065 
u9 230029 
UlO 230029 
UIl 230115 
512 230029 
u13 230028 

f 
DESCRIPTION 

RES METAL 
RES CARBON 
RES METAL 
RES CARBON 
RES CARBON 
RES METAL 
RES CARBON 
RES METAL 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 

INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 

1M 
IM 

10K 
IOK 
IOK 
ISK 

2.4 K 
26.7 K 
5.1 K 
2.2 K 
5.1 K 
2.4 K 
5 IO OHM 

IOK 
IOK 

2.2 K 
2.2 K 

I ‘3, 81349 
5%. lj4W 81349 

T.B I%, 81349 
5% 1/4w 81349 
Y% 1/4w 8 1349 
I ‘8, x1349 
s% 1/4w RI349 
I%, 81349 
5% 1/4w 81349 
5% 1/4w 81349 
5% 114w 81349 
5% 1/4w 81349 
5% ~J/4W 81349 
5% 1/4W 81349 
5% 1/4W 81349 
5% 1/4W 81349 
5% 1/4w 81349 

SN7401 
7408 
SN7401 
SN7401 
SN7400 
747s 
747s 
747s 
SN7401 
SN7401 
7409 
SN7401 
SN74CUl 

01295 SN7401 
01295 7408 
01295 SN7401 
01295 SN7401 
01295 SN7400 
01295 7475 
01295 747s 
01295 7475 
01295 SN7401 
01295 SN7401 
01295 7409 
01295 SN7401 
01295 SN7400 

IX 
MANU 

P/N 

RNSSEI004F 
RCO’ICFIOSJ 
RNSSDlOO2F 
RC07GFl03J 
RC07GFl03J 
RN55Cl502F 
RC07CF242J 
RNSSD2672F 
RC07CI-X I2J 
RC07CF222J 
RC07GFS I25 
RC07GF2421 
RC07CFS I I J 
RCO’IGFl03J 
RCO’ICF IO3J 
RC07GF222J 
RC07CF222J 
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403615 Arsy., PCB, DISPLAY (Figure h.16) 

DESCRIPTION 

TRANS SILICO 

RI 0005 12 RES CARBON 5.1 K 5% Y4W 81349 RCO7GFS I21 
R2 Ocml2 RES CARBON 5.1 K 5% Y4W 81349 RC07CF5 12J 
R3 000512 RES CARBON 5.1 K 5% %W 81349 RC07GF5 I2J 
R4 oM)512 RES CARBON 5.1 K 5% Y4W 81349 RCO7GFS 121 
R5 0005 I2 RES CARBON 5.1 K 5% %W 81349 RCO’IGFS l2J 
R6 0005 12 RES CARBON 5.1 K 5% Y4W 8 1349 RC07GF5 121 
R7 0005 I2 RES CARBON 5.1 K 5% Y4W 81349 RC07GFS 121 
R8 000512 RES CARBON 5.1 K 5% uw 81349 RCO7CFS 12J 
R9 OCQ272 RES CARBON 2.7 K 5% Y4W 81349 RC07GF272J 
RIO 000272 RES CARBON 2.7 K 5% Y4W 81349 RCO7GF272J 
RI I 000272 RES CARBON 2.7 K 5% Y4W 81349 RC07GF272J 
RI2 000272 RES CARBON 2.7 K 5% %W 81349 RC07GF272J 
RI3 000272 RES CARBON 2.7 K 5% %W 81349 RC07GF272J 
RI4 000272 RES CARBON 2.7 K S%%W 81349 RCO7GF272J 
RI5 GO0272 RES CARBON 2.7 K 5% %W 81349 RC07GF272J 
RI6 000272 RES CARBON 2.7 K 5% Y4W 81349 RCO7CF272J 
RI7 000132 RES CARBON 1.3 K 5% Y4W 8 1349 RC07GF 132J 
RI8 000102 RES CARBON IK 5% Y4W 81349 RCO7GF102J 
RI9 000512 RES CARBON 5.1 K 5% %W 81349 RCO7GFS 12J 
R20 M)OSl2 RES CARBON 5.1 K 5% %W 81349 RC07GFS 12J 
R21 000132 RES CARBON 1.3 K 5% %W 81349 RCO7GF132J 
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403615 - Assy., PCB, DISPLAY (Figure 6.16)con1inued 

REF 
DES 

R22 
R23 
R24 
R25 
R26 
R27 
R28 
R29 
R30 
R31 
R32 
R33 
R34 
R35 

Gil0512 
000132 
000102 
000512 
ocO512 
000102 
000272 
OBo102 
000202 
000512 
OBo102 
000331 
000153 
OOB153 

RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 

5.1 K 
1.3 K 

IK 
5.1 K 
5.1 K 

IK 
2.7 K 

IK 
2K 

5.1 K 
IK 

330 OHM 
ISK 
IS K 

5% 1/4W 
5% 1/4w 
5% 1/4W 
5% 1/4w 
5% 1/4w 
5% 1/4w 
5% l/4W 
5% 1/4w 
5% l/4W 
5% 1/4W 
5% l/4W 
5% Il4W 
5% 1/4W 
5% l/4W 

El1349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 

RC07GFS I2J 
RCO7CFl32J 
RC07GF102J 
RC07GFS 12J 
RC07CFS 12J 
RC07GFI 02J 
RC07GF272J 
RC07GFIOZJ 
RC07GF202J 
RC07GFS l2J 
RC07GF 102J 
RC07GF331J 
RC07GFI53J 
RC07GFI 53J 

SI 
s2 

600675 
600674 

SWITCH ROTARY 
SWITCH ROTARY 

II237 
11237 

MOD 215 
MOD 215 

UI 2301 IS INTEGRATED CIRCUIT 7409 
u2 230115 INTEGRATED CIRCUIT 7409 
u3 230064 INTEGRATED CIRCUIT SN7404 
u4 230067 INTEGRATED CIRCUIT 74192 
us 230074 INTEGRATED CIRCUIT 7442 
U6 230114 INTEGRATED CIRCUIT 7408 
u7 230073 INTEGRATED CIRCUIT SN7405 
LIB 230028 INTEGRATED CIRCUIT SN7400 
u9 230030 INTEGRATED CIRCUIT SN7402 
UIO 230030 INTEGRATED CIRCUIT SN7402 
UlI 230030 INTEGRATED CIRCUIT SN7402 
u12 230116 INTEGRATED CIRCUIT 7432 
U13 2301 IS INTEGRATED CIRCUIT 7409 
UI4 23003 I INTEGRATED CIRCUIT SN7410 
UlS 230029 INTEGRATED CIRCUIT SN7401 
U16 230073 INTEGRATED CIRCUIT SN7405 

01295 7409 
01295 7409 
01295 SN7404 
01295 74192 
07716 7442 
01295 7408 
01295 SN7405 
01295 SN74BO 
01295 SN7402 
01295 SN7402 
01295 SN7402 
01295 7432 
01295 7409 
01295 SN7410 
01295 SN7401 
01295 SN7405 

Zl 080014 RES NETWORK 15 K II237 750.61.RISK 

EITHIE’ 
P/N DESCRIPTION FSC 

MANU 
P/N 

7.29 



980453 

403667 - Assy.. PCB, AC CONVERTER (Figure 6.19) 

REF EITHIEY 
DES P/N 

BI 
B2 

920563 
920563 

22 
c3 
c4 
CS 
C6 
c7 
C8 
c9 
Cl0 
CII 
c12 
C13 
C14 
c15 
Cl6 
Cl7 
Cl8 
Cl9 
c20 
c21 
c22 
C23 
C24 
c25 
C26 
C27 
C28 
C29 
c30 

100017 
100017 
110126 
100017 
100038 
100017 
II0126 
100012 
100038 
100017 
IO0095 
130131 
I00095 
121394 
100017 
100012 
120130 
121394 
100081 
110126 
I10151 
110125 
100017 
100017 
120025 
100012 
100017 
100017 
100017 

CRI 
CR2 
CR3 
CR4 

220004 
220004 
210035 
210035 

Ql 
02 
43 
Q4 

200200 
200200 
200201 
200197 

7.30 

DESCRII’TION 

BEAD 
BEAD 

ZAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 

DIODE 
DIODE 
DIODE 
DIODE 

TRANS 
TRANS 
TRANS 
TRANS 

SHIELDING 56.5906548 
SHIELDING 56.5906548 

CERAM 
CERAM 
TANTA 
CERAM 
CERAM 
CERAM 
TANTA 
CERAM 
CERAM 
CERAM 
CERAM 
TRIMMER 
CERAM 
MYLAR 
CERAM 
CERAM 
MYLAR 
MYLAR 
CERAM 
TANTA 
TANTA 
TANTA 
CERAM 
CERAM 
MYLAR 
CERAM 
CERAM 
CERAM 
CERAM 

SILICO 
SILICO 

.OI MFD 

.OI MFD 
6.X MFD 
.OI MFD 
560 PFD 
.OI MFD 
6.X MFD 
33 PFD 

560 PFD 
.OI MFD 

2.7t.S PFD 
2.20 PFD 

2.7t.S PFD 
.I5 MFD 
.OI MFD 
33 PFD 
.I5 MFD 
.15MFD 
4.7 PFD 
6.8 MFD 
IO MFD 

2.2 MFD 
.OI MFD 
.OI MFD 
1.5 MFD 
33 PFD 
.Ol MFD 
.OI MFD 
.OI MFD 

ZENER 
ZENER 

IOOV 
IOOV 
35 v 

100 v 
500 v 
IOOV 
35 v 

500 v 
500 v 
IOOV 
500 v 
1OBv 
500v 
IOOV 
IOOV 
500 v 
100 v 
IOOV 

1000 v 
35 v 
35 v 
35 v 

100 v 
1oOv 
1OOv 
SCIOV 
IOOV 
IOOV 
IOOV 

IN9618 
IN961B 

HOT CARRIER 5082-2810 
HOT CARRIER 50X2-2810 

DUAL 
SILICO 

NPN 
NPN 
NPN 
NPN 

200200 
2BO2oB 
200201 
MPSH IO 

20% 
20% 
2% 
20% 
10% 
20% 
20% 
10% 
10% 
20% 

10% 
20% 
10% 
5% 

IV% 

20% 
20% 
20% 
20% 
2G% 
10% 
10% 
20% 
20% 
20% 

FSC 
MANU 

P/N 

12114 56.5906548 
12114 56.59065-4B 

i6289 
56289 
15397 
56289 
71590 
56289 
15397 
71471 
71590 
56289 
56289 
73445 
j6289 
39023 
56289 
71471 
27556 
99023 
562X9 
D5397 
05397 
Lx397 
562X9 
562X9 
27556 
71471 
56289 
56289 
56289 

C023B10lFl03M 
C023BlOIF103M 
T36XB685M035AS 
C023B10lFl03M 
DD561 
C023B10lFl03M 
T368B685M035AS 
TCD-DI-I(N750) 
DD561 
C023BIOlF103M 
C030B102SZR7D 
COlOKA/20E 
C030BI 02S2R7D 
WMFIPIS 
C0238101F103M 
TCD-DI-I(N750) 
XTZBIS4J 
WMFlPIS 
C030BIOZE4R7D 
T36XB6XSM035AS 
T362C106M03SA 
T368B225M035AS 
C023Bl0lF103M 
C023BIOlFI03M 
KAZB155K 
TCD-DI-I(N7SO) 
C023BIOlFl03M 
C023B10lFl03M 
C023BIOIF103M 

81349 IN961B 
X1349 IN961B 
50434 5082.2810 
50434 5082.2810 

21793 2Ocl200 
21793 2Ocl200 
21793 200201 
04713 MPSHIO 



Y80453 

403667 Assy., PCB, AC CONVERTER confinued 

REF EITHJE 
DES P/N 

QS 200 I97 
Q6 200178 
Q8 200197 
Q9 200197 
QIO 200178 
Qll 200197 
012 20020 I 
413 200200 
Q14 200200 
QIS 200068 
Q16 200179 

RI 
R2 
R3 
R4 
RS 
R6 
R7 
R8 
R9 
RIO 
RII 
RI3 
RI4 
RI5 
RI7 
RI8 
RI9 
R20 
R2l 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R29 
R30 
R31 
R32 
R33 
R34 

000l00 
010902 
OoOlO2 
010650 
040234 
000333 
0 I0650 
000 IO5 
000 I 63 
ccl0183 
000332 
000103 
000151 
010529 
000512 
010902 
000333 
000101 
cfJoslo 
OQOIOI 
010829 
000161 
00091 I 
010529 
000101 
000101 
0001.53 
00075 I 
000x 2 I 
010903 
oloxox 
010650 

DESCRIPTION 

TRANS 
TRANS 
TRANS 
TRANS 
TRANS 
TRANS 
TRANS 
TRANS 
TRANS 
TRANS 
TRANS 

RES 
RES 
RES 
RES 
POT 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RF..5 
RES 
RES 
RES 
RES 
R ES 
RES 
RCS 
RES 
RES 

SILICO 

SILICO 
SILICO 

SILICO 
DUAL 

FET 

NPN 
PNP 
NPN 
NPN 
PNP 
NPN 
NPN 
NPN 
NPN 
PNP 

CARBON IOOHM 
Matched Pair 
CARBON IK 
METAL IM 
CERMET SOK 
CARBON 33 K 
METAL It4 
CARBON IM 
CARBON l6K 
CARBON I8K 
CARBON 3.3 K 
CARBON IOK 
CARBON I50 OHM 
METAL IOK 
CARBON 5.1 K 
Matched Pair 
CARBON 33 K 
CARBON IOOOHM 
CARBON 51 OHM 
CARBON IO0 OHM 
METAL 4.99 K 
CARBON 160 OHM 
CARBON 910 OHM 
METAL IOK 
CARBON 100 OHM 
CARBON 100 OHM 
CARBON ISK 
CARBON 750 OHM 
CARBON 820 OHM 
METAL IOK 
METAL IOK 
METAL IM 

MPS-HI0 
2NS910 
MPS-H IO 
MPS-HI0 
2N5910 
MPS-H IO 
200201 
200200 
200200 
2N4250 
KE439 I 

5% l/4W 

5% ll4W 
I% l/low 

10% 
5% 1/4w 
I% l/low 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 

T-O I% l/lOW 
5% ll4W 

5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
1% l/lOW 
5% 1/4w 
5% l/4W 

T-O I% l/lOW 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 

.o I% 3 w 
.I% l/lOW 
1% l/low 

FSC 

04713 
81349 
04713 
04713 
81349 
04713 
21793 
21793 
21793 
80131 
27014 

81349 
21793 
81349 
81349 
73138 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
21793 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
Al349 
81349 
81349 
81349 
81349 
81349 

MANU 
P/N 

MPS-H IO 
2NS910 
MPS-HI0 
MPS.HIO 
2NS910 
MPS-HI0 
200201 
200200 
200200 
2N4250 
KE439 I 

RC07CF I OOJ 
010902 
RC07GFl02J 
RNSSEl004F 
89PRSOK 
RC07GF333J 
RNSSEl004F 
RCO’IGF I OSJ 
RC07GFl63J 
RC07GFl83J 
RC07GF332J 
RC07GFl03J 
RCO’IGFISIJ 
RNSSCl002F 
RC07GFS I2J 
010902 
RC07GF333J 
RC07CFIOIJ 
RC07GFSIOJ 
RC07GFIOIJ 
RNSSC4991 F 
RC07CFl6lJ 
RC07GF91 II 
RNSSCI002F 
RCO’IGF IO I J 
RC07GFIOlJ 
RC07GF I53J 
RC07GF75 I J 
RC07GF82 I J 
500 Series 
RNSSCl002B 
RNSSEl004F 

7-31 



980453 

403667 - Assy., PCB, AC CONVERTER continued 

REF 
DES 

Y 
DESCRIPTION FSC 

R35 
R36 
R37 
R38 
R39 
R40 
R4l 
R42 
R43 
R44 
R45 
R46 
R47 
R48 
R49 

XJTHLE 
P/N 

040234 
000105 
010650 
000562 
020657 
0001 I3 
00020 I 
000 IO7 
000103 
000103 
010536 
010813 
000124 
000 I 06 
00020 I 

SOK 
IM 
IM 

5.6K 
ll.lO9K 

II K 

POT CERMET 
RES CARBON 
RES METAL 
RES CARBON 
RES ww 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
RES METAL 
RES METAL 
RES CARBON 
RES CARBON 
RES CARBON 

T-O 

IOOM 
IOK 
IOK 

100 K 
7.87 K 
l20K 
IO M 

200 OHM 

10% 
5% l/4W 
1% l/low 
5% 1/4w 

,Ol% .lSW 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
5% l/4W 
1% l/lOW 
1% l/lOW 
5% l/4W 
5% 1/4w 
5% l/4W 

73138 
81349 
81349 
81349 
22045 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
8 1349 

MANU 
P/N 

i39PRSOK 
RC07GFlOSJ 
RNSSC1003F 
RC07GF562J 
3.110 
RCO’IGFI I33 
RC07GF20lJ 
RC07G F 1075 
RCO’IGF1035 
RCO’IGFlO3J 
RNSSDl003F 
RNSSC787lF 
RC07GFl24J 
RC07GFl07J 
RC07GF20lJ 

TPI 600591 TEST POINT 8593 l-6 00779 85931.6 
TP2 600591 TEST POINT 85931.6 00779 8593 I-6 
TP3 6005 9 I ‘TEST POINT 85931.6 00779 85931.6 
TP4 60059 I TEST POINT 85931.6 00779 85931.6 
TPS 600591 TEST POINT 85931.6 00779 85931.6 
TP6 600591 TEST POINT 85931.6 00779 85931.6 

ARI 230054 INTEGRATED CIRCUIT LM30lA 27014 LM301A 
AR2 230103 INTEGRATED CIRCUII LM308 27014 LM308 
AR3 230103 INTEGRATED CIRCUIT LM308 27014 LM308 

WI 600245 L-2007.1 LP L.2007.1 LP 

7.32 



980453 

403774 - Assy., PCB, RMS AC CONVERTER 

REF 
DES 

91 

Cl 
c2 
c3 
c4 
CS 
C6 
c7 
Cl7 
c9 
Cl0 
Cl I 
Cl2 
Cl4 
Cl5 
Cl6 
Cl7 
Cl8 
Cl9 
c20 
c21 
c22 
C23 
C24 
c25 
C26 
C27 
C29 
c30 
c31 
C32 
c33 

CR4 
CR5 
CR6 
ZRl7 
CR9 
CR10 
CR11 
zR12 
zR13 

EITHJE’ 
P/N 

Y 
I 

120563 3EADS 

30116 XP 
,30160 CAP 
l00100 CAP 
:30124 CAP 
l00100 CAP 
100054 CAP 
130123 CAP 
100095 CAP 
130146 CAP 
IO0095 CAP 
130146 CAP 
I20280 CAP 
109017 CAP 
100017 CAP 
101098 CAP 
101641 CAP 
110126 CAP 
130076 CAP 
101642 CAP 
I20026 CAP 
101174 CAP 
I20026 CAP 
120026 CAP 
101641 CAP 
101098 CAP 
I0005 1 CAP 
I10140 CAP 
I20286 CAP 
100017 CAP 
101641 CAP 
100017 CAP 

211083 DIODE 
211083 DIODE 
211083 DIODE 
210035 DIODE 
210035 DIODE 
211083 DIODE 
220022 DIODE 
220022 DIODE 
220022 DIODE 

DESCRIPTION 

MICA 4OOG PFD 
MICA 330 PFD 
CERAM FSV 
TRIMMER 1.7-10 PFD 
CERAM FSV 
CERAM 27 PFD 
TRIMMER 1-3 PFD 
CERAM 2.7t.S PFD 
TRIMMER .25-l .5 PFD 
CERAM 2.7A.S PFD 
TRIMMER .2S-1.5 PFD 
MYLAR .22 MFD 
CERAM .Ol MFD 
CERAM .OI MFD 
CERAM 330 PFD 
CERAM 470 PFD 
TANTA 6.8 MFD 
MICA 200 PFD 
CERAM 150 PFD 
MYLAR .47 MFD 
CERAM ,001 MFD 
MYLAR .47 MFD 
MYLAR .47 MFD 
CERAM 470 PFD 
CERAM 330 PFD 
CERAM 3 PFD 
TANTA 47 MFD 
MYLAR .l MFD 
CERAM .OI MFD 
CERAM 470 PFD 
CERAM .Ol MFD 

SILICO 018 
SILICO 018 
SILICO 018 
HOT CARRIER 5082.2810 
HOT CARRIER 5082.2810 
SILICO 018 
SILICO ZENER 1 N965B 
SILICO ZENER IN9659 
SILICO ZENER IN9658 

5-6-59065.49 

soov 
500 v 

250 v 

IOOOV 
250 v 
500 v 

SOOV 

1000v 
IOOV 
IOOV 

1000 v 
500 v 
35 v 

500 v 
SOOV 
IOOV 
500 v 
1OOV 
IOOV 
500 v 

1000 v 
500 v 

6V 
1oov 
IOOV 
500 v 
IOOV 

2% 
2% 

5% 

10% 
20% 
20% 
10% 
IB% 
20% 
5% 

10% 
10% 
10% 
IWO 
10% 
loo/o 
IWh 

29% 
20% 
20% 
15% 
20% 

FSC 
MANU 

P/N 

56-59065-48 

72136 DM I9F402CO 
72136 DM IS Series 
21793 IO0 IO0 
52763 R.TRIKO-122.09SD 
21793 100100 
56289 C030Bl02G270J 
52763 R-TRIKO-122.09SD 
56289 C0309102S2R7D 
74970 2730301-002 
56289 C030B102S2R7D 
74970 273.0001-002 
27556 ZA2J224K 
56289 C023BIOIFl03M 
56289 C023BlOIFl03M 
56289 C016BIO2E33lK 
71471 SCDIXSF 
05397 T368968SM035AS 
72136 DM15.20lJ 
71471 SCDIXSF 
27556 SA29474K 
04222 TCD-DI-IN5600.IOC 
27556 SAZB474K 
27556 SA29474K 
71471 SCDIXSF 
56289 COI6B102E33lK 
71471 TCD-B I-O 
05397 T3689476MOO6AS 
73445 C28IAH/AlOOK 
56289 C023BIOlFl03M 
71471 SCDIXSF 
56289 C023BlOIFl03M 

21793 211083 
21793 211083 
21793 211083 
50434 5082-28 IO 
50434 5082-28 IO 
21793 211083 
81349 IN965B 
81349 I N965B 
81349 I N96SB 

7-33 



980453 

403774 - Assy., PCB, RMS AC CONVERTER continued 

REF SITHlEI 
DES P/N 

i<I 
K2 
K3 

310078 RELAY REED 28 v 
3 10078 RELAY REED 28 v 
3 10078 RELAY REED 28 v 

21 
Q2 
Q4 
QS 
Q6 
Q7 
Q8 
Q9 
QIO 
Q11 
Ql2 
Q13 
Ql4 
PI5 
Ql9 
920 
Q21 

200200 TRANS NPN 200200 
200200 TRANS NPN 200200 
200 199 TRANS DUAL 200199 
200200 TRANS NPN 200200 
20020 1 TRANS DUAL NPN 200201 
200112 TRANS MATCHED PAIR 200112 
200112 TRANS MATCHED PAIR 200112 
200068 TRANS PNP 2N4250 
200200 TRANS NPN 200200 
200220 TRANS DlJAL 
200 136 TRANS SILICO NPN 2N5963 
200068 TRANS PNP 2N4250 
403865 TRANS DUAL MC TRANS KIT 
403865 TRANS DUAL LOG TRANS KIT 
200068 TRANS PNP 2N4250 
200197 TRANS SILICO NPN MI’SHI0 
200 197 TRANS SILICO NPN MPS-HI0 

AR1 
AR2 

230180 INTEGRATED CIRCUIT LM318H 
230054 INTEGRATED CIRCUIT LM30lA 

RI 010721 
R2 010720 
R3 040228 
R4 010721 
R5 040225 
R6 010721 
R7 040228 
R8 010721 
R9 000242 
RIO 010721 
RI1 001737 
RI2 010542 
RI3 010542 
RI4 001737 
RIS 000101 
RI6 WO514 
RI7 040235 

DESCRIPTION FSC 

15636 X2690-3 
15636 X2690-3 
15636 R2690.3 

21793 200200 
21793 200200 
21793 200199 
2 I793 200200 
21793 20020 1 
21793 200112 
21793 200112 
80131 2N4250 
21793 200200 
21793 200220 
81349 2N5963 
80131 2N4250 
21793 103865 
21793 $03865 
80131 2N4250 
04713 MPSHI 0 
04713 MPS-H IO 

27014 LM318H 
27014 LM30lA 

RES 
RES 
POT 
RES 
POT 
RES 
PDT 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
POT 

METAL 1.1324K MATCHEDSET .I% 
METAL 9.09 K T-2 .25% l/lOH 
CERMET 500 OHM I@% 
METAL 1 I K MATCHED SET 1% 
CERMET 50 OHM 20% 
METAL 110.86 K MATCHED SET .I% 
CERMET 500 OHM 10% 
METAL 997.5 K MATCHED SET .I% 
CARBON 2.4 K 5% 1/4w 
METAL 1 M MATCHED SET .I% 
CARBON FSV 5% 1/4w 
METAL IOOK 1% l/lOW 
METAL IOOK 1% l/lo* 
CARBON FSV 5% 1/4w 
CARBON IOOOHM 5% 1/4w 
CARBON 5lOK 5% 1/4w 
CERMET IOOK 10% 

81349 RN60 
81349 RN55C909lC 
73138 89PR500 
81349 RN60 
73138 89P Series 
81349 RN60 
73138 89PRSOO 
81349 RN60 
81349 RC07GF2421 
81349 RN75 
21793 001737 
81349 RNSSEI003F 
81349 RN55El003F 
21793 001737 
81349 RC07CFIOlJ 
81349 RC07CFS 14J 
73138 89PRI OOK 

MANU 
P/N 

7.34 



98045 3 

403774 - Assy., PCB, KMS AC CONVIXTER contimed 

RliF KEITHLEY MAN11 
DES P/N DESCRIPTION i-x P/N 

RI8 000183 RES 
R23 000101 KU 
R24 010899 RES 
R25 010899 RES 
R26 010898 ICE.5 
R27 0 I0904 KES 
R28 040225 POT 
R29 000512 RES 
R30 000105 RES 
R31 040235 POT 
R32 coOlLt4 RES 
R33 040225 POT 
R34 010684 RES 
R35 010684 RES 
R36 000101 RES 
R37 000123 RES 
R38 000272 RES 
R39 000101 RES 
R40 00068 I RES 
R41 040239 POT 
R42 MO232 POT 
R43 010621 RES 
R44 ooo476 RES 
R45 000 103 RES 
R46 010533 RES 
R47 000392 RES 
R49 000107 RES 
RSO 000 104 RES 
RSI 020667 RES 
R52 001737 RES 
R53 001737 RES 
R54 MO225 POT 
RSS OlOR98 RES 
R56 001737 RES 
R57 010898 RES 
RSM 040227 PDT 
R59 OQl737 RES 
R60 010904 RES 
R61 OOOIOI RES 
R62 000104 RES 
R63 000470 RES 
R64 000820 RES 

CARBON 
CARBON 
METAL 
METAL 
METAL 
METAL 
CERMET 
CARBON 
CARBON 
CERMET 
CARBON 
CERMET 
METAL 
METAL 
CARBON 
CARBON 
CARBON 
CARBON 
CARBON 
CERMET 
CERMET 
METAL 
CARBON 
CARBON 
METAL 
CARBON 
CARBON 
CARBON 
ww 
CARBON 
CARBON 
CERhIET 
METAL 
CARBON 
METAL 
CERMET 
CARBON 
METAL 
CARBON 
CARBON 
CARBON 
CARBON 

l8K 5% l/4W 81349 RCO7GF IR3J 
IO0 OHM 576 1/4w 81349 RC07GFIOIJ 

SK .o I ‘% 500 Scrics 
5K .o 1% 500 Series 

20K .OS% 500 Scrics 
IOK .02% 500 Scricr 
500HM 2w% 73138 89P Series 
5.1 K 5% 1/4w 81349 RC07CFS 12J 

IM 5% t/4w 81349 RC07GFlOSJ 
IOOK I 0% 73138 R9PRIOOK 
IMOK 5% 1/4w RI349 RC07GF 184J 
50 OHM 20% 73138 89P Scrics 

487 OHM T-9 1% l/IOW 81349 RN55E4870F 
487 OHM T-9 1% l/lOW 81349 RNSSE4870F 
100 OHM 5% l/4W 8 1349 RC07CFlOlJ 
12K 5% 1/4w 81349 RC07CF 123J 

2.7 K 5% 1/4w 81349 RC07CF272J 
IOOOHM 5% 1/4w 81349 RC07GFlOlJ 
680 OHM 5% t/4w 81349 RC07GF68 I J 

IM 20% 73138 89PRlM 
IOK 10% 73138 89PR I OK 

49.9 K T-O 1% l/lOW 81349 RNSSC4992F 
41 M 5% 1/4w 81349 RC07GF4761 
IOK 5% 1/4w 81349 RC07CFl03J 

28.7 K 1% l/lOW 81349 RN55C2872F 
3.9 K 5% 1/4w 81349 RC07GF392J 
IOOM 5% 1/4w 81349 RC07GF 107J 
IOOK 5% 1/4W 81349 RCO7GF 104J 
IOOK .I% .lSW 22045 J.110 
FSV 5% 1/4w 21793 001737 
FSV 5% 1/4w 21793 001737 

SO OHM 20% 73138 89P Series 
20K .OS% 500 Series 

FSV 5% l/4W 21793 001737 
20K .OS% 500 Series 

200 OHM 10% 73138 89P Series 
FSV 5% t/4w 21793 001737 

IOK .02% 500 Series 
100 OHM 5% 1/4W 81349 RC07GFlOlJ 
IOOK 5% 1/4w 81349 RC07GF104J 
47 OHM 5% 1/4w 81349 RC07GF470J 
82 OHM 5% ll4W at349 RC07GF820J 
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980453 

403774 Assy.. PCB, RMS AC CONVERTER conrinued 

REF KEITHLEY MANU 
DES P/N DESCRIPTION FSC P/N 

K70 000513 RES CARBON 51 K 5% 1/4w at349 RC07CFS 13J 
R71 001737 RES CARBON FSV 5% l/4W 21793 001737 
R72 0l0618 RES METAL 200 K .25% l/lOW 81349 RNSSC2003C 
R73 010536 RES METAL IOOK T-O 1% l/low 81349 RNSSCl003F 
R74 403865 TRANS DUAL LOG TRANS KIT 21793 403865 
R75 403665 TRANS DUAL LOG TRANS KIT 21793 403865 
R76 010496 RES METAL IM T-O 1% 1/8W 81349 RN60Dl004F 
R77 00022 1 RES CARBON 220 OtIM 5% 1/4w 81349 RC07GF22 1 J 
R78 000221 RES CARBON 220 OHM 5% 1/4w 81349 RC07GF2211 
R79 001737 RES CARBON FSV 5% 1/4w 21793 001737 
R80 00 I 73 7 RES CARBON FSV 5% 1/4W 21793 001737 
KM1 000682 RES CARBON 6.8 K 5% 1/4w 81349 RC07GF682J 
R82 001737 RES CARBON FSV 5% l/4W 21793 001737 

Sl 600742 SWITCH SLIDE G-III 79727 G-111 
s2 600742 SWITCH SLIDE G-III 79727 c-1,1 1 

TPI 600591 POST TEST POINT 85931.6 00779 85931.6 
TP2 600591 POST TEST POINT 8.5931-6 00779 85931.6 
TP3 600591 POST TEST POINT 85931.6 00779 85931.6 
TP4 600591 POST TEST POINT 85931.6 00779 85931.6 
TPS 600591 POST TEST POINT 8593 I-6 00779 85931.6 
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9x0453 

403674 - Assy., PCB, SCALING AMPLIFIER (Figure 6.21) 

REF r DES 

BI 
B2 

Cl 
c2 
c3 
c4 
CS 
C6 
c7 
C8 
c9 
Cl0 
Cl1 
Cl2 
Cl3 
Cl4 
Cl5 
Cl6 
Cl7 
Cl8 
Cl9 
c20 
C2I 
c22 
C23 
C24 
c25 
C26 
C28 
C29 
C3l 
C32 
c33 
c34 
c35 
C36 
c37 
C38 
c39 
c40 
c41 

EITHLJ? 
P/N 

920563 
920563 

130127 
130116 
120275 
130115 
120274 
100017 
100075 
130124 
100100 
130123 
100050 
100061 
100084 
120090 
100077 
100075 
100075 
100077 
130125 
130125 
110141 
110140 
I10140 
I10140 
110126 
101174 
110126 
110126 
II0140 
lOciI 
100081 
110126 
100017 
100017 
110126 
100017 
100017 
100017 
110126 

DESCRIPTION 

BEAD 
BEAD 

CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 

SHlELDINC 56-59065.48 
SHIELDING 56-59065-48 

TRIMMER 1040 PFD 
MlCA 
POLY 
MICA 
POLY 
CERAM 
CERAM 
CERAM 
CERAM 
CERAM 
CERAM 
CERAM 
CERAM 
MYLAR 
GLASS 
CERAM 
CERAM 
GLASS 
PORCE 
PORCE 
TANTA 
TANTA 
TANTA 
TANTA 
TANTA 
CERAM 
TANTA 
TANTA 
TANTA 
CERAM 
CERAM 
TANTA 
CERAM 
CERAM 
TANTA 
CERAM 
CERAM 
CERAM 
TANTA 

4000 PFD SOOV 
1000 PFD 500/630 V 
346 PFD SOOV 
87 PFD 500/630 V 
.Ol MFD IOOV 
10 PFD 1000 V 

1.7.IOPFD 250 v 
FSV IO0100 

I-3 PFD 250 v 
2.2 PFD 1000 V 
39 PFD 1000 V 

I St.5 PFD looOV 
.22 MFD 600V 
7.5 PFD SOOV 
IOPFD IOOOV 
IOPFD 1000 v 

7.5 PFD SOOV 
.8-10 PFD 250 v 
.8-I 0 PFD 250 v 

22 MFD IS v 
47MFD 6V 
47MFD 6V 
47MFD 6V 
6.8 MFD 35 v 

,001 MFD 500 v 
6.8 MFD 35 v 
6.8 MFD 35 v 
47MFD 6V 
.Ol MFD IOOV 
4.7PFD IOOOV 
6.8 MFD 35 v 
.Ol MFD IOOV 
.Ol MFD IOOV 
6.8 MFD 35 v 
.Ol MFD IOOV 
.Ol MFD IOOV 
.Ol MFD IOOV 
6.8 MFD 35 v 

2% 
2.5% 

2% 
2.5% 
20% 
5% 

5% 
5% 

5% 
5% 
5% 
5% 
5% 

20% 
20% 
20% 
20% 
2Wh 
10% 
20% 
2c?x 
20% 
2Wh 

20% 
2m 
20% 
20% 
20% 
20% 
2@7c 
2% 

FSC 

02114 
021 I4 

MANU 
P/N 

56-5906548 
56-59065-48 

52763 IOS-TRlK0.24N750 
72136 DM 19F402GO 
08257 KSC Series 
72136 DM 15 F346OCO 
08257 KS0 Series 
56289 C0238101F103M 
56289 CO3OB I02EI OOJ 
52763 R-TRIK0.I 22.09SD 
21793 100100 
52763 R-TRIKO.122.09SD 
56289 CO3OB I02S2R2D 
56289 CO3OB I02G390J 
56289 C030Bl02SIRSD 
27556 ZAllOlJ 
95275 VYIOCA’IRSJA 
56289 C030Bl02El00J 
56289 C030B I02El OOJ 
95275 VYIOCA7RSJA 
91293 JMC2951 
91293 JMC2951 
05397 T368B226MOl5AS 
05397 T368B476M006AS 
05397 T368B476MOO6AS 
cl5397 T3688476M006AS 
05397 T368B685M03SAS 
34222 SCD-DI-2XSF.1000 
05397 T368B68SM035AS 
05397 T368B685M035AS 
05397 T368B476M006AS 
56289 C023Bl0lFl03M 
56289 C0308102E4R7D 
35397 T368B685M03SAS 
56289 C023Bl0lFl03M 
56289 C023BIOIFl03M 
35 397 T368B685M035AS 
56289 C023BIOIFl03M 
56289 C023BIOIFl03M 
56289 C023Bl01Fl03M 
x397 T368868SM035AS 
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403674 - Assy.. PCB, SCALING AMPLIFIER conrinued 

c45 
C46 
CRI 
CR2 
CR3 
CR4 
CR6 
CR9 
CRIO 
CR11 
CR12 
CR13 
CR15 
CR16 
CR17 
CRIB 
CR19 

I00074 CAP CERAM 5 PFD 
100017 CAP CER.AM .Ol MFD 
10008 I CAP CERAM 4.7 PFD 
211083 DIODE SILICO 
211083 DIODE SILICO 
211083 DIODE SILICO 
200197 TRANS SILICO NPN 
200 I97 TRANS SILICO NPN 
21 IOU3 DIODE SILICO 
211083 DIODE SILICO 
220004 DIODE SILICO ZENER 
220004 DlODE SILICO ZENER 
220004 DIODE SlLlCO ZENER 
220020 DIODE SILICO ZENER 
210017 DIODE MATCHED PAIR 
210017 DIODE MATCHED PAIR 
210017 DIODE MATCHED PAIR 
210017 DIODE MATCHED PAIR 

IOOOV 
IOOV 20% 

1000 v 
018 
018 
018 
WS-HI0 
hWS.HIO 
018 
018 
lN961B 
IN96lB 
IN9618 
I N4370 

56289 :03OB I02ESROD 
56289 :023BIOIFl03M 
56289 :030Bl02E4R7D 
21793 211083 
21793 211083 
21793 211083 
04713 UPSHIO 
04713 1IPS-HI0 
21793 211083 
21793 211083 
81349 IN961B 
81349 lN96lB 
81349 lN961B 
81349 IN4370 
21793 210017 
21793 210017 
21793 210017 
21793 210017 

Kl 310078 RELAY REED R2690.3 IS636 R2690.3 
K2 310077 RELAY REED R2691.3 I5636 R269 I .3 
K3 310078 RELAY REED R2690.3 15636 R2690.3 

LI 310068 CHOKE RF I/JJJ 1X37-12 99800 1537.12 

Q] 200197 TRANS SILICO NPN MPS-HI0 04713 MPS-HI0 
Q2 200161 TRANS SELECTED FET E.415 17856 F415 
Q3 200 I97 TRANS SILlCO NPN MPSHIO 04713 MPS-HlO 
Q4 200197 TRANS SlLICO NPN MPS-HI0 04713 MPSHlO 
QS 200197 TRANS SILICO NPN MPS-HI0 04713 MPSHIO 
Q6 200197 TRANS SILICO NPN MPS-HI0 04713 MPS-HI0 
Q7 200178 TRANS PNP 2NS910 81349 2N5910 
Q8 200197 TRANS SILICO NPN MPSHIO 04713 MPSHIO 
Q9 200178 TRANS PNP 2N5910 81349 2N5910 
QII 200197 TRANS SILICO NPN MPS-HI0 04713 MPS-HI0 

RI 010721 
R2 010720 
R3 040228 
R4 000152 
R5 010721 

RES 
RES 
POT 
RES 
RES 

METAL 1.1324K 
METAL 9.09 K 
CERMET 500 OHM 
CARBON I.5 K 
METAL I 1.000 K 

Matched Set 81349 RN60 
T-2 .25% l/IOU 81349 RNSSC909lC 

IW 73138 89PR500 
5% 1/4w 81349 RC07GFl52J 

Matched Set 81349 RN60 

7.38 
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980453 

403674 - Assy., PCB, SCALING AMPLIFIER continued 

I 
l 
I 
I 
I 
I 
1 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

1 

I 

DESCRIPTION 

RNS5C787lF 

R29 000223 RES CARBON 22K 5% 1/4w 81349 RC07GF223J 
R30 00062 I RES CARBON 620 OHM 5% l/4W 81349 RC07GF62lJ 
R3l 000682 RES CARBON 6.8 K 5% l/4W 81349 RC07CF6821 
R32 000680 RES CARBON 68 OHM 5% l/4W 81349 RC07GF680J 
R33 000680 RES CARBON 68 OHM 5% l/4W 81349 RC07GF680J 
R34 000160 RES CARBON l6OHM 5% l/4W 81349 RC07CFl60J 
R35 00024 I RES CARBON 240 OHM 5% l/4W 81349 RC07CF241 J 
R36 001737 RES CARBON FSV 5% l/4W 21793 001737 
R39 000301 RES CARBON 300 OHM 5% l/4W 81349 RC07CF30lJ 
R40 000103 RES CARBON 10K 5% 1/4w 81349 RC07CFl03J 
R41 000101 RES CARBON 100 OHM 5% l/4W 81349 RCO’ICFIOIJ 
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403627 - Assy., PCB, OHMS CONVERTER (Figure 6.23) 

REF EITHLEJ 
DES P/N 

Cl 
c2 
c3 
c4 
CS 
C6 
C7 
CX 
c9 
Cl0 
Cl1 

120034 
120004 
120004 
100017 
lOOOl2 
100017 
120227 
120227 
100012 
100071 
100017 

CRI 
CR2 
CR3 
CR4 
CR5 
CR6 
CR7 
CR8 
CR9 
CR10 
CRI I 
CR12 
CR13 
CR14 
CR15 
CR16 
CR17 
CR18 
CR19 
CR20 
CR21 

22001 I 
220015 
211083 
211083 
211083 
211083 
211083 
211083 
2 I 0048 
211083 
211083 
211083 
211083 
211083 
211083 
211083 
211083 
211083 
211083 
211083 
211083 

KI 
K2 
K3 
K4 
KS 
K6 

310077 
310077 
3101 I3 
310077 
310077 
310077 

DESCRIPTION 

CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 

PDLY 
POLY 
POLY 
CERAM 
CERAM 
CERAM 
PDLY 
FOLY 
CERAM 
CERAM 
CERAM 

DIODE SILICO 
DIODE SILICO 
DIODE SILICO 
DlODE SILICO 
DIODE SILICO 
DIOlJE SILICO 
DIODE SILICO 
DIODE SILICO 
DIODE 
DIODE SILICO 
DIODE SlLICO 
DIODE SILICO 
DIODE SILICO 
DIODE SILICO 
DIODE SILICO 
DIODE SILICO 
DIODE SlLlCO 
DIODE SILICO 
DIODE SILICO 
DIODE SILICO 
DIODE SILICO 

RELAY REED 
RELAY REED 
RELAY REED 
HELAY REED 
RELAY KEED 
RELAY REED 

100 PFD 630 V 
,001 MFD 500 v 
,001 MFD SOOV 

.Ol MFD IOOV 
33 PFD 500 v 
.Ol MFD 100 v 

220 PFD 630 V 
220 FFD 630 V 
33 PFD 500 v 

.M)l MFD 1OOOV 
.Ol MFD IOOV 

ZENER I N968B 
ZENER 1 N967B 

018 
018 
018 
018 
018 
018 
600 V 
018 
018 
018 
018 
018 
018 
018 
018 
018 
018 
018 
018 

R2691-3 
R2691.3 
R4092.3 
R269 I .3 
R2691.3 
R2691.3 

FSC 
MANU 

P/N 

08257 KS0 Series 
08257 KS0 Series 
08257 KS0 Series 
56289 C023BlOIFl03M 
71471 TCD-DI-l(N750) 
56289 C023BlOlFl03M 
08257 KSD Series 
08257 KS0 Series 
71471 TCD.DI.l(N750) 
56289 C023BlO2El02M 
56289 C023Bl0lFl03M 

81349 I N968B 
81349 I N967B 
21793 211083 
21793 211083 
21793 211083 
21793 211083 
21793 211083 
21793 211083 
81349 I N4005 
21793 211,083 
21793 211083 
21793 211083 
21793 211083 
21793 211083 
21793 211083 
21793 211083 
21793 211083 
21793 211083 
21793 211083 
21793 211083 
21793 211083 

15636 R2691.3 
15636 R269 I-3 
15636 R4092.3 
15636 R2691.3 
15636 R2691.3 
IS636 R2691.3 
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403627 - Assy., PCB, OHMS CONVERTER conrinued 

REF 
DES 

EITHLE 
P/N 

Ql 200101 TRANS FET 
Q2 200200 TRANS 
43 200191 TRANS 
Q4 200200 TRANS 
QS 200200 TRANS 
Q6 200201 TRANS DUAL 
47 200201 TRANS DUAL 
QS 200201 TRANS DUAL 
Q9 200088 TRANS SILICO 
QIO 200200 TRANS 
Qll 200088 TRANS SILICO 
Ql2 200068 TRANS 
Q13 200198 TRANS 
414 200198 TRANS 
QIS 200068 TRANS 
Q16 200198 TRANS 
417 200198 TRANS 
Ql8 200200 TRANS 
Q19 200200 TRANS 
Q20 200088 TRANS SILICO 
421 200088 TRANS SILICO 
Q22 200088 TRANS SILICO 
Q23 200088 TRANS SILICO 
Q24 200200 TRANS 
Q25 200200 TRANS 

RI 000104 
R2 000103 
R3 001737 
R4 030005 
RS 040235 
R6 010598 
R7 010137 
RU 010780 
R9 040235 
RIO 000107 
RI1 000755 
RI2 010897 
RI3 010897 
R14 010598 
RI5 010337 
RI6 010777 

RES CARBON 
RES CARBON 
RES CARBON 
RES CARBON 
POT CERMET 
RES METAL 
RES METAL 
RES METAL 
POT CERMET 
RES CARBON 
RES CARBON 
RES MATCHED PAIR 5.331 K 
RES MATCHEDPAIR UK 
RES METAL 20K 
RES METAL IOM 
RES METAL 39.99 K 

DESCRH’TION FSC 

NPN 
PNP 
NPN 
NPN 
NPN 
NPN 
NPN 
PNP 
NPN 
PNP 
PNP 
PNP 
PNP 
PNP 
PNP 
PNP 
NPN 
NPN 
PNP 
PNP 
PNP 
PNP 
NPN 
NPN 

IOOK 
IOK 
FSV 

IOOK 
IOOK 
20K 

100 OHM 
499 K 
IOOK 
IOOM 
7.5 M 

2N5245 
200200 
2Nl305 
200200 
200200 

200201 
200201 
2N4248 
200200 
2N4248 
2N4250 
MPSA92 
MPSA92 
2N4250 
MPSA92 
MPSA92 

2N4248 
2N4248 
2N4248 
2N4248 
200200 
200200 

T-O 

T-9 

5% l/4W 81349 RC07GF I041 
5% l/4W 81349 RCO’ICFl03J 
5% l/4W 21793 001737 73961 
5% 2w 81349 RC42GF lO4J 

lC% 73138 89PRIOOK 
1% l/XW XI 349 RN60C2002F 
I% l/SW 81349 RN60DIOOOF 
I% l/SW 81349 RN60E4993F 

10% 73138 89PR100K 
5% l/4W 81349 RC07GFl07J 
5% l/4W 81349 RC07GF7SSJ 

01% 21793 010897 
,Ol% 21793 010897 

1% l/XW 81349 RN60C2002F 
1% I/ZW 91637 DCSI.2 

.I% l/lOW 81349 RNSSE 

MANU 
P/N 

81349 2N5245 
21793 200200 
81349 2Nl305 
21793 200200 
21793 200200 
21793 200201 
21793 20020 I 
21793 20020 I 
80131 2N4248 
21793 200200 
80131 2N4248 
80131 2N4250 
04713 MPSA92 
04713 MPSA92 
80131 2N4250 
04713 MPSA92 
04713 MPSA92 
21793 200200 
21793 200200 
80131 2N4248 
80131 2N4248 
80131 2N4248 
80131 2N4248 
21793 200200 
21793 200209 

l- 
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403627 - Assy., PCB, OHMS CONVERTER conrimed 

REF 
DES 

RI7 
R18 
RI9 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R29 
R30 
R31 
R32 
R33 
R34 
R35 
R36 
R37 
R38 
R39 
R40 
R4l 
R42 
R43 
R44 
R45 
R46 
R47 
R4R 
R49 
RSO 
KS1 
R52 
RS3 
R54 
RSS 
R56 
R57 
RSU 

7-12 

XITHLE 
P/N 

- 
010337 
000136 
010780 
OlOl20 
010431 
040235 
010598 
010780 
010780 
010784 
010780 
000393 
0001 I2 
001816 
001816 
000202 
000205 
000205 
0 I 0900 
040235 
010536 
000205 
000205 
010901 
000203 
000203 
040226 
020669 
040230 
0206 I2 
040234 
010655 
0 IO898 
010x99 
040235 
010656 
000203 
000203 
000203 
040234 
001759 
000470 

DESCRIPTION FSC 

RES METAL IOM I% l/2W 
RES CARBON l3M 5% 1/4w 
RES METAL 499 K I% l/SW 
RES METAL 68.1 K T-O I% l/XW 
RES METAL 511 K I% l/SW 
POT CERMET IOOK .lWh 
RES METAL 20K 1% I/XW 
RES METAL 499 K I% l/XW 
RES METAL 499 K 1% I/SW 
RES METAL 4.7 M I% 
RES METAL 499 K I% l/XW 
RES CARBON 39 K 5% l/4W 
RES CARBON I.1 K 5% l/4W 
RES CARBON 47 K 5% 2w 
RES CARBON 47 K 5% zw 
RES CARBON 2K 5% l/4W 
RES CARBON 2M 5% l/4W 
RES CARBON 2 Mu 5% l/4W 
RES METAL 4000.4 OHM .Ol% 
POT CERMET IOOK 10% 
RES METAL IOOK T-O 1% l/lOW 
RES CARBON 2M 5% l/4W 
RES CARBON 2M 5% l/4W 
RES METAL 445.71 OHM .OS% 
RES CARBON 20K 5% l/4W 
RES CARBON 20K 5% l/4W 
POT CERMET 100 OHM 10% 
RES ww 100.050 K .02% 
POT, CERMET 2K 10% 
RES ww 1.009 M .OS% l/4W 
POT CERMET SOK 10% 
RES METAL I 1.086 M T-9 .I% 
RES METAL 20K .OS% 
RES METAL SK .Ol% 
POT CERMET IOOK 10% 
RES METAL 19.948 M T-9 .I% 
RES CARBON 20 K 5% l/4W 
RES CARBON 20K 5% l/4W 
RES CARBON 20K 5% 1/4W 
,PGT CERMET SO K IWh 
RES CARBON 5.1 OHM 5% 1/4w 
RES CARBON 47 OHM 5% lj4W 

MANU 
P/N 

91637 DCS l-2 
81349 RC07GFl36J 
81349 RN60E4993F 
81349 RN60D6812F 
81349 RN6OCSl13F 
73138 89PRItXJK 
81349 RN60C2002F 
81349 RN60E4993F 
81349 RN60E4993F 
91637 DC- I/4 
81349 RN60E4993F 
81349 RC07GF393J 
81349 RC07GFl12J 
01121 See Descrpt. 
01121 See Desctpt. 
81349 RC07GF202J 
81349 RC07GFZOSJ 
XI 349 RC07GF205J 

73138 89PRIOOK 
XI 349 RNSSCl003F 
81349 RC07GF205J 
81349 RC07GF20SJ 

81349 
81349 
73138 
22045 
73138 
22045 
73138 
03888 

73138 
03888 
81349 
81349 
81349 
73138 
81349 
81349 

RC07GF203J 
RC07GF203J 
89P Series 
J-160 
89PRZK 
J-120 
89PRSOK 
PME70 
500 Series 
500 Series 
89PR100K 
PME75 
RC07GF203J 
RC07GF203J 
RC07GF203J 
89PRSOK 
RCO’IGFSRIJ 
RC07GF470J 



9x0453 

403627 Assy., PCB, OHMS CONVERTER continued 

REF KEITHLEY MANU 
DES P/N DESCRIPTION FSC P/N 

ARI 230054 INTEGRATED CIRCUIT LM30lA 27014 LM30lA 
AR2 230054 INTEGRATED CIRCUIT LM30lA 27014 LM30lA 

7.43 



YXO4.53 

40.3673 - Assy.. PCB, 4.WIRE RATIO (Figure 6.25) 

r KEF K 
DES 

EITHIE’ 
P/N DESCRIPTION 

Cl 100012 
c2 100017 
c3 100012 
c4 110158 
cs 100017 
Ch I20308 
c7 120312 

Ql 
Q2 

200200 
200200 

Rl 
R2 
R3 
R4 
R5 
R6 
R7 
RS 
R9 
RIO 
RI1 
RI2 
RI3 
RI4 
RI5 

010033 
010033 
010621 
010621 
010787 
010787 
000 IO0 
010787 
040229 
040229 
000100 
040235 
000100 
000390 
010787 

ARI 230145 
AR2 230127 
AR3 230145 

CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 

CERAM 
CERAM 
CERAM 
TANTA 
CERAM 
PGLY 
PGLY 

TRANS 
TRANS 

RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
POT 
POT 
RES 
POT 
RES 
RES 
RES 

INTEGRATED CIRCUIT 

METAL 
METAL 
METAL 
METAL 
METAL 
METAL 
CARBON 
METAL 
CERMET 
CERMET 
CARBON 
CERMET 
CARBON 
CARBON 
METAL 

33 PFD 
.Ol MFD 
33 PFD 
10 MFD 

.Ol MFD 
,047 MFD 
.022 MFD 

NPN 
NPN 

49.9 K 
49.9 K 
49.9 K 
49.9 K 

20 K 
20 K 
IO OHM 
20K 

IK 
IK 

IOOHM 
IOOK 
IOOHM 
39 OHM 
20K 

INTEGRATED CIRCUIT 
INTEGRATED CIRCUIT 

500 v 
100 v 
500 v 
50 v 

IOOV 
250 v 
250 v 

T-O 
T-O 
T.0 
T-O 

10% 
2@% 
10% 
10% 
20% 
1% 
10% 

I% I/XW 
I% l/8W 
1% l/lOW 
1% l/lOW 

.02% 

.02% 
5% 1/4w 

.02% 
10% 
10% 
5% 1/4w 

100/o 
5% l/4W 
5% 1/4w 

MATCHED SET 
SSS725CJ 
MATCHED SET 

FSC 
MANU 

P/N 

71471 TCD-DI-I(N750) 
56289 C023BIOIFl03M 
71471 TCD-DI-l(N750) 
05397 T362Cl06KOSOA 
56289 C023B I01 F lO3M 
73445 CZBOMAE/A47K 
73445 C280MAE/A22K 

21793 
21793 

200200 
200200 

81349 RN60D4992F 
81349 RN60D4992F 
81349 RN55C4992F 
81349 RN55C4992F 
18612 v53-I 
18612 v53-1 
81349 RC07CFlOOJ 
IS612 v53-I 
73138 89PRIK 
73138 89PRIK 
81349 RC07GFlOOJ 
73138 89PRlOOK 
81349 RCO’IGFIOOJ 
81349 RC07GF3901 
18612 v53-I 

21793 230145 
06665 SSS725CJ 
21793 230145 
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980453 

403659. Assy., REAR PANEL 

REF IKEITHLEI 
DESCRIPTION FSC 

FUSE SLOW 

CONNECTOR 

SWITCH PWR 
SWITCH DPDT 

TRANSFORMER 

FUSEHOLDER 

.SOA 25ov 

RE CPT 

SPST 

POWER IISV 

3AG MINATURE 

75915 3AG I j2ASB 

82389 EAC-30 I 

10389 26.099. IO0 
R2389 46256LFR 

21793 300073 

75915 342 004 

MANU I 
P/N I 



403850 -.- Assy., SWITCHABLE FRONT-REAR INPUT 

DESCRIPTION 

SWITCH, SLIDE, DPD’l 

7.46 
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