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WARNING

HIGH VOLTAGE

iz usaed in the operation of this eguipment

DEATH ON CONTACT

may result if personnal fail to ohserve safety precautions

TO AVOID ELECTRICAL SHOCK HAZARD, THE OPERATOR SHOULD NOT
ELECTRICALLY CONTACT THE OUTPUT H! OR SENSE Hi TERMINALS OF THE
INSTRUMENT. DURING NORMAL OPERATION OR SYSTEM SELF TEST, LETHAL
VOLTAGES OF UP TO 1100V DC MAY BE PRESENT ON THESE TERMINALS. IN
THE EVENT OF MULTIPLE INSTRUMENT FAILURES, LETHAL VOLTAGES OF UP
TO 1400V DC MAY BE PRESENT ON THESE TERMINALS.

Never work on the instrument unless there is another person nearby who is familiar with the
operation and hazards of the equipment and who is competent in administering first aid. When the
technician is aided by operators, ha must warn them about dangerous areas.

Whenever possible, the power supply to the equipment must be shut off before beginning work on
the equipment. Take particular care to ground every capacitor likely to hold a dangerous potential.
When working inside the equipment, after the power has been turned off, always ground every part
before touching it. "

Be careful not to contact high-voltage connections for the line power ac input connections when
installing or operating this equipment.

Whenever the nature of the operation permits, keep one hand away from the equipment to reduce
the hazard of current flowing through vital organs of the body.




FIRST AID
FOR ELECTRIC
SHOCK

RESCUE
FREE VICTIM FROM CONTACT WITH LIVE CONDUCTOR QUICKLY.

AVOID CONTACT WITH EITHER LIVE CONDUCTOR OR VICTIM’S BODY.

Shut off high voltage at once and ground circuit. |f high voltage cannot
be turned off quickly, ground circuit.

An ax with a dry wooden handle may be used to cut high voltage line. Use
extreme caution to avoid resulting electric flash.

If circuit cannot be broken or grounded, use a dry board, dry clothing,
or other nonconductar to free victim.

SYMPTOMS
NEVER ACCEPT ORDINARY AND GENERAL TESTS FOR DEATH.

Symptoms of electric shock may include unconsciousness, failure to breathe,
absence of pulse. pallor, and stiffness, as well as severe burns. WHENEVER
VICTIM 1S NOT BREATHING PROPERLY, GIVE ARTIFICIAL RESPIRATION.

TREATMENT
START ARTIFICIAL RESPIRATION IMMEDIATELY.

Perform artificial respiration at scene of accident, unless victim’s or operator's life
is andangered. IN THIS CASE ONLY, remove victim to safe location nearby. If
new location is more than a few feet away, give antificial respiration while victim
ts being moved.

After starting artificial respiration, continue without loss of rhythm for at least

FOUR HOURS, or until victim is breathing without help. If you have to change
operators while giving artificial respiration, do so without losing rhythm of respiration.

AFTER VICTIM REVIVES

Be prepared to resume artificial respiration, as he may stop breathing again.

When victim is COMPLETELY CONSCIOUS, give him a stimulant (NOT AN ALCOHOLIC
DRINK) such as a teaspoonful of aromatic spirits of ammonia in a small glass of water,
hot coffee, or hot tea.

Keep victim warm and lying down until he has been conscious for at least fifteen minutes.




POSITION VICTIM

Flace victim in face-upward position and kneel ¢lose to his ear.

CLEAR THROAT

Turn head to one side and quickly wipe out any fluid, mucus, or
foreign body from mouth and throat with fingers.

OPEN AIR PASSAGE

Tilt head back and extend neck to open air passage.

LIFT JAW FORWARD

Place thumb in victim's mouth and grasp jaw firmly. Lift jaw
forward to pull tongue out of air passage. Do not attempt to
hold or depress tongue,

PINCH NOSTRILS CLOSED

With other hand pinch nostrils closed to prevent air leak.

FORM TIGHT SEAL WITH LIPS

Rescuer's wide-open mouth completely surrounds and seals
open meuth of victim. This is not a kissing or puckered
- position — mouth of rescuer must be wide-open,

BLOW

Exhale firmly into victim's mouth until chest is seen to lift.
This can be seen by rescuer without difficulty.

REMOVE MOUTH AND INHALE

During this time, rescuer can hear and feel escape for air from
lungs. Readjust position if air does not flow freely in and
out of victim’s lungs.

Continue at a rate of 12 to 20 times per minute.

Breathing should be normal in rate with only moderate increase
in volume, so that rescue breathing can be continued for long
periods without fatigue. Do not breathe too forcibly or too
large a volume if victim is an infant or asmail child,
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5440 Series

| Section 1
Introduction and Specifications

THE MANUAL SET ‘ - 14

The Fluke 5440B/5442A Direct Voltage Calibrators are documented by an Operator Manual
and a Service Manual. The Operator Manual contains all the information necessary to install
and operate the Calibrators including periodic internal and external calibration. The Service
Manual contains information to maintain, diagnose, calibrate, and repair the instruments.

THE SERVICE MANUAL | o 1-2

The 5440 Series Service Manual documents the 5440B/5442A Direct Voltage Calibrators. The
Service Mannal includes a theory of operation, general maintenance procedures, performance

. tests, calibration procedures, troubleshooting information, a list of replaceable parts, and
schematic diagrams. The Service Manual, however, does not document the 5440A Calibrator.
Feor information regarding the 5440A Calibrator, refer to the 5440A Service Manual (P/N
611683),

SHIPPING INFORMATION 1-3

The 5440B/5442A is packaged and shipped in a foam-packed container. Upon receipt of the
instrument, make a thorough inspection to reveal any possible shipping damage. Special
instructions for inspection and claims are included on the shipping container.

If reshipment of the instrument is necessary, the original container or an equivalent should be
used. Do not usc ioose fill packaging material. Loose fill can allow the instrument to settle to
one corner of the carton where the instrument can be damaged during shipment. As a
minimum, surround the instrument with two to three inches of resilient material or
foam-in-place packing.

SERVICE INFORMATION 14

Each Fluke 5440B/5442A Direct Voltage Calibrator is warranted for a period of one year
upon delivery to the original purchaser. The Warranty is located at the front of this manual.

Factory authorized service (including calibration) for the 5440B/5442A is available at selected
Fluke Technical Service Centers. For service and or calibration, contact the nearest Fluke
Technical Service Center. The local technical service center will help get the required service
for the instrument. A list of Fluke Technical Service Centers is given in Section 7. If
requested, an estimate will be provided before work is begun on instruments that are beyond
the warranty period.
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ACCESSORIES 1-5

The accessories available for use with the 5440B/5442A are listed in Table 1-1. All necessary
service information for accessories is provided in Section 6.

SPECIFICATIONS 1-6

Specifications for the 5440B/5442A are contained in Tables 1-2 and 1-3 at the end of this
section. The outside dimensions of the 5440B/5442A are shown in Figure 1-1.

Tahie 1-1. Accessories

MODEL NUMBER DESCRIPTION

5440A-7001 Procedure Storage Module. (FOR5440B ONLY)
Stores up to 60 front panel settings of the 54408,
Non-volatile EAROM. Self contained.
5440A-7002 Low Thermal EMF Plug-in Cables,

Three special length cables with shielded leads.

Y&021 IEEE-488 Compatible Cable {Armored), one meter length,
Y8022 IEEE-488 Compatible Cabtle (Armored), two meter length.
Y8023 IEEE-488 Compatible Cable (Armored), four meter length.
Y5001 Interface Cable for the 5205A. (FOR 54408 ONLY)

Y5002 Interface Cable for the 5220A. (FOR 54408 ONLY)

Y5003 R5-232-C Cable for the 17768 Printer, 5 foot fength

Y5004 RS-232-C Cable for the 1776E Printer, 10 foot length
Y1709 R5-232-C Cable for the 1780A Display.
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17 in
43,180 cm

62.865 cm

8% in
22.225 cm

Figure 1-1. Quttine Dimension Drawing

Table 1-2. General Spacifications

Spacifications apply to 54408 and 5442A unless otherwise noted.

Qutput Voltage: 0 to 1100V
Output Current: (see resclution specification)

54408

Output Uncertainty Compared to Calibration Standards, £5°C

RANGE

UNCERTAINTY SPECIFICATION: £(PPM OF OUTPUT + MICROVOLTS)

30 DAYS

90 DAYS

180 DAYS

1 YEAR

oV to 11V
11V 10 22V
22V to 275V
275V to 1100V

1.6 45V
1.5+ 8wV
2.5+ 100 uV
2.5 + 400 uv

20+5N

20+8uV
3.5 4 100 pV
3.5 + 400wV

254+5uv

25+8uV
4.5 + 100 pv
4.5 + 400 v

35+5uV
35+ 8uV
6.0 + 100 uV
6.0 + 400 pv

DIVIDED QUTPU

0-220 mV
0.22-2.2V

44+ 0.5V
31

5+05uV
45+ 1.0V

8.5+ 0.5 v
6+ 1.0V

10 + 0.5 gV

8+1.0uv

L e et bt e se———rrr ik
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Table 1-2. General SpecHications (cont)

5442A;

Output Uncertainty Compared to Calibration Standards, £5°C

RANGE

UNCERTAINTY SPECIFICATION: =(PPM OF QUTPUT + MICROVOLTS)

30 DAYS

90 DAYS

180 DAYS

1 YEAR

oV to 11V
11V o 22V
22V o 275V
275V to 1100V

2545V
25 +8uV
3.0+ 100 uv
3.0 + 400 wV

3.0 45 uV
3.0 + 84V
3.5 + 100 wV
4.0 + 400 @V

4.5 + 5 v
45+ 8 v
5.0 + 100 uv
8.5+ 400 uV

6.5+ 5V
6.5 + 8 pV

7.0+ 100 WV

8.0 + 400 uV

DIVIDED QUTPUT

0-220 mVY
0.22-2.2v

6+ 0.5 uV
4+ 1V

7+ 05wV
B+ 1.0mV

9+ 0.5V
8410w

12 + 0.5 v
11+ 1.0V

Uncertainty of Cafibration Standards (Fluke 732A and 752A) Compared to National Standards

RANGE

UNCERTAINTY OF STANDARLS

oV ta 11V
11V to 22V
22V to 2758V
275V to 1100V

1.5 PPM
1.5 PPM
1.7 PFM
2.0 PPM

oV to 220 mv
0.22 to 2.2V

4.0 PPM
20PPM

Output Uncertainty Compared to Natonal Standards
The cutput uncertainty compared to national standards for the 54408 and 5442A are defined as the
algebraic sum for each range of the putput uncerainty compared to national standards. The
specifications far uncertainty of calibration standards listed above are those for the Fluke 732A and
Fluke 752A. If other standards are used, the uncertainty of those standards must be substituted.

Qutput Stability

Specifications apply for initial stabilizations of two hours, constant ambient temperature of
X1°C, constant line voltage, constant load, and measurement bandwidth of 0.1 Hz to 1 Hz.

RANGE

T(PPM OF SETTING + FLOCR)

10 MINUTES

24 HOURS

30 DAYS®

v ic 11V
11V to 22V
22V 1o 275V
275V to 1100V

0.2 +2 uV

02+3uV
0.3+ 40 v
0.3 + 200 uv

0.3+3uv

0.4 + 4 v
0.3+ 50V
0.3 + 200 uV

05+ 3uv

05+ 4.5uv
1.0+ 60 4V
1.0+ 300 wv

DIVIDED QUTPUT

0 mVto 220 mV
022V to 2.2v

0.5+02u/
05402V

05+02u
05 +05uY

2+ 0.3V
2+ 07 uv

‘For best rasults, use internal calibration for periods exceeding one day.
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Table 1-2. General Specitications (éont)

Temperature Coefficlent of Output :
Thesa specifications apply for ambient temperatures outside the £5°C range of the uncertainty
specifications listed earlier.

+(PPM QF SETTING) PER *C
0-10°C 10-30°C 30-40°C “40-50°C
oV to 11V 0.15 ppm 0.1 ppm 0.4 ppm " 1.0 ppm
11V to 22V 0.15 ppm 0.1 ppm 0.4 ppm 1.0 ppm
22V to 275V 0.2 ppm 0.2 ppm 0.6 ppm 1.5 ppm
275V to 1100V 0.2 ppm 0.2 ppm 1.0 ppm 1.5 ppm
DIVIDED QUTPUT
0-220 mV 0.5 ppm 0.5 ppm 0.5 ppm 1.2 ppm
0.22-2.2v 0.5 ppm 0.5 ppm 0.5 ppm 1.2 ppm

RANGE

Linearity

These specifications apply for the ambient temperature range of 15°C 10 30° Cwithin £5° C of the
external calibration temperature.

RANGE +PPM OF QUTPUT + MICROVOLTS)

0 mV to 220 mv ' 0.5 ppm + 0.2 4V
10,22V to 2.2V ‘ 0.7 ppm + 0.3V
oV to 11V 05 ppm + 1.5V
S 11V-to 23V : - 0.5 ppm
22V to 275V S 0.5 ppm + 40 wV
275V to 1110V , 1.0 ppm

RESOLUTION

MAXIMUM LOAD OR -
QUTPUT RESISTANCE

v to 1V 1uv 11.000000V ‘ 60 mA
11V to 22V 14V 22.000000V 860 mA
22V to 275V 10 uv 275.000000v 2b mA
275V to 1100V 100 W : 1100.0000V 25 mA

DIVIDED OUTPUT

0 to 220 mv 0.01 uv . 220.00000 mV 48501
0.22V to 2.2V 0.1 pv 2.2000000V. , ‘ 4500

RANGE RESOLUTION MAXIMUM SETT!NG-

QUTPUT NOISE

BANDWIDTH
0.1 HZ TO 10 HZ 10 HZ TO 10 KHZ

RANGE

0 mV to 220 mvV 0.1 4V 5 v
0.22V to 2.2V 0.2 WV 15 v
oV to 11V 1.5 4V 30 WV
11V to 22V 3.0 uv .50 4V
22V to 275V 35 WV 150 v
275V to 1100V 100 v 300 WV
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Tahle 1-2. General Specifications (cont)

Common Mode Rejection
Greater than 140 dB for frequencies from de to 400 Hz,

Qutput Settling Time
Time to settle within a given uncertainty band of final value, for a change in programmed output
within a given range.

F CHANGE*
RANGE +PARTS PER MILLION OF C

3 SBECONDS 5 SECONDS 10 SECONDS

0 mV to 220 mV,
0.22V to 2.2V,
OV to 11V, and

11V {0 22V

7 ppm 2 ppm 0.5 ppm

22V to 275V 3 ppm

275V to 1110V

*Add 0.5 seconds for any change in range up to 22V, 1.0 second for a change from 22V up, and 0.5
secands for a change from STBY to OPER.

Line Power Reguirements

NOMINAL
SETTING

VOLTAGE

F
LIMITS USE

TYPICAL POWER

100V
110V
118V
120V
200V
220v
230V
240V

90-110V
99-121V
103.5-126.5V

108-132V
180-220V
198-242V
207-253V
216-264V

2A/250V
2A/260V
2A/250V
2A/250V
1A/250V
1A/250V
1A/250V
1A/250V

84 watts when in
standby at nominal
line, 145 watts
when in 1100V
range 25 mA

output and high line

Line Regulation

Less than 0.1 ppm of range for a line voltage ¢hange £10% of nominal.

Load Regulation

Lessthan £0.1 ppm change of output for change from no-load to full-load or from full-load to no-lcad
for output load impedances greater than 80 ohms.




Table 1-3. Physical and Environmental Specifications

Temperature and Humidity

CONDITION

TEMPERATURE

% RELATIVE HUMIDITY
{NON-CONDENSING)

Non-Operating

Operating

-40°C to +75°C
0°C to +50°C

0to30°C
+30 to +40°C
+40 to +50°C *

Mot controlled
=05% 5%

=95% L£5% 1
Z75% 5%
=45% TH%

MNotes: ' Accuracy degradation above 80% R.H.
? Instrument accuracy is degraded above 40°C due to loss of oven regulation.

Aijtitude :
Non-Operating 0-12,200m (40,000 feet)
Qperating 0-3,050m (10,000 feet)

Vibration

FREQUENCY

FORCE FREQUENCY

DOUBLE AMFPLITUDE

5-15 Hz
15-25 Hz
25-55 Hz

0.7G at 15 Hz
1.3G at 25 Hz
3G at 85 Hz

0.06 in
0.04 in
0.02 in

5440 Series

Shock: 18 shocks, 20G, 1/2 sinewaves.

Slze: B1cm L x 43cm W x 24cm H {24.0in L x 17.0in W x 8.75in H).

Weight: 30.2 kg (66.4 Ib)

Warranty: 1 year, parts and labor (see specific warranty policy).

Compliance with External Standards

ANS! C39.5 Dec 1980

IEC 348 Second Edition 1978

EMI/RFi Review Standards EMI/RFI Conducted Emissions

FCC Rules Part 15, Subpart J VDE 0871

VDE 0871 , FCC Part 15 J Class

MIL 8TD 4618 CISPR 11
Radiated EMI/RFI Emissions
Meets or exceeds all VDE and FCC requirements.
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Section 2
Theory of Operation

INTRODUCTION ' , 241

This section contains the theory of operation for the 5440B/5442A. The theory of operation
is divided as follows:

s Functional Overview of Hardware: subdivided into digital, analog, and power supply
circuits, supported by block diagrams.

Detailed Circuit Analysis: subdivided into digital and analog circuits and supported by
the schematics in Section 8 of this manual. ' ‘

Functional Overview of Software: supported by block diagrams.

Discussion of internal/external calibration methods used in the 5440B/5442A.
(Additional information on internal/external calibration methods used in the
- 5440B/5442A is contained in the Appendix.) '

FUNCTIONAL OVERVIEW OF HARDWARE 2-2

The 5440B/5442A is composed of three basic types of circuits as illustrated in Figure 2-1.
These circuits are digital, analog, and power supply. The digital circuits control the analog
circuits and the operator interface, Digital circuits also control the IEEE-488, RS-232 port,
and Boost interfaces. The analog circuits generate and control the output of the
5440B/5442A.. The power supply circuits generate and control all internal operating voltages
for the 5440B/5442A. A guard circuit isolates the analog circuits and some of the power
supply circuits from the digital circuits. ‘ ‘

Digital Circuits - . ‘ . 2-3
The digital circuits are controlled by three microprocessors as illustrated in Figure 2-2. Use
divides the digital circuits into three areas: main contro} logic, front panel control logic, and
guarded control logic. Each area has an associated microprocessor. Central control for the
5440B/5442A is provided by the main control logic circuits. The main control logic indirectly
controls the analog circuits through the guarded contro] logic. The main control logic also

communicates with the operator through the front panel control logic and controls the
IEEE-488, RS-232, and Boost intetface ports (54408). :

MAIN CONTROLLOGIC o - 24

. - The main control logic circuits (as shown in Figﬁre 2-2) are not guarded and coin‘sist of the
central controller (the main microprocessor), main memory (Memory PCA), and
input/output circuits (I/O Assembly). : .
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POWER
I_m SUPPLY

ANALOG CALIBRATED
CIRCLUITS OuUTPUT

GUARDED @

|

|_ CIRCUITS

UNGUARDED |
CIRCUITS

CQPERATOR

DIGITAL IEEE-488
CIRCUITS INTERFACE

RS5-232-C
INTERFACE

BOOST
INTERFACE

Figure 2-1. Block Diagram

The main microprocessor generates all control sequences to the guarded control logic. These
sequences include instructions for satting the 5440B/3442A output to the programmed value
and comprehensive self-test and diagnostic procedures.

The 1/0 Asscmbly circuits allow the main microprocessor to comrmunicate over the
IEEE-488, RS-232, and Boost interfaces to remote devices (5440B), 5440B/5442A self-test
and diagnostic data is transmitted over the RS8-232 interface to a printer or monitor. The
Boost interface (5440B) drives and controls a 5220A or a 5205A during boost operation. The
IEEE-488 interface can be used to operate the 5440B/5442A from a remote station and

communicate with other IEEE-488 devices.

The 5440B/5442A 1s designed also to be controlled by the IEEE-488 interface. The main
microprocessor interprets messages from the external IEEE-488 interface controller and
sends the appropriate responses back over the IEEE-488 interface.

The main microprocessor communicates with the front panel microprocessor through a serial
data link to perform three main functions: front panel displays, operator interface (local
operation), and communicarion with the 5440A-7001 Procedure Storage Module (5440B).

During local operation, the front panel microprocessor interprets key entries (front panel
setups) and sends the information to the main microprocessor. The main microprocessor
responds with the appropriate control sequences to the guarded control logic. The guarded
control Jogic, in tum, drives the analog circuits to the correct output level. Front pane! setups
can be stored using the Procedure Storage Module. The front panel microprocessor interprets
storad test setups the same way it interprets individual key entries (5440B).

P
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PARALLEL
DIGITAL BUS

i.EEE*“ﬁJiE A15 MEMORY PCA

A18 1/0
ASSEMBLY

A1 CONTROLLER.PCA

MAIN
CONTROL

MAIN LOGIC
MICROPROCESSOR

!

RS-422 SERIAL
DATA LINK

AZA1 FRONT PANEL
CONTROLLER PCA -
FRONT PANEL
MICROPROCESSOR

1

16-SEGMENT
VFD
(OUTPUT
DISPLAY

ALPHA-
NUMERIC
DISFLAY

A1 KEYBOARD

OPTO-
ISOLATOR

— —GUARD —

'ANALOG GUARDED
CIRCUITS MICROPROCESSOR

A14 GUARD CROSSING PCA
-.____M

GUARDED CONTROL LOGIC

Figura 2-2. Digltat Circult Block Diagram
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During local or remote operation, self-test and diagnostic information is sent to the front
panel microprocessor from the main microprocessoer. This information appears on the front
panel alphanumeric display. The self-test and diagnostic results may also be sent out on the
R5-232 port.

Digital self-tests are controlled by the main microprocessor. Depending upon the setting of
the self-test switches (Iocated on the Controller PCA, the Guard Crossing PCA and the Front
Panel Controller PCA) several special self-test rountines are executed to exercise portions of
the digital logic circuits.

When the Calibrator s turned on or when it is reset by the front panct RESET key or an
TEEE-488 interface RESET message, the main microprocessor reads the Boot ROM and sets
up the Calibrator according to the ROM program,

FRONT PANEL CONTROL LOGIC 2-5

The front panel control logic is contained on the Front Panel Controller PCA. The front
panel logie is a focal input/output area. Inputs are entered by the operator using the keyboard
or obtained from the Procedure Storage Module. The front panel microprocessor interprets
these inputs and sends the information to the main control logic. The main control logic
interprets and sends this information to the guarded control logic to drive the analog circuits,
The main control logic also returns information to the front panel logic for display.

GUARDED CONTROL LOGIC 2-6

The guarded control logic (refer to Figure 2-2) optically isolates the analog circuits from the
main control logic circuits. Main control logic sequences are sent to the guarded control logic
microprocessor, which relays them through optoisolators. The main function of the guarded
microprocessor is to pass control sequences to the analog circuits. The guarded
microprocessor also performs three secondary functions:

# Provides status information to the main control logic on command.

o Refreshes the analog circuits to improve system operation.

» Continually monitors the guarded circuits to detect fault conditions.

The guarded logic uses two time-out monitor {(or watch-dog) circuits to ensure safety. If
either the main microprocessor or the guarded microprocessor fail to execute their programs
correctly, a time-out monitor circuit places the 5440B/5442A in Standby. The instrument can

only be restarted by pressing the RESET button on the front panel.

The guarded logic has one self-test switch. The operator can use this switch to provide limited
seif-test capability of the guarded logic.

Analog Circuits 2-7

Figure 2-3 shows a functional block diagram of the analog circuits in the 5440B/5442A. The
analog circuits establish a stable dc reference voltage and provide precise amplification and
attenuation of this reference voltage to produce output voltages from — 1100 to + 1100V de
in six ranges. Refer to Figure 2-4. A 13V dc reference and a pulse-width modulated DAC on
the REF/DAC Analog PCA produce =11 to + 11V dc under control of the REF/DAC
Digital PCA. The Preamp PCA, the Quiput PCA, and the Sample String PCA form an
inverting amplifier with four digitally controlled gains. The Qutput/HV Control PCA
controls generation of voltages greater than 22V de by feeding the voltages, + KV and — KV,
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to the Output PCA where they are added in series with the low-voltage amplifier output.
Other important analog circuits include a high-resolution, high-sensitivity analog-to-digital
converter and switching circuits. The high resolution analog-to-digital converter is used to
monitor internal and output voltage levels. The switching circuits implement the internal
calibration fearures. | «

OVENED REFERENCE - ) ‘ ‘ 2-8

The ovened reference circuit is located on the REF/DAC Analog PCA. The ovened reference
provides a temperature stable reference voltage for the d/a converter on that pca. The ovened
reference circuit is composed of two 6.5V hybrid reference amplifiers cascaded in series to
produce 2 summed voltage of 13V de. The amplifier components are selected for low noise,
good stability, and a low temperature coefficient. The oven maintains the reference amplifier
environment at a constant 50°C. Sources of secondary errors have been substantially reduced
by eliminating reference voltage adjustments. '

DIGITAL-TO-ANALOG CONVERTER | 2-9

The digitai-to-analog converter (DAC) is located on the REF/DAC Analog PCA and is
controlied by the REF/DAC Digital PCA. The 13V de reference voltage from the ovened
reference is applied through relays to the DAC (Figure 2-4). The relay position determines
the polatity of the reference voltage and subsequently, the polarity of the output. '

AG
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F Y

PRE-AMP 5.

A2 REF/DAC ANALQG PCA

13V ‘ " A7 PREAMP
DAC
REFERENCE :> . F’QA

FEEDBACK

A4 OUTPUT PCA | 5440
' ' ‘ QUTPUT
A8 REF/DAC - ‘
DIGITAL PCA '
. KVT I_KV lDPCDM

A5 QUTPUT/HY
CONTROL PCA

CONTROL & DATA

- Figure 2-3. 5440 Analog Circult Block Diagram
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Figure 2-4. DAC Simplified Schematic

The reference voltage is pulse-width modulated by two pairs of FET switches, The voltage is
then filtered to a de level by a filter/amplifier circuit. Each FET pair switches between its
input voltage and ground at a frequency of 83 Hz. The FET switches vary the duty cycle of
the square wave, and therefore, the DAC output voltage. The first switching circuit provides
a coarse control of the DAC output voltage, while the second switching circuit provides fine
control of the DAC output voltage. The outputs of both switching circuits are surnmed at the
input of the filter/amplifier. The filter/amplifier is located in the same ovened environmen®as
the 13V de reference for stable temperature coefficient performance.

In normal operation, the output of the DAC is between — 11V and + 11V, The first switching
circuit provides about 0.55 mV of resclution in the DAC output, while the second switching
circuit provides about 75 nV of resclution in the DAC output.

The absolute value of the DAC output is determined by the duty cycle of the pulse width
drive signais generated on the REF/DAC Digital PCA. The commands for the pulse width
drive signals of the two switching circuits are sent to the REF/DRAC Digital PCA, via the
guarded control logic, from the main control logic as two 15-bit words. These words are
generated through an algorithm that uses constants generated and stored by the Internal
Calibration and External Calibration procedures. Each of the six output ranges has a set of
calibration constants. 5440B/5442A output ranges are listed in Table 2-1.
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Table 2-1. Qutput Ranges

. RANGE NAME QUTPUT VOLTAGE RANGE (VDC) FUNCTION

0.2 Volt -0.22 to +0.22 ' Divider Qutput

2 Volt -2.210-0.22 and +0.22 t0 +2.2

11 Volt =11 to +11 DC Calibrator Qutput
22 Valt -22 to -11 and +11 to +22
250 Volt -275 to -22 and +22 to +275

1100 Volt -1100 to =275 and +275 to +1100

OUTPUT AMPLIFIER AND OUTPUT DIVIDER . . ‘ 2-10

As Figure 2-5 shows, parts of the output amplifier circuit are contained on the Preamp PCA,
the Output PCA, and the Sample String PCA. The output divider circuit is contained on the
Output PCA. The output amplifier has four gain settings, one for each of the ranpes (11V,
22V, 275V, and 1100V). To produce the two ranges below 11V (0.2V and 2V), the 22V range
of the output amplifier is divided by the output divider circuit.

The preamplifier is a low noige, low drift, high gain amplifier, whosge output drives the high
power output stage on'the Output PCA. The preamplifier circuit is located in a
temperature-controlled oven to reduce the effects of thermal coefficients due to external
temperature changes.

The power output stage consists of transistors Q1 and Q2. For the 11V and 22V output

" ranges, the transistors receive their source voltages from the low voltage power supply labeled
— 30 OF and + 30 OP. For the 275V and 1100V ranges, the transistors receive their source
voltages from the high voltage power supply labeled —KV and + KV, The high voltage
power supply originates on the Filter B PCA and 13 supplied to the Output PCA via the
OQutput/HV Control PCA, which controls the power supply voliage.

During normal operation, the signal from the output amplifier is connected to the front panel
or the rear panel output terminals. During Boost Mode operation, the output amplifier is
connected to the rear panel Boost Interfaces (J5 and J7). During Divider Mode operation, the
signal from the output amplifier is connected to the output divider ¢ircuit on the Cutput
PCA. The divider circuit divides the 22V output of the cutput amplifier by 10 or 100 to
produce the 2V and 0.2V Divider outputs. The output of the divider circuit is connected to
the Divider Qutput terminals on the front panel or the rear panel.

The Sample String PCA contains the precision resistors that set the gain of the output
amplifier circuit. The gain is set for each output range using relays to change the value of R2.
See Table 2-2. The value of R1is 20 kQ. All of the precision resistors are enclosed in a
temperature-stable oven to reduce the effect of thermal drift because of extcrnal temperature
changes and self heating at 1100V output operation.
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Table 2-2, Qutput Gain

OUTPUT RANGE OUTPUT GAIN VALUE OF SAMPLE STRING R2 IN KILOHMS

0.22 2 ‘ : 40
2.2 : 2 : 40-
11 1 " 20

22 2 : o 40

275 25 ‘ 500
1100 ' ‘ 2000

QUTPUT SENSING CIRCUIT ' ' 2-11

The output sensing circuit is directly connected to the output terminals for Internal Sense
operation, or the output sensing circuit is directly connected to the SENSE HI and SENSE
LO binding posts for External Sense operation. The output sensing circuit is unique in that it
appears as a very high impedance to the output. It produces a compensating current (equal in
magnitude but opposite in polarity to the current flowing through the feedback resistors, R2
on the Sample String PCA) that reduces sense currents to less than 1% of the current flowing
through the sample string resistors. The output sensing circuit also generates a compensating
current for the SENSE LO terminals.

HV CONTROL LOOP : : 2-12

' The HV (High-Voltage) Control Loop is distributed on the Output PCA, the Qutput/HV
O Control PCA, and the Filter B PCA.. As shown in Figure 2-5, the OP COM signal is fed back
to the Output/HV Control PCA to control the — KV and +KYV signals that will be applied

to the Qutput PCA. \

Monitoring System | : 213

The monitoring system of the 5440B/5442A is illustrated by the block diagram in Figure 2-6.
This monitoring system provides three distinct functions: : :

e During normal operation, the monitoring system measures the output voltage and
current of the 5440B/5442A. If the voltage is 5% over or under the programmed voltage,
or if the current exceeds the specified limits, the monitoring system places the instrument
into Standby mode. . -

During analog and liigh voltage loop self-tests, the monitoring system functionally
checks the circuits in the 5440B/5442A, for proper operation.

During the Internal Calibration procedure, the monitoring systein takes measurements of
various circuits in the 5440B/5442A for the Internal Calibration function.

The four multiplexers in the monitoring system receive their digital commands from the main
microprocessor via the Guard Crossing PCA. If a multiplexer is being addressed (except for
the multiplexer on the REF/DAC Digital PCA), the specified test point is connected to the
ANALOG DATA OUT line. This line is routed to the REF/DAC Digital PCA where it is
multiplexéd; along with test points located on this pca, and sent to the a/d converter. The a/d
converter has an input range of — 1.1V to + 1.1V, Signals greater than 1.1V are attenuated
before they reach the a/d converter. Signals that are way below the a/d converter input limit
are amplified before being applied. The 12-bit (plus sign bit and overrange bit) output of the
a/d converter is sent to the main microprocessor via the Guard Crossing PCA.
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. Power Supp[y Circuits . 2.14

The power supply circnits transform the line power into the supply voltages required by the
analog and digital circuits. As Figure 2-7 shows, the power supply circuits consist of six
assemblies. The Outside Guard Regulator PCA and the Outside Guard Term PCA supply the
analog and digital circuits that are outside the guard. The Inside Regulator PCA, the
Guarded Xfmr Term PCA, the Filter A PCA, and the Filter B PCA, supply the analog and
digital circuits that are inside the guard.

GUARDED XFMR TERM PCA, AT 2-15

The ac line source input to the 5440B/5442A is applied to the power supply via the Guarded
Xfinr Term PCA. Refer to Figure 2-7. AC line power passes through the line fuse F1 and
power switch §4. The line voltage select switches (S1, 82, and $3) set the primary taps of T1
to the correct input voltage. Power is delivered through T1 to the rest of the guarded power
supply circuits. The fan and the primary of the transformer on the Outside Guard Term PCA
are permanently connected to taps on one primary of the guarded transformer. This provides
nominal 115V ac by autotransformer action when the line switches are correctly set.

Fuse F1 provides overall fuse protection for the 5440B/5442A. Individual secondary windings
contain fuses that protect the transformer from damage in the event that a shortin a
secondary circuit does not reflect enough current to the primary winding to blow the line fuse.

FILTER A PCA, A12 2-16

The Filter A PCA receives a¢ voltages from the Guarded Xfmr Term PCA and provides
rectified and filtered dc voltages to the Inside Regulator PCA. Test points at the top of the
Filter A PCA provide the means for checking the de output voltages.

INSIDE REGULATOR PCA, A10 - 217

The Inside Regulator PCA contains the regulator circuits for auxiliary supply voltages used
by circuits inside the guard. Comparator circuits on the pea continuously monitor the
regulated supply voltages to detect any large deviation from nominal output voltage. A
deviation of approximately 12 percent from nominal produces an output low signal from the
monitor circuit. The output low signal turns on the LED indicator at the top of the cireuit
board and produces a logic low on the GPSF line as a signal to the microprocessor.

FILTER B PCA, A13 2-18

The Filter B PCA contains the circuits that produce the high voltage supply used for output
voltages above 22V. This pea also contains the rectifier/filter circuit for the 20V oven supply
(20V OVN) for the heater windings of the ovens. The high voltage power supply is controlled
by triac switching and square wave driver lines from the Output/HV Control PCA.

QUTSIDE GUARD TERM PCA, A19 2419

The Outside Guard Term PCA contains the transformers, rectifiers, and filters that supply
the raw voltages to the Outside Guard Regulatot PCA. Each secondary winding has its own
fuse to prevent transformer damage in the event that a short in the secondary fails to blow the
line fuse. Test points at the top of the printed circuit boards allow voltage checks of the
unregulated supplies. ' ' ' '
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. OUTSIDE GUARD REGULATOR PCA, A17 | , 2-20

The Qutside Guard Regulator PCA provides auxiliary power and error detection for cirouits
outside the gnard (including the front panel). Test points located at the top of the: printed
circuit board provide a means of checkmg the individual supply voltages.

All supplies are contmuously monitored by the error detection circuit. The outputs of the
power supply monitors are ORed in the error detection circuit to provide an output signal
(PSF) that is monitored by the microprocessor. If one of the regulated outputs is defective,
the PSF signal to the microprocessor will cause the appropriate power supply fanit LED
(located near the top of A17) to turn on.

The POP signal is the power-on-preset signal. POP is used to clear latches and start logic
circuits from a known state following power supply turn-on or interruption.

DETAILED CIRCUIT ANALYSIS 2-21

Detailed Circuit Analysis is presented as a means of understanding the 5440B/5442A ata
component level. Service technicians may find the analyses helpful when using the
troubleshooting information presented later in this manual. The analyses are broken down by
digital and analog circuits.

Digital Circuits | 2-22

The following discussions are detailed circuit analyses of the digital circuits in the
5440B/5442A. These discussions are referenced o the schematics in the back of this manual.
It is recommended that you read the Hardware Functional Overview before the detailed

. circuit analysis.

The discussions are arranged by assembly or function, whichever is most relevant.

CONTROLLER PCA, A16 ' 2-23

The Controller PCA works in conjunction with the Memory PCA, the I/O Assembly, and the
Guard Crossing PCA to provide for the main contro! of the digital circuits, and via the
Guard Crossing PCA, the analog circuits. The Controller PCA can be broken down into the
following functional circuits. Each of these circuits will be discussed in the following
paragraphs.

# Boot ROM

# . Fault Indicat.ors (LEDs)
Watchdog .
Front panel UART‘ Interface
Interrupts
Timers

Troubleshooting Switches

’ Boot ROM, Fault Indicators, and Watchdog 2-24

The boot ROM (U36) contains the programs necessary to detect memory (checksum) errors,
power supply errors, and some X/O errors. The Z80 microprocessor, (U11) is buffered from
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i
the main digital bus by U13, U14, U15, and U6 to prevent outside bus faults from inhibiting ‘
the power-up tests. On power-up, the microprocessor is instructed to test-boot the ROM

memory. When a checksum error is detected, one of the four fault indicators (LEDs) on the

Controller PCA (CR2 through CR3) is displayed. If an ¢rror is detected in the boot ROM,

the microprocessor continues with the test-boot. If there are numerous errors, the
microprocessor may hang up. Two seconds after a hangup occurs, a watchdog cirenit (U30

and Q1) forces the system RESET line to an active state. As a result, the guarded and

unguarded logic is reset, and a fault LED (CR7) on the Keyboard Agsembly is turned on via

a sepatrately wired line (labeled *FAULT).

The other fault indicators on the Controller PCA are: MEMORY fault, FPC fault (Front
Panel Communication), and INTERRUPTS fault. The MEMORY fault (CR2) occursifa
checksum error is found in the ROMs, RAMs, or EAROM located on the Memory PCA.
The FPC fault (CR4) occurs when communication with the Front Panel Controller PCA is
impossible. (The fault may be caused by either the Controller PCA or the Front Panel
Controller PCA ) This fault causes the microprocessor to wait until the watchdog circuit sets
the system into watchdog reset. The RESET signal is sent to the only non-maskable interrupt
pin on the microprocessor (NMI). This allows the microprocessor to differentiate between 4
watchdog reset and a power-up reset. The INTERRUPTS fault indicator is CR3. 1t stays ht
when the interrupt lines are not working properly. This usually indicates that 4 ling is being
held active low by 2 portion of the circuit. '

On power-up all the fault indicators are turned on. As the microprocessor determines that the
circuits are operating correctly, they turn off one at a time in the following order:

1. BOOT ROM/MAIN MPU

2. MEMORY

3. INTERRUPTS

4. FPC (front panel communications)

It is possible that all functions, following the function under test, are operating properly but
were not tested because of the watchdog reset. For example, a memory failure will prevent the
testing of interrupts and front panel communication.

Front Panel UART Interface 2_95

The front panel UART interface consists of JART, U23, and its associated support logic.
Serial data transmission occurs only when FPINT (front panel controlier status lind)
indicates that it is ready for another byte. When the front panel microprocessor sends data to
the main microprocessor, the status line DR (data received, on U25-19) becomes true (high).
This causes two other actions. First, the RINT status line ((J28-11) is set false, signaling the
front panel microprocessor to wait before the next data transmission. Second, the main
microprocessor is interrupted with the received data byte. The UART status bits provide the
main microprocessor with information on the validity of the incoming data. The status bits
are PE (parity), FE (framing), and OE (overrun} error information.

Interrupts 2-26

There are seven interrupts on the Controller PCA. The priority of these interrupts is
determined by the priority encoder, U20. The interrupts may be selectively masked by the
interrupt mask circuit (U31, U35, and U37).
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The highest priority interrupt is PSF (power supply fault), and the lowest is IKHZINT (one
kilohertz interrupt). The following interrupts are generated on the Controller PCA 1/50 SEC,
FPINT, TIMER 1, and lKHZINT. The PSF interrupt is generated on the Qutside Guard

" Regulator PCA. The GUARDINT (guarded interrupt) is generated on the Guard Crossing
PCA, and the IEEEINT (IEEE-488 interrupt) and R5232INT (RS5-232 interrupt) are
generated on the I/0 Assembly.

Timers ‘ =27

There are three timers on the Controller PCA. These timers are contained in a single device,
an Intel P8253 (U19). The outputs of the timers are used to produce interrupts, at specific
intervals, to the main microprocessor. The IKHZINT identifies periods when information
can be sent to the other microprocessors and the 1/0 devices. The 1/50 second (1/50 SEC)
interrupt is used as the system clock. TIMER 1 is used to indicate the end of programming or
erasing time for the EEROM located on the Memory PCA. Timer 1 also supplies the control
line to the Memory PCA to turn off the EEROM power supply. The EEROM power supply
will be discussed later in the Memory PCA paragraphs.

Troubleshooting Switches 2-28

Switch 81 and U24 comprise the Troubleshooting Switches circuit. This circuit can be used to
help debug certain problems occurring in 5440B/5442A. Switch 81-1 (bit D4) must be closed
(active low) on power-up of the instrument, or all switch settings will be ignored. A table that
lists the tests associated with the different switch settings and describes the function of the
tests is located in Section 4 of this manual.

. The memory address altocations for the Controller PCA are listed in Table 2-3.

MEMORY PCA, A15 ' | 2.29

The Memory PCA consists of RAM (U30-32), EPROM (U10-U15), EEPROM (U29, and
EEPROM programming circuitry. On power-up, the 6K bytes of RAM are checked for
read/write errors, and the 48K bytes of EPROM are checked for checksum errors, The 2K
bytes of EEROM are checked for checksum errors before and after programming sequences.

The EEPROM is used to store calibration constants, IEEE-488 address information, and
RS-232 baud rate information. The EEPROM circuitry provides a separate programming
voitage for the EEPROM. Programming data for the EEPROM is provided by logic circuits
on the Memory PCA, with the exception of the TIMER 1 signal from the Controller PCA.
The TIMER 1 signal is used to end the programming cycle. It takes 40 seconds to completely
erase and write an EEFROM.

Table 2-4 lists the address allocations for the Merhory PCA.

/O ASSEMBLY ' _ 2-30

The 1/O Assembly provides three interfaces in the 5440B/5442A for remote communication.
These interfaces are: :

« IEEE-488 (talk and listen)

. & RS-232 (transmit only)

5205/5220 (high power voltage amplifier or high current transconductance amplifier
interface)
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Table 2-3. Controller PCA Address Allocatlons

DEVICE ADDRESS/FUNCTION

Memaory
ROM (beot) 000Q-1FFF

1/0

Timer Intel 8263
Clack 0 (1/50 SEC} 00 hex
Clock 1 {TIMER 1) 01 hex
Clock 2 {TKHZINT) 02 hex
control 03 hex

Clear Timer Interrupts 10 hex
bit a3 Clears the 1/50 SEC interrupt.
bit d2 Clears the TIMER 1 intérrupl.
bit d1 Clears the TKHZ interrupt.

Front panel interface
and troublashooting
switches
transmit/receive 04 hex
read status 18 hex
hit d7 LSB of troubleshooting switches.
bit d6 2nd bit of troubleshooting switches,
bit d5 MSB of troubleshooting switches.
bit d4 Selects troubleshooting switches,
bit d3 Front panel data received error indicator,
bit d2 Front panel ready to receive data,
bit d1 Data received from front panel.
bit d0 A16 UART ready to send data to front panet.
interrupts
read interrupts 0B hex
mask interrupts 08 hex
|7 Power supply failure,
16 Guard interface interrupt.
15 IEEE-488 interrupt.
t4 1/50 SEC interrupt.
I3 Front panel interrupt.
12 RS-232 interrupt.
i1 TIMER 1 interrupt.
10 1 KHZ interrupt.
Watchdog
clear watchdog 0C hex
Fauli Indicators
write 14 hex
bit d3 Front panel communications fauit.
bit 2 interrupt fault, interrupt will not clear,
bit d1 Memory PCA (A15) fault,
bit dO ROM boot checksum error,
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Table 2-4. Memory PCA Address Allocations

DEVICE ADDRESS
ROM : 2000-DFFF HEX
RAM ; £000-F7FF HEX
EEROM | F800-FFFF HEX

I1/0 ADDRESSES N
Clear chip select 20 HEX
Set chip select ' 24 HEX
Clear program ‘ 21 HEX
Set program 25 HEX
Clear output enable : T 22 HEX
Set output enable 26 HEX
Turn on programming voltage 23 HEX

The IEEE-488 interface allows the 5440B/5442A to be operated by any IEEE-488 compatible
controller or to talk with any IEEE-488 device. The RS-232 interface allows the 5440B/3442A
to output its test and self-test diagnostic data to any R8-232 compatible printer or monitor.
The other interface port allows the 5440B/5442A to work with the Fluke 5205 High Power
amplifier or the Fluke 5220 High Current amplifier in the Boost mode.

. IEEE-488 Interface 2.31

The IEEE-488 interface consists of IEEE-488 chip U16, IEEE-488 bus buffers U17 and U19,
and associated logic U5 and U18. Bus transceivers Ul, U2, and U3 transmit data to and
from the IEEE-488 interface circuits and the main controller. The bus transceivers are shared
by all three interface circuits.

RS-232 Interface 2-32

The RS-232 interface consists of the UART U1l and the baud rate select chip U12. The
RS-232 interface is capable of operating from 50 to 9,600 baud, and is set using the front
panel controls or JEEE-488 Interface. The 5440 is configured as a modem. This means that it
transmits on J4-3 (RECV) and expects DTR (Data Terminal Ready) on J4-20 to indicate that
the receiving device is ready for another byte. The instrument is shipped with DTR jumpered
to DSR (Data Set Ready); this holds the DTR line true (high) so that the instrument expects
the receiving device to always be ready for transmission. As a result, this jumper may haveto
be cut to allow a printer to use the DTR line to hold off the 5440 until it is actually ready to
receive more data. Some printers, especially those that operate above 1200 baud, need to
control the DTR line to function properly with the 5440B/5442A. In this case a jumper on the
RS5-232 portmust becut. ‘

Boost Interface : 2-33

The 5205A/5220A. interface circuits are shown on the same schematic page as the IEEE-488
circuits. The 5205A signals are those with the 5205 prefix. The signals for the bus operated
5220A are those with a BC or BD prefix. Signals with the BC prefix are 5220A addresses, and
gignals with the BD prefix are 5220A data. \ ‘

A detailed list of the IO addresses is given in Table 2-5.
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GUARD CROSSING (UNGUARDED PORTION) 2-34

The unguarded portion of the Guard Crossing PCA (right side of the Al14 schematic)
provides the communication link (guard crossing) between the main controller (an unguarded
circuit) and the guarded circuits. The linking is through optoisolators. The guard crossing
consists of & bidirectional serial link UART (U22) with handshake lines and an unguarded
reset control line (YRESET) on P71-9. On power-up, the *RESET line resets both the
unguarded cireuits and the guarded microprocessor (U3 pin 6). This action synchronizes the
guard and main (unguarded) microprocessors. The rest of the guarded circuits are reset with
a guarded reset line (GPOP on P70-28). When the main microprocessor wants to talk to the
guarded microprocessor, the guard ready line (GRDY on U9 pin 6) is checked to see if the
guard is ready to receive a byte of data. When a correct data command string is sent to the
guarded microprocessor, it sets the GRDY line false and proceeds 10 execute the data. When
the guarded microprocessor is ready to send data to the main microprocessor, the unguarded
ready line (UGRIDY on U3 pin 19} is checked. This line is controlled by the data received
status line (DR} of the guard crossing UART. The maximum transfer speed is 65K baud.

Table 2-6, lists the unguarded 1/O addresses.

GUARD CROSSING (GUARDED PORTION) 2-35

The guarded digital circuits are controlled by the guarded microprocessor, U3 (MC68701) on
the Guard Crossing PCA. U3 is responsible for communicating with the main microprocessor
on the Controller PCA and executing its commands. The microprocessor is supported by 2K
bytes of EPROM, 256 bytes of RAM, a UART, a timer, and 24 lines of 1/O.

On power-up, the microprocessor checks its own memory and performs a check on the
guarded digital bus, In addition, the five analog pca’s are assigned a unique status, Each pea
is interrogated for its status, which is then returned on the guarded data bus. Errors or
incorrect responses are flagped as faults and reported (o main microprocessor,

The Guard Crossing PCA contains three sliding switches $1, §2, and 53, Switch 82, labeled
BIT TEST, is only monitored on power-up. Switch 82 causes the guarded microprocessor to
enter a state where communication with the main microprocessor is ignored. A walking 0 1s
sent on the guarded data lines, address lines, and control lines. This self-test may be used to
check the proper operation of all I/O lines connected to U3, It also checks the protective
resistor networks Z1, Z2, and Z.5. This sclf-test requires that Ul be removed from the pca

before beginning the test.

Switch 51, labeled MONITOR, allows the microprocessor to force the guarded control lines
to tristate. This essentially removes the puard crossing from the guarded bus, permitting a
checkout of the unguarded cireuits with a microprocessor troubleshooter (e.g., the Fluke
9000 serics). [n this state, there is no danger of calling up destructive combinations of relays
in the analog pca’s. Because of the communication loss, the main microprocessor will report
a guard communieation fanlt to the front panel but will continue to operate.

Switch $3, labeled ACK, controls the status line ACK. This line is driven by the particular
analog pca with which the guarded microprocessor is communicating. By closing the switch,
the guarded microprocessor assumes that all pca's are recetving the correct data. This allows
the 5440B/5442A to be operated during troubleshooting without all the analog pea’s being

plugged in.
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Tabie 2-5. /0 Assembly Address Allocations

I/O DEVICE | ADDRESS/FUNCTION

IEEE-488 |C 40 - 47 hex
RS-232 transmit/receive 48 hex
RS-232 status 68 hex

bit d7 1
bit d6 ‘ 1
bit d5 Data received by LJART indicator.
hit d4 ' Parity error indicator.
bit d3 Framing error indicator.
bit d2 Overrun error indicator,
- kit o1 Printer terminal ready to receive (0).
bit dd UART Transmitter buffer empty.
RS-232 baud rate select 70 hex
5220 status ‘ 53 hex
bit d7
bit ¢6
bit db
bit d4
bit d3 .
bit d2 ' 5220 overload.
bit d1 5220 operating,
bit d0 5220 in remote control.
5220A control 55 hex
bit d7 1
bit d6 1
bit d5 1
bit d4 - 1
bit d3 Output current through rear.
hit d2 ‘ : 5220 lockout 5220A frontpanel controls,
bit d1 - 5220 operate. - : ‘
bit d0 5220 in remote control.
£205 status ‘ Co '
bit d7 52056 attached.
bit d6 5208 trip (fault).
bit d5 B 5205 operating.
bit d4 c " Unused.
bit d3 -1
bit a2 ’ ' 1
bit d1 “ACK" kit from connector J2.
bit d0 , . “HACK” from 5220A, connector J3.
5205 contral
bit d7
bit d6
bit d5
bit d4
bit g3 Connect 5440A analog output to J7 (5220A).
bit d2 Connect 5440A analog output to J5 (5208A).
bit ¢ ‘ 5205 remote control.
" bit g0 © 5205 operate, ‘
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Tahle 2-6. Unguarded 1/0 Addresses

1/0 DEVICE ADDRESS/FUNCTION

UART read/write 30 hex

guard status 32 hex
bit d7 1
bit db 1
bit d5 0
hit a4 Framing error (FE) indicator,
bit d3 Overrun error (OE) indicator.
bit d2 Guard ready to receive data (GRDY).
bit d1 Data received from guard (DR).
bit dO UART ready to tranamit character (TBRE).

The guarded bus consists of the following signals:

e Eight data lines (GDO - GD7)

o Six address lines (GAQ - GAG)
Read (GRD), write (GWR), and acknowledge (ACK)
Guard reset (GPOP) and guarded power supply monitor (GPSF)
Analog output to rear binding posts (RO)

Two DAC control lines (DAC relay logic select, DRLS and DAC analog multiplexer
select, DAMS)

The data, address, read, and write lines are controlled by the guard microprocessor. The
ACK ling is controlled by the analog pca being addressed. The RO line is controlled by the
stot in which the Output PCA is placed. This line is active low when the Qutput PCA is
installed in the slot providing rear output. The Inside Regulator PCA produces the GPOP
and GPSF (guarded power supply fault) signals,

IC U5 on the Guard Crossing PCA is a watchdog circuit that trips if the guarded
microprocessor stops operating. When the watchdog trips, the analog buffers are set to their
powet-up state by the GPOP signal, and the guard fault indicator (LED CR1) lights. This
generally occurs if the guard microprocessor is trying to communicate with the main
microprocessor (and the main microprocessor cannot read the data). The watchdog times out
after two seconds. The guard microprocessor will attempt to restart after clearing the analog
buffers. If the main microprocessor continues to be unable to communicate, the guard
crossing circuits will stay in an infinite loop sustained by the action of the watchdog circuit.

FRONT PANEL CONTROL LOGIC 2-36

The front panel control logic is located on the Front Panel Controller PCA. The front panel
control logic receives inputs from the Keyboard Assembly and the Procedure Storage
Module. The front panel interfaces the instrument to the user and supplies user input to the
main logic. The front panel also provides the user with messages on the status of the
instrument and general operating menu selections,
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’ FRONT PANEL CONTROLLER PCA, A2 ‘ 2-37

The Front Panel Controller PCA provides the main control of the front panel logic. This pca
provides the following: ‘

o 32K bytes of EPROM (U22)
o 4K bytes of RAM (U20 and U21)
A 4 millisecond clock (U9 and U13)
A LED fault indicator (CR4)
Troubleshooting switches (U719 and 51 - 54)
A 40-character dot matrix Vacuum Fluorescent Display (VFD) interface
Main control logic serial interface (UART US)
Keyboard interface
16-8egment VFD interface
o Procedure Storage Module interface
e EEPROM control

To reduce spurious RFI emissions from the front panel, the front panel microprocessor clock
frequency is reduced to one megahertz, and in general, the front panel control logic operates
at a slower speed than the main control logic.

On power-up, the front panel fault LED, CR4 (FPC), is turned on. After the front panel
microprocessor (U15) checks the RAM, ROM, and interrupt circuits, the LED is turned off
by reset line RST. Interrupts are generated by the four millisecond clock U9 and U13. After
power-up, the front panel attempts to communicate with main contro! logic through the
UART US. If communication between the front panel and main control logic is not
established or breaks down, the main control watchdog circuit will be triggered after two
seconds. When the watchdog circuit triggers, the reset line at J1-14 (RST) to the front panel
becornes active and turns on CR4. The main watchdog also sends the FAULT signal to the
keyboard to light CR7, the front-panel fault annunciator. If the 5V logic supply is
inoperative, only CR7 on the keyboard will light, because it and the main watchdog circuit
are both powered by the HR (High Reliability) 5V supply.

For communication to begin, the FINT (front panel ready) and RINT (rear or main ready)
handshake lines must indicate that the microprocessors are ready for data. The front panel
FINT line is controlled by the data received (DR) status line (U5 pin 19). Until
communication is established, the message, FRONT PANEL RUNNING appears on the dot
matrix display. Serial cotamunication with main control logic circuits occurs at 65K baud.

The dot matrix display consists of 2 vacuum fluorescent display of 2 lines of 20 characters in
a 5- by 7-dot character pattern. The display is controlled by state machine U47 and decoder
U48. The state machine advances address counter U39 and U46, which provides six bits of
synchronous address control to RAMs U42 and U43 through buffer U4t. Addresses 0
through 39, corresponding to the locations for each dot-matrix ASCII character, are
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addresscd sequentially. As cach character is accessed in RAM, PROM U44 presents one
column of information on its output to Parallel-In, Serial-Cut U45. Since five columns are
needed to fully represent the ASCII character, the column addressing is accomplished with
one half of binary counter U49. The column advance is controlled by the state machine. The
loading of U45 and the subsequent scrial shifting is also controlled by the state machine.
Once one column of character information is parallel loaded into U435, it is shifted into the
display drivers U4-U6. Scven shifts are accomplished per column. The shift count,
ENDSHIFT, is stored in one half of U49 and fed back to the state machine. Other feedback
terms are the end column count, ENDSCAN; the state of the display refresh clock, LSCLK,
and whether the address is odd or even, 2NDWORD. The display drivers are serial-in,
parallel-out, high-voltage VFD drivers. The shifting and latching is again controlled by the
state machine. Multivibrator U50 provides the required refresh timing for the display. Grid
control is accomplished by providing a data input of 1 to the grid driver U7 on address 0 of
the address counter, This 1 is serially shifted to each address to provide a unique grid drive
per character column. Since the display has two rows, the top and bottom corresponding
characters are driven by one grid. This necessitates loading two characiers of information
into the character drivers. As each grid is activated during the refresh cycle, the top and
bottom character will be lit.

The 16-scgment display consists of & Vacuum Fluorescent Display of one ling of 12 characters
in a l6-segment alphanumeric pattern. The display is similar in control to the dot matrix
display (described above). The display is controlled by state machine U4 and decoder U65.
The column count and shift count is advanced in binary counter U83. Address counter U536
provides a four-bit address to RAMs U5% and U60 through buffer U57. The segment
information is decoded through PROM U6] and loaded into Parallel-In, Serial-Out U62.
Only two columns of information are needed to describe one alphanumeric pattern. Eight
shifts arc made to load the information into the digit driver U2. Grid control is accomplished
in the same manner as the dot-matrix display with grid driver U3, Multivibrator U67
provides the refresh for the display. U68 synchronizes the feedback of LSCLK for both the
dot matrix and the 16-segment display.

Like the Controller PCA, the Front Panel Controller PCA has four troubleshooting switches.
These switches are scanned during power-up. Switch 81 must be closed during the scan to
enable the troubleshooting routines. During these routines, communication between the front
panel and the main control logic is suspended. Because of this break, the main control logic
watchdog circuit must be disabled, cither by removing the pea or jumpering E5 to E6 on the
Controller PCA. A table that lists the tests associated with the different switch settings and
describes the function of the tests is located in Section 4 (Maintenance) of this manual.

Table 2-7 lists the addresses and bit assignments for front panel operation,

The front panel also contains the necessary circuits to interface with the Keyboard Assembly,
the Display Control PCA, and the Procedure Storage Module. Infermation on these
interfaces is given in the following paragraphs.

KEYBOARD ASSEMBLY, Al 2-38

The Keyboard Assembly does not provide any interrupts to the front panel microprocessor.
As a result, the keys must be continuously scanned for keystrokes. To initialize the keys, an
FF (hex) is sent to front panel T/O address at 40 (hex). The keys are read from I/O address 40
(hex), bits d0 through d7. Reading any value but FF (hex) indicates that a keystroke is
occurring. On detection of a keystroke, the front panel microprocessor sends a “walking 0
to each row sequentially. This detects a low on the key pressed, by way of buffers U4 and US5.
Only the cursor control keys repeat their function continuously while the key is depressed.,
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The keyboard also contains the annunciator LEDs, CR1 through CR6, used to indicate the
instrument configuration, The drive and controlling electronics for these annunciators (LJ33)
are on the Front Panel Controller PCA. Fault annunciator CR7 is lit by the FAULT signal

coming from the main watchdog circuit.

Tahle 2-7. Front Panel Address and Blit Assignments

DEVICE

ADDRESS/FUNCTION

Memory Addrasses

EPROM

EARCM

RAM

Dat Matrix Display

1/0 addraesses

UART main logic interface
frant pane! status
bit d7
bit dé
bit df
bit d4
bit ¢d
bit d2
bit d1
bit d
interrupt clear
keybeoard indicator LEDs
bit 47
bit 46
bit d5
bit d4
bit d3
bit d2
bit d1
bit d0
front panel status
- bitd7
bit dé
bit d5
- bit d4
bit 3
hit d2
bit d1
bit d0
keyboard scan
frant panel fault LED
troubleshooting routines
16-segment VFD select

0000-7FFF {hex)

CO00-C7FF (hex)

£800-F7FF

datais ASCI - 20 Hex (ex A=21 hex)

0 (hex)

10 (hex)

1

1

UART transmitter buffer empty.

Parity ar framing error.

Main microprocessor ready for more data |nd|cator

Qverun arror.

Clock interrupt status.

Data received in UART from main mlCrOpFDGBSSOf indicator.

10 (hex) :

20 (hex)

CPR LED

STBY LED

EXT (guard) LED

EXT (sense) LED

ON (divider) LED

REAR LED

not used

not used

30 (hex)

1

1

Bits d5 - d3 rapresent the

- revision number of the
front panel,

M

M2

0

40 (hex)

50 (hex) write

50 (hex) read

60-68 (hex)
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Table 2-7. Front Panel Address and Blt Aasignmants {cont)

DEVICE ADDRESS/FUNCTION

storage module contral 70-77 (hex)
clear C5 70 (hex)
7

)
}

clear PGM 1 (hex
Enable latch 72 {hex
U538 an front panel
controlier PCA.
set O5 73 {hex)
sef PGM 74 (hex)
Disable latch 75 (hex)
U56 on front panel
controller PCA.
Clear programming 768 {hex)
voltage to 6 volts,
Turn on programming 77 (hex)
voltage (21V - 25V dc).

[E:> M1 and M2 represent the status of the storage module.  If M1 and M2 are 0, then the
module is write protected. If M1 is 0 and M2 is 1, then the EAROM is made by Hitachi. 1f M1
i3 1 and M2 is 0, then the EAROM is made by Intel, If M1 and M2 are 1, then no storage module
15 connected, These status bits are set by the factory.

[:2:_‘,::- For digits:
Write to BX (where X = A hex, for the leftmost char (sign) and X = 0 {hex), for the rightmost char
{units)

The data bits used are 10 hex for 0o 19 hex for 9, 1Afor M, 1B far V. 1G for A, 1D for +, 1E for —,
1F for blank.

DISPLAY CONTROL PCA, AZA2 2-39

The display control PCA consists of the display drivers for both the dot matrix and the
16-scgment displays, the vacuum fluorescent displays, and a switching power supply. The
switching power supply provides the cathode, anode, and grid voltages for the two displays.
Power and control signals for the display are brought through connector J4.

PROCEDURE STORAGE MODULE 2-40

The Procedure Storage Module contains a 16K (2K x 8) EEPROM (U1) and protection
circuits (current-limiting resistors). Write-protect switch S1 on the module ¢cnables or disables
the write capability to the module. The programming voltage and control is provided by the
Front Panel Controller PCA, This circuit is exactly the smae as the EEPROM circuit
deseribed in the discussion of the Memeory PCA.

Analog Circuits 2-41

The following discussions are detailed circuit analyses of the analog circuits in the
3440B/5442A. These discussions are referenced to the schematics in the back of this manual.
The discussions are arranged by assembly or function, whichever is most relevant.
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. GUARDED XFMR TERM PCA, A11 o : 2-42

The Guarded Xfmr Term PCA is responsible for converting incoming line voltages in the
range of 100V to 240V ac, to the required ac voltages used by the Filter A PCA, the Fiiter B
PCA, and the Outside Guard Term PCA. Switches $1, 82, and $3 provide the means of
configuring the primary of T1 to allow the 5440B/5442A to accept input line voltages from
100V 1o 240V ac. The switches are set according to the line voltage gsource. A spatk gap
device (E1) is placed across the primary windings to protect the instrument from incorrect’
line voltage switch settings. The primary winding, either directly or by autotransformer
action, provides 115V ac to the fan assembly, the front panel power-on indicator, and the
Cutside Guard Term PCA. The secondaries of T1 provide fuse- protected ac voltages to the
Filter A PCA and Filter B PCA.

FILTER A PCA, A12' 2-43

The Filter A PCA receives eight different ac voltages from the Guarded Xfmr Term PCA and
produces 13 different output voltages. These outputs consist of 12 filtered and unregulated de
voltages and one ac voltage. The ac output voltage on P4-32 goes to P60-33 on the Inside
Regulator PCA, The ac output voltage is used to trigger the guarded power-on-preset circuit
(GPOP) on the Inside Regulator PCA. Most outputs have separate commeons that allow them
to float independently of one another. Each de power supply uses a full-wave rectifier.

Rectified signals are passed through capacitive input type filters before being used as outputs.

. INSIDE REGULATOR PCA, A10 . 244

The Inside Regulator PCA provides regulated voltages for the guarded analog peca
assemblies. In addition to the regulator circuits, this assembly contains circuitry that
continuously monitors the output voltage of the regulators and provides a fault signal if any
supply deviates from nominal by more than about 12%. The monitor circuits consist of a
voltage comparator and resistive dividers arranged to balance a positive voltage against a
negative voltage. If either the positive or the negative voltage deviates from nominal by more
than the predetermined limits, the comparator trips and produces a logic signal indicating a
fault condition. When a problem is detected, an LED indicator (CR21), located at the top
center of the pea, is turned on and the guarded power supply fault line (GPSF) is pulled low,
The GPSF signal is sent to the guarded microprocessor, which in turn informs the main
microprocessor to send the appropriate information to cause an error message to appear on
the Alphanumeric Display. Certain power supply faults that will cause the 5440B/5442A to
malfunction can go undetected by the monitoring circuit. Excessive power supply ripple or
oscillations are two types of faults that cannot be detected by the monitoring circuit.

The comparator circuits that monitor regulator outputs common to 8-COM receive their
operating voltages from the + 178 supplies. Other comparators, which are isolated from
5-COM, receive operating voltages from the regulators they monitor and couple their logic
output signals back to the S-COM reference by means of opto-isolators. The fault circuits
receive operating voltage from a separate 5V dc power supply designated GHR + 5 (guarded
high reliability, + 5 volt supply). This separate power supply allows the monitoring circuits to
operate when the guarded logic power supply is malfunctioning.

Two of the regulated supplies provide power for logic circuits, which could be damaged by an
overvoltage condition, To prevent this from happening, crowbar circuits have been provided
that monitor the output of the +5V DAC and + 5 LH supplies and fire a triac, which will
open an input fuse if an overvoltage condition occurs. The regulator circuit in the + 5 LH
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supply receives operating power from the + 175 supply and, if F2 blows, the regulator
altempts to provide full cutput current through Q19 from the + 178 supply. To prevent this,
24 and ()25 sense an open fuse and turn off the regulator circuit U10.

OUTPUT PCA, A4 2-45

The main function of the Output PCA is to take the low power signal from the Preamp PCA
and amplify it to the required output level,

The output power amplifier consists of two transistors, Q3 and Q4, connected in a bridge
configuration with the two auxiliary supplies, + 30 OP and — 30 OP. OP COM, the common
connection for the two supplics, is the high output of the amplifier. The emitters of the two
transistors connect Lo the low output through current-limit sensing resistors R7 and RR. The
input signal to the output amplifier is applied to the commaon connection of two diodes, CR1
and CR2. Current through the diodes produces a voltage drop that biases transistors Q3 and
)4 on, keeping them in a linear operating region of the transconductance curve. Excessive
current through the current-sensing resistors, R7 or R8, produces a voltage drop that turns
on one of the current-limit transistors, Q1 or Q2. This diverts ¢urrent from the base drive of
Q3 or Q4, thereby limiting output current.

For the 11V and 22V ranges, OP COM is connected to OUT HI (P10-1) by the closure of
relay K3. For the 275V and 1100V ranges, the OF COM signal is fed to the Quiput/HY
Control PCA where it 15 used to control the high voltage power supply (£ KV). This supply
is switched to the output by K2 while K1 controls the polarity.

Current-limiting transistors, Q1 and Q2, limit the maximusmn output current to approximately
80 mA. The output of Q1 and Q2 removes some of the drive current from the output transistors
(03 and Q4), holding the carrent near the maximum until the controlier sets the instrument to
standby. The current is also monitored by the main microprocessor via the monitoring system.
A voltage (I COM), proportional to the output current is sampled every two seconds by the
monitoring system. The main microprocessor compares this voltage against software limits.
These limits have a default setting of 65 mA at power-up and may be changed to other levels
by the user. If the current limit is exceeded, the main microprocessor places the instrument into
standby.

For the divided output ranges of 2.2V and 0.2V, the unit remains configured in the 22V range
but routes voltages through the precision divider network to the front panel or rear panel
output terminals labeled DIVIDER. Relay K6 connects QP COM (and the local sense signal,
20V LOCAL) to the input of the divider. Relay K3 selects the ratio used to develop the 2.2V
DIVIDER. output (divider ratio of 10) and the 0.22V DIVIDER. output (divider ratio of 100).

The Zero Amplifier (U9) is used only during the output zeroing process of the internal
calibration. During internal calibration, K.7 shorts the input to U9, and the analog-to-digital
(A/D converter) makes a measurement of the output of U9 to establish an absolute value for
zero. Relay K7 is then energized, connecting the QUT HI signal to the input of U9. Another
measurement is taken. The difference of the two measurements is proportional to the offset of
the 5440B/5442A output. The Zero Amplifier has two gain ranges of 100 and 1000, The gain
range is selected by Q23 (FET). When FET Q23 is on, a gain of 100 s selected. When FET
Q23 is turned off, a gain of 1000 is selected. The output of U? (SDPZC) is sentto a
multiplexer on the Output/HV Control PCA to be read by the a/d converter.

CAUTION

The Sense-Current Cancellation circuitry is at the same electrical ‘}
potential as the output voltage of the calibrator. To avoid electrical
shock, use extreme care in servicing this circuit.
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U1 and its associated circuitry provide a sense-current cancellation function that effectively
removes the error due to the voltage drop in long sense leads. This is accomplished by
diverting the sense current, which would ordinarily flow through the sense lead, through a
current source or sink, (depending wpon polarity of the output) and back to the low output.

R13, R14, and R15 are connected in series as the range registor for the hiph voltage (1100V)
ranpe of the cancellation circnit. The + input terminal of the op-amp Ul is connected to the
high-sense terminal. By feedback amplifier action, the -- input terminal of the ampilifier is
also at the potential of the high-sense terminal. The 5 MQ resistor between low sense and the
- input terminal then produces a current proportional to the output voltage. At 1000V
output, the current is 200 gA—the same value as the low-sense current at 1000V output. The
current flowing in the range resistor is provided by the output of the op-amp Ul and also
flows through the resistor R4. To produce the current through R4, the output voltage of the
op-amp must then be 10V, assuming 200 A output current through R4. The 10V drop
produces another ¢urrent of 500 uA in R11, connected between the amplifier + input terminal
and the amplifier output. This current flows to the high-sense terminal to exactly cancel the
500 uA in the high-sense lead. The ultimate source of both currents is the power supply for the
op-amp, which is connected to the high-output terminal of the calibrator. Both the 200 A
current in the low-gense lead and the 500 pA current in the high-sense lead have thus been
diverted from the external-sensge leads to the high-output terminal, where the current is
returned through the output stage of the amplifier and to the low output.

The range resistor for each range of the sense-current cancellation circuit is selected by closing
the proper combination of relays K2, K9 and K.10. R30, 2 2K resistor in series with the range
resistars, provides a divided output voltage signal to the output voltage monitor function.

The main microprocessor, via the monitoring system, monitors the cutput voltage of the
instrument by measuring the voltage acrogs R30. The voltage across R30 is sent to a
multiplexer (via SDPOV) on the Output/HV Control PCA and then to the REF/DAC Digital
PCA where it is read by the a/d converter. The main microprocessor takes the a/d converter
reading and converts it to output voltage and compares this to the programmed output level.
If the monitored value does not agree with the programmed level (within 5%), then the main
microprocessor sets the instrument into standby and sends an error message to the
Alphanumeric Display. Following a change in the programmed output of the calibrator, the
output voltage monitor function is suppressed for four seconds to allow the output voltage to
settle. Following this delay, the output voltage will be sampled every two seconds, and the
output will be switched to standby if the voltage is outside the tolerance limits.

QUTPUT/HV CONTROL PCA, A5 ' - 2-46
The Gutput/HV Control PCA provides the following in the 5440B/5442A.

o Generates the digital control signals for the relays on the Output PCA.

& Produces the triac control signals; (T51 through T54)

e  Produces the square wave drive signal (IB+ and IB—) for the Filter B PCA

o Contains part of the monitoring system circuitry.

The digital logic address lines (GAO thrbugh GAS) are buffered by U22 and U23, then sent to

decoder U27. The four outputs of the decoder proceed to an eight-input OR gate (1735). The
signal from U35-13 drives U37-6, which inverts the signal at U37-4 to drive U38-13 (a
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tri-state buffer). When the Quiput/HV Control PCA ig addressed, the ontput of U-3§ pulls
the Acknowledge (ACK) line low, The data lines (GDO through GD7) are buffered by 120,
U21 and part of U22, then proceed to four latches (U24, 126, U28, and U29). The latches
are clocked by the signal GWR (Guarded Write) from the main microprocessor and by the
appropriate address, The decoded address lines and the GWR signal are sent through gates
U36 and U37 to the clock (CLK) inputs of the latches. The latches are cleared by GPOP
(Guarded POP). The outputs of U29 go to relay drivers U3 through 1734, These relay
drivers are used to energize the relays on the Qutput PCA.

Four of the outputs from U28 are buffered by U30 and become the triac control lines TS
through T54. These control lines are then sent to the Filter B PCA.

The other outputs of U28 are used as follows. The ZCA line (U28-9) controls the gain range
of the Zero Amplifier on the Qutput PCA. Qutput U28-6 (CS2) is used to control
trangmission of the square-wave drive signal and to prevent K7 {on the Output PCA) from
closing during high voltage operation, The RESET cutput (U28-5) prevents Ul from
oscitlating when it i3 not in high voltage operation.

The two cutputs (CT1 and CT2) from latch U24 are used to control relay driver U7. The four
outputs of U26 are the address lines for the multiplexer U25. This multiplexer takes inputs
from eight different sources and sends them out on a single line (ANALOG DATA OUT) to
the a/d converter on the REF/DAC Digital PCA. The ANALOG DATA OUT line contains
the multiplexed, monitoring system signals.

The revision level of the Qutput/HV Control PCA can be determined by reading the tri-state
buffer, 20, The inputs to this buffer are configured (by tying inputs to LCOM or + 5LH) to
represent the pea’s revision level. The buffer 1720 is enabled (read) when the guarded read ling
*GRD and the appropriate address (from address decoder U27-7) are sent to AND gate U36
(and subsequently NOR. gate U36).

The analog circuits of the Cutput/HV Control PCA generate a square wave whose amplitude
is varied by the OP COM signal from the Output PCA. This square wave ¢ventually goes ta
the Filter B PCA where it is used to generate the high voltage output for the 275V and 1100V
Tanges.

Ul is a 355-type timer IC, connected to produce a symmetrical square wave of fixed
amplitude. The output, pin 3, is connected to a variable attenuator consisting of a series
resistor, R5and 2 shunt-connected FET, Q1. The amplitude of the square wave passed
through the attenuator is a function of the conductance of the FET, Q1, which is controlled
by the FET gate signal. A more negative signal on the gate decreases conductance of the FET
and increases the amplitude of the square wave passed to the following amplifier stages,

The signal on the gate of Q1 is derived from OPCOM, originating on the QUTPUT PCA,
Ad, and modified by the reversible polarity amplifier, U2, The reversible polarity amplifier is
necessary because the polarity of the OPCOM signal for an increase in output voliape
reverses with a change 1n output polanty of the calibrator. An understanding of the operation
of the circuit is best obtained by following the signal path through the amplifier in responge
Lo a change in output veltage.

Assume that the calibrator is programmed to deliver a positive polarity voltage to the
high-output terminal at a potential greater than 22V, Also assume that an incréase in gutput
voltage is programmed. The inereased voltage requires a higher output from the high-voltage
auxiliary supply and, consequently, it requires a higher amplitude drive signal from the
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square-wave generator that provides the primary power source for the high voltage
transformer. For a positive polarity output, relay K1 on the A4 OUTPUT PCA is
de-energized. The drive for K1 comes from U31, pin 3, on the A5 OUTPUT/HV CONTROL
PCA. When K1 is de-energized, U31, pin 3, is high (+ 5V). Thig peint is also connected to
R103 (sheet 2 of the schematic diagram for AS5), which turns off Q16 and Q15. With Q15
turned off, the FETs Q13 and Q14 are turned on fully. Q14 ties the + input of the amplifier
U2 to ground, and Q13 connects the incoming OPCOM signal to the inverting input of U2
where it is amplified and inverted and applied to the gate of the attenuator FET, Q1. For an
increase in output voltage in the positive polarity, the QPCOM signal is more positive. The
positive-going signal is inverted by U2 to become more negative when applied to the
attenuator, thereby increasing the amplitude of the square wave. If the calibrator is
programmed for a negative output voltage, the OPCOM signal will be more negative for an
increase in output voltage, so the amplifier U2 is programmed to be a follower instead of an
inverter. For negative polarity, the relay K1 is closed, and the signal to the base of Q16 is low,
turning on Q16 and Q15. The FETs-Q13 and Q14 are turned off, and the amplifier U2 is then
configured as a follower with the negative-going OPCOM signal applied to the + input and
passed to the attenuator FET. The negative-going signal decreases the conductance of the
FET Ul, increasing the amplitude of the square-wave signal. When the high-voltage circuits
are not enabled (the calibrator is in one of the low-voltage ranges), the drive signal C52

- applied to the base of Q11 is low, turning on Q11 and Q10, and thereby shorting out the
output of the amplifier U2. With no negative drive signal, FET Q1 is turned on fully, shorting
any square-wave input signal to ground. As further assurance, the square-wave oscillator,
Ul, is turned off by a low signal applied to the RESET terminal, pin 4.

. FILTER B PCA, A13 2.47

The Filter B PCA contains the circuitry that generates the voltages used to produce output
voltages above 22V, It also contains the rectifiers and filter for the 20V oven supply.

The squarewave circuit on the Qutput/HV Control PCA provides the base drive for Q12 and
Q13. This push-pull stage drives the primary of a high voltage transformer, T1. The resulting
high-voltage square wave is rectified by a bridge rectifier (CR23 through CR26), then filtered
by C16. This filtered high voltage supply (£ KV) is sent to the Output PCA.

In order to minimize the power dissipation in Q12 and Q13, their supply voltage is vared in
four steps depending on the 5440B/5442A output voitage. Taps on the power transformer are
selected by turning on the appropriate pair of triacs, Q1 through Q8. The triac pairs are
controlled by photocoupler triac drives Ul through U8, which are turned on by the
Output/HV Control PCA via lines TS+ and TS —. The selected transformer taps are rectified
by one of four full-wave rectifiers (CR19 through CR22) and then filtered by C21 ard C22 to
provide + TSV(P) and — TSV(P). Transistors Q9 and Q10 are used as current sources to
provide keep-alive current to the selected triac gates while the ac voltage waveform is below
the conduction level for the triac. Transistors Q11 and Q14 sense the current being drawn by
Q12 and Q13. If this current becomes excessive, a signal (I LIM + and I LIM —) is sent back
:10 the Output/HV Control PCA, which reduces the drive to Q12 and Q13 so they are not
amaged, ' , ‘

The supply voltage for the three ovens in the 5440B/5442A is located on the Filter B PCA.
Bridge rectifier CR17 rectifies the 20V ac signal (+20V OVN AC), from the power
transformer, then C18 filters it to produce the unregulated 20V oven voltage (+20V OVN,
OVN COM).
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SAMPLE STRING PCA, A6 2-48 &

The Sample Siring PCA contains the precision resistors that are used to determine the gain of
the output amplifiers. These resistors are in a temperature stable oven to minitmize the drift
due to changes in the external temperature and self heating at high voltage. The Sample
String PCA also contains the control circuits for this oven.

The simplified circuit diagram in Figure 2-8A shows how the Sample String PCA relates to
the other analog circuits. In the 5440B/5442A, the gain of the output loop is a function of RF
divided by RIN. Relays on the Sample String PCA can be energized by the matn
microprocessor to select one of four gains, 1, 2, 25, or 100. The resistor configurations for
these four gains are shown in Figure 2-8B. The 11V from the DAC on the REF/DAC Analog
PCA is amplified by 1 to get the 11V output range, by 2 to get the 22V output range, ctc.

The relays on the Sample String PCA allow the resistors to be placed in a special bridge
configuration for internal calibration. Figure 2-9 is a simplified diagram of the Gain Shift
Measurement Configuration. The 13.2V reference voltage is one leg of the bridge, the DAC
amplifier/filter inverts the reference voltage to provide a second leg of the bridge. The parallel
combination of R32 and R35 forms a 20 kQ resistor for the third leg, and the range resistor to
be compared to the R32/R35 combination is the fourth leg. The range resistors are switched
by the relays to provide parallel combinations of resistors that equal nearly 20 kQkilohm so
that they may be compared to the R32/R35 20 k resistor in a 1:1 ralio as equal legs of the
bridge. The bridge unbalance is measured by the Analog-to-Digital (A/D) Converter, which
is preceded by the Pre-Amp configured as a follower amplifier with a gain of 600 to amplify
the microvolt-fevel signals to the proper level for the A/D Converter, For the 11V range gan
determination, the parallel combination of R31 and R34 is switched into the bridge for
comparison. For the 22V range, the combination of R30 and R33 is compared, and the
overall range correction is calculated as the sum of corrections for R31/R34 and R30/R33.
For the 1100V range, ten 200 k() resistors arc used in series to obtain a resistance of 2 MQ.
The relays K6, K7, K8, and K9 are closed in the calibrate modc to place the ten resistors in
parallel to obtain a 20 kQ resistor that can be compared against the R32/R35 20 k. Since the
percent error in the parallel arrangement is the same as the percent error in the series
arrangement, the correction factor may be calculated from this measurement. The same
resistors are used in the 275V range by connecting them in a serics/parallel arrangement, so
the correction factor is the same for bath the 1100V range and the 275V range.

The oven control circuits of the Sample String PCA start with two thermistors, (RT1 and
RT2) that have a negative temperature coefficient. Thermistor RT1 is used in the
oven-temperature control circuit, and RT2 is used in the oven-temperature protection circuit.

When the 5440B/5442A is turned off and the oven is cold, both thermistors (RT1 and RY2)
have high resistance. When the 5440B/5442A is turned on, Q3 conducts and the 20V oven
heater supply (VOVN) is applied to the collectors of a Darlington pair (Q1 and Q2). The
inverting input of Ul5 is connected throvgh R12 to SCOM. Until the oven reaches the
desired temperature, the voltage at the non-inverting input of U135 is above 0V, thus the
output of U135 is a positive voltage. The positive voltage at the output of Ul5 turns on the
Darlington pair and applies VOVN 1o the heater winding.

The oven termperature is maintained as follows: A zener diode, (VR8) provides 6V at the top
of R8. The same 6V is applied to U15-2 through R6. The op amp U15 inverts this voltage
and applics it to the bottom of thermistor RT1. As the oven lemperature approaches 55°C,
the resistance of RT1 approaches that of R8. This causes the non-inverting input of U) 5 to
approach 0V, reducing the output at U15-7, thus reducing the current source to the heater
winding. When 55°C is reached, the output of U135 is reduced to where the current, supplied
to the heater winding, is just enough to maintain the temperature of the oven.
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Figure 2-8. Sample String PCA, Simplified Circuit Diagram
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The heater winding is a ¢oil of resistive wire around an aluminum block that is in the oven,
The precision registors are placed into holes drilled in rhe aluminum block. The two
thermistors are also sef into holes of the block so that the control circuit holds the
temperature of the entire block constant, and the oven temperature protectlon circuit
accurately monitors the oven temperature,

The oven temperature protection circuit consists of RT2, 116, Q3, and Q4. Aslong as Ui6-2
remains more positive than U16-3, the output of 1716-7 i3 a positive voltage. This positive
voltage turns on Q4 and subsequently Q3, supplying 20V (TP5) to the heater coils. If
abnormal conditions cause the oven to overheat, RT2 decreases in resistance, making U16-3
moare positive than 1716-2. This causes the output at UL6-7 to become negative, removing the
oven supply from the heater windings. This circuit limits the oven temperature to a maximum
of 65°C.

When the operator initiates the analog self-tests, the signals at TP1 and TP2 (OT1 and OT2)
are measured to determine if the oven is at the proper temperature. TP1 and TP2 are
measured by the main microprocessor via the monitoring system {and the multiplexer on the
Preamp PCA). The signals OT1 and OT2 (Oven Temperature 1 and Oven Temperature 2) are
equal when the oven temperature is correct. If the analog self tests are performed before the
instrument has time to stabilize, the offset of the two signals (test points) results ina low
ovenutempe.rature £ITOr message on the Alphanummc Display.

PREAMP PCA, A7 : 2-49
. The digital logic cireuits of the Preamp PCA, are discussed first. Address lines GA1 through

GAG are buffered by U13, then sent to decoder U 16, which decodes the addresses used by
this pca. The three outputs of U16 are sent to 117, which is a multiple-input OR gate. The
output of U17 drives Q14, which pulls the *ACK (acknowledge) line low whenever the
.Preamp PCA is addressed.

Data lines GDO through GD3 are buffered by Ul1. Data lines GD6 and GD7 are buffered by
U12. The buffered data lines are sent to the inputs of latches U19 through U22. The clock
signal for these latches comes from U15, which ANDs the appropriate address from U16 and
the *GWR (guarded write) signal from U12-12. The latches are cleared by the *GPOP signal
from U12-4. The outputs of latches U21 and U22 are connected to relay drivers U23 through
U25, which close relays K1 through K5, The outputs of latch U20 drive amplifiers Q9
through Q11. The amplifiers (Q9 through Q11) drive the FET switches (Q3 through Q5) on
and off. The output of latch U9 is sent to the multiplexer (U18). This multiplexer connects
any one of seven test signals to the ANALOG DATA OUT (analog data output) line.

The revision level of the Preamp PCA can be determined by reading the tri-state buffer, U10.
The inputs to this buffer are configured (by tying inputs to LCOM or + 5LH) to represent
the pea’s revision level. The buffer U10 is enabled (read) when the guarded read line *GRD
and the appropriate address (from address decoder U12) are sent to AND gate Ul5 (and
subsequently NOR gate U15).

The analog circuits of the Preamp PCA form a low-noise, low—drift; high-gain amplifier
whose output drives the power output stage on the Output PCA. The amplifier’s input is the
output of the DAC on the REF/DAC Analog PCA.

The PREAMP 5J (Preamp Summing Junction) signal comes in at P41-13. Slow (dc and
low-frequency) changes in this signal are applied to U3, a differential amplifier, through L2
and R17. The collectors of U3 drive U4, a common-base stage, which then drives U5, U6,
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and U7. From here the signal is routed through K5 to PREAMP QUT at P41-38. Rapidly
changing signals are directed to U6 through R81/C82, bypassing the relatively slowly
responding circuits of U3, U4, and U5,

During internal calibration, relay K5 is closed, configuring the Preamp as a non-inverting
amplificr with a gain of approximately 600. (Refer to Figure 2-9 for a simplified diagram of
the Preamp, as configured during internal calibration.) The output of the Preamp (B-CAL)
gocs through a protection circuit to multiplexer U18. This connects the Preamp to the
ANALOG DATA OUT line, which goes to the a/d converter on the REF/DAC Digital PCA.

The oven contral circuitry on the Preamp PCA is identical to the one used on the Sample
String PCA, except for the temperature (which is maintained at 50°C instead of 55°C) and the
oven temperature protection circuit. The oven temperature protection is provided by
thermistor RT2. If the oven control circuit malfunctions and the oven temperature rises to
more than 65°C, Q15 conducts and c¢lamps the base of Q12, thus preventing further
temperaturc rise. The voltage at the junction between RT2 and R87 follows the oven
temperature during self test. This point is at or close to zero volts when the oven is at the
proper operating lemperature.

REF/DAC DIGITAL PCA, AB 2-50

The REF/DAC Digital PCA generates two square wave signals used by the pulse-width
modulated DAC on the REF/DAC Analog PCA. It also contains the a/d converter used by
the monitoring system to relay information to the main microprocessor.

The square wave drive signals originate from an 8-MHz oscillator {U12) feeding 4 frequency
divider (U13). The divide-by-four output (U13-4) of the frequency divider is inverted by U25
and applied to U11, a programmable interval timer (PIT). The PIT is configured to produce
two 83-Hz square waves that have a programmable duty cycle. The duty cycle is determinad
by the number of counts loaded into U11 by the main microprocessor. The number of counts
range from zero (0% duty cycle) to 24095 (100% duty cycle). Each count requires 13 bits, and
the count is loaded into U11 in 8-bit bytes from the guarded data bus (GDO through GD7).
The address lines (GAO through GAS) are buffered by U3 and U4. GAO and GAT select the
register in U1 that will be loaded with data. Address lines GA2 through GA6 are decoded
by U5 and fed to Ué. The output of U6 is the acknowledge (ACK) signal to the main
microprocessor, indicating that the address has been decoded. The output from U5, pin 15,
goes to the chip select (*CS) for the register UL, This signal, in conjunction with *WR, loads
the data into U1, The output U3, pin 15, is also used to clear the D-type flip-flop U22.
When U322 is cleared, its Q output goes high and enables the divider Ul3. The POP (Power
On Preset) is applied to the preset input of U22, which sets its Q output low, disabling the
divider UU13 and hence its 2-MHz clock output.

The two outputs of U11 are buffered by U25 and drive photocouplers U17 and U18. The
outputs of the photocouplers are sent to the D input of U1% and U20 (Dual D-type
flip-flops). The flip-flops ate clocked by the 2-MHz output of U13, which is fed through
buffer U25 and pulse transformers T1 and T2, The outputs of the pulse transformers are
amplified by Q1 and Q2 before being applied as the clock input to U19 and U20. The outputs
of U19 and 120 follow their D inputs in unison with the 2 MHz clock to ensure that the
square waves to the REF/DAC Analog PCA have jitter-free transitions. This is done to
prevent rattle and noise on the output of the REF/DAC Analog PCA DAC.

Square waves o the REF/DAC Analog PCA are isolated for the following reasons: to prevent
noise in the digital circuits from entering the analog circuits of the DAC and to provide a
voltage level transition for the FET switch drive signal on the REF/DAC Apalog PCA.




A retriggerable one-shot (U32) is triggered by the 2 MHz clock from Q1. When the 2 MHz
clock stops, thé one-shot times out and resets the outputs of U19 to zero. ThlS causes the
output of the REF/DAC Analog PCA DAC 1o be zero.

The REF/DAC Digital PCA provides one other isolated signal to the REF/DAC Analog
PCA. This sipnal (Z) enables or disables the offset circuit on the REF/DAC Analog PCA,
Data line GD7 is fed to the D input of U22, clocked by the output of U9. This gate ANDs
the *WR signal and an output of the address decoder (U5-14). The output of U22 is buffered
by U25, then drives the photocoupler U39. The output of U39 drives Q3 whose output is
then sent to the REF/DAC Analog PCA.

The revision level of the REF/DAC Digital PCA can be determined by reading the tri-state
buffer, Ul. The inputs to this buffer are configured (by tying inputs to LCOM or + 5LH) to
represent the pea’s revision level. The buffer UT is enabled (read) when the guarded read line
~ *RD and the appropriate address (from address decoder U5) is sent to AND gate U9,

The a/d converter is a 12-bit (plus sign bit and overrange bit) binary a/d converter with an
input voltage range of + 1.1V. The IN LOW input is connected to the low-noise common,
RCOM. The IN HI input is connected to the output of multiplexer U40. The components
R63, R46, VR, VR2, Q4, and Q5 form an input protection circuit for the a/d converter. The
multiplexer U40 is used to connect the input of the a/d converter to the ANALOG DATA
" QUT signal or to one of several voltage monitoring points on the REF/DAC Digital PCA.
Two of the monitoring points are at the output of reference IC, U24. This IC supplies a
precise voltape of 2,5V which is divided to .973V by R52, R53, R58, R59, and R62. This
voltage is used to calibrate the a/d converter at the begmnmg of internal cahbratmn and the
analog self-test.

The digital inputs to U40 come from latch U42. The latch is clocked by the *WR signal and
the *SELF signal (decoded from the address bus) after those two szgnals are ANDed by 141,
The latch U42 is clearsd by the *POP signal.

The operating voltages for the a/d converter are referenced to the = 5VL source, which 13
filtered by U38, R37, R38, C40, and C41. The extra filtering is required to provide a
noise-free voltage supply for the a/d converter,

The a/d converter takes a reading when requested to do so by the main mlcroprocessor The
main microprocessor monitors the status of the a/d converter for the completion of the
reading. The main microprocessor then reads the binary output of the a/d converter via the
guard crossing. " '

To start a reading, pin 26 (RUN/HOLD) of the a/d converter must be set high. This is done
by flip-flop U31. The *WER and *TRIGGER (one of the address lines) signals are ANDed by
41, which i3 used to drive the preset input of U31. When the output of U41 goes high, the
Q output of U31 is set high. When the a/d converter completes a reading, it sets the Status
Line (pin 2) low. This low on pin 2 is inverted by U23 at pin 6 and then proceeds to the clock
input of U31 (pin 3). This causes U31 to reset (Q output goes low), and the RUN/HOLD
input of the a/d converter goes low. The low input to the RUN/HOLD line causes the present
a/d converter reading to be held until it can be read by the main microprocessor.

The STATUS line also goes to a tri-state buffer (U8), whose output (at pin 11) goes to GD6.
The tri-state buffer is enabled by *RD and *TRIGGER, ANDed by U9 (*TRIGGER is from
the address decoder U5). This is how the main microprocessor reads the status of the a/d
converter to determine when a reading has been completed,

5440 Series
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A completed reading is read out in two bytes, a low byte and a high byte. The status of
address line AQ determines which byte is read out. Address line A0 is connected, via tri-state
buffer U21, to the a/d converter inputs *LBEN (Low Byte Enable) and *HBEN (High Byte
Enable). The tri-state buffer (U21) is enabled by the *A/D signal from the address decoder
US. *A/D is low when data is being read from the a/d converter. Data from the a/d converter
is placed on the data bus by tri-state buffers Ul4 and U21. The tri-state buffers are enabled
by *RD and *A/D, which is ANDed by U9. The output of U9 also sets the *CE (Chip
Enable) on the a/d low. When the A0 line is low, the low byte output is enabled (outputs Bl
through B8 arc active). When the A0 line is high, the high byte is enabled (outputs B9
through B12, POL and OR are active. POL is the sign bit, and OR is the overrange bit.

Refer to Table 2-8 for a description of the A/D Digital Inputs.

REF/DAC ANALOG PCA, A% 2-51

The REF/IDAC Analog PCA contains a pulse-width modulated DAC circuit and a stable,
13V low-noise reference circuit. The control logic for the DAC circuit is contained on the
REF/DAC Digital PCA. The reference circuit and critical components of the DAC circuit are
enclosed in a temperature-controlled aven,

Data lines GDO through GDS35 are buffered by U23, and data lines GD6 and GD7 are
buffered by U24. Only data lines GDO through GD?3 are used on this pca. The buffered data
lines GO through GD3 are sent to latches U21 and U25 where they are clocked through by
*(GWR (guarded write) ANDed with the decoded address lines (*DAMS and *DRLS) from
the REF/DAC Digital PCA. The latches are cleared by the *GPOP {guarded power on
preset) line. The outputs of U21 are sent to multiplexer U20 as the binary conirol inputs (and
one inhibit input). The control inputs select one of the eight multiplexer inputs to be
connected to the output of the multiplexer (ANALOG DATA OUT). By using the
multiplexer, via the ANALOG DATA QUT line, the main microprocessor can monitor eight
voltage test points on the REF/DAC Analog PCA. The single output from 1J25 controls
relays K1 and K2. These relays switch the polarity of the 13V reference voltage.

The oven control cireuiiry is identical to the one described for the Preamp PCA.

Takle 2-8. A/D Digital Inpuls

DIGITAL INPUT DESCRIPTION NOTES

LBEN lower bit enable (b1- bB)

higher bit enable {b9 - 112, POL, OR)

RUN/HOLD measurement being
taken/measurement
not being taken

STATUS ready for controller
to look at data or take
another reading.
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The 13V reference circuit consists of two cascaded 6.5V reference amplifiers (U3 and U6) and
their associated components. The 6.5V output of the first reference amplifier (U3) is buffered
by U4 and drives the load of R24. The 6.5V cutput of the second reference amptifier (LJ6) is
in series with R24 to provide a total of 13V at the input to U5, The output of buffer U5 drives
an emitter follower (Q4) that provides the reference output (REF OUT HI). U5, Q2, and Q4
form a wide dynamic range buffer with very low output impedance. This prevents noise
spikes, caused by the rapid load changes of the DAC circuit, from appearing on the reference
supply. The 13V reference supply is used as a reference voltage for a voltage regulator
consisting of U2 and Q1, which provides the 19.8V collector supply of Us.

The reference supply is connected to the DAC circuit by relays K1 and K2. These relays
allow the polarity of the reference voltage to be reversed. When de-energized, the relays
connect the REF QUT LO line to RCOM (TP19) and the REF OUT HI line to VREF
(TP18). When energized, the relays connect the REF OUT HI line to RCDM {(TP19) and
REF QUT LO to VREF (TP18).

The pulse-width modulated DAC circuit has two switching circuits. The first switching ¢ircuit
provides output resolution in 0.55 mV steps. The second switching circuit provides output
resolution in 75 nV steps. Therefore, the output of the DAC circuit can be set from 0.0V to
11V, in 75 nV steps.

‘The first switching circuit consists of FETs Q9, Q10, and QI2. The FET pair, Q9 and Q10,
are in series with the reference voltage while Q12 shunts it. When Q9 and Q10 are conducting
and Q12 is off, the reference voltage is connected to R69. When Q12 is conducting and Q9
and Q10 are off, the output of the switching circuit is 0V. FETs Q9 and Q10 are turned on
and off by Q13, whose drive signal is FQ1 (from the REF/DAC Digital PCA). When Q13 is
turned off, Q9 and Q10 are turned on by the 13V applied to their gates. The supply voltage
for Q13 is provided by the buffer amplifier setup of U8 and Q7. When Q13 turns on, the
‘gates of Q9 and Q10 go to VI(FH), which turns the FETs off. The signal V1{(FH) and
VI(FC) are the high and common of a floating 5V power supply from +5DAC and DAC
COM (P51-29 and P51-3()). With the reference set for positive polarity, VI(FH) is connected
to the — 17V supply via K2, CR5, and VR13 (a 5.1V zener). This makes the voltage at
V1{FH) about —11.3V, relative to A COM (and RCOM). With the reference set for negative

- polarity, VI(FH) is connected to — 24V via K2 and CR14. This makes the voltage at VI{FH)
about —23.3V, relative to ACOM. This negative voltage on the FET gates turns them off.
Also, when Q13 is on, it draws current from Q7 through four current-regulating diodes (CRS,
CR9, CR21, and CR22), When Q13 turns off, these diodes charge stray capacitance 1o bring
the FET gate voltage up to 13.2V. The shunt FET Q12 is turned off and on the same way as
Q9 and Q10. The switching signal comes from FQ1 via U28, Q32, and Q14. The gate of Q12
is switched between RCOM and VI(FH}.

The operation of the second switching circuit is similar to the first switching circuit. The
reference voltage is first divided down by R49 and R50 to 1.72V. This voltage is buffered by
U9, whose output goes to FET Q16, which is in series with the voltage. The gate of Q16 i3
driven between 1.72V (FET on) and VX(FC) (FET off) by Q20. V2(FC) is at — 5V, referenced
to ACOM, The drive for Q20 is 3Q from the REF/DAC Digital PCA. The shunt FET is Q17,
and its gate is switched between ACOM and V2(FC) (FET off) by Q21 driven by *SQ The
output of this circuit is d1v1df:d down by R47 and R44 to 4.5 mV.

The DAC circuit must be linear down to a 0V output. The first switching circuit output is
linear down to a duty-cycle of 0.04% (10 counts), This produces an output of approximately
5.5 mV. To obtain a linear DAC circuit output of OV, an offset circuit, with a constant output
of — 5.5 mV, is summed with the output of the two switching circuits. The result of the sum
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is OV at the output of the DAC circuit. Therefore, the offset circuit allows the DAC circuit
output to be zero even though the count remains above 10. (Refer to the Detailed Theory of
Operation for the REF/DAC Digital PCA for an explanation of the counts.) The input of the
offset circuit (inverting amplifier U7 and associated components) is the 13V reference voltage
via FET switch Q18. The gain of U7 is negative (0.2 producing an output of —2.64V. This
voltage is reduced to —26.4 mV by divider network R37/R38. The level is reduced by R39 to
—55mV.

The outputs of the two switching circuits and the offset circuit are summed together at the
junction of R69, R48, and R39. The junction of these resistors is the summing junction for
the amplificr/filter combination, which extracts the dc component from the square wave. The
amplifier/filter combination starts with differential pair U16. The current source for Ulbis
Q24. The differential pair in U16 is the first stage for the differential pair in Ul5. The biag
level for U15 is set by Q23 and CR15. Overvoltage protection is provided by Q25 and Q26.
The differential output of U15 is used to drive U12. The bias level for U12 is established by
R&4 and R%5, 25, Q26, Q27, and (328 protect against amplifier latch-up from transients.
The output of Ul2 drives the plus (+) input of U11. The minus {—) input to Ul is
connected to the summing junction via C37. This couples high frequency signals directly to
Ul 1. The output of U1 (pin 6) is connected back to the summing junction via C36. This
makes the amplifier an integrator for the pulse-width modulated square-wave input signal.
The output at UL1-6 drives a 5-pole active filter (U10 and assoctated components). The
output of this filter is a pure de voltage that is then buffered by U14. The output of Ul4
provides the DAC circuit output that is sent to the Sample String PCA.

The overall gain (negative one) of the amplifier/filter is determined by R69 and R73. Since
the on resistance of FETs Q9 and Q10 is in series with R69, their resistance can affect the
gain of the amplifier/filter. To null the effect that Q9 and Q10 have on the overall gain, two
identical FETs (29 and Q30) are placed in series with R73 to balance out the resistances.

Figure 2-9 is a simplified diagram showing how the analog circuits are configured during
internal calibration. The following is done to REF/DAC Analog PCA to configure the

analog circwils during internal calibration:

I. The offset circuit is disabled by turning off Q18 with the Z signal from the
REF/DAC Digital PCA.

The first switching circuit remains on by setting its duty cycle to 100% with the FQ1
signal from the REF/DAC Digital PCA.

The second switching circuit remains turned off by setting its duty cycle to 0%. This
is done with the 5Q and *SQ signals from the REF/DAC Digital PCA.

These changes place the 13V reference voltage at the input of the amplifier/filter. Since the
gain of the amplifier/filter is — 1, its output is the reference voltage with its polarity reversed.

SOFTWARE FUNCTIONAL OVERVIEW 2-52

As Figure 2-10 shows, the 5440B/5442A software is conceptually organized into two major
parts with the machine state between. The first part controls the internal ingtrument
interfaces (interfaces between the software and the control circuits). The second part controls
the local and remote external interfaces. The machine state is an internal representation of
how the analog hardware is to be configured (output voltage, range, mode, etc.).
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Figure 2-10, 5440A'5oﬂware Process Diagram

Figure 2-10 also shows the five 5440B/5442A software processes:

» Local interface

o Remote interface

o Command processor

® Analog control

e Printer and nonvolatile memory control

Each of the functions runs independently, as if they were running on separate
microprocessors. The functional separation of software is different from the physical

separation. Physically, most of the local interface software resides in the front panel
microprocessor, and the remaining interface software resides in the'main microprocessor.
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The two user interfaces, remote and local, translate the specific interface commands into the
very simple commands expected by the command processor. The command processor
executes all user commands.

For example, the user interface and command processor functions in the following manner
when a new output voltage is entered from the front panel. First, the local interface software
interacts with the operator by displaying the keys pressed and prompting for additional
input. When the operator enters the selected output by pressing the ENTER/YES (DATA
ENTRY) key, the local interface software sends a message to the command processor
requesting that the output change, The command processor then checks the new output
against the programmed limits, If the new output is within limits, it is written in the machine
state data area. The command processor tells the analog control and the local interface to
change the output value. The local interface software updates the output displays. The analog
control software makes the appropriate changes to the analog hardware.

Since the 5440B/5442A software processes are independently executing pieces of software,
they have three unique properties.

s Each of the processes runs at its own speed. As a result, the analog control process can
take as much time as is neccssary to set up the analog hardware without holding up the
operator interface.

The command processor has the ability to abort long operations. For example, the
internal calibration is executed by the analog contro] process and can take up to six
minutes to complete. When the operator aborts an internal calibration by pressing the

RESET key, the command processor signals the analog control to stop executing the
internal calibration.

Multiple activities can be carried on simultaneously by the software. For example, the
printer and nonvolatile memory control process is used to print listings and to store or
recall EEPROM data. The analog control of the instrument can still proceed (inciuding
monitoring analog circuits for faults) while simultaneously printing or writing to
nonveolatile memory.

External and Internal Calibration 2-53

External calibration should be performed every 30 days to maintain the specifications given
in Section 1 of this manual. The External Calibration procedure uses external calibration
equipment to calibrate the instrument. The Internal Calibration procedure should be
performed every day and doe¢s not use external calibration equipment. The Internal
Calibration procedure compensates for circuit drift in the 5440B/5442A. A theoretical
description of the External and Internal Calibration procedures is contained in Appendix A
of this manual. The following discussion contains additional information on the External and
Internal Calibration procedures.

The Internal Calibration procedure is a user-initiated automated procedure. The software
required 1o perform this procedure is contained in the main microprocessor memory of the
instrument. The Internal Calibration procedure first calibrates the internal a/d converter,
tocated on the REF/DAC Digital PCA. A 2.5V reference on the REF/DAC Digital PCA is
divided down to (.973V. This voliage is sent to the a/d converter and a reading is taken. The
output of the a/d converter is a binary number that is divided into 0.973. This provides a
calibration constant that is the resolution of the a/d converter, expressed as mV per binary
number. When the calibration constants are listed on a printer after the Internal Calibration
procedure is completed, the constant is called A/D Gain (see Figure 2-11).
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JOHN FLUKE MFG. Q.. INC, Sasba CALTERATION DATA

CONSTANT 10V RANGE 20V RANGL UV RARGE 1000V RANGE

Gain +.243134607 ny +1LBE2640 wY +15.57/7998 nV +H4, 3LA978 w
2V Gain +1 O824 wV
22Y Gain +1.0862863 mV
+0f{fset +4, 8445307 aV +9 . 7681830 av +122.471%8 wV tA70, 49 40e mV
“OFFaat +S.99aB520 ny 111498347 mY F1E2.00013 nV +555 . 55588 av
Gain Shitt .0 PPR -. pew .0 ren L ad

Resolution ratio! 7R A dain: +.281% Y

Figure 2-11. Calibration Constanis, Sample Listing

The next step is to zero the output of the instrument on the + 10V range. The main
microprocessor sets the output of the instrument to OV using the calibration constants
contained in memory. If the instrument has never been calibrated, then default constants are
used. The a/d converter is then connected 1o the output of the Zero Amplifier on the Output
PCA, and two readings are taken. The first reading is taken with the input of the Zero
Amplifier shorted. The second reading is taken with the input of the Zero Amplifier
connected to the output of the 5440B/5442A. The difference between the two readings is
proportional to the difference between the programmed output (0V) and the actual output
voltage of the 5440B/5442A. This offset is converted to microvolts by the Internal
Calibration program. ‘

The Internal Calibration procedure will provide a printout, like the one shown in Figure 2-12,
as the procedure is executed, The printout indicates the step being executed (e.g., + 10V
ZERO), then gives the values for N1 and N2 (N1 and N2 are the counts for the first and
second switching circaits in the REF/DAC Analog PCA DAC). The first set of N1 and N2
values are determined from the calibration constants in memory The next value listed on the
printout is the offset. If the offset is too large, the program calculates a new set of values for
NI and N2 which should bring the output within limits.

The DAC (on the REF/DAC Analog PCA) is set with the new values for N1 and N2, then
two more readings are taken with the a/d converter. As the two new readings are made, the
printout shows the two new values for N1, N2, and the new offset. If the offset is still out of
limits, the Internal Calibration program will try again with the new values of N1 and N2. If
the original offset was small, only one additional correction may be required to zero the
output of the 5440B/5442A. A large offset may require several corrections,

After zeroing the + 10V range, the constant called resolution ratio (RR) is determined. The

" final value of N1 from the + 10V ZERQ step is decreased by one count. The final value of N2
from the + 10V ZERO step is increased by the value of RR in memeory. Two readings are
.tlaken, and the offset is determined. If the offset is out of limits, the N2 count is changed until
it is within limits. The change in the N2 count from this step is the new value for RR. If the
calibration constants are listed after internal calibration, this value is shown under the
heading Resolution Ratio. ‘
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EHD OF INTERMAL CALIBRATION

Figure 2-12. Internal Callbration Monitor, Sample Listing

The Internal Calibration procedure continues, zeroing the other ranges with a similar
procedure. The only variation is on the high voltage ranges if the offset is large. A large offset
will cause the a/d converter to overrange and therefore, no offset can be calculated or printed
out. When this occurs, the gain of the Zero Amplifier is changed from 1000 to 100, and a new
reading is taken. The offset can now be calculated and printed out, When the zeroing
procedure brings the offset low enough, the gain of the Zero Amplifier is changed back to
1000, and the procedure continues.

After performing the output zeroing procedure, the Internal Calibration program performs
gain shift measurements. The program sets up the internal circuitry of the 5440B8/3442A into
a special configuration. (Sec Figure 2-9 for a simplified diagram.) The discussion in Appendix
A, describes the difference in this configuration for the three sets of measurements that are
taken. If a printer is connected while the Internal Calibration procedure is being performed,
the heading, Gain $hift is printed, then six readings are printed out labeled +10, +20, +HYV,
—HV, =20, and — 10. Referring to the equations in Appendix A, the value of + 10 1s




(V)new in equation 13, and the value — 10 is (V2)new. In equation 14, the +20 value is
(V)new and the — 20 value i3 (V2)new. In equations 15 and 16, the +HV value is (V1)new,
and the —HV value is (V2)new. -

After the Internal Calibration procedure has finished, the calibration constants can be read
on the Alphanumeric Display of the 5440B/5442A front panel and on a printer or video
display terminal via the IEEE-488 or RS-232 interface ports. Figure 2-11 illustrates an
example of a calibration constant printout obtained by using a printer connected to the
RS-232 interface port. The gain constants are listed first, followed by the offset values. The
line labeled Gain Shift gives the gain shift in ppm from the last Internal or External
Caljbration procedure.

The shift in offset values is not listed, but if the values from the previous calibration have
been recorded, the shifts can be calculated by taking the difference of the current and
previous values for each range and polarity.

All the values shown in Figure 2-11 can also be read out through the Alphanumeric Display.
Whén this is done, the constants are read out one at a time in the same order as they appear
in Figure 2-11 (reading left to right, top to bottom). So the first constant read is the 10V
range zain constant and the last read is the A/D Gain.

Internal calibration cannot correct for all the drifts in the 5440B/5442A (like the 13V
reference drift), so the External Calibration procedure must be performed periodically. Doing
this acourately sets the gain constants. After performing the External Calibration procedure,
the new constants can be read out as already described.

5440 Series
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A Message From

John Fluke Mfg. Qo.,,‘lnc

Some semlcnndumors and custom IC's ¢an be
damaged - by electrostatic discharge during
handlmg "This notice, explains how you can
minimize the chances of destroying such devices

Knhowing that there is a problém
. Learnmg the guidelines for handling them.
.-..--,.;..Usmg ‘the proc-edures. and packagmg and
bench techniques that are recommendad
'"'H"k,.

The Static Sensitive (5.5.) devices are identified in the Fluke-tgchﬁicél ma_mjal'parts list with thé‘gl.ymbol
The following  practices shouid be fo!!oweﬂ to -.m“in:irﬁizel damage t'ov‘$.5.-- déviﬂpas.'i

f:

3. DISGHARGE PERSONAL STATIC BEFOHE
: MANDLING DEVICES, USE A HIGH RESIS-
MINIMIZE HANDLING e . TANCE GROUNDING WRIST STRAP,

o —

2. KEEP PARTS IN ORIGINAL CONTAINERS
UNTIL READY FOR USE. 4. HANDLE 5.8. DEVICES BY THE BOQY _
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5. USE STATIC SHIELDING CONTAINERS FOR
HANDLING AND TRANSPORT

6. DO NOT SLIDE 5.5. DEVICES OVER
ANY SURFACE

7. AVOID PLASTIC, VINYL AND STYROFOAM®
IN WORK AREA

PORTIONS REPRINTED
WITH PERMISSION FROM TEKTRONIX, INC.
AND GENERAL DYNAMICS, POMONA DIV.

® Dow Chomicat
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8. WHEN REMOVING PLUG-IN ASSEMBLIES,
HANDLE ONLY BY NON-CONDUCTIVE
EDGES AND NEVER TOUCH QPEN EDGE
CONNECTOR EXCEPT AT STATIC-FREE
WORK STATION. PLACING SHORTING
STRIPS ON EDGE CONNECTOR HELPS TO
PROTECT INSTALLED S8 DEVICES.

I

\. V/

9. HANDLE 5.5. DEVICES ONLY AT A
STATIC-FREE WORK STATION

10. ONLY ANTI-STATIC TYPE SOLDER-
SUCKERS SHOULD BE USED.

11. ONLY GROUNDED TIP SOLDERING
IRONS SHOULD BE USED.

A complete line of static shielding bags and acces-
sories is available from Fluke Parts Department,
Telephone 800-526-4731 or write to:

JOHN FLUKE MFG. CO., INC.,
FARTS DEPT. M/S 86

9028 EVERGREEN WAY
EVERETT, WA 98204

JODR9D-0TUBE04/SE EN  Litho in US.A.
Rev.1 MAR 86




Sectlon 3
Mamtenance and Calibration
Information

WARNING

 THESE SERVICING INSTRUCTIONS ARE FOR USE BY QUALIFIED
PERSONNEL ONLY. TO AVOID ELECTRICAL SHOCK, DO NOT PERFORM
ANY SERVICING OTHER THAN THAT CONTAINED IN THE OPERATION
INSTRUCTIONS UNLESS YOU ARE QUALIFIEDR TO DO S0.

INTRODUCTION | | 3-1

The information in this section contains maintenance and calibration information for the
5440B/5442A . The information is divided into general maintenance, calibration checks and
adjustments, acceptance test procedures, an internal calibration procedure, and an external
calibration procedure. To verify proper operation of the instrument, the Acceptance Test
should be performed upon receipt of the 5440B/5442A or at any other time.

REQUIRED TEST EQUIPMENT - 32

Table 3-1 lists the test equipment necessary to complete the tests and procedures in this
section. If the recommended test equipment is not available, test equipment with equivalent
specifications or better can be substituted.

LOCATION OF MAJOR MODULES 3-3

Figure 3-1 shows the location of all major modules in the 5440B/5442A. The view shown is
from the top of the instrument.

ACCESS PROCEDURES o | 3-4

The following paragraphs contain procedures that provide access to the interior of the
5440B/5442A and removal instructions for two pca’s.

Interior Access Procedure Co - ‘ " 3.8
CAUTION

To prevent shipping damage to the pca’s, always place the plastic
pca retainers in the original conﬂguratlon when reassembllng the
54408, 5442A.

This procedure describes how to gain access to the interior of the instrument. There are two
outer and two inner covers on the 5440B/5442A . The two outer covers are top and bottom
pairs. One inner cover shields the guarded pea’s and the other shields the digital pea’s.
Complete the following procedure to gain access to the intertor of the 5440R/5442A:

5440 Series
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Table 3-1. List of Required Test Equipment

REQLIRED
EQUIPMENT

REQUIRED
SPECIFICATIONS

RECOMMENDED
TEST EQUIPMENT

Voltage Reference
Standard

10V de, 1.5 ppm absolute uncartainty

Fluke 732A

Voltage Divider

Standard

0.2 ppm ratio uncertainty at 1011 @ up to
100V input

0.5 ppm ratio uncertainty at 1001
@ 1KV input

Fluke 752A

DMM

0.001% basic uncertainty

Statistics program (used for Output Naise
Test only)

Fluke 8505A° or 8502A°

Fluke 8520A w/-010 or
Fluke BS22A

Null Detector

1 uV range £ 3% end-scale
absolute uncertainty > 10'2 {} leakage to case

Fluke B45AR or B45AB

Metered
Auto-Transformer

Output 0 to 130V ac at 3A

General Radio
Variac

Low-Thermal EMF
Shielded Cables

Fluke 5440A-7002
or 5440A-7003

Load Resistors

100 ohms 1%, %W, 1kQ, £1% 1W

Oscilloscope

0.1V Vertical Sensitivity
100 kHz Bandwidth

TEK 7603

Differential Amplifier

DC - 1 MHz Bandwidth 10 uV/division select-
able - 3 db peints

TEK 7A22

True AMS Voltmater

100 mV range

Fluke 931B

*Calibrated to the 80 day specifications,

Remove the line cord from the instrument.

Remove the screws holding the top and bottom covers in place. (Three screws are
located along the front edge and five screws are located along the back edge.)

Lift the covers off the instrument.

Remove the screws (four each) from the sides of the inner covers, and remove the inner
covers, The interior of the 5440B/5442A is now aceessible,

To reassemble the 54408/ 5442A, logically reverse the four steps above.

Guarded Xfmr Term PCA Access Procedure, A11

Complete the following procedure to gain access to or remove the Guarded Xfmr Term PCA:

3-6

I. Use the procedure in paragraph 3-5 to gain access to the interior of the 5440B/5442A.

2. Remove the four screws located along the sides of the Guarded Xfmr Term FCA.

Using the handle provided, carefully lift the Guarded Xfmr Term PCA from the
54408/ 5442A . )

To reassemble, logically reverse the three steps of this procedure.
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Figure 3-1, 54408 Modulse Locations
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Qutside Guard Term PCA Access Procedure, A19 3-7
Complete the following procedure to ain access to or remove the Outside Guard Term PCA:

1.

Use the procedure in paragraph 3-5 to gain access to the interior of the
5440B/5442A.

Remove the six screws located along the rear of the Qutside Guard Term PCA.

Carefully remove the Qutside Guard Term PCA from the 5440B/5442A. If the
transformer on the pca will not clear the fan on the rear panel, remove the fan. To
remove the fan, disconnect the power plug from the fan and remove the two 14-inch
nuts that hold the fan in place. Lift the fan from the 5440B/5442A.

To reassemble, logically reverse the three steps of this procedure.

Front Panel Access Procedure 3-8

Complete the following procedure to gain access to the Front Panel PCA for troubleshooting
OT repair:

Remove the top cover and place the instrument on its rear handles, with the bottom
facing you.

Remove the bottom cover, and place the instrument in its normal position.
Remove the Procedure Storage Module.

Remove the four screws from each side at the rear of the front handles (do not
remaove the handle decals),

Pull the front panel forward. If you wish, you can leave the front panel connected to
the instrument via the Interconnect (ribbon) Cable.

Changing Qutput Terminals from Front to Rear 3-9
NOTE

A 54424 Calibrator must be equipped with a 54424-01 option to abtain rear
autpul.

The 5440B/5442A i5 shipped from the factory with its output (from the OQutpus PCA)
connected to terminals on the front panel. The terminals located on the rear panel of the
instrument are not connected. Use the following procedure to connect the 5440B/5442A
outpit 1o the rear panel terminals:

1.

Use the procedure in paragraph 3-5 to gain access to the interior of the
5440B/5442A.

Using the card extractors, remove the Qutput PCA from the motherboard connector
and the card cage.

Insert the Quiput PCA into the adjacent card slot (labeled REAR CUTPUT)
towards the rear. Press the pea firmly into the motherboard coonector,

Reattach the covers of the instrument.




5440 Series

. GENERAL MAINTENANCE INFORMATION =~ R = [

The following paragraphs describe general maintenance procedures. The Air Filter

~ Maintenance procedure should be performed periodically under a routine maintenance
program. The Cleaning Modules procedure should only be performed when the modules Jook
dirty.

Cleaning Modules - o 3-11
| | '~ CAUTION o

Instantaneous or delayed electrostatic discharge damage can be
caused by improper handling of the modules and by the use of a
vacuum cleaner with static-inducing brushes. To prevent damage by
electrostatic discharge, observe the precautions described on the
Static Awareness sheet located in front of this sectlon. Remove all
modules from the 5440B/5442A before using a vacuum cleaner on the
chassis. Do not use the vacuum cleaner on the modules.

If a visual inspection of the instrument shows excessive dirt buildup, clean the appropriate
portions of the instrument. After ail the modules have been removed, use a vacuum cleaner or
low pressure air to clean the 5440B/5442A chassis. ‘ '

Use low pressure air to clean dust from the modules. If conditions warrant, clean the modules
. with water-based commercial cleaning systems such as dishwashers. When cleaning the
modules with water, observe the following precautionary procedure:

1. Removeall plug-in relays and oven covers from the pea’s and seﬁarate al} piggy-back
assemblies. ' . o L

In geographic areas with exceptionally hard water, use Reagent Grade 2 water
(deionized or distilled water), or better, for cleaning the Sample String PCA and for
the final rinse of the pea’s. To remove all ions, spray or run the water during the final
tinse so that the pea surface is thoroughly covered. - :

Thoroughly dry all modules using one of the following methods. Method a is
preferred. '

a. Dry the modules in a low-temperature drying chamber or an infrared drying
rack with a temperature range of 49 to 72°C (120 to 160°F).

If neither a drying chamber nor a drying rack is available, air-dry the modules at
ambient room temperatures for at least two days. .
NOTE

A satisfactory cleaning method consists of holding the pca’s under running hot
water until they are clean. Rinse and dry the pca’s according to the above
procedures. - : '

Cleaning Edge Connectors - | 3-12
‘ CAUTION -

O Never use an eraser to ciean edge connectors. Use of an eraser to
clean module edge ¢connectors can cause static discharge damage on

the modules and abrade the surface plating.
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If visual inspection shows that the module edge connectors need cleaning, use a mixture of
70% isopropyl alcohol and 30% water on a clean, lint-free cloth.

Air Filter Maintenance 3-13
CAUTION

If the filter is cleaned with water, make sure that It is thoroughly dry
before reinstalling it.

Visually inspect the air filter at the rear of the fan compartment periodically for dirt and
contaminants. Clean the filter, when necessary, using the following procedure:

1. Disconnect the line power cord from the instrument.

2. Remove the four serews that hold the filter frame in place, then remove the filter
frame and the filter,

3. Clean the filter using either clean dry air or 4 mild solution of detergent and water.
4. Thoroughly dry the filter if it was cleaned with water,
5. Reinstall the filter and filter frame.

Line Voltage Selection 3-14

The 5440B/5442A can operate from any of the eight line voltages listed in Table 3-2 at line
frequencies from 50 to 60 Hz, The instrument should arrive configured for the line power
specified at the time of purchase, The factory configuration is marked on the rear panel decal.

Use the following procedure to select a line voltage configuration:

1. Determine the lin¢ voltage range from the eight ranges listed in Table 3-2. Be sure to
select a range that includes the expecied ﬂuctuatim}ﬁ.

Set the line voltage select switches, shown in Figu';e 3-2, to the positions listed for that
range in Table 3-2,

Verify that the proper line fuse is installed. Refer to Table 3-2 for the correct line fuse
values.

Table 3-2. 5440A Line Power Voltage Selection

SWITCH POSITIONS”

NOMINAL TOLERANCE

51 82 53
=10% +10%

100 a0 110 Up Up Down
110 99 121 Up Up Up
115 103.5 126.5 Up Dawn Down
120 108 132 Up Down Up

200 180 220 Down Up Down
220 198 242 Down Up Up
230 207 253 Down Down Down
240 216 264 Down Down Up

*The labels up and down refer 1o the position of the dot on the switch.

w
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TOP OF INSTRUMENT

NOTE

The switches aré shown in f-he correct positions for selecting 115V ac.

Figure 3-2. Line Voitage Select Switches

Fuse Replacement Procedures | | ' 3-15

In addition to the line ﬁower fuse, the 5440B/5442A has 36 other fuses, located on four
internal pea’s. These fuses protect the transformer secondary and some regulator cirquits. See
Tabie 2-2 in the 5440B Operator’s Manual for information about replacing the line power
fuse. :

Use the following procedure to replace circuit protection fuses:
1. Use the Access Procedure to remove the appropriate pea from the. 5440B/5442A.

2. Locate and replace the defective fuse(s). Table 3-3 gives the correct value and location
of the circuit protection fuses. :

If the fuse fails a second time, troubleshooting and/or repair is indicated,

CALIBRATION ADJUSTMENTS 3-16

Because of its internal and external calibration functions, the 5440B/5442A does not require
periodic adjustments. The following calibration checks and adjustment procedures are
required only in the event of malfunction on the listed assembly,
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Table 3-3. Circuit Protection Fuses

FUSE REPLACE
PCB LOCATION REFERENCE WITH FUSE CIRCUIT PROTECTED

DESIGNATION TYPE:

A0 Ingide F1 4A, 125V +5V DAC
Regulater PCB F2 +5Y LH

F2 10A, 125V 20V AC Oven

F3 TS5
F4 TS54
F5 T83
Fé TS2
A1 Guarded F7 TS1
Xtmr Term PCB F8 10A, 125V TS
Fa Pico Fuse TS2
TS3
T84
TS5

2A, 125V +178 AGC
Pico Fuse

1A, 125Y 30 FR AC
Pico Fuse 15 FR AC

3A, 1256V HRG AG
Pico Fuse HRG AC

1A, 125V QP AG
Pico Fuse OPr AC

5A, 125V LH AC
sSLO-BLO LH AC

1.56A, 125V DAC AC
Pico Fuse DAC AC

1A, 125V HVS
Pico Fuse HVS

A17 Quitside 4A, 125V +5V Regulator
Guard Regulator
PCB

A18 1/0 Assembly 1/4A, 250V +8Y Supply

ZA, 128V Linregulated +29v DC
Pico Fuse Supply

A19 Quiside 54, 125V Unregulated +5V DC Supply
Guard Term PCB SLO BLO 0OG POP GEN and Unregulated
+5V DC Supply

2A, 125V Unregulated +29v DC
Pico Fuse Supply

3A, 128V Lnregulated MR +5V
Pico Fuse Unregulated HR +5V
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’ Outside Guard Power Supply ' | 3-17

Use the following procedure to check and adjust the power supply on the Qutside Guard
Regulator PCA:

1. Connect the DMM common to TP1 on the Outside Guard Regulator PCA.
2. Set the DMM to measure dec volts.
For each étep in Table 3-4, set the DMM to an appropriate range, connect the

positive lead to the indicated test point, and verify or adjust the indicated
_potentiometer for the specified voltage.

Table 3-4. Outside Guard Power Supply Chacks and Adjustmenis
TEST POINT ADJ. POINT SPECIFiED VOLTAGE

TP2 Ra2 +5.15, = 0.00V d¢
TP3 n/a . +5.00, £ 0.25V dc
TP4 R18 +28.0, + 0.00V d¢
TPS n/a : +12.0, £ 0.60V dc
TP& n/a -12.0, £ 0.60V dc
TP8 n/a -5.00, £ 0.25V dc
TP7 n/a ‘ =20V de

Inside Guard Power Supply ' - 318

Use the following procedure to check and adjust the power supply on the Inside Guard
Regulator PCA:

1. Set the DMM to measure dc volts.

2. For each step in Table 3-5:

Table 3-5, Inside Guard Power Supply Checks and Adjustments

TEST POINT. TEST POINT ADJ. ' | SPECIFIED VOLTAGE
COMMON LEAD |  POSITIVE LEAD POINT

TP1 - TPZ n/a +17.0, £1.00V d¢
TP1 TP3 n/a -17.0, £1.00V de¢
TP1 TP4 R95 +5.00, +£0.25V d¢
TP1 TPS n/a -5.00, =0.25V de -
TP1 . TP6 ‘n/a -24.0, £1.30V dc
TP1 TP10 nfa +5.00, £0.25V do
TP7 , TP n/a +30.0, +1.50V de
TP7 TPS n/a -30.0, £1.50V de
TR TP12 n/a +30.0, £1.50V dc¢
TP11 TP13 n/a -15.0, £0.80V dc
TP14 TP15 ‘ n/a +5.00, x0.25V de
TP16 . TRIT n/a +15.0, £0.80V dc
TP16 TF18 . n/a -15.0, £0.80V dc

0~ R R —
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a.  Set the DMM to an appropriate range.
b. Connect the leads of the DMM to the indicated test points.

¢, Venfy or adjust the indicated potentiometer for the specified voltage,

Square Wave Generator 3-19

The square-wave generator duty cycle adjustrent is located on the Qutput/HV Control PCA.,
The test point for this adjustment is located on the Output PCA.

Use the following procedure to adjust the duty cycle of the square wave generator:

1. Set the oscitloscope to:

ac coupling
200 mV/div vertical deflection
200 us/div horizontal deflection

Connect the oscilloseope common to the front panel terminal, OUTPUT LOW.
Connect the oscilloscope probe to TP2 on the Output PCA.

Program the 5440B/5442A for a 1100V output.

Adjust R3 on the Qutput/HV Control PCA to the minimum ac signal on the
oscilloscope.

ACCEPTANCE TEST PROCEDURE 3-20

The Acceptance Test Procedure should be used for incoming inspection and routine
performance checks. The Acceptance Test may be conducted before performing an External
Calibration.

The Aceeptance Test Procedure is divided into sequentially arranged subtests that verify
different aspects of the 5440B/5442A performance. Perform the tests m the sequence shown
The necessary test equipment is listed in Table 3-1. Allow the instrument to warm up for a
minimum of two hours before starting the procedure, '

Sel-Tests 321
Complete the following procedure to have the 5440B/5442A test its digital and analog circuits:

1. Press the RESET key, then verify that the 5440B/5442A is in the power-up reset state.

NOTE

In the power-up reset state, the message VOLTAGE MQODE appears on the -
alphanumeric display, the 16-Segment Display reads + 00000.00 mV, and the
OQUTFUT STATE indicator STRY is illuminated.
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Press the SERV key, then press the SELF TEST (soft) key, then press the DIGITAL
TEST (soft) key. The following message appears on the Alphanumeric Display while
the 5440B/5442A performs a test of the digital circuits. -

PERFORMING DIGITAL
SELF-TEST . WAIT

.. Wait for the following message to appi»ear on the alphanumeric display. The message
indicates that the instrument has passed its digital self-test.

VOLTAGE MODE

Press the SERV key, then press the SELF TEST (soft) key, then press the ANALOG
TEST (soft) key. The following message appears on the alphanumeric display:

REMOVE QUTPUT LEADS
& DO ANALOG TEST ?

Remove all connections from the front panel and the rear panel output of the
5440B/5442A. |

Press the ENTER(YES) (DATA ENTRY) key. While the analog self-test is running,
the following messages appear on the 16-Segment and alphanumeric displays.

22.000000V PERFORMING ANALOG
SELF-TEST . WAIT

. Wait for the following message to appear on the alphanumeric display. The message
indicates that the 5440B/5442A has passed the analog self-test.

VOLTAGE MODE

WARNING

TO AVOID ELECTRICAL SHOCK HAZARD, DO NOT MAKE
ELECTRICAL CONTACT WITH THE OUTPUT Hi OR SENSE HI
TERMINAL. LETHAL VOLTAGES ARE PRESENT ON THESE
TERMINALS DURING THE HIGH VOLTAGE TEST.

8. Press the SERV key, then press the SELF TEST (soft) key, then press the HIGH V
TEST (soft) key. The following message appears on the alphanumeric display:

REMOVE OUTPUT LEADS
& DO HIGH VOLT TEST?

9. Remeove all connections from the front panel and the rear panel of the 54408/5442A.
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10. Press the ENTER/YES (DATA ENTRY) key. While the high voltage loop self-test

is running, the following messapges appear on the 16-Segment and alphanumeric
displays.

1100.0000V DOING HIGH VOLTAGE
ANALOG OUTPUT TEST

. Wait for the following message to appear on the alphanumeric display. It indicates

that the 5440B/5442A has passed the high-voltage loop self-test.

VOLTAGE MODE

Line Regulation Test 3-22

The Line Regulation Test determines whether or not the 5440B/5442A output voltage
‘remains within specified limits with line voltage changes of + 10%.

Complete the following procedure, using the data in Table 3-6, to verify line regulation
performance:

1.

2

Set 5440B/5442A POWER off.

Connect the 5440B/5442A line power cord to ac power through the Metered
Autotransformer. Adjust the Metered Autotransformer to the line voltage setting of
the 5440B/5442A.

Set 5440B/5442A POWER on. Verify that the POWER and STBY indicators are
turned on and that the message VOLTAGE MODE appears in the alphanumeric
display.

Connect the test equipment as shown in Figure 3-3.
Program a 5440B/5442A output of 10V (using the DATA ENTRY keys).
Using the EDIT OUTPUT keys, obtain a null reading on the null meter £0.5 gV,

Adjust the Metered Autotransformer to the low line voltage tolerance level of
Table 3-6.

Verify that the null detector indicates less thana £ 1 uV deviation.

Adjust the Metered Autotransformer to the high line voltage tolerance level of
Table 3-6. : ‘

. Verify that the null detector indicates less than 2 £ 1 4V deviation.
. Set 5440B/5442A POWER off. Verify that the POWER indicator turns off.

. Disconnect the Metered Autotransformer from the 5440B/5442A and connect the

5440B/5442 A directly to line power.

. Set 5440B/5442A POWER on. Verify that the POWER indicator is on. Allow the

instrument to warm up for 2 minimum period that is twice as long as the period it
was turned off.
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Table 3-8. Line Regulation Test
LINE VOLTAGES .
TQLERANCE {VAC)

NOMINAL (VAC)
LOwW

100 - . a0
110 99
115 :

120
200
220
230
240

NULL DETECTOR.

() HI

t-LD
GUARD

VOLTAGE REFERENCE STANDARD

H® oL OUTPUT
HIO OLO SENSE
HIO oLO DIVIDER

OVEN GUARD |
) CHASSIS g "o o~ “OGUARD
SR A ° " |(GROUND)

1OVH|!$ LOC
1,028V HIG  LOO 1V HIO

THERMISTOR  GROUND

Figure 3-3, Line Regulation Test

Output Voltage Test 3-23

The following procedure tests the output performance of the 5440B/5442A. There are two
stages to this test, Divider Output and DC Calibrator Output. Complete the following
procedure to gain confidence in the 5440B/5442A output performance:

NOTE

Use of a 6-1/2 digit DMM in the following procedure provides a convenient check
of output voltage. But a 6-1/2 digit DMM is not sufficiently accurate to verify
instrument absolute uncertainty or linearity. An adequate method of verifving
instrument absolute uncertainty is 1o step through the External Calibration
Procedure using the specified test equipment, and measuring the resulting errors.
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Table 3-7. Output Voltage Test

PROGRAMMED UUT OUTPUT TOLERANCE (V DC)
QUTPUT (V DC)

TEST FUNCTION

FROM TO

-0.000001 +(0.000001
Divider Output +.0999985 +1000015
+0.999991 +1.000009

-0.000005 +(.000005
DC Calibrator +0.999996 +1.000004
Qutput +4.999983 +5.000017
+19.99992 +20.00008
-19.998992 -20.00008
+99.9993 +100.0007
+999.994 +1000.006

HIQ QLOOUTPUT
HiQ OLO SENSE

HO  ©LO DIVIDER

GUARD
{GROUND)

Figure 3-4. Qutput Voltage Test; DIVIDER OUTPUT

d. For each row m the divider output test function, set the output of the
5440B/5442A to the programmed 5440B/5442A dutput value nsing the DATA
ENTRY keys.

Verify that the corrected DMM reading is within the output tolerance levels of
Table 3-7.

Complete the following steps for each of the dc calibrator output test functions in
Table 3-7:

Connect the equipment as shown in Figure 3-5,

Set the DMM for maximum resolution of the programmed output voltage valee.
Short the input of the DMM and zero the DMM reading. If the DMM cannot be
zeroed, record the reading and subtract this value from subsequent DMM
readings.

Press the RESET key.

For each row in the de calibrator output test function, set the output of the
5440B/ 5442 A to the programmed output value using the DATA ENTRY keys.




¢, Pressthe OPR/STBY (OUTPUT STATE) key, and verify that the OPR indicator
IS on.

 f. Verify that the DMM reading is within the tolerance values of Table 3-7,

INPUT
HIO © HId  @LooUTPUT
MG OLO SENSE

Hi O OLO DIVIDER

o O GUARD

LoD ©

GUAF‘DI ' (GROUND)

Figure 3-5. Output Voltage Test: DC CALIBRATOR OUTPUT

Output Noise Test | 3-24

. The following procedures are used to test the output noise of the 5440B i 5442A There are two
. stages to this test; 0.1 Hz to 10 Hz, and 10 Hz to 10 kHz.

Complete. the following procedure to verify the output noise from 0.1 Hz to 10 Hz:

1.

Place the DMM into Math Program 8 with the Display Option Regiétef set to registor
8.3 (Standard Deviation Computed Variable) as follows:

a. Press SHIFT, 8, and PROGRAM SELECTION. Then press SHIFT, 0, ., 1,
PROGRAM SELECTION, 8, ., 3, PROGRAM DATA.

b. Set the DMM to 200 mV DC Range, 1000 mS Fiiter, and 20 Samples/Second. -

e, Set PROGRAMS IN USE to the ON position.

Perform the External Calibration Procedure on the 5440B/5442A, skip‘ping the
divider out and 10V sections of the cal sequence.

Set the standard voltage on the 20V range for 100 mV and place the 5440B/ 54424 in
operate, ' '

Connect the DMM to the 5440B/ 5442A output and press the DMM reset button once.
After 10 seconds the DMM should read less than .0010E-3,

Press the NO button an the 54408/ 5442A to advance to the 250V range and set the
standard voltage back to 100 mV,

Press the reset button on the DMM once and verify that it reads less than .0100E-3
after 10 seconds,

Press the RESET key on the 5440B] 5442A to terminate the proccdufé.

5440 Series
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Complete the following procedure to verify the output noise from 10 Hz to 10 kHz:

1. Connect the dual banana jack end of the special shielded twisted pair cable (see Figure
3-6) to the output of the 54408/ 5442A.

Connect each of the BNC connectors on the other end of the cable to the HIGH and
LOW inputs of the 7A22 Differential Amplifier, plugged into a 7603 Oscilloscope

mainframe.
Set the 7A22 controls as follows:

Low Frequency -3 dB 10 He
High Freguency -3 dB 10 kHz

AC Coupling both inputs
Volts/ Div Vertical Deflection 50 uV

Set the scope horizontal deflection to 2 mS/ Div.

Connect a True RMS Voltmeter set to the 100 mV range to the VERTICAL SIGNAL
OUT BNC connector on the rear of the scope.

Set the 5440B/5442A to 6.5V and OPERATE.

After 10 seconds settling time, observe a reading on the voltmeter of Jess than 30 mV.
Adjust the 7A22 Voltg/ Div control to 500 pV.

‘Connect a 12 k(2 load to the 54408/ 5442 A output for a load current of approximately
20 mA.

. Setthe 5440B/5442A t0 250V and OPERATE. Wait for settling and observe a reading
of less than 150 mV on the voltmeter. Typical output noise waveforms of 5440B/ 5442A
are shown in Figure 3-7.

Current Limit Test ‘ 3-25

Complete the following procedure to verify that the 5440B/5442A will output rated current
without tripping and to verify that the current limit circuit trips at the correct value during an
overcurrent condition:

NOTE

The operatar can program a vaiid current limit up 1o 65 mA on the 11V and 22V
ranges and 27.5 mA on higher ranges. However, the maximum guarantéed
output current without overcurrent trip is 60 mA on the 11V and 22V ranges and
25 mA on higher ranges. In addition, if the selected output voltage is greater than
22V, the programmed current limit will be 27.5 mA unless the wuser selects a lower
Lirmit.

1. Pressthe RESET key. Verify that the 5440B/5442A is in the power-up reset state and
the message VOLTAGE MODE appears on the alphanumeric display. .’

2. Connect the equipment as shown in Figure 3-8, but with the load disconnected.




AQ DIFFERENTIAL VOLTMETER

QOSCILLOSCOPE
MAINFRAME*

OSENSE’

HI
oLo

TA22
PLUG-IN

0 9

931B+

TRUE RMS
VOLTMETER
VERTICAL

T
OUTPUT
COAX

SHIELDED
TWISTED PAIR

3 APPROX

CLIP LEADS

3\

Ll

BNC

1R}
GR BANANA PLUGS

SHIELDED T,WISTEb PAIR CABLE DETAIL

*Oscilloscope and AG Differential
Voltmeter should be isolated from
the power line ground.

.Figure 3-6. Culput Accuracy Millivolt Configuratlon

10 VOLT QUTPUT

50 uV/div.

5mgec/div.

10 KRz
Bandwidth

LIkl l ikl
LLLAE ELELI FINITTFE

1 VOLT QUTPUT

Figure 3-7. Typical Output Nolse Wavglnrmé
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Program the 54408/ 5442 A for an output of 6V using the DATA ENTRY keys, then
press the OPR/STBY (QUTPUT STATE) key so that the OPR indicator is on,

Allow 5 seconds for the output to settle, then apply the load as shown in Figure 3-8,
Verify that the output does not trip.

Remove the load. Program the 5440B; 5442A for an output of 10V using the DATA
ENTRY keys.

Allow 5 seconds for the output to settle, then apply the load as shown in Figure 3-8,
Verify that the output does trip.

¥ ?/LO OUTPUT

HIO OLO SENSE
HIO OLO DIVIDER

g~ "o GUARD
(GROUND)

Figure 3-8. Current Limit Test

Verify that the following message appears on the alphanumeric display within
approximately 2 seconds, which indicates the output circuit has tripped:

OQUTPUT LIMIT FAULT
OUTPUT OVERCURRENT

NOTE

The error message may read:

QUTPUT LIMIT FAULT
QUTPUT UNDERVOLTAGE

The message depends upon which function the monitor circuit was checking
when the overload occurred, output voltage or owlput current.

8

Program the 5440B/5442A for an output current limit of 20 mA. Program the
54408/ 5442 A for an output of 1.86V using the DATA ENTRY keys. (Do not use the

divider output.)

With the 100} load still connected, set the OPR/STBY switch to Operate (OPR
indicator is lit). Verify that the 54408/ 5442A does not trip.




. Using the EDIT QUTPUT keys, increase the output of the 5440B/ 5442A by .01V at a

time.

. Verify that the 54408/ 5442A goes to standby and the following message appears on

the alphanumeric display, when the output is between 1.86 and 2.14V:

OUTPUT LIMIT FAULT

QUTPUT OVERCURRENT

. Disconnect the load and reconnect a 1 k() load,

. Program the 54408/ 5442 A for an output of 25V and a current limit of 27.5 mA. Allow

five seconds for settling.

. Connect the load and verify the output does not. trip.

. Select an output of 35V. Note that in approximately two seconds an output limited

condition of step 11 above appears in the display.

External Sense Test . ' 3-26

Complete the following procedure to verify that the external sense circuit compensates for test
lead losses: :

L

2

Press the RESET key. Verify that the 5440B/5442A is in the power-up reset state,

Connect the equipment as shown in Figure 3-9 with the DMM set to the 2V range.
Program the 5440B/5442A for an output of 2V using the DATA ENTRY keys, then
pressthe OPR/STBY and SENSE(OUTPUT STATE) keys so that the OPR and EXT
indicators are on.

Record the DMM reading,

Remove the 10002 load. Verify that the DMM reading does not change morethan 1OuV.

HI® LOQ OUTPUT
HIQ LOO=m SENSE
HIQ LOHDIVIDER
1 o ™ GuarD:
GROUND

" Figure 3-9. External Sense Test

5440 Series
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INTERNAL CALIBRATION PROCEDURE 3-27

The Internal Calibration Procedure is an automated procedure during which the 54408/ 5442A
measures most of the changes in the analog circuit parameters that may affect the accuracy of
the 54408/ 5442A output, These measurements are used to calculate new calibration constants.
The new calibration constants are antomatically entered to correct the 5440B/5442A oulput
accuracy. The Internal Calibration Procedure can be initiated from the front panel or by
IEFE-48% interface. Onee the procedure has been initiated, no further operator assistance is
needed.

Though the Internal Calibration Procedure is antomatic, the 5440B/5442A provides three
monitor features:

®  While the procedure is in progress, milestonc messages appear in the alphanumeric display
50 that the operator knows that function is being calibrated. These messages can also be
reported using the IEEE-488 Interface.

While the procedure is in progress, calibration data can be printed using the R5-232
interface. To use this feature, refer to the Analog Diagnostics Printout procedure, located
in Section 4 of this manual.

Once the Internal Calibration Procedure is finished, the new calibration constants can be
displayed on the front panel or reported using the IEEE-488 Interface or the RS5-232
Interface. Refer to the IEEE-488 Interface Setup or the RS-232 Interface Setup
information in the 5440B/5442A Operator Manual.

Complete the following procedure to initiate an internal calibration:

I. Set 5440B/5442A POWER on. Allow the 5440B/5442A to warm up for at least 2
- hours. ‘

Press the SVCE{DATA ENTRY) key, then press the CAL SERV (soft) key, then press
the INT CAL (soft) key. The following message appears on the alphanumeric display:

REMOVE OUTPUT LEADS
& PROCEED WITH INTCAL?

Remove all connections from the front panel and the rear panel of the 54408/ 5442A.

Press the ENTER/YES (DATA ENTRY) key. The 5440B/ 5442 A proceeds with the
internal calibration sequence. Each function being calibrated is shown on the
alphanumeric display. When the internal calibration 15 finished, the following messapge
appears on the alphanumeric display:

VOLTAGE MODE

EXTERNAL CALIBRATION PROCEDURE 3-28

External Calibration is a semi-automatic procedure that compares the Calibrator’s output to
traceable voltage standards and corrects the Calibrator’s output for long-term drift of the
internal voliage reference. The recommended procedure uses the Fluke 732A Direct Voltage
Reference Standard and the Fluke 752A Reference Divider to establish the necessary voltage
standards which are then compared to the Calibrator with the Fluke §45A Null Detector.




External Calibration should be performed at an interval from 30 days to 1 year, depending
upon the level of accuracy you wish to maintain.

The principal function of External Calibration is to correct for any shift in the Calibratot’s
internal voltage reference. A second function is to correct for long-term drift in the internal
voltage divider resistors used for the 2,0V and 0.2V divided output ranges. All other time- and
temperature-dependent changes in the Calibrator are corrected by the Internal Calibration
procedure.

An abbreviated External Calibration procedure (“10V Cal™) may be used following Internal
Calibration to complete the calibration of all ranges except the 0.2V and 2.0V ranges. The
abbreviated procedure is performed by comparing the Calibrator’s output at 10V to the 732A
Reference Standard, generating a calibration factor, and then applying the same correction
factor to all ranges to correct for reference voltage shift.

The External Calibration procedure is arranged so that the 10V range is calibrated first,
followed by the 20V, 0.2V, 2.0V, 250V, and 1100V ranges. If the full calibration procedure is
used, each range is compared against the calibration standards, and a correction factor is
determined for that range. If the abbreviated procedure is to be used, calibration of all ranges
except 10V is skipped in the procedure, and the 10V range correction factor is applied.

To perform External Calibration, proceed a.s follows:

1. Perform the Internal Calibration procedure described earlier in this section.

NOTE

Ensure the Calibrator has warmed up before performing Internal Calibm;ion.

Connect the test equipment as shown in Figure 3-10.

Turn on the Calibrator and all test equipment, aﬁd ensure that the 2-hour warm-up
period has been satisfied before performing the calibration procedure.

. Adjust the zero setting on the 843A Null Detector. Calibrate the 752A Reference
- Divider. Set the 752A for the 10V range. .

Remove the decal covering the CAL/ NORMAL switch, and set the CAL/NORMAL
switch on the rear panel of the Calibrator to the CAL position.

. Initiate Externat Calibration by pressing the following sequence of keys and soft keys:
. BVCE, CAL SVCE, EXT CAL. The following message appears on the alphanumeric
display: b .

 PERFORM EXTERNAL
CALIBRATION?

Press the ENTER(YES) key, The fol_l_oWihg message appears on the alphanumeric
display: -

CONNECT QUTPUT
FOR 10 VOLT EXT CAL?

5440 Series
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. Press the ENTER(YES) key. The following message appears on the alphanumeric
display:

EXT CAL OF 10V RANGE
STD V=10.00000V?

If the voltage reference standard is not exactly 10V, the exact value may be entered at
this time with the numeric DATA ENTRY keys. When the alphanumeric display
indicates the correct voltage, press the ENTER(YES) key. The following message
appears on the alphanumerie display:

EDIT OUTPUT VOLTAGE, -
PUSH ENTER WHEN NULL

. Set the OPR/STBY key to Operate (OPR indicator on). Switch the 845A Null
Detector to OPR, and adjust the output voltage of the Calibrator using the EDIT
QUTPUT keys to obtain a null indication on the Null Detector:

. Switch the nul] detector to ZERO, and press'the ENTER(YES) key. The following
message will appear on the alphanumeric display:

EXT CAL OF 20V RANGE
STD V=10.00000V?

. At this point the decision may be made whether to perform the complete calibration
procedure or the abbreviated procedure. To perform the complete calibration
procedure, follow the prompting of the alphanumeric display to calibrate each range as
follows: : ‘

a. Set the 752A range for the STD V indicated, and press the ENTER(YES) key.

b. Set the Calibrator to OPR, and edit for null.
¢. Press the ENTER(YES) key, and £o to the next range.

. To perform the abbreviated procedure, when the display prompts for the 20V range as
above, press the CLEAR(NO) key. The Calibrator then displays the following prompt: .

CONNECT DIVIDER OUT
FOR 2V & .2V EXTCAL?

. Pressthe CLEAR(NO) key again. The Calibrator then displays the following prompt:

CONNECT OUTPUT FOR
HI VOLT EXT. CAL?

. Press the CLEAR(NO) key. The Calibrator then displays the following prompt:

WERITING TO NV MEMORY
WAIT
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NOTE

Writing the calibration constants into memory takes about 35 to 40 seconds,
after which the Calibrator returns to 0.0V output, standby, and Voltage Mode. If
the complete calibration procedure is run, it concludes in the same way. The
Calibraror writes the calibration constants into memory and returns to Standby
as soon as the calibration of the 1100V range is completed,

16. Setthe CAL/NORMAL switch to the NORMAL position, and cover the switch with a
certification decal,

Table 3-8. External Calibration Procedure

QUTPUT MESSAGE VOLTAGE BEING
RANGE (V) NULLED (VDC)

none CONNECT 5440 DIVIDER none
QUTPUT TO DO EXTCAL?

0.2 EXT CAL OF .2V RANGE 0.1 (1)
STD V = 10000000 V?

EXT CAL OF 2V RANGE
STD V = 1.0000000 v?

CONNECT TO 54404
OUTPUT TERMINALS 7

10 EXT CAL OF 10V RANGE 10
STD V = 10.000000 V? o

20 EXT CAL OF 20V RANGE 10
STD vV = 10.000000 V7

100 EXT CAL OF 100V RANGE 10
STD V = 100.00000 V

1000 EXT CAL OF 1000V RANGE 10
STD V = 1000.0000 V?

1. To minimize the effects of noise on the 0.1 and 1 volt nuils, the null detector polarity is reversed.
An input (the UUT output voltage) that is low, will cause a positve null detector reading.
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752A MODE Switch at the 0.1V Position

10V
REFERENCE
STANDARD

10V

IN

752A MODE Switch at the 1.0V Position

10V
REFERENCE
STANDARD

NULL
DETECTOR

54408/5442A

752A
101

752A MODE Switch at the 10V Position

10v
REFERENCE
STANDARD

NULL
DETECTOR

5440B/5442A

NULL
DETECTOR

752A MQDE Switch at the 100V Position

10V
REFERENCE
STANDARD

SV

—fp—t

NULL
DETECTOR

54408/5442A

752A MODE Switch at the 100V Position

10V
REFERENCE
STANDARD

10V
S

NULL
DETECTOR

1000V

54408/5442A

Flgure 3-11. Equipment Connections Equivalent to Use of the Fluke 752A
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- Section 4
Troubleshooting Information

INTRODUCTION o

This section contains troubleshooting information for the 5440B/5442A The followmg

. procedures and text explain how to use the extensive self-diagnostic capabilities of the
5440B/5442A. This section also includes additional troubleshooting information that
supplements the self-diagnostic routines when they are not adequate in isolating the fault. In
addition, a summary of all error messages and the corresponding actions taken by the
instrument are provided at the end of this section under the heading 5440B/5442A Error
Codes Summary.

@ s THE s440m/5442n sELF DIAGNOSTICS
The 5440B/5442A Self Diagnostics have two major categories!
e Automatic {or monitoring) diagnoétics. |
# User-initiated diagnostics.

Onge the instrument is energized, the automatic diagnostics do not require any user interface.
The user-initiated diagnostics require minimal user interface. Both of thege self-diagnostic -
routines provide fault indicators or operator prompts and error messages. In addition, the
user-initiated diagnostic self-test results (for the analog and high voltage loop) may be printed
out on an extemal printer for c]ose:r observation and historical reference.

Use of the selt‘-dlagnostw capabilities i in'the 5440B/5442A is an appropnatc start in
" diagnosing a fault with the instrument, But first the technician should ensure that the

problem is the 5440B/5442A and not sothe other piece of equipment. If a problem arises in a
calibration system, check for the following i;ems: o

e Proper and secure equipment interconnections, -
& Adequate line voltage source(s).' |

o Proper use of the 5440B/5442A {e.g., output liniits not exceeded).

Once these items have been verified, perform the Acceptance Test Procedure (located in
Section 3 of this manual) to ascertain if there js a’ fault in the instrument.
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AUTOMATIC SELF DIAGNOSTICS

The automatic self-diagnostics feature has two separate tasks. These are:
o Power-up Digita] Tests
¢ Monitoring Functions

By testing the serial communication links between the microprocessors and between the
digital and analog circuits, the power-up digital tests help ensure that the rest of the self
diagnostics will function correctly. The monitoring functions of the automatic diagnostics
detect functional failures during normal operation (e.g., output exceeding or below
programmed voltage, serial link communication faults, etc.)

Power-up Digital Tests | 4-4

When the instrument is energized, the three microprocessors test the serial communication
link between them. They also test some of their digital support circuits. The test routines are
under software control, located in the RAM of each microprocessor. The tests performed by
the microprocessors are explained in the following paragraphs.

NOTE

The troubleshooting switches must be disabled for the Power-up diagnostics to &

run. { See the paragraphs on Troubleshooting Switches, later in this section.)

The main microprocessor performs the following diagnostic routines (in sequence).

s Boot ROM

o Main memory

® Interrupt bus

e Front-panel communications

At the beginning of the test sequence, an LED fault indicator is turned on, representing the
status for each of the aforementioned circuits. As each test is successfully passed, the
corresponding LED is turned off. If the LEDs do not turn off and stay off, a fault has been
detected. Descriptions of the four main microprocessor tests are as follows:

e The boot ROM test is a simple checksum.

» The main memory test includes a ROM checksum, writing and verifying each RAM
location, and reading a pattern from the last ROM.

The interrupt bus test attempts to change the state of each of the interrupt lines, and
enables thosc interrupts found to be operational.

The front-panel communications test verifies proper communication between the main
and front-panel microprocessors,
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. The front-panel microprocessor performs ;he following diagnostic routine:

e All LEDs are turned on (if not already on), and 2 memory test on ROMand RAM is
~ performed. If therc are no errors, the Front Panel PCA. self-test LED is turned off.

The front-panel microprocessor turns off all LEDs, and the message FRONT PANEL
RUNNING appears on the alphanumeric display.

After communication is established with the main microprocessor the message
VOLTAGE MODE appears on the alphanumeric display.

The guarded microprocessor performs the 'following diagnostic routine: ‘
@ Amemory test is performed on ROM and RAM,
¢ The puarded digital bus is diagnosed for bus errors (e.g., lines held high or low).

o The digitally controlled analog pea’s are checked for digital operation (e.g., responding
to their addresses).

if any errors occur, a message is sent to the main microprocessor.

Monitoring Functions o 4-5

- The automatic diagnostics monitoring functions, enabled at power-up, run continuously
. during normal operation. The monitor alternately samples output voltage and output current
at approximately 1 second intervals to determine if these parameters are within the allowable

tolerance of programmed values. '

OVER/UNDER VOLTAGE MONITOR o - - 4-6

'The output voltage of the 5440B/5442A is divided down by a resistor network that is a part
of the sense current cancellation circuit located on the Qutput PCA. The output resistor of
the divider is A4R30. The input resistor changes with the selected output range (10V, 22V,
275V and 1100V), The divided dutput (SDPOV) is sent to the multiplexer U25 on the
Output/HV Control PCA where it is selected as an input to the a/d converter on the
REF/DAC Digital PCA. The a/d converter reading is multiplied by a scaling factor, and the
resulf is compared to the progranmed value. If there is a deviation of more than 5%, a fault

~ is detected, and the 5440B/5442A is placed in Standby mode and an appropriate message is

‘sent to the alphanumeric display. The Over/Under Voltage Monitor function is disabled
while the output of the instrument is being programmaed. ' o

OUTPUT CURRENT MONITOR S ' B 4-7

The output current of the 5440B/5442A flows through either R7 or R8 (depending upon
polarity) located on the Output PCA. The voltage drop across R7 or R8 (I MON) is used as
the current monitor signal to the a/d converter on the REF/DAC Digital PCA. The magnitude
of the | MON signal is compared to the programmed output current limits. If the current
limits are exceeded, the instrument is placed in Standby mode, and an error message appears
on the alphanumeric display. The Output Current Monitor circuit has a 2-second delay to
prevent transients ffom sending the instrument into Standby mode. The OQutput Current
Monitor function is disabled while the output of the instrument is being programmed.

If the 5440B/5442A is connected to an impedance that is low enough to produce a
current-limiting effect, the output voltage will probably drop below the programmed output




5440 Series

voltage. If this oceurs, the Over/Under Voltage Monitor may place the instrument in standby
mode, and the message OUTPUT UNDERVOLTAGE appears on the alphanumeric display,
even though the fault was caused by an overcurrent condition. This occurs because the
monitor circuit alternately samples output voltage and output current, and the fault
comlition may be detected by either function depending upon which monitor function occurs
first after the fault.

POWER SUPPLY MONITORS 4-8

Both the Inside Regulator and the Qutside Guard Regulator PCAs contain circuits to
monitor the output of their regulated power supplies. The positive and negative voltages from
a power supply are compared to each other by comparator ICs and resistor networks. If
either polarity deviates more than 12 percent from the other, or if both go to 0 volts, the
comparator activates a logic circuit that pulls the Power Supply Fault (PSF or GPSF) line
low, The low on the PSF or GPSF line is sent to the controller, which places the instrument
in Standby and turns on an LED (fault indicator) on the Regulator PCA. The monitor
circuits cannot detect power supply faults where both supply polaritics increase or deercase
by the same amount. This type of fault is very unlikely becaunse the regulators use
independent circuits to produce the positive and negative polarities of regulated voltage.

USER-INITIATED DIAGNOSTICS 4-9

The user-initiated diagnostics require a minimum of operator interface and are executed under
contral of the instrument. The operator is required to either set switches or press a few keys
and verify the results. User-initiated diagnostics are divided into the following categories:

& Troubleshooting Switches
# Self-Tests (Analog, HY Loop, and Digital)

The troubleshooting switches are located on three different modules: the Controller PCA, the
Front Panel Controlier PCA, and the Guard Crossing PCA. These troubleshooting switches
provide the user with predefined routines that send conditioning signals to aid in fault
isplation. These routines do not provide fault messages to the front panel display.

The self tests are user-imtiated from the keyboard (or TEEE-488 interface) and call up specific
test programs for the analog, analog/high voltage loop (hv loop), and digital circuits. These
test programs measure significant circuit parameters and display the result on the
alphanumeric display. The results of the analog and hv loop sclf tests may also be sent 1o an
external ponter,

If a fault is detected during the analog or hv loop self tests, the routine {and the printout if
connected) is stopped until the error is cleared. When a fault occurs, an error message
indicating the nature of the fault appears on the alphanumeric display.

Seli-Tests 4-10

The following text and procedures describe how to use the self-test features of the
5440B/5442A  Information on how to call up the tests, what circuits are tested, and
additional troubleshooting guidelines are given for each scif test. Although they are separate
tests, the analog and hv loop self tests are usually performed at the same time. The analog
and hv loop self test may be performed once a week as a part of a routine preventive
maintenance program.
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. DIGITAL SELF-TEST
The following procedure initiates the digital self test:

1. Call up the digital self test using one of the following steps:

IEEE-488 Send a TSTD device-dependent message on the
IEEE-488 interface.

Front panel keyboard  Press the SERY key, then press the SELF TEST
(soft) key, then press the DIGITAL TEST (soft) key.

2. The following message appears on the alphanumeric display:

PERFORMING DIGITAL
SELF-TEST. WAIT

If a fault is found, the self test stops and an error message appears on the
alphanumeric display. Record the fault and press CLEAR to stop the test. Then refer
to the paragraphs on Self-Test Error Messages and Printout Summary contained
later in this section.

NOTE

Allow the instrument to warm up at least 1 hour before performing the Analog
Self-Test or HV Loop Self-test procedure. This will ensure correct operating
temperature of the ovened circuits.

NOTE

If the REF|DAC Analog PCA or the Preamp PCA has been repaired or replaced,
perform an Internal Calibration before performing the Analog Self-Test.

ANALOG SELF-TEST 4-12

Connect a printer to the RS-232 port, and enable the analog diagnostics printout as follows:

1. Connect the printer to the 5440B/5442A. Use an RS-232 Cable (and necessary
adapters).

Press the SVCE (DATA ENTRY) key, then press the PORT SVCE (soft) key, then
press the R§232 BAUD (soft) key. The instrument should default to a baud rate of
1200. Use the FASTER RS232 or SLOWER. RS232 (soft) keys to set the baud rate.
Press the center soft key to enter the selected baud rate into non-volatile memory.

3. When the baud rate is correct for the intended printer, press the SVCE (DATA
ENTRY) key, then press the MONIT ON/OFF (soft) key, then press the MONIT
ON (soft) key.

4. The instrument is now configured to print out the analog and hv loop self-test results.

O The following procedure initiates the analog self test:

1. Call up the analog self test using one of the following steps:
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IEEE-4E8 Senda TSTA device-dependent message on the ‘
IEEE-488 interface.

Front pancl keyboard  Press the SVCE key, then press the SELF TEST
(soft) key, then press the ANALOG TEST (soft) key.

Verify that the following message appears on the alphanumeric display:

REMOVE OUTPUT LEADS
& DO ANALOG TEST 7

Remove all connections from the front panel and the rear pane! Output or Boost
Interface terminals of the 5440B/5442A

Press the ENTER/YES (DATA ENTRY) key. The 5440B/5442A now performs a
test of the analog circuits. The voltages measured at cach test point are printed out,
and the following message appears on the 16-Segment display:

22.000000V

While the analog self test is runming, verify that the following message appears on the
alphanumeric display:

PERFORMING ANALOG
SELE-TEST. WAIT

If a fault is found, the self test stops and an ¢rror message appears on the
alphanumeric display. Record the error message and press the CLEAR key to stop
the test. Then refer to the paragraphs on Self-Test Error Messages and Printout
Summary contained later in this section,

If no faults are found, the 5440B/5442A is returned to the default set up for the
present operating mode.

HV SELF-TEST 4-13
WARNING

TO AVOID ELECTRICAL SHOCK HAZARD, DO NOT MAKE
ELECTRICAL CONTACT WITH THE OUTPUT Hi OR SENSE HI
TERMINALS, LETHAL VOLTAGES ARE PRESENT ON THESE
TERMINALS DURING THE HIGH VOLTAGE TEST.

NOTE
The analog diagnostic printout {monitor ) function may be enabled for the HV
Loop Self-Test procedure {see Analog Self-Test procedure).

The following procedure initiates the high voltage self test:

1. Call up the high voltage sclf test using one of the following steps. ‘

IEEE-4883 Send a TSTH device-dependent message on the
{EEE-488 interface.
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Front panel keyboard ' Press the SERV key, then press the SELF TEST
‘ (soft) key, then press the HIGH V TEST (soft) key.

Verify that the following message appears on the alphanumeric display:

REMOVE OUTPUT LEADS
& DO HIGH VOLT TEST?

Remove all connections from the front panel and the rear panel Qutput or Boost
Interface terminals of the 5440B/5442A.

Press the ENTER/YES (DATA ENTRY) key. The 5440B/5442A now performs a
test of the high voltage circuits. The voltages measured at each test point are printed
out and the following message appears on the 16- Segment display:

- 1100.0000V

While the high voltage self test is running, venfy that the following message appears
on the alphanumeric display:

DOING HIGH VOLTAGE
ANALOG QUTPUT TEST

If a fault is found, the self test stops and an error message appears on the
alphamumeric display. Record the error message and press the CLEAR key to stop
the test. Then refer to the paragraphs on Sclf-Tcst Error Messages and Prmtout
Summary contained later in this section.

If no faults are found, the 5440B/5442A is returned to the defanlt set up for the
present operating mode.

Self-Test Error Messages and Printout Summary _ ‘ 4-14

When any of the self test routines detect a fault, the test stops, and an error message appears
on the alphanumeric display. Table 4-1 lists ail the error messages by numeric order of the
TEEE-488 Error Code Number. For each error message, Table 4-1 also gives an Action Code
and the module(s) most hkely to be dcfecnve Refer to Table 4-2 for an explana.t:on of the
Action Codes.

If a printer is connected to the 5440B/5442A during the analog and HV Loop self tests and
the Monitor function is enabled, a printout is produced, The printout contains additional
information to help isolate a fault. Figures 4-2 and 4-3 contain typical samples of the analog
and HV Self-Test printouts. Table 4-3 provides additional information, indexed to the analog
and HV Loop Self-Test printouts, that is necessary to interpret the printout. Table'4-3
contains the measured signals, their location, location of the multiplexer used, signal limits,
error messages, suspected malfunctioning assembly and other pertinent data. Refer to
Figure 3-1 for the name and location of the pca’s called out in Table 4-3.

The self tests cannot always isolate a fault to a module with absolute certainty. Instead, the
self test identifies module(s) most likely to be defective. There are also faults that cannot be
detected by the self tests at all. Because of these reasons, the self tests are only recotnmended
as a starting point in diagnosing failures in the 5440B/5442A. The paragraphs on Module
Fanlt Isolation provide more specific diagnostic information for the analog modules of the
5440B/5442A. Additional diagnostics information for the digital modules is covered in the
paragraphs on Troubleshooting Switches.
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5440 Series

Tahle 4-2. 5440A Action Code Definitions
ACTION '

The error is reported and no action is taken.
.The arror iz reported and the 5440A is set to Standby.

The errar is reported, the 5440A is set 1o Standby, and any opération in progress is
aborted.

The error is reportad, and the 5440A is reset to the default setup for Voltage Mode
operation,

Troubleshooting Switches ' 4-15
The following procedure and tables describe how to use the troubleshooting switches in the
54408/5442A, 1o isolate favlts within the digital modules,

To use the troubleshooting switches on the Controller and Front Panel Contmllcr PCAs,
perform the following steps:
1. Set the 5440B/5442A POWER switch to OFF.
‘2. Remove the covers and guard shield from the 5440B/5442A..

Place the Controller PCA on an extender card. The Front Panel Controller PCA
cannot be placed on an extender card and must be removed. (Refer to the Front
Panel Access procedures in Section 3 of this manual.)

Set 81 to 0 on either the Controller or the Front Panel Controller PCA (this enables
the troubleshooting switch mode).

Set the 5440B/5442A POWER switch to ON.

Refer to Table 4-4 for switch settings on the Controller PCA or Table 4-5 for switch
settings on the Front Panel Controller PCA.

Note the TEST and TEST FUNCTION DESCRIPTION for each of the switch
settings and probe the appropriate signals on the extender card.

NOTE

Be sure to reset 51 to 1 before reinstalling the Controller PCA or the Front Panel
Assembly,

The Guard Crossing PCA has one troubleshooting switch, $2. This switch is used to send a
“walking zero” pattern to the address, data, and control buses,

1, Set the 5440B/5442A POWER switch to OFF,
Remove the cover and guard shield from the instrument.

Place the Guard Crossing PCA on an extender card.

2
3
4, Remove A14U1 (prevents bus conflicts).
5

Remove all analog PCAs:
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6. Set Al452 to 1 (closed).
7. Set the 5440B/5442A POWER switch to ON.

NOTE
Be sure to replace Ul and reset 51 to O (open) before reinstalling the pea.

CAUTION

Do not use an oscilloscope or meter with a grounded input for measure-
ments inside the 5440B/5442A. If either the (FC) or (FH) power supplies are
inadvertently shorted to S COM, damage to the A9 REF/DAC Analog PCA
will occur and F25 and F26 pico fuses on the A11 Guarded Transformer
Termination PCA will open. ‘ '

MODULE FAULT ISOLATION - ' ' . 4-16
The following procedures are intended to aid in diagnosing faults to a modular level when
Self Diagnostics are insufficient for this task.

Analog Modules - : 4-17

Modular fault isolation procedures for analog circuits are provided by a troubleshooting tree
and associated procedures. The Analog Troubleshooting Tree should be used after the Self
Diagnostics have been performed for the following reasons.

Table 4-4, Confroller Troubleshooting Switch Settings
SWITCH SETTINGS

$1-1|81-2[51-3l51-4
g4 | d5 | d& | o7

0 0 0 0 | The ASCII character ENQ (05 HEX) is continuously sent to the UART on
the Guard Crossing PCGA, provided that the status signal GRDY is frue
(active high).

TEST AND TEST FUNCTION DESQRIPTIQN |

RS-232 output data test. Data is sent continuously to the RS-232 interface
port on the 1/Q PCA provided that the status line DTR is true (active high).
DTR can be set high by connacting the status line to DSR.

No test, Main h‘nicroproceésor continuously updates the watchdog circuit.

Memary and fault indicators (LEDs) test. Memory ROM is read from and
memory RAM is written to. Fault indicators are sequentially activated.

Front panel communications test, ASCII character ENQ (05 HEX) is sent
continuously to the UART on the Front Panel Controiler PCA, provided
that status line FINT is true (active high).

IEEE-488 interface test. 5440A Is configured as an IEEE-488 talker only.
Azsuming that a listener device is present, amessage is continuously sent,

) 1 No test. Main microprocessor continuously updates the watehdog circuit.
0 1 Mo test. Main microprocessor continuously updates the watchdog circuit.
NOTES:

1. The reéulting test functions assumes that 51-1 was closed during power-up.’
2. 0= switch gloged, 1 = switch open.
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A
® The Self Diagnostics may have difficulties isolating a fault to a specific PCA. &

e Self Diagnostics circuitry itself may be at fault.

The Analog Troubleshooting Tree is contained in Figure 4-1. To use this tree, perform the
following steps:

Remove the top cover and guard shield from the instrument,
Set the 5440B/5442A POWER switch to ON.
Verify that no power supply fault indicators are turned on.

Connect a 6-1/2 digit DMM to the output terminals of the unit (DIVIDER
OUTPUT terminals for outputs under 2.2V).

Start with the top-most block in Figure 4-1. Perform the instruction contained within
the block, and follow the appropriate prompt to the next block until the specific
malfunctioning PCA is found. (Refer to the Overall Analog Diagram in Section 7 to
aid in diagnosis.)

Table 4-5. Front Panel Controller Troubleshooting Switch Settings
SWITCH SETTINGS

51-1|51-2|51-3|51-4
dd | d5 | dé | d7

TEST AND TEST FUNCTION DESCRIPTION

a] 0 0 0 |Frant panel display test. Checks all data and address lines to the seven
segment and dot matrix displays by sending test patterns. Keyboard
annunciators are blinked,

No specific test performed.

Storage module interface test. Data is continuously sent to the storage
module interface and the EEROM control circuits are switched on and off,
(3.

Keyhoard test The keyboard switches are read. A digit, representing the
pressed key, is displayed on the 16-segment display and the column is
displayed by the missing cursor under a digit.

Main control logic communications test. The ASCII character, ACK, is
continuously sent to the front panel interface circuit, when status line
RINT is true (active high).

0 1 Data/Address bus test, Front panel ROM is read and the RAM is written to.

0 1 No specific test performed.

0 1 No specific test performed.

NOTES:

The resulting test functions assumes that $1-1 was closed during power-up,

0 = switch closed, 1 = switch open,

To prevent the loss of previously stored front panel test set-ups, remove the Storage Module
before perfarming this test.
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HV Loop Troubleshooting Procedure 4-18 Q
The following procedure aids in troubleshooting faults in the high voltage output circuit of

the 5440B/5442A. Diagnosing fauits within this circuit is difficult because of the interaction
and number of pca’s involved. Special test equipment for this procedure is listed in Table 4-6.
The two general types of problems caused by the high voltage output loop are:

e Output over/undervoltagé or output overcurrent,

e Unstable output voltages above 22V (but not below).

This generalization provides a logical division in the HV Loop Troubleshooting Procedure.

Table 4-6. HV Loop Troubleshooting Test Equipment

REQUIRED
EQUIPMENT

. REQUIRED
SPECIFICATIONS

RECOMMENDED
TEST EQLUPMENTY

CMM

DMM
Dscillascdpe
PCA Extender
DC Power Supply

B6a-digit
Bva-dligit
30 MHz, X10 probe

5440 analog/digital extender

0 - 0.44V dc, +1%

Fluke 8500 Series
Fluke 70 Series

P/N 608281

OVERRIDING THE QUTPUT MONITOR ‘ ‘ | 418

The output monitoring feature of the 5440B/5442A places the unit in Standby within a few
seconds of detecting an output deviation of & 5% from the programmed voltage. However, 2
few seconds delay, before Standby is engaged, allows time to take critical readings without
having to defeat the output monitor trip function. The output monitor feature can be
disabled when it is necessary to examine the fanlt that caused the malfunction. The following
procedure describes how to override the output monitor feature for troubleshooting.

Use the following procedure to override the output monitor feature of the 54408/5442A:

1. Connect the DC Powér Supply (see Table 4-6 for recommended type) to the
Qutput/HV Control PCA as follows: Lo to TPS (SCOM) and High to TP13
(SDPOV).

Adjust the DC Power Supply to 0.44V for a full-scale outljut or to a value less than
this that is proportional to the programmed output level.

NOTE

Unless otherwise specified, all meqsureménts in this procedure are referenced to
SCOM, A4TPES or the QUTPUT LO front panel terminal post (which are at the
same polential}. : ' : .




OVER/UNDERVOLTAGE OR OVERCURRENT PROBLEMS 4-20

If the output voltage varies significantly from the programmed value, the voltages within the
loop should be “against the rail”(amplifiers operating near the level of their supply voltage).
Perform the following steps to verify this condition:

1. Program a voltage between 23V and 1100V, using the lowest voltage that displays an
overvoltage problem.

Measure the voltage at ASTP6 (OPCOM). If the loop is functioning correctly at this

point, the voltage should be approximately 4V de to 5V de. This reading should.

increase 1.4 mV for an increase in output voltage of 1V between 23V and 1100V. The
polarity of the voltage at ASTP6 is the same as the output voltage polarity.

WARNING

TO AVOID ELECTRICAL SHOCK HAZARD, BE AWARE THAT LETHAL

VOLTAGES MAY EXIST ON THE EXPOSED PCAs AND CHASSIS
PARTS REGARDLESS OF THE PROGRAMMED OUTPUT VOLTAGE.
PROBLEMS IN THE VOLTAGE SENSING OR VOLTAGE DRIVING
CIRCUITRY MAY CAUSE THE OUTPUT VOLTAGE TO BE
CONSIDERABLY HIGHER THAN THAT PROGRAMMED. ‘

Note whether the voltage measured at ASTP6 is appropriate for the Joop response. For
example, if the output is going open loop, then, for any voltape called above 22V dc (that is
any voltage on the 275V range), the output will probably rise to its limit of 700V dc before
tripping the unit into standby. If the loop is open for voltages on the 1100V range (voltages
above 275V dc), the output will reach about 1160V before tripping. If these conditions exist,
the voltage at ASTP6 (OPCOM) will be approximately +27V dc (for positive outputs) or
— 27V (for negative outputs). .

OPENLOOP PROBLEMS | | 4-21

If the conditions of the previous procedure are met, the following steps should be performed
to find where the loss of feedback occurs. Suspect the sense path relays on the Preamp PCA
or on the Sample String PCA. To determine where the problem is, perform the following:

" 1.7 Set the 5440B/5442A POWER switch 1o OFF.

2. Place the Sample String PCA on the extender card.

3. Set the 5440B/5442A POWER switch to ON. Program a voltage that displays the
output fault. - ‘

Measure the voltage at A6P31-1 (HVSS). If this voltage is not at the output voltage
level, then the fault is most likely on the Preamp PCA (specifically K1 or the K1
driver circuit). If the HVSS voltage does parallel the output, then the fault is most
likely on the Sample String PCA (specifically K4 or K5 and their associated driver
cireuits). ‘ :

UNDERVOLTAGE OUTPUT PROBLEMS | 4-22

Malfunctions where the output is low or non-existent (for voltages on either the 275V or
1100V ranges) can occur for two reasons. Either a drive or output signal path is open, for one
or both ranges, or the relay contacts are ¢losed when they should not be (or the triacs on the

5440 Series
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Filter B PCA are conducting when they should not be). The second type of problem may
often involve an overcurrent condition that causes the unit to display the error message
OUTPUT OVERCURRENT after the unit resets to Standby mode.

The following procedure is for conditions where the output is low and there is no overcurrent
mEessage:

NOTE

If the output is low, the voltage at ASTP6 (OPCOM ) should be either 27V or
- 27V { pelarity is the same as the polarity of the programmed output voliage).
The voltage at A7TP5 ( Preamp PCA) should be + 7V to 8V (polarity should be
apposite from the programmed output voltage polarity ).

1.

2.

Set the 5440B/5442A POWER. switch to OFF.
Place the Output PCA on the extender card.

Set the 5440B/5442A POWER switch to ON. Program a voltage that displays the
output fault.

Measure the voltage across A4C13 (the large tubular capacitor near the
bottom-center of the pea).

WARNING

TO AVOID ELECTRICAL SHOCK, BE AWARE THAT LETHAL
VOLTAGES (1100V DC) MAY BE PRESENT ACROSS CAPACITOR
A4C13.

3.

The voltage measured in Step 4 should be approximately 23V higher than the
programmed output. If the voltage is not approximately 23V higher, there is a fault
on the Qutput PCA, specifically relays K1 or K2 and their associated drive signals.
The relay drive signals come from the Output/HV Control PCA.

Check for proper low relay drive signals on the appropriate pins of A4P11. If the
drive signals agree with the table on the first sheet of the Overall Analog Diagram
(located in the schematic section of this manual), then the Qutput PCA is defective.
If not, the Quiput/HV Control PCA is suspect.

If the voltage acrass C13 is less than the programmed output (plus 23V), then the
problem is likely in the Qutput/HV Control PCA or the Filter B PCA. Refer to the
paragraphs on Isolating Faults Between the Output/HV Control and Filter B PCAs.

The following procedure is for conditions where the output is low and there is an overcurrent
message:

1.

2

Set the 5440B/5442A POWER, switch to OFF.
Remove all pca’s from extenders and reinstall them inside the unit.
Set the oscilloscope for de coupling and use the x10 probe.

Connect the oscilloscope to ASTP3 (VC) and the coramon on ASTF9.

"




Connect the DMM to A5TP3-and the low terminal on ASTF9.

Set the 5440B/5442A POWER switch to ON. Program a voltage that displays the
output fault.

Examine the signal on the oscilloscope. The normal signal is a clean, zero-centered
square wave, with rise time under 1 microsecond and symmetry within 10% of 50%
duty cycle. The normal p-p amplitude varies between 4V p-p for an cmtput of 23V to
80V p-p for an output of 1000V,

. Examine the reading on the DMM. The dc voltage should be less than 0.1V for all
output levels above 23V de.

If the waveform in Step 5 is less than 30V p-p and A5TP6 is an extreme, then the
problem is most likely on the HV/Qutput Control PCA. If the waveform is the
expected level then the problem is either on the HV/OQutput Control PCA or the
Filter B PCA. If the problem is not traceable at this point, refer to the next procedure
to isolate the fault between the two pca’s.

ISOLATING FAULTS BETWEEN THE QOUTPUT/HV CONTROL AND FILTER B PCS3 4-23

As shown on the second sheet of the Overall Analog Diagram (the HV Control Circuit
diagram), the HV/Qutput Control PCA provides the control signals (TS1 through TS$4) for
-the triacs. These signals turn on the triacs that in turn provide'dc voltages at A13TP1
(+TSV) and A13TP3 (— TSV) according to the output voltage programmed. The voltages at
A13TP1 and A13TP3 for the corresponding programmed output are listed in Table 4-7.

The following steps will help isolate faults between the Output/HV Control and Filter B
PCAs:

1. Set the 5440B/5442A POWER. switch to ON.
2. Program a voltage that displayé the output fault.

. Measure the voltage at A13TP1 and A13TP3 with respect to A13TP2 and compare
the results to the voltages listed in Table 4-7 for the indicated range.

If the voltages in Step 2 are within limits, then the fault is with the Filter B PCA. If
the voltages do not meet the requirements, proceed to Step 5.

Perform the following:
a. Set the 5440B/5442A POWER switch to OFF.
b. . Place the HV/Output Control PCA on the extender.
Set the 5440B/5442A POWER switch to ON;
Measure the TS signals on the P21 clonnacter (refer to the schematic). If the

signals are correct, then the Filter B PCA is at fault. If not then HV/Output
Control PCA is at fault.
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Table 4-7. Trlac Drive Voltages

VOLTAGES AT
A13TP1 A13TP3

TRIAC DRIVE OUTPUT LEVEL

23V - 275V 40V £ 18V —40V £ 15V
276V - b50V 40V £ 10V —40V £ 10V
551V - 875V 55V £ 10V —55V = 10V
476V - 1100V 70V £ 10V ~70V £+ 10V

OTHER HIGH OUTPUT PROBLEMS 4-24

Another possible problem occurs when a programmed output is too high, and the feedback
loop closes but the outpul is still too high (and at source voltage). This problem occurs
because the drive signal is stuck high at some point in the loop. To troubleshoot this probicm,
follow the proeedure used in troubleshooting for a low output with the following exceptions:
the control signals should be trying to reduce the output, and expected control signal
conditions should be reversed where applicable.

OUTPUT OVERCURRENT FAULTS 4-25

As mentioned before, loop faults that point to an overcurrent condition when there is no load
connected to the instrument, are probably caused by an incorrect relay closure.

NOTE

If an overeurrent condition is present on the 22V range and below, the problem is
most likely on the Output PCA and caused by shorted oulput transistors.

Perform the following steps to determine if the incorrect relay closure is on the Preamp PCA
ot the Sample String PCA.:

|. Place the Preamp PCA on the extender.
2. Using the DMM, measure the feedback signal on sense lines HVSS through 0VSC,

The relation of these signals to each range is shown on the Overall Analog Diagram.
Use the values shown on the Overall Analog Diagram in conjunction with the
Preamp PCA schematic to determine if an incorrect relay is closed.

UNSTABLE OUTPUTS 4-26

Unstable outputs on either the 275V or the 1100V ranges (but not the lower ranges) will
usually result from one of two sources: either the relays on the Qutput PCA, Sample String
PCA, and Preamp PCA, or (especially when both ranges arc¢ involved) the high voltage loop
‘control circuits (as shown on the third sheet of the Overall Analog Diagram). Because of the
nature of feedback, propagating around the loop, it may be necessary {o break the loop
before the fault is found. If the fault is caused by severe problems on the Qutput/HV Control
PCA or Filter B PCA, then the Undervoltage Qutput procedures should be adequale in
isolating the problem without breaking the loop. The loop will usually compensate for output
variations up to = 5V. If the output is within this range, the problem is probably not with the
Qutput/HV Control PCA or the Filter B PCA,




Use the following procedure to break the high voltage control loop, when doing so is

necessary for troubleshooting:

1.

.

Set the 54408/5442A POWER switch to OFF.
Remove the Proarhp PCA.

Set A1483 (the ACK switch on the Guard Crossing PCA) to 1 (open). This prevents

* the unit from tripping due to no response from the missing Preamp PCA.

Connect the power supply between A4TP13 (HI) and A4TPS (SCOM).

Set the supply to 0.4V de £1%.

Connect another power supply between A4TP2 (OPCOM HI) and A4TPS (SCOM).

Set the second power supply to 4V de. .
Set the 5440B/5442A POWER. switch to ON, set OUTPUT STATE to OFR.
Program an output for 250V dc. After a minute or so the output voltage should

begin to approach its final value. After three or four mmutos the output should be
stable within £ 1V.

. Small édjustmonts to the 4V dc supply should bring the output ¢closer to 250V de.

The loop will probably compensate for = 5V variations. If not, the problem is
probably not in the Output/HV Control PCA or the F 1ltor BPCA.

Digital Modules ' S ' ‘ 4-27

The following procedures are intended to aid in diagnosing a communication fault between
the front panel microprocessor and the main microprocessor

FHDNT PANELIMAEN MIGROPHOCESSOR COMMUNICATION FAULT ISOLATIDN 4-28

" This prooedure should be used when there is a conflict between ‘what appears on the
alphanumeric display and the fault indicators on the Front Panel PCA (top center LED) and
Controller PCA (FPC LED). The message FRONT PANEL RUNNING appears on the
alphanumeric display while the two fault indicators are turned on. This problem occurs
because the self diagnostics cannot isolate the fault. ‘

Toisolate the problem, perform the following steps:

NOTE

It is assumed that the top cover and guard shield have been removed from the
instrument. Otherwise, the fault indicators would not be visible. .

1.

2.

Set the 5440B/5442A POWER switch to OFF.
Place the Controller PCA on the extender card.
Set troubleshooting switch 51 to 0.

Set the 5440B/5442A POWER switch to ON.,
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Set the troubleshooting switches on the Controller PCA to 0010,

Using a de-coupled osciltoscope, verify that logic pulses are present at P80-24 ($0)
and P80-25 (50).

Using a de-coupled oscilloscope, verify that there is logic activity on PE0-2 (FINT)
and P80-22 (FINT)

If there is activity on the pins in Step 6, but not on the pins of Step 7, then the problem is
probably on the Front Panel Controller. If there is activity on the pins of Step 7 and not on
the pins of Step 6, then the problem is probably on the Controller PCA. If the conditions for
Steps 6 and 7 are met, proceed to the Front Panet Link Test.

FRONT PANEL LINK TEST 4-29

1.
2
3

Sct the 5440B/5442A POWER switch to OFF.
Replace the Controller PCA on the motherboard.

Remove the bottom cover from the 5440B/5442A. (This allows access to the front
panel)

Remove the front panel as follows:
a.  Remove the Program Storage Module (if present).
b. Remove the four screws located directly behind the front handles.

¢. Lift away the front panel and place it on top of the instrument. Be careful not to
stress the interconnect cable.

On the Front Panel Controller PCA, set the troubleshooting switches to 0100,
Set the 3440B/5442A POWER switch to ON.

Set the troubleshooting switches on the Controller PCA to 0010,

Using & de-coupled oscilloscope, verify that logic pulses are present at P80-24 (50)
and P80-25 (50),

Using a de-coupled oscilloscope, verify that there is logic activity on P8§)-2 (FINT)
and P80-22 (FINT).

If there is activity on the pins in Step 6, but not on the pins of Step 7, then the problem is
probably on the Controller PCA. If there is activity on the pins of Step 7 and not on the pins
of Step 6, then the problem is probably on the Front Panel Controller.

NOTE

The assembly-at-fault conclusions from this test are apposite from those in the
previous procedure (Front Panel{Main Microprocessor Communication Fault
Isolation).

NOTE

Before returning the unit to normal operation, set the 5440B/54424 POWER
switeh to OFF and return all troubleshooting switches o 1.
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INTRODUCTION 5-1

This section contains an illustrated listing of replaceable parts for the 5440B/AF
Direct Voltage Calibrator. Qrdering procedures for parts and a cross-reference 1o
federal supply codes are also provided in this section. Both mechanical and electrical
components are listed by reference designators. Each assembly is accompanied by an
illustration showing the location of each part and its reference designation.

PARTS ORDERING INFORMATION 5.2

Electrical components may be ordered directly from the manufacturer by using the
manufacturer’s part number, or from the John Fluke Mfg. Co., Inc. and its authorized
representatives by using the part number under the heading FLUKE STOCK NO.
To ensure prompt delivery of the correct part, include the following information:

1. Fluke Stock Number.

2. Description (as given under the DESCRIPTION heading).

3. Reference Designator.

4. Quantity.

5. Part Number and Revision Level of Component’s PCA. w

Parts price information is available from the John Fluke Mfg. Co., Inc. or its
TEpresentatives.

CAUTION
*

DEVICES INDICATED BY THE ABOVE SYMBOL ARE SUBJECT TO
DAMAGE BY STATIC DISCHARGE




3440B/AF

. THELE %=1, 5a40R/AF FINAL ASSEMBELY

(XEE FIGLURE 5=3.3

REFEREMCE FILUKE  MFRS HANUF AL TURER S
DEZIGHATOR ITOCK  SFLY FART MUMBER Tor
fro INUHER G g morm s e BEE TR IE T LM mesmimimmn wmemimms ef(p== CODE= wwQR GEMERIC TYFPE=~  QTY

KEYROARD ASSEMELY BIXVID BYS3L S0FPIR
FRONT FANEL COWTRULLER PCA TRT35T  8¥hIe TPTINT
POTHEREDARD POA LHOuOLY  8PII4  LHOHO5T
QUTFUT FCA T34 BYSEL  TYIRVE
OQUTELIT /MY QONTRAL, FCA L5568 BP53H  L0EfO2
SarPLE STRING FCA 4534046 B354 HOB190
PREAME FLA SH5A63A BYSES  LA0HTOR
REF/BAC DIGITAL FCA TH419T 89534 LEFTEM
REF/DAL A O FCA 453442 H7534  HOHIIL
INSIDE REGULATOR FCA 633657 BINILE  &RBRAY
- GLIARDED TRAMSFORMER TERMINATION FPLA &HOUGTT  AVRIE  LADBOYS
FILTER A PCA 653568 BYSI6 408083
FILTER B FCA 453574 BYEIL H0ERRH
GUARD CROSSIMG PCA 6534667 BY83E 411707
MEMORYT FCA VSE7i4 89534 TASNED
CORTROLLER PCA 788464 BF336 74853
DUTETDE GLARD REGULATRR FEA THTLET B953L TATIRF
I/0 PCA TRB730 89336 743374
QUTSIDE GUARD TERMINATOR PLA TSRIFT  BYRIA  VIBVIY
FOWER ZWITCH PCA &0ENLT  BYNIE  AO8DET
: DLEFILAY FCA TLETYAD #9534 VAT
I/0 COMMECTOR FCA BO3YSY 89536 BRIV
WHEISFER VEMTURT 255542 BAVYY  WR2AT -2V
ROTROM 279046 422535 B287?Y 2AVi01&
CAFR, OTL, fUF, +=1 0%, § ,BKY 24T0TI THIDY  2464PT0
CAP.CER, Q. Q0CUF , +=201, 3006V, Z5U jgEeOY  TISFD  2DDHARSLOUH
CAR, GER, D, ROATLF , bt DY, 500V, Z5R 1OATR4  T1390  CF-avd
CAF.POLYCA, S, 47UF , +—-10K, 100V 28860 B4411  A463Un
CAF, AL, 54000UF  +10D—1 0%, 13V 423533 SHRUT  FSPAIAIGOISAFZR
JUMPER, LINK,BINDING POST 120728 83330 1171
FIISE 174 ¥ {-1/4,FAST, 2A, 250V {89973 O753F6 1097
SCREW, 4ACH, PHF , ETL,, 6-32X1/4 152149 89936 f5I149
SUREM, MACH, FHF, STL,8-32 X 7716 S0H15Y  HYSHH  F0AtUE
SCREW,CAF, SCRT, 3TL, 8~-32X3/8 295505 898346 295105
SCREMW, MACH, PHE, STL . 4=32X5/8 152i81 #9534 152134
SCREW,MACH, PHF, STL, &-32X5/14 152957 89534 (5237
SCREW, THD FORM,FHF, S.5TL, 4=28X1/2 176172 BYS3H 1FHI7E
FAM ACC , FILTER,AL W/FDAM,4.6950 HBRI12 89336 &BINZ
SUREW, HALK, FHFE, 8TI.,8-32 X 7/14 306159 8YI36  FOLHIET
SCREW,CAP, SCKT ., XTL.,8-32X3/8 ¢S BPS3I6  ZFHIQB
SCREW, HAGH, FHF, STL, 4=~32X5/14 152457 BYSIH 1357
NUT . STL,CAF EXT LW, 5-32X7/64 152819 B9534 13219
NUT, MACH , HEX , §TL, t9-32 119534 89538 (19534
SCREW, HACH,FHP, STL, 6-32X5/146 152157 B9S3&6 1GRISY
ECREM, MACH, FHF, STL, 8=3RX1 74 228890 BYSIS  DU8E90
SCREW . MACH , PHF . STL , 4~32X5/14 FHZVEY  B9%3s 152957
SCREW, THD FORM,FHF, Z.STIL.8-13X4 /2 Agsn33  AF534  F04RFI
SCREMW, HACH,PHP,5TL, 4-40X1/4 29890 73734 19RRY
WASHER,ILOCK , INTRNL , STEEL . 8 119320 89334 159320
SCREW, MAGH,PHP, STL , 6-32X3/8 8265 89536 VBILN
JCREW, MACH , FHUF, §. 5T, 8~32X1 74 320093 YSEL JULOP3
HUT. NYLOM, PUSH-~TH 222404 839%8 PCR747S
SCREM, MACH, FHF, §TL  3=32535/8 ttatda  AP534 114104
SCREW, HACH, FHUF , X, 871, 8-32X1/4 3p0ia1 89536 FReted
SCREW, MALH, FHFP, ST, 6=-32X3/8 133145 89334 1529465
SCREW.HACH,FHUF, 5§, 8TL ,6-~32X1/4 320093 89536 320093
SCREW, MACH, PHF SEMS, STL, &~32X1 /72 tYvOXe  BY334 17T0H0
SCREW, MACH, PHP ., STL, &-32X5/1 6 18IV 57 89536 152457
YCREW, MACH, PHF, STL, §-232X1 /2 {52973 av3ie 15M73
SCREW, MACH, FHUF, 5. 5TL. &~32X1/4 320093 BYSIE 320073
SCREW, MACH, FHF, §.5TL, 4~40X1 /4 RZOOTY  AYEIE 320077
SCREW, MACH, #HF, §TL,, 6~32X3/8 1521458 B933s 152165
SCREW, MACH, PHF, STL., &=3255/1 6 R8T BYSis 35T
SCREW, MACH, PHF, 5T, 8~32X1/2 15974%  BP3I3L 157749
DECAL ., FRONT CORMER A3FI4%  BY5RS  ASTIA3
CORNER HAMDLE., FRONT 8,75 INCH 6BA19F 89536 456199
KEYBRD BRACKET., LEFT THEIPEY 87534 TSYFEI
KEYBRD BRACKEY, RIGHT TE19F0  B?336 To1990
FRONT FPANEL FAINTED TIBVEL  BYS36  TIHTIM
KEYROARD DECAL 738757 BYS3& V38757
NAMEFLATE, FLUKE &HLFIB4 BYE34  L27154
DECAL~FUWR=-SWETCH &3A7 6L BPE36  &H34T6S
DISFLAY LENS, SOREENEL o401 3 BYE3SL BO3013
MEMORY MODULE  FAINTED T4BZEY 093346 748251
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TRABLE 5-1. D440B/AF FINAL ASSEMBLY w

(SEE FIGURE S-14.)

REFERENCE FLUKE MFRS MANLIF ACTURERE R
DESIGNATOR STOCK SFLY FART NUMBER TOT £
A YHUMERTICS ——-3 et s DERCR TP T FON - — s s s wr e o] - ——0R GENERIC TYPE-- BTy -8 -E

[ 2. REAR-“FANEL 582544 SE2544
HE 12 REAR CORNER BRACKEY 406188 [-L7-R =T
MF 43 CORNER HAMDLE, FRONT 8.73% LINCH L53419F  BY5334 &54999
MF 14 DECAL , REAR CORNER 603180 B9536 &BLH1BO
[ . = FILTER-FRAME. SEH2TIA O 8YID3L BARTIA
HF 1& MTG DUTFUT CaF &1 FHVF  BYIFE  &134TY
MF 47 MANEFLATE., SERIAL -REAR FANEL- 4YETPE BYER4A 4TRVPS
HF 8 LEFT-CHASET S-S IDE Sgatty 895%s  SB2IEA
WFE 19 FINDING FOST FLATE SOzaoy 895334 Talao?
ME 206 GUIDE.CARD,FCH,6-1/2 X .312 X .30 I2EQUT  BYLEIE 326009
MF 21 RIGHT-CHASSTS-S1DE SRZBLY  8YRIL  SHIZEY
MP 22 EOTTOM-GUARD-COVER 582700 85346 S58ITOD
MF 33 HOLE FLUG, FOLYETHELERL, F/5/14 HOLE 189779y 95336 19VTPY
HE 24 QUTFUT~FANEL -DECAL 604967 BF53&6  LH0APE7
METY RINDLINL~FO REXY--BE-GRN 637868 BF534 437368
[ Lt EINDINGFOSTASST » = BLL HXRTETHE BF5SAL A3IVEYS
HE 27 BINDIMG-FOIT-ASSY-CF-RED &BETHYT  BYLEa  43T7EY2
ME 28 BIMNBEING-FOIT=ASEYCF-FILK ARTVOD BYIRLE  LH3TFO0
MP 29 & L5387 BPBAL L3382
ME o 30 i ARABXE  DEIEA LAY
HE 3y GROMHET . FUERER 501593 B3I330 71919

mMer 32 MG GQUTPUT CaAF HTRLTY  HYSES HIBLTY
HF 33 EQTTOM-COVER sB2nAY  BYSE4  3HREES
ME 34 FOUT, FINGLE EALL TYPE (DARK UMBER) 33933 gTS34 4TEPEL
HF 3% KEY - TOF--FWR-5W 480334 89536 640334
[ L -] CABLE TIE,4*L,9.100'W,. .75 1A 72080 99534 (V2980
e 37 TOF-GUARD-COVER SBZA92 BY536  58R672
[ LT TOF REAR COVER T4H3P0 89334 TARSED
MP 39 TOF-COVER SBIRGYY  BY33&6  LSHISTY
ME 40 DORCAS A429T7H 89534 A217TE
HF A% REAR HOUKING W/0 DUTFUT BO3Fe3  H9536 BOJIPAES
MF 2 SLDE TRIM=ZAC AT BYIRS F2s D
uls CHASSIS SLIDE., 24 IQFRTI  BYSAE  30vevd
MF 44 AR RACK B 374" FRW 494530  HYSERS 494530
MF 5440E/5442A VFD SHIELD TheYid 89534 T75EYIZ
TH 4 GETVING STARTED GUILDE 52914 895346 YSU0Ya
TH 2 G440 SERIES OFERATORS HAMUAL THivedH BFLIISE  TH1%46
TH 3 5448 REMOTE FROGRAMMING GUIDE TSZG04  BYS3S6  YSUODS
Tt S4a40R/AF SERVICE MANUAL BO4GOS B¥S5Xs  BO4GHE
W LAk, E-ably -REAR-OUT LT -CAF HB3BR 8¥536  ADESEY
W ! FRONT OUTFUT CAP CABLE ASIY &Y 7894 8¥534  HYTB94
W . CORD L INE R/A 5-15/1EC, 3- 1 8AWGL, SVT 343484 BYSIS 363481

5449R/AF RECOMMENDED SPARE FARTS KIT 8137289

L

R R N T N R S T R L T

N Ry ey

NOTE 1 = FOR 230V LINE. ORDER F/N 1992V2 1A 3.0 BLOW.




5440B/AF

5440B/AF T8
(10of3)

Figure 5-1. Final Assembly




5440B/AF

54408/AF T&B
{2 of 5)

Figure 5-1. Final Assembly (cont)
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Figure 5-1. Final Assembly (cont)
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5440B/AF T&B

Figure 5-1. Final Assembly (conl)
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Figure 5-1. Final Assembly {cont)
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5440B/AF

TABLE %=3., A% FRONT PAMEL CONTROLLER FCA
(SEE FIGWRE %-3.%

REFERENCE ‘ © FLUKE  HFRS HANUFACTURERS
BESIGNATOR : STOCK  SPLY FART NUMEER TOT
A INUMERICS )  § wrmomrmreoeDESCRTFTLONw v meoomisismsse  wwNQer | CODE-  =w=OR GENERIC TYPE-~  QTY

i- 3 CAF,CER, 220FF , +-2%, 100V, COG 512141 51496 RPE12f, &
4, 2, 13- CAP,CER, @ 22UF , +~29%, 58V, I5U S19457 54404 RPEY11ZSU22aM50V 35
4d, §- B33 : ' S{RIBY .
- B8 CAF, AL, 47UF , +-20X, 10V 413984 B7536 4H132984
CaF, AL, 1SUF, +~20%, 35V 414924 B93346 414024
CAF,CER, .01 UF , +80~20%, 25V, Y3U 33597R4 72982 S835-000Y3-Uie3dl
CAF,POLYES, @. 001 UF, +~10%, 50V 720936 DF534 7267918
CAF,FPDLYES, 4T0QFF, +-3%, 50V TIPPAT  BY53S&  VIVRETY
CAF,POLYES, &.01UF, +~10Z,50V TI5Q37 BYIIS  TISEAT
ZENER , UNCOMF, 4V TRANSTENT SUFFRESSOR L08455 24444 {N5908
DIODE,SI, 160 FIV, 1.0 AMF 343491 O1EP3  1N4002
LED,RED, PCE MOUNT  LUHM INT=2.0HCD 534857 28480 HLMFAZO!/5002-445%
FIN,SINGLE,FUE,0.020 54 2675060 o7y BVeI2-{
HEADER,! ROW,0,100CTR,1€ FIN - ATB473 89534 ATOAYPD
RES,CF, 00, +-5%,0.234 ’ 348771 B0031  CRIN{-4-JPF100L
REZ,CF, 1K, 4" 3%, 0, 230 3434204 D003 CRISI-4-3FIK
REY, GF, 200, »~8%, 0.254W A4 4% go0dt  CRIV-A-SP200E
RES,CF, %1, +~3%,0.254 414340 8603+ CRIT1-4-3P5HE
RES, MF, 154K, +-1%,6.125W, 100FFH . 289447 91437 CHFSS1543F
RES, HF, 182K, +~1X, 0. 125W, 100FFH 41871 BYS3I& 241097
RES, MF,42.2K,+=1%, 0. 120K, 1 0GFFH 224655 FI637 CHFSS4A22IF
RES,MF, 21K, +-1%,0. 125, {QOFFH 229349 89536 227349
SWITCH, HODULE, $#5T,DIF, 4 FQS 408859  QOVT?  43Hib46-2
TERM,FASTON, TAE, SOLDR, 0. 110 WIDE S12889 Q2440 42395
IC,LSTTL,QUAD RE422 LINE RCVR,3-STATE 525303 12040 DISJ486H
IC,LETTL , QUAD DIFFERENTIAL LINE DRYR 525295 047iX HC3I487F
IC,TTL, GUAD 2 INFUT AND GATE 3730464 01295 SHTALSOBN
IC,CHOS,GBUAD 2 TNFUT OR GATE 408393 92735 CDAQTIBE !
IG,CHOS, UNLY ASYNC RECEIVR/TRANSMITER 453464 32293 {HEAQRCFL
IC,CHOS, BUAD 2 INPUT NOR GATE ISSI72 G735 CDAOOYAE
OSCILLATOR,8MHI, TTL CLOCK S84{4% QF%6F NO-33D~{5-8-HHI
IC,CHOS, DUAL DIV BY 14 BIMARY CNTR 741488 89536 T41488
IC,CHMOS, 145TALE RIPPFLE CARRY BIN CNTR 399484 02735 CDAG20AE
IC,TTL,HEX DBUFFER W/0PEN COLLECTOR 418234 01295 SNT4OTN
IC,CHOS, HEX INVERTER 381848 ©@I735 LCDAGATAE
IC,CMOS, BUAL B F/F,+EDG TRG W/SETARST 534433 04713 MCAD{IRCF
IC,CHOS, HEX BUFFER W/3-STATE GUTFUT ADTTET 12040 MMBOUPTN
IC,NHMOS,8 BIT RICROCCGHFUTER 478073 50088 MKISE0-ACPL
IC,LETTL, 3-8 L.INE DCDR W/ENABLE 407585 01295 SNTALS138M
IC, 2K X 8 ISTAT RAM 584144 ZI3297 uPDAOVLC-Z
FRONT EFROM © BUILD DMWG 751847 8Y534  TRIBAT
IC,I.STTL,OCTL EUS TRMSCVR W/3-8T QUT 477404 01295  SNTALI245N
IC,CHOS . HEX BUFFER 381830 * 62735 CDA65S0AE
IC,L.8TTL,OCTAL D F/F,+EDG TRG,W/CLEAR 454872 01295 IN7ALS273N
IC,LSTTL, QUAD 2 INFUT OR GATE 323108 01295 SNVALSI2N
IC,DUAL DIV BY 14 BINARY COUNTER 483578 01293 SN74LSI9IN
IC,LSTTL, HEX BUFFER W/3-STATE OUTFUT 535488 ©1295 SNTALSI&ON
IC, 234 X 4 STAT RaAM ,3=§TATE OUT 429840 04713 MCMIILOIP&S
41298460
FRONT DOT MATRIX CHAR BUILD DWG 731883 87354 7HIAR3
IC,LEVTL, 8BIT SER/PAR-IN,SER-OUT SHFT 495471 01295  SNYALS1 64N
IC, 146Rk4 LDOL ARRAY,5440B-79204 751958 B¥335s ?51v38
IC,16R8 LOG ARRAY,5440B-77204 784873 89536 THEVH
IC,LESTTL, BBIT ADDREABLE LATCH,W/CLR 419242 01295 SNVALSZHON
IC,LSTTL,RETRG MOMDSTAB MULTIVE W/CLE 404184 01293 INVALE{ZEN
IC,LETTL , HEX INVERTER 393058 01295 SNT4LFO4N
IC,LSVTL, TRIFLE & INFUT AND LATE 193082 04713 SNVALS1IN
IC,CHOS, DUAL SYNC BINRY UP CNTR 155{464 04TI3  MCI4S20BCP
IC,LSTTL,OCTL. LIME DRRVR W/3-5T OUT 479347 01293 SENTALI24IN
IC,CHOS,DUAL 4 INFUT MOR GATE 353820 0R2V35  CDAOOIAE
FROMT §14-SEG CHAR BUILD TG 73189 89336 TS89
IC., 14R8 LDG ARRAY,5440B~F92032 THP4 89536 TII94d
IC,LSTTL,BUAL D F/F,+EDG TRG,W/CLR 393124 O129% SNVALESVAN
JUMEER,REC, 2 POS, . 1Q0CTR, .025 SQ POST 520233 00079 530{53-2
SOCKET, IC, 46 PIN 429282 09922 DILEBAGF-10@
SOCKET,IC,14 FIN 74827 09928 DILEBP-{08
SOCKET, IC, 24 FIN 376236 91304  I24-AGIVD
34234
SOCKET, I€,28 FIN 448217 91864 328-AC3ITD
SOCKET, IC, 28 FIN A45442f ©9¥922 DILEZIOF-188
RES,NET,SIF,10 PIM,? RES,4.7H,+-IX AQAG43 BOO3t P3081002CL
RES,NET,STF,8 FIMN,7 RES, 10K, +~2% 412924 80031 F5OB19E2CL
412924
RES,NET,DIF,14 FPIN,8 RES, 33, +-5% 4§3375 0124 314
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TABLE S5-4. AS OUTPUT/HY CONTROL PCA
{SEE FIGURE 5=&.)

REFERENCE FLUKE  RFRS MANUFACTURERE
DESTGHATOR FTOCK SELY PART NUHBER TOT
s ~DESCRIFTION moNQer  CODE~ —-—-0OR GENERIC TYFE--  RTY

A INUMERTCS =)

R 108-119 RES,CF, A7, +-5%, 0,230 343434 80031 CRIS -4-3F470R 3
L e 3, &= TERM, FASTON, TAE, SOLDR,0.118 WIDE 512889 02640 &23%5 i@
TF 12 5128a%

IC,BFLR,TIHER,8 FIM DIF 4024610 18334 LHSIGCH
IC,0F AMF,DUAL,COMPENSATED,8 FIN DIF 414284 {2040 LM143ON
IC,0F AMF,DUAL,JFET INFUT,B FIN DIF 434454 @R7IAE  CAQBEE
IC,TTL,DUAL MAND DRVR W/0PEN COLLECT 29704 QIR2FE  INT3I4S2F
IC,CHOS,HEX BUFFER W/3-STATE OUTFUT 497739 12040 HHDOCPIN
IC,CHMOS,HEX BUFFER 281830 02735 CD40S0AE
IC,CHOS,RUAD D F/F,+EDG TRG,W/CLR ABRPIR 12640 HMVACITSN
IC,CMOS, 8-1 LINE MUX/DEMUX ANALOG SW  A52B805 02735 CD495S1BE
IC,LETTL, 3-8 LINE DUDR W/ENABLE ANTERS 01295  SNT4LST3EN
IC,LSTTL,OCTAL b F/F,+EDGC TRG,W/CLEAR 434892 01295 SN74LI273N
IC,TTL,HEX INVERTER W/7OPEN COLLECTOR  4073%3 Q1293 JSNTAOQON
IC,CHOS, 8 INPUT NAND GATE 504840 04713 HCA1AQGBECF
IC,CHOS, QUAD 2 INFUT NOR GATE IFFLT2 0273 LDA001AE
IC,L5TTL,QUAD BUS BFR W/3-STATE OUT 472744 01295 SNTALSIZSM
ZENER, LUNCOMP, 20,0V, 5%, 23.0MA, 1, 00 274980  1296% ULBTI2
ZEMER,UNCOMP, 3.3YV,10X%, 20.0MA, ©.4W 3207777 04713 1NV44
ZENER, UNCOMP, &.8V, TX, 37.0MA, 1.0W 454595 {296% UL8704
FOCKET, IC,ié FIM 2?4535 F15086 F1H-AGITD
RES,NET,DIF,i4 PIN,7? RES,1K,+-5% 407445 81424 34
RES,NET,SIF,10 FIN,¥ RES,4.7K,+-2% 484043 80031 PI0S1002CL
RES,NET,PIF, 16 FIN,8 RES,240,+-0% 424457 oii 314

RES NET,DIF, 16 FIN,8 RES, 470, +-3X% 50123% ofi21 34
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TRBELE %-4, A3 HOTHERBOARD FCA
CSEE FIGURE 3-4.)

REFEREMGE FLUKE  HFRS MANLFACTURERY
DESIGNATOR STOCK SPLY FART NUMBER
A= NIHER T C8 ==} DESCRIPT TON—m e e s i mm ~elf GEMERIC TYPE--=
________________________________ ey e e e
CAP, CER, 1 009FF , +-20%, 2009V, Z3U foBa3%s iPCTE1A
CarR,POLYES, 9. 1UF, +-20X%, 250V AC SARRAI i58.00-0. i 0uF~250V
FILTER,LIME, { {5V./34, 230V/3A, FNL BNT AZIETI 0% FEF2
SCREW, HACH, PHP, 5TL, 6-~32X5/14 152 N7 152157
HUT, MACH, HEX, STL., 4=~32 119554 § 1 HE%q
NUT, HACH, MEX, BR, § /4=28 §10619 - 110619
SGREW, MACH, FHE, $TL., 4-40X3/8 276709 5 24TV
HUT, HACH, HEX, 8TL ., 4~40 § 0835 | 110438
COMN, FUR EDGE,REC,D.150 CTR,22 FOS ASPEAL ‘ HRTATA-4
COMM, PUR EDGE,REC,D.150 CTR,40 FOS A2TEKG  HOTTIP  D-583407-0
422550
432550
A22550
422558
423550
CONN, PWE, EDGE, REC, .130 CTR, 24 FOS 295352 Q0TTY  SEBLSL-7
CONM, PUE EDGE,REC, 8.159 CTR, & POS FYITOR  P1A5D  AFHB-00&~F] 3-001
295708
OUT~PFUT-CHOKE~ASSY 437835 99536 &ITEES
LINE=CORD~ERAGKET 582650 89534 BE2600
HLOR,FUSE,1/4 X 4~1/4, L OFROFLLE, FNLMT 424414 H9536 424414
CABLE TIE,4"L.0.300"W,0.75 DIA §72080 89336 172089
RES,CF, 1M, +~3%, 8,258 348987 89931 [R2S1=4-35PiM
RES, MF, M, #=1%,1W, | OOFPH 177188 B%5346 {(77i88
RES, CF, 19, #=5%, 0, 25H 40075 BOO3T  CRIS{-4-5F10E
VARISTOR, 22V, +=20%, 1 . OMA : ERO77?7 63568 VIZZAL
VARLSTOR, 430V, 20%, | .OMA 519355 ©F214  VITSLAISASLAKATS
HOST-CABLE ASSY &£17886 09536 617884
FAN~CABLE, 429188 D9S3 LH2VIER
FOWER-CARLE 40BSYe 89536 40R3ITO
REAR-DUTPLIT C HRAEPs  BYSIE  H0BEPY
HAINS-CARLE-ASSY 633543 89534 553543
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Figure 5-4. A3 Motherboard PCA
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. TABLE 5-5, A4 OUTFUT FCA

(SEE FIGURE Z-3.)

REF EREMCE FLUKE MFRS HANUFALTURERS
DEETGNATOR, STQLK  SPLY FART NURBER T0oT
A-IHUMERICS -~} § ——e - =DESCRIFTION-- rwer  woM0---  CODE- --0OR GEMERLE TYPE--  QTY
i, 2 CAFP,CER, 0.220F,+-20%,50V, I5U 369847 71390 CW3COC224K 2
3, 5, 18, CAP,CER, 0. 22UF , =204, 56V, I3U 519157 51406 RFE1I1ZIU224H50V
26, 34, 37 519157
4 CAF,FOLYCA,®.47UF , +~10X, 100V 289640 B4a4iq Xas3uuW
&, 7 CAF, AL, 47UF, +30-20%, 16V A34008 42643 SHAVE
a CAF,CER, 33FF , +-2%,100V,COG LiI224 51404 RFPE124
4 Capk,POLYES, 0. 33UF , +-20%, 2000V 423301 84411  XOVOHV
10~ CaF,CER, 330PF , #=-8%, 10OV, COG6 528620 5S1464 RPEIRS
i3 cak,CER, 1 000FF, +~8%, 56V, COG 528539 51404 RPEI13
14, CaP, T, {5UF, +-20L, 20V 576846 54287 194D154N0030KEA
CAP, POLYES, LUF, +=10X, 100V 447847 73445 C2ZBOMAH/ATH
ELECTRO, MIN,LO LEAK, 4.7HF, 33V 403IFFF 07534 LOIVE
CAFP, AL, f 0GUF, +59-20%, 35V 414982 62643 SHAVE
CAFP, AL, 2.2UF ,+-20%, 50V 414875 89334 614875
CAF, AL, 100UF, +50-20%, 100V 641225 87334 441225
DIODE,XI,RV= 73,0V, ID=150HA, 500 MW 203323 OTHI0  INA44E
203323
SCREW, HACH, FHF, STL, 4-32X3/14 152157 893386 15137
SCREW, HAGH , FHF, STL, 4-40X3/16 152114 B933é6 1514
RELAY, ARMATURE, 4 FORM C,4.3YDC 597485 24804 AL4Z{~E-335341-2
RELAY, ARMATURE , & FORH C,4.3VDC &B2953 V7342 R10-E-5874-1
REL.AY,ARMATURE,2 FORM C,4.5vDC 554240 26896 AZ-420-12-203
514240
RELAY,REED,{ FORM A,4.5VDC 424408 21317 FAT11085-F
CHOKE, 8TURN 320914 89534 320941
ISOLATOR-RESISTOR-SET 450497 BYIZE 4DOLTT
RESISTOR~SET~COVER 441832 89334 441802
RESTETOR-SET-RACK £41860 875334 41860
QUTFUT-SHIELD 406075 BP534 6040FD
HEATS INK-0UTFUT 413687 875346 413487
FLEEV, TEFLON, 0. 82710, NATURAL 196717 B%536 1946717
EJECTOR, FCB,1/146IN. NOM 494724 32359 CP-44
HOUSETAIL,$2829-75-3,HOLE SIZE .04é 422873 B?3346 4228V
IFACER, SWAGED, RND, BRAZS, 6-32X0. 100 352021 99534 3520
SPACER, SWAGED, RND, BRASS ; 4-46X0. 625 347826 BYNISE  FAVS24
TRANSISTOR, ST, HPN, SHALL STGNAL 218374 ©4713  INIPO4
TRARSTSTOR, 8T, PNF, SHALL STIGNAL 195974 44713  2NIP0RH
TRANSISTOR, S, BV=325Y, 20uW,70-64 190710 64713  2INITI?
TRANSISTOR, 81, BVn300V, 20W,TO-4é 5846784 04713 2N&42T
TRANSISTOR, ST, ENF, SHALL STGNAL 227878 04713 nNPS4522
TRANSISTOR, ST, NFN, SHALL STGNAL 210081 o04a7i4 HPFAGI0
TRANSLSTOR, 8T, N~JFET, TO=-%2, SWITCH 261578 15818 U2344J
RES , MF, § . 74K, +={%, 0.1 274, t OOFFH 344358 91437 CHFIS{7AMF
RES, HF, 1 37K, +=1%,0. 1250, 1 QOFFH 448241 914637 CHFSS
RES, HF, 6. 49K, +=1%,0.1234, { 0OGFFM 274760 91437 CHFI54494F
RES.MF,52.3,+=1%,9.0, 100FFHM 155069 B9536 1350467
RES, HF , 10K, +#=1X, 8.125W, 190FFH 168260 914637 CHFIS{002F
RES,HF, 20K, +~@.1%, 0.1 23M, 25FPM 40420 21437 CHFSS
RES,HF,50K, +-0.1%, &.1250W, 25FFH 340287 91637 CHFS555602B
REX, MF,2M, +—1%, 0.5W, i 0OPEH 217760 ®I637 CHFAS1-d-1F2L
RES, HF, §M,+—-1%, 0. 1254, §0OFFH 248797 91437 CMFS51004F
RESISTOR SET 433015 893386 438U5
RES , HF, 465K, +=1X, 0.1 25U, 1 QOFPH 375980 914637 CHFIS
RES, HF, 106K, +=0.1X, 0.125W, 25FFH 34014646 91637 CHFSS1003R
RES,HF, 2. 31K, +=1%,0.125W, 1 00FFH ITP0A0 Fi63T CHFSS
RES,MF, 3. 11K, +1%,9.125W, i 00FPFH 294848 91637 CHFI3ISITIF
RES, WF , 2K, +=0 . 1%, 0. 123W, 25PFH 340474 91637 CHFSS2004EH
RES,CF,5{,+-5%,0.25U 414540 890034 CRIFi-4-5P51E
RES, HF , 200K, +-1%, 0, 123U, { QOPFH 264781 1437 CHMF532003F
RES , MF, 4. 97K, +-1%,0.125W, i 90FFH 148252 1437 MFF1-84991
RES,LF, 2K, +-5%, 0,254 441449 GOO3I1 CRIZI-4-5P2K
RES,CF,fK,+-5%,0.25U 343424 BOOFN  CR2Z51-4-5P1K
RES,HF, 2K, +~1%,0.5W, i 20PFH 154248 91637 CHFSS2006F
RES,CF, 1 .4M,+-3%,0.250 442844 BOOI1  CR-23
RES,MF,18.2§,+-1%, 0. 1250, 100FFH 234810 %1037 CHFSS
RES, HF, 2K, +=1%, 0. 1254, 1 GOFFM 235224 P1637 CHF352004F
RES, HF . 1K, +~{&,0.1254, 0OFPH 1468229 %1837 CHFS51004F
RES,CF,168,+-5%,8.258 348771 80031 CR251-4-5P100E
RES,CF,16,+-5%,0.254 340075 B0031 CR2IS1-4-5F10€
RES, HF , Q0K , +~1%, 0. § 234, 1 QOFFH 248867 91437 CHFSS19003F
RES, MF, 11K, +=1X, 0. 1250, 100FFH 293624 91437 CHMFIG
RES,CF, 0K, +-3%, 0, 254 Z4683F BOQZ§ CR2I-4-5810K
REE,CF, 190K, +-3%,0.25W 148920 E0031 CR2TI-4-5P100K
TERM,FASTON, TAB, SOLDR, 0.110 MIDE 512809 02440 SHZ3F5
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TABLE 5-5. A4 DUTFUT FCA
{SEE FIGURE 3-3.)

REFERENCE FLUKE  MFRS HANUFACTURERS
DESIGNATOR STQLK SPLY FPART MUMBER Tor
A~ SNUMERICS——~} mmmimimm e e DESERIP T L DN == mom o www  wwNf~= CODE~ ~-0R GENERIC TYPE——  QTY

T {3 512389

[ SOCKET, SINGLE,PWE,FOR ©.980 PIN 170480 74970 105-752
u IC,OF AMP,GEN PURFOSE,TO-78 METAL CaN 288928 12040 LHIO8AH
u IC,OF AMP,LO-OFFSET VOLTAGE,LO-NOISE 405986 04445 OQF-07DP
VR ZENER, UNCOME, 75.5Y,10%, 33.0MA,10.0W 404058 04713 1NI00ZAR
VR ZENER, UNCOMP, 75.0V,10%, 33.0HA, 10,00 404041 @47t3 1N3002A
VR ZENER, UNCOMF, 3.3V, 10%, 20.0Ma, ©.40 30P7TPP Q4TI INT44

VR ZENER,UNCOMP, 4.8V, 5%, 37.0HA, 1.0W 454595 12949 UZ8704
VR ZEMER,COMF, &.4V, 2%, 2 FPH TC, 1.0MA 419034 01537 $2620287
VR TEMER,UNCOKF, 20,0V, 5%, 4.2MA, 0.4W {86443 84713 (NP4BE
XK RELAY SOCKET,4 POLE 281253 77342 27E348
xK RELAY SOCKET,ACCESSORY,SMRING, & POLE 417188 89534 4i7188
XK RELAY SOCKET,ACCEIIORY,SFRING,2 FOLE  Z74459 77342 200249
xK 474459

XK RELAY SNCKET,2 FOLE ITE665  TTIAR  2TESN
K _ ATL465

XU SOCKET,IC,T6-99,8 PIN,CIRCULAR 458450 095346 4084%0
XU SOCKET, IC,B FIN 478016 91504 308-AGIPD

*x k Xk & K ok XK X
PR IT TR LR L) R e

-

F-3
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LRl R I R T S R
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TABLE 3=&. AZS OUYPUT/HV CONTROL PCA
(SEE FIGURE 5-4.,1}

REFERENCGE FLUKE MFRS HMANUF ACTURERS
DESLGNATOK STOGK  SPLY PAKRT NUMBER 101
A S NUMER TG gy e oo GESER TP T LONwom e imom mmm i oo ~-OR GENERIC TYFE--  RTY

CAF,POLYEE, 0. 01UF, +=~10X, 400V 492518 . C2BOMAF /i 0K
CaF,CER,®.01)F ,+30-20X, 23V, YU 3a57as 5835~000Y5-U103Z
CaF,CER, . 1UF, +BO-20%, 25V, Y3R JEPI99 Ut=-50-103
CAF, AL, {1 00UF , +75~10%, 16V 434014 SL
CAF, A, 6. 8UF, +-20%, 14Y 4139792 413992
CAF, AL, 190UF , +75-10X, 15V, HON-FOLAR {54714 36D
13 caf, CER, 27PF, +-2%, 160V, COG 3462749 RPE121
CaAP, CER, 330FF, +-5%,100V,C0G 520028 RFEY21
CAP,FOLYES, @, fUF , +-10%, 1 0aV 375437 Tivh
i2, 21 CaP,CER,0.004UF, 20k, {00V, X7R 4027464 BiZ{~A100~WER-162HM
caf, Th, 1 50UF, +-20%, 15V 422376 19601 STROOZOTAL
18, 22, ELECTRO, MIN,LO LEAK, 4.7HF, 3oV 603993 L0373
‘ 403993
25 CAF, AL, 19QUF , +50-20%, 35V 414782 EH/VE
27 CaF, CER, 0.05UF ,'+89-20%, 25V, Y5U {48924 LA55~000-Y5Ud-503Z
~- &8, B3- Cak,CER, 0.22UF, +-20%,50V,Z5U S19457 RFEE114Z5U2TAM50V
190,112-115 S19157
&7, 70, 7 CAF, AL, 4TUF, +-20%, 1 &V 413984 p 413984
T4~ V&, 81, CAFP,CER, 478FF , +-20%, 190V, X7R ‘ 58275 8111-A100-WIR-4TiM
aa 358273
1o4-141 CAF, CER, 0. 04UF, +—20%, 100V, XTR 497387 8121 A1 0O-WIR-1OEH
- 7, 9, DIODE, SI,EVa 75,0V, I0=150HA, 500 MW 203323 1H4448
19, 13, 14 203323
15, 16 DIGDE,SI, 100 FIV, {.& AHF 343491 iN40O2
ECREW, MACH,PHF, STL., 6=32X5/14 52137 152157
SOCKET, SINGLE,PWE,FOR &.018-0.049 FIN 284281 300%9B-2
i3 CHOKE , 6 TURN 3209141 2094
SFACER, SWAGED, RND, BRAES, 5-32X0. 106 352621 as2e
EJECTOR,FCB, { /16IN.- ROH 494724 CPR=-&6
HEATSIMK, FCE HMOUNT 369730 SO01EYS
TRANSISTOR, 81, N~JFET,SWITCHING, TO~92 370072 u3423
TRANSIETOR, 5T, NFM, HI-VOLTAGE 270684 HFE A 42
TRANSISTOR, SI,PNP, SHALL SIGNAL 173774 [ 2NIT0S
195974
TRANSISTOR, ST, BV=3203V, 20W,T0-44 teo7io ANITIT
TRANSISTOR, 51, kv=36av, 200, TO-&é 584784 2H4425
TRANSISTOR, S, NFN, SHALL SIGNAL 218395 2MN3E704
RES, WF,30. %K, +— 1%, 0.125W, 1 DOFFH 235275 CHF533092F
RES ,WF, 68, 1K, +-£X,0.125W, 1 0OPFH 2345828 CHFS554812F
RES, VAR, CERM, 10K, +-20%, 0.5 247880 {FOFCi{03E
RES,CF, {OK, +-5%,0.254 34883% CR251-4~5F1 0K
348839
349839
348839
RES,MF,§4, 7K, +-1%,0.125M, 1 0OFFM 225225 CHFS514T2F
RES,CF, 15K, +-5%,0.258 348854 CR234-4-5F1 5K
RES,CF,3.%K,+-5%,0.254 342600 CR251-4-3F3KY
RES,CF,1.8K,+=5%,0.250W 441444 CRZS{-4-5F1K8
RES,CF, 3K, +=5%,0.25UW 444527 CR2%4 ~4~5P3K
REES,CC, 30, +~3%, 2W 519544 HE3685
RES,CC, 2K, +-3%, W 276998 HE
276978
RES,CC, 150, +-5%, 20 233122 HE
RES,CF, 160, +=-5%,0.25M 348771 CR281-4-5F1{ GOE
RES,CF,2.7K,+=5%,9.25U 304470 CR251=4-3F2K7
RES,CF, 100K, +-5%, 6. 250 348926 CR251 ~4~GF{ 00K
RES,CF, 51K, +~5X,9.250 37464349 CR251-4-3F31K
RES,CF, 430, +-5%,0.254 441568 CR23t-4-3F430E
RES,CF,iM,+-3%,0.25M 248987 CR251=4-3F1H
RES,CF, 1éK,+-3%, 0.25 44234 CR251-4-5F{ &K
RES, MF, fOK , +—1X,8.125W, i 0OFFH 1482450 CHMF551 002F
RES, HF, 301K, +—1%,0.125W, 1 QOFPFH {68284 MFF{-B83012F
RES, HF, 119K, +—1%, 6. 125W, 1 DOFFH 234708 CHMF554103F
REZ,CC,A70,+-5%, 0,50 108797 EE4713
RES,CF, 6.8K, +-5%, 6. 25W 348741 CR2ZS{=4-3FP4&KE
41, 42, &4, RES,CF, 1K, +-5%, 0.25§ 393424 CR251~4=3F ik
74, 75, 83, 343426
103,105,114 343424
&3,104 REE,CF,2.2¢, +=5%, 9. 254 243400 CR2%1-4-5F2K2
63, &4 RES,CF, 18, »=3%,0.25W0 340073 CR251~4-3P10E
a1, 82 REX,CF, 2K, +~5X, 0.254 441449 CR251-4-5F2K
84- Q7,187 RES,EF,4.7K,+=3%,0.254 348821 CRATZE
fo2 RES,CF,120,+~5%,0.250 442293 CR251~4-5F1 20E
104 RES,WF,4.99K,+-0.1%, 0. 1254, 1 00FPH a34440 CHF3S5
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TABLE S5-4. AS OUTPUT/HY CONTROL PCA
{SEE FIGURE 5=&.)

REFERENCE FLUKE  RFRS MANUFACTURERE
DESTGHATOR FTOCK SELY PART NUHBER TOT
s ~DESCRIFTION moNQer  CODE~ —-—-0OR GENERIC TYFE--  RTY

A INUMERTCS =)

R 108-119 RES,CF, A7, +-5%, 0,230 343434 80031 CRIS -4-3F470R 3
L e 3, &= TERM, FASTON, TAE, SOLDR,0.118 WIDE 512889 02640 &23%5 i@
TF 12 5128a%

IC,BFLR,TIHER,8 FIM DIF 4024610 18334 LHSIGCH
IC,0F AMF,DUAL,COMPENSATED,8 FIN DIF 414284 {2040 LM143ON
IC,0F AMF,DUAL,JFET INFUT,B FIN DIF 434454 @R7IAE  CAQBEE
IC,TTL,DUAL MAND DRVR W/0PEN COLLECT 29704 QIR2FE  INT3I4S2F
IC,CHOS,HEX BUFFER W/3-STATE OUTFUT 497739 12040 HHDOCPIN
IC,CHMOS,HEX BUFFER 281830 02735 CD40S0AE
IC,CHOS,RUAD D F/F,+EDG TRG,W/CLR ABRPIR 12640 HMVACITSN
IC,CMOS, 8-1 LINE MUX/DEMUX ANALOG SW  A52B805 02735 CD495S1BE
IC,LETTL, 3-8 LINE DUDR W/ENABLE ANTERS 01295  SNT4LST3EN
IC,LSTTL,OCTAL b F/F,+EDGC TRG,W/CLEAR 434892 01295 SN74LI273N
IC,TTL,HEX INVERTER W/7OPEN COLLECTOR  4073%3 Q1293 JSNTAOQON
IC,CHOS, 8 INPUT NAND GATE 504840 04713 HCA1AQGBECF
IC,CHOS, QUAD 2 INFUT NOR GATE IFFLT2 0273 LDA001AE
IC,L5TTL,QUAD BUS BFR W/3-STATE OUT 472744 01295 SNTALSIZSM
ZENER, LUNCOMP, 20,0V, 5%, 23.0MA, 1, 00 274980  1296% ULBTI2
ZEMER,UNCOMP, 3.3YV,10X%, 20.0MA, ©.4W 3207777 04713 1NV44
ZENER, UNCOMP, &.8V, TX, 37.0MA, 1.0W 454595 {296% UL8704
FOCKET, IC,ié FIM 2?4535 F15086 F1H-AGITD
RES,NET,DIF,i4 PIN,7? RES,1K,+-5% 407445 81424 34
RES,NET,SIF,10 FIN,¥ RES,4.7K,+-2% 484043 80031 PI0S1002CL
RES,NET,PIF, 16 FIN,8 RES,240,+-0% 424457 oii 314

RES NET,DIF, 16 FIN,8 RES, 470, +-3X% 50123% ofi21 34

focfcCocoococ oo

& A Xk &k kX Kk kKR X KXk R¥E KX

- ey ke v B =k ek B ki )l = U s
[ N S AP R R




5440B/AF

(D LD

36D &0

_ " —_.oj_

__

@lllﬂw@z

OF00E
BE0S0:08

[EEoooooono) s

mﬁ@ﬁmﬁ

M:Q

i

) 6D 6
[ ] &) b

—J

:.u v~u
n-.

3

T4l 4L 0lel tdl Edl BdL =941 gl ItSL \ _—

5440A-1620

Figure 5-6. AS Output/HV Control PCA




5440B/AF

TABLE 5-7. A& SAMPLE STRING FPCA
(SEE FIGURE 5-7.)

REFERENCE FLUKE  HFRS HANUFACTURERS
DESTGNATOR ETOCK SPLY FART NUMBER 70T
A HUHERIES~»—-) § ——orre—m—- rmmm it mnfl=n CODE- --0R GENERIC TYPE--
i, 2, 28 CAF, AL, 1QUF,+-20%, 35V 40398% 74840
3- 1P, 24— CAF,CER,9.22UF ,+-20%, 5@V, Z5U 19157 514046 RPET11ZISUZZaNI0V
37 S{9157
21, 22 CAF, CER, 180FF , +—19%, 1090V, £IN 195593 71590 DD-i0d
3h, 37 CAF,CER, | 00OFF , +-5%, 50V, COG 528539 51404 RPEI13
R i- ¢ DIQDE, S1,BV¥= T3.0V, [0=150HA, 300 HU 203323 Q7710 INAA4E
SCREW, HACH, FHF, FTL, 6-32X1/2 152173 B9334 132173
SCREW,MACH, FHF , 8. 5TL, 6-~32X1/4 385401 893356 385404
SCREW,MACH,PHF, STL, 6-32X3/8 1321465 B9F30 132147
RELAY, ARMATURE , 4 FORH C,4.3VDC 402953 II42 RIO-E-5E74-1
RELAY , ARMATURE , 4 FORM C,4.5VDC 519405 24804 AZ43V-E-585§1-2
OVEN-COVER=-S-STRING 405103 BP334 404103
OVEN--HACK-5-STRIHG 404111 87536 406111
HEAT STINK, XISTOR THERMALLOY 4072B 4734884 BYS3S& 473606
SFACER, SWAGED, RMD, BRASS,€.150IDX0. 150 431841 89534 H31041
SPACER, SWAGRED , RND, BRASS, 6-32X8 . 437 423804 8Y53& 4235004
SPACER, SWAGED, KND, BRASE, 6-32X0.100 32021 89336 3T2029
SPACER,HEX , NYLDN, 6~32X0.500 &58153 87336 &3BIST
SAHPLE=~STRING-OVEN~IMSUL-SIDE-A 454408 893386 654608
SAMPLE-STRING=OVEN~INSUL~SIDE~F &545616 87334 434414
SAHPLE-STRIMG~OVEN~INSUL-~BACK 4544624 BFS34 6544624
SAMPLE-STRING-OVEN-INSUL-TOF 454632 BYII6 6544632
TAFE, TRANSF, POLYEET , DBL. COAT, 14 494342 BYS3H  LT40AZ
SLEEY, TEFLON, ©.9421ID, NATURAL 175976 8Y5334 {73774
EJECTOR,PCE, { /16IN. HOM AT4T24 32559 CP-44
SLEEY, TEFLON, &.927ID, NATURAL 1R6TIT  B7336 196747
TRANSISTOR, ST, MPN, SHALL SIGHAL 218081 04714 MWFE&520
TRANSISTOR, 81, BY= 70V, 90W,T0-127 25720 04713 MJEIO5T
TRANSISTOR, 81, Bva 70V, #0W,TO-127 J25738 04713 MHJE293D
RES,CF, 10K, +=5%, 0. 250 J4B83% 80031 CR23{=-4-IF10K
348537
RES,CF,1K,+-5%,9.25 343424 B8OOI CRISI-4-3F1K
RES, HF ,49.7K,+-1X, 6.1254W, 1 9OFFHN 248821 91637 CHF554992F
RES,HMF,3.09K,+—1%,8. 1250, 1 00FFH 235150 914637 CMNFSS
RES,CF, 2K, +-5%,0.25H 44144% BOO3T CR251-4-3P2K
RES,CC, iOH,+-54, 6. 254 194944 914121 CBIO4T
RES, HF, 100K, +-4%, 0.125MW, 1 0OFFH 248807 914637 CHFS531003F
RES,MF,1.1108K,+~0,1%,0.125W, 25PFM 48535% 71837 AB5339
RES, MF, 2194, +-6.25%,0.1254, SOPPH 375345 @437 CHFIS
RES,CF, 3K, +-3%,0.25) 441527 0903t CRI25{-4-3F3K
RESISTOR SET 4B7RF1 BYSIL  6ITI
RES,CF,220,+=-5%, 0. 254 424624 90031  CRIS-4-5P220F
RES,CC, 829, +-5%, 2N 222174 01124 HE
REL, MF, 2593, +-0. 1%, &, 1254, 25PPM I21463  P1637  CHFSS
RES,MF,3.48K,+-0.1%,0.125W, i 00PFN 3Tae81 F14637 CHFGO
THERMISTOR, BEAD, NEG. , 3. &K, +~5%, 500 £43463 SO157 1H18343
TERM,FASTON, TAE, SOLDR, @.110 WIDE 52887 02460 62395
12889
IC,CHOS,HEX BUFFER W/3-3TATE OUTFUT 4QTTSF 12040 HMHBOUPTH
I, CHOS, GUAD 2 INFUT OR GATE 498393 02735 CD40T7IBE
iC,CHOS,HEX BUFFER 381830 02735 CDARIOAE
IC,LETTL,OCTAL D F/F,+EDPG TRG,W/CLEAR 4548%¥2 04295 SNTALSITIN
IC,LETTL,3~8 LINE DODR W/ENABLE 407585 01293 SNT7ALS138H
IC,CHOS  HEX INVERTER 381848 02735 CD4G47AE
IC.LETTL, RUAD. BUS BFR W/3-~STATE OUT 472746 01295 SNTALS1ZON
IC, TTL,DUAL NAND DRVR W/OPEM COLLECT 329704 01293 INTSA52F
IC,OF ANMF,DUAL,JFET INPUT,B FIN DIF 495192 12049 LF35IBN
IC,COMFARATOR,8 FIN DIF 352195 0295 SNTIIIF
IC,VOLY REG,FIXED,+3 VOLTS, 0.1 AMFE 429716 07263 uATHLOSAWC
ZENER, UNGCOMP, 4.0V, 5%, 20.0MA, O.4d 325795 11332 TD33Z407
RELAY SOCKET,é FOLE 261253 77342 2VEIAE
RELAY SOCKET,ACCESSORY, SPRING,& POLE 417108 69534 417166
RES,NET,DIF, 14 PIN, 7T RES,\1K,+ 3% 407443 8121 A4
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TABLE TS-8. A7 PREANF FCA
(SEE FIGURE 3-8.7

REFERENCE
DES TGNATOR

A-INUMERIGS~~-) § w-o

rExL T TCTXITITOOON0O0O0OOAOOADoODOn0O0n

ARAnmOAMnDDNATRIWMADLRDRRR

9,
i9
§2
i3,
253,
38,
43—
72
14,
15,
17
18,
22
24
27
28,
32
33
35,
5_.
ts,

-

P e e e e e

i
2
3
q
5
&
2
‘.a
)
1
i
2
3
4
5
&
7
g8
?
o]
1
2
3
4
B
&
7
g
?
&
i
8
2

-
-hbf‘?-h-

JURPURY |
ﬂm-dl".!@‘omhi-l

3 1)

)

3 &,
1

K~
-J o

Lo M
L]

e DEECRIFTEON- o m e

i CAF, FOLYRR, 0.047UF , +-10X, 50V
CaF, POLYST, 0, 047UF, +~20%, 1 200V
CAF, POLYES, 8.22UF , +-10%, 100V

20, CAF,CER, ©.22UF , +-20%, 50V, 23

246,

52._

b4,

af- CAF, CER, 1\ 00FF , +~2X,100V,COG
16 CAF,CER, ©.901 2UF , +~10X, 500V, Z5R
CAF,CER, 33FF, +-2%, 106V, COG
19 CAF,CER,9.01UF ,+-20%, 1006V, X7R
CAF, CER, 689FF, +-20X, 160V, X7k
CAP,CER, 48FF , +—10%, 1000V, 53N
cap,CER, 22PF, +~1 0%, 1000V, COG
CaAF, CER, 330FF , 5%, 100V, COG
CAF,POLYES, 0. B2UF ,+-10%, 108V
Caf ,CER, ©.Q01UF , +-20%, 100V, X7R
46 CAF, al, 18UF, +-20X, 35V
i1— =» DIQHE,ET,BVm 75,0V, I0=156MA,500 MW
f?  u
SCREW, MACH, PHF, STL., 6=32X3/8
SCREW, MACH, FHF, 5TL, 4~32X1 /4
SCREW, HACH,PHP, STL, 4-32X3/4
NUT, NYLOM, PUSH-IM
SCREW, THD FORM,RHF,STL,8-18X3/4
SCREW, MACH, PHF, §TL., 6-32X7/8
HEADER, 1 ROW,9.100CTR,8 FIN
REL.AY,ARMATURE, & FORK C,4.5VDC

CHOKE, §TURN

OVEN=-COYER-FRE-ANF
OVEN-RACK--FRE~AHF

QVEN=-HEATER=-"A"
FRE~AMP~OVEN-SFREADER
PRE--AMP=0VEN-HEATER

HEAT SINK, XISTOR THERHALLOY 6072B
EJECTOR,FCE,{ 714IN. NOM
SPACER,RND, NYLON, 0. 187IDXD.5006.
CHOFPPER-CAN .
DAC-OVEN-INEUL-SIDE-A
PRE-AHF-0VEN-INSUL~BACK
FRE-AMP-OVEN-INSUL-TOF
FRE-AMP-OVEN-INSUL ~SLDE
SLEEV,FOLYOL, SHRINK , . 093-.0441D0, BLACK
SLEEV,TEFLON,©.02710, NATURAL
SLEEV, TEFLON, ©@.04561ID,NATURAL
SPACER, SWAGED , RND, BRASS, 4—32X0.190
COMPOMENT HOLDER

PRE-AMP OYEN INSULATION GUARD
SPACER, SWAGED ,RHND ; BRASS, 6=~32X0.160
TRANSISTOR, SI,NPN, SMALL SIGNAL

TRANSISTOR, 8T, N-JFET, TO=-92, SWITCH
TRANSESTOR, S, M-JFET, TQ=%2
TRANSISTOR, SI,FPNP, SHALL STGNAL
TRANEISTOR, ST, BV= 70V, 904, TO-12V
TRANSISTOR, ST, NFN, SHALL SIGNAL
TRANSISTOR, §1,M-JFET, TO-%2
RES,CC, 15, +-3%,2W

x ok ok ok X N OX X

RES,CF, {0, +-3%,0.25W

RES,HF, 4. 97K, +~1%,0, 125U, 100FFH
RES, WF, 4.99K, +=1%,©.125W, 100FFH
RES,MF, 10K, +=~1X,0.125W, 100PPH
RES, HF,6.19K, +=1%,0.127W, 1OOFFH
RES, MF, 399K, +=0.4%, 0.1 230, ITFFH
RES, MF, 20K, +=1%,0.12%W, 1 0OFFH
RES,CF, 0K, +=5X,0.25W

RES, HF, 100K, +~1%, 0. 125U, 1 GOFPH
RES, MF, 14K, +=1X, @. 1204, §OOPPH
RES , MF, 479K, +=1%, 9,125, { 0OFFM

41,

FLUKE
ETOCK
w0
413328
{70361
A356113
319157
5i7i37
19457
SfRin?
AT
512048
1046732
513224
107354
373857
06133
6TV
528420
478444
AQ2P06
403785
203323
203323
152145
152140
114223
2224046
233435
1148468
474243
602953
A82953
JR0¥iH
406129
406137
404267
&04428
406234
AT34B6
474724
299835
4053244
437318
639334
439342
659359
149443
1946717
113845
352021
422863
404350
332621
218061
218081
24641578
374475
229098
325729
218370
483079
234935
234955
340075
J40075
1468352
1468252
1468240
283511
417212
291872
448837
348839
248807
377057
248813

5440B/AF

HANUFACTURERS
PART NUMBER
we{)R GEMERIC TYPE--

MFRS
EFLY LX)

aTY

JFB6

{2463UH
C2BOMAHT AZ2OK
RFE{{i1Z5U224n50V

RFPEt 21

CFiz2

RPEf21

8121 A1 00-WSR-1 03K
RFE

544 CRILBATOZEESBOK
COIORIO2F 220K
RFET21

717al

B2 ~Af Q0~NOR-102M
RLR

1N4448

[ Y R LR X, Y

-

-

(AT U N R Ay R | [V, R N SN K R 1Y)

{32165
193140

1 7048
FC?R7474
2334635
1148468
474213
R{O=-E~BB74-1

320911
4046127
406137
HO&2ED
404228
604234
473484
CF=&4
287835
45244
457310
459334
A57342
459359
149443
196717
113845
352021
2829-75=-2
4046350
2021
HFPE&528

wf b = == p)

23644
uipied
HRPS&6522
HJEIOSS
2N3704
SF33e17
HE

[ SR A N

CR251 ~4-3F10E

MFFi~849%1
HEF{=B47%1
CHF351002F
CHFSS56191F
CHF 3539730
CHFS52002F
CR2Z ~4-3F 10K

GHFSS1 003F
CHESS
CHFSS4993F

AR R == B =~ -

P e -
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REFERENGE
DESTGNATOR
A= YNUMERICS -~-=» &

-5

R
R
R
B
R
R
fi
R
R
R
k
R
i
R
R
R
f
R
R
R
R
R
R
R
R
R
R
R
T
U
u
u
u
u
u
u
u
u
1]
u
U
u
u

31,
32
34,
14,
74,
37
38
Iy
45
a1,
52,
Bi,
1
39,
0,
&2
&3
&4
&7
71
T4,
83,
87,
gg
74
25

33

40,

42w

7%

1A LA 4= e

T4
44,

A& X ¥k K K KX KX R EXERE

TABLE 5-8. A7 PREAHP FCA
(SEE FIGURE 5-8.)

B Tt 110 1 = f o (4] ST

RES,MF,10. 7K, +-1%,0.125W, 1 09FFH

RES,HF, 4,32k, +-1%, 0.1 254, { 0OFFH
RES,CF,S1K, +=5%,0. 254
RES,CF, 20K, +-5%, 0. 254

RES, HF , 162K, +=1%, 0. 12%W, 1 DOFFH
RES,MF, 7. 155, +-1%, 0.1 254, | QOPPH
RES,MF,1.fK,+-1%,0.125W, 1 0OFFH
RES,MF, 2K, +-1X,9.125W, 100FFH
RES,HF,?.89K,+-1X%,0.123W, 1 0OFFH
REZ, MF, {K,+-1%,9.125U, 190FFH

RES  MF 6O 4K, +=1%, 0. 1 20W, 1 OQFFH
REE MF, A7 FK, +~1 %, 0.1 20W, 100FFH

RES, GF, 54, +-4%, 0,330

RES  MF AK, +-8.1X, 8.1 25W, 25FFM
RES,CF, 2K, +-3%,0.25¥
RES,CF,8.2,+-5%,0.25%

REXS , MF,5546.3%¥,+-0.1%,0.1254, 25FPFH
RES,CF, 1K, +-5X, €. 33u
RES,CF,4.3K, +-5%, 0,254
R‘EIS.MF.3.B1K,-l“--‘lx.®.125“. { QOFFM
RES,CF,3K,+-5%,0.25M
RES,CC,10HM,+-5%,0.25W
RES,CC,i08K,+--5%,0.25W

RES,MF , 3% . 2K, +~1%, 0. {25W, 1 30FFH
THERHLETOR, BEAD , NEG. , 3, 8K, +-3%, 380
TERH, FASTON, TAl, SOLDR, 0,118 WIDE
TRANSISTOR, ST, NPN, DUAL, TO-5
TRANSLESTOR, 3T, NFN, DUAL , TO=5

IC,OF AMP, LO~OFFFET VOLTAGE,LO<HOISE
IC,0P AMF, JFET INFUT,TO-5 CASE

i1C,OF AMP,DUAL,JFET IMFUT,8 FIN BIF
IC,CMOS,HEX BUFFER W/3-3TATE OUTPUT
IC,CHMOS,HEX BUFFER

IC,CHOS,RUAD 2 INFUT NDR GATE
JC,LETTL, 3-8 LINE DCPR W/EMAELE

IC, CHMOS, 8 INPUT NAND GATE
IC,CHOS, 81 LIME HUX/DEMUX ANALOG SW
I(:,CHOS,QUAD D F/F,+EDG TRG,W/CLR
IC,LETTL, QUAR D F/F ,+EDG TRE,W/GCLR
IC, TTL, BUAL NMAND DRVR W/0FEN COLLECT
ZEMER, UNCOMF, 4.3V, TR, 20.0MA. 9,4W
ZENER, UNCOMP, .3V, 10X, 20.0HA, 0.4U
RELAY SOCKET.& POLE

RELAY SOCKET,ACCESSORY, SFRING, & POLE
SOCKET, IC, To~9%,8 PIN,CIRCULAR
SOCKET,IC, 146 FIN

RES,MET,SIF, 4 FIN, 5 RES, 3. 6K, + 2%,
RES,NET,RIP, 14 PIN,7 RES, 10K, +-5%
RES.MET,STIF, 16 PIN,? RES, 10K, +-2¥

FLUKE
STOCK

.__‘ND_._
2934613
294819
374434
A45ATT
445477
375998
260354
241497
AIS22L
22146463
148229
1468229
291419
2488329
248821
414540
340380
441449
442049
4853467
3434724
441574
32448
424527
24744
48189
2345641 4
643463
5{288%9
4720597
A7909%
soBono
429837
495192
407759
181830
355572
467585
504840
452865
452912
393215
329704
22561
309799
281253
47188
406450
274535
478818
F44000
414003

HFRES

SFLY

CODE-
PI&3T
?i8637
80031
890751

#1637
F&3T
#1637
71437
14637
via3dvy

F1437
F1437

20031
#1437
20021
800631
214637
80034
80034
1437
aoadt
Q1124
01121
PLA3T
56157
02440
{2040
12049
DBLAT
12046
12049
12040
02735
02735
0295
G4713
02733
12040
01295
a1295
97210
64713
77342
a93ds
89534
1506
80a3
Q11219
aea3

HANUFACTURERS
PART MUMEER
--0R GENERIC TYPE--~

CHFES
CHMF354321F
LR231-4-5P51K
CR251 -4-3F20K

CHFS5

CHF3STISIF
CHFES1{04F
CHFSS2001F
CHFSSFORLF
CHF35{ 681 F

CHFS54042F
CHF3549%92F

CR2S1-4-5F51E
CHF5S

CR2BY ~4-5FP2K
CR2S 4 ~4-BPRE2
CHESS
CR25{—4-5F1K
CR251 -4-5F4K3
CHFISIOLHF
CR2B(~4~5P3K
CR1045

CE1 043
CMF553922F
fH19313
42395
LM3PA0M
LHAPAOH
aP-Q7DF
LEISAF
LE3SREN
MMBOCP TN
CHAOSOAE
CHAO0I AL
EN74LS 128N
M1 4@6BECF
£LAS5BE
MH7AC 175N
SN?74LS1 75N
SN75452F
1H7534

1H744
27E348
417188
408450
314-ACEPD
9508100201
a4
95081002CL
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Figure 5-8. A7 Preamp PCA
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TABLE B-%. A8 REF/DAC DIGITAL FCA
(SEE FIGURE %~9.}

REFERENCE FLUKE HANUF ACTURERS
DESTGNATOR STOCK FART NUMBER
A= dNUMERICS ==} meererwern e er— e = DES ORI F T TR 2o ms a0 a0 a0 aman wm an e e wr 0= i = —f'NU“— . e }R GENEF‘IC TYFE»=
CAP, AL, A7UF, +50-20%, 14V 434004 SH/VE
- 47, 9= CAP,CER, 9. 220UF , +-20%, 50V, 25U 51957 RFE(11Z5U224H50OV
28, 2% SiFI57
- 3B, 40, 51957
44 549157
CAF,CER, 300FF , +-10%, 508V, X7W 05734 BESOIOIKWTY
CAF,FPOLYES, 8. 1UF, +~10%, {60V 393439 719A1
CAF, FOLYCA, ®.15UF , +-5%, S0V ZAT414 X446UWe, {8-5F50V
CAF,FOLYCA, 0.33UF, +-10%, 100V 284703 XA43AUW
CAP,MICA, P5FF , +~5%, 500V 274428 CHISFDTS0.0
CAF, POLYCA, tUF, +-10%, 50V 271619 RALIUWEORP, ToM
CHF, CER, ©.95UF , +36-26%, 25V, Y5U 1 48924 585E-900~-15U0-5037
% DIODE,SI,BV= 75.6V,I0=150MA,560 MW 2033723 14448
SCREW, MACH, PHP, STL, 4-32X1/4 152140 152140
SCREW, MACH, FHP, STL, 4-32%5/1 4 {52457 152157
SCREW, MACH, PHF, ST, 6~32X1 /2 152173 i5217%
CHOKE, 4TURN 3260911 320941
320914
EJECTOR,FCE, 1 /1 8IN. WOM 474724 ; (Y
SPACER, SWAGED, RND, BRASE, 6-32X0. 500 284380 284380
PAC-DIGITAL-~SHIELD H041 A4S 404140
PAC-DIGITAL-SHIELD-REAR 404178 4046178
SHIELD-DAC-DIGITAL-A/D 408018 4068618
* TRAMSISTOR, E1,NPN, SHALL SIGMAIL {59855 C523036
* THANSISTOR, S1,NFN, SMALL SIGNAL 218681 HP54520
¥ TRANSISTOR, ST, N-JFET, Y092 403099 SFE3017
RES,CF, 1K, #=5%, 0. 25k 343426 B¢ GRS -A=~SP1K
343424
343426
RES,CF,276,+-5%,6.254 348709 CRI51 =4+ SF2T0E
RES,CF, 10K, +~3%,0.25U 348539 CRIS1 ~4=5F1{ 0K
348839
348539
348837
348839
RES.CF,510,+-5%,9.254 441508 GCR251 ~4~5F510F
RES,CF, 4.7K, +-5%, 0. 2% 348821 CB472%
RES,CF,5460,+-5%,0.254 385748 CHRIS ~4-5F540F
RES,CF, 470, +-5%, 0,254 343434 CR251 - 4~5FP470E
RES,CF,33,+-5%,0. 25U 414524 CR251 -4~3F330E
RES,CKE, 620, +=5¥%, 0. 25K 442519 CR25{-4-5P& 20
RES,CF, 190K, +~5%, 0. 25U 348920 CR2%{ ~A4~5F{00K
RES,CF, 140K, +-5%, 0. 2%y A442442 CRI%{ -4~TF{ 40K
RES,CF, 200K, +-5%, 0.25U 441535 CRIS{ -4 =-5F 300K
KES,CF ,10,+-5%,0,25W 349075 CR2%1--4~5F1 0
RES , HE, 10K, »=1%,0.12%4, { 0OPPH 1468240 CHMFS51002F
RES,HF,38,3K, +—i%,0.1254, {OOFEM 241372 CHFESS3032F
RES,HF, 100K, +~1%, 0. 125U, 1 POPFH 248807 CHF551003F
RES, HE,$7.4K, +~1%, 0. 1250, {OOFFH 241380 CHFSS
58, RES,MF, 1K, +~0.05%,0.14, 25PPH 54245 PTF
514245
RES, MF, 4220, +—1%,0.12%K, { 0OFPH 274435 LHFSS
RES, HF,9.09K,+-1%,0.125%, 1 QOFPM 221443 CHFSS30FIF
RES,MF, 332K, +-1%,0. 1254, { 00FFH 289504 CHFSE33R2F
RES,HF,21.5K,+-0.1%, 0. 1254, 25FFH FAHA4D CHFS3Sa150F
RES,CF , 200, +~-5X,0.25W 441454 CR251-4~5P200E
FULSE TRANSFOKMER 420901 428901
TERM, FASTON, TAR, SOLDR,9.110 WIDE %{2089 42395
iC,CMOS,HEX BUFFER W/3-STATE OUTPUT 40775% MMBOLI TN
16, CHO8, HEX BUFFER 3816830 CDAOSAAE
IC,LSTTL, 3-8 LINE DCDR W/ENABLE 467565 SH7AILLS1 38K
IC,CHOS,8 INFUT NAND GATE 504040 MC1 AQ4BECP
1, LETTL, QUAD BUS BFR W/3-STATE Out 472744 ENTAL S 25N
IC,CMOS, QUAD 2 INPUT OF GATE 498393 CHADTIRE
IC,NHOS FROGRAMMABLE INTERVAL TIMER 584477 uPDB2S3C
OSCILLATOR, 8KHZ, TTL CLOCK 5841467 XG-33D—15—8-MHZ
IC,DUAL DIV BY té BINARY COUNTER 483578 SNTALEIP3N
ISOLATOR,OPTO,HI-SPEED,LED TD GATE 5684522 HCOPFL~2401 (5082434
IC,STTL,DUAL D F/F,+EDG TRE,W/SETACLR  A18249 SHT4574N
IC,LSTTL,DUAL D FrE,+EDG TRG, W/CLR 393124 SNTALSTAN
IC,LSTTL,HEX IMVERTER A93658 ENTALSOAN
IC, 2.% V, 40 PPM T.C.,BANDGAF REF 472845 MC1403Y
IC,TTL,HEX INVERTER W/ODFEM COLLECTGR 407593 SH7406N
16,6HM08, 2 BIT BINARY ADC 584578 TICL7109CPL
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KEFERENCE
DES1GNATOR
A= INUMERICS-~

FH

x ok X oE X ok xw

TABLE 5-7. A8 REF/DAC DIGITAL FCA
{SEE FIGURE 5—%.)

~DESGRIPTION=-
10, CHOS , DUAL D F/F, +EDG TRIG
IC,LETTL, RETRG MONOSTAB HULTIVH W/CLK
IC,0F AMF,DUAL, JFET INFUT,2 FIN DIF
ISOLATOR, OFTD, LED TO TRNSISTOR

I, CHOS, 8-1 LINE MUX/DEHUY ANALOG S
1C,CHOS, QUAD 2 INFUT NOR GATE
IC,CHOS, QUAD D F/F,+EDG TRG

ZENER, UNCOKF, 3.3V,10%, 20.0MA, .44
SOCKET, IC, 24 PIN

SOCKET,IC, 14 PIN

SOCKET, 1C, 40 PIN

$OCKET.IC. 14 FIN

RES,NET,SIF,10 PIN,9 RES,{0K,+-2%
RES,NET,DIF, 14 PIN,7 RES,1K,+-5%

FLUKE

STOCK

]
340417
412734
493192
334045
432803
asseTa
536292
J09TYY
376236
274527
429282
276530
414003
ADTAAT

HFRS
SPLY
CODE-

e —

QAT RY

01295

12040
14934
02735
02733
04713
04713
1504
Q9922
oPea2
504
80034
o112

5440B/AF

MANUFACTURERS

FART NUMBER TOT
~=OF GENERIC TYPE=-  QTY
CDAO | AAE
SN74L.S122N
LF353EN
HET=264
CD40S 1 BE
£D4001 AE
MC1 4175
{N746
334-AG3ID
DILEBF-108
DILE4GF--108
31 4-AG39D
75081002CL
344

I =~ =h =k ok A [} = am sk a ek om —a
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Figure 5-9. AB REF/DAC Digital PCA
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TABLE 5-10. A% REF/DAC ANALOG
(3EE FIGURE S5-19.)

REFERENGE FLUKE  MFRS HANUF ACTURERS
DESTGNATOR STOCK  SPLY FART MUMBER 10T
A~ SNUMERICS R "TON~- cemmwew weles  CODE~ --OR GENERIL TYPE--  QTY

i # REF--AMP-SET 438007 89334 &3BROV f
r CAF , AL, 22UF , +~20% , 50V 414362 89536 414342 2
- 9, CAF, AL , 6.BUF , +-20%, 35V 543189 BYS34 443187 8
10, 18, CAF,CER, 8. 22UF , +~20X, 50V, Z5U 5§9157 51406 RPE{11Z5U224M50V 14
28, 34, 519157
43, 44, 519157
52, 53, 519157
64, 69 . 5§9157 :
12, 15, . CAF, CER, 33FF, +-2%, 1 00V, COG 513224 RPE$ 21
13, 38 CAP, CER, 100FF , +-10%, 1000V, S3N 195593 DD~1 01
14 caF,CER, 6. 0012UF , +~16%, 500V, Z5K 104732 CF122
15, 22 CAF, TA, 1UF, +~10%, 35V 164919 196D010X00I5C
17, 23, CAP, CER, 33FF , +~2%, 100V, COG 513226 RFES 21
76, 78 513226
19, 20 AP, FOLYES, 6. 22UF , +~10%, 50V 696492 696492
24 cAP, POLYES, 0. 22UF , +~10%, 56V | 494492 696492
25, 26 AP, AL, 220UF , +50-20% , 35V 440279 460279
23, 26 CAP, CER, 330PF , +-5X, {00V, COG 520420 RPET 21
29, 30, CAP,CER, 330FF , +-5%, 100V, COG 520620 RPE1 21
33 528420
36 CAF,POLYFR, 1 .BUF, +- 107, 100V, HERNETIC 457102 JFi13
17 CAP,POLYES, © . 82UF , +-10%, 56V 530477 X&53F
39 CAF, FOLYES, 0. 82UF , +-10%, 100V 478444 71941
40, CAF , CER, ©.00120F , +-40%, 500V, ISR 106732 CF{22
2 CAF, POLYES, 6. 22UF , +=10%, 1 00V 436113 C2DEMAH1 AZ20K
44 CAP, TA, 4. 7UF, +~20%, SOV 343721 194D4TSXT01 GHAT
54 CAP, POLYES, 0. 022UF , +-1 0%, 250V 234484 C2BOMAE/A22K
40, CAP, AL, 1 SUF , +-20%, 35V 614024 614024
7a- 75 CAF,POLYES, fUF, +={0¥X, {00V 447847 C200MAH/ATH
79 CAF,CER, 1 000FF, +=5%, 50V, COG 528539 RPELT3
1, 5, « DIODE,SI,BV= 75.0V,10=150MA,500 MW 203323 1NA44B
t 4~ 25 ® 293323
i, # DIDDE,SI, 100 FLV, 1.0 AMP 343491 1N4Q02
SCREW, HACH, PHP, STL , 6~32X3/8 1521465 152145
NUT, HACH , HEX, STL , 4~32 116551 10851
SCREM, HACH, PHP, STL , 6~32X7/8 114868 114848
SCREM, MACH, FHP, ETL, 4=32X3/4 {4223 19048
HEADER,1 RO,©.100CTR,8 PIN A74313 474213
RELAY,ARMATURE, 4 FORM €, 4.5VDC 602953 R10~E-5874-
CHOKE , TURN 32091 32091 §
GVEN~DIVIDER~DAC 606145 404145
OVEN-BACK~DAC 404152 606152
DAC OVEN SPACER $82674 582676
TOF OVEN PLATE, DAC 806251 406251
OVEN-HEATER-"A* 604269 606249
THEULATOR, DAC OVEM 735209 TaS209
OVEN-HEATER-"B* 451083 431083
DAC-OVEN=COVER 404244 4045244
HEATSTNK 414128 £030E-TT
SLEEV, TEFLOMN, 0.9271D, NATURAL CiPATET 196747
SLEEV,FOLYOL, SHRINK, .093~. 04410, BLACK 149443 149443
SILEEV, TEFLON, 0. 441D, NATURAL 113845 113845
SPACER, RND, NYLON, 9. 1 87IDX0.500. 289835 289938
CHOPPER-CAN 605244 405244
EJECTOR,PCH, § /141N, NOW 494724 P44
DAC-OVEN-INSUL -BACK 659292 . 859292
DAC~DVEN-INSUL~TOP 659300 659300
DAC-OVEN-INSUL~SIDE~A 459318 639318
DAC-OVEN~-INSUL~SIDE~D 659326 459324
SFACER, MOUNT , NYLON 152207 10123-DAF
SPACER, SWAGED, RND, BRASS, 4~32X0. 100 352024 352021
TRANSISTOR, §T, NN, SHALL SIGNAL 210081 MP 56520
TRANSISTOR, ST, NPN, SHALL SICNAL 218081 WS 6520
218684
TRANSISTOR, ST, BV= 70V, 904, TO-t27 32H738 MJE275%
DIODE,SI,N-JFET,CURRENT REG,IFm2.0 MA 284927 TCRS305
284927
M-CHAMNEL, 4 FC. SET ' 4845244 404244
AG4244
TRANSISTOR, ST, N-JFET, T0~92, SWITCH 261578 U23b6d
TRANSISTOR, ST, NFN, SHALL STGNAL 159855 C523030- ' 4
‘ 159855
TRANSTETOR, ST, NFN, DUAL., TO-5 478099 LHI9A0M
TRANSISTOR, SI,N~JFET, SWITCRHING,TO-92 370072 13422
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TABLE 5-19. A? REF/DAC ANALOG FCA
(SEE FIGURE 5-10.,)

REFERENCE FLUKE  MWFRS HANUF ACTURERS
DESTGNATOR STOCK  SFLY FART NUMBEK
A YNUMER EC memm e v E SCRTFT L DN s s e wimes --NO-- ~»(R GEMERIC TYPE--

=
=y
- -

1
1

14 TRANSISTOR, SI,MPN, DUAL, TO=5 478099 {2040 LHIP4OH
% 28 TRAMSISTOR,SI,N-JFET,TO-92 48309% 270f4 SF53017
., &, i1, RES,CF, 1K, 4-3%,0.25W 34X424 BOOZY CR251-4-3F{K
i 343404
9.0K +-,03% .25W BORBINAXIAL LEAD 3545990 89554 254799
RES,HF,200,+-1%,0. 1254, i OOFFH 245340 91437 CHFSSRGEOF
18K 448220 89334 LH4BREO
i0 KES, CF, 100K, +~5%, 0,254 3489206 BEO31  CR2T1-A-SF1G0K
12 RES,CF,2K,+~5%,0. 254 441449 9003 CR2S{-4-5F2K
1% RES,.HF ,30.1,+-1%,0.125W, {1 00FFH 2944665 91437 CHFSS
14 REE.MF, 1K, +-1%,0.125W, 1 0OPFM 148229 91437 CMFSS1Q01F
18, 2 §.468K .25W WW RESISTOR 483847 B9534 LBIRAT
20 RES,CC,5.1,+-5%,0.254 284832 4121 CBSR1S
22, 5,18K .25¢ WW RESISTOR 483839 B9534 483839
24 RES,CF.{.3K,+-5%,0.250 441394 80031 CR25§-4-5F{K3
25 RES,MF, 106K, +~0.1%, 0. 1250, 25FPFH 30166 1437 CHFIS1003R
24 RES, HF,7.68K, +-0.1%,0.1254, 25FFH 458575 91437 CHFSS
30, RES ., HF, A9, 9K, +—1%,0. 1254, | 00FFH 248821 91437 CHMFS54992F
29 2468824
32 RES,CF, 30K, +B%,0.25u 148753 B3I CR251-4-5P30K
33 RES,MF, 499K, +=1%, 8,123, PSPFHM 2605t3 @9334  P60513
34, : RES, HF, 100K, +-1%,0. 125U, 25PFH 293473 91437 CHFSS1603F
38 RES,HF, §K,+-0.1%, 0,125, 25PFH 340380 91437 CMFSS
39 RES,HF, 249K, +~1%, 0. 1254, 25FEH 37913t 91437 CHFBY
49, RES,CF,10,+-3%,0,254 340075 00031 CR251-4-5F{0E
&l 3486079
42, 4 RES,CF, 150, +-9%, 0. 25k 343447 90031 CR291-4-5F159
44 RES, MF, 2K, +-0.1%,0.125W, 25FFH 340174 91437 CHFSIZ0OE
45 RES,CL,5.1K, +-5%,0.25K 193342 @127 CBSi25
LY RES, M, 295K, +~1%,0.125W, {0OFFHM 2214630 914637 CHF35
47 RES HF, 730K, +-90.1%,8.125W, 25PFH 435144 91437 CHFSI5
48 RES, MF, 124K, +~1%,0. 125K, 25FFH 479352 91437 CHFSS
49 RES, ME, (GO ,+=0.4%,9, 1250, 25FFH 3401464 91437 CMF551003E
56 RES, ME, 15K, +=~12,0.12%W, 25FFH 328141 #1437 CHFID
=3 RES, MF, 422K ,+-1%,0.1254, 1 O0PFH 27646246 9143T CHFRS
57, RES,MF, 10K, +-1%,08.125W, 100FFH 148240 91637 CHESS1E0RF
54, RES,CF, 20K, +—5%,8 .25 444477 B0OO31 CR2S1-4-5F20K
535 RES,MF,4.99K,+~1%, 0. 1254, 1 0OPFHM 148252 91437 MWFF1-B497i
57, 58 RES,CF,249,+-5%,0.25 37464624 BOO3{ CR2S1-4-5F240E
43 RES,CF, 200K, +-5%,0.254 441485 80037 CR2Z%(-4-5F200K
48, 94 RES,MF,iM, +—1%,0.125W, | 00FFM 258797 914637 CHFSS|004F
6%, 73 MATCHED RESISTOR SET LB&13T  BYSISL 4D&IT?
70 RES,MF,3.01K,+-1%,0.1254, tOOFFN 392445 91437 CHFS3Z014F
72, Bé& RES HF, 100K, +-{%,0. 1254, 1DOFFHM 248807 914637 CHFSS1003F
T4, T7 RES,CF, A7, +=3%,0.25W 441592 80031 CR251-4-5FATE
75,126,128, RES, M, 9., 09K, +=1%, 8. 1 254, 1 00FPH 221663 91437 CHFSS994F
i30 221443
74, 97,127, RES,HF, 1K, +-1%,8.125W, i 00PPH 148229 91437 CHFSS1001F
129,134 148229
k] RES, HF , 20K, +-1%,8.125W, 100PFH 2P187:  P1437 CHFSS2002F
79, ai RES,HF, 399K, +=0 1%, 0 . 123U, 25FFH 47212 $i437 CHMF353973E
B3 RES  HFF, 8. 49K, = 1%, 0. {294, {O0OFFH 28391t 91437 CHFSS54194F
87 RES, MF, 402K, +=1%, 0.1 25, 1 00FFH 217984 91437 CHFS554023F
Ba RES , MF,7.50K ,+-1%,0.125W, t 0CFPH 223529 944637 CLHFEST7IOF
av RES,HF, 15.4K,+-1%,9. 1254, | 00FPN 261651 91637 CHFSS1542F
20 RES MF, 22, 01K,+~{2, 0,125, 100FFH 43R0%Y4  PYA3V  CHFSS22{2F
23 RES,MF, 681, +-1%,0.425W, { 0OFFH 543785 {437 CHF3534810F
25 RES,CC,6.8M,+-5%,0.23W 3940464 01121 CR
4 RES,CF,iK,+-5%,0.25H 343424 80031  CRIS1-4-%5F1K
160,108 RES , MF, 2.94K, +-{X, 0. 1254, 100FFH 2461428 91437 CHFS52941F
1902-104,104 RES, MF, 18.2K, +=4%,0. 1254, 1QOFFH 234810 91437 LCHFIS
113 RES,CC, 1K, +-5%, 0.5 108597 @it CBIOAS
115 RES,CF, 24, +-5%, 0. 25U 442582 BSO0F1 RIS -4-SP2R
1164 RES,CC, 10M, +-5%,0.25W 194944 @112 CHI04S
118125 RES,CL, 10, +=10%, 2 fielsd o112 HE
132-137 RES,CF 10K, +=5%, 8, 25W 34803% BO0I1 CRISi-a-SFiok
{38 RES, MF, 150K, +=§%, 0.1 234, 1 0OFPFH 241083 91437 CHF3IS{EG3F
i, 2 THERMISTOR, BEAD, NEG. , 3. &K, +~ 5%, 56C 443403 501%7 IHipII3
14, TERM,FASTON, TAE, SOLDR, ¢. 119 WIDE 512989 02440 42395
512889
IC,Y0LT REG,FIXED,-5 YOLTS, 1.5 AHPS 394551 04713 MHCT9OSCT
4, 3 1C,0F AMF,GEMERAL FURPODSE, & FIN DIF 478107 2048 J0UAN
IC,0F AMF,GEN FURFPDSE,TO-78 METAL CAN 288728 12040 LH30BAH
P R B IC,0F AMF,JFET INPUT,TO=5 CASE 42983¢ 12040 LF354F
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TABLE 5~1¢9,. A? REF/DAC ANALOG PCA
(SEE FIGURE 5-190.)

REFEREMNCE
DESTGNATQOR

A-INUMERIGE=~=}

10, 12

{13
14

20

-

EX

(;I@-:J"‘-""‘LHI"JQ&M(:I

1]

IC,0F AMP,GENERAL PURPOSE,TO-78 CASE
IC,0F AMF,DUAL, JFET INFUT,8 FIN DIP
IC,0F AMP,LO-OFFSET VOLTAGE,LO-NOLSE .
IC,CHOS,B-1 LINE MUX/DEMUX AMALOG SM
IC,LSTTL,QUAD D F/F,+EDG TRG,W/CLR
IC,CHOS,QUAD 2 INPUT NOR GATE
IC,CHOS, HEX BUFFER

IC,TTL,DUAL NAND DRVR W/OPEN COLLECT
IC,TTL, QUAD 2 INFUT NOR GATE

ZENEFR, UNCOMF, 15.0V, 5%, 8.5HA, 6.4y
ZENER, UNCOMP, 18.0V,10%, 20,0MA, ©.44
ZENER, UNCOMP, 4.7V, 10%, 20.0MA, 0.44
ZENER, UNCOMF, 6.2V, 5%, 20.0MA. ©.4V
ZENER,UNCOMP, 3.3V, 10%, 20.0M4, 0.4V
ZENER UNCOMP, 15,0V, 5%, B8.5Ma, 0.44
ZENER, UNCOMF, 5.1V, 5%, 20.0Ma, 9.4u
REFERENCE-CABLE

RELAY SUCKET,& POLE

RELAY SOCKET,ACCESSORY,SPRING,& POLE
SOCKET, IC,T8-99,8 FIN,CIRCULAR
SOCKET,IC,i4 PIN

RES,MET,BIF, 14 FIN,7 RES, (K, +~8%

¥ &k X & X E RN EEXNE N XK

= THCLAMES K9, R, R2Y, R29,U3, U8

FLUKE
STOCK

413732
495192
485780
AS2045
373213
JE51V2
830
JoFT0h
280845
266404
180404
287084
23811
3097eF
2464601
159798
£08404
201203
417188
408430
274335
40TA45

HFRS
SFLY

MAMUFALTURERS
FART NUMEBER Tar
—0R GENERIC TYFE-- 7Y

LHIOBN
LF333BN
OF—-O7DF
ER4O31 BE
SNTALE1TIN
CDAQ01 AR
CDAQTRAE
SN7SASEFR
SHT4O2N
{N?40R
N30
{N750
INT3ZA
N7 A8
1NP65H
1H7314
6084604
*YE3A0
417188
408450
I 4-AGITD
a4

R N RN X R T LT & gy
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Figure 5-10. A9 REF/DAC Analog PCA
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TABLE 5-~11. AiQ INSIDE REGULATIOR FCA
{SEE FIGURE S-tt.)

REFERENCE FLUKE  MFRS WANUFACTURERS
DESIGNATOR STOCK  SPLY PART NUMBER TOY
A=YNUMERICS=~~) § —=worwemnwDESCRIPTION-~-m==-==-=-=== --NO-- CODE- ~-OR GENERIC TYPE~~ QTY

7 CAP,CER, ©, Z2UF , +=20X, 50V, 25U 519157 51404 RPE{TIZSU224M50Y i
8, a8 CAP, AL, 4TUF , +=20% , 10V 413284 89534 H1 3704 2
$, 42, CAP,CER, 0. fUF, +-20%, 100V, Z5V 49146 S6289 ZFAC41Be 3
ie, 12, CaF, al, 220F , +-20%, 50V 14342 BY53L 414362 i0
18, 20, 414342
2h, 35, ai4362
% 6143462
i1, 13, CAF,CER, &.22UF, +-20%, 50V, Z5U 309849 CWICOC224K
25, 27, ‘ 307849
34, 44 307849
i7, Caf, TA, 18UF , +-20%, 35Y 417483 t746D1 GAXOGITHAT
23 CAF,CER, ATQPF, +=20X, 1 0OV, X TR 358275 S1{4-A10Q~-WIR-47TH
30 CAP, AL, 2UF , +75-10%, 130V 2567316 26D
I CAF, AL, 100UF , +75-10%, 1 &V 4346014 L
3z, CAF, TA, 1UF, +-10%, 35V 161919 196001 0X003S0
33, ELECTRO, MIN,LO LEAK, 4,7HF, 33V 403793 &0I993
40 CAF,CER, 1200FF, +-26%, 104V, X7R 258283 8124 ~A100-WOR-1 224
1- DIODE, I, 160 FIV, 1.0 AMF 3434914 1N4002
15, 3434714
29, 343494
N THYRISTOR, SI, TRIAC, VEOR400Y, 8. 04 aviseg T2880D
19, DIODE, ST, By= 75,0V, I0=iS50MA, 500 My 203323 1N4448
2 LED, RED, CLIF MOUNT,LUM INT=8.8MCD AZPI55 HLSSe33
FUSE, 174 X 1-1/4,FAST, 44, 250V 214844 AGCAAZTOV
SCREW, MACH, PHP, STL, 4=32X5/1 4 152157 152157
HEATSTHK 3527463 FfAf-10E
HEAT STMK, XISTOR THERMALLOY 60720 473684 473484
HEATSINK, OQUTER, Uf 4734678 SOME
EJECTOR,PCE, 1 /141N, NOM 494724 LP-&6
SFACER, SWAGED, RMD, BRASS, 4-32X0, 109 332024 FEa0
TRANSISTOR, S1,BVa 66V, 45W,TD-220 3046128 TIFi20
TRANELIITOR, ST, BV= &0V, 30W, TO-220 4834692 RCABZO3A
TRANSISTOR, ST, NFN, SMALL SIGNAL 218396 N304
2183946
TRANSISTOR, 51, PHFP, SHALL STGNAL 195974 2N3764
TRANSISTOR, ST, BVe 45V, 3Jou, TO-229 325764 DAACS
TRANSISTOR, 81, BVa 5OV, i17W, TO-3 183012 40231
RES,CF, 1K, +=53%,08. 250 3434324 ' CRRS1-4-5P1K
RES,CC,1.BK,+-10%, 24 185983 HB{821
183983
RES, HF, 464, +-{X, 0. 1250, | GOFFN 340818 CHF55
RES HE, 19,26, +~1%, 0. 1254, 1 QOPFM 293605 CHF33{922F
RES,CF, 108, +~5X, 0.254 348771 CR231-4-5F100F
REL,CF,4.8K,+-5%,0,254 248761 CR25{ -4-3F4KB
340741
RES  HF , 1K, +={X, 0.5W, 100FFH 31324 CHF &3 -2-1F1K
RES,WW, .15, +~5%, 20 257012 BWH
RES,CF, 54, +-5%,6.254 Faza1a GRS ~4~SF 54K
RES,CF,1.5K,+-5X,0.254 343418 CR251-4=3P1K3
RES,CF, {©0K, +-5K, 0,254 148920 CR23{ ~4~5P 100K
RES,CF , 3K, +=5%, 0. 250 441527 CRIATA~A=SFIK
449327
RES,CF, 1H,+~3%,0.25 348787 CR251-4-3P{H
RES , MF , 130, +=42, 0. 15, 1 00OFFH 485478 CHF551380F
RES, HF, (K, #=1%, 0.1 25U, {06FFH 148229 CHF 351 004F
RES,CF,516,+-5%,9.25U 4414009 CR2%1 ~4~3F310E
RES , MF,14.9K,+=1%,0.1235W, 1 QOFFH wH7ia4 CHF55 1 &¥2F
RES, HF, 15K, +—1%,0. 1250, 100FFNM 2B3278 CHFS31502F
2852v4
RES, MF,2,05K,+-1%, 0. {250, 1 00FFM 293704 CHFS52851F
RES,CF, 2.2K,+=5%, 0. 25 343480 CRZ51-4~5F2K2
RES,CF, 330, +-5%,0.25M 3568720 CR251-4-5P320F
RES MF, 4.99K ,+=1%,0.1235K, 1 06FFH 1468252 MFF1{-84991
RES, MF, 4. 42K, +-1X, 0. 1250, 1 08FFH 288514 CHFRRA4F
RES,HF, 604, +-1X,0.125U, f00FFH 320309 GMFS5A040F
RES, MF,24.3K, 4~1X, 8. 125U, 1 0OPFM 236743 CHF33
RES,HF, 2.87K,+-1%,90.125W, { 00FFH 1854627 CHFSIRBYIF
RES, MF, 21K, +-8.5%, 0.1254, | 0OFFH 229484 CHF33
80 RES, MF,13.3K,+-1%,0. (25U, 1 00FFN 296544 CHESS 332F
Tk RES, MF, § (82K, +-1%, 012350, { 0OFFN 293670 CHFS331821F
e REE,CF, $3K, +»5%,0. 254 348054 CR251 =4-GF{ 5K
93, RES,CF, 10K, +-5%,0.254 J4803%7 CR231=-4-3F1 0K
348839
w4 REY,CF, 22K, +=5%,8.254 348870 CR51-4-3P22K
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TABLE 5=11. A1® INSIDE REGULATOR FCA
(SEE FIGURE J3-11.)

REFERENCE FLUKE  MFRS HANUF 5CTURERS
DESTCNATOR STOCK  SPLY PART NUMBEK TOT
A-INUMERICS =) § =mwowmmnw=-DESCRIFTLON » w  m-NO-- CODE~ ~-OR GEMERIC TYFE--  QTY

74, 84, B89 RES, MF,39.9K, +~1%,0.125W, 1 QOFFH 1402846 1437 WFF1-B3012F
T4, BE&, 7 RES,CF,1.2K,+-5%,0,200 441378 80631 CR2H{-4-5P1K2Z
TT, 87, 7o RES, HF , 246, 7K, +-1%, . 132U, 1 00FFH 245779 91437 CHFISRATRF
78, 80, 8% RES,MF,3.45¢,+-1X,0. 12050, 1 80FFH 293779 91437 CHF553631F
?5 RES, VAR, CERM, 1K, +-10%, 0. 54 283155 71450 F605102A
RES,MF,{.43K ,+~1%,8.125W, 1GOFFH 325442 1637 CHMFIO1434F
RES.MF, 4. 75K, +=1{%,0. 1250, 100FFH 260479 TI637 CHF3S47SIF
RES,CF,3%,+-5%,0.25u 349834 B80031 CR2N1-4-5F3FE
TERH, FASTON, TAE, SOLDR, Q. 119 WIDE 512889 QL4640 42395
SOCKEY,SINGLE,FWE,FOR ©.080 FPIN {70480 74970 105-752
IC, VOLY REG,FIXED,+5 VOLTE. 1.5 AMFY 355107 12040 LM3I4@T-5
IC,vOLT REG,ADJ,f.2 TO 37 V,1.5 AHPS 473793 12040 LM3IIVHF
IC,vOLY REG,FIXED,-15 VYOLTS,1.5 AMPY 413177 94713 MCT?I5CF
IC,VOLT REG,ADJ,NEG, ~4.3VTE-37V. 7074461 12040 |LM3IIVHF
IC,VOLT-REG,ADJ, f.2 TO 37 V,{.5 ANPS 4560410 12049 LHMIITT
IC,VOLT REG,ADJ, 2 ¥0 37 WOLT,0.15 ARF 377420 04743 HC§723CL
IC,VOLT REG,FIXED,-24 VOLTE,{.3 AHFS 418291 04713 MHCTYRACP
I1C,CHOS,HEX TNVERTER Igid48 02735 CDAGARAE
IC,CMOS,RETRIG/RESET MULTIVIEBRATOR 393512 QR3S CDAOPERE
{C,VOLT REG,FIXED,+f% VOLTE, 1.5 AMPY 413te7  ©4T7t3  HMC7BISLT
IC,VOLT REG,FIXED,-5 VOLTY, 1.5 AHPS 39455f 04713 MOTRESCT
IC,COMPARATOR, DUAL ,L.O-FWR, 8 FIN DIF 476354 12040 LH3IPEN
478354
IC,LETTL, RUAD 2 IN NOR GATE W/0FN COL 414037 61295 ENVALS 33N
ISOLATOR, OFTO,LED TO TRANSISTOR Igo0i4 91295 TiLiis
ZENER,UNCOHE, 14.0V, 5%, 7.BHA, ©.4W 3JISBA7 04713 (NPALD
ZENER,UNCOMP, 5.4V, S%, 20.0HA, 0.4W 277234 07910 {NVEZA
ZENER,UNCOMP, R2.0¥, S¥%, $1.%HA, f.0W ABIBRS 1295697 UuRE722
TENER,UNCOME, 15,0V, 5%, B8.%5MA, ©.4W 2644601 04713 (NPLER
ZENER,UNCOMF, 35.0V, 5%, 7.0MA, 1.0W 2Ba3s4 {2747 141
FUSE,CLIF, FCE, f74Xi-1/4 756460 B8PS 736440
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Figure 5-11. A10 Inside Regulator PCA
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TRBLE 5-12. Afi GUARDED TRANSFORMER TERMINATION FCA
(SEE FIGURE 3—12.)

REFERENGE FLUKE MFRE MANUF ACTURERY
RESIGNATOR STOCK SPLY PARYT MUMBER TOY
A= PMUMERICE =~ - = =={R GENERIC TYPE~-- QaTY
i- 4 CaP, GER, 9. 95UF , +~20%, 1 00V, I5V 421414 SSC2IAN

t SURGE FROT.230V,+-15i 500363 Bi-A230
2 FUSE, 41 /4 X A-1/4,5L00, 54, 258Y 7213 ¥ mMpas

I- iz FUSE,FILO,FAST, 104,125V 695443 T1400 GFA
13, FUSE, 8.17X9.460, SLOM, 24, 250Y, FICTAIL 804349 BYFRL  HOE3AY
is FUSE,FICO,FAST,2A,120V &96450 71400  GFI-SAHAX
14, FUSE, PLCELFAST 18, 1 23Y 4246435 Tiddd GFI-SAMAX
27, 694435
FUSE,FLCO,FAST, 3R, 125V 440715 T1A0D  GFA3Z
FUSE,©.275 X 1.275,FAST,5A,1258V TI3B%F 71400 HDV
FUSE,PICA, FAST, | .54, 123V 455314 Ti400 GFI-SAMAX
LCREM, AAGH, PHP, STL  6-32X53/16 §S2157 895386 {13218V
SCREW, MACH, FHF, STL.. 8-32X3/3 {1424 BY5346 114124
WASHER, FLAT , STEEL, 840, 0.031 THH 10262 BYI36 110262
WASHER, FLAT , FLRER, #10,0., 043 THK 419344 B?334 110344
SCREM, HACH, RHS , STL, 1 ¢-32X2~1/4 458500 89334 458500
INSULATOR XFHMR CAN A32214 8953346 L3224
SLEEVFVC,9.1851ID, CLEAR 138279 BY536 113829
SLEEV,PYL, 0. 246310, CLEAR 113977 89336 113?77
HAIN XFMR BREKT ROTTOM &0&174 8?0366 H046174
FROMMET, RUBRER 190073 #3330 2147

HAIN XFMR BRET TOP 484210 BI53I6  A8E210
GAN-MATN~-XFHR 434758 BY534  LH34TEE
SLEEV.PVC,0,.1331D0,CLEAR 178306 89536 1903068
HAIN XFHR ANGLE BRKT S06305F Y534 056304
RES, WW,4.99,+—1K, 20U &5501F  G9%36 485019
VARISTOR, 200V, +=20%, | , OMA 00335 HP2414 VIIOLAIOA
SWETCH, SLEDE, DPRY . FOUER 234278 89536 234278
TRANSFORMER FOWER 517332 89534 &§TIIR
FUSE,CLIP,FCE,i/74X1-1/4 V564860 BY5EE  TBL4460
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Figure 5-12. A11 Guarded Transformer Termination PCA
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TARLE S5=13. AY2 FILYER A PCA
(SEE FIGURE 5-§3.}

REFERENCE Fl-UKE HMFRE HANUFACTURERS
DESTGNATOR STOCK SFLY FPART NUMBER TOT
A FMUMERIES sanue B awnmananr e BESCRIPTION - - - — s wsi s o) - ~aQk GEMERIC TYFE-— _QTY
CAF, AL, S0008ULF, +{0EG-10X, 15V A2T525 J4DXSOBCO1 BRC2E
CAF', Al., 2280UF , +73-20X, 16V 64482 Ba1 010/2000/13
18 CAP, AL, 2R0UF , +73-20%, 100V 3gi947 TTA
CAF, AL, 190UF, +75-20%, 8OV 381937 TTa
CAF, AL, 21 00UF , +75-10%, 40V 2aBLAL I9D24BGOAOJIFA
CAF, Al., t JOUF, +30—1 0X, 42V §PeRT4 3070
i?, CAP, AL, 1Q0UF , +5e-10X, 8V 238917 ;3 ETI01X04€A4
234719
DIODE, 51, 206 PIV, J.9 AHF J31090 IsH2
DIODE,SI, 184 PIV, 1.9 aMP 343494 NADO2
DIODE, S1,RECT,EBRIDGE, BYn200V, ID=1 .04 2946569 FHZ20O
294509
COMFONENT HOLDER QAT 2829-445~3
EJECTOR, FCE,1/14IN, NOM AFAT24 CP-&4
CAHLE TIE,B*L,0.0%1*W,2.0 DIA 334157 3 AzTiis7?
TAB-CAF-MOUNT L0795 Q7952
RES,CC, AT, +—10X, iMW 1097160 GE
RES,CC, 0K ,+~10%, W 09389 GE
RES,CC,5.9K,+~3%,0.54 iovies EB
RES,CL, % AK,+~5%, 14 1e9918 GR
RES,CC, 10K, +~5%,0.54 te91 45 EB1035
RES,CF,1¥,+=3%,0.254 343424 CR251-4-5F1K
TERM, FASTON,TAB,S0LDR,6.110 WIDE 52809 &62395
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Figure 5-13. A12 Filter A PCA
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TARLE 5-14. AY3 FILTER B PCA
(FEE FIGURE 5=14.)

REFERENCE FLUKE MFRE HANUFACTURERS
DES TGNATOR STOCK SPLY FART NUMBER TOT
A= INUHER TGS oo smmrecees e DE SCR TFT LOM--m oo - - --OR GENEKIC TYPE-~-r  RTY

iad, 13 CAF, AL, 470UF , +30-20%, BOV S7A140 NH
th CaP, FOLYES, ©. 33UF , +-20%, 2000V 423209 Xa73HV

ig CAF, AL, 19000UF , +386-20K, 35V 414999 ! 414790

o, CaF,nL, { 7OOUF, +75-10X, 100V 4235414 34D 7261 00ABZH
DIOBE, ST, 100 PIV, 1.0 AHP 343491 § 1N4g02

DIODE, 5I,RECT, BRIDGE, Bve S0V, I0ws. 284 428637 MDAFTO-4
DIODE, 51 ,RECT, BRIDGE, BV=200V, I0u1 .04 294509 FH200
DIODE, ST, HIGH VOLTAGE, 2K FIV, 40 MA 418414 Vazox

SCREMW, MAGH, PHF | 8TL , 6-30X1/4 152140 152140

SCREW, MACH, PHE, STL., 4-40X1=1/2 1543840 19032

NUT , HACH , HEX , ETL, 4-40 110435 110634

SCREW, HACH , FHF, §TI., 4—32X3/8 132145 1321463
HEATEINK B434675 4003-8-2
HEATSTNK 332745 FAI-1LB
HOUSETATL, #2829-115-4,HOLE SIZE .0&7 422907 AR2907
SFACER, SWAGED , RND, BRASS, 6~32X0 . 100 3526214 a52e

SEACER, SWAGED , RND, BRASE, O~32XK0. 437 423804 ] 433804
TAR-CAF-ROUNT 407932 L4O7952
THYRIETOR, 51, TRIAC, VEOQ=200V,8.0A ATI013 TI800B
TRANSISTOR,SI,BV=100V, 2u,T0-220 454041 | HJE {3929
TRARSTISTOR, ST, BYni 0OV, A0W,TO-226 454633 HJE1 5828
TRANSISTOR, §T, BV=250V, 2000, TO-3 B6T92 | HiS042
TRANSISTOR, §T, BY=250V, 2004, TO-3 FB6800 HJI1 5011
RES,CF, 100 ,+~5%, 0,254 248771 CR251-4-3F 100K
RES,CC,5.1K, +=5%,1W 199948 GE

RES,GC, 336X, +-3%,1W 109777 GBI345

RES,CC, 1K, +~10%, 24 199942 HE

RES,CC, VK, +=i@¥ 14 1909371 GEi921

RES, MF,200,+-1%, 0.0, 100FFH 151 48 CHF&S1-2-1F200E
RES,CC, 18K, +-10X,1W" 197447 GE{831

RES, WW, &.33, +-5%, 2W - 2i7462 ] BUH

RES,CF, 1K, +-5%, 0.254 343426 CRIF1 ~4~3P 1K
TRANSFORMER HIGH VOLTAGE 417318 17314
TERM,FASTON, TAR, SOLDR, 8.110 WIDE 089 &2395
ISOLATUR,OPTO, TRIAC DRIVER Jgs824 Het3eq1
ZENER,LUNGOMP, 3.6V, 3%, 20,0MA, 0.4W 277235 O 1NTS2A
ZENER,UNCOMP,148.0V, 5X, t.8MA, §.0W 349703 UZEiiA
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Figure 5-14. A13 Filter B PCA
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TABLE 5~13. A14 GUARD CROSEING PCA
(SEE FIGURE 5-t5.)

REFERENGE FLUKE  HFRS MANUFACTURERS
DESIGNATIK STOCK  SFPLY FART MUMBER TOF
e NUMERICS -~} § wwmmmmmnmBESCRIF T T ON-wmm s e wef@-~  CODE- -—0R GENERIC TYFE-~ QTY
[ i- 24, 24, CaF,CER, 8, 220UF , +~20%, 50V, 25U 519157 31404 RPE{t1250224M80v 31
¢ 27, 32~ 34, Bi9457
c37 519157
¢ 2%, 34 CAF , AL, AYUE, +-20%, 10V 413984 #9534 o613984
¢ za, 29 CAF, Ak, & BUF, +-20%, 16V 413992 89536 413992
£ at AP, CER, 27FF, +-2%, 1 00¥, COG 342749 51406 RPEf2§
PE A % LED,RED,FCE MOUNT,LUM INT=Z,O0MCD 34859 20480 HLMFIZO1/50B2-445%
L i, 2 CHOKE, ATURN 320911 B9534 3099
HF SPACER L.E.D 541284 857334 541284
Heo2 EJECTOR, FCE, i /141N, NOH ARA7ZA 32559 CP-i4
HF 3 HOUSETALL , $2829-75-3 , HOLE SIZE .044 432873 BYRJZE 422873
K i RES,CF, 20K, +-5%,0,.25W 441477 BOOI{ CRAS{-4-3F20K
R RES,CF, 1K, +-5%,0.25W I434246. BOQT{ CRI®{w4u5p{K
f 343424
] RES,CF, 1M, +-5%, 0. 25U ‘B48987 BOO3T CRIZSI-4-5PiH
R RES,CC, 128, +-10%,0.9W 08496 O1i21  EB1211
K REX,CF, {QI(, +=5%, 0. 054 348839 BOOI1 CRISI-A~SF{OK
13 RES,CF, 180, +~5%,0.254W 441434 80031 CR25t=-4-5p{BOE
R 441434
SWITCH, SLIDE, DFDT 393429 {0IRY  2A-PR{-1{4
TERM, FASTON, TAR, SOLDR, 0.110 WIBE 5128689 02440 42395
# IL,CHOS,HEX BUFFER W/3-STATE OUTFUYT 4077899 12046 HMBOCYTN
*# IC,TTL,HEX INVERTER W/OFEM COLLECTOR 407593 51295 INT404N
GUAKRD MICROCOMFUTER BUILD DRAWIMG FOAi8? 89534 704189
IC,LSTTL HEX INVERTER W/SCHMT TRIG 483186 91295 SHT4LS{ 4N
1C,CHOS, HONQSTABL/ASTABL MULTIVIERATR 53I557% 12040 CDA047E
ISOLATOR, OFTO, HI~SPEED,LED TO XSISTOR 407742 28480 HPSO82-4351
IC,LSTTL,BUAD 2 INFUT NOR GATE 393041 01295 SNTALSE2N
IC,LSTTL,QUAD 2 INFUT OR GATE 293108 91295 SNTALSIAN
IC,L3TTL, 3-8 LINE DCDR W/EMABLE 407585 01295 SNTVALE{IBN
IC,LETTL,QUAD 2 INPUT NAND CATE 493033 91295  SN7T4.SOON
IC,LSTTL,OCTL. LINE DRVR W/3-STATE OUT 429035 91i29% SNTALE244M
IC,LSTTL, DAL 4 INFUT AND GATE AQ8768 91295 SNTALS2IM
IC,LETTL,OCTL BUS TRMSCVR W/3Z-ST DUT  A77404 01295 SHTALSDASN
IC,LETTL,HEX BUFFER W/NOR ENABLE 483800 01295 SNTALLIETN
IC,CHOS,DUAL D F/F,+EDG TRG W/SETHRET 534433 04743 HCA01ZBECF
IC,CHOS, UNIV ASYNC RECEIVR/TRANSHITER 453454 32293  {HA4DZCFL
ZENER ,UNCOMF, ¥ TRANSIENT SUPPRESSOR 508455 24444 1NS90H
SOCKET,IC. 16 FIN 274835  $1%04 314-AGIYD
SUCKET,IC,40 FIN 429282 69922 DILB4OP-108
SOCKET, 1C, 8 FIN 478014 91506 308-AL3FD
CRYSTAL, AHHZ, +-0.082%, HC-{8/U 474072 89534 474072
RES,NET,DIF,14 PIN.8 RES,{K,+~5% isgii? 01121 34
RKES,NET,S1F. & PIN,S RES, 10K, +-2% 500874 G003 PROB1{0aLL
RES,NET,SIF, 10 FIN,9 RES, 106K, +-2% 441038 BO0I4{  9%084002CL
RES,NET,SLF,10 PIN,Y RES, 10K, +-2% 414003 86031 95081002CHL
RES,NET,SIF,10 PIN,? RES,4.7K,+=-2% 484043 BOOZT  F5081002CL
RES,NET,STIF, & FIN,S RES, 4.7, +-8% 494490 BEOIT  P5081962CL
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TABLE S=154. A1S MEMORY PCA
(FEE FIGURE S=-14.)

REFERENGE FLUKE HAHUFACTURERS
LESTGNATOR STOCK FART NUMBER TOT
A= IHUMERIG§ ===} § ——rrrmmnDESGRIFT ION- - ——mrwarmrmmms sy -~OK GENERTC TYPE--  QTY

c CAF,CER,®,22UF , +-20%, 50V, Z5U S19157 RPE{ 11 Z5U224H50Y 29
C 21, 24~ 19157
33 CAF AL, A7UF , +=20%, 10V 413984 413984
ki) CAF,FOLYES , 0.4 20F, +-5%, 10OV 441582 C2a9MAH AL 20K

i DIODE, 81,Bve 75,6V, I0={36HA, 500 HlW 203323 iNAAAE
JUHPER,REC,2 FOS, .190CTR, .025 S0 POST 530253 §30153~2
FIN,SINGLE,PWE,f.025 SQ 247508 870221
EJECTOR,FCB, /14N, NOH 474724 CP-&b
RES ,HF ,37.4K,+={%, 0. 1254, { 0OFFH 2246241 CHMFS33742F
RES MF, 15K, 4=4%,0. 1250, 100FFH 285294 CHF3I51302F
RES,CF,1K,+-5%,0.25uU 343424 CR25{-4=-5P{K
TERM, FASTON, TAB, SOLDR, 0.110 WIDE 3128879 42393
IC,LSTTL,BCTL BUF TRMSCVR W/3-8T out AT7A04 SHTALI2A5N
IC,LETTL,OCTL LINE DRVR WAX-~STATE OUT 42703% ? SHNTALIZ244N
IC,LETTL,QUAD 2 INFUT HAND GATE IPXOI3 SN74LE0CN
IC,LETTL,QUAR 2 INFUT MNOR GATE 373041 SNTALSO2N
IC,LSTTL, 3-8 LINE DCDR W/EMARLE 407585 % ENVALSYI3BN
MALN EFRUM § BUILD DWG V2.1 813006 89534 B13006
MAIN EFROM 2 BUILD DWE V2.4 #1914 BY5346 BIZGI4

MAIN EPROM 3 BUILD DMG V2.4 BY3022 89538 813022

4
5

)

|
-

o
Of B e D0 O LA R = = g e 1L = — B3

1
[}

MAIN EFROM 4 BUILD DWG V2.1 15030 8¥5356 {13030
MAIN EFROM 5 BUILD DWG V2.4 215048 895346 B1i048
MAIN EFROM & EBUILD DWG V2.1 813955 895346 3130%s
IC,LSTTL,QUAD 2 INFUT DR GATE 73108 01295 SNT4LS3I2N
IC,TTL,@GUAD 2 INFUT AND GATE 393066 61295 ENTALSOBN
IC, TTL,0CYAL D F/F,+EDG TRf 473123 01293 SINTALEITAN
IC,LETTL, QUAD D F/F,+EDE TRG, W/CLR 393293 1293 SNTALSI TSN
IC,LSTTL , QUAD SET/RESET LATCH 404240 M2PF  SNTALIRYEN
IC, 2K x 8 EARON 585774 51157 HNAGOI&F
IC, 2K X 8 STAT RAM- 584144 JEIPT  uwPD4O| &C-2
IC,LETTL, HEX BUFFER W/NOR EMAELE ARFNO0 01295 SNVALSIATN
SOCKET, IC, 24 FIN 376234 915046 324-AG3PD
SOCKET,IC,28 PIN A4B217 91504 328-AL3FD
RES, NET,SIF,10 FIN,? RES, {0@K,+-2% 441038 80031 936B1092CL
RES,NEG,SIF,8 PIN,7 RES,{K,+-2X 414557 Be031 FI681002CL
RES,HET, SIF,10 FIN,1& RES,330/8680,5% 520429 91121 {~SIF-400E
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TABLE 5-17. A{4 CONTROLLER FCA
(SEE FIGURE 3~{7.2

REFERENCE FLUKE MFRS MANUFACTURERS
DESIGNATOR ITOCK  SPLY FART NUMBER TOT
A=INUMERICE =) § —-oe——r e DESCRIPT L QN wm e ve e wemr W ee « wuQDR GEMERIC TYPE--  QTY
i~ &4, B8, CAF,CER,8.22UF, +-20%, 50V, Z5U S19487 RPE111Z5U224H50Y 29
16~ 14, 18, Si9isy
19, 2¢, 22, 519157
24, 25, 27 519157
29, 32, 34, 549157
346, A0~ 42 Sivis?
7 CAF,MICA,33FF, +--5%,500V 1aB317 DHiSE33&d
38, 39 CaP, Al_, 1 OUF ,+-20%, 35V LO3985 RLR
a3 CAF CER, 1. QUF , +=20%, 50V, 25U AJATOR 134050501 ~1 0S5H
44, 4% GAP CER, 220FPF , +-2%, 108V, COG S{2t 44 RFE1 24
i DIODE, 81, 106 PLV, 1.0 aAHF ELELLA] IHAGER
2- LED, RED, FCE MOLNT, LLUM INT=2,0MCD 534859 HI.MF 3361 /8002-445%
JUMPER,REC,2 POS,.{00CTR, .02% SQ POST 5360253 BAOIN3-2
PIN,SINGLE,FUER,2.02% 50 2A7TR00 870221
CONTROLLER 582510 CLFELL)
EJECTOR,FCR, 1 /18IN. NOH 44724 CPr—&&
TRANSISTOR, 51, NPN, SHALL STGNAL 218324 2NZP04
RES,CF, 100, +-5%,9. 250 348771 CR25{=4-%F1{ 00OE
REE,CF,54,4+-5%,0.25W 4145490 CRABY-4-OPS{E
RES,CF,4.7K,+-5%,0,25 hBa21 CEAT2S
348831
RES,CF, §.5K, 45, 0.250 J43448 CR251 -4-5F{K5
RES,CF, 10K, +-5%,0,25UW 348839 CR2G{-4~-5F1 GK
RES,CF,B8.2K,+~%%,0.25W 441575 CRES{=4-5P8K2
RES,CF,iM,+-5%,6.25W 348987 CRES{~4-5F{HM
RES,CF,180,+-5%,0.25UW 441434 CR251{-4-SP{80F
KES,.CF, 1K, +=5%,0.25W 343424 CR251-4-5F§K
SWIYCH, MODULE, SFST,DIF, 4 POS 498559 A3 bé&~2
TERM, FASTON, TAR, SOLDR,06.1%0 WIDE Filagy 42395
OSCILLATOR,8HHZ, TTL CLOCK 584149 XO=FZD~14 5=8MHIZ
IC, TTL.,HEX INVERTER W/OPEM COLLECTOR AGTEDI SN7406N
IC,LSTTL,DUAL D F/F,+EDL TRG,W/LLR Ivi 24 ENTALETAN
FC,LSTTL, QUAD 2 INFPUT NAND GATE 393033 EHNTVALSOON
IC,LSTTL,HMEX INVERTER 393058 ENTALEOAN
IC,DUAL DIV BY ié4 BIMARY COUNTER 483570 SNTALSI?3N
IC,LETTL,QUAD 2 IN NAND W/SCHMT TRIG 504449 SHT4LST1 32N
IC,NMOS,8 BIT MICROCOMFUTER 478673 MKZRE0-4CFU
IC,LSTTL, 3-8 LINE PCDR W/ENABLE 4607585 SNTALS1 38N
IC,LETTL,OCTL BUS TRNSCVR W/3-5T oUT ATTADSE SN7ALSZATH
IC,LETTL,DCTL LLINE DRVR W/Z-STATE OUT 429035 SNTALS244N
429035
IC,LSTTL,QUAD 2 INFUT OR GATE 373108 EN7ALS32N
393168
IC,NMOS PROGRAMMABLE INTERVAL TIMER 84177 uPDa25IC
IC,LETTL,8-3 LINE FRLORITY EMGDR,3-5T AB3669 SN7ALS 348N
IC,I.STTl.,HEX BUFFER W/NOR ENAEBLE 483800 SNTALEISLTH
IC,LSTTL, RUAD SET/RESET LATCH ADAZI D SN7ALEZTIN
TC,LETTL,@UAD D F/F,+EDG TRG,W/CLR JIvI2S SN74LEL 75N
IC,CHOS,UNIV ASYNC RECEIVR/TRANSMITER 453444 iM&402CFL
IC,LSTTL,TRIFLE 3 INFUT NOR GATE A¥3090 SNTALY2TN
IC,LSTTL,QUAD DIFFERENTIAL LINE DREVE 525295 HCIABTF
1C,LETTL, QUAD RS422 LINE RCVA,3-STATE 525303 DE34BAN
IC,CHMOS, HONOSTABL/ASTABL MULTIVIBRATRE S35575 ChaQATE
IC,LETTL,QCTAL D FAF,+EDG TRG,W/CLEAR 4548%2 ENTALSZTIN
MAIN EFROM & EUILD DWG V2. i 812994 812998
SOCKET,IC, 49 PIN AZy2az 22 DILB4OP-108
SOCKET,IC,24 PIN - BT4R34 324-AL39D
SOCKEY,IC,28 PIN C A48T 328-AG39D
RES, MEY,SIF, 1€ PIN,? RES,4.7K, +=2% AR4H463 ?5081002(C1
RES,NET,S1IP,10 FIN,? RES,{10K,+=2%. 414003 25081 062Gk,
RES,NET,8IF,B FIN,7 RES,4.7K,+-2% 412914 5081 002CL
RES,NET,SIF,8 FIN,4 RES,220,+=2% 529511 *5004 90201
RES ,NET,5IP,4 FIN,S RES,4.7K,+-2% 494496 PEOQYAO2CL
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TABLE 5=18, A17 OUTSIDE GUARD REGULATOR PCA
(SEE FIGURE 3~18.7

REFERENCE FLUKE  HFRE HANUF ACTURERS
DESTGNATOR FTOCK  SFLY PART HUMBER Tar
A SNUHERICE nun) § sousocoauaBE SR TET LON e e - ««0R GENERIC TYFE-~  @TY

i, 15, 17 CAF,CER, 0. 22UF , +~20%, 50V, Z5U 307847 CW3COC224K
14 CAF, AL, A7UF , #=20% , 35V 403977 RLR
CAP, TA, 1UF, #={ 0%, 33V 14949 194D01 OXQO3EG
GAF , AL, 1 OOUF , +75-10%, 14V 434014 sL
BAR, AL, &.8UF, +-20%, {4V 413992 YETIY
CAF, AL, tOQUF, +50-20XK, 50V H4PTF39 La9Til
ELECTRQ, MIN,LO LEAK, A.7MF, 35V 403993 403993
CAF, Al , 22UF , +=20% , 50V £14342 414343
CAF, CER, { 200FF , +~20%, 100V, X7R 155283 8121 =A1D0-WSR-{ 224
Cab AL, 1UF, +-20%, 50V 502342 SR#4 SERIES,VE TYPE
DIODE, ST, 400 F1V, 1.0 ANF 368738 1N4084
DIODE,S1,BV= 75.0V, I0=150HA,500 MW 203325 {N4448
LEDG,RED,CLIF, MOUNT,LUM INT=28.BMCGD 429554 MLESH%S
FUSE,i/74 X 1-1i/4,FAST, 44,250V 2146844 AGCAAZTOV
SCREW, MACH,PHFP, ETL, 6-32X5/14 {52157 152157
SCREW, MACH, PHF, §T)., 6-32X3/8 152145 152145
SOCKET, SIMGLE, PWE,FOR ©.018-9.040 FIN 284281 380598-2
HEAT SINK,FOR USE WITH TO-3  &0S{B 508200 508200
HEATSIMK 382745 PAL-§CR
HEATS INK ~0UTSIDE-REG £18801 s58904
EJECTOR,PER, 1 /146IN,. NOM 494724 32559 CP-44
SPACER, SWAGED , KND, BRASS, 4~32X0 ., 190 352021 89534 352021
TRANSISTOR, §1,BV= 56V, 117w, TO-3 103012 02735 40251
THYRLSTOR, ST, TRIAC, VEO=400V, 8. 04 271448 02735 T12800D
TRANSISTOR, S1,NPN, SMALL SIGNAL 218396 04715 IN3P04
TRANSISTOR, SI,BV= A5V, 36M,T0-220 325741 09244  DA4CY
TRANSISTOR, §1,FNP, SMALL SIGNAL 195974 64713 2N3904
RES, W, 0.1%, +-5%, 2 BES7{2 75042 BWH
RES,CF, 1.5K, +-5%, 0.25W 147418 BOO3{ CR2S(-a-BPiKS
RES,CF,54,+-%%,0.,25W 342618 H0031 CRIS{-4-5PS4E
RES,CF, 1K, +-5%, &, 25W 343426 B8003f CR2S1-4-3FK
343426
RES,CF, { 00K, +=5%, 0. 25K T48920 8003§ CR2SI-A-5P106K
RES.CF, 3K, +-5%,0. 254 441527 80031 CR25§-4-5P3K
441527
RES,CE, 1M, +-5%, 0. 254 348987 00031 CR2S{-4-5PiH
RES,ME, 237, +-1%, 0. 125W, 100FFH i28005 T457 CHFSS237OF
RES ,MF,3.92K, +/-1%,0.54, {06FPH 166713 895346 140713
RES, VAR, CERM, 1K, +—10%, 9. 5W 285155 71450 3405102A
RES,MF, 1, 43K, +=1%, 0, 125U, | DOPPH 325642 91637 CMFSS{A3IF
325440
RES,HF, 4.75K, +=1%, 0. 125U, | 0OPFH 240479 91637 CHFISATIF
RES, MF, 242K, +/~1%,0.125W, 1 00FPM 234745 B9S34 234745
RES,ME, 12, 4K, +=1%, 0. 1254, | 9OPFM DI4997 91437 CHFSSIR12F
RES, HF, 20, 9K, +/-1%, 0. 1254, { 0OFPH BL1440 89534 41449
RES,MF,3.4BK,+—1%,0.125H, | 9OFFH 240487 91637 CHESS3484F
RES, MF, 19,.5K, +-1%, &. 1254, 1 00FFH 234094 $1437 LHFSS{0S2F
RES,CF, 5. 1K, #=5%, 0. 254 368712 BOOF1  CR2S5{~4-5P5K1
RES,CF, 2., 2K, +~5%,0.25M 343400 B80OZ( CRATI-4-85P2K2
RES,MF, 4,99k, +=1%, 0. 1250, { 0OPPM 168252 91437 HFF1-B4991
KES, HE, 442K, +=1%, 0. 1 250, 1 boFPH 288514 91437 CHFSS4424F
RES,HF , 404, +-1%,0. 1254, 1 60FFPH 320309 1437 LHFSS6040F
RES,CF, 330, +-5%,0.25K 358726 BOE31 CR25({-4-5P3IIOE
RES,CF, 39, +=5%, 0. 254 240836 80031 CRIS{-4-SP39E
TERM, UNIHSUL , FEEDTHRU, HOLE , TURRET 179283 88245 20105-5
IC,VOLT REG,ADS,2 TO 37 VOLT,0.1% AMP 379420 04713 MHCi723CL
I, CMCS, RETRIG/RESET HULTIVIBRATOR 39IHI2  P27I5  CD4OPHAE
IC,CHOS, HEX INVERTER 38{848 2735 CDAG49AE
10, VOLT REC,FIXED,+i2 VOLTS, 1.5 AMPS 443195 047(2 MCTSI2TF
1C,VOLT REG,HIGH VOLTAGE 723383 67534 723353
IC,VOLT REG,FIXED,—12 VOLTS, 1.5 AMPS 361445 0471F HCTRI2CP
IC,VOLT REG,FIXED,~5 VOLTS,{.5 AMPS 394551 94713 MHCT905CT
IC,VOLT REG,FIXED,+3 VOLTS,{.5 AMPS 355107 12040 LH3AQT-5
IC,COMPARATOR, BUAL , LO-PUR, 8 PIN DIF 478354 12048 LH393N
IC,LSTTL,HEX INVERTER IFIO5R  H1295  SHTALSSAN
IC,TTL, TRIFLE 3 INPUT NOR GATE o254 01295  SNTVA2TN
ZENEK, UNCOMP, 5.4V, 5%, 20.0MA, ©.4W 277234 07910 {H7S2A
ZENER,UNCOMF, &.8Y, 5%, 37.0MA, 1.0M 454595 {12949 UZBY04
Hi.DR, FUSE, i /4 ,FNE HT 4B52§7 91833 352%
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Figure 5-18. A17 Outside Guard Regulator PCA




5440B/AF

TRBLE %-y%. Aai8 I/0 PCA
(SEE FIGURE S-1%.2

REFERENCE FLUKE MFRS HANLFACTORERS
DESIGNATOR STOCK  SPLY PART NUMBER TOT
A= ONUMER IC§===> o : © meOR GENERIC TYPE=~  QTY =@
CAF, CER, B.2ZUF , »=20%, 30V, Z5U MPI37T 5 RPE{ 11 ZSUZ224M50Y 32

3194157

519157
CAP, AL , A7UF , +=20%, 1DV 613984 89536 613984
CAF, CER, S4FF , +-~2%, 100V, LUG 5(0970 51406 KPE{2
FUSE, 174 X 1=1/4,FAS,0,25h, 250V 109354 71400 AGL{ =4
SEREM, HACH , FHF, STL, 6=32X1/4 152140 §9536 152140
SUCKEY.2 ROW.PUE, 6.100CTH, 50 POS 519538 00779 B6ATE-B
CHOKE , TURN 3ROVET 9EES  BROVIY
HLDR,FUSE, 174, FWB MT 485249 91833 3529
BULKHEAD-1 /0 SETYET  BYSEE  63TRGT
RES,CC, tk,+~5%, 0.5 168527 04121 CRIOID
RES,CC, 10H, +—5%, 0,254 194944 04121 CRi0AS
RES,CF 4K, +-5%, 0. 254 3434246 BYG3Y CR251-4-5P1K
RES,CC, 19, F—4DL. 2N 1i9163 1121 HE
TERM, FASTON, TAE, SOLDR, 0. 110 WIDE 512889 02640 62395
IC,LSTTL,OCTL BUS TRNSCVR W/B~ST QUT 477406 G1295  SN7ALS245N
IC,LSTTL,OCTL LENE DRVR W/3=STATE OUT 429035 01295 SH7ALS2AAN
IC,LSTTL, QUAD 2 INPUT NAND GATE FYS03E 01295 INTALSOON
JCLETTL . QUAD 2 INFUT NOR GATE 393041 0295 ENTVALTRZN
IC,LETTL, 8 INFUT MAND GATE 49488F  BOAZP5S  SNTALEZON
1€,LSTTL, 3-8 LINE DCDR W/ENABLE 407585 01295  SNVALSI 30N
IC,CHOS, HEX EUFFER WA/3-ITATE OUTFPUT 467¥57 12040 MMBOOUFTN

407739
TE,LETTL, QUAD 2 TNPUT OR GATE IFII08  O129F  SNVALEIISN
IC,CHMOS, URIV ASYNC RECEIVR/TRANSMITER 4533464 32293  §iM&402CFL
IC,CHOS, FROGRAMBLE BIT RATE GENERATOR 418731 972463 F4702/34702
IC,TTL,QUAD RE2ZZXC LLINE RECEIVER A14045 {2048 | Mi4BY
IC, TTL,QUAD REZ32C LINE DRIVER 414932 12040 | Mi488
IC,NMOS,GPIE ADAFPTER SETI40 OIZ95 THEPY 44N,
IC,LSTTL,OCTAL GFIF XCVR W/OPEN COL 585224 O(293  SNTS1600N
IC,LETTL, OCTAL GFIR ACTV FULL=UF XCVR S5B5232 01295  SN75144AN
IC, CHOS, RUAD 2 INFUT NAND GATE 418307 1Z040  MMTALDON
LG, CMOS, HEX INVERTER 4045699 12040 HM74CO4N
IC.TTL HEX INVERTER W/OFEN COLLECTOR 40TS¥A  OIZ¥S  SNTADAN
IC,LETTL,DUAL T F/F,+EDG TRG,W/CLR 373120 012903 SHTALST4N
TR,LETTL QUAD D F/F,+EDL TRG,W/CLR 393215 91Z93 ENVALINVON
JC.CMOS,@UAD D F/F,+EDG TRG,W/ELR 4529412 12040 MM74C1 75H
SOCKET, IC. 48 FIN 429282 99922 DILB4OP-103
SUCKET, IC, 20 PIN 454421 09922 DILHIOF-~108
CRYETAL , 2. 437 4MHT , =0, 045, HE- 337U 435370 8¥534  ARELTO
RESNET,SIF, 10 FIN, 9 RES, §0K, +=2¥ ATA00Z  BOOEY  $508100RCL
RES,NET,SIF, 8 PIN,7 RES, 4. 7K, +=2% ATPPIS  BOON1  95091002CL,
RES NET,DIF 16 PIN,8 RES,9K,+n5% BHE1Y 1131 34
RES,MET,STF., 8 FIN, 7 REZ, {01, »~@% 413924 BOOR FSERiefRl.
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Figure 5-19. A18 1/0 PCA
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TAELE %-20. A1% DUTSIDE GWARD TERMINATOR FCA
(SEE FIGURE 5-20.)

REFERENCE FLUKE HFRE HANUF ACTURERS
DESIGNATOR STOCK SPLY FART NUMEER 70T
A- YNUMERICS- -~ wonnnnnnnn DESORIPTION s e eise. mmfQ=m CODE-~  ~-0R GENERIE TYPE--  QTY
3 CaF, Al , d20UF , »58~10%, 63V 1895850 80031 ET221X043A02
CAF, AL, 2200UF , +75-20%, 14V 364182 25488 RA1Q10/2000/15
CAF,CER, 9, 05UF, +-20¥, 100V, Z5V 47§41 54289 S5C23A4
DICODE, SI,RECT, BRIDGE, BV=200V, I0=1.0A 29450% @9423 FB200
DIGRE, §T, 208 FIV, 3.€ AHP 331Q70 14099  3SH2
DIODE, SI, 109 FIV, 1.9 AMP 343471 4293 1NADORZ
TERM, UNINSUL , FEEDTHRU, HOLE , TURRET 10174 895346 1617M
FUSE,FICO,FAST, 24,125V A94450 71400 GFI-JAHAX
FUSE,0.293 X $1.2V53,FAST,3A, 123V 713859 71400 HDV
FUSE,FICO,FAST, 3k, 1323V 4460915 71400 GFAZ
SCREW, HACH, FHf, 5T, B-32X1~3/4 402581  BY534 402081
SCREW, MACH, PHF, STL, &-32X5/14 152157 89534 132137
WASHER, FLAT, STEEL, 28, 0.0631 THK i1e2eg B%534 {10288
WASHER, FLAT,FIEBER, #8, 0. 043 THK 118353 737324 1472
QUTSIDE-XFHR-BKT-A 582775 895346 582974
DUTEIDE-XFMR—BKT-B 582783 89536 562783
COHFOMENT HOLDER 422845 98159 2829-TH-2
CABLE TIE,47,0,100"W,0.75 DIA 172080 895346 171080
RES,CC,4.7K,+-1{8%,0.54 08389 01421 EB
RES,CC, 820, +-3X. 14 244377 01121 GBB213
RES,CF, K, +-5%, 6.2%4 243424 8003t CR2ISI-4-5FiK
FOWER TRANSFORMER. AUX TER647 Q9536 TIBLAR
TERM, FASTON, Tal, S0LDR,0.110 WIDE 512889 02660 63395
NUTSIDE TERMINATOR CAELE a&i 7202 BY53&6 HITYOR
AUTSTIDE TERMINATOR CARLE 6417710 8BP534 &17FIQ
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Figure 5-20. A19 Outside Guard Terminator PCA
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TABLE 3-21. A20 FOWER FWITCH PCA
(SEE FIGURE 3-21.,)

REFERENCE FLUKE  MFRS HANUFACTURERS
DESLGMATOR ETDCK  SPLY PART MUMBER TOT
A SNUMERIC ey  § somvmmmnnn BESCRT T LN e oo ins an anan namn sn v e . - welRk GENERIC TYPE--  QTY

CR # DIDDE,SI, 469 PIV, 1.8 AMF 348738 | {H4004
bs # LED,GREEN, RECTANGUL AR, FCE HMOUNT A30879 RILS41 24
HF INSULATOR, FOWER SWITCH 383158 383158
HF SFACER, SWAGED, RND, BRASE, 6~32xQ 375 AFAT42 494542

F RES, MWW, 3, 3K, +-54, 3W S204834 vian

-3 FOWER SWITCH 291524 291524
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5440A-1701

Figure 5-21. A20 Power Switch PCA
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TABLE 3-22. A2Z DISFLAY FCA
(SEE FIGURE 5-22.}

KEFERENCE
DESIGNATOR

A= SRUHERICE ==  § wmormosesemn DESCRIPTION- - mrr v oo

CAP,TA, &.8BUF, +~20%, 33V
CAF,POLYES, 0.922UF , +-10%, 50V

CafF, Ak, 15UF, +-20%, 35V

CAF, TA, ATUF , +-20%, 20V
CaF,Ta, 10UF, +-20%, 18V
CAP,CER, Q. 22UF, +-20%k, 50V, I5U
CAP,TA,4.7UF, +—20%, 38V

DIODE, SI,RECT, BRIDGE , BY= 56V, 10=1 .04
DIODE,SI,N-JFET,CURRENT REG,IF=5.3 HA
TUEE, DISFLAY, VAl FLOR,14-SEG i2«DIGIT
TUBE,DISFLAY,VAC FLORESCENT,2X20 CHAR
SPACER, SMAGED, RND, DRASS, &. 150IDX0. 43T
THFE, FOAM, VINYL , ADHESTVE, TW0 SIDE
THFE ,FOAH, ADHESIVE-ONE OR TWO SIDES
TRANSTSTOR, ST, MPN, SHALL SIGHAL
TRAMSISTOR, ST, FMNF, SHALL SIGNAL

RES, MF, 2. 41K, +~1%,0.125U, 1 00FFH
RES,CF, K, +-5%,8.350W

RES,CF,2,+-5%,0. 200
TRANEFORMER, INVERTER
TERM,FASTON, TAB, SOLDR, 0. 119 WIDE
IC,RECULATING FULSE WIDTH HODULATOKR

¢ IC,BIMOS, VAC FLUORESCENT DISPLAY DRVR
{ABLE ASSY,FLAT,20 CONDUCY,4,.5°
S0DCKEY, TG, 49 PIN

b

EHAmDN D DD
[ e el L Rl Bl L R TR ET I AT

U
W
xu

FLUKE

STOCK

N
Ja3vid
715248
&t 4024
348514
176214
317157
3463721
4{B582
334714
T41215
TAI223
FR20205
TEELAH
1344692
272237
352349
289983
343424
343424
442053
THTIAY
5i2889
458478
T4355
TYAGLA
429282

HFRS
SFLY
CORE--

89334
56299
G4289
31400
5628%
83003
eveie
89534
BY5334
87534
B933é
875334
59534
f 2040
21437
80631

80031
BY534
24640
61290
87334
B9534
QFFRR

HANUFAGTURERS
PART NUMBER
--0R GENEWIG TYPE--
1 946D4BSXKOBITKAT

TS 248

af4024
194DATEXO0ZOTEA
12601 06XO01 BKAS
RPE11§Z5UZ2AME0V
19ADATSXF01 5HAY
VMER

TCRGAN D

741215

TA{RTS

530005

756684

756472

272237

2H4493
CHMFS5241 1F
CRA5{-4-5F1K

CR2F{—4-3F2E
THT1AP

£239%
SG3324H
741385
74614
DILE4GP-108

| =
[ |
[

X R L e L Rl
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Figure 5-22. A22 Display PCA
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TABLE 5-23. A23 1/0 CONNECTOR PCA
(SEE FIGURE 53~23.)

FLUKE  MFRS MANUE ASTURERS
STOCK  SFLY FART NUMBER
wrimm e DE SCR IR T TON === s weNOw= GODE=  ~-OR GENERIC TYFE--

¢ DIODE, ST, Hv= 75,0V, [D=15M4, 300 MW 203323 QFP1H  IN4448
SCREW, CONMECTOR MOUNTING 429472 89534 429472
CONM AGE, D-SUR, JACK SCREW, 449 448492  H4%334 448092
WASHER , LOCK, SFLIT,STEEL, 48 111070 89336 111070
SOREY, MACH, FHF SEMS, ITL, 4-40X1 /4 195918 49536 {85948
CONN, MICRO-RIRBON,REC, PUWE, 24 FOS 441337 ©26460 S7-10240-8
CONN, MICRO-RIBRON, REC, FWR, 346 FOY 478759 89334 4TRTI0
CONN, D-5UB,#UE, 25 SCKT 614743 28198 MD2SF-3000-14
GONN, MICRD-RTIBRON, REC ., PRE, 14 F0 478743 99534 474743
HEADER, § ROW,.100 CTR,RT ANGLE,{12 PIN 742965 89334 742965
HEADER, i ROW, 2. 120CTR,RT ANGL, 16 FIN 342074 BRB3SH 342074
RELAY ,REED,2 FORM A,3VHC 3504638 71482 MREZAOS
LABEL , ADHES IVE, PCE, 9. 373X1 .9 287032 g9335 807032
SFACER, SWAGED , RND, RRASS, 6-32X0. 159 296145 89536 296145
SFAGER, SWAGED, RMD, BRASYT, 4-40X0 . 250 349547 89534 349347
SFACER, SWAGED,RND, BRAES, 4-40X0. 187 335604 B9S34 335694
HEADER, PROGRAMMED 504373 51467 1467579
FIN,SINGLE,FUER,0.925 5@ 267633 0OTTY  B6144-1
SWETCIH, SLIDE, DFDT 5720146 19387 23-021-158
CONN ACC,MICRO-RIBEOM,LATCH 442700 1351+ 5710019

412700
COMN ACC, MICRO-RIBBON, SFRING 312718 71785 436-99-22-205
4127149

SOUKET,IC,14 FIN 379304 09922 DILBi4AP-108

[¢]
@D P S b) BY s P e Dby RO

o

J&

=tk

5440B/AF-1790

Figure 5-23. A23 |/0 Connector PCA




Section 5A
General Information

INTRODUCTION 5A-1

This section contains general information for the 5440B/AF. This information
includes: the pea revision levels documented in this manual, a list of Federal Supply
Codes For Manufacturers, a list of the Fluke Technical Service Centers, and a list of
the U.S. and International Sales Centers for Fluke equipment.

MANUAL STATUS 5A-2

Table 5A-1 defines the assembly revision levels that are documented in this manual. To
identify the revision level of the pca’s in your instrument, refer to the revision level
{marked in ink) on the component side of the pca.

CHANGES AND IMPROVEMENTS 5A-3

As changes and improvements are made to the instrument, they are identified by
incrementing the revision level of the affected assembly. These changes are document-
ed on a supplemental change/errata sheet that, when appropriate, is inserted in the
front of the manual.

3440B/AF
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Tabie 5A-1. Manual Status Information

£luke * To adapt manual to earlier rev configurations perform changes
Assembly Part | 'n desending order (by no.), ending with ehange under desired rev lerter

Naeme N, alelclole]e{ar]aTk]L]m][n]e

Keyboard Assy 803932

Front Pangl Controller PCA | 797357

Motherboard PCA 60B05S

Quiput PCA 787373

Cutput/HY Control PCA 608182

Sample String PCA 608190

Preamp PCA 608208

REF/DAC Digital PCA 609784

REF/DAC Analog PCA BORZIR

Inside Regulater P/A 608257

Guarded Transformear
Tarmination PCA

608075

Filter A PCA 608083

Filter B PCA 608091

Guard Crossing PLA 511707

Memary PCA 748533

Controller PCA 797381

Cutside Guard

Regulator PCA ‘7‘6‘7103

171G PCA 748376

Outside Guard
Terminator PCA 758797

Power Switeh PCA 608067

Disptay PCA 767111

110 Connector PCA 803957

* M = The PCB revision levels documented in this manual.
# = Thase revision letters ware never used in the instrument.
-= No revision lgtter on the PCB,
+ Thaszse revision levels are not documented in this manual.




| Section 6
‘Accessories

INTRODUCTION : : ‘ 6-1

This section contains service information for the accessories used with the 5440B/5442A.
Because most of the accessories available for the 5440B/5442A are cables, this information is
limited. Replacing cables when they are defective is often less expensive than repairing them.

ADPITIONAL PROCEDURE STORAGE MODULE (5440A-7001) 6-2

The 5440A-7001 Additional Procedure Storage Module provides non-volatile storage for up
to 60 front panel setups. Front panel setups are placed into EEPROM memory in the storage

module by the front pane} microprocessor. Using the MEMORY CONTROL keys (on the.

5440B/5442A. front panel) any instrument operating configuration can be saved permanently,
without having to rekey the setup.

There is no applicable service information for the 5440A-7001 Additional Procedure Storage
Module.

LOW THERMAL EMF PLUG-IN CABLES (5440A-7002) 6-3

The 5440A-7002 Low Thermal EMF Plug-in Cables are three special length, shielded cables.
These cables are constructed to minimize thermat emf in the connections between the 5440A
output and the input of the device the 5440A is driving.

The cables should be stored in an area that is free from potential contaminants (e.g,, dust,
grease, excessive humidity, etc.). To prolong the life of the cables, store them in loose coils; do
not store them in bundles.

5.440 Series

ACCESSORY CABLES ‘ 64

There are several accessory cables for the 5440B/5442A. There is no applicable service
information for the 5440B/5442A accessory cables.

1780 RS-232-C Cable (Y1709) ‘ 6-5

The Y1709 cable is two meters long and is intended to connect a 1780A Infotouch Display te
the 5440R/5442A. This cable extends the R8-232-C interface on the 5440B/5442A.

5205A Interface Cable (Y5001) 6-6

The Y5001 interface cable connects the Fluke 5205A Precision Power Amplifier to the 5440B
Boost Interface. This cable is 0.7 meters long and has two connectors on each end. One
connector on each end is for control signals, and the other connector on each end is for the
boost voltage output of the 54408, '




5440 Series

5220A Interface Cable (Y5002) 6-7

The Y5002 interface cable connects the Fluke 5220A Transconductance Amplifier to the
5440B Boost Interface. This cable is 0.7 meters long and has two connectors on each end.
One connector on each end is for control signals, and the other connector on each ¢nd is for
the boost voltage output of the 54408,

Armored [EEE-488 Interface Cables (Y8021, Y8022, Y8023) 6-8

These three cables provide an 1IEEE-488 interface from the 5440B/5442A to any IEEE-488
compatible device. The three lengths are: one meter for the Y8021, two meters for the Y8022,
and four meters for the Y8023,

RS-232-C Printer Cables (Y5003, Y5004) 6-9

These cables connect an R5-232-C compatible printer such as the Fluke model 1776B t¢ the
5440B/5442A printer interface port. Y3003 is 5 feet long and Y5004 is 10 feet long. These
cables have male connections at both ends.

Extender Kit (Y5021) 6-10

This kit containg the extender cables and PCAs required for servicing the 5440B/5442A,
Component parts of the kit are as follows:

Analog/ Digital Extender PCA (P/N 608281)
Filter A & B Extender PCA (P/N 608117)
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Section 7
Schematic Diagrams

TABLE OF CONTENTS
FIGURE NO.

7-1. Overall Analog Diagram

7-2. Al Keyboard Assembly

7-3. A2 Front Panel Controller

7-4. A3 Motherboard PCA

7-5. A4 Output PCA

7-6. AS Output/ HV Control PCA

7-7. A6 Sample String PCA

7-8. A7 Preamp PCA

79, A8 REF/DAC Digital PCA

7-10. A9 REF/DAC Analog PCA

7-11. A10 Inside Regulator PCA

7-12. All Guarded Transformer Termination PCA
7-13. A12 Filter A PCA

7-14. Al3 Filter B PCA

7-15. Al4 Guard Crossing PCA

7-16, AlS Memory PCA

7-17, Al6 Controller PCA

7-18. A17 Outside Guard Regulator PCA
7-19, Al T/QO PCA

7-20, A19 Outside Guard Terminator PCA
7-21.  A22 Display PCA

7-22. A23 1/0 Connector PCA
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