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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at the time of shipment from the
factory. Hewlett-Packard further certifies that its calibration measurements are traceable to the United States Na-
tional Bureau of Standards, to the extent allowed by the Bureau’s calibration facility, and to the calibration facilities
of other International Standards Organization members.

WARRANTY

This Hewlett-Packard product is warranted against defects in material and workmanship for a period of one year
from date of shipment [,except that in the case of certain components listed in Section I of this manual, the warranty

shall be for the specified period] . During the warranty period, Hewlett-Packard Company will, at its option, either
repair or replace products which prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by -hp-. Buyer shall
prepay shipping charges to -hp- and -hp- shall pay shipping charges to return the product to Buyer. However, Buyer
shall pay all shipping charges, duties, and taxes for products returned to -hp- from another country.

Hewlett-Packard warrants that its software and firmware designated by -hp- for use with an instrument will execute its
programming instructions when properly installed on that instrument. Hewlett-Packard does not warrant that the
operation of the instrument, or software, or firmware will be uninterrupted or error free.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer,
Buyer-supplied software or interfacing, unauthorized modification or misuse, operation outside of the environmental
specifications for the product, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY

DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE.

EXCLUSIVE REMEDIES
THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. HEWLETT-
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE-
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.
ASSISTANCE

Product maintenance agreements and other customer assistance agreements are available
Sor Hewlett-Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office.
Addresses are provided at the back of this manual.
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This chart shows the manuals that are included in 3497A documentation. There are
three types of 3497A manuals, as shown below. Each manual is enclosed in a

3497A DOCUMENTATION

separate three-ring binder.

The Operating, Programming and Configuration (OPC) Manual contains operating, pro-
gramming and configuration information for the 3497A, for its plug-in assemblies (Op-
tions 010 through 140) and for the 3498A Extender.

The 3497A Mainframe Installation and Service (I&S) Manual contains installation and

service information for the 3497A mainframe and the optional DVM.

The Plug-in Assembly Service Manual contains service information for all plug-in
assemblies {(except Option 140 which has no user service) and for the 3498A

Extender.

3497A DOCUMENTATION

Manual -hp-
03497-90019

3497A Operating, Pro-
gramming and Configuration

Part Number

3497A Plug-In Assembly/
3498A Service Manual
-hp- Part Number
03497-90021
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SAFETY SUMMARY

The following general safety precautions must be observed during all phases of operation, service, and repair of this
instrument. Failure to comply with these precautions or with specific warnings elsewhere in this manual violates
safety standards of design, manufacture, and intended use of the instrument. Hewlett-Packard Company assumes no
liability for the customer's failure to comply with these requirements. This is a Safety Class 1 instrument.

GROUND THE INSTRUMENT

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

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

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

KEEP AWAY FROM LIVE CIRCUITS

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

DO NOT SERVICE OR ADJUST ALONE

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

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

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

DANGEROUS PROCEDURE WARNINGS

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

‘ WARNING I

Dangerous voltages, capable of causing death, are present in this instrument. Use ex-
treme caution when handling, testing, and adjusting.




SAFETY SYMBOLS

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

-
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NOTE:

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

Indicates dangerous voltage (terminals fed from the interior by
voltage exceeding 1000 volts must be so marked).

Protective conductor terminal. For protection against electrical
shock in case of a fault. Used with field wiring terminals to in-
dicate the terminal which must be connected to ground before
operating equipment.

Low-noise or noiseless, clean ground (earth) terminal. Used for a
signal common, as well as providing protection against electrical
shock in case of a fault. A terminal marked with this symbol must
be connected to ground in the manner described in the installation
(operating) manual, and before operating the equipment.

Frame or chassis terminal. A connection to the frame (chassis) of
the equipment which normally includes all exposed metal struc-
tures.

Alternating current (power line).
Direct current (power line).

Alternating or direct current (power line).

The WARNING sign denotes a hazard. It calls attention to a pro-
cedure, practice, condition or the like, which, if not correctly per-
formed or adhered to, could result in injury or death to personnel.

The CAUTION sign denotes a hazard. It calls attention to an
operating procedure, practice, condition or the like, which,if not
correctly performed or adhered to, could result in damage to or
destruction of part or all of the product.

The NOTE sign denotes important information. It calls attention
to procedure, practice, condition or the like, which is essential to
highlight.
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SECTION |
GENERAL INFORMATION

I WARNING I

The information in this manual is for the use
of Service Trained Personnel. To avoid elec-
trical shock, do not perform any procedures
in the manual, install or reconfigure the in-
strument, or do any servicing to the 3497A
and its options, unless you are qualified to do
so.

1-1. INTRODUCTION

1-2. The 3497A Installation and Service Manual has in-
formation to install, reconfigure, and service the main-
frame of the 3497A Data Acquisition/Control Unit. This
includes information for the standard mainframe (HP-
IB), Serial 170 mainframe (Option 232), front panel, and
voltmeter option (Option 001). If you need information
for other options (e.g. Counter, Strain Gage, etc.), refer
to the appropriate option manual. This manual is design-
ed for the use of Service Trained Personnel only.

NOTE

The 3497A Installation and Service Manual
applies only for the 3497A°s standard (HP-
IB) and Serial 1/0 mainframes, front panel,
and voltmeter option. For other options, refer
to the appropriate option manual.

1-3. HOW TO USE THE MANUAL

. 1-4, The manual is divided into eight different sections
plus three appendices with each section responsible for
certain information. For example, Section 1I has installa-
tion information, Section V has the parts listing, Section
VIII has service information, etc. The sections are as
follows:

1-5. Section | - General Information

1-6. A short description of the manual and introduction
to the 3497A is given in this section. The section also lists
instrument options and accessories.- The specification
table is not included; it is in Section IV of the manual.

1-7. Section Il - Installation

1-8. This section explains how the 3497A is prepared for
use and includes power requirements, line voltage selec-

tion, etc. The section also explains how to connect the’
scanner for remote operation (both HP-IB and Serial—"

170).

1-9. Section Il - Instrument Control

1-10. The 3497A can be locally or remotely controlled,
which is explained in Section 1II. Local control is per-
formed from the front panel and remote control is over
the HP-IB or Serial 1/0 bus.

1-11. Section IV - Performance Test and Adjustment

1-12. The 3497A’s complete performance tests and ad-
justment procedures are in this section. The required
equipment table and specification table are also includ-
ed in Section IV.

1-13. Section V - Replaceable Parts

1-14. Section V lists the replaceable parts for the main-
frame, front panel, and voltmeter option. Pictures and
illustrations of chassis and mechanical parts are also
included.

1-15. Section VI - Backdating

1-16. This section has information for adapting the
manual for 3497A’s with serial number prefixes different
than shown on the title page.

1-17. Section VII - Theory Of Operation

1-18. The complete theory of operation for the 3497A’s
mainframe, front panel, and voltmeter is in this section.

1-18. Section VIIl - Service

1-20. This section has troubleshooting procedures,
schematics, and other applicable service and maintenance
items for the 3497A. Troubleshooting procedures,
schematics, and block diagrams are given in service
groups. Included in Section VIII are also procedures to
select the appropriate service groups.

1-21. APPENDIX

1-22. The manual has three appendices: Appendix A, B,
and C. The appendices give a short description of the
Hewlett-Packard Interface Bus, Serial I/0, and other ap-
plicable information.

1-23. 3497A DESCRIPTION
1-24. The following paragraphs give a description of the

different sections and options of the 3497A to which this
manual applies.” - S b ,

1-1



General Information

1-25. Mainframe

1-26. The mainframe of the 3497A provides the inter-
facing, power supplies, and support structure for optional
plug-in cards and assemblies. It is also the interfacing
means between the 3498A Extender and a controller. A
block diagram representation of the mainframe is in
Figure 1-1.

1-27. The outguard controller circuitry of the mainframe
controls the digital communication between the HP-IB
or Serial 170, front panel, rear panel ports, inguard cir-
cuitry (via the crossguard), timer/pacer, and the outguard
option cards. The outguard controller can have either
HP-IB circuitry or Serial 1/0 circuitry. It cannot have
both at the same time. The HP-IB circuitry permits com-
munication between the 3497A and an HP-IB compati-
ble computer or controller. The Serial I/O circuitry
permits communication with a computer in a bit serial
format, either directly or over telephone lines using
asynchronous full duplex modems.

1-28. Front Panel

1-29. Local control is accomplished by using the 3497A’s
standard front panel. This front panel has an alpha-
numeric keyboard for programming the scanner and a
display for showing measurement results, status, etc. The
front panel also has an audible and programmable alarm
(beeper), which turns on if an illegal entry is made from
the keyboard. The front panel does not affect the remote
control capabilities of the 3497A.

1-30. If only remote control is desired (i.e., no local con-
trol), the standard front panel can be replaced by an op-
tional front panel (Option 260). The optional panel has
only an On/Off switch and power On indicator. Since
it has no keyboard and display, all programming and
display of readings is performed remotely by a computer
or controller.

1-31. Voltmeter Option

1-32. The voltmeter option (Option 001), if installed, is
part of the inguard circuitry. The voltmeter gives the
3497A dc voltage measurement capabilities which, along
with a programmable current source (which is part of the
voltmeter card), can be used for resistance measurements.
The voltmeter is fully programmable either locally from
the front panel, or remotely over the HP-IB or Serial 1/0
bus.

1-33. INSTRUMENT AND MANUAL IDENTIFICATION

1-34, Instrument Identification is by a serial number
located on the 3497A’s rear panel. Hewlett-Packard uses
a two-part serial number, with the first part (prefix) iden-
tifying a series of instruments and the second part (suf-
fix) identifying a particular instrument within a series.
An alpha character between the prefix and suffix iden-
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tifies the country in which the 3497A was manufactured
(A is for the U.S.A., G is for Germany,etc.).

1-35. OPTIONS

1-36. The available options for the 3497A are rack
mounting options and functional options (e.g., plug-in
options like the Counter, Strain Gage, etc.). The rack
mounting options are listed in Table 1-1 and the func-
tional options with corresponding field installable kits are
listed in Table 1-2. Another option is Option 910. This
option supplies an extra set of manuals.

Table 1-1. Rack Mounting Options

3497A Option -hp- PIN Description
907 5061-0090 | Front Handle Kit
908 5061-0078 | Rack Flange Kit
909 5061-0084 |Rack Flange and Handle Kit

Table 1-2. Option/Functional Area Cross Reference

34974 Field Functional
Option Installable Kit Area

Standard NA 3497A mainframe with realtime clock, front
panel keyboard and display, and HP-IB
interface

Opt. 001 44420A 5% digit voltmeter and current source

Opt. 010 44421A 20 channel relay multiplexer assembly

Opt. 020 44422A Relay multiplexer assembly with thermocou-
ple compensation

QOpt. 050 44425A 16 channel digital/interrupt assembly

Opt. 060 44426A 100KHz reciprocal counter assembly

Opt. 070 44427A 120 ohm strain gage/bridge assembly

Opt. 071 444278 350 ohm strain gage/bridge assembly

Opt. 110 44428A 16 channel actuator/digital output assembly

Opt. 115 44431A 8 channel high voltage actuator assembly

Opt. 120 44429A Dual output zero to + 10V D to A converter

Opt. 130 44430A Dual output zero to 20 milliamps/4 to 20
milliamp D to A converter

Opt. 140 44432A Breadboard card

Opt. 230 NA Clock format is M:D:H:M:S

Opt. 231 NA Clock format is D:M:H:M:S

Opt. 232 NA Serial /0 {R5232) interface replaces HP-IB
interface

Opt. 260 NA Delete 3497A keyboard and display li.e.,
standard front panel)

Opt. 298 NA Add a 3498A Extender
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SECTION II
INSTALLATION

.2-1. INTRODUCTION

2-2. This section of the manual has the necessary infor-
mation and instructions to install and interface the 3497A
Data Acquisition/Control Unit. Included are initial
inspection procedures, power requirements, environmen-
tal information, and instructions for repacking the
instrument for shipment. Other information includes the
operation and configuration of the battery back-up cir-
cuitry which is used to keep the 3497A’s real time clock
(part of the timer/pacer circuitry) operational when ac
power is removed. The information in this section is for
Service Trained Personnel.

2-3. The information in this section is for both the
HP-1B and Serial I/0 mainframes, front panel, and
voltmeter option. For installation instructions of other
options, refer to the applicable Installation and Service
Manuals of the options.

| WARNING I

The information in this manual is for the use

of Service Trained Personnel. To avoid elec- -
trical shock, do not perform any procedures

in the manual or do any servicing to the 34974
and its options, unless you are qualified to do

so. -

2-4. INITIAL INSPECTION

2-5. The 3497A was carefully inspected both mechanical-
ly and electrically before shipment. It should be free of
scratches and in perfect electrical order upon receipt. To
confirm this, the instrument should be inspected for
physical damage incurred during transit. If the instrument
was damaged in transit, file a claim with the carrier. If
there is any damage or if the unit does not operate cor-
rectly, see the warranty statement at the beginning of this
manual.

2-6. SAFETY CONSIDERATIONS

2-7. It is imperative that only service trained personnel
be allowed access to devices within the cabinet enclosure
of the 3497A. Under any circumstances, be aware of the
following safety information.

| WARNING l

Only personnel with a knowledge of electronic
circuitry should install, reconfigure, or service
the instrument.

| WARNING '

Voltages as high as 357 volts may be present
within the protective safety covers and cabinet
enclosures of the 3497A. These voltages may
be accessible on exposed chassis parts once the
safety cover has been removed. LETHAL
voltages may be present even though the in-
Strument is disconnected from the ac power
source. BEFORE handling or servicing any of
the plug-in option cards, make certain that all
sources of external power are either turned off
or disconnected.

2-8. If the Serial I/0 option is installed (see paragraph
2-56 to configure the option), the following additional
cautions and warnings must also be considered.

a. Since the Serial 1/0 option is designed for use with
modems and computers that are RS-232C or
RS-449/423 compatible, more than one manufacturer
may supply components to make up a system. Some
manufacturers might use a grounding technique that
could cause electrical shock hazards to exist when an
RS-232C device is interfaced. The safety considerations
are meant to make the user aware of this type of con-
dition, in order that the necessary precautions to pre-
vent electrical shock are taken.

b. The 50-pin male connector on the cable supplied
with the Serial I/0 option, has a metal housing which
is internally connected to the cable shield. The other
end of the cable has an RS-232C connector with pin
1 also connected to the cable shield. Standard RS-232C
defines pin 1 as ‘‘Protective Ground’’ and the pin will
most likely be connected to the chassis of the device
being interfaced (computer or modem). Make sure the
device being interfaced has an earth ground chassis.
This insures that the exposed metal housing on the
3497A connector will not be at some hazardous voltage
level.

2-1
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Figure 2-1. Line Voltage Switches and Clock
Backup Mode Select Jumper

c. Standard RS-449/423 does not specify protective
ground or safety ground as an interchange circuit.
Therefore, wheén RS-449/423 equipment is used and
bonding of the equipment chassis’ is required, a-
separate conductor should be used which conforms to
the appropriate national or local electrical code. In all
cases, any device being interfaced should have an earth
grounded chassis.

2-9. BATTERY BACKUP FOR REAL TIME CLOCK

2-10. The 3497A mainframe includes a real time clock
which is part of the timer/pacer circuitry. As long as the
'3497A is turned on with ac power connected, the clock
is kept operational by the instrument’s power supplies.
If ac power is removed, a 6V lead-acid battery (inside the
3497A mainframe) is used to backup the clock (i.e., the
clock is kept operational by the battery). The only func-
tions backed up are the time of day and elapsed time;
other clock functions are not backed up. The battery
backup operation can be selected for two different modes:
Mode | and Mode 2.

2-11. Mode 1. In Mode 1, the battery keeps the real time
clock operational when ac power is disconnected and the
Power Line switch is in the ON position. Battery backup
does not operate when the Power Line switch is in the
OFF position. Mode 1 is selected when the Continuous
Clock Select Jumper (jumper plug P7) is in the ““OFF”’
position. Jumper plug P7 is located on the power supply
board behind the front panel as shown in Figure 2-1. The
3497A is set to Mode 1 when shipped from the factory.

2-2
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2-12. Mode 2. In this mode, the battery keeps the real
time clock operational when ac power is disconnected and
the Power Line switch is either in the ON or OFF posi-
tion. The mode is selected by placing the Continuous
Clock Select Jumper (P7) in the ““ON’’ position.

2-13. Battery. The battery, if fully charged, supplies
power to the clock for at least 24 hours. Normally, the
battery is always charged whenever the instrument is
operating on ac line power. If the battery is completely
discharged, 14 to 16 hours may be required to fully charge
the battery.

2-14. POWER REQUIREMENTS
2-15. Line Power

2-16. The 3497A can be operated from any power source
supplying 100V, 120V, 220V, or 240V (-10% to + 5%),
48Hz to 66Hz single phase. Power consumption is
150VA.

2-17. Line Voltage and Fuse Selection

2-18. The line voltage is selected by switches located on
a subpanel behind the front panel, as shown in Figure
2-1. Figure 2-2 provides information for line voltage and
fuse selection. Make sure the line voltage select switches
are in the correct position and the correct fuse is installed
(see next paragraph), before applying ac power to the
instrument.

2-19. The fuse is changed at the fuse holder located on
the right rear panel of the instrument (as viewed from
the back). To remove the fuse, insert the blade of a small
flat blade screwdriver into the slot of the fuse holder cap.
Push the cap in and then turn the screwdriver
counterclockwise. The cap will pop out and can then be
removed with the fuse.

‘ 100V/120V = 1.5A Fuse
220V/240V = .8A Fuse

L0 190

@ LO = 100V/220V @
= 120V/240V

HI

Figure 2-2. Line Voltage Selection
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ECAUTION§

Always make sure that ac line power is discon-
nected before removing and installing the
Suse.

2-20. Power Cable and Grounding Requirements

2-21. To protect operating personnel, the National Elec-
trical Manufacturer’s Association (NEMA) recommends
that the instrument panel and cabinet be grounded. The
3497A is equipped with a three-conductor power cord
which, when plugged into an appropriate receptacle,
grounds the instrument cabinet. The type of power cable
plug shipped with each instrument depends on the coun-
try of destination. Refer to Figure 2-3 for the available
power cable and plug configuration and appropriate -hp-
part numbers.

2-22. INSTRUMENT INSTALLATION

2-23. The 3497A is shipped with plastic feet and tilt stand
in place, ready for use as a bench instrument. The plastic
feet are shaped so that the 3497A can be mounted on top
of other -hp- instruments. When operating the instru-
ment, choose a location that provides at least three inch-
es of clearance at the rear and at least one inch at each
side. Failure to provide adequate clearance will result in
excessive internal temperature increases, reducing instru-
ment reliability. The clearances provided by the plastic
feet in bench stacking and the filler strip in rack mount-

Installation

ing allow air passage across the top and bottom cabinet
surfaces.

2-24. Option 908 (Rack Mount Kit) enables the 3497A
to be mounted in an equipment cabinet. The rack mount
for the 3497A is an EIA standard width of 19 inches. In-
stallation instructions are included with the Rack Mount
Kit. Option 908 may be ordered from the nearest -hp-
Sales and Service Office under -hp- Part Number
5061-0078.

2-25. PLUG-IN OPTION INSTALLATION

2-26. Since there are a total of five slots in the 3497A
mainframe (marked O to 4), a total of five plug-in op-
tions can be installed in the instrument. The installation
procedure is as follows:

a. Turn the 3497A off and remove the power line cable
from the instrument.

b. Remove the rear panel safety cover by removing
the two screws that hold it in place.

c. Locate the option to be installed. Each option has
an option card (i.e., printed circuit board) and a ter-
minal card. Make sure the terminal card is plugged into
the option card. ‘

d. Locate the finger ring on the terminal card and
make sure it is turned to the left (i.e., counterclockwise

260V 250V
OPERATION OPERATION

PLUG*: CEE22-V1
CABLE*: HP 8120-1860

PLUG*®: CEE7-V11
CABLE*: HP 8120-1692

250 vV 260 V
OPERATION OPERATION

RS
5D

PLUG*®: SEV 1011.1959-24507
PLUG*: DHCR 107 TYPE 12
CABLE": HP 8120-2956 CABLE*®: HP 8120-2104

125V - 6A*" 250V

OPERATION
\\

PLUG": NEMA 1-15P
CABLE*: HP 8120-0684

N
SOV

PLUG*: NZSS 198/AS C112
CABLE®: HP 8120-0686

Sl

PLUG*: BS 1383A
CABLE*®: HP 8120-1703

250 V 250 V- BA**
OPERATION

125V -BA**

PLUG": NEMA 5-16P
CABLE*: HP 8120-1521

PLUG®: NEMA G-15P
CABLE*: HP 8120-0698

STD-B-4195 {Rev.)

* The number shown for the plug is the industry identifier for the phug onty.
The number shown for the cable is an HP part number for a comptets cable including the plug.
* *UL listed for use in the United States of America

- s - --—- Figure-2-3. Power-Cables - ~——— -

2-3
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Figure 2-4. Outguard and Inguard Mounting Screws and Finger Rings

in the unlocked) position. The ring should be in the
horizontal position.

e. Determine into which slot the option is to be in-
stalled (slot 0, 1, 2, 3, or 4) and locate the arrow next
to the slot number. Align the option card (printed cir-
cuit board) with the arrow and then push the option
into the slot until it seats firmly in the motherboard
socket.

f, Turn the finger ring on the terminal card to the right
until the ring is at a 45 degree angle to lock the option
in place. The option is now installed.

2-27. OUTGUARD LOGIC BOARD REMOVAL AND
INSTALLATION

2-28. Removal and installation of the HP-IB or Serial
1/0 outguard logic board is required if the boards are
to be reconfigured. For example, the boards need to be
removed to change the HP-IB address (see paragraph
2-41), the speed, word length, etc. (see paragraph 2-72
through 2-88), or the internal clock configuration. The
removal and installation procedures are in the following
paragraphs. Since the outguard logic board may need to
be removed for troubleshooting purposes, the following
procedures are repeated in Section VIII of this manual.

2-4

2-29. Outguard Logic Board Removal

2-30. The following procedures can be used to remove
the outguard logic board (HP-IB or Serial 1/0).

I WARNING I

To avoid personal injury and/or equipment
damage, read and understand the safety con-
siderations in paragraph 2-6 before any cable
is connected to any device interfaced with the
3497A.

a. Turn the 3497A off and remove the power line cable
from the instrument.

b. Remove the rear panel safety cover by removing
the two screws that hold it in place.

¢. Locate the screw on the outguard rear panel that
holds the logic board in place (see Figure 2-4). Loosen
the screw but do not remove it. It is held in place by
a rubber grommet.

d. Use the built-in finger ring, shown in Figure 2-4,
to pull the board from the motherboard slot connec-
tor. The board can be completely removed from the
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mainframe or pulled out only far enough to gain ac-
cess to the switches. The board must be completely
removed to reconfigure the clock.

e. To reconfigure the HP-IB controller, refer to
paragraph 2-41 and to reconfigure the Serial /O con-
troller, refer to paragraph 2-56. To reconfigure the
clock, refer to paragraph 2-91.

2-31. Outguard Logic Board Installation

2-32. To install the outguard logic board, do the
following:

a. Make sure the 3497A is turned off and the power
line cable is removed from the instrument.

b. Locate the arrow marked ‘“‘CONTROLLER
TIMER?”’ and align the outguard logic printed circuit
board with the corresponding slot. Then push the
board into the slot until it sets firmly in the mother-
board socket.

¢. Locate the rear panel mounting screw, shown in
Figure 2-4, and tighten the screw.

d. Reinstall the rear panel safety cover. The 3497A
is now ready for use.

2-33. INGUARD CONTROLLER (AND VOLTMETER OPTION)
REMOVAL AND INSTALLATION

2-34. If the voltmeter option is installed in the instru-
ment, the option’s printed circuit board is physically and
electrically connected to the inguard controller board. 1f
the voltmeter option is not installed, only the inguard con-
troller board is installed in the instrument. The voltmeter
option is normally installed at the factory, but is also
available as a field installable option. The following pro-
cedures show how to remove the inguard controller
board, how to install the voltmeter option, and how to
install the inguard controller board. Similar procedures
- are in Section VIII of this manual.

2-35. Inguard Controller Board Removal Procedure

2-36. Do this procedure to remove the inguard controller
board. This procedure must also be performed to install
the voltmeter option. Do the following:

a. Turn the 3497A off and remove the power line cable
from the instrument.

b. Remove the rear panel safety cover by removing
the two screws that hold it in place. Then remove the
rear cover bracket by removing the screws that hold
the bracket in place.

Installation

¢. Locate the two screws on the inguard rear panel that
hold the inguard controller board in place (see Figure
2-4). Loosen the screws but do not remove them. They
are held in place by a rubber grommet.

d. Use the built-in finger ring, shown in Figure 2-4,
to pull the controller board from the motherboard slot
connector. This completes the procedure to remove the
inguard controller board. To reinstall the board, go
to paragraph 2-39. To install the voltmeter option,
continue with the next paragraph.

2-37. Voltmeter Option Installation Procedure

2-38. Use this procedure to install the voltmeter board
on the inguard controller board. Do the following:

a. Obtain the voltmeter option printed circuit board.
While looking at the board, locate the two sets of red
and black twisted pair cables attached to the board.
One twisted pair is soldered to the board and the other
pair is plugged into the board using female plug-in
terminals.

b. Locate the red and black twisted pair soldered to
the board and connect it (with its female plug-in ter-
minals) to the non-component side of the inguard con-
troller board, as shown in Figure 2-5.

¢. Place the voltmeter printed circuit board, compo-
nent side out, in position over the inguard controller
mounting frame, as shown in Figure 2-5. Secure the
board with one machine screw (-hp- Part Number:
0515-0271), as shown in Figure 2-6.

d. Locate the other red and black twisted pair plugg-
ed into the voltmeter board. Wrap the red wire around
the binding post of the CURRENT SOURCE HI Ter-
minal and wrap the black wire around the binding post
of the CURRENT SOURCE LO Terminal, as shown
in Figure 2-7. Using a low wattage (25 Watt) solder-
ing iron, solder the red and black wires to their respec-
tive terminals.

e. Carefully attach the ribbon cable edge connector
to the inguard controller board.

f. Place the metal shield in position over the voltmeter
board and secure it with four machine bolts (-hp- Part
No: 0515-0212), as shown in Figure 2-8.

g. Locate the A/D Jumper (blue jumper plug, J3) on
the inguard controller board shown in Figure 2-9.
Place the jumper in the ’A/D’’ position, as shown
in the figure. Continue with the next paragraph to
reinstall the Inguard Controller Board.

2-5
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Figure 2-5. Inguard Controller Board with Voltmeter

2-39. Inguard Controller Board Installation
2-40. Do the following procedure.

a. Make sure the 3497A is turned off and the power
line cable is removed from the instrument.

b. Locate the arrow marked “INGUARD CON-
TROLLER”’ and align the inguard controller printed
circuit board into the corresponding slot. With the in-
guard controller board aligned, the voltmeter board

should also be aligned with the ““A/D OPTION’’ ar-
row. Then push the board into the slot until it sets
firmly in the motherboard socket.

c. Locate the rear panel mounting screws, shown in
Figure 2-4, and tighten the screws.

d. Reinstall the rear panel safety cover. If the
voltmeter option board was installed, perform the
voltmeter performance tests in Section- IV of this
manual. The 3497A is now ready for use.

é& 2 DUD Qoo 555 —
%: gODO DDD 80? DDSOOSOSO
=¥ OD ] DD oDDD © Or_l
%E SD (] OO — i
0o o ]

—

3437A-YN-8-3

SECURE WITH
THIS SCREW

Figure 2-6. Mounting Veltmeter on Inguard Controller
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Figure 2-9. A/D Jumper Configuration
2-41. HP-IB SYSTEM CONNECTION AND CONFIGURATION

2-42. The following paragraphs have information on how
to connect the 3497A to the Hewlett-Packard Interface

Bus (HP-IB), how to set the HP-IB Address, and other .

related information. The paragraphs apply to 3497A’s
with HP-IB capabilities only. For the Serial 1/0O connec-
tion and other applicable information, refer to paragraph
2-56.

3497A

NOTE

HP-IB is Hewlett-Packard’s implementation of IEEE
Std. 488-1978, ‘‘Standard Digital Interface For Program-
mable Instrumentation’’.

2-43. HP-IB Connection

2-44. The 3497A is connected to the HP-IB by the
3497A’s rear panel HP-IB connector using an interface
cable. A typical HP-IB System interconnection is il-
lustrated in Figure 2-10.

2-45. A total of 15 HP-IB compatible instruments can
be connected to the Bus. The required cables have iden-
tical ““piggy-back’’ connectors on both ends so that
several cables can be connected to a single source. A good
rule to follow is not to stack more than two cables on
any one connector. If the stack is loo long, any force on
the stack can produce enough leverage to break the con-
nector. Since the 3497A uses all the HP-IB lines, any
damaged connector pins may affect the HP-IB operation.
Also, be sure that each connector is firmly screwed in
place to keep it from working loose during normal use.
The HP-IB Connector is represented in Figure 2-11.

2-46. Cable Restrictions

2-47. Various lengths of HP-IB cables can be ordered,
as an accessory, from Hewlett-Packard. The.cable lengths
are 1, 2, or 4 meters and are listed in Section I of this
manual with corresponding accessory numbers. For cor-
rect HP-IB performance, certain cable length restrictions
should be followed. These restrictions are as follows and

&
—

[q?@(aﬁi

;
=

3455-68-4600

%%
\

\/

/

Figure 2-10. Typical HP-IB System Interconnection
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Figure 2-11. HP-IB Connector

should be kept in mind when connecting the 3497A to
the HP-IB.

a. The total cable length for the system must be less
than or equal to 20 meters (65 feet).

b. The total cable length must be less than or equal
to 2 meters (6 feet) times the total number of devices
connected to the HP-IB.

2-48. HP-IB Address Selection

2-49. 3497A Address. Each instrument on the HP-1B has
a unique ‘‘talk’’ and “‘listen’’ address. The address of
the 3497A is set by its Bus Address Switch. The Bus Ad-
dress Switch is a seven section “DIP’’ switch located on
the outguard logic board (board is behind the right rear
panel of the instrument). Since the switch is on the
outguard logic board, the board must be removed to
change the 3497A’s address setting. A procedure to
remove the board is in paragraph 2-27.

2-50. The five switches labeled Al through AS in Table
. 2-1 are used.to.set the address. The-other two switches

are used to set the 3497A to the Talk-Only Mode (see
paragraph 2-52) and the Power-On SRQ feature (see
paragraph 2-54). For more information on the Talk-Only
mode and Power-On SRQ, refer to Section III of this
manual or the 3497A Operating, Programming, and Con-
figuration Manual.

2-51. The 3497A normally leaves the factory with an ad-
dress setting of decimal ‘“09’’. The corresponding ASCII
codes for the listen address is ‘“)’’ and for the talk ad-
dress is “‘I’’. The 3497A may be left at its factory setting
or may be set to any alternate address setting, as shown
in Table 2-1. The table also shows the instrument’s ad-
dress switch, factory address setting, and location of the
switch on the outguard logic board.

2-52. Talk-Only Mode

2-53. The 3497A’s Talk-Only mode is used to provide
measurement data to another device, like a printer,
without an HP-IB controller or computer. The mode is
selected by setting the sixth switch of the Address Switch
to the ‘‘1”’ (ON) position, as shown in Table 2-1. Refer

- to-Section- 11 of this manual-or the 3497A Operating,-

29
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Programming, and Configuration Manual for more
information.

2-54. Power-On SRQ

2-55. The 3497A’s Power-On SRQ feature, when en-
abled, allows the instrument to output a Require Service
message after the instrument is turned on. The feature
is selected by setting the seventh switch of the Address
Switch (labeled ‘‘SRQ ON’’ on the outguard board) to
the ¢“1’’ (ON) position, as shown in Table 2-1. Refer to
Section III of this manual or the 3497A Operating, Pro-
gramming, and Configuration Manual for more
information. '

2-56. SERIAL 1/0 OPTION CONNECTION
AND CONFIGURATIONS

2-57. The 3497A, if the Serial I/0O option is installed, is
compatible with the Electronic Industries Association
(EIA) standards RS-232C and RS-449 with RS-423 elec-
trical subset. The CCITT (Comite Consultatif Interna-
tional Telephonique et Telegraphique; an international
consultive body) standards V.24 and V.10 closely resem-
ble RS-232C and RS-423 respectively, although they are
not identical. Since the Serial I/0 option does not use

3497A

all of the interchange circuits defined by the standards
(both EIA and CCITT), the respective EIA and CCITT
standards can be considered equivalent from a 3497A
operating standpoint.

2-58. EIA RS-232C (CCITT v.24)

2-59. RS-232C specifies a 25-pin connector but does not
define a particular type. The connector on one end of
the cable supplied with the Serial 1/0 option has become
the industry de facto standard. Standard RS-232C
specifies that 22 of the pins will have dedicated
assignments for the data, control and timing circuits, and
leaves three pins unassigned. The electrical requirements
are specified for synchronous or asynchronous (used by
the 3497A) operation within its operating range of 0 to
20,000 bits per second (bps). For more information on
RS-232C, refer to Appendix B of this manual.

2-60. EIA RS-449/423 (CCITT V.10)

2-61. RS-449 designates a 37-pin connector and encom-
passes two standards for the voltage requirements, RS-422
and RS-423. RS-423 is implemented by the 3497A and
specifies the electrical characteristics for unbalanced
voltage digital interface circuits. RS-423 and RS-232C

Table 2-1. HP-IB Address Selection

ASCH Code
Character Address Switches S-bit
Listen Talk A5 A4 A3 A2 Al Decimal Code
SP @ ] 0 0 0 4] 00
! A 0 0 0 0 1 01
” B 0 0 0 1 0 02
# c 0o 0o 0 1 1 03
$ D 0o o0 1 0o © 04 o 1 |m
% E 0 0 1 0 1 05 L3 %2 | instrument
& F 0 0 1 1 0 06 E@] A3 ADDRESS
! G o 0 1 1 1 07 I |ae | SWITCHES
L F;S;?Sé =] TALK ONLY
0 1 1 0 @\J%—SUITCH
- Koo e
, L 0 1 1 0 0 12 bt -
- M 0 1 1 0 1 13
N 0 1 1 1 0 14
/ (0] 0 1 1 1 1 15
1] P 1 0 0 0 0 16
1 Q 1 0 0 0 1 17
2 R 1 0 0 1 0 18
3 S 1 0 0 1 1 19
4 T 1 0 1 (] 0 20
5 u 1 0] 1 0 1 21
6 \ 1 0 1 1 0 22
7 w 1 0 1 1 1 23
8 X 1 1 0 0 0 24
9 Y 1 1 0 o] 1 25
: Zz 1 1 0 1 0 26
; [ 1 1 0 1 1 27
< \ 1 1 1 0 0 28
= 1 1 1 1 0 1 29
> e ~ 1 1 1 1 0 30

HP-1IB
ADDRESS SELECT

1 ]
POSITION POSITION

7 Dol
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have overlapping parameters permitting interoperation
between the two types of devices. Performance will be
limited by the RS-232C device. RS-422 is not RS232C
compatible and is not implemented. For more informa-
tion on RS-449/423, refer to Appendix B of this manual.

2-62. RS-232C or RS-449/423 Lines Required

2-63. The lines required for operation depend on the type
of connection made. When the 3497A is interfaced direct-
ly to a computer (i.e., without a modem), the lines listed
in Table 2-2 are required. When communicating with a
computer or controller through a modem, the lines listed
in Table 2-3 are required. The tables list both the RS-232C
and equivalent RS-449/423 lines.

2-64. System Configurations

2-65. The 3497A can be operated in a system in one of

two ways:

a. Directly connected to a computer via RS-232C or
RS-449/423.

b. Connected to an asynchonous full duplex modem,
via RS-232C or RS-449/423, for remote site operation
using dedicated or switched telephone lines.

Typical system configurations are shown in Figure 2-12.
2-66. Cable Requirements and Length Restrictions

2-67. The 3497A (if the Serial I/0 option is installed) is
supplied with a cable (-hp- Part No. 13222-60001) that
has a 50-pin connector on one end and an RS-232C con-
nector on the other end. The 50-pin connector plugs into
the serial /0 connector on the rear panel. The RS-232C
connector plugs either into a modem or computer.

Installation

Table 2-2. Required Lines when Directly
Connected to a Controller

RS-232C Line RS-449/423 Line

Send Data

Ground for Send Data
Received Data

Ground for Received Data
Signal Ground

Transmitted Data
Received Data

Signal Ground

Table 2-3. Required Lines when Connected to a Modem

RS-232C Line RS-449/423 Line

Send Data
Ground for Send Data
Received Data

Transmitted Data

Received Data

Signal Ground
Data Termirial Ready

Data Carrier Detect
Request to Send
Clear to Send

Data Set Ready

Ground for Received Data
Signal Ground

Terminal Ready

Ground for Terminal Ready
Receiver Ready

Ground for Receiver Ready
Request to Send

Ground for Request to Send
Clear to Send

Ground for Clear to Send
Data Mode

Ground for Data Mode

2-68. RS-232C limits cable length to 50 feet (15.24
meters). The most important consideration is that the load
capacitance at the interface point cannot exceed 2500pF.
Longer cables are sometimes successfully used when the
total load capacitance does not exceed 2500pF. A
detrimental effect of excessive load capacitance is that
it increases the rise and fall times of digital signals on
the lines.

RS--232C
OR
RS~ 4497423
3497A CONTROLLER
TELEPHONE
LINE 7
3497A MODEM ——/I/—-—— MODEM- CONTROLLER
ns--zzzc\ ns~z'szcl
OR — 0R
RS-449/423 RS- 4437423

3497AIRS232) 2-6

Figure 2-12. System Configurations
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Figure 2-13. RS-449/423 Cable Length Restrictions

2-69. The cable length limits imposed by RS-449/423 de-
pend on the speed of operation as shown in Figure 2-13.
For example, with a cable length of 4000 feet (1200
meters), the maximum speed is 1000 bps. Figure 2-13 is
based on calculations and emperical data using twisted
pair telephone cables with a shunt capacitance of 16 pF
per foot, a source impedance of 50 ohms, a 12 volt peak
to peak source signal, and allowing a maximum near-end
crosstalk of one volt peak. The source signal rise time
at modulation rates below 900 bps is 100uS and above
900 bps is .1 bit time. Figure 2-13 does not account for
cable imbalance or common mode noise beyond 4V (sum
of ground potential difference, greater offset voltage and
externally induced noise).

2-12

2-70. Interchange Circuits Required

2-71. The required RS-232C or RS-449/423 interchange
circuits depend on the system configuration used (see
Figure 2-12). These circuits were given in Tables 2-2 and
2-3. Make sure that all of the required lines are assigned
properly in the connector which will be plugged onto the
3497A cable connector. Sometimes these assignments are
altered to meet special applications. The 3497A assumes
that the lines are assigned according to the respective stan-
dard used.
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2-72. Configuration Switch Settings

2-73. General. The Serial 1/0 option is equipped with
configuration switches that are preset at the factory to
implement the following:

300 bits per second (bps)
DCI1 Handshake ‘‘OFF”’
7-bit ASCII with odd parity
Direct connect to a controller
RS-232C operation

2-74. Although the configuration switches are located on
the outguard logic board, some of the switch settings can
be read without removing the board. This is done by do-
ing a system reset or system clear (see Section III of this
manual for more information), or by turning the 3497A
off and on again while watching the instrument’s display.
The first number in the display will be either a 0, 1, 2,
or 3, dependent on how word length and parity is
specified. The codes are as follows.

0 - 8-bit ASCII with odd parity
1 - 8-bit ASCII with no parity bit sent
2 - 7-bit ASCII with odd parity
3 - 7-bit ASCII with no parity bit sent

2-75. The second group of numbers indicates the selected
speed of operation. For example, 19,200 bps would be
displayed as 19.2, 9600 bps as 9.6, and so on. The status
of the DC1, modem/controller, and RS-232C/RS-449
switches are not displayed. To read these switches, the
outguard logic board must be removed. The procedure
to remove the board is described in paragraph 2-27.
Before going to the removal procedure, read the safety
precautions in paragraph 2-6.

2-76. Configuration Switches. The configuration swit-
ches on the outguard logic board (S1 and S2) are preset
at the factory. Switch S1 is used to configure the
following:

Speed of operation in bits per second (bps)
On/Off state of the DC1 Handshake

7 or 8-bit ASCII with parity specifier
Connect to a modem or to a computer

Switch S2 is used to configure the following:

RS-232C
or
RS-449/423

2-77. Any of the factory settings can be verified or
changed by removing the outguard logic board (refer to
paragraph 2-27 for the removal procedure). The follow-
ing paragraphs give the appropriate switch setting instruc-
tions for the configuration switches.
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2-78. Speed of Operation Switches. Switch segments 1,
2, and 3 of switch S1 are preset at the factory for 300
bps as follows:

Switch segment 1 set to ‘0"’
Switch segment 2 set to “‘1”’
Switch segment 3 set to “‘1”’

2-79. Refer to figure 2-14 to determine the location and
possible configurations of switch segments 1 through 3.
Note that the ““0”’ and ‘“1”’ positions are not labeled on
the outguard logic board. Make sure you are looking at
the switches correctly by orienting the board as shown
in Figure 2-14. A ““0”’ is set when a switch is positioned
to the right and a ‘‘1”’ is set when positioned to the left.

2-80. To change the speed of operation, refer to the table
in Figure 2-14. Choose the desired speed and change the
switches accordingly. For example, if you wish to operate
at 19,200 bps, set switch segments 1, 2, and 3 to <‘0”’ (right
position).

2-81. DC1 Handshake Switch. Switch segment 4 of S1
is preset to “‘0” at the factory to disable the DC1 hand-
shake (see Section III for information on DC1 hand-
shake). To enable the DC1 handshake, set switch segment
4 to *‘1”’ (left position). Since the “‘0’’ and ‘1’ positions
are not labeled on the outguard board, orient the switch
as shown in Figure 2-15.

2-82. Word Length and Parity Switches. Switch segment
S and 6 of Sl are preset at the factory for 7-bit ASCII
with odd parity, as follows:

Switch segment 5 set to “0”’
Switch segment 6 set to ““1”’

2-83. Refer to figure 2-16 to determine the location and
possible configurations of switch segments 5 and 6. Note
that the ‘0>’ and “‘1”’ positions are not labeled on the
outguard board. Make sure you are looking at the
switches correctly by orienting the board, as shown in
Figure 2-16. A “‘0’’ is set when a switch is positioned to
the right and a ‘‘1’’ is set when positioned to the left.

2-84. To change the word length and/or parity, refer to
the table in Figure 2-16. Choose one of four possible
selections and then set the switch segments accordingly.
For example, if you wish to select 8-bit ASCII with odd
parity, set switch segment 5 and 6 to ‘‘0’’ (right position).

2-85. Controller and MODEM Switch. Switch segment
7 of S1 is preset to “‘0’’ at the factory. This is the correct
setting when the 3497A is directly connected to a con-
troller. When using a modem, set switch segment 7 to
““1”’ (left position). Since the ““0°’ and ‘‘1”’ positions are
not labeled on the controller board, make sure the switch
is oriented as shown in Figure 2-17.

2-13
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2-86. RS-232C and RS-449/423 Switches. Switch
segments 2, 3, 4, and 5 of switch S2 are preset at the fac-
tory to ‘‘0’’, which is the setting for RS-232C.

2-87. Refer to figure 2-18 to determine the location and
possible configurations of switch segments 2 through 5.
Note that switch segment 1 is not used and may be in
either position. Also note that the “‘0’” and ‘1’ positions
are not labeled on the outguard board. Make sure you
are looking at the switches correctly by orienting the
board as shown in Figure 2-18. A *‘0”’ is set when a switch
is positioned to the right and a *“1”’ is set when position-
ed to the left.

2-88. To change the operation for RS-449/423, refer to
Figure 2-18 and move switch segments 2, 3, 4, and 5 to
“1’” (left position). Note that all of the switch segments
are set either to “‘0’” or ‘1”’, dependent on which serial
standard (RS-232C or RS-449/423) is used.
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2-89. Systém Installation Procedure

2-90. Once the 3497A has been set-up for the desired con-
figuration, use the following procedure to install the in-
strument in a system.

a. Locate the serial cable and plug it into the female
connector on the 3497A rear panel. Then snap the two
wire clips into place to secure it.

b. Connect the serial cable (RS-232C or RS-449/423)
to the computer or the modem, dependent on system
configuration used.

c. Plug the 3497A power cord into an ac power source
and turn the instrument on. The 3497A is now ready
for use.
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Figure 2-14. Serial 1|0 Speed of Operation Switches
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2-91. 3497A INTERNAL CLOCK CONFIGURATION

2-92. Dependent on which option is selected, the 3497A’s
internal clock can be configured for an American Date
Format (Month:Day:Hours:Minutes:Seconds) or a Euro-
pean Date Format (Day:Month:Hours:Minutes:Seconds).
Option 230 is the American format and option 231 is the
European format. The European format is selected by
installing a jumper on the timer/pacer board. The
American format is selected when the jumper is removed.
The following paragraph has a procedure to reconfigure
the clock.

2-93. Since the timer/pacer sits ‘‘piggyback’ on the
outguard logic board, the outguard board must be re-
moved to reconfigure the timer/pacer board. Do the
outguard logic board removal procedure in paragraph
2-29 before doing the following:

Installation

a. Refer to Figure 2-19. With the outguard logic board
removed, locate and remove the timer/pacer board
mounting screw on the outguard logic board. Remove
the screw, as shown in Figure 2-19.

b. Locate the timer/pacer board on the non-
component side of the outguard logic board. Remove
the timer/pacer board.

c. Refer to Figure 2-20 and locate the clock configura-
tion jumper on the timer/pacer board. If the American
date format (Option 230, M:D:H:M:S) is desired,
remove the jumper. If the European date format (Op-
tion 231, D:M:H:M:S) is desired, install and solder the
jumper into the appropriate holes.

. s1i4) F
Iireset 0 DC1 Handshake OFFI\
1 DC1 Handshake ON

34 97A-R3232-2-1

s uon-

Figure 2-15. Serial 1/0 DC1 Handshake Switch
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d. Once the clock is correctly configured, reinstall the
timer/pacer board onto the outguard logic board.
Then reinstall the mounting screw.

e. Go to paragraph 2-31 to reinstall the outguard logic
board.

2-94. STORAGE AND SHIPMENT

‘ WARNING '

The 3497A is not intended for outdoor use.
Do not expose it to rain or excess moisture.

2-95. Environmental Requirements

2-96. The instrument may be stored or shipped in en-
vironments within the following limits:

Temperature............ -40V°eC to +75°C
Humidity.............. Up to 95% at 40°C

3497A

The instrument should also be protected from
temperature extremes which cause condensation within
the instrument.

2-97. Packaging

2-98. Original Packaging. Containers and materials iden-
tical to those used in factory packaging are available
through Hewlett-Packard offices. If the instrument is be-
ing returned to Hewlett-Packard for service, attach a tag
indicating the type of service required, return address,
model number, and full serial number. Also, mark the
container FRAGILE to insure careful handling. In any
correspondence, refer to the instrument by model number
and full serial number.

2-99. Other Packaging. The following general instruc-
tions should be used for repacking with commercially
available materials.

$1(5) S1(6) Function
0 0 8-bit ASCII w/ Odd Parity
Preset 0 1 7-bit ASCIl w/ Odd Parity
1 0 8-bit ASCII (no parity bit sent)
1 1 7-bit ASCIl w/ Even Parity

Figure 2-16. Serial /0 Word Length and Parity Switches
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a. Wrap the instrument in heavy paper or anti-static
plastic. If the instrument is being returned to Hewlett-
Packard for service, attach a tag indicating the type
of service required, return address, model number, and
full serial number.

b. Use a strong shipping container. A double-wall car-
ton made of 350 pound test material may be adequate.

¢. Use a layer of shock-absorbing material 70mm to
100mm (3 to 4 inch) thick around all sides of the in-
strument, to provide firm cushioning and prevent

Installation

movement inside the container. Protect the control
panel with cardboard.

d. Seal shipping container securely.

e. Mark shipping container FRAGILE to insure
careful handling.

f. In any correspondence with Hewlett-Packard, refer
to the instrument by model number and full serial
number.

S1(7) Function

Preset 0

Direct Connect to Controllerl

1 Connect to MODEM

- Figure 2:17. ‘Serial 1/0-Controller/MODEM" Switch oot T B

2-17
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Figure 2-19.

Timer/Pacer Board Mounting Screw
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SECTION 1li
INSTRUMENT CONTROL

3-1. INTRODUCTION

3-2. This section of the manual contains information on
how to control the 3497A mainframe using the standard
front panel and over the HP-IB or Serial I/0 bus. The
information is an abbreviated description on controlling
the instrument and is written for a Service Trained Per-
son, rather than an operator. For more complete con-
trol information, refer to the 3497A Operating, Program-
ming, and Configuration Manual.

3-3. Section III is separated into the following areas.

Mainframe General Information - paragraph 3-5

Front Panel Control (Standard Front Panel) -
paragraph 3-16

Remote Control (HP-IB)- paragraph 3-20

Remote Control (Serial I/0) - paragraph 3-48

Front Panel Control is only possible if the standard front
panel is installed. If the optional front panel (Option 260)
is installed, no local control is possible. Instrument con-
trol using the HP-IB is only possible for the standard
mainframe and control using the Serial I/O bus is only
possible if the Serial I/O option (Option 232) is installed.

NOTE

HP-IB is Hewlett-Packard’s implementation
of IEEE Std. 488-1978, “‘Standard Digital In-
terface For Programmable Instrumentation”’
and ANSI MC.1.1.

3-4. The control information in the following paragraphs
also includes information on controlling the voltmeter
option (Option 001). The information only applies to in-
struments which have the voltmeter option installed. Ig-
nore the information if the option is not installed.

3.5. MAINFRAME GENERAL INFORMATION
3-6. AC Power Requirements '

3-7. Before connecting ac power to the 3497A, make sure
the power source matches the requirments of the instru-
ment (see line voltage switches behind the front panel).
If the instrument is incompatible with the power source,
refer to Section II of this manual for power requirement
modification.

3-8. Turn-On and Reset

3-9. When the 3497A is first turned on, it goes through
a Self-Test routine. This routine is used to check some
of the mainframe circuitry (including front panel and
timer/pacer assemblies). During the Self-Test routine, the
display will show “3497A’’. After it goes through the
routine and the test passes, either the reading from the
voltmeter option is displayed or, if the option is not in-
stalled, dashes (----) are displayed.

3-10. If a failure is noted in the mainframe outguard cir-
cuitry, either <“1”’ or “*3”’ is displayed. A ‘1”* shows that
there is a crossguard failure and a ‘‘3”’ shows a
timer/pacer failure. If any of these failures are noted,
go to Section VIII for troubleshooting.

3-11. The Reset feature is used to return the 3497A back
to the turn-on state without turning the instrument off
and on. This is accomplished when the RESET button
is pressed.

3-12. Self-Test

3-13. This test is similar to the one performed at turn-
on. The major difference is that it has to be selected from
either the front panel or over the HP-IB or Serial 1/0
bus. This test checks the voltmeter circuitry in addition
to the outguard circuitry.

3-14. The Self-Test is enabled by either pressing the SELF
TEST button on the standard front panel (if installed)
or by sending program code ‘‘ST1’’ over the HP-IB (see
paragraph 3-26) or the Serial 1/0 bus (see paragraph
3-52). The test is disabled by pressing the SELF TEST
button a second time, by pressing the RESET button, or
by sending program code ‘ST’ (if in remote) over the
HP-IB or Serial 1/0 bus.

3-15. When the Self-Test is enabled and it passes, all of
the front panel LEDs will turn on (if the standard front
panel is installed). This will remain on as long as the test
is enabled and shows that the test passes. This can also
be checked remotely by reading the 3497A output. An
output of ‘“‘8E8’’ shows that the test passed. If any tests
fail, a number is displayed which corresponds to the fail-
ing test. A ““1”’ shows a crossguard failure, a ‘2’ shows
an A/D converter failure, and a ‘‘3”’ shows a timer/pacer
failure. If any of these failures are noted, go to Section
VIII for troubleshooting.

3-1
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3-16. FRONT PANEL CONTROL (STANDARD FRONT PANEL)

3-17. All mainframe functions (except for some remote
operations), can be controlled and selected from the
standard front panel. If the optional front panel is in-
stalled (Option 260), no front panel control is available.

3-18. Refer to the 3497A front panel and note that most
of the pushbuttons select either a function (e.g., Self-Test,
Reset, etc.), a number from 0to 9, a *,”> ora *“-’. In
addition to these buttons, there is also a blue button. This
button is the shift button and is used to reconfigure the
numbered buttons and the ¢“,”’ and ‘‘-”’ buttons. When
the blue button is pressed, the blue lettering below the
buttons are the new configurations. The blue letters are
used to select certain functions and operating modes of
the 3497A. For example, the letter ‘T’ selects the timer
function, the letter ““V”’ the dc voltmeter function, etc.
The letters are also used to remotely program the instru-
ment to those functions and modes. Once the appropriate
letters and numbers are selected by pressing the cor-
responding buttons, press the EXECUTE button and the
3497A will then be configured to the new selected range
and mode.

3-19. All of the letters, numbers, and the corresponding
instrument functions and operating modes are listed in
Table 3-1. The table is repeated in the 3497A Operating,
Programming, and Configuration Manual. An example
on how to select a function using the buttons follows this
paragraph. In the example, the 10V range of the 3497A’s
DC Voltmeter (i.e., the voltmeter option) is selected. Do
the following:

a. Press Blue Button. The blue lettering below the but-
tons is now valid for the number, ““,”’, and “-”’ but-
tons.

b. Press “,”” Button. This button corresponds to the
letter ““‘V*” which selects the DC voltmeter function.
If the ‘0" button is pressed, the letter ““T’’ is selected
which selects the timer function. When the button is
pressed, the front panel display will go blank.

c. Press ‘“2”’ Button. This button corresponds to the
letter ‘““R’> which selects the range mode of the
voltmeter. Once this button is pressed, the number,
€6

,”’, and ““-”’ buttons go back to their normal con-
figuration. The blue lettering no longer applies.

d. Press ‘3’ Button. The numbers are now selected
when a number button is pressed. Since number ¢3”’
button now selects the 10V Range, this button is press-
ed. If the number ‘“2** button is pressed, the 1V Range
is selected. When the ‘“3” button is pressed, the
number 3 will be displayed on the front panel display.

e. Press EXECUTE Button. The voltmeter is now set
to the 10V Range.

3-2
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3-20. REMOTE CONTROL (HP-IB)
3-21. General

3-22. All of the mainframe and voltmeter functions,
ranges, and operating modes can be selected using the
HP-IB. In addition, the clock, voltmeter readings, self-
test results, and other mainframe and option outputs can
be read using the HP-IB. Other remote functions include
the Require Service operations. The following paragraphs
give some information on how to remotely program and
read the 3497A when using the HP-IB, and also infor-
mation on the Require Service operation. For more com-
plete remote information, refer to the 3497A Operating,
Programming, and Configuration Manual.

3-23. A general description of the HP-IB is in Appendix
A of this manual. Read the description if you are not
familiar with the HP-IB. This information will be helpful
when reading the following paragraphs.

3-24. 3497A HP-IB Addressing

3-25. HP-IB requires that a device on the HP-IB has a
unique “‘listen’’ and *‘talk’’ address. The address for the
3497A is selected using the instrument’s address switch,
which is located on the main logic board. The 3497A’s
address is decimal ‘“9”’. Refer to Section II of this manual
for information on possible address codes and how to
select the codes.

3-26. Setup of the 3497A Using the HP-IB

3-27. The 3497A mainframe, voltmeter option, and plug-
in options are setup and configured using program codes.
These codes are listed in Table 3-1, which also shows the
functions of the different codes. The codes can also be
noted on the standard front panel. For example, look at
the SELF TEST pushbutton on the front panel and note
that the ‘S’ and ““T”’ letters of the words SELF TEST
are underlined. These letters are the program codes (with
a *‘1”’ added) which are used to remotely select the self-
test mode. It looks like this: ““ST1’’. The “*ST’’ selects
the mode and the ““1”’ turns it on. Besides the self-test
function, other functions and operating modes also use
the underlined letters on the front panel. An example on
how to remotely send program codes using the Model
HP-85A Computer is as follows:

OUTPUT 709 ;‘ST1”
AN

3-28. When the program codes are sent to the 3497A,
the following sequence takes place.

a. The HP-IB remote (REN) line is enabled. This
places the 3497A and all other devices on the HP-1B
in remote. When this happens, the 3497A’s
“REMOTE”’ light will turn on, if it was previously
off.
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Table 3-1. 3497A Commands

AC chan#,chan#,...

chan# = 0 to 999

AEn,n = Oto 2

o

EXT INCR OFF
EXT INCR ON
FAST SCAN

AEO
AE1
AE2

[ T}

AF chan#

chan# = 0O to 999

Al chan#

chan# = 0 to 999

AL chan#

chan# = 0 to 999

AOQ slot#,chan#,value

siot# = O to 89
chan# = OQor 1

value =

0 to £10238 (VDAC)
Oto 10238 (IDAC)

[ AR

[ AS

AV chan#

chan# = 0 to 999

ANALOG CLOSE.
Closes T to 4 channels (one per decade) of analog assemblies.

ANALOG EXTERNAL INCREMENT.

Enables or disables the EXT INCR port. In FAST SCAN (AE2),
multiframe BBM Sync is ignored. In AE1, external pulse into EXT
INCR port increments channel closed to next channel.

ANALOG FIRST CHANNEL.

Selects first channel to be closed in an analog sequence but does
not close channel.

ANALOG INPUT.
Closes channel and triggers DVM to take a measurement.

ANALOG LAST CHANNEL.

Selects last channel to be closed in an analog sequence but does
not close channel.

ANALOG OUTPUT.

Sets the output voltage level for the VDAC and output current level
for the IDAC. VDAC outputis — 10.2375V to +10.2375V in 2.5
mV increments. IDAC output is 0— 20 mA (5uA increments) or
4-20 mA (4 yA increments).

ANALOG RESET.

Opens analog assembly channels in 3497A and 3498A and sets
VF1, VT1, VR5, VWO, VSO, AEQO, AFO and AL999.

ANALOG STEP.

Performs software channel advance from the presently closed chan-
nel to next channel. Repeating the command sequences channels
from AF to AL and back to AF.If AF <AL, channels increment.. If
AF > AL, channels decrement.

ANALOG VIEWED CHANNEL.

Dedicates display to channel selected but does not close channel

and does not affect other 3497A operations. Display is updated
when channel closed and measurement taken.
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Table 3-1. 3497A Commands (Cont'd)

CE slot#,n

slot# = O to 4;
n=0to?2

0 = No interrupts
enabled

Interrupt on mea-
surement complete

2 = Interrupt on

1

overflow
CF slot#,n
slot# = O to 89;
n=0t6
0 = Counter Stop
1 = Count Up
2 = Count Down
3 = Avg 1000 Periods
4 = Avg 100 Periods
5 = Measure 1 Period
6 = Measure 1 Period

CR slot#,n

slot# = O to 89;

n=1t3

1
2
3

Read without wait
Read with wait
Read continuously

CS slot#,value

slot# = O to 89

value = O to 999999
CT slot#,n

slot# = 0 to 89;
n=1t4

1 = Rising/Rising Edges
2 = Falling/Falling Edges
3 = Rising/Falling Edges
4 = Falling/Rising Edges

COUNTER

COUNTER ENABLE INTERRUPTS.

Enables counter to send an interrupt to 3497A when specified in-
terrupt condition occurs. If 3497A is set for Digital Interrupt, inter-
rupt is sent to controller.

COUNTER FUNCTION.

Sets mode of operation for the counter and starts the function. CT
command MUST be set before CF command is executed. Forn =
3 to 6, CT slot#, 1 and 2 set period measurements and CT slot#,
3 and 4 set pulse width measurements.

COUNTER READ.

Allows the results of counter measurements to be read in one of
three ways.

COUNTER SET.

Sets the start point (O to 999999) for the Count Up or Count Down
functions. Also sets number of pulses in Pulse Qutput mode (start
point value = twice the number of pulses output).

COUNTER TRIGGER.
Selects edge of input signal on which to trigger counter. For Count

Up or Count Down, CT slot#, 1 and 3 perform same function as
do CT slot#, 2 and 4.
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Table 3-1. 3497A Commands (Cont'd)

DC slot#,chan#,chan#,...

slot# = O to 89
chan# = O to 15

DE slot#,value

slot# = Oto 4
value = 0 to 377 (Octal)

DI slot#

slot# = Oto 4

DL slot#

slot# = O to 89

DO slot#,chan#,chan#....

slot# = O to 89
chan# = 0to 15

DR slot#

slot# = O to 89

DS slot#

slot# = Oto 4

value = O to 377 (Octal)
DV slot#

slot# = O to 89

DW slot#,value

slot# = O to 89
value = 0 to 177777
{octal)

DIGITAL

DIGITAL CLOSE.

For Option 110 assembly, command connects NO contact to com-
mon. For Option 115 assembly, command closes channel relays.
Channels not specified remain in previous state.

DIGITAL INTERRUPT ENABLE.

Enables the Option 050 assembly to send an interrupt to the 3497A
when channel bits selected by the command are set true {by ex-
ternal input to the assembly).

DIGITAL INTERRUPT STATUS.

Used to determine interrupt status of bits 0 — 7 in the Option 050
assembly. Also used to determine cause of interrupt from the Op-
tion 060 assembly.

DIGITAL LOAD.

For Option 050 assembly, returns octal value (0 - 177777} of con-
tents of 16 input channels. For Option 110 assembly, returns oc-
tal value (0 — 177777) of condition of 16 output channels. For Op-
tion 115 assembly, returns octal value (0 — 377) of condition of 8
channel relays.

DIGITAL OPEN.

For Option 110 assembly, connects NC contact to common for
channels specified. For Option 115 assembly, opens relays in chan-
nels specified. Relays in channels not specified remain in previous
state.

DIGITAL READ.

For HP-IB, DR returns same information as DL command, except
that readings are continuously updated. For Serial Data, with SO1
in effect returns continuously updated readings. With SO0 in ef-
fect, returns one reading per command.

DIGITAL INTERRUPT SENSE.

Sets edge transition sense which will cause channel O — 7 bits to
be set in an Option 050 assembly. Polarity sense set by octal value.
Polarity sense 1 = chan bit set by low-to-high transition.

DIGITAL VIEWED SLOT.

Dedicates the front panel display to slot specified. To exit this mode,
use DV without slot specifier.

DIGITAL WRITE.

For Option 110 assembly, connects NO or NC contact to common
as specified by octal value. For Option 115 assembly, opens or
closes relays as specified by octal value. All chans of assy in slot
addressed are affected by DW command.
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Table 3-1. 3497A Commands (Cont'd)

I SA l

| SC (Serial Data) |

SDn

SDO = Display OFF
SD1 = Display ON
SEn [HP-IB]

n = 0 to 377 (octal)

SEn [Serial Datal

n = 0 to 377 {octal)

[ St

SLn [Serial Data}

SLO = Keyboard Enabled

SLT = Keyboard
Disabled

SOn [HP-IB]

SO0 = Output immed.
SO1 = Output reading
on controller request

SOn [Serial Datal

SO0 = Cont output
1 SO1 = One output/comd
SR slot#,n

slot# = O to 89;
n=0t7
SR slot#,0 = Read sig
SR slot#,0—-7 = Read
register {Option 140]

SYSTEM

SYSTEM ALARM.
Initiates an audible alarm (BEEP).

SYSTEM CLEAR.

For Serial Data operation, the SC command is similar to BREAK
message, except that SC does not clear the command buffer or
return the 3497A to local mode. SC clears system errors but does
not reset VF2, VF3 or clear voltmeter storage.

SYSTEM DISPLAY.

SDO turns off the 6-digit disptay and CHANNEL lights for faster
reading rates. With SDO, only data entered with SVn command af-
fects display.

SERVICE REQUEST ENABLE.

SE sets the SRQ mask bits which enables 3497A to send an inter-
rupt to the controller when specified system conditions occur.

SERVICE REQUEST ENABLE.

SE sets the interrupt mask bits which enables 3497A to send an
interrupt to the controller when specified system conditions occur.

SYSTEM INITIALIZE.

Sets the digital assemblies and the DVM to initial conditions but
does not affect the analog assemblies.

SYSTEM LOCK.

Used to disable the front panel keys so that commands can’t be
entered from the front panel. With SL1, 3497A can’t be returned
to local mode unless SLO is sent or power is turned off.

SYSTEM OUTPUT WAIT.

When SO1 in effect, two modes to return data to controlier. With
VSO0, 3497A takes measurement and.waits for controller request
to transfer data. With VS1 or V52, 3497A takes nreadings (as set
by VNn) and waits for controlier request to transfer.

SYSTEM SINGLE/CONTINUOUS OUTPUT.

SO1 enables 3497A to send a single reading/command for com-
mands which normally return continuous data, such as ST, VT1,
DR slot#, TD and CR slot#,3.

SYSTEM READ.

Use SR slot#,0 to determine type of assembly in slot {except analog
assemblies). Use SR slot#, O through 7 to read register n in slot
addressed (Option 140 only).
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Tabie 3-1. 3497A Commands (Cont'd)

LSR [Serial Datal

I STATUS REGISTER READ.

The SR command returns a six-bit octal value of the status register

true bits.
STn SELF-TEST
ST1 causes 3497A to perform internal self-test. 8£8 returned if
STO = Self Test OFF self-test passes.
ST1 = Self Test ON
sSVn SYSTEM VIEW.
n=+ 99999'9 When the display is turned off by an SDO command, the SV com-

mand writes data specified by n to the display.

SW slot#,register#,data

SYSTEM WRITE.

Use SW to write data to any assembly directly controlled by the
main processor (i.e. digital assemblies).

TIMER

TIME ALARM (SET).

slot¥# = O to 89
register# = O to 7

data = O to 377
TA HH MM SS
Hours = 0to 24
Minutes = O to 59
Seconds = 0 to 59

Sets 3497A timer. If SRQ mask (HP-IB) or interrupt mask (Serial
Data) has been set for time alarm, interrupt sent to controller when
time on real-time clock matches time set by TA.

TD MMDDHHMMSS or
TD DDMMHHMMSS

TIME OF DAY (SET).
Sets 3497A real-time clock to programmed time.

| D

J TIME OF DAY (READ).

Reads time of day from real-time clock. Data returned has format
MM:DD:HH:MM:SS or (European) DD:MM:HH:MM:SS.

ELAPSED TIME (CONTROL).

Use TEn to monitor elapsed time from start of an operation. Use
the TE command (without a number) to read time elapsed since
TE2 command received.

I ELAPSED TIME (READ).

Use TE to read elapsed time (1 sec increments) since elapsed timer
control started by TE2 command. Data returned has format
DDDDDD sec.

J TIME INTERVAL.

Use Tln to generate pulses from TIMER port with periods from 1
sec to 24 hr. If SRQ or interrupt mask set, 3497 A sends interrupt
for every pulse output.

TIME OUTPUT.

TEn
TEO = RESET
TE1 = HALT
TE2 = START
| TE
| TI HH MM SS
TOn
|n= 0 to 9999

Use TOn to generate pulses from TIMER port with periods from 100

x 100 psec. Interrupt not available with TOn command.

—usec. 10.0.9999 sec (in . 100.usecincrements). Period output is n-
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Table 3-1. 3497A Commands ({Cont'd)

VAN

VAO
VA1

Autozero OFF
Autozero ON

<
(@]
=1

n=0t 3

OFF
10 A
100 uA
10 mA

WN =0

vD =3tob

3
3

1/2 digits
1/2 digits
1/2 digits

o b w
non
e w

VFn n= 11t 3

ASCH
Packed BCD
Time, ASCII, Chan#

WK =
o

VNn n = 1to 999

VRh n = 1t05

0.1V

1.0V

10V
100V
Autorange

AP WN =
LI T T

VSn n=0to 2

0 = Storage OFF
1 = Store in ASCII
2 = Packed BCD

VIn n=1t04

Internal
External
Software
Hold

o

APWN =

VWn n = 0to 999999]

VOLTMETER

VOLTMETER AUTOZERO.
With autozero on, DVM takes measurement between each reading.

‘With autozero off, DVM makes autozero measurement before first

reading and when DVM switched to new range.

VOLTMETER CURRENT SOURCE RANGE.

Programs output of DVM current source to 1 of 3 values: 10 gA,
100 pA or 10 mA.

VOLTMETER DISPLAY.

Selects number of digits to be displayed on front panel and sets
voltmeter integration time. Max reading rate for 60 Hz operation
is 300 readings/sec (Autozero OFF). Max rate for 50 Hz is 250
readings/sec.

VOLTMETER FORMAT.

Selects the output format for transmission of data over the bus,
when voltmeter storage is off (VSO).

VOLTMETER NUMBER READINGS/TRIGGER.

Sets number of readings taken per trigger pulse input. Readings
are taken sequentially and output over the bus in format set by VFn.

VOLTMETER RANGE.

Sets range of DVM. Maximum overrange capability for each range
is 120% of full-scale. In autorange, DVM upranges at 120% of full-
scale and downranges at 11% of full-scale.

VOLTMETER STORAGE.

Store up to 60 readings in ASCII (50 for Serial Data) or up to 100
readings in Packed BCD (85 in Serial Data). Use VS without number
to transfer readings to controller.

VOLTMETER TRIGGER.

Set one of four trigger modes. In internal, DVM automatically takes
another reading when present one completed. In external, trigger
signal input to EXT TRIG port causes DVM to take n readings/trig-
ger {as set by VNn). In software, command causes DVM to trigger
and take n readings as set by VNn. In hold, DVM pauses and does
not take measurements.

VOLTMETER WAIT.

Causes the DVM to wait n x 100 usec between each reading. Max-
imum wait time is 99.9999 sec.
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b. The unlisten command ?*” is sent to all devices
on the HP-IB.

¢. The computer ‘‘talk’’ address, “U’’, is sent over
the HP-IB to designate the computer as the Talker.

d. The 3497A “listen’’ address, ‘‘)’’, is sent to
designate the 3497A as the Listener. When this hap-
pens, the 3497A’s ““LISTEN"’ light will turn on, if it
was previously off.

e. After the 3497A is set to listen, program code
“ST1’’ is now sent to the instrument.

f. A carriage return (CR), line feed (LF), and End or
Identify (EOI) statement are sent to the 3497A. This
completes the sequence.

The program sequence looks like this:
«?2U)”’,*‘ST1”’ CR LF (and EOI)
3-29. Reading the 3497A's Output Using the HP-IB

3.30. Various 3497A outputs can be read using the HP-
IB. These include the dc voltmeter readings, time of day,
self-test results, and outputs from the plug-in options.
An example on how to read the 3497A output using the
Model HP-85A Computer is as follows:

ENTER 709 ; A

3-31. When the 3497A output is read, the following se-
quence takes place.

a. The HP-IB remote (REN) line is enabled. This
places the 3497A and all other devices on the HP-1B
in remote. When this happens, the 3497A’s
“REMOTE"’ light will turn on, if it was previously
off.

b. The unlisten command ““?’’ is sent to all devices
on the HP-IB.

¢. The computer ‘‘listen’’ address, ‘‘S’’, is sent over
the HP-IB to designate the computer as the Listener.

d. The 3497A “‘talk’’ address, ‘I’’, is sent to designate
the 3497A as the Talker. When this happens, the
3497A’s “TALK”’ light will turn on.

e. After the 3497A is set to talk, it will output its data
(i.e., voltmeter reading, time of day, etc.). This data
is stored into variable ‘‘A’’ by the computer.

f. The carriage return (CR) and line feed (LF)
statements are then sent to the computer. This com-
pletes the sequence.

Instrument Control

The sequence looks like this:
“?51”’,DATA CR LF
3-32. Require Service

3-33. The 3497A can output a Require Service message
under certain conditions. To output the message, the
3497A’s SRQ Mask must first be set. The only exception
is the Power-On SRQ function (see paragraph 3-36) which
is set using part of the 3497A’s address switch. Once the
SRQ Mask is set and the instrument requires service, the
Require Service Message is output. When the message is
output, the front panel SRQ light will then turn on. The
3497A is then normally polled (i.e., Serial Poll perform-
ed) by the computer. When the computer polls the 3497A,
the 3497A outputs a status byte message. The high and
low levels (i.e., output state) of this message depends on
what bits in the SRQ Register are set (true) and not set
(not true). The bits set (true) in the SRQ Register results
from the condition that caused the Require Service
Message. The following paragraphs have information on
the SRQ Register, how to setup the SRQ Mask, and the
Power-On SRQ function.

3-34. SRQ Register. The SRQ Register is shown in Figure
3-1. Each bit in the register, when true, shows the reason
why the Require Service Message is output. The true bits
are cleared (i.e., set untrue) when the 3497A is polled.

3-35. Setting the SRQ Mask. The SRQ Mask is set by
sending program code ‘‘SExx’’ where ‘‘SE’’ enables the
mask and ‘“xx’’ is the octal code of the bits in the SRQ
Register that are to be set. For example, to set the Time
Interrupt bit in the SRQ Mask, send program code
““SE10’’. If more than one bit is to be set, use the octal
number of all the bits which are to be set. For example,
to set the Time Interrupt bit and the Time Alarm bit, send
program code ‘‘SE14”’.

3-36. Power-On SRQ Function. The Power-On SRQ
Function, when enabled, outputs a Require Service

- Message when power is applied to the 3497A (with the

instrument turned on). This can be used to determine if
a power failure has occured while the instrument was
operating. Unlike the other bits in the SRQ Register, the
Power-On SRQ bit is set by the address switch (see Sec-
tion 1I of this manual on how to set the switch).

3-37. Talk-Only Mode

3-38. This mode is used to transfer data (dc voltmeter
readings) to another HP-IB device without using a con-
troller. This feature is selected by the address switch (see
Section 11 of this manual on how to set the switch). When
the feature is selected, the dc voltmeter reading is output
over the HP-IB each time the voltmeter is triggered.

3-9
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MAN PON MSG TIME TIME DIG
SRQ NOT DRS
SRQ SRQ EXEC | INTERV | ALARM INT
b7 b6 b5 b4 b3 b2 b1 bo
\ MSD A\ 2nd MSD \ LSD  sm———
Bit Function Definition

b7 | MAN SRQ

b6 | SRQ

b5 | PON SRQ

b4 | MSG NOT EXEC
b3 | TIME INTERV
b2 | TIME ALARM
b1 DIG INT

b0 | DRS

Bit set when front panel button is pressed

SRQ bit set when 3497A requires service {Require Service Message output)
Bit set when 3497A turned on after power failure

Bit set when incorrect syntax is sent to the 3497A

Bit set when time interval is completed

Bit set when the set time alarm is reached by the internal clock

Developed by the Digital Plug-In Option(s} (see option manual)

Bit set when voltmeter is ready to output data (i.e., reading)

Figure 3-1. SRQ Register

-3-39. Output Format

3-40. The voltmeter readings can be output over the
HP-IB in two different formats: ASCII and Packed. The
following paragraphs explain the two different output
formats. Other outputs, like the Time of Day, are only
output in the ASCII Format.

3-41. ASCII Format. The dc voltmeter’s output in the
ASCII Format is normally selected when the 3497A is
turned on or reset. It can also be selected by sending pro-
gram code ““VF1’’. The output, when in the ASCII For-
mat, consists of 13 bytes and looks like this:

+D.DDDDD +D CR EOI LF

3-42. Packed Format: The dc voltmeter’s output in the
Packed Format is selected by sending program code
““VF2”. The output consists of 3 bytes and looks like this:

Overrange
Range Sign ‘ MSD

RNGIRNGISGN IOR I D | D I DiDJ

Ist Byte

2nd Digit 3rd Digit
2ndByte| D ID ID ID |D|D ID‘DI

4th Digit LSD
3rdByte[D]D [D ]DID!DIDID]

Bit # 7 6 5 4 3 2 1 0

MSD-LSD are in BDC

Range | Sign 199999 indicates overload
00=.1V 1= - (minus)
01=1v = +(plus) +.DDDDDD + D
10=10v
11 =100V Overrange Decimal point is assumed to be left

lor0 of overrange digit. Range bits
determine range (e.g. for
11 =100V, move decimal three(11)
places to right).

3-10

NOTE

A program to unpack the output of the 34974
in the Packed Format is in the 3497A
Operating, Programming, and Configuration
Manual.

3-43. Other HP-IB Operations

3-44. The following paragréphs explain the response of ‘

the 3497A when certain HP-IB messages are sent.

3-45. Trigger Message. When the Trigger Message is sent
to the 3497A, two actions take place. The dc voltmeter
is triggered (if the voltmeter option is installed) and the
next channel on the analog plug-in option is selected (if
an option is installed).

3-46. Clear Message. This message, when sent, sets the
3497A to the turn-on state.

3-47. Local Lockout. All the front panel pushbuttons,
including the LOCAL button, have no effect when this
message is sent.

3-48. REMOTE CONTROL (SERIAL 1/0)
3-49. General

3-50. -All of the mainframe and veltmeter functions,
ranges, and operating modes can be selected over the
Serial I/0 bus. In addition, the clock, voltmeter readings,
self-test results, and other mainframe and option outputs
can be read over the bus. Other remote functions include
the Interrupt Mask and Status Register operations. The
following paragraphs give some information on how to
remotely program and read the 3497A using the Serial
I70 bus. For more complete remote information, refer
to the 3497A Operating, Programming, and Configura-
tion Manua}.
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3-51. A general description of the Serial I/0O bus is in
Appendix B of this manual. Read the description if you
are not familiar with the bus. This information will be
helpful when reading the following paragraphs.

3-52. Setup of the 3497A Using the Serial 1/0 Bus

3-53. The 3497A mainframe, voltmeter option, and plug-
in options are setup and configured using program codes
(or commands). These codes are listed Table 3-1, which
also shows the functions of the different codes. The codes
can also be noted on the standard front panel. For ex-
ample, look at the SELF TEST pushbutton on the front
panel and note that the “S’’ and ““T"’ letters of the words
SELF TEST are underlined. These letters are the program
codes (with a ““1’’ added) which are used to remotely
select the self-test mode. It looks like this: <‘ST1°’. The
“ST” selects the self-test function and the ““1°’ turns it
on. Other functions and operating modes also use the
underlined letters on the front panel. An example on how
to remotely send program codes using the Model HP-85A
Computer is as follows:

OUTPUT 10 USING “K”’ ;*‘ST1”

3-54. When the program code is sent to the 3497A, the
computer then sends a Carriage Return (CR). This tells
the 3497A that all of the data has been sent. Unlike HP-
IB, the Serial 1/0 bus requires that no Line Feed (LF)
is sent. This is deleted by the “‘#,K’’ symbols in the out-
put statement of the HP-85A.

3-55. Reading the 3497A’s Output Using the Serial 1/0 Bus

3-56. Various 3497A outputs can be read using the Serial
I/0 Bus. These include the dc voltmeter readings, time
of day, self-test results, and outputs from the plug-in op-
tions. An example on how to read the 3497A output us-
ing the Model HP-85A Computer is as follows:

ENTER 10 USING “#,K” ; A

3-57. When the 3497A output is read, its output is stored
into variable “°A”’. Since the computer normally requires
a Line Feed (LF) and since no Line Feed is sent by the
3497A, the ‘“‘#,K’’ symbols are used so that the computer
will only recognize the Carriage Return (CR) and not the
Line Feed.

3-58. Implementing DC1

3-59. DCI should only be used in situations where the
computer is not capable of receiving data from the 3497A
at any time. If DC1 is to be implemented, refer to Sec-
tion 11 of this manual to configure the the switch for this
function. With DC1 enabled, the 3497A will not send any

Instrument Control

data requested until it receives the DC1. To ‘send DC1
using the HP-85A, send the following:

OUTPUT 10 USING ““#,K”’ ; CHR$(17)
3-60. Interrupt Mask

3-61. The Interrupt Mask is set by sending program code
«“SExxx’’ where ‘“‘SE’’ enables the mask and ‘‘xxx”’ is
the octal code of the bits in the mask that are to be set.
For example, to set the Time Interrupt bit in the mask,
send program code ‘‘SE110”’. Octal number ‘10°” sets
the Time Interrupt bit and octal number ‘100’ sets the
SRQ Enable bit. The Interrupt Mask is shown in Figure
3-2. The eight bits in the mask is a replica of the first
eight bits in the Status Register (see paragraph 3-63).

3-62. When a bit is set in the Interrupt Mask and the
resultant condition appears, an interrupt is sent to the
computer via the break message. The transmitting line
is then held in the space condition for about 20mS.

3-63. Status Register

3-64. The Status Register is updated as events occur and
is completely independent of the Interrupt Mask. The
Status Register is read using program code ‘‘SR”’. To read
the register, first send code ‘“SR’’ and then read the
3497A immediately. This is represented as follows:

OUTPUT 10 USING ““#,K” ;”’SR”’
ENTER 10 USING “#,K” ; A

3-65. The first eight bits (bits 0 through 7) is a replica
of the eight bits in the Interrupt Mask (see paragraph
3-60). An “‘SR’’ program code (or command), however,
causes six octal digits to be returned with leading zeroes
suppressed. The Status Register and the bit assignments
are given in Figure 3-3.

3-66. Voltmeter Output Format

3-67. The voltmeter readings can be output over the
Serial 1/0 bus in two different formats: ASCII and
Packed. The dc voltmeter’s output in the ASCII Format
is normally selected when the 3497A is turned on or reset.
It can also be selected by sending program code ‘“VF1”’.
The output, when in the ASCII Format, consists of 13
bytes and looks like this:

+D.DDDDD +D CR

In the Packed Format, the readings are output using three
bytes. The bytes are the same as used with the Packed
Format that is used with the HP-IB operation (see
paragraph 3-42).
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MAN PON MSG TIME TIME DIG 170
SRQ NOT
SRQ SRQ EXEC INTERV | ALARM INT ERR
b7 b6 b5 b4 b3 b2 b1 b0
\ MSD AN 2nd MSD_—/\—LSD_J
Bit Funetion Definition
b7 | MAN SRQ Activated from the front panel
b6 | SRQ SRQ enable which enables a break when an interrupt causing event occurs
b5 | PON SRQ Enables a break if the 3498A Extender experiences a power loss
b4 | MSG NOT EXEC Enables a break if syntax is wrong, voltmeter storage buffer is full, etc.
b3 | TIME INTERV Enables a break when a specific time interval has elapsed
b2 | TIME ALARM Enables a break if a time alarm match occurs
b1 DIG INT Digital Plug-In options are enabled to develop an interrupt
b0 | I/O ERR Bit set when parity, overrun, or framing error occurs
Figure 3-2. Interrupt Mask
MAN PON MSG TIME TIME DIG 1/0
SRQ NOT
SRQ SRQ EXEC INTERV | ALARM INT ERR
b7 b6 b5 b4 b3 b2 b1 b0
3rd MSD 7\ 2nd MSD /\\ jLSD_—/
DATA ({CD) NO/LOST (CTS) (DSR) SYSTEM | BUFFER
0 RCD/NO | RECVR | CARRIER |CLEAR TO|DAT SET | OVER
MODEM | READY | DISCON SEND READY RUN OVERFLO
b15 b14 b13 b12 b11 b10 b9 b8
;MSD-/\—Sth MSD_/\ 4th MSD 7\ 3rd MSD
Bit Function Definition
b0 1/0 ERR Bit set when parity, overrun, or framing error occurs
b1 DIG INT Developed by the Digital Plug-In Option(s) (see option manual)
b2 TIME ALARM Bit set when the set alarm time is reached by the internal clock
b3 TIME INTERV Bit set when time interval is completed
b4 MSG NOT EXEC Bit set when incorrect syntax is sent to the 3497A
b5 PON SRQ. Bit set when 3497A turned on after power failure
b6 SRQ SRQ bit set when an interrupt causing event occurs
b7 MAN SRQ Bit set when front panel button is pressed
b8 BUFFER OVERFLO Bit set if command string exceeds 42 characters
b3 SYSTEM OVERRUN Bit set if a command is received while 3497A is busy with other command
b10 DATA SET READY Bit set when the modem turns on its handshake line
b11 CLEAR TO SEND When bit is set this modem line is on
b12 NO OR LOST CARRIER Bit set if a modem connect sequence fails the 20 second time-out
B13 DATA CARRIER DETECT When bit is set this modem line is on
b14 DATA RCD/NO MODEM Data received when modem is not connected
b15 0 Always O

3-12

Figure 3-3. Status Register



SECTION IV
PERFORMANCE TEST AND ADJUSTMENT

4-1. INTRODUCTION

4-2. This section of the manual has the 3497A’s perfor-
mangce verification checks, performance tests, adjustment
procedures, and specifications for both the standard
(HP-IB) and Option 232 (Serial 1/0) mainframes. The
performance verification checks determine if the main-
frames and the standard front panel are operational. The
performance tests are used to check the voltmeter option
against the published specifications. The adjustment pro-
cedures are used to calibrate the instrument to the pub-
lished specifications and to do the necessary adjustments
after troubleshooting the instrument.

4-3. Since the same equipment is used to adjust (i.e.,
calibrate) and check the performance of the voltmeter op-
tion, the adjustment procedures are combined with the
performance test procedures. The procedures are set up
in such a way that the tests can be ignored, if so desired.
A separate performance test is, however, given for the
voltmeter option.

4-4. INSTRUMENT SPECIFICATIONS

4-5. Specifications are the performance characteristics of
the instrument which are certified. These specifications,
listed in Table 4-1, are the performance standards or
limits against which the 3497A can be tested. Table 4-1
also lists some supplemental characteristics of the 3497A
that should be considered as additional information only.

4-6. Any changes in the specifications due to manufac-
turing changes, design, or traceability to the National
Bureau of Standards will be covered in a manual change
supplement or revised manual. The specifications listed
here supercede any previously published.

4-7. Specification Breakdown

4-8. The 3497A’s specifications are grouped according
to instrument function (e.g., DC Volts and DC Current
Functions of the voltmeter option). Within each group
there may be one, two, or three main sets of specifica-
tions: the 24 hour, 90 day, and 1 year limits. The limits
to which the instrument conforms depends on when the
instrument was last calibrated and the instrument func-
tion. The 24 hour limits should only be used if the
instrument was calibrated within the last 24 hours, other-
wise the 90 day or 1 year limits apply.

4-9. For the voltmeter option only, each set of specifica-
tions includes an accuracy specification for each voltage
and current range. They are specified as a percentage of

the reading and an add-on of a certain number of counts.
For example, the 24 hour full scale DC Volts Function
accuracy on the 10V Range (in the 5 Digit Display Mode)
is:

+.002% of reading + 1 count

giving a full scale accuracy of +.002% or (2 count) plus
1 count (or .001%), which is a total of 3 counts (or
+.003%). (This is only true at full scale and changes at
1/10 scale; see next paragraph.)

4-10. The number of counts changes the accuracy of the
voltmeter option at 1/10 scale. For example, the percen-
tage (same function, range, and digit mode) at 1/10 scale
is still .002% . However, the number of counts (1) is .01%
at 1/10 scale. This gives a total of .012% rather than
.003%.

4-11. EQUIPMENT REQUIRED

4-12. All required test equipment for the performance
verification checks, performance tests, adjustment pro-
cedures, and troubleshooting procedures are listed in
Table 4-2 (Recommended Test Equipment). The equip-
ment used for the individual tests and adjustment pro-
cedures are also listed at the beginning of each procedure.
The equipment required for troubleshooting are listed in
the troubleshooting procedures (in Section VIII of this
manual). If any of the recommended equipment is not
available, use substitute equipment. A short description
of the required equipment and the critical specifications
necessary to do the test and adjustment procedures is in
the following paragraphs. This information may be
helpful in choosing substitute equipment.

4-13. Mainframe Performance Verification Check (HP-IB)

4-14. Desktop Computer. The recommended computer
to do the checks is as follows:

a. A Model HP-85A Desktop Computer with an
82937A 1/0 Interface Card and 1/0 ROM (-hp- Part
No. 00085-15003). If a different computer is used,
refer to the block diagram description of the test pro-
cedure (in Figure 4-4) to write the test program.

b. An -hp- Model 5328A Counter (includes Options
Il and 41) with HP-IB capabilities and 10nS
resolution.

4-15. Mainframe Performance Verification Check (Serial 1/0)

4-1
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TABLE 4-1. SPECIFICATIONS

STANDARD (HP-1B) MAINFRAME SPECIFICATIONS

CLOCK: QUTPUTS:
Format: Time Output:
Option 230:
U.S. Month:Day:Hours:Minutes:Seconds Mode Accuracy Pulse Width
Option 231: . ] :
European Day:Month:Hours:Minutes:Seconds Time Interval +{.005% of Time + 0.1 seconds} 50 useconds = 10%
Timer Output +{.02% of Time) 16 pseconds = 10%
Modes: ENVIRONMENTAL:
Function Maximum Time Resolution Accuracy Outputs .
Warm Up Time: 1 hour
Real Time 1 year 1 second +{.005% of Time HP-IB
‘ + 0.1 seconds) SRQ Operating Temperature: 0°C to +55°C
Time Alarm 24 hours 1 second +{.005% of Time HP-1B Non-operating Temperature: —40°C to +75°C
+0.1 seconds) ska Humidity: 95% at 40°C, except as noted.
Time Interval 24 hours 1 second +(.005% of Time HP-1B Shock: 30G, 11 Msec half sine wave on each of six sides.
0.1 ds) SRQ ; .
PR SEEONE L puise Vibration: 10 Hz to 55 Hz to 0.010 inch peak-to-peak excursion.
Elonsed Ti 108 g , 4 (005% of Ti A Operating Power: Switch selection of 100/120/220/240 + 10%
apse me seconds secon = (. % o me
+0.1 seconds) 48-66Hz, less than 150 VA.
Physical Parameters:
Timer Qutput 1 second 100 gseconds +.02% of Time TTL Pulse Size: 428.6 mm (16.87 inches) wide
Power Failure Protection: 520.7 mm (20.5 inches) deep
Battery backup for 24 hours for all functions except TIMER 190.5 (7.5 inches) high
OUTPUT. Net Weight: 20.4 Kg (45 Ibs.)

{Maximum, with assemblies in all slots.)
Shipping Weight: 26.3 Kg (58 Ibs.)
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Table 4-1. Specifications (Cont'd)

SERIAL 1/0 OPTION (OPTION 232) SPECIFICATIONS

These specifications are particular to the 3497A Option 232
operating at 60 Hz line frequency. For 50 Hz operation, multiply
rates by 5/6. Such specifications are as common to both the stan-
dard HP-IB 3497A and Option 232 are found in the 3497A Data
Sheet publication 5952-8886.

BPS RATE VS. DISTANCE
RS232C (V.24) recommends a maximum cable length of 50

feet or less than 2500 pf total load capacitance.
The distance specifications for RS432 (V.10) are:

BPS 110 300 600 1200
Distance|{ 1200 m { 1200 m | 1200 m 900 m

4000 ft | 4000 ft | 4000 ft | 3000 ft
BPS 2400 4800 9600 19200
Distance 600 m 300 m 120 m 60 m

2000 ft | 1000 ft 400 ft 200 ft

MAXIMUM READING RATE FOR 85 READINGS

Packed mode, display off, reading storage on, single trigger
burst, fixed channel

#Digits Auto Zero On Auto Zero Off
3% 205 300
4% 125 205
5% 26 50

BPS VS READING RATE

Readings transferred directly into the computer. Packed mode,
display off, internal trigger, fixed range.

Auto Zero Off 300 1200 9600 19200

3% 10 38 190 210
4% 10 38 130 175
5% 10 30 45 45

Auto Zero On 300 1200 9600 19200

3% 10 38 140 160
4% 10 38 100 110
5% 10 20 25 25

ASCIl mode, display off, internal trigger.

Auto Zero Off 300 1200 9600 19200

3% 3 10 65 100
4%, 3 10 60 86
5% 3 10 30 38

Auto Zero On 300 1200 9600 19200

3% 3 10 60 90
4% 3 10 50 70
5% 3 8 20 22

Minimum analog switching time for sequential scanning: 280
channels/s (ch/s)

Minimum analog switching time for random scannlng 10 Chan-
nels or-less: 125 channel/s (ch/s)

> 10 Channels

BPS . 300 1200 9600 19200
Switching Rate ch/s 7 26 83 95

Minimum analog switching and reading time for sequential scan-
ning:

BPS 300 1200 9600 19200
Switching Rate ch/s 10 40 120 130

Minimum analog switching and reading time for random scann-
ing 10 channels or less:

BPS 300 1200 . 9600 19200
Switching Rate ch/s 5 18 60 65

<10 Channels

BPS 300 1200 9600 "1 19200
Switching Rate ch/s 7 13 25 27

Interrupt response. The length of time for BREAK to be sent to the
computer after an interrupt occurs: 150 ms. Includes HP-85A
response time.

D to A output response vs BPS. The length of time required to respond
to a change in the output of the D to A card after the commands
for change are received by the 3497A.

BPS 300 1200 9600 19200
Switching Rate ms 500 175 100 100

Handshakes: ENQuire/ACKnowledge and DC1

Error Checking: Even, odd, or no parity. On detection of a parity er-
ror, the status register sets a bit for parity error.

OUTPUT DATA FORMAT

The 3497 has the ability to send data in ASCII or packed BCD.
The output format for ASCII is:

Volit Measurement +DD.DDDDDE + DOR

Voltmeter Format 3

DD:DD:DD:DD:DDCR + D.DDDDDE + D, + DDDCR
N c—

Time of day reading channel
Time of Day DD:DD:DD:DD:DDCR
Elapsed Time DDDDDODDDDCR

(1st 4 digits are O}

Digital Read or
Digital Load O000QO0CR (0-177777 Octal)
0000O0OQCR {last thre

digits are 0-377 Octal)

Digital Interrupt

Counter Totalize DDDDODCR

Counter Period D.DDDDDDE + DCR {Sec)

00000O0CR (last three
digits are 0-377 Octal)

System Read

NOTE: Decimal Digit
Octal Digit
Zeros

Exponent

mo oo

[L R TR

The packed BCD is used only for voltage measurements.

4-3
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Tahle 4-1. Specifications (Cont'd)

3497A

3437 OPTION 001 DC VOLTMETER - CURRENT SOURCE SPECIFICATIONS

DC Voltage.

Input Characterisitcs:

For Auto-zero off, in stable environment {(+ 1°C} add:

At 25°C <60% relative humidity.
Input Capacitance:

>1010 ohms
10 Mohms = .5%

.1V to 10V ranges
100V range

Input Capacitance:

Hl to LO < 120pf at 1TMHz
LO to GUARD 2700pf

GUARD to Chassis 2500pf
Unguarded Chassis 20pf

isolation, 3497 & Voltmeter:

25°C, <85%R.H.
40°C, <60%R.H.

40°C, <95%R.H.

Range § Digit Display

0.01V + 10 counts
1.0V + 1 count
10.0V + 1 count
100.0V + 1 count

Reading Rate:

Auto-zero on Auto zero off

5 digit display (1) 25 R/S 50 R/S
4 digit display( .1) 100 R/S 200 R/S
3 digit display { .01) 150 R/S 300 R/S

integration periods in power line cycles (PLC) .1 =
16.7ms for 60Hz. 1 = 20.0ms for 50Hz. Maximum
reading rate shown is for 60 Hz power line only. For

Hl to LO >1010 >109 50Hz reading rate, multiply readings per second by
LO to GUARD >108 >107 5/6.
Guard to Chassis >108 >107
Temperature coefficient:
Resolution: . o
(% of reading + no. of counts)/°C to 55°C. 5 digit display.
Maximum Reading 5 Digit 4 Digit 3 Digit
Range (5 Digit} Resolution | Resolution | Resolution Range I 0.1V I 1.0V | 10.0v 100.0V
0.1V .119999 1uV 10pV 100pV Temp. Coeff. | .00025 .0002 .0002 .00025
1.0V 1.19999 10pV 100V 1mVv + .15 + .02 + .01 + .03
10.0V 11.9998 100uV TmVv 10mV
100.0V 119.999 TmVv 10mV 100mV Normal and Effective Common Mode Rejection (1 Kohm,
unblanced).
Maximum input voltage between any terminals or from any ter-
minal to the chassis (rack or bench mount): Integration Period AC {50Hz, 60Hz + .09%) Dc
170 Volts peak NMR (dB) ECMR (dB) ECMR (dB)
. <1~ ] 90 120
Measurement Accuracy: 1~ 60 150 120
(% of reading + number of counts, Auto-zero on)
. DC CURRENT SOURCE.
24 hours: 23°C £ 1°C
24 hour, 23°C + 1°C
Range 5 Digit Display | 4 Digit Display | 3 Digit Display
0.1V | 0.003 + 3 0.01 + 1 0.1 +1 Range % of error
1.0V 0.002 +.1 0.01 + 1 0.1 + 1
10pA .0125%
10,0V | 0.002 + 1 | 0.01 + 1 0.1 + 1 100,A 0125%
100.0V 0.002 + 1 0.01 + 1 0.1 +1 1.0mA 0125%
90 day: 23°C + 5°C 90 day, 23°C % 5°C
Range 5 Digit Display | 4 Digit Display | 3 Digit Display 10pA .025%
100uA .025%
0.1V 0.007 + 3 0.01 + 1 0.1 + 1 1.0mA .025%
1.0V 0.006 + 1 0.01 + 1 0.1 + 1
10.0V 0.006 + 1 0.01 + 1 0.1 + 1 1 year, 23°C + °C
100.0V 0.006 + 1 0.01 + 1 0.1 +1
10pA .032%
1 year: 23°C + 5°C 1004A 032%
1.0mA .032%
Range 5 Digit Displa 4 Digit Displa 3 Digit Displa
g - pay o ey " Py Temperature Coefficient:
0.1V 0.015 + 3 0.02 + 1 0.1 + 1
10pA .0025%°C
1.0V | 0.015 + 1 0.02 + 1 0.1 + 1 100£A 002502%
10.0v | 0.015 + 1 0.02 + 1 0.1 +1 1.0mA 0025%°C
100.0V 0.015 + 1 0.02 + 1 0.1 +1 ) )

4.4
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Table 4-2. Recommended Test Equipment

Critical Recommended
Instrument Specifications Model Use*
Desktop HP-1B Capability -hp- Model MSPT
Computer HP-85A
Serial I/0 Use with HP-85A -hp- No. SPT
Interface 82939A
/O Interface | Use with HP-85A -hp- No. MPT
Card 82937A
1/0 ROM Use with HP-85A -hp- No. MSPT
00085-15003
Counter HP-1B Compatible -hp- Model MPT
Resolution: 10nS 5328A (Opt 041)
DC Standard | Voltage: .1V to 100V Systron Donner VPAT
Accuracy: *=.005% Model 107
DC Transfer | Voltage: 1V, 10V, 1.018V, Fluke Model VPA
Standard 1.019v 7318
Accuracy: +5ppm
Stability: +.001% (30 Day)
Reference Division Ratio Accuracy: Fluke Model VPA
Divider +.001% 750A
Output Voltage Range:
.1V to 100V
DC Null Voltage Range: 1xV to 10V Keithley Model VPA
Voltmeter 155
Resistance Resistance: 10K ohm Guildline Model VPA
Standard Accuracy: +.001% 9330/10K or
9330A/10K
Resistance: 100K ohm Guildline Model
Accuracy:+.001% 9330/100K or
9330A/100K
Digital Voltage Range: 100xV to -hp- Model MSVAT
Voltmeter 100V 3456A
Bus System HP-IB Capability -hp- Model MT
Analyzer 59401A
Oscilloscope | Bandwidth: DC to 100MHz -hp- Model MSVT
1741A
Signature N/A -hp- Model MST
Analyzer 5004A
*M = Mainframe (Standard) P = Performance Test
S =Mainframe (Serial 1/0) A = Adjustment
V = Voltmeter Option T = Troubleshooting
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4-16. Desktop Computer. The recommended computer
is a Model HP-85A Desktop Computer with an 82939A
Serial 1/0 Interface Card equipped with the standard
female connector and I/0 ROM (Part No. 00085-15003).
If a different computer is used, refer to the block diagram
description of the test procedure (in Figure 4-6) to write
the test program.

4-17. Mainframe Adjustments (Battery Charger and
Thermocouple)

4-18. A Digital Voltmeter or Digital Multimeter (DVM
or DMM) with 4 digit display capabilities is required to
do the adjustment. Although any meter with 4 digit
capabilities can be used, the -hp- Model 3456A is recom-
mended since it is also used in some troubleshooting
procedures.

4-19. Voltmeter Option Performance Test and Adjustment

4-20. The voltmeter option has two different perfor-
mance tests and adjustment procedures, one is for the
voltmeter circuitry (DC Volts Test and Adjustment) and
the other is for the current source (Current Source Test
and Adjustment). The following lists the required equip-
ment for the tests.

4-21. DC Volts Test and Adjustment. For the DC Volts
Test and Adjustment, a DC Transfer Standard is required
which is calibrated to a 1.017V, 1.018V, or 1.019V stan-
dard cell. The standard cell’s accuracy should be
calibrated by, and traceable to, the National Bureau of
Standards (NBS). The standard should be adjusted short-
ly before testing the voltmeter option card. It is also
recommended to leave the Transfer Standard in a con-
trolled environment where the ambient temperature is
within one or two degrees of the temperature in which
it was calibrated. The option should also be tested in this
environment. Once the Transfer Standard is calibrated,
use it in conjunction with the recommended reference
divider to test and calibrate the dc voltmeter part of the
option. The following lists the test equipment and critical
specifications.

a. DC Transfer Standard. The DC Transfer Standard
chosen for the DC Volts Test and Adjustment is the
Fluke Model 731B DC Reference Standard. The
critical requirements are as follows:

1. Required output‘ voltage is 1.018V or 1.019V.
A transfer standard with 1.017V capability can also
be used.

2. Additional required output voltages are 'V and
10V.

3. Accuracy requirement is at least + Sppm
(£ .0005%).

4. Stability is better than + 10ppm ( +.001%) for
30 days.
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b. DC Standard. The recommended DC Standard is
the Systron Donner Model M107 Precision Voltage
Source. The critical requirements are as follows:

1. Output from 10mV to 100V.
2. Within +.005% full scale accuracy.

3. Short term stability better than .0002% per
hour.

c. Reference Divider. The recommended reference
divider is the Fluke Model 750A Reference Divider.
The critical specifications are as follows:

1. Output voltage range from .1V to 100V.
2. Division accuracy better than +.001%.

4-22. DC Current Test and Adjustment. A 10K ohm and
a 100K ohm Standard Resistor is required for the DC
Current Test and Adjustment Procedures. The recom-
mended resistors are the Guildline Model 9330/10K or
9330A/10K for the 10K ohm resistor and 9330/100K or
9330A/100K for the 100K ohm resistor. An accuracy of
+.001% or better is required. If the standard resistors
are not available, use substitutes that meet the critical re-
quirements. If a substitute is not available, a calibrated
decade resistor with 10K ohm and 100K ohm settings may
be used. The correction factors on the decade resistor’s
calibration chart must be algebraically added to the 3497A
reading to achieve the required accuracy.

4-23. Voltmeter Test Using the Optional Front Panel.
The Voltmeter Performance Tests and Adjustment pro-
cedures use the 3497A’s standard front panel to setup the
option and to read the results. If the optional front panel
(Option 260) is installed, use the recommended desktop
computer to remotely set-up and read the voltmeter op-
tion. The required equipment is the Model HP-85A with
1/0 ROM (-hp- Part No. 00085-15003) and the 82937A
170 Interface Card (for the HP-IB mainframe) or the
82939A Serial 170 Interface Card (for the Serial I/O op-
tion). Refer to paragraph 4-73 on how to remotely set-
up the voltmeter option using the computer.

4-24. TEST CARDS

4-25. Performance Test Cards are provided at the end
of this section and they may be used to record the 3497A
voltmeter option’s performance. No test cards are re-
quired for the mainframe and front panel tests. It is
recommended to fill out the cards and refer to them while
doing the test. The test limits and set-up information are
printed on the cards for easy reference. Since this infor-
mation is printed on the cards, the cards can be used as
abbreviated test procedures, if you are familiar with the
test procedures. The cards can also be used as a perma-
nent record and may be reproduced without written per-
mission from Hewlett-Packard.
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4-26. PERFORMANCE TEST CYCLE

4-27. A periodic performance test is recommended for
the 3497A voltmeter option card. This should be done
as part of an incoming inspection test and at 24 hour,
90 day, or 1 year intervals, dependent on your en-
vironmental condition and accuracy requirements. The
mainframes and front panel do not require a periodic per-
formance test, but should be tested if a malfunction is
suspected.

4.28. TEST FAILURE

4-29. If the 3497A fails any performance verification
checks or performance tests, do the necessary adjustments
or repairs to make the instrument operational. Make only
the adjustments or repairs dependent on what test fails.
For example, if only the 10V Range of the voltmeter op-
tion fails, calibrate only that range.

4-30. INSTRUMENT SET-UP

4-31. Instrument set-up is specified in each test and ad-
justment procedure.

4-32. INSTRUMENT WARM.UP

4-33. The 3497A must be warmed up at least 1 hour
before doing any of the performance tests and
adjustments.

4-34. TEST CONSIDERATION

4-35. Because the 3497A’s voltmeter option is able to
make highly accurate dc volts measurements, certain re-

Performance Test and Adjustment

quirements have to be met. For example, the DC Stan-
dard that is used to test and adjust the 3497A’s voltmeter
should be good enough so that its errors do not introduce
any significant uncertainties in the Performance Tests and
Adjustments. A standard which is ten times better than
the 3497A’s voltmeter option nearly eliminates the uncer-
tainties. Since standards with these accuracies are not
readily available, use the recommended DC Volts Stan-
dard. Make sure the standard has been calibrated to its
24 hour specifications and will be used within 24 hours
after calibration, before testing and calibrating the 3497A
voltmeter.

4-36. Ambiguous Region

4-37. Since the available test equipment is not an order
of magnitude better than the 3497A, it is important to
be aware of the uncertainties or ‘‘ambiguities’’. The
uncertainties between the standard and voltmeter create
an Ambiguous Region, as shown in Figure 4-1. The
region gets bigger when the voltmeter limits are tighter
and/or the standard’s specifications are less accurate. The
best test is when you know your standard’s actual limits.

4-38. PERFORMANCE VERIFICATION CHECKS

4-39. The performance verification checks are made to
make sure that the mainframes (either HP-IB or Serial
170) and front panel are operational. The front panel test
is included with both mainframe checks, but can be ig-
nored if the standard front panel is deleted. The checks
are as follows: :

Mainframe Check (HP-IB) - paragraph 4-40
Mainframe Check (Serial 1/0) - paragraph 4-51

Readongs above this point show that
DVM is definitely out of specs

DVM spec+std spec p— _‘{_ -

Readings in this

DVM spec

ZError

DVM spec-std spec p— —_——— — —
Readings in this region guarantee
that DVM is within specs

region are
ambiguous

DVM spec

DVM spec-std spec | — 4/__ _

Readings in this
region are

DVM spec+std spec }— S —
__‘K\\\Readtngs below this point show that

DVM is definitely out of specs

ambiguous

3497A-4-1

Figure 4-1. Ambiguous Regions
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4-40. Mainframe Check (HP-IB)

4-41. Do the mainframe test only for the standard
(HP-IB) 3497A. If the Serial 170 option is installed, go
to paragraph 4-51 for the test procedure. The mainframe
check includes the following:

Self-Test and Front Panel

Battery Backup and Power-On SRQ
SRQ Tests

Timer Tests

The tests are performed remotely using the Model
HP-85A Desktop Computer and Model 5328A (Options
11 and 41) Counter. Each test is in a subroutine which
can be individually selected, if so desired. A description
of each test is in the following paragraphs.

4-42. Self-Test and Front Panel Test. The 3497A Self-
Test is used to check some of the instrument’s operating
circuitry. Once the test is completed, the results are
transferred to the computer. When the Self-Test is en-
abled, all the front panel display indicators are on and
part of the front panel operation is then checked.

4-43. The test starts when the computer sends the Self-
Test command (program code ST1) to the 3497A. Pro-
gram execution is then held for one second while the test
takes place. The test results are then read by the com-
puter. If the results are 8E8 (formatted to 800000000 by
the Model HP-85A), the test passes and the self-test check
is completed. If other results are noted, like 1E1 (10), 2E2
(200), or 3E3 (3000), the test program goes to a subroutine
to determine what failed. The failure is then printed out
on the computer printer and, since the 3497A should be
repaired before continuing with the performance verifica-
tion check, the complete performance check is aborted.
Failure codes 1E1, 2E2, and 3E3 show Crossguard,
Voltmeter, and Timer errors, respectively.

4-44. Battery Backup and Power-On SRQ Test. The Bat-
tery Backup Test is performed to make sure that the
3497A’s internal battery keeps the instrument clock
operational, when line power is removed. The Power-On
SRQ Tests make sure that the Require Service message
is output after power is applied to the instrument. Both
tests are performed by the same subroutine since power
has to be cycled on the 3497A to do the tests.

4-45. In the Battery Backup Test, the instrument clock
is set to 23:00 hours by the computer. This is done by
sending program code ‘“TD0000230000’°. The instrument
is then turned off and on. The clock is checked by the
computer to make sure it is not reset to zero, indicating
that the clock was operational with line power off.

4-46. After checking the clock, the computer checks and
makes sure the SRQ line is true and that the Power-On
SRQ bit (part of the Require Service message) is set. If
these conditions are true, the Power-On SRQ test passes.

4-8
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To do the Battery Backup and Power-On SRQ tests, the
Continuous Clock jumper and the Power-On SRQ switch
(which is part of the HP-IB Address Switch) have to be
in the ON position.

NOTE

Make sure the Continuous Clock Jumper and
Power-On SRQ Switch are in the ON posi-
tion, when doing the Battery Backup-and
Power-On SRQ tests. The 3497A is shipped
from the factory with both jumper and switch
in the OFF position (see Section II of this
manual).

4-47. SRQ Tests. These tests verify that the Time Alarm
SRQ, Time Interval SRQ, and Message Not Executed
SRQ operate. If any of these SRQ conditions occur, the
computer is interrupted and it goes to a subroutine. In
the subroutine, it is determined what bit of the Require
Service Message is true. From that information it is then
determined if the SRQ test passes. The tests are explain-
ed as follows:

a. Message Not Executed SRQ. This test checks
whether or not the 3497A can send an interrupt, when
it receives an invalid syntax statement (i.e., incorrect
program codes or a message that the 3497A cannot
execute). The test starts by setting the Message Not
Executed bit in the service request register mask true.
Next, “WRONG SYNTAX"’ is sent to the 3497A. The
instrument should ““beep”’, set the appropriate SRQ
bit, and should interrupt the computer. The computer
then goes to a subroutine to determine if the correct
bit is true. If the bit is true, the test passes and the
next two tests are selected. If the bit is not true or the
computer is not interrupted, the test fails.

b. Time Alarm and Time Interval SRQ. These tests
make sure that an interrupt occurs when the Time
Alarm turns on and after a certain time interval. The
program starts by setting the Time Alarm and Time
Interval bits in the service request register mask. Next,
the 3497A clock is set to zero. At this time, the Time
Alarm is also set to turn on 15 seconds after setting
the clock and the Time Interval is set to 10 seconds.
The computer then goes into a time loop. After 15
seconds are completed, the 3497A should interrupt the
computer, indicating that the SRQ line is true. The
computer then goes to a subroutine to determine if the
time alarm SRQ bit is true. If the correct bit is true,
the computer then goes back to the time loop. If the
bit is not true, the test fails and the computer continues
with the next test. If the computer does not get inter-
rupted, the test also fails and the time loop continues.
After the computer is interrupted by the Time Alarm
interrupt, the computer is interrupted again about 10
seconds after the Time Alarm interrupt. The same
takes place for Time Interval as was done for Time
Alarm (i.e., if the correct SRQ bits are not set or the
computer does not get interrupted, the test fails).
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4-48. Timer Tests. Two tests are performed for the Timer
Tests: Time Interval and Timer Qutput. The tests are as
follows:

a. Time Interval. This test checks to see if the pulses
output at the 3497A’s rear panel meet the specified
limits, when the Time Interval Mode is selected. By
sending program code ‘“TI1”’, the Time Interval mode
is selected and the resultant output pulses will have a
time interval of 1 second. A counter is used to measure
the time. It then transfers the time information to the
computer which makes sure the specified limits are
met. If they are not, the test fails and the 3497A re-
quires service (go to Section VIII of this manual).

b. Timer Output. This test is similar to the Time In-
terval Test. The only difference is that the output
pulses have a time interval of 1004S, instead of 18S.
This mode is selected by sending program code
((TOl!’.

4-49. Equipment. The required equipment for the test
is as follows:

Desktop Computer (-hp- Model HP-85A)

1/0 Interface Card (-hp- 82937A)

I/0 ROM (-hp- Part No. 00085-15003)

2 ea. HP-IB Cables (-hp- 10631A)

HP-IB Compatible Counter (-hp- Model 5328A, Options
011 and 041).

4-50. Test Procedure. The mainframe is tested
automatically using the program in Figure 4-2. It is re-
quired to leave the 3497A address to the factory preset
setting when running the test. If a different computer or
counter is used, refer to the test block diagram descrip-
tion in Figure 4-4 to write your own program. The test
program is written in such a way that individual tests can
be selected, if so desired, instead of the complete test.
Do the following:

a. Make sure that all test equipment and the 3497A

" are turned off.

b. With the Desktop Computer turned off, install the
I/0 ROM and 1/0 Interface Card into the computer.

c. Refer to Figure 4-3. Connect one HP-IB cable from
the computer to the counter and connect another cable
from the counter to the 3497A.

d. Using a coax cable with BNC connectors, connect
the 3497A TIMER output port (on the rear panel) to
Input A of the counter.

e. Turn all of the equipment on and make sure the
counter is set to HP-IB address ‘10’ and the 3497A
to address ‘09’ (factory address setting).
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f. Make sure the equipment has been operating long
enough to meet specifications. The 3497A requires at
least a one hour warm-up time.

g. Load the Performance Test Program into the
computer.

h. Press RUN on the computer and the test will start.
Make sure the requests displayed by the computer are
performed. ’

4-51. Mainframe Check (Serial 1/0)

4-52. Do this test only if the 3497A Serial 1/0 option
(Option 232) is installed. If the option is not installed,
go to the mainframe test procedure, in paragraph 4-40,
for the standard 3497A. The Serial I/0 mainframe test
is as follows:

Self-Test and Front Panel
Battery Backup

Power-On SRQ

Message Not Executed SRQ
Time Interrupt

The tests are performed remotely using the Model
HP-85A Desktop Computer. A description of the tests
is in the following paragraphs.

4-53. Self-Test and Front Panel Test. The 3497A Self-
Test is used to check some of the instrument’s operating
circuitry. Once the test is completed, the results are
transferred to the computer. When the Self-Test is en-
abled, all the front panel indicators are on and part of
the front panel is then checked.

4-54. The test starts when the computer sends the Self-
Test command (program code ST1) to the 3497A. Pro-
gram execution is then held for one second while the test
takes place. The test results are then read by the com-
puter. If the results are 8E8 (formatted 800000000 by the
Model HP-85A), the test passes and the self-test check
is completed. If other results are noted, like 1E1 (10), 2E2
(200), or 3E3 (3000), the test program goes to a subroutine
to determine what failed. The failure is then printed out
on the computer printer. Failure codes 1E1, 2E2, and 3E3
indicate Crossguard, Voltmeter, and Timer errors,
respectively.

4-55. Battery Backup Test. The Battery Backup test is
used to verify whether the 3497As internal battery keeps
the instrument clock operational, when power is removed.
The instrument clock is set to 23:00 hours by the com-
puter which is done by sending program code
“TD0000230000°’. The instrument is then turned off and
on. The clock is checked by the computer to make sure
it is not reset to zero, indicating that the clock was opera-
tional with power off.

4-9
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Figure 4-2. Mainframe (HP-IB) Test Program
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!
!
! "TIMER TEST ROUTINES®

CLEAR
CLERR 709 ! SET 24978 70 IT

S TURH-OM STATH

FRINT

PRINT

T=. 10065

e

IMAGE "Max®,21X.0.0DDDO
IMAGE "Error". 15,0 DDDDD
IMAGE "Min®.21%.0.0DDDD

{ TIMER INTERWAL TEST

PRINT "-————- TIMER INTERVAL
TEST---——-- -

PRINT

CLERR-F10  SET S328R T IT
S TURN-OM STATE

REMOTE 71@ ! PLACE THE S328

A INTO REMOTE

QUTPUT 789 ;"TIL1" ' SET 349
7R TIMER TO 1 SECOND INTERWY
AL

WRIT 1208

DUTPUT 7168 :"PF5GZA3A4AIA+2

oux"

WAIT zAas

TRIGGER 7?18

WAIT 2000

ENTER 718 ; A

B=ABES(A-1>

IF B<T THEN GOTO 2339

PRINT “Timer Interwval Test

¥FAILEOX"

PRINT .

PRIMT USING 2098 ; T+1

PRINT USING 2168 : R

PRIMT USING 2118 ; 1-T

PRINT

GOTO 2359

PRINT "Timer Interval Test
¥PRASSED®"

PRINT

PRINT "-—-END OF TIMER INTE

RVAL TEST-—-*

! TIMER OUTPUT TEST

PRINT

PRINT

PRINT “-—-——-- TIMER OQUTPUT

TEST———m=>mm "

PRINT

OQUTPUT 799 ;“TOL1* 1 SET 349
7R TIMER OUTPUT TO .1 mS
WAIT 1060

OUTPUT 71@ ;"PF7G1RA37+5a%"

TRIGGER 718

ENTER 7106 ; A

A=A% 109204

E=ABSLA-1>

IF BE<Y¥ THEN L0TO 2548

PRIMT "Timer Output Test
¥FAILEDX"

PRINT

FRINT USING 2888 ; V+1

PRIMT USING 2146 ; R
PRINT USING 2118 ; 1-V
PRIHT "Timer CQutput Test

*PASSEDX"
PRINT
PERINT "---—END OF TIMER 0OUT
PUT TEST~~—-*
RETURN

Figure 4-2. Mainframe (HP-1B) Test Program (Cont’d)

4-56. Power-On SRQ. This test checks to see if a Power-
On SRQ was generated when the power was turned off

and on (see the previous test). To do this, the 3497A status
register is read to see if the Power-on SRQ bit is set true.
If the bit is true, the test passes and if not true, the test
fails. It'is therefore important to do the Battery Backup
Test first and make sure that power is cycled on the

NOTE

Make sure the Continuous Clock jumper and
Power-On' SRQ Switch are in the ON posi-
tion, when doing the Battery Backup and
Power-On SRQ tests. The 3497A is shipped
Jrom the factory with both jumper and switch

3497A. in the OFF position (see Section Il of this
manual).
(
HP-IB CABLE
5328A
™~
T0
INPUT A
L1
3497A
©
©
0@ ol
©
©
hp 85A CONTROLLER
44426A TIME BNC
INTERVAL TEE 3497A-4-3
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Figure 4-3. Mainframe (HP-IB) Test Connection
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4-57. Message Not Executed SRQ. This checks to make
sure the 3497A sends an interrupt when it receives an in-
valid syntax statement (i.e., an incorrect program code
or a message that the 3497A cannot execute). The test
starts by setting the Message Not Executed bit in the In-
terrupt Mask true. Next, “WRONG SYNTAX” is sent
to the 3497A. The instrument should beep, set the ap-
propriate SRQ bit, and interrupt the computer. The com-
puter then goes to a subroutine to determine if the cor-

rect bit is true. If the bit is true, the test passes and if-

the bit is not true or the computer is not interrupted, the
test fails. -

4-58. Time Interrupt Test. This test makes sure that an
interrupt occurs after a certain time interval. The pro-
gram starts by setting the Time Interrupt bit in the Inter-
rupt Mask true. Next, a time interval of 2 seconds is
specified and the program is halted for 4 seconds. As soon
as 2 seconds are completed, the 3497A interrupts the com-
puter. The computer then goes to a subroutine to deter-
mine if the correct SRQ bit is set true. If it is true, the
test passes and if not true, the test fails. The test also fails
if the computer does not get interrupted. After the test,
the time interrupt function is disabled.

4-59. Equipment. The required equipment for the per-
formance verification checks is as follows:

Desktop Computer (-hp- Model 85A)
Serial 170 Interface Card (-hp- 82939A)
I/0 ROM (-hp- Part No. 00085-15003)

4-60. Test Procedure. The mainframe is tested
automatically using the program in Figure 4-5. It is re-
quired to leave the Serial Interface Settings and the 3497A
in their factory preset positions. If a different computer
is to be used, refer to the test block diagram description
in Figure 4-6 to write your own program.

a. Make sure that all test equipment and the 3497A
are turned off.

b. With the Desktop Computer turned off, install the
I/0 ROM and Serial [/0 Interface Card into the
computer.

¢. Connect the 3497A to the computer.
d. Turn all the equipment on and make sure the equip-
ment has been operating long enough to meet
specifications. The 3497A requires at least a one hour
warm-up time.
e. Press RUN on the computer and the test will start.
4-61. PERFORMANCE TEST
4-62. General

4-63. The performance test checks the performance of
the voltmeter option. The option requires two separate

Performance Test and Adjustment

tests, one is for the dc voltmeter and the other is for the
dc current source.

4-64. Because of the accuracy requirements of the
voltmeter option (see paragraph 4-34), manual perfor-
mance tests are performed. This includes configuring the
option to the appropriate function and range (e.g., select
the 10V Range) using the standard front panel. In addi-
tion, the front panel is also used to display the readings
taken by-the-option. If the optional front panel is install-
ed, a computer (like the Model HP-85A) has to be used
to configure and read the voltmeter option. Information
on how to remotely configure the 3497A is in paragraph
4-73. The performance tests are as follows:

DC Voltmeter Test - paragraph 4-65
DC Current Source Test - paragraph 4-69
Remote Set-up of Voltmeter Option - paragraph 4-73

4-65. DC Voltmeter Test

4-66. The DC Voltmeter Test checks the specified ac-
curacy of the DC Voltmeter (which is part of the
voltmeter option, Option 001). This includes the accuracy
of all ranges (.1V through 100V). The test limits are
printed in Table 4-3 and also on the DC Voltmeter Test
Card. Each step on the test card also corresponds to a
certain step in the procedure. The corresponding step in
the procedure is shown in parenthesis. All test signals are
applied to the HI COM and LO COM Input terminals
on the Inguard Rear Panel, as shown in Figure 4-7.

4-67. Equipment Required. The following is the required
test equipment for the test procedure.

Reference Divider (Fluke Model 750A)

DC Transfer Standard (Fluke Model 731B)
DC Standard (Systron Donner Model M107)
DC Null Voltmeter (Keithley Model 155)

4-68. Test Procedure. Do the following:

a. (Step #1). Reset the 3497A to its turn-on state by
pressing the RESET button on the front panel (or, if
in remote, clear the instrument by sending CLEAR
709). This sets the 3497A to 5% Digit Display,
Autozero On, and Autorange On.

b. (Step #2). Short the rear HI COM and LO COM
Input Terminals. The voltmeter should now be in the
.1V Range.

c. Record the reading on the test card and make sure
it is within the specified limits shown on the test card
and in Table 4-3.

d. (Step #3, 4, and 5). Set the voltmeter to the 1V,
10V, and 100V Ranges (program codes VR2, VR3, and
VR4 for the 1V, 10V, and 100V Ranges, respective-
ly). Check and record the readings.
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19 1 249768 PERFORMANCE TEZT 433 DISP 989 QUTPUT 18 ;“SE@"
z6 1 SERIAL 140 493 DIzp ANOTEX" %39 PRINT
38 RESET 1@ 589 DISP 1898 PRINT
49 IMAGE K 519 DISP "The Power-0On SRA Test 1818 GOTOD 1148
56 0DIM A$C1S) will FRIL unless this ster i 1020 ! INTERRUPT SERVICE ROUTINE
£9 CLERR s performed. " 1838 WAIT 2999
75 PRINT “¥fXx%3497A PERFORMANG 526 EEEF 1848 OUTPUT 18 USING 48 ; "SR°
E TESTHX¥¥¥" 5308 PAUSE 1558 EMTER 10 USING "#,K" ; C
&9 PRINT 549 CLEAR 1868 IF C<>128 THEN PRINT “Messa
90 PRINT 5568 WAIT 2000 9e Not Executed tFAILED®
198 PRINT “-----—-- 3497A SELF-TE 560 GUTPUT 1@ USING 48 ; =TD" " @ GOTO 1086 .
--------- " 578 ENTER 18 USING “#,K" ; RS$ 1879 PRINT "Message Not Executed
118 PRINT - 589 A=VAL (ASC71) *PASSEDX"
128 OUTPUT 18 USING 4@ “ST1e 599 IF R»3 THEN PRINT "Battery T 1838 L=1
123 WAIT 1840 est *¥PASSEDX” @ G 1899 RETURN
143 EHTER 1@ USING "#,K* : G aTn 659 1tam !
152 IF G=58920698A THEN PRINT "3 589 PRINT "Batterr Test 1118 }
eli-Tect *PASS XFRILED%* 1129 1
EDX" ® GOTO 22@ 518 PRINT 1139 1
168 IF™G=19 THEN PRINT “Crosssua 529 PRINT "Make sure the Continu 1148 PRINT "-—-———— -TIME INTEFRUPT
rd Error" ous Clock Select Jumper is TEST——===—-
178 IF =288 THEN PRINT "Voltmet in the ON Position.® 1158 PRINT
er Failure“ 630 PRINT 1168 RESET 18
186 IF G=39060 THEN PRINT “Timer 548 PRINT "The instrument is shi 1178 L=9
Failure® pped with this JumpPer in th 1186 CONTROL 1@,1 ; 128
196 PRINT e off position. ” 1198 ON INTR 16 GOSUE 13@8
280 PRINT “Repair 3497A before c 658 PRINT 1288 OUTPUT 18 USING 48 ; "SEl1i@
ontinuing with the Performa’ 568 PRINT "-——ENMD OF BRATTERY BRC “
. nce Test® ¥YUP TEST---" 1218 OUTPUT 18 USING 48 ; “"TI2*
21e GOTO 141@ 678 PRINT 1228 WAIT 4809
229 PRINT 688 PRINT 122@ IF L=9% THEN PRINT "Time Int
238 BEEP 590 1 arrupt XFAILEDX"
249 DISP “"1s.the STAMDARD FRONT 79a | 1249 PRINT
FAHEL " 719 ¢ 1250 PRINT "—-——-END OF TIME IHTER
259 DISP “installed (Enter YES o 728 PRINT “-——---- POWER-ON SR@ T RUPT TEST---"
r HO)*; EST~—————-- . 1263 PRINT N
266 IMPUT RS 738 FRINT 1278 PRINT
27@ IF A$="ND" OR AS$="no" THEN G 745 B=0 1228 OUTPUT 18 USING 48 ; "TIa"
oTD 370 753 QUTPUT 10 USING 4@ ; “sR* 1299 GOTO 141@
gsa EEESP ?gg %ngR 1anu?;gﬁ ;glk; ;pe 1396 ! INTERRUPT SERVICE POUTINE
20 L I >148 N "Power- k3 atl L 1 I a ; a[c"
208 DISP "Are all display irdica On SRO FFAILEDX™ igég ég¥EéTlé9Ué?§2 ";:Ku ;Sg ¢
ors ON" ___ % GOTO 798 _ 1238 IF D<>118 THEM PRINT “Time
21@ DISP "(Enter YES or NO)"; 783 PRINT "FPower-0On SR@& Interruet SFAILEDX
328 IHPUT A% KPRSSEDX" "R GOTO 1356
338 IF A$="YES" OR As$="res"™ THEN 792 PRINT 1348 PRINT "Time Interrupt
PRINT "front Panel Test 388 FRINT “----END OF POKWER-ON S *PRASSED%"
¥PASSEDX" R} TEST----" 1356 L=1
349 IF A$="NO" OR A$="no"” THEW P 318 PRINT 1368 RETURN
EIMT “Front Panel Test 828 PRINT 132740 ¢t
*FARILEDY" $30 ¢ 1350 !
CLEAR 246 ! 1399 |
OUTPUT 10 USING 44 “STR" 358 ! 1300 1
PRINT = g6 PRINT “-MESSAGE MOT EXECUTED 1418 PRINT
FRINT "----=---END OF SELF-T SRR TEST--* 142a PRINT “XtXXEND OF PERFORMAM
EST-——————— 378 PRINT CE TESTXX¥%x"
394 PRINT 839 REZET 1@ 1420 PRINT
480 PRINT 394 L=9 1448 PRINT " REFER TO ABOVE PRI
418 ! 269 CONTROL 18,1 ; 128 NTOUT FOR RESULTS"
429 ! g1@ ON INTR 19 GOSUR 1e2#9 14508 PRINT
3o ! 922 OUTPUT 1@ USING 4@ ; "SE128* 1468 PRINT
443 PRINT "------ BATTERY BACKUP 332 OUTPUT 1@ USING 4@ ; "WRONG 1478 PRINT
TEST-~—---- " SYNTRX" ! SEND INCORRECT PRO 1488 PRINT
458 PRINT GRAM CODES 1498 END .
R ) . S a 349 WAIT 1900
A8 O g D USING 48 5 "TDBOAB  odp [F L=a THEW PRINT *Mecsase N )
470 DISP "Turn the 3497 Power § . of Executed *FARILED®" y
itec : ON. N
witch R and b oy 5a, 978 PRINT "------END OF MESSAGE

€. (Step #6). Remove the short from the Input Ter-
minals and set the option to the 10V Range. Connect
the DC Transfer Standard’s ““+”’

Figure 4-5. Mainframe (Serial 1/0) Test Program

terminal to the

reading.

3497A’s HI COM terminal and ¢“->’ terminal to the
LO COM terminal.

f. Set the DC Transfer Standard to the 10V Range.

h. (Step #8). Set the option to the 3% Digit Display
mode (program code VD3). Check and record the

i. (Step #9). Return the option to the 5% Digit Display
mode and then turn Autozero off (program codes VD35

Check the reading on the 3497A and record it on the
test card.

g. (Step #7). Set the voltmeter option to the 42 Digit
Display mode (program code VD4). Check and record

the reading.
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and VAO0). Check and record the reading.

j. (Step #10). Turn Autozero on and set the option
to Autorange (program codes VAl and VRS5). Then

set the DC Transfer Standard to the 1V Range. Check
and record the 3497A’s 1V reading.
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BY SENDING BEFORE CONTINUING

PROGRAM CODES "'ST0" WITH THE
PERFORMANCE TEST

Figure 4-6. Mainframe (Serial 1/0) Test Program Flowchart
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Table 4-3. DC Voltmeter Test Limits
Step# Input Range Set-Up| 24 Hour Limits S0 Day Limits 1 Year Limits
Configuration high low high low high low
1 Open - Press RESET
2 Short | Auto | AZ On +.000003V | -.000003V | +.000003V | —.000003V | +.000003V | -.000003V
3 Short 1V | AZ On +0.00001V | -0.00001V | +0.00001V | -0.00001V | +0.00001V | —-0.00001V
4 Short 10V | AZ On +00.0001V | -00.0001V | +00.0001V | ~00.0001V | +00.0001V | -00.0001V
5 Short | 100V | AZ On +000.001V | -000.001V { +000.001V | ~000.001V | +000.001V | -000.001V
6 +10V 10V | AZ On +10.0003V | +09.9997V | + 10.0007V | +09.9993V | +10.0016V | +09.9984V
7 +10V 10V | 4 Dig. +10.002V +09.998V | +10.002Vv +09.998V | +10.003V +09.997v
8 + 10V 10V | 3 Dig. +10.02V +09.98Vv +10.02V +09.98V +10.02V +09.98Vv
9 +10V 10V | 5 Dig. AZ Off | +10.0004V | +09.9996V | + 10.0008V | +09.9992V | +10.0017V | +09.9983V
10 +1V 1V | AZ On +1.00003V | +0.99997V | +1.00007V | +0.99993V | +1.00016V | +0.99984V
1 +.1V 1V | AZ On +.100006V | +.099994V | +.100010V | +.099990V | +.100018V | +.099982v
12 | +100V | 100V | AZ On +100.003V | +089.987V | +100.007V | +099.993V | +100.016V | +099.984V
13 +1V OV | AZ On +01.0001V | +00.9999V | +01.0002V | +00.9998V | +01.0003V { +00.9997V
14 -1V 10V | AZ On -01.0001V | -00.9999V | -01.0002V | -00.9998V | - 01.0003V | -00.9997V
15 B\ 10V | AZ On -05.0002V | —04.9998V | - 05.0004V | -~04.9996V | - 05.0009V { -04.9991V
16 -10vV 10V | AZ On -10.0003V | —09.9997V | - 10.0007V | —09.9993V | - 10.0016V | -09.9984V

k. Disconnect the DC Transfer Standard from the
instrument.

I. (Step #11). Refer to Figure 4-7. Using short pieces
of 20 AWG insulated solid copper wire, conncut the
DC Transfer Standard and Null Voltmeter to the
Reference Divider, as shown in the figure. Turn the
output of the DC Volts Standard off. Using 24 inch
or shorter shielded cables, connect the DC Standard
and 3497A to the Reference Divider, as shown in the
figure.

m. Set the Standard Cell Voltage control on the
Reference Divider to correspond with the output
voltage setting of the DC Transfer Standard. Normal-

ly, the Transfer Standard’s output should be set to the
voltage value of the standard cell used to calibrate the
Transfer Standard.

n. Zero the DC Null Voltmeter on the 3 microvolt
range and set it to the 300 microvolt range.

o. Set the Reference Divider’s Input Voltage Switch
to 10V and center its Coarse and Fine adjust controls.

p. Set the Reference Divider’s Output Voltage Switch
to .1V.

q. Set the DC Standard for an output of + 10V and
then turn its output on.

DATA ACQUISITION/
CONTROL UNIT

-hp-3497A
[«
I o » [ 770
T o )
o G o j
o b o]
o: ] DC STANDARD
4 & & 0° SYSTRON DONNER MODEL M107A
e &30 ]
° O
14 Os
3333 o
[ | ml N )
REFERENCE DIVIDER
FLUKE 750A
L SENSE
P EEEE—
_J
DC_NULL \ng §L7/ QUTPUT
Kg?%}T{EE.iETSS l o o o DC TRANSFER
_ -I—I- STANDARD
T FLUKE 7318
5]
o []
o O o9ee °1)j)o
L& 1

3497A-4-7

Figure 4-7. DC Voltmeter Test Connection
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r. Set the Reference Divider’s Standard Cell Switch
to the LOCKED position. Adjust the DC Standard’s
output for a zero reading on the DC Null Voltmeter.

s. Downrange the DC Null Voltmeter and adjust the
Reference Divider’s Coarse and Fine adjust controls
for a zero reading on the Null Voltmeter’s 3 microvolt
range.

t. Set the Reference Divider’s Standard Cell Switch
to OPEN. Then set the switch to MOMENTARY and,
if necessary, readjust the Fine control for a zero
reading on the Null Voltmeter.

u. Check and record the the 3497A’s + .1V reading.
NOTE

The Reference Divider’s Fine control may
have to be readjusted, when the output switch
is set to another position.

v. (Step #12). Uprange the Reference Divider’s Input
Voltage Switch to 100V and then uprange the DC Stan-
dard’s output to + 100V.

Always uprange the Reference Divider Input
Voltage Switch before upranging the DC
Standard and downrange the DC Standard
before downranging the Reference Divider.

w. Uprange the Reference Divider’s OQutput Voltage
Switch to 100V. The 3497A DC Voltmeter should
uprange to the 100V Range. Check and record the
3497A’s + 100V reading.

X. (Step #13). Downrange the DC Standard’s output
to + 10V and then downrange the Reference Divider’s
Input Voltage Switch to 10V,

y. Set the voltmeter option to the 10V Range (program
code VR3). Downrange the Reference Divider’s Out-
put Switch to 1V. Check and record the 3497A’s + 1V
reading (on the 10V Range).

Z. (Step #14). Reverse the input leads going to the
3497A. Check and record the 3497A’s -1V reading.

aa. (Step #15). With the 3497A connected as in step
z, uprange the Reference Divider’s OQutput Voltage
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Switch to 5V. Check and record the 3497A’s -5V
reading.

bb. (Step #16). With the 3497A connected as in step
z, uprange the Reference Divider’s Output Voltage
Switch to 10V. Check and record the 3497A’s -10V
reading. Turn the DC Standard’s output off. Then
disconnect the DC Standard, DC Transfer Standard,
DC Null Voltmeter, and 3497A from the Reference
Divider. This completes the DC Voltmeter Test.

4-69. DC Current Source Test

4-70. This test checks the specified accuracy of the Con-
stant Current Source (part of the voltmeter option). Since
the 3497A’s DC Voltmeter is used to do the DC Current
Test, make sure the voltmeter function is operating cor-
rectly before doing the test. The test limits are printed
in Table 4-4 and also on the Voltmeter Option Test Card.
Each step on the test card also corresponds to a certain
step in the procedure. The corresponding step in the pro-
cedure is shown in parenthesis.

4-71. Equipment Required. The following is the required
test equipment for the test.

Standard Resistors:

10K ohm =+.001% (Guildline Model 9330/10K or
9330A/10k)

100K ohm +.001% (Guildline Model 9330/100K or
9330A/100K)

4-72. Test Procedure. Do the following:

a. (Step #1). Reset the 3497A by pressing the RESET
button on the front panel.

b. (Step #2). Connect the 10K ohm Standard Resistor
to the Current Source Output, as shown in Figure 4-8.
Also, connect the output to the DC Voltmeter, as
shown in the figure.

¢. Set the current source for a ImA output (program
code VC3).

d. Check and make sure the reading on the 3497A is
within the specified limits shown on the test card and
in Table 4-4. Then record the reading on the test card.

e. (Step #3). Change the output current to 100pA (pro-
gram code VC2). Check and record the reading.

Table 4-4. Current Source Test Limits

Step# Input Range Set-Up/ 24 Hour Limits 90 Day Limits 1 Year Limits
Configuration high high low high low
1 Open - Press RESET
2 10K ohm | 1mA | VM Autorange | +10.0013V | +09.9987V | +10.0025V | +09.9975V | +10.0032V | +09.9968V
3 10K ohm | 100pA | VM Autorange | + 1.00013V | +0.99987V | +1.00025V | +0.99975V | +1.00032Vv | +0.99968V
4 100K ohm | 10pA | VM Autorange { +1.00013V | +0.99987V | +1.00025V | +0.99975V | +1.00032V | +0.99968V
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Figure 4-8. DC Current Source Test Connection

f. (Step #4). Replace the 10K ohm resistor with a 100K
ohm Standard resistor.

g. Change the output current to 10pA. Check and
record the reading.

h. Disconnect the Standard Resistor and DC
Voltmeter from the Current Source. This completes
the DC Current Test.

4-73. Remote Set-Up of Voltmeter Option

4-74. If the optional front panel (Option 260) is installed,
the voltmeter option has to be setup and read remotely.
This is done using a Model HP-85A Desktop Computer.
Make sure the I/O ROM and 1/0 card are installed in
the computer (see paragraph 4-14 or 4-16). Then connect
the computer to the 3497A, as shown in Figure 4-3 (for
the standard HP-IB mainframe). An example showing
how to send program codes to the 3497A in order to setup
the voltmeter option, and how to read the option, follows
this paragraph. In the example, the DC Voltmeter is set
to the 10V Range (by sending program code VR10) and
a reading is then taken.

a. To send program code VR10 to the 3497A, do this:
HP-IB Format - OUTPUT 709 ;**VR10”
Serial I/O - OUTPUT 10 USING “K”’ ;**VR10”’

b. To display the reading of the voltmeter, do this:
HP-IB Format - ENTER 709 ;A
PRINT A
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Serial 170 - ENTER 10 USING “#,K” ; A
PRINT A

4-75. VOLTMETER OPTION ADJUSTMENT PROCEDURES
4-76. General

4-77. The following adjustment procedures for the 3497A
are used to calibrate the voltmeter option to the listed
specifications. When the voltmeter option is adjusted, it
should meet its 24 hour specifications. Since, after ad-
Justment of the option, a performance test is required,
the adjustment procedures are combined with the cor-
responding performance tests. The procedures are set up
in such a way that the performance tests can be ignored,
if so desired.

4-78. Other adjustments of the mainframe and voltmeter
options are normally performed after repair or service
of the instrument. These include battery charger adjust-
ment for the mainframe, and various offset and reference
adjustment for the voltmeter option. These adjustment
procedures are in paragraph 4-92 (Miscellaneous
Adjustments).

4-79. The following are the voltmeter option adjustment
procedures for the 3497A.

DC Voltmeter Adjustment and Performance Test -
paragraph 4-80

DC Current Adjustment - paragraph 4-86

4-80. DC Voltmeter Adjustments and Performance Test
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4-81. General. The following procedure is used to
calibrate the DC Voltmeter to meet its 24 hour accuracy
limits. It is recommended that this procedure be perform-
ed at 90 day intervals.

4-82. Refer to Table 4-5 for the adjustment and test
limits. Each calibration and performance step in the table
is also shown in parenthesis in the procedure. Make sure
the 3497A has been warmed up for at least one hour
before doing any adjusting and testing.

4-83. Adjustment Location. All adjustments are located
behind the front panel. To open the front panel, unscrew
the captive fastener counter-clockwise until it is free. Then
swing the front panel out until it is perpendicular with
the frame. The adjustments are at the right side of the
instrument (see Figure 4-9).

N
D 1 e

Q | LT CALIBRATION
f““i““\
R127 100mV
R125 1v

R4 100V

R702 10V T
ADJUST

S$700 10V SEQUENCE

—

R405 uA

CURRENT
R410 100uA gnp ADJ

A411 LuA
1 /

3497A-4-9

TN

Figure 4-9. Voltmeter Option Adjustment Location

4-84. Equipment Required. The following is the required
equipment for the DC Voltmeter adjustment and test
procedure.

Reference Divider (Fluke Model 750A)

DC Transfer Standard (Fluke Model 731B)
DC Standard (Systron Donner Model M107)
DC Null Voltmeter (Keithley Model 155)

4-85. Adjustment and Test Procedure. The following
tests and adjustments are performed using the standard
front panel. If the optional front panel is installed, use
a computer (like the Model HP-85A) to setup and read
data from the option (see paragraph 4-73). Do the
following:

Performance Test and Adjustment

a. (Step #1). Reset the 3497A to its turn-on state by
pressing the RESET button on the front panel (or, if
in remote, clear the instrument by sending CLEAR
709). This sets the voltmeter to 5% Digit Display,
Autozero On, and Autorange On.

b. If no performance checks are to be made, continue
with step c. If the checks are to be performed, do the
following:

1. (Step #2). Short the HI COM and LO COM In-
put Terminals on the rear panel of the 3497A.

2. Make sure the 3497A reading is within the
specified limits in Table 4-5.

3. (Step #3, 4 and 5). Set the voltmeter option to the
1V, 10V, and 100V Ranges (program codes VR2,
VR3, and VR4, respectively). Check the readings.
Then remove the short from the Input Terminals.

c. (Step #6). Set the voltmeter option to the 10V
Range (program code VR3). Connect the DC
Transfer Standard’s ‘“ 4+’ terminal to the 3497A’s
HI COM terminal and the ‘“->’ terminal to the LO
COM terminal.

d. Set the DC Transfer Standard to the 10V Range.
Adjust pot R702 (behind the front panel) for a
+10.0000V =+ 1 count reading on the 3497A display.
If able to adjust to the required reading, continue
with step e. If unable to adjust, do the following:

1. Turn pot R702 completely counter-clockwise.

2. Turn switch S700 until the 3497A reading is as
close to + 10V as possible. If the reading is higher
than + 10.0000V, turn the switch one position for
a lees than + 10.0000V reading.

3. Adjust pot R702 for a +10.0000V +1 count
reading.

e. If no performance checks are to be made, continue
with step f. If the checks are to be performed, do the
following:

1. (Step #7). Set the 3497A to the 4 Digit Display
mode (program code VD4). Check the reading.

2. (Step #8). Set the 3497A to the 3 Digit Display
mode (program code VD3). Check the reading.

3. (Step #9). Return the instrument to the 5 Digit
Display mode (program code VDS).

4. Turn Autozero off (program code VAQ) and
check the reading. Then turn Autozero back on again
(program code VAl).
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Table 4-5. DC Voltmeter Calibration and Test Limits

Step# Input Range Set-Up/ Test Limits Adjust
Configuration high low
1 Open - Press RESET
2 Short Auto AZ On +.000003V —-.000003V
3 Short 1v | AZ On +0.00001V —-0.00001V
4 Short 10V | AZ On +00.0001V —00.0001V
5 Short 100V | AZ On +000.001V -000.001V
6 + 10V 10V | AZ On Cal. Cal. S700/R702
7 + 10V 10V | 4 Dig. +10.002V +09.998V
8 + 10V 10V | 3 Dig. +10.02v +09.98V
9 + 10V 10V | 5 Dig. AZ Off +10.0004V +09.9996V
10 +1Vv 1V | AZ On Cal. Cal. R125
11 +.1V AV [ AZ On Cal. Cal. R127
12 + 100V 100V | AZ On Cal. Cal. R4
13 +1V 10V | AZ On +01.0001V +00.9999V
14 -1V 10V | AZ On -01.0001V —00.9999V
15 -5V 10V | AZ On —05.0002V —04.9998V
16 - 10V 10V | AZOn -10.0003V —-09.9997V
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f. (Step #10). Set the DC Voltmeter to Autorange
(program code VRS). Set the DC Transfer Standard
for + 1V output. Adjust pot R125 for a + 1.00000V
+ 1 count reading.

g. Disconnect the DC Transfer Standard from the
3497A.

h. (Step #11). Refer to Figure 4-7. Using short pieces
of 20 AWG insulated solid copper wire, connect the
DC Transfer Standard and Null Voltmeter to the
Reference Divider, as shown in Figure 4-7. Turn the
output of the DC Standard off. Using 24 inch or
shorter shielded cables, connect the DC Standard to
the Reference Divider, as shown in the figure.

i. Set the Standard Cell Voltage control on the
Reference Divider to correspond with the output
voltage setting of the DC Transfer Standard. Normally
the Transfer Standard’s output should be set to the
voltage value of the standard cell used to calibrate the
Transfer Standard.

j. Zero the Null Voltmeter on the 3 microvolt range
and then set it to the 300 microvolt range.

k. Set the Reference Divider’s Input Voltage Switch
to 10V and center its Coarse and Fine adjust controls.

1. Set the Reference Divider’s Output Voltage Switch
to .1V.

m. Set the DC Standard for an output of + 10V and
then turn its output on.

n. Set the Reference Divider’s Standard Cell Switch
to the LOCKED position. Adjust the DC Standard’s
output for a zero reading on the DC Null Voltmeter.

0. Downrange the Null Voltmeter and adjust the
Reference Divider’s Coarse and Fine adjust controls
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for a zero reading on the Null Voltmeter’s 3 microvolt
range.

p. Set the Reference Divider’s Standard Cell Switch
to OPEN. Then set the switch to MOMENTARY and,
if necessary, readjust the Fine control for a zero
reading on the Null Voltmeter.

g. Adjust R127 for a .100000V + 1 count reading on
the 3497A display.

NOTE

The Reference Divider’s Fine control may
have to be readjusted, when the output switch
is set to another position.

r. (Step #12). Uprange the Reference Divider’s Input
Voltage Switch to 100V and then uprange the DC
Standard’s output to + 100V,

Always uprange the Reference Divider Input
Voltage Switch before upranging the DC
Standard and downrange the DC Standard
before downranging the Reference Divider.

s. Uprange the Reference Divider’s Output Voltage
Switch to 100V. Adjust pot R4 fora + 100V +1 count
reading on the display.

t. Downrange the DC Standard’s output to + 10V and
then downrange the Reference Divider’s Input Voltage
Switch to 10V. If no performance checks are to be
made, continue with step u. If the checks are to be per-
formed, do the following:

1. (Step #13). Set the voltmeter option to the 10V
Range program code VR3). Downrange the
Reference Divider’s Output Voltage Switch to 1V.
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Check the reading on the 3497A display (+ 1V on
the 10V Range).

2. (Step #14). Reverse the input leads going to the
3497A. Check the -1V reading.

3. (Step #15). Uprange the Reference Divider’s Out-
put Voltage Switch to 5V. Check the reading.

4. (Step #16). Uprange the Reference Divider’s Out-
put Voltage Switch to 10V. Check the -10V reading.

u. Turn the DC Standard’s output off. Then discon-
nect the DC Standard, DC Transfer Standard, DC
Null Voltmeter, and 3497A from the Reference
Divider. This completes the DC Voltmeter Adjustment
and Performance Test.

4-86. DC Current Adjustment

4-87. General. Since all ranges of the Constant Current
Source are calibrated, no performance test is required.
Also, since the 3497A’s DC Voltmeter is used to calibrate
the current source, make sure it is accurate and operating
correctly. Perform the DC Voltmeter Performance Test
and/or Adjustment procedures before calibrating the cur-
rent source.

4-88. The calibration set-up information is in Table 4-6.
Each calibration step in the table is also shown in paren-
thesis in the adjustment procedure. Make sure the 3497A
has been warmed up for at least one hour, before doing
the calibration.

4-89. Adjustment Location. All adjustment locations are
behind the front panel. To open the front panel, unscrew
the captive fastener counter-clockwise until it is free. Then
swing the front panel out until it is perpendicular with
the frame. The adjustments are at the right side of the
instrument (see Figure 4-9).

Table 4-6. DC Current Calibration

Step# Input Range Set-Up| Adjust
Configuration
1 Open - Press RESET

2 10K ohm 1mA VM Autorange R411

3 10K ohm 100xA VM Autorange R410

4 100K ohm 10uA VM Autorange R409

4-90. Equipment Required. The following is the required
test equipment for the DC Current Adjustment and Test.
Standard Resistors:

10K ohm +.001% (Guildline Model 9330/10K or
9330A/10K)

100K ohm =+.001% (Guildline Model 9330/100K or
9330A/100K)

Performance Test and Adjustment

4-91. Adjustment Procedure. Do the following:

a. (Step #1). Reset the 3497A by pressing the RESET
button on the front panel.

b. (Step #2). Connect the 10K ohm Standard Resistor
to the Current Source Output, as shown in Figure 4-8.
Also, connect the output to the DC Voltmeter, as
shown in the figure.

¢. Set the current source for a ImA output (program
code VC3).

d. Adjust R411 for +10.0000V + 1 count reading on
the 3497A display. If unable to adjust to the specified
limits, the coarse adjustment procedure for the cur-
rent source should be performed. This procedure is in
paragraph 4-92 (Miscellaneous Adjustments). If
unable to do a coarse adjustment, go to Service Group
C for troubleshooting.

e. (Step #3). Change the output current to 100pA (pro-
gram code VC2). Adjust R410 for a +1.00000 +1
count reading on the 3497A display.

f. (Step #4). Replace the 10K ohm resistor with a 100K
ohm Standard Resistor.

g. Change the output current to 10pA (program code
VC1). Adjust R409 for a +1.00000V +1 count
reading on the 3497A display.

h. Disconnect the Standard Resistor and DC
Voltmeter from the current source. This completes the
DC Current Adjustments.

4-92. MISCELLANEOUS ADJUSTMENTS

4-93. The following adjustment procedures are for the
3497A mainframes (HP-IB and Serial I/Q) and the
voltmeter option. The procedures are normally performed
after servicing the instrument or, in the case of the
voltmeter option, if unable to calibrate the voltmeter to
specifications. Under normal conditions, these ad-
justments are not necessary. The following are the
miscellaneous adjustment procedures for the 3497A,

Battery Charger Adjustment - paragraph 4-97
Thermocouple Reference Adjustment - paragraph 4-101
Procedure to Gain Access to the Voltmeter Option -
paragraph 4-105

-12V Reference Coarse Adjust - paragraph 4-107

DC Voltmeter Offset Adjustment - paragraph 4-111
Switch Feedthrough and Pre-Charge Adjustment -
paragraph 4-114

Input Amplifier Offset Adjustment - paragraph 4-118
Current Source Coarse Adjustment - paragraph 4-122

4-94. Adjustment Locations
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4-95. The Battery Charger Adjustments and Thermocou-
ple Adjustments are mainframe adjustments and are
performed on the mainframe power supply board. Infor-
mation on how to get to those adjustments is located in
the adjustment procedures themselves.

4-96. The voltmeter adjustments are located on the
voltmeter option board. To get to those adjustments, the
board needs to be removed from the instrument. A
separate removal procedure is in paragraph 4-105. Do the
removal procedure first before doing any of the voltmeter
option adjustments.

4-97. Battery Charger Adjustment

4-98. The battery charger adjustment sets the correct
voltage used to charge the battery. This should be per-
formed after repairing the battery charger circuitry. Also,
if it is suspected that the battery is being overcharged,
perform the adjustment. A battery that is overcharged
has a shorter than normal life expectancy.

4-99. Equipment Required. The required equipment is
a High Impedance Digital Voltmeter (like the -hp- Model
3456A) with appropriate test leads. If the voltmeter is not
available, others, like the -hp- Models 3468A or 3478A
Digital Multimeters (or equivalent), may also be used.
Other equipment required is a 0-15V power supply. The
recommended model is the -hp- Model 6215A.

4-100. Adjustment Procedure. Do the following:

a. Disconnect all external connector cards and signal
lines from the rear of the 3497A. The ac power line
cord may remain connected.

| WARNING |

Components on portions of the power sup-
ply board are at guard potential and not at
ground potential; they may represent a serious
shock hazard.

b. Turn the 3497A off.

¢. Open the front panel by unscrewing the captive
fastener counter-clockwise until it is free. Then swing
the front panel out until it is perpendicular with the
frame.

d. Behind the front panel in front of the mainframe
boards is the power supply board (A16 Assembly). At
this time, the board is covered with a metal shield.
Remove the two screws that hold the shield in place
and then remove the shield.

e. Refer to Figure 4-10 and locate diode A16CR2. Us-

ing a clip lead, connect the anode (TP2) of the diode
to chassis ground (TP1), as shown in Figure 4-10.
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f. Set the external power supply to a little less than
5V. Then connect the positive output of the power
supply to the cathode (TP3) of A16CR2, as shown in
Figure 4-10. Connect the negative output of the power
supply to chassis ground.

g. Turn the 3497A on. Note that the “CHARGE”’
LED on the power supply board is on.

h. Increase the voltage on the external power supply
until the ““CHARGE”’ LED goes out. Measure the
voltage using the test Digital Voltmeter and make sure
it is between 7.95V and 8.05V.

i. If the voltage is correct, no adjustment is necessary.
If the voltage is incorrect, the battery charger circuitry
is out of adjustment. To readjust the circuitry, do the
following:

1. Leave the clip lead and external power supply con-
nected (see steps e and f).

2. Adjust the external power supply for exactly 8V
(use the test Digital Voltmeter).

3. Locate potentiometer A16R10 and turn it fully
clockwise. The “CHARGE”’ LED should be on.

4. Turn A16R10 slowly counter-clockwise until the
“CHARGE"’ LED barely turns off.

5. Check for the proper setting of A16R10 by reduc-
ing the external power supply voltage to less than 5V
and repeat step h. If the LED still does not turn off
at 8V, readjust A16R10 until it does.

j. 1f no more adjustments to the mainframe are to be
performed (see next paragraph), turn the 3497A off,
and remove the external power supply, the short from
diode A16CR2, and the test Digital Voltmeter. Replace
the power supply shield, and close and fasten the front
panel.

4-101. Thermocouple Reference Adjustment

4-102. This adjustment need only be performed if a Relay
Multiplexer Assembly with Thermocouple Compensation
(Option 020) is installed in the 3497A. A reference voltage
is adjusted to improve the thermocouple reference out-
put accuracy.

4-103. Equipment Required. The required equipment is
a High Impedance Digital Voltmeter (like the -hp- Model
3456A) with appropriate test leads. If the voltmeter is not
available, others, like the -hp- Models 3468A or 3478A
Digital Multimeters (or equivalent), may also be used.

4-104. Adjustment Procedure. The adjustment procedure
requires that one or more jumpers, located on the 3497A’s
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Figure 4-10. Mainframe Adjustment Locations

mainframe power supply board, may have to be
changed. Do the following:

a. Disconnect all external connector cards and signal
lines from the rear of the 3497A. The ac power line
cord may remain connected.

| WARNING I

Components on portions of the power sup-
ply board are at guard potential and not at
ground potential; they may represent a serious
shock hazard.

b. Make sure the 3497A is turned off.

c. Open the front panel by unscrewing the captive
fastener counter-clockwise until it is free. Then swing
the front panel out until it is perpendicular with the
frame.

d. Behind the front panel in front of the mainframe
boards is the power supply board. At this time, the
board is covered with a metal shield. Remove the two
screws that hold the shield in place and then remove
the shield.

€. Turn the 3497A on.

f. Connect the test voltmeter to the fourth (TC GND)
and fifth (-8TC) pins of A16JI3 or connect to TPS
(-8TC) and TP6 (TC GND), as shown in Figure 4-10.

g. Adjust A16R46 for a reading of -8.000V on the test
voltmeter.

h. If the -8V can be adjusted using A16R46, continue
with step i. If the -8V cannot be adjusted using
A16R46, perform the following coarse adjustment of
the thermocouple reference voltage.

1. Turn the 3497A off. Refer to Figure 4-11 and in-
stall any missing jumpers (A16J7 through J10).

2. Refer to Figure 4-10 and locate resistor A16R75
on the power supply board. Short across the resistor.

3. Next, locate A16C29 and connect the negative
lead of the test Digital Voltmeter to the negative lead
of the capacitor, as shown in Figure 4-10. Then locate
diode CR33 and connect the positive lead of the
voltmeter to the cathode of the diode, as shown in
the figure.

4. Turn the 3497A on.
5. Note the voltage reading on the test voltmeter.

6. Refer to Table 4-7 and select the appropriate
jumpers that corresponds to the voltage noted in the
previous step.

7. Once the correct jumpers are selected, remove the
short from A16R75.

8. Repeat steps f and g to do the -8V fine adjustment.

i. Turn the 3497A off and disconnect the test
voltmeter from the power supply board. Then replace
the power supply shield, and close and fasten the front
panel. This completes the Thermocouple Reference
Adjustment.

4-105. Procedure to Gain Access to the Voltmeter Option

4-106. The following procedure is used to gain access to
the voltmeter option to adjust the option. Since the
voltmeter board is mounted on the inguard controller
board, the Inguard Controller board has to be removed
before access to the voltmeter board is possible. Do the
following:

4-23



Performance Test and Adjustment ‘ 3497A

VOLTMETER OPTION PERFORMANCE TEST CARD

1 YEAR LIMITS

Hewlett-Packard Model 3497A
Data Acquisition/Control Unit

Serial Number

Date

DC Volts Test

Test Performed By

Step# Input to Set-Up and High Reading Low Test Test
Option Configuration Limit Limit Pass ) Fail
1 Open Press RESET
2 Short .1V Range +.000003V —.000003V I P
3 Short 1V Range +0.00001V —0.00001V I —
4 Short 10V Range +00.0001V - ~00.0001V - _
5 Short 100V Range +000.001V —000.001V - -
6 +10V 10V Range +10.0016V +09.9984vV - N
7 + 10V 4 Digit +10.003V +09.997v - I
8 + 10V 3 Digit +10.02v +09.98Vv . P
9 +10V 5 Digit
AZ off +10.0017V +09.9983V N S
10 +1v 1V Range '
AZ on +1.00016V +0.99984V S -
1 +.1V .1V Range +.100018V +.099982V N S
12 + 100V 100V Range +100.016V +099.984V N -
13 +1V 10V Range +01.0003V +00.9997V - N
14 -1V 10V Range -01.0003Vv -00.9997V N -
15 -5V 10V Range —05.0009V -04.9991V I -
16 - 10V 10V Range -10.0016V ~09.9984V - N
DC Current Test
Step# Input to Set-Up and High Reading Low Test Test
Option Configuration Limit Limit Pass Fail
1 Open Press RESET
2 10K ohm 1mA Range +10.0032V +09.9968V I N
3 10K ohm 100pA Range +1.00032V +0.99968V N I
4 100K ohm 10xA Range +1.00032Vv +0.99968V N -

4-30



Performance Test and Adjustment

a. Turn the 3497A off and remove the power line cable
from the instrument.

3497A

Table 4-7. Thermocouple Voltage Jumper Selection

Voltage at Cathode CR33 Jumpers
b. If the rear panel safety cover is in place, remove -
. .. M M J7 J8 J9 J10
the cover by removing the two screws that hold it in " ox
place. Then remove the rear cover bracket by remov- 6.62 6.6859 X X X X
ing the screws that hold the bracket in place. 6.6860 6.7424 X % X
. d 6.7425 6.7945 X X X
c. Refer to F.lgure 4.-11. Note that the Ing_uar Con- 6.7946 6.8324 X x
troller board is held in place by two mounting screws.
6.8325 6.8866 X X X
Loosen the screws, but do not remove them. They are 6.8867 7
held in place by a rubber grommet. ’ 6.9276 X X
6.9277 6.9657 X X
d. Locate the built-in finger ring, shown in Figure 6.9658 7.0012 X
4-11, and pull on the ring to remove the board from 7.0013 7.0343 X X X
the 3497A chassis. 7.0344 7.0653 X X
. 7.0654 7.0943 X X
e. On the inguard assembly, l.ocate the voltmeter 7.0944 71216 X
board. Then locate the metal shield on the board, as
. . . 7.1217 7.1474 X X
shown in Figure 4-12. Remove the four machine bolts 1478 21716 X
located near the corners of the shield and then remove ) :
the shield, as shown in the figure. 71717 7.1946 X
7.1947 7.2180
LODSEN
THESE
SCREWS
s Y
@ O
O
N

PULL oUuT
ON FINGER
RING

3487A-4-11

Figure 4-11. Inguard Board Mounting Screws and Finger Ring

f. When the shield is removed, the Inguard Controller
can then be reconnected to the 3497A using a Board
Extender (-hp- Part No. 03497-67913). The voltmeter
board can then be adjusted. Acquire a Board Extender
and do the following:

1. Locate the slot in the 3497A mainframe marked
“INGUARD CONTROLLER”’ and align the Board
Extender with that slot. Then push the extender into
the slot until it seats firmly in the motherboard
socket. '
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2. Plug the cable from the Board Extender onto the
Inguard Controller board.

g. Replace the power cable on the 3497A and turn the
instrument on. Let it warm up to operating
temperature. The voltmeter option board is ready for
adjustments.

h. After adjustment of the voltmeter option, replace
the board back in the instrument. Do the following:
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Figure 4-12. Removing Voltmeter Shield

1. Turn the 3497A off and remove the power line
cable from the instrument.

2. Remove the Inguard Controller board from the
Board Extender and then remove the Board Extender
from the instrument.

3. Replace the shield over the voltmeter board. Then
replace and tighten the four mounting bolts.

4. Locate the slot in the 3497A mainframe marked
“INGUARD CONTROLLER” and align the In-
guard Controller board with that slot. Then push the
board into the slot until it seats firmly in the mother-
board socket.

5. Locate the mounting screws, shown in Figure
4-11, and tighten the screws. Reinstall the rear cover
bracket.

4-107. -12V Reference Coarse Adjust

4-108. This adjustment is performed if unable to calibrate
the DC Voltmeter to the specified limits or after servic-
ing the voltmeter. Make sure the voltmeter board is ac-
cessible by performing the procedure in paragraph 4-105.

4-109. Equipment Required. The required equipment is

a DC Transfer Standard (Fluke Model 731B).
4-110. Adjustment Procedure. Do the following:

a. Locate the -12V Reference Jumpers (J700 to J707;
see Figure 4-14). Place all jumpers to the left, as shown
in Figure 4-13. Set switch S700 to position “‘6”’ and
adjust pot R702 to its counter-clockwise position.
(Refer to Figure 4-14 to determine the location of S700
and R702 on the voltmeter option board.)

b. Using the front panel, set the DC Voltmeter to the
10V Range (or send program code VR3, if in remote).

¢. Set the DC Transfer Standard to the 10V Range.
Connect the standard’s ¢‘+’ output to the 3497A’s
HI COM terminal and its *‘-’* output to the LO COM
terminal.

d. Starting with jumper J700 (bottom jumper) and
working up to J707, move one jumper at a time to the
right position. If the reading on the display goes above
+ 10V, return the jumper which was moved last back
to the left position. Otherwise leave the jumper in the
right position.

e. When all jumpers have been placed in the ap-
propriate position, adjust S700 clockwise until the
display shows close to but not above +10V.

f. This completes the -12V Reference Coarse Adjust-
ment. Perform the adjustment procedure in paragraph
4-80 in this section of the manual.

4-111. DC Voltmeter Offset Adjustment

4-112. Perform this adjustment only after servicing the
input switching circuitry of the DC Voltmeter. [t consists
of selecting padding resistors to enable the DC Voltmeter
to read zero volts at the lowest range. Make sure the
voltmeter board is accessible by performing the procedure
in paragraph 4-105,

4-113. Adjustment Procedure. Do the following:

a. Refer to Figure 4-14 and locate R36. If there is no
R36 mounted on the voltmeter board, continue with
the next step. If R36 is mounted on the board, remove
it. If a soldering iron was used to remove R36, give
enough time for the circuitry to stabilize. Then con-
tinue with the next step.

b. Using the front panel, set the DC Voltmeter to the
-1V Range (or send program code VRI, if in remote)
and short the HI COM and LOW COM Input
terminals.
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3497A-VM-4-13

Figure 4-13. Reference Jumpers
c. Note the reading of the DC Voltmeter.
d. If the reading is zero volts, no padding is required.

e. If the reading is more than 2 counts (i.e., 2
microvolts), padding will not bring the reading to zero
volts. The voltmeter needs service (go to Service Group
C).

f. If the reading is not zero volts but is smaller than
+ 2 counts (% 2 microvolts), padding is required. This
is done by selecting a padding resistor (R36) to bring
the reading to zero. Use a 6.8M ohm or 8.2M ohm
(-hp- Part No. 0698-6592 and 0699-0741, respective-
ly) resistor if the reading is between 1 to 2 counts
(microvolts) and use a 12M ohm resistor (-hp- Part No.
0699-0740) if below 1 count (microvolt). Select the ap-
propriate placement of the resistor by doing the
following:

3497A

1. If the offset is negative, connect resistor R36 to
the — 12V position, as shown in Figure 4-14.

2. If the offset is positive, connect resistor R36 to
the + 12V position, as shown in Figure 4-14.

4-114. Switch Feedthrough and Pre-Charge Adjustment

4-115. Perform this adjustment only after servicing the
input switching circuitry of the DC Voltmeter. Make sure
the voltmeter board is accessible by performing the pro-
cedure in paragraph 4-105.

4-116. Equipment Required. The required equipment is
a DC Transfer Standard (Fluke Model 731B).

4-117. Adjustment Procedure. Do the following:

a. Refer to Figure 4-14 and adjust R28 (Pre-charge
adjust) to the center of its rotation.

b. Using the front panel, set the dc voltmeter to the
1V Range (or send program code VR2, if in remote).

c. Attach a IM ohm resistor across the HI COM and
LO COM Input terminals.

d. Refer to Figure 4-14 and adjust R8 until the
voltmeter reading is 0.00000V. If any noise is noted,
adjust R8 until the noise is centered around the zero
volts reading. )

e. Remove the 1M ohm resistor from the input ter-
minals and connect a .15 microfarad capacitor in its
place. Temporarily short across the capacitor to
remove any charge onthe capacitor. Wait about five
seconds and note the voltmeter reading.

f. If the reading is within + 2 microvolts ( + 2 counts)
and stable, no further adjustments are necessary.
Remove the capacitor and the adjustment is
completed.

ADJUST R2B AND RB8

FOR TFE SWITCH FEED-
THRJIUGH AND PRE-CHARGE

ADCJSTMENT

e

e
R36 CONNECZTED J
TO +12v ~[ "
~_[E
I
K2 \

R36 CONNECTEC
TO 12V

CJURRENT SOURCE
COARSE ADJUST
JUMPERS

VINPUT AMP
OFFSET
ADJUSTMENT

3497A-4-14

Figure 4-14. Misceilaneous Voltmeter Option Adjustment Locations
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g. If the reading is greater than +2 microvolts (+2
counts), slightly readjust R28 until the reading is zero
volts. Then remove the capacitor and go back to step c.

4-118. Input Amplifier Offset Adjustment

4-119. Perform this adjustment only after servicing the
input amplifier circuitry of the DC Voltmeter. Make sure
the voltmeter board is accessible by performing the pro-
cedure in paragraph 4-105.

4-120. Equipment Required. The required equipment is
a High Impedance Digital Voltmeter (like the -hp- Model
3456A) with appropriate test leads. If the voltmeter is not
available, others, like the -hp- Models 3468A or 3478A
Digital Multimeters (or equivalent), may also be used.

4-121. Adjustment Procedure. Do the following:

a. Using the front panel, set the DC Voltmeter to the
10V Range (or send program code VR3, if in remote)
and short the HI COM and LOW COM Input
terminals.

b. Connect the test Digital Voltmeter between
TP A-D IN (see Figure 4-14) and the LO COM
terminal.

¢. Refer to Figure 4-14 and adjust R101 fora OV +35
microvolt reading on the test voltmeter.

d. Remove the test voltmeter. This completes the
adjustment.

4-122. Current Source Coarse Adjustment

4-123. Do this adjustment only if unable to calibrate the
current source or after repairing the current source. Make
sure the voltmeter board is accessible by performing the
procedure in paragraph 4-105.

4-124. Adjustment Procedure. Do the following:

Performance Test and Adjustment

a. Refer to Figure 4-14 and locate the four current
source jumpers on the voltmeter board. Replace any
jumpers that are missing.

b. Connect a 10K ohm resistor across the current
source output terminals (located at the inguard rear
panel). Then connect the HI COM and LO COM In-
put terminals to the current source terminals. This is
done because the 3497A voltmeter is used to measure
the voltage across the 10K ohm resistor.

c¢. Set the current source to the 1mA Range (send pro-
gram code VC3, if in remote).

d. Using the DC Voltmeter of the 3497A, measure the
voltage across the 10K ohm resistor. Note the voltage
value.

e. Refer to Table 4-8 and, dependent on the voltage
value noted in the previous step, cut the appropriate
jumper(s) as shown in the table. This completes the
current source coarse adjustment. Go to paragraph
4-86 to calibrate the current source.

Table 4-8. Current Source Jumpers

Voltmeter Reading Cut Jumper
9.900 Cut none
9.8295 J403
.9.7590 J402
9.6885 J403 & J402
9.6180 J401
9.6475 J401 & J403
9.4770 J401 & J402
9.4065 J401, J402 & J403
9.3360 J400
9.2655 J400 & J403
9.1951 J400 & J402
9.1246 J400, J402 & J403
9.0541 J400 & J401
8.9836 J400, J401 & J403
8.9131 J400, J401 & J402
8.8426 Cut all jumpers
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Performance Test and Adjustment

Serial Number

VOLTMETER OPTION PERFORMANCE TEST CARD

Date

DC Voltmeter Test

Step# Input to

Option
1 Open
2 Short
3 Short
4 Short
5 Short
6 + 10V
7 +10V
8 + 10V
9 + 10V
10 +1V
11 +.1V
12 + 100V
13 +1V
14 -1V
15 -5V
16 -10V

DC Current Test

Step# Input to
Option
1 Open
2 10K ohm
3 10K ohm
4 100K ohm

4-28

Set-Up and
Configuration
Press RESET
.1V Range
1V Range
10V Range
100V Range
10V Range

4 Digit

3 Digit

5 Digit

AZ off
1V Range
AZ on

.1V Range
100V Range
10 V Range
10V Range
10V Range
10V Range

Set-Up and
Configuration

Press RESET
TmA Range
100xA Range
10zA Range

24 HOUR LIMITS

High
Limit

+.000003V
+0.00001V
+00.0001V
+000.001V
+10.0003V
+10.002V
+10.02V

+10.0004V

+1.00003V
+.100006V
+100.003V
+01.0001V
-01.0001V
-05.0002V
-10.0003V

High
Limit

+10.0013V
+1.00013V
+1.00013V

Hewlett-Packard Model 3497A
Data Acquisition/Control Unit

Test Performed By

Low
Limit

—.000003V
—0.00001V
—00.0001V
—000.001V
+08.9997Vv
+09.998V
+09.98V

+09.9996V

+0.99997V
+.099994V
+099.997V
+00.9999V
—-00.9999Vv
—04.9998V
-09.9997Vv

Low
Limit

+09.9987V
+0.99987V
+0.99987V

Test
Pass

Test
Pass

Test
Fail

Test
Fail



3497A

Serial Number

Performance Test and Adjustment

VOLTMETER OPTION PERFORMANCE TEST CARD

Date

DC Voltmeter Test

Step# Input to

Option
1 Open
2 Short
3 Short
4 Short
5 Short
6 + 10V
7 + 10V
8 + 10V
9 + 10V
10 +1V
11 +.1V
12 + 100V
13 +1V
14 -1V
15 -5V
16 -10V

DC Current Test

Step# Input to
Option
1 Open
2 10K ohm
3 10K ohm
4 100K ohm

Set-Up and
Configuration
Press RESET
.1V Range

1V Range
10V Range
100V Range
10V Range
4 Digit
3 Digit
5 Digit
AZ off
1V Range
AZ on
.1V Range
100V Range
10V Range
10V Range
10V Range
10V Range

Set-Up and
Configuration

Press RESET
TmA Range
100uA Range
10xA Range

90 DAY LIMITS

High
Limit

+.000003V
+0.00001V
+00.0001V
+000.001V
+10.0007V
+10.002V
+10.02V

+10.0008V

+1.00007V
+.100010V
+100.007V
+01.0002Vv
-01.0002vV
—-05.0004V
-10.0007V

High
Limit

+10.0025V
+1.00025V
+1.00025V

Hewlett-Packard Model 3497A
Data Acquisition/Control Unit

Reading

Reading

Test Performed By

Low
Limit

~.000003V
—0.00001V
—00.0001V
-000.001V
+09.9993V
+09.998V
+09.98V

+09.9992v

+0.99993V
+.099990V
+099.993V
+00.9998V
—00.9998vV
—04.9996V
—09.89983V

Low
Limit

+09.9975V
+0.99975V
+0.99975Vv

Test
Pass

Test
Pass

Test
Fail

Test
Fail
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Performance Test and Adjustment

Serial Number
Date

VOLTMETER OPTION PERFORMANCE TEST CARD

DC Volts Test

Step# Input to

Option
1 Open
2 Short
3 Short
4 Short
5 Short
6 + 10V
7 + 10V
8 +10V
9 + 10V
10 +1V
1" +.1V
12 + 100V
13 +1V
14 -1V
15 -5V
16 - 10V

DC Current Test

Step# Input te
Option

b WN =

4-30

Open

10K ohm
10K ohm
100K ohm

Set-Up and
Configuration
Press RESET

.1V Range

1V Range
10V Range
100V Range
10V Range
4 Digit
3 Digit
5 Digit
AZ off
1V Range
AZ on

.1V Range
100V Range
10V Range
10V Range
10V Range
10V Range

Set-Up and
Configuration

Press RESET
1mA Range
100uA Range
10uA Range

1 YEAR LIMITS

Hewlett-Packard Model 3497A
Data Acquisition/Control Unit

High
Limit

+.000003V
+0.00001V
+00.0001V
+000.001V
+10.0016V
+10.003V
+10.02v

+10.0017V

+1.00016V
+.100018Vv
+100.016V
+01.0003V
-01.0003V
~05.0009V
-10.0016V

High
Limit

+10.0032V
+1.00032Vv
+1.00032Vv

Reading

Reading

Test Performed By

Low
Limit

—.000003V
-0.00001V
-00.0001V
-000.001V
+09.9984V
+09.997v
+09.98V

+09.9983Vv

+0.99984V
+.099982V
+099.984V
+00.9997Vv
—00.9997vV
-04.9991Vv
—09.9984V

Low
Limit

+09.9968V
+0.99968V
+0.99968V

Test
Pass

Test
Pass

Test
Fail

Test
Fail



SECTION V
REPLACEABLE PARTS

5-1. INTRODUCTION ~ ¢. The total quantity (Qty) used on the assembly. It

is-given-only-at-the-first-appearance-of the-part-on-the— -

5-2. This section contains information concerning list.

replaceable parts. Table 5-1 lists abbreviations used in the

parts-list and-throughout the manual. Table~5-2 lists d. The description of the part.

names and addresses that correspond to the manufac-

turer’s. five digit .code numbers. Table 5-3 lists. all e.. A five digit code that indicates the manufacturer
replaceable parts in order of their reference designators of the part.,

and indicates the description and Hewlett-Packard part

number of each part. f. The manufacturer’s part number.

5-3. EXCHANGE ASSEMBLIES 5-7. ORDERING INFORMATION

5-4. Many assemblies listed in Table 5-3 are a part of 5-8. To obtain replacement parts, address order or in-
Hewlett-Packard’s Blue Stripe Exchange program. New quiry to your nearest Hewlett-Packard Sales and Ser-
assemblies required for spare parts stock must be ordered vice Office listed at the end of this manual. Identify
by the new assembly part number listed in Table 5-3. Fac- the part by its Hewlett-Packard part number and in-
tory repaired and tested assemblies are available on a clude the instrument model and serial numbers.

trade in basis only.
5.9. NON-LISTED PARTS
5-5. REPLACEABLE PARTS .
. 5-10. To obtain a part that is not listed, include the
5-6. Table 5-3 is the list of replaceable parts and is following:
organized in alphanumerical order by reference
designator. The information for each part consist of the
following:

. Instrument model number.
. Instrument serial number.
. Description of part.

a. Reference Designator. h .
& . Function and location of the part.

oo o

b. Hewlett-Packard part number and the check digit.
Table 5-1. List of Abbreviations

ABSREVIATIORS
.............................. silver Hz................henz{cyclels} per second) NPO..................¢"egstlive positive zero slide
aluminum {zero temperature coefficient) . . single-pole double-throw
ampere(s) D, inside diameter ns........... nanosecondis) = 10~ 9 seconds . .single-pole single-throw
............................... gold impg . . . . impregnated nSr................notseparately replaceable
) incd . . incandescent Ta. o tantalum
capacitor NS o e insulation{ed} A ohm(s) TC. . termperature coefficient
. . . ceramic obd. .. ... ... ... ... .. order by description TiO2. . titanium dioxide
coef . . coetficient [+ S . _kilohmis) = 10+ 3 ohms QD........... outside diameter. .. ........ - toggle
com. ... .common KHZ. ... kilohertz = 10 * 3 hertz tol . ... .. tolerance
comp . composition I pesk TIM e trimmer
COAN L. .ot connection inductor pA . - . . picoampere{s} TSTR. ... transistor
B, o linear taper pc. .. . - printed  circuit
DOD . s deposited log. .. fogarithmic taper pF. .. ts) 10~ 12 farads Ve voltis}
DPOT. . ............ double-pole double-throw piv. . .peak inverse voltage vacw. . ... ... alternating current working voltage
OPST............... double-pole single-throw mA. L. milliampere(s) = 10~ 3 amperes PIO. . e part of VB L e variable
MHZ . .megahectz = 10+ 6 hertz poS . . . position{s} vdew . ... direct current working voltage
electrolytic MO megohmi(s) = 10+ 6 ohms poly. . potystyrene
encap .. encapsulated metflm. ... ... ... .. metal fitm pot. . . otentiometer W watt(s)
mir ... ... manutacturer  p-p .. . peak-to-peak Wi with
F oo e taradis) ms._ ... . ... milisecond POM. . . e parts per million wiv. . . working inverse voltage
FET . . o e field affect transistor MG oo e i it mounting prec. . . ...... sl iCit WIO . e without
. fixed mv. oltts) = 10~ 3 vohs tong term stability and/or tolerance} WW L e wirewound
BF e e microfarad(s)
GaAs. . ... .. gallium arsenide WS o microsecond(s) R resistor
GHZ. .. coiiinan gigahertz = 10+ 9 hertz V.. . microvoltis) = 106 volts Rh. .. rhodium
gd .. . .. guardied) MY oo e e Mytsr ® ms. . oot-mean-square i aptimum value selected at factory.
Ge ! . . germanium FOL .o it rotary average value shown (part may be omitted}
gng . . . ground(ed) nAL ... = 10_g amp: L no standard type number assigned
NC. . . s normaity closed Se. . .. setenium selected or special type
M. o henrylies)  Ne . .. .. ............ ... .0y neon SeCY. . . ... section(s}
HY o oo mercury normally open i silicon @® Dupont de Nemours
DESIGNATORS
A assembly filter O transistor TS i terminal strip
B....... . . motor . ... heater QcCrR . transistor-diode uv... microcircuit
BT .. . battery ated circuit Rip) . . . resistor{ipack} v
C. . . . capacitor jack RT . thermistor
CR e or thyristor ... relay S e switch X...
DL. .. .delay line .. inductor T o e transtormer XDS. ..
DS e lamp . meter TB. .. . terminal board XF ..
[ 3 misc electronic part Cee mechanical part TC thermocouple Y...
F o e e tuse olug TP e test point




Replaceable Parts

Table 5-2. Code List of Manufacturers

Mfr. Manufacturer Name Address
00000 Any satisfactory supplier
00494 Addressograph Multigraph Corp Cleveland OH 44117
01121 Allen-Bradley Co Milwaukee WI 53204
01295 Texas Instr Inc Semicond Cmpnt Div Dallas TX 75222
02111 Spectrol Electronics Corp City of Ind CA 91745
03508 GE Co Semiconductor Prod Dept Auburn NY 13201
03888 KDI Pyrofilm Corp Whippany NJ 07981
04713 Motorola Semiconductor Products Phoenix AZ 85008
07263 Fairchild Semiconductor Div Mountain View CA 94042
17856 Siliconix Inc Santa Clara CA 95054
19701 Mepco/Electra Corp Mineral Wells TX 76067
20932 Emcon Div ITW San Diego CA 92129
24546 Corning Glass Works (Bradford) Bradford PA 16701
27014 National Semiconductor Corp Santa Clara CA 95051
27167 Corning Glass Works (Wilmington) Wilmington NC 28401
28480 Hewilett-Packard Co Corporate Hq Palo Alto CA 94304
3L585 RCA Corp Solid State Div Somerville NJ
32293 Intersil Inc Cupertino CA 95014
34335 Advanced Micro Devices Inc Sunnyvale CA 94086
34649 Intel Corp . Mountain View CA 95051
50088 Mostek Corp Carrollton TX 75006
50522 General Instr Corp Opto Div Palo Alto CA 94304
52763 Stettner Electronics Inc Chattanooga TN 13035
56289 Sprague Electric Co North Adams MA 01247
72136 Electro Motive Corp Florence SC 06226
75042 TRW Inc Philadelphia Div Philadelphia PA 19108

3497A



3497A

Replaceable Parts

NOTE

The picture in this figure applies to 3497A’s
with Serial Prefixes 201 1A and below. For other
prefixes, refer to the Prefix column in the table
(located in this figure) to determine the correct
part numbers for the other prefixes.

MP1

MP2

MP3

MP4  MP5

MP6 MP7  MP8

MP12
Reference -hp- Part c Qty Description Prefix
Designator Number D
MP1 03497-69301 9 1 Window Assembly ALL
MP2 4040-1644 o] 1 Divider Strip ALL
MP3 03497-60201 0] 1 Panel-Dress-Finish ALL
MP4 1390-0505 8 1 Screw-Captive:M3.5-40 ALL
MP5 5040-7219 8 1 Strap Handle, Cap-Front ALL
MP6 2680-0172 1 2 Screw-Mach: 10-32x.375 ALL
MP7 5060-9804 3 1 Strap Handle 18 in ALL
MP8 5040-7220 1 1 Strap Handle, Cap-Rear ALL
MP9 5040-7201 8 4 Foot ALL
MP10 5060-9884 9 1 Side Cover, w/Handle Recess AtL
MP11 1460-1345 5 2 Tilt Stand ALL
MP12 5041-1907 1 1 Key Cap-Line* 2011A&BELOW
MP12 5041-1682 9 1 Key Cap-Line* 2222A&ABOVE

*See Front Pane! Parts for other key cap part numbers.

Figure 5-1. Front and Right Side View of 3497A.
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Replaceable Parts

MP1

NOTE

The picture in this figure applies to 3497A's
with Serial Prefixes 201 1A and below. For other
prefixes, refer to the Prefix column in the table
flocated in this figure) to determine the correct
part numbers for the other prefixes.

MP2

MP3 MP4

MP6

MP12 MP11 MP10 MP9 MP8 MP7
Reference -hp- Part c Oty Description Prefix
Designator Kumber D

MP1 03497-66503 7 1 Front Panel Board AlLL

MP1 7204-0351 5 1 LED Support ALL

MP2 0380-1259 9 2 Standoff,Hinge ALL

MP3 3050-1000 2 2 Washer-Teflon ALL

MP4 1600-0966 2 1 Hinge ALL

MP5 03497-00604 1 1 Front Shield 2011A&BELOW

MP5 03497-00613 2 1 Front Shield 2222A&ABOVE

MP6 0515-0225 4 2 ‘Screw-Mach:M3.5x0.60x10 ALL

MP7 0460-0203 1 1 Tape-Elec .75ft ALL

MP8 2360-0286 0 1 Screw-Plastic-Mach:6-32 2011A&BELOW

MP9 0515-0225 4 4 Screw-Mach:M3.5x0.60x10 ALL

MP10 0960-0561 4 1 Audio Transducer ALL

MP11 0535-0006 1 4 Nut M4x.7 ALL

MP11 2190-0017 4 4 Split Lockwasher ALL

MP11 3050-0001 1 4 Flat Washer ALL

MP12 0403-0381 6 1 Bumper,Plastic ALL

5-4

Figure 5-2. Front View with Front Panel Open.
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Replaceable Parts

NOTE

The picture in this figure applies to 3497A’s
with Serial Prefixes 201 1A and below. For other
prefixes, refer to the Prefix column in the table
{located in this figure) to determine the correct
part numbers for the other prefixes.

MP1

7/
MP13
MP12

Reference -hp- Part [ Qty Description Prefix
Designator Number D

MP1 0515-0212 9 2 Screw-Mach:M3.5x0.60x6 ALL
MP2 5060-9835 0 1 Top Cover ALL
MP3 0535-0004 9 2 Nut Hex:M3.5x.5 ALL
MP3 0515-0054 7 2 Screw-Mach:M3.0x.5 ALL
MP4 2740-0002 4 1 Nut ALL
MP5S 1200-0043 8 1 Insulator-Xstr Thrm-Cndct ALL
MP6 03497-01101 5 1 Heat Sink ALL
MP7 0515-0212 9 2 Screw-Mach:M3.5x0.60x6 ALL
MP8 2510-0127 7 1 Screw-Mach:8-32 2011A&BELOW
MP9 2580-0015 9 1 Nut-Hex-Dbl Cham 2011A&BELOW
MP9 2190-0073 2 1 Lockwasher 2011ABELOW
MP9 0350-0001 7 T2 Washer-Flat 2011A&BELOW
MP10 3050-0180 7 2 Washer-Teflon 2011A&BELOW
MP11 0380-0010 8 1 Spacer-Round 201 1A&BELOW
MP12 0515-0210 7 3 Screw-Mach:M4x0.70x8 2011A&BELOW
MP13 03497-04102 2 1 Side Plate 2011A&BELOW
MP13 03497-04103 3 2 Side Plate 2222A&ABOVE
P5 1251-5154 9 1 Conn 14P F Pst ALL
P6 1251-3279 5 1 Conn 12P F Pst ALL

1251-3073 7 12 Contact-Conn F ALL
S2/S3 3101-2298 1 2 Slide Switch-Voltage Select 2011A&BELOW
$2/S3 3101-2298 1 2 Slide Switch-Voltage Select 2222A&ABOVE

Figure 5-3. Front View with Front Panel and Front Shield Removed.
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Replaceable Parts

3497A

NOTE

The picture in this figure applies to 3497A’s
with Serial Prefixes 201 1A and below. For other
prefixes, refer to the Prefix column in the table
flocated in this figure) to determine the correct
part numbers for the other prefixes.

MP8

MP7

Reference -hp- Part c Oty Description Prefix

Designator Number D
MP1 0515-0212 9 2 Screw:Mach:M3.5x0.60x6 ALL
MP2 03497-00101 3 1 Left Deck ALL
MP3 03497-00102 4 1 Right Deck ALL
MP4 0515-0212 9 2 Screw-Mach:M3.5x0.60x6 ALL
MP5 0515-0222 1 1 Screw-Mach:M3.5x10Fh,Lk ALL
MPé6 03497-01207 2 1 Panel Latch Bracket ALL Co
MP7 03487-01209 4 1 Actuator Bracket: On/Off Sw 2011A&BELO
MP7 03497-01212 9 1 Pushrod Bracket 2222A&ABOVE
MP7 5041-3180 6 1 Pushrod 2222A&ABOVE
MP7 0515-0218 5 2 Screw-Mach:M3.5x6 LK 2222A&ABOVE
MP8 03497-00103 5 1 Main Deck 2011A&BELOW
MP8 03497-00105 7 1 Main Deck 2222A&ABOVE
J1 1251-6184 7 1 Connector 8-pin M Post Type ALL
J2 1251-6194 9 1 Connector 10-Pin M Post Type ALL
Jo 1251-6583 0 1 Connector 6-Pin M Post Type ALL
J10 1251-6583 0 1 Connector 6-Pin M Post Type ALL

Figure 5-4. Front View of Chassis Showing Left and Right Decks.

-



3497A -

Replaceable Parts

Reference -hp- Part [ Qty Description Prefix
Designator Number D
MP1 1400-1037 6 1 Stand-Off,Short ALL
MP2 0515-0156 0 4 Screw-Mach:M4.0x55,Pan ALL
MP2 0390-0006 3 4 Nylon Spacer ALL
MP2 3050-0071 5 4 Flat Washer ALL
MP2 2190-0073 2 4 Split Washer ALL
MP3 0624-0034 4 2 Screw-Tapping:6-20x.625 ALL
MP3 2180-0007 2 2 Internal Washer ALL
MP3 1200-0043 8 1 Insulator-Xstr Thrm-Cndct ALL
MP4 1400-0423 2 1 Pipe Clamp ALL
MP4 0460-0332 7 1 Foam Tape ALL
MP5 03497-01201 6 1 Fan Bracket ALL
MP6 0515-0138 8 4 Screw-Mach:M4.0x10 Hex ALL
MP6 - v 2190-0073 2 4 Split Lock-Washer ALL
MP7 0403-0302 1 2 Nylon Guide ALL
MP8 5020-8806 g 1 Rear Frame ALL
MP9 0515-0224 3 6 Screw-Mach:M3.5x12 ALL
MP10 03497-00606 3 1 Top Shield ALL
MP11 4040-1685 9 1 Card Cage ALL
MP12 5020-8805 8 1 Front Frame ALL
MP13 0515-0260 7 1 Screw ALL
MP13 2190-0918 4 1 Flat Washer ALL
MP13 3050-0066 8 1 Flat Washer ALL
MP13 3050-1027 3 1 Insulator ALL
MP14 03487-04108 8 1 Air Deflector (Clear Plastic) ALL
MP15 0515-0053 6 1 Screw-Mach:M4.0x10 ALL
MP16 0515-0222 1 1 Screw-Mach:M3.5x10 ALL
MP17 1400-1036 5 1 Stand-Off,Long ALL
B1 03497-68501 g 1 Fan ALL
C3 0180-3026 8 1 Capacitor Fixed 29000uF 20VDC| ALL
Q1 1854-0439 1 1 Transistor-NPN ALL
T1 9100-4270 7 1 Power Transformer ALL

Figure 5-5. Top View of Chassis.
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Replaceable Parts

3497A

Reference -hp- Part c Qty Description Prefix
Designator Number D

MP1 5040-7202 9 1 Top Trim,Front Frame ALL

MP2 0515-0225 4 6 Screw-Mach:M3.5x 0.60x10 ALL

MP3 5020-8837 6 2 Corner Strut ALL

MP4 03497-04702 8 1 Right Support ALL

MP5 2510-0192 6 8 Screw-Mach:8-32x.25 ALL

MP6 5020-8806 9 1 Rear Frame ALL

MP7 5020-8805 8 1 Front Frame ALL

MP8 5001-0440 1 1 Trim,Side ALL

5-8

Figure 5-6. Right Side View of Chassis with Side Cover Removed.




3497A Replaceable Parts

. NOTE

The picture in this figure applies to 3497A’s
with Serial Prefixes 201 1A and below. For other
prefixes, refer to the Prefix column in the table
located in this figure) to determine the correct
part numbers for the other prefixes.

MP1 P2 - MP3 Mp4 MP5

Reference -hp- Part c Qty Description Prefix
Designator Number D

MP1 03497-26601 2 1 Corner Strut Modified ALL

MP2 0515-0210 7 5 Screw-Mach:M4x0.70x8 ALL

MP3 03497-04102 2 1 Side Plate 2011A&BELOW

MP3 03497-04103 3 1 Side Plate 2222A&ABOVE

MP4 2510-0192 6 4 Screw-Mach:8-32x.25 ' ALL

MP5 5001-0440 1 1 Side Trim ALL

MP6 5020-8805 8 1 Front Frame ALL

MP7 2510-0192 6 4 Screw-Mach:8-32x.25 ALL

MP8 0515-0210 9 3 Screw-Mach:M4x0.70x8 ALL

MP9 5020-8837 6 1 Corner Strut . . ALL

MP10 0515-0212 9 2 Screw-Mach:m3.5x0.60x6 ALL

MP11 5020-8806 9 1 Rear Frame ALL

Figure 5-7. Left Side View of Chassis with Side Cover Removed.
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Replaceable Parts 3497A
J1Q@  J11 MP1 J12  MP2
MP4
MP10
MPS
J17

Reference -hp- Part c Qty Description Prefix
Designator Number 0

MP1 © 0380-1289 5 2 Standoff-Hx M3.5x5 ALL
MP2 5041-2385 1 1 Housing, Fan,Filter ALL
MP3 0515-0211 8 4 Screw-Mach:M3x0.50x6 ALL
MP4 3150-0233 3 1 FM-Polyu .25T ALL
MP4 3150-0232 2 1 Filter-Air,SS . ALL
MP5 0515-0224 3 1 Screw-Mach:M3.5x12 ALL
MP5 0900-0010 2 1 O Ring Retainer .101 ID ALL
MP6 0515-0212 9 2 Screw-Mach:M3.5x0.60x6 ALL
MP7 03497-04107 7 1 Plate-Butch ALL
MP8 0515-0260 7 1 Screw-Mach:M3.5x0.60x16 ALL
MP8 0900-0010 2 1 O Ring Retainer .101 ID ALL
MP9 4040-1859 9 1 Rear Cover ALL
MP10 0515-0212 9 1 Screw-Mach:M3.5x0.60x6 ALL
MP10 0900-0010 2 1 O Ring Retainer .101 1D ALL
J10,11 1250-0083 1 6 Connector-RF BNC F ALL
13,15

16,17

Ji12 8120-3280 8 1 Cable Assy-HP-IB ALL
J12 8120-3399 0 1 Cable Assy-RS23/423 ALL
J18 9100-3121 5 1 Line Filter ALL

5-10

Figure 5-8. Rear View with Rear Cover Installed.



3497A

Replaceable Parts

MP12 MP11 MP10 MPS MAS MP7 MP6
Reference -hp- Part [ Oty Description Prefix

Designator Number D

MP1 2360-0185 0 2 Screw-Mach:6-32 ALL
MP1 2190-0198 2 2 Split Lock-Washer ALL
MP1 3050-0066 8 2 Flat Washer ALL
MP2 0515-0212 9 3 Screw-Mach:M3.5x0.60x6 ALL
MP3 03497-04107 7 1 Plate-Butch ALL
MP4 5060-9835 0 1 Top Cover ALL
MP5 0570-1171 7 1 Screw-Cover Mtg ALL
MP5 0510-0043 4 1 Ring-Ret .141 Dia ALL
MP6 5040-6843 2 1 PC Board Extractor ALL
MP7 03497-01204 9 1 Control Bracket ALL
MP8 5060-9847 4 1 Bottom Cover ALL
MP9 0515-0224 3 3 Screw-Mach:M3.5x12 ALL
MP9 0900-0010 2 2 O Ring Retainer .101 ID ALL
MP10 0515-0212 9 1 Screw-Mach:M3.5x0.60x6 ALL
MP11 5040-6843 2 1 PC Board Extractor ALL
MP12 03497-00204 7 1 Rear Panel A/D ALL
MP13 1510-0091 3 3 Bndg Post Assy ALL
MP14 03498-01204 0 1 Bracket-Rear Cover ALL
MP15 1510-0111 8 2 Bndg Post Assy ALL

Figure 5-9. Rear View with Rear Cover Removed.



Replaceable Parts

3497A

The picture in this figure applies to 3497A°s

NOTE

with Serial Prefixes 201 1A and below. For other
prefixes, refer to the Prefix column in the table
flocated in this figure) to determine the correct
part numbers for the other prefixes.

MP15 MP14 MP13

MP12

MP11

MP9

Reference -hp- Part c Oty Description Prefix
Designator Number D
MP1 03497-00603 0 1 Right Shield ALL
MP2 03497-00602 9 1 Left Shield ALL
MP3 03497-04701 7 1 Left Support ALL
MP4 03497-01206 1 1 Rear Bracket 2011A&BELOW
MP4 03497-01211 8 1 Rear Bracket 2222A&ABOVE
MP4 2510-0286 9 2 Screw-Mach:8x.188 LK ALL
MP5 5060-9862 3 1 Side Cover-Standard ALL
MP6 0570-1171 7 1 Screw-Cover Mtg ALL
MP6 0510-0043 4 1 Ring-Ret .141 Dia ALL
MP7 2110-0565 9 1 Fuseholder Cap ALL
mP8 2110-0564 8 1 Fuseholder Body ALL
MP8 2110-0569 3 1 Fuseholder Nut ALL
MP8 1400-0900 9 1 Rubber Washer ALL
MP9 03497-00103 5 1 Main Deck 2011A&BELOW
MP9 03497-00105 7 1 Main Deck 2222AABOVE
MP10 0515-0210 7 3 Screw-Mach:M4x0.70x8 ALL
MP11 4040-1685 9 1 Half Card Cage (Bottom) ALL
MP12 03497-00605 2 1 Connector Shield ALL
MP13 4040-1685 9 1 Half Card Cage (Top) ALL
MP14 7120-0373 3 1 Label ALL
MP15 03497-04702 8 1 Right Support ALL
MP16 5060-9884 9 1 Side Cover,w/Handle Recess ALL
B10 3497-68501 9 1 Fan ALL
F1 2100-0043 8 1 Fuse 1.5A 250V (120V option) | ALL
F1 2100-0063 2 1 Fuse .75A 250V (220V option) | ALL

5-12

Figure 5-10. Rear View of Chassis.

|



3497A

Replaceable Parts

Reference -hp- Part [ Qty Descripticn Prefix
Designator Number D

MP1 03497-00605 2 1 Connector Shield ALL

MP2 4040-1685 9 1 Bottom Card Cage ALL

MP3 4040-1685 9 1 Top Card Cage ALL

MP4 03497-00606 3 1 Top Shield CALL

MP5 03497-00102 4 1 Right Deck ALL

MP& 03497-00101 3 1 Left Deck ALL

MP7 0515-0212 9 3 Screw-Mach:M3.5x0.60x6 ALL

MP8 03497-66504 8 1 Mother Board ALL

Figure 5-11. View of Mother Board Assembly Positioned for Insertion into Card Cage.



Replaceable Parts

NOTE

The picture in this figure applies to 3497A°s
with Serial Prefixes 201 1A and below. For other

prefixes, refer to the Prefix column in the table
flocated in this figure) to determine the correct

part numbers for the other prefixes.

MP2 T1

MP10 —Z

MP9

gt
RS e
St R t

g

P

<
3
!

LEEE

R

>
« o
s

MP3

—MP4

MP7 MP6

Reference -hp- Part c Qty Description Prefix

Designator Number D
MP1 03497-01205 0 1 Battery Bracket 2011A&BELOW
MP1 03497-01210 7 1 Battery Bracket 2222A&ABOVE
MP2 03497-00103 5 1 Main Deck 2011A&BELOW
MP2 03497-00105 7 1 Main Deck 2222A&ABOVE
MP3 0515-0224 3 1 Screw-Mach:M3.5x12 ALL
MP3 2190-0918 4 1 Split Lockwasher ALL
MP3 3050-0066 8 1 Flat Washer ALL
MP4 5020-8805 8 1 Front Frame ALL
MP5 2510-0127 7 1 Screw-Mach:8-32 FH ALL
MP6 03497-00601 8 1 Bottom Shield ALL
MP7 0515-0224 3 6 Screw-Mach:M3.5x0.60x12 ALL
MP8 5020-8806 g 1 Rear Frame ALL
MP9 4020-1685 9 1 Card Cage ALL
MP10 03497-61603 8 1 Battery Cable 2011A&BELOW
MP10 03497-61612 9 1 Battery Cable 2222A&ABOVE
T1 9100-4270 7 1 Power Transformer ALL

Figure 5-12. Bottom View of Chassis.



3497A Replaceable Parts

NOTE

The picture in this figure applies to 3497A’s
with Serial Prefixes 201 1A and below. For other
prefixes, refer to the Prefix column in the table
flocated in this figure) to determine the correct
part numbers for the other prefixes.

MP6

CIRCIAT BATIERY

WARNING : 00 not shoat

Reference -hp- Part [ Oty Description Prefix
Designator Number D

MP1 2510-0192 6 4 Screw-Mach:8-32x.250 ALL

MP2 2110-0564 8 1 Fuseholder Body ALL

MP3 0515-0210 7 3 Screw-Mach:M4x0.70x8 ALL

MP4 03497-01205 0 1 Battery Bracket 2011A&BELOW

MP4 03487-01210 7 1 Battery Bracket 2222A&ABOVE

MP5 0515-0210 7 2 Screw-Mach:M4x0.70x8 ALL

MP6 0515-0225 4 1 Screw-Mach:M3.5x0.60x10 ALL

MP6 0535-0007 2 1 Nut Hx M3.5x0.6 ALL

BT1 1420-0233 4 1 Battery-6V Rechargeable ALL

J1 1251-3977 (¢} 1 Conn 2 Pin UT ALL

J18 9100-3121 5 1 Line Filter-22 TML ALL

P1 1251-3982 7 1 Conn 2 Pin F UT ALL

Figure 5-13. Bottom View of Rear Portion of Main Deck.




Replaceable Parts

3497A

NOTE

The picture in this figure applies to 3497A’s
with Serial Prefixes 201 1A and below. For other
prefixes, refer to the Prefix column in the table
flocated in this figure) to determine the correct
part numbers for the other prefixes.

Reference -hp- Part 4 Qty Description Prefix
Designator Number D
MP1 1400-0008 9 1 Fuseholder Block ALL
MP2 1400-0783 7 2 Cable Clamp .25x.483 ALL
MP3 03497-00103 5 1 Main Deck 2011A&BELOW
MP3 03497-00105 7 1 Main Deck 2222A&ABOVE
MP4 0515-0222 1 2 Screw-Mach:M3.5x10 ALL
C1/C2 0160-0162 5 2 Capacitor-Fxd .022UF + 10% ALL
CR1/CR2 1901-0496 1 1 Diode-Pwr Rect 100V 12A ALL
2740-0003 5 2 Nut-Diode ALL
CR3 9102-1232 7 1 Diode-Znr 5.6V ALL
F2 2110-0001 8 1 Fuse 1A 250V ALL
S1 3100-0481 8 1 Switch-Pushbutton ALL
0515-0226 5 2 Screw-Mach:M2.5x6 ALL
S$2/83 3101-2298 1 1 Switch-Slide ALL
T 9100-4270 7 1 Power Transformer ALL

Figure 5-14. Bottom View of Front Portion of Main Deck.
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Table 5-3. Replaceable Parts

Reference HP Part 1cf o Description Mir Mfr Part Number
Designation | Number |D Code
Al 0349766533 | 3 1 SERIAL I/0 & GUTGUARD CONTROLLER ASSY 28480 03497-66533
03497-80232 | 9 Al & A17 PC ASSY W/BACK PANEL 28480 03497-80232
A1C1 . 0180-030% [ 4| 1% | CAPACITOR~FXD-4+7UF+-20%—10VDC~TA T 56289 150D0475X0010A2
A1C2 0180~-0309 4 CAPACITOR-FXD 4.7UF+-28% 10VUDC TA 56289 150D475X0010A2
A1C3 0180-039%9 4 - CAPACTTOR-FXD 4.7UF+-20% 10VUDC TA 56289 150D475X0010A2
A1CA 0180~0309 L) CAPACITOR~-FXD 4.7UF+-20%Z 10VDC TA 96289 150DA75X0010A2
A1CS 8160-4814 2 1 CAPACITOR-FXD 150PF +-5% 100VDC CER 28480 0160~4814
A1Ce 0188-0309 4 CAPACITOR-FXD 4.7UF+-20% 10VUDC TA 56289 1500475X0018A2
AIC7 0160-3847 ? 3 CAPACITOR-FXD ,01UF +100--0% S0VDC CER 28480 0160-3847
Al1CB 01800309 4 CAPACITOR-FXD 4.7UF+-20% 10VUDC TA 56289 150D475X0010A2
ALY 0160-4810 8 2 CAPACITOR-FXD 330PF +-5% 1.00VDC CER 28480 - 01604810
A1C10 0180~0309 4 CAPACITOR-FXD 4.7UF+-20% 10VDC TA S6289 150D475X0010A2
Al1C11 0160-4810 8 CAPACITOR-FXD 330PF +-5% 100VDC CER 28480 0140-4810
A1C12 0180-0309 4 CAPACITOR-FXD 4.7UF+-20% 10VDC TA 56289 150D475X001 042
AlC13 0180-030% 4 CAPACITOR-FXD 4.7UF+-20% 10VDC TA 56289 150D475X001 A2
Al1C14 0180-0309 4 CAPACITOR-FXD 4,7UF+-202 10VDC TA 56289 150D475X0010A2
A1C15 0180-9309 4 CAPACITOR-FXD 4,7UF+-20% t10VDC TaA 56289 150D475X001 0A2
A1C16 0180~0309 4 CAPACITOR~FXD 4.,7UF+-20%Z 10VDC TA 56289 1500475X0101 0A2
AlCIB 01680-0309 4 CAPACITOR-FXD 4,7UF+-20% 10VDC TA 56289 1500475X0010A2
A1C19 0180~0309 4 CAPACITOR-FXD 4,7UF+-20% 10VDC TA 56289 150P475X06810A2
A1C20 0180-0309 4 CAPACITOR-FXD 4.7UF+-20% 1DVUDC TA B6Z289 150D475X0010A2
Al1C21 0180~0309 4 CAPACITOR-FXD 4,7UF+-20%Z 10VUDC TA 96289 158D475X0010A2
ALC22 1180-0309 4 CAPACITOR-FXD 4.7UF+-20% 10VDC TA 56289 150D475X001 0A2
A1C23 0180~-0309 L) CAPACITOR-FXD 4.7UF+-20% 10VDC TA 36289 150D475X0010A2
Al1C24 0180-030% 4 CAPACITOR-FXD 4,7UF+~-20% 10VDC TA 56289 150D475X001 A2
A1C26 0160-0571 0 S CAPACITOR-FXD 470PF +-20% 100VDC CER 28480 0160-0571
A1C27 0160-0570 ? 1 CAPACTTOR-FXD 220PF +-20% 108VDC CER 20932 SO24EM100RD221M
Al1C28 0160-3847 9 CAPACITOR-FXD ,01UF +100-0%Z 50VDC CER 28480 0160-3847
A1C29 0160-3847 ? CAPACITOR-FXD .01UF +100-0% S0VDC CER 28480 0160-3847
A1C30 0160~0571 0 CAPACITOR~-FXD 470PF +-20% 100VDC CER 28480 01600571
A1C31 0160-0571 ] CAPACITOR-FXD 470PF +-20% 100VDC CER 28480 0160-8571
A1C32 0160~0571 0 CAPACITOR~FXD 470PF +-20% 100VDC CER 28480 0160-0571
A1C33 P160-0571 0 CAPACITOR~-FXD 470PF +-20% 1D0VUDC CER <8480 D1450~0571
A1CR1 1901-0049 1 12 DIODE-SWITCHING 30V 50MA 2NS DO-35 28480 1201-0040
A1CR2 1901-0040 1 DIDDE-SWITCHING 30V SOMA 2NS DD-35 28480 1901-0040
A1CR3 1?901-00440 1 DIODE-SWITCHING 30V SOMA 2NS DO-35 28480 1901~-0040
A1CR4 1201-00490 1 DIODE~-SWITCHING 30V S50MA 2NS D0O-35 z8480 1901-0040
A1CRS 1901-004¢ 1 DIODE-SWITCHING 30V S0MA 2NS DO-3S 28480 1901-0040
A1LRG 1901-0040 1 DIODE~SWITCHING 38V S0MA 2NS D0O-35 28480 1901-0040
A1CR8 1901-0040 1 DIODE~SWITCHING 30V S0MA 2NS DO-35 28480 19010040
A1CRY? 19010040 1 DIODE~-SWITCHING 30V S58MA 2NS D0-3S 28480 1901-0040
A1CR10 1901-0040 1 DIODE-SWITCHING 30V S0MA 2NS DO-3S 20480 1961-0040
AICR11 1901-0040 1 DIODE-SWITCHING 30V SD0MA 2NS DOD-35 28480 1901~-0040
AlCR12 12010040 1 DIODE~-SWITCHING 30V S0MA 2NS DO-35 28480 1901-0040
A1CR13 1901-0040 1 DIODE-SWITCHING 30V SO0MA 2NS D0O-35 284890 1981-0040
A1CR14 1902-0052 7 1 DIODE~ZNR 6.81V 2% DO-35 PD=, 44 28480 19020052
AICR1S5 1902-0631 8 2 DIODE-ZNR ING3S1R 14V 5% PD=5W TC=+75% 04713 1NS351R
A1CR16 1902-0631 8 DIODE-ZNR 1NS351B 14V SZ PD=SW TC=+75% 04713 1N%351B
A1T1 1251-7447 7 1 CONNECTOR-34 PIN, MALE nB3489 1251~-7447
A1J3 1251-6263 3 2 CONNECTOR-14 PIN, FEMALE POST 28480 1251-6263
A1T4 1251-6263 3 CONNECTOR-14 PIN, FEMALE POST 28480 12591-6263
A1J10 1250-0083 1 & CONNECTOR-RF BNC FEM SGL-HOLE-FR S50-0HM 28480 12500083
Al1J11 1250-0083 1 CONNECTOR-RF ENC FEM SGL-HOLE-~FR SB—-OHM 28480 1250-0083
A1T13 1250-~0083 1 CONNECTOR-RF BNC FEM SGL~HOLE-FR S0-0HM 28480 1250-0083
A1T1S 1250-0083 1 CONNECTOR-RF BNC FEM SGL-HOLE-FR S0-OHM 28480 1250-0083
AlJ16 1250-0083 1 CONNECTOR-RF BNC FEM SGL-HOLE-FR S0-0HM 28480 1250-0083
A1J17 1250-0083 1 CONNECTOR-RF BNC FEM SGL~HOLE-FR S50--OHM 28480 1250-0883
A1TM1 8159-0005 0 4] RESISTOR~ZERD OHMS 22 AWG LEAD DIA 28480 8159-0005
A1TM4 8159-0005 8 RESISTOR-ZERO DOHMS 22 AMG LEAD DIA 28480 8159-0005
Al1JHE 8159-0005 0 RESISTOR~ZERD OHMS 22 AWG LEAD DIA 28480 8159-0005
A1IN9 8159-0005 g RESISTOR-ZEROQ OHMS 22 AWG LEAD DIA 28480 B8159-0005
A1IM10 8159-0005 [ RESISTOR~ZERD OHMS 22 AUWG LEAD DIA 28480 8159-0005
ALY 2100-3547 9 1 INDUCTOR RF-CH-MLD 4.3UH 5% .164DX.3BSLG 28480 9100-3547
AlL2 2100-3551 5] 1 INDUCTOR RF-CH~MILD 1UH SX ,166DX.385LG 28480 9100-3551
AIMP2 0515-0165 1 2 SCREW-MACH M3.5 X 0.6 12MM-I.G PAN-HD ~=B8489 0515-0165
A1MP3 5041-2385 1 1 HOUSING FAN-FILTER 28480 S$641-2385
A1MP4 0515-0219 [ 4 SCREW-MACH M3 X 0,5 6MM-1.G 90-DEG-FLH-HD 00000 ORDER BY DESCRIPTION
ALKPS 3150-0233 3 1 FOAM-POLYU .25T 28480 3156-0233
3150-0232 2 1 FILTER-AIR 3.25 DIA 28480 3150-0232
AIMPS 0515-0224 3 1 SCREW-MACH M3.5 X 0,6 12MM-LE PAN-HD gog00 ORDER BY DESCRIPTION
AIMP7 0515-02190 7 2 SCREW-MACH M4 X 0.7 BMM-LG PAN-HD ad000 GRDER BY DESCRIPTION
A1NPB 03497-04107 | 7 1 BUTCH PLATE 28480 03497-04107
AIMP9 0515-0212 ? 4 SCREW-MACH M3.5 X 0.6 6MM-1.G PAN-HD 00000 ORDER BY DESCRIPTION
A1NMP1O 5040-6843 2 1 EXTRACTOR-PC BOARD 28480 50406843

See introduction to this section for ordering information
*Indicates factory selected value
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Table 5-3. Replaceable Parts (Cont'd)

Reference HP Part |c Descripti Mfr

: A escri fr Part Number
Designation { Number |D Qty scription Code Mr Pa umbe
A1R1 0683-2225 3 4 RESISTOR 2.2K 9% .25W FC TC=-400/+700 1121 CB2225
A1R2 0683-2223 3 RESISTOR 2.2K 5% .25W FC TC=-400/+700 01121 CB2225
A1R3 0683-1015 7 7 RESISTOR 100 5% .25W FC TC=-400/+500 01121 CB1015
A1R4 0683-1015 7 RESISTOR 100 SX .25W FC TC=-400/+500 01121 CB101S
A1RS §683-1013 7 RESISTOR 100 5% .25W FC TC=-400/+500 01121 CB1015
AlRSE 0683-1015 7 RESISTOR 100 SX .25W FC TC=-400/+500 01121 €B101S
A1R?7 0683-3325 & 3 RESISTOR 3.3K 5% .25W FC TC=-400/+700 01121 CB3325
A1R? 0683-10395 1 S RESISTOR 10K S% .25W FC TC=-400/+700 01121 CB1035
AIR10D 0683-1025 9 10 RESISTOR 1K S5X .25W FC TC=-400/+600 01121 Cp1025
A1R11 0683-1035 1 RESISTOR 10K 5% .25W FC TC=-400/+7010 t1121 CB1035
A1R12 0683-1035 1 RESISTOR 10K S5X .25W FC TC=-400/+700 01121 CB10335
AlR14 0683-4725 2 3 RESISTOR 4.7K S% .25W FC TC=-400/+700 01121 CB4725
AIR15 p683-1025 9 RESISTOR 1K 5% .25W FC TC=-400/+600 01121 CB1025
A1R16 0683~1015 7 RESISTOR 160 S% .25W FC TC=-400/+500 61121 €B1815
A1R1?7 0683-1015 7 RESISTOR 100 5% .25W FC TC=-400/+500 01121 CB101S
A1R18 0683-4725 2 RESISTOR 4.7K 5% .25W FC TC=-400/+700 01121 €B4725
A1R19 0683-1025 ? RESISTOR 1K S% .25W FC TC=-400/+600 01121 CB1025
AlR20 0683-1025 9 RESISTOR 1K S5z ,25W FC TC=-400/+5600 01121 CB1025
AIR21 8683-102S 9 RESISTOR 1K SX ,25W FC TC=-400/+600 01121 CB1025
A1R22 0683-1025 9 RESISTOR 1K 5% .20 FC TC=-400/+600 01121 Cp1025
A1IR23 0683-4725 2 RESISTOR 4.7K 5% ,25W FC TC=—-400/+700 01121 CB4725
Al1R24 0683-1055 S 1 RESISTOR 1M SX .25W FC TC=-800/+7900 01121 €£B105S
AIR25 0683-1025 k4 RESISTOR 1K 0HX C 01121 CB1025S
A1R26 0683-1035 1 RESISTOR 10K SX .25 FC T 01121 CB1035
AIR28 0683-3025 3 1 RESISTOR 3K 5% .25W FC TC=-400/+700 01121 CB3025
A1R29 0683-1025 ? RESISTOR 1K 5% .254 FC TC=-400/+600 01121 CRr1025
A1R30 0683-1025 ? RESISTOR 1K 5% .25W FC TC=-400/+5600 01121 CB1023
ALR31 0698-4485 2 3 RESISTOR 23.2K 1% ,1254 F TC=0+-100 24546 C4-1/8-T0-2322-F
A1R32 0698-4485 2 RESISTOR 23.2K 1% .125W F TC=0+-100 24546 £4-1/8-T0~-2322-F
ALR33 0683-8235 7 1 RESISTOR 82K S% .25W FC TC=-400/+800 61121 CB8235
A1R34 069B-4485 2 RESISTOR 23.2K 1% .125W F TC=0+-100 24346 C4-1/8-T0-2322-F
A1R3IS 0683-2225 3 RESISTOR 2.2K S% .25W FC TC=-400/+700 01121 CBR225
A1IR36 06683-1035 1 RESISTOR 10K S5X .25W FC TC=-400/+700 01121 CB1035
A1R37 0683~-2225 3 RESISTOR 2.2K 5% .25W FC TC=-400/+700 01121 CB2225
A1R38 0683-3325 6 RESISTOR 3.3K 5% .20W FC TC=~-400/+700 01121 CB3325
A1R3? 0683-3325 6 RESISTOR 3.3K 3% ,25W FC TC=-400/+700 01121 CB3325
A1R40 3683-1025 ? RESISTOR 1K 5% .25W FC TC=- 01121 CB1023
A1R41 0683-1015 7 RESISTOR 100 S5Z .254W FC TC 61121 CB1015
Al1R42 06836225 1 1 RESISTOR 6.2K 5% .25W FC TC=-400/+700 01121 CBs225
A1R43 0698-3132 4 1 RESISTOR 261 1% .125W F TC=0+-108 24546 Ca-1/8-T0-2610~F
A1R44 06834735 4 2 RESISTOR 47K 5% .25W FC TC=-400/+800 01121 CR4735
A1RAS 0683-4735 4 RESISTOR 47X S% .25W FC TC=-400/+800 01121 CB4735
A1R46 B6B3-2025 1 1 RESISTOR 2K S% .25W FC TC=-400/+700 n1121 CB2025
A1R47 0687-1501 4 2 RESISTOR 15 10X ,SW CC TC=0+412 ft1121 EB1501
AlR48 0687-1501 4 RESISTOR 15 10% .5W CC TC=0+412 01121 EB1501
A1R49 0683-5615 1 1 RESISTOR 560 5% .25W FC TC=-400/+600 01121 CBS615
A1RP1 1810-0269 3 2 NETWORK-RES 9~SIP10.0K OHM X 8 28480 1810-0269
Al1RP2 1810-0136 3 1 NETHORK-RES 10-SIP MULTI-VALUE 28480 1810-0136
A1RP3 1810-0307 0 1 NETWORK-CNDCT MODULE DIP; 16 PINS; 0,100 28480 1810-0307
A1RP4 1810-0281 9 1 NETWORK~RES 10-SIP100.0K OHM X 9 01121 210A104
AIRPS 1810-026% 3 NETWORK-RES 9-5IP10.0K OHM X B 28480 1810-0269
A1RPS 1810-0368 3 NETWORK-RES 6-SIP10,0K OHM X S agi121 206A103
AIRP7 1810-0566 3 1 RESISTOR SIP 1SK DHM 28480 1810-0566
A1RP8 1810~-0552 7 1 RESISTIVE NETWORK-SIP &6.0K OHM 28480 1810-0552
A151 3101-1973 7 WITCH-SLIDE 7-144 S50V 28480 3101-1973
Al1S2 3101-1860 1 WITCH-D.I.P. 28480 31011860
A1TP1-

A1TP29 12510600 [] 29 CONNECTOR-SGL CONT PIN 1.14-MM-BSC-SZ SQ 28480 12510600
AlU1 1820-25%4 2 1 IC RCVR TTL LS LINE RCVR QUAD 2-INP 28489 1820-25%94
AlLU2 1820-1759 ? 3 IC BFR TTL LS NON-INV 0OCTL 27014 DMB81LS97n
A1U3 1820-1491 6 2 IC BFR TTL LS NON-INV HEX 1-INP 01295 SN74LS367AN
AlU4 1820-2075 4 2 IC MISC TTL LS 01295 SN74L.5245N
A1US 1820-2024 3 1 IC DRVR TTL LS LINE DRVR OCTL 01295 SN74LS244N
AlUs 1820-2117 S 2 IC DRVR TTL LINE DRVR DUAL 07263 2636ATC
A1U7 1820-2117 S IC DRVR TTL LINE DRVR DUAL 07263 9636ATC
AtLUS 1820-2443 0 1 IC UART 28480 1820-2443
Al1U10 1820-2036 7 1 IC DRVR NMOS CLOCK DRVR 04713 MCHB7SL
AlU11 1920-2137 9 1 IC MICPROC NMOS 8-BIT 04713 MC68A00P
A1U13 1820-11%99 1 3 IC INV TTL LS HEX 1--INP 012795 SN74LSD4N
Alll14 1820-0693 8 1 IC FF TTL 8§ D-TYPE POS-EDGE-TRIG 01299 SN74874N
A1U1S 1820-1281 2 1 IC DCOR TTL LS 2-TD-4-LINEZ DUAL 2-INP 21295 SN74L5139N
AlUls 1820-1826 1 1 IC-MASKED ROM 01295 SN75112N
A1U1B 1820-1209 4 1 IC BFR TTL LS NAND QUAD 2-INP 01295 SN74LS38N

5-18

See introduction to this section for ordering information
*Indicates factory selected value



Table 5-3. Replaceable Parts (Cont'd)

Reference HP Part |c e Mfr
: A o| Qty Description d Mfr Part Number
Designation Number Code

AlU19 1820-1112 8 3 IC FF TTL LS D-TYPE POS-EDGE~TRIG 01295 SN74LS74AN

A1U20 1818-1825 S 1 IC-MASKED ROM 50088 MK36000N-5 MASKED

A1U21 1820-1112 B8 IC FF TTL LS D-TYPE POS-EDGE~TRIG 01295 BEN7ALS74AN

AlU22 1820-1202 7 1 IC GATE TTL LS NAND TPL 3-INP 01295 SN74LStON

AtU23 18201205 0 1 1C GATE TTL LS AND DUAL 4-~INP 01295 SN741.S21N e

ATUZ23 1818-1827 7 1 IC-MASKED ROM 50088 MK36000N-5 MASKED

ATL25 1820-1112 8 IC FF 1TL LS D-TYPE POS-EDGE-TRIG 01295 SN74LS74AN

AlU26 1820~1201 & 1 IC GATE TTL LS AND QUAD 2-INP 01295 SN74LS08N

AlUZ2B 1820-1199 1 IC INV TTL LS HEX 1-INP 01295 SN74LS04N

A1U29 1820-1491 & IC..BFR TTL LS NON-INV HEX t-INP 01293 SN741L.5367AN

A1U30 1818-1213 S 1 IC-MK4118P-4 BK So088 MK411BAP-4

ALU31 1820-1216 3 4 IC DCDR TTL LS 3-TO~-8-LINE 3-INP 01299 SN74L5138N

AlU32 1820-1216 3 IC DCDR TTL LS 3-TO-B-LINE 3-INP ) 1295 SN741L.8138N

ATUI3 1820-1216 3 IC DCDR TTL LS 3I-TO-8-LINE 3I-INP 01295 SN74LS138N

A1U34 1820-2075 4 IC MISC TTL LS 01295 SN74L.S245N

A1U3S 1820-1430 3 1 IC CNTR TTL LS BIN SYNCHRD POS~EDGE-TRIG 01295 SN74LS161AN

A1U36 1820-1144 3 2 IC GATE TTL LS NOR QUAD 2--INP 3275 SN74LS02N

A1U37 1820~-1212 b4 1 IC FF TTL LS J~K NEG-EDGE-TRIG 01295 SN74LS112AN

A1U39 1820-1199 1 IC INV TTL LS HEX 1-INP 01295 SN74LS04N

A1U40 1820-197S5 1 1 IC SHF-RGTR TTL LS NEG-EDGE-TRIG PRL-IN 01295 SN74L5165N

AlU41 1820-1759 ? IC BFR TTL LS NON-TNV DCTL 27014 DMB1LS?7N

A1U42 1820-1112 8 1C FF TTL LS D-TYPE POS-EDGE-TRIC 11295 SN74L.574AN

At1UA43 1820-1112 8 IC FF TTL LS D--TYPE POS-EDGE~TRIG 11295 SN74L.S74AN

AtUA4 1820~1759 9 IC BFR TTL LS NON-INV OCTL 27014 DMB1LS?7N

A1UAS 1820-1216 3 IC DCOR TTL LS 3-TO-B-LINE 3-INP 01295 SN74LS138N

AlU4s 1820-0514 2 1 IC GATE TTL NAND GUAD 2-INP 01295 SN7426N

A1U49 1821-0001 4 1 TRANSISTOR ARRAY 14-PIN PLSTC DIP 3L.585 CA3046

A1USO 1820-1433 & 1 IC SHF-RGTR TTL LS R-S SERIAL-IN PRL-QUT 01295 SN741L.S164N

A1US1 1858-0054 4 1 TRANSISTOR ARRAY 16~PIN PLSTC DIP 284890 1858-0054

AL UG1 1820-1197 9 1 IC GATE TTL LS NAND QUAD 2-INP 01295 SN74LS00N

A1V62 1820-1144 [} IC GATE TTL LS NOR QUAD 2-INP 01295 SN74LS02N

ALU63 1820-1112 8 IC FF TTL LS D-TYPE POS-EDGE-TRIG 01295 BN74LE74AN

AlUW1 - 8129-33%99 0 1 CABLE-RS232/423 28480 8120-3399
13222-60001 | 8 1 US MODEM CABLE ASSEMBLY 28480 13222-60001

AlY1 0410-1382 4 1 CRYSTAL 28480 0410-1382

Al ASSY MISC, PARTS

0515-0211 8 2 SCREW-MACH M3 X D.5 6MM-LG PAN-HD 00000 ORDER RY DESCRIPTION
0%90-1025 2 2 THREADED INSERT ogoao0 ORDER BY DESCRIPTION
12000473 8 1 SO0CKET-IC 16-CONT DIP DIP-SLDR 28480 12000473
8150-4074 3 1 WIRE-STRANDED (GRN) 28480 8150--4074
8150-4073 2 1 WIRE-STRANDED (RED) 28480 8150-4073
03497-00208 | 1 40 1PANEL. CONTROL 2844840 43497~-00208
03497-01208 | 3 14 1KERACKET CONTROL 28480 03497-01208
0380-1055 3 10 ASPACER ,SNAP-IN .5 LG, 0o000 ORDER BY DESCRIPTION
5000-9043 & 20 1EXTRACTOR-PIN 28480 5000-92043
7122-0058 S 30 1PLATE-SERIAL HP (USA) 28480 7122-0058

See introduction to this section for ordering information
*Indicates factory selected value
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Table 5-3. Replaceable Parts (Cont'd)

Reference HP Part |c e Mfr

. A ription Mfr Part Numbe
Designation | Number |D Qty Descriptio Code a r
A2 03497-66502 | &6 1 INGUARD CONTROL ASSEMBLY 28480 03497-66502

A2C1 0180-0309 4 S CAPACITOR-FXD 4.7UF+-20X 10VDC TA 56289 150D475X0010A2
AZ2C2 0180-0309 4 CAPACITOR—-FXD 4.7UF+-20% t10VDC TA $62B9 150D475X0010A2
A2C3 0180-0309 4 CAPACITOR~-FXD 4.7UF+-20Z 10VDC TA 56289 150D475X0010A2
A2C4 0180-030% 4 CAPACITOR-FXD 4.7UF+-20% 13VDC TA 56289 1500475X001D0A2
A2CS 0180-0309 4 CAPACITOR-FXD 4,7UF+-20% 10VDC TA 56289 150D475X8010A2
A2C100 0180-0291 3 1 CAPACITOR-FXD 1UF+~10% 35VNC TA 56289 150D105X9035A2
A2C201 0160-2257 3 1 CAPACITOR-FXD 10PF +-5Z 3500VDC CER 0+-60 28480 0160-2257

AzZC202 0121-0046 2 1 CAPACITOR-V TRMR-CER 9-35PF 200V PC-MTG 52763 304322 9/3SPF N&GDO
A2C203 0160-4807 3 1 CAPACITOR-FXD 33PF +-SZ 100VYDC CER O0+-30 28480 0160-4807

A2CR1 19201-0040 1 3 DIODE-SWITCHING 30V S0MA 2NS DO-35 ZBAB0 1201-0040

A2CRS 1901-0040 1 DIODE-SWITCHING 30V S0MA 2NS DO-35 28480 1901-0040

A2CR6 1201-0040 1 DIODE~-SWITCHING 30V S50MA 2NS DO-35 28480 1701-0040

AZE1L 1970-0084 8 1 TUBE-ELECTRON SURGE V PTCTR 28480 1976-0084

A271 1251-4813 S 1 CONNECTOR S5-PIN M POST TYPE 284890 1251-4813

A22J2 1251~-4047 7 3 CONNECTOR 3-PIN M POST TYPE 28480 1251-4047

A2J3 1251-4047 7 CONNECTOR 3-PIN M POST TYPE 28480 1251-4047

A2JT4 1251-4484 & 1 CONNECTOR 4-PIN M POST TYPE 28480 1251-4484

A2TS 1251-4047 7 CONNECTOR 3-PIN M POST TYPE 28480 1251-4047

ARI7 1200-0583 1 1 SOCKET-IC 24-CONT DIP DIP-SLDR 28480 1200-0583

A2P1 1258-0141 B S JUMPER-REM 28480 1258-0141

A2P2 1258-~0141 8 JUMPER-REM 28480 1258-0141

A2P3 1258-0141 8 JUMPER~REN 28480 1258-0141

A2P4 1258-0141 8 JUMPER~REM 28480 1258-0141

AZPS 1258-0141 8 JUMPER~REM 28480 1258-0141

A2R100 0683-5125 8 2 RESISTOR 5.1K 5% .254W FC TC=-400/+700 61121 CB5125

ARZR101 0683-1025 9 2 RESISTOR 1K 5% .25W FC TC=-4008/+600 01121 €B1025

A2R102 0683~-1035 1 1 RESISTOR 10K SX .25W FC TC=-400/+700 01121 CB1035

A2R103 0683-3325 6 9 RESTSTOR 3,3K S% .25W FC TC=-400/+700 01121 CB3325

A2R104 0683-3325 &6 RESISTOR 3.3K S% .25W FC TC=-400/+700 01121 CR3325

AZR105 0683-1025 ? RESISTOR 1K SX .25W FC TC=-400/+600 01121 CB1025

AZR106 0683~2225 3 1 RESISTOR 2.2K SZ .25W FC TC=-400/+70¢C 061121 CR2229

A2R107 0683-3125 2] RESISTOR 5.1K 5% .25W FC TC=-400/+700 01121 CBS125

ARR108 0698-8776 2 1 RESISTOR 10 5% ,2%W CC TC=-400/+500 28480 0698-8776

A2R201 1810-0279 S 2 NETWORK-RES 10-SIP4.7K OHM X 9 01121 210A472

AZR202 0757~0437 2 2 RESISTOR 4.75K 1Z .125W F TC=0+-100 24546 C4-1/8-T0-4751-F
A2R203 1810-0279 ) NETWORK-RES 108--5IP4.7K OHM X % n1121 210A472

ARR204 1757-0437 2 RESISTOR 4.73K 1% .1235W F TC=0+-10¢ 24546 €4-1/8-T0~-4751-F
A2R206 0683-3325 6 RESTSTOR 3.3K 5% .25W FC TC=-400/+700 81121 cu332s

A2R207 0683-3325 6 RESISTOR 3.3K 5% .254W FC TC=-400/+700 861121 CB3325

A2R208B 0683-3325 6 RESISTOR 3.3K 5% .25W FC TC=-400/+700 n1121 CB3325

AR2R209 06833325 & RESISTOR 3,.3K 5% .25W FC TC=-400/+700 61121 CB3325

A2R210 0683-3325 6 RESISTOR 3.3K 5% .25W FC TC=-408/+700 1121 CB3325

A2R211 0683-3325 [ RESISTOR 3.3K 5% .25W FC TC=-400/+700 01121 CB3325

AZR212 07570410 1 2 RESISTOR 301 1% .125W F TC=0+-100 24546 C4-1/8-T0-301R-F
AZR213 0757-0410 1 RESISTOR 301 1% ,125W F TC=0+-100 24546 C4-1/8-T0~-301R-F
AZR214 0698-4443 2 1 RESISTOR 4,53K 1% ,125W F TC=0+-100 24546 C4-1/8~-T0-4531-F
AZR215 0757-02810 3 1 RESISTOR 1K 1%Z .125W F TC=0+-100 24546 C4~1/8-T6-1001~F
AZR216 0683-3325 3 RESISTOR 3.3K 5% .25@ FC TC=-400/+70D 01121 CR3325

AZUL 1820-1432 1 1 IC CNTR TTL LS BIN SYNCHRO POS-EDGE-TRIG 01299 SN74L.8163AN

A2U2 1820-1197 ? 2 IC GATE TTL LS NAND QUAD 2-INP 01295 SN741.S00N

A2U3 1820-1144 & 2 IC GATE TTL LS NOR QUAD 2~INP 01295 SN74LS02N

A2U4 1820~-1202 7 2 IC GATE TTL LS NAND TPL 3-INP 01295 SN74LS10N

ARUS 1820~1445 0 1 IC LCH TTL LS 4-BIT 01295 SN74LS375N

A2U6 18201144 ) IC GATE TTL LS NOR QUAD 2-INP 01295 SN74LS 02N

AZU7 1820-1211 8 1 JC GATE TTL LS EXCL-0R QUAD 2-INP 01295 SN74LS86N

A2UB o 1820-1112 8 S 1C FF TTL LS D-TYPE POS-EDGE-TRIG 01295 SN74LS74AN
A2U110 1820-1272 1 1 IC BFR TTL LS NOR QUAD 2-1INP 01295 SN741.833N

A2U111 1820-1207 2 1 1C GATE TTL LS NAND B8-INP 01295 SN74LS30N

A2U112 1820-1759 9 2 IC BFR TTL LS NON-INV OCTL 27014 DMB1LS?7N

A2U113 1820-1112 8 iC FF TTL LS D-TYPE POS-EDGE-TRIG 01295 SN74LS74AN
AZ2U114 1820-1433 6 1 IC SHF-RGTR TTL LS R-S SERIAL-IN PRL-OUT 01295 SN74L5164N
A2U115 1820-1975 1 1 IC SHF-RGTR TTL LS NEG-EDGE-TRIG PRL-IN 01295 SN74LS165N
AZU116 1821-0001 4 1 TRANSISTOR ARRAY 14-PIN PLSTC DIP 31585 CA3046

A2U117 1820-1430 3 1 IC CNTR TTL LS BIN SYNCHRO POS-EDGE-TRIG 01295 SN74LS161AN
AZ2U118 1820-0583 ) 1 IC GATE TTL L NAND RUAD 2-INP 01295 SN74L.00N

A2U119 1820~1112 8 IC FF TTL LS D-TYPE POS-EDGE-TRIG 81295 SN74L574AN
A2UI20 1820-0514 2 1 IC GATE TTL NAND QUAD 2-INP 01295 SN7426N

AZU201 18201197 @ 1C GATE TTL LS NAND QUAD 2-INP 31295 SN74LS0ON
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Table 5-3. Replaceable Parts (Cont'd)

Reference HP Part |c Q ... Mfr
: . t Description Mfr Part Number
Designation Number |D Y P Code
A2U202 1820-1491 6 1 IC BFR TTL LS NON-INV HEX 1-INP 01295 SN74LS367AN
A2U203 1820-1759 9 IC BFR TTL LS NON-INV OCTL 27014 DMB1ILS97N
A2U204 1820-2532 a 1 IC-MICROPROCESSOR NMOS 8-BIT 28480 1820-2532
A2U205 1820~2177 7 1 IC MICPROC-ACCESS NMOS A-BIT 345649 PO243 -
A2U206 1820-1426 7 2 IC DCDR TTL LS BCD-TO-DEC 4-TD-10-LINE 01295 SN74LS145N
A2U207 1820-1483 b 3 IC GATE CMOS OR QUAD 2-INP 3Lsas CDACG71BE
AZU208 1820-1426 7 IC DCOR TTL LS BCD-TO-DEC 4-TD-10~LINE 1295 SN74L5145N
A2U209 1820-1483 [ IC GATE CMOS OR QUAD 2-INP 3ILSES CD4A071BE
A2U210 1820~1483 b IC GATE CMOS OR QUAD 2-INP 3L585 CD4071EBE _
AZU211 _1sz20-1112 _ [8| IC_FE. TTL.LS-D~TYPE-POS-EDGE-TRIG— - — | -812957| —sN7aUs74aN
- A2U212 1820—1202 7 IC GATE TTL LS NAND TPL 3-INP 01295 SN74LS1ON
A2U213 1820-1112 8 IC FF TYL LS D-TYPE POS-EDGE-TRIG 01295 SN74LS74AN
A2U214 }PZQ:O}[? _vl__ 1 IC COMPARATOR _PRCN. DUAL -8-DIP-P--PKG 27014 | LM393N
A2Y1 0410~1226 5 1 CRYSTAL-QUARTZ 5.85 MHZ HC-25/U-HLDR - 284810 0410~1226
A2Y1 0410-1225 4 1 CRYSTAL-QUARTZ 4.875 MHZ HC-25/U-HLDR 28480 0410-1225
A2 ASSY MISC. PARTS

7175-0057 ] 22 WIRE JUMPER (J10-J31) 284890 7175-0057

1200-0546 ] 1 SOCKET-XTAL 2-CONT HC~25/1} DIP-SLDR 204890 12068~-0546

12000659 2 1 SOCKET-1C 40-CONT DIP-SLDR 28480 1200-0659

See introduction to this section for ordering information
*Indicates factory selected value

5-21



Table 5-3. Replaceable Parts

(Cont'd)

Reference HP Part |c| o Descrioti Mfr
: A escri Mfr Part Nu r
Designation Number [o| Yt scription Code a mbe
A3 03497-66503 | 7 1 FRONT PANEL ASSEMBLY 28480 13497-66503
A3C1 0180-0309 4 13 CAPACITOR-FXD 4,7UF+-20% 10VDC TA 56289 150D475X8010A2
A3C2 0180-8309 4 CAPACITOR-FXD 4.7UF+-20% 10VDC TA 56289 150D475X0010A2
A3C3 0180-0389 4 CAPACITOR-FXD 4,7UF+-20% 10VDC TA 56289 150D475X0010A2
A3Ca 0180-030%9 4 CAPACITOR-FXD 4.7UF+-20% 13VYDC TA 56289 150D475X0010A2
A3CS 0180-0309 4 CAPACITOR-FXD 4.7UF+-20% 10VDC TA 56289 150D475X0010A2
A3C6 0180-0309 4 CAPACITOR-FXD 4,7UF+-20% 10VDC TA 56289 150D475X001 DAZ2
A3C? 0180-1743 2 1 CAPACITOR-FXD .1UF+-18%Z 35VDC TA 54289 150D104X?035A2
A3C8 01800197 a8 1 CAPACITOR-FXD 2.2UF+-10% 20VDC TA 56289 150D225X9020A2
A3C10 0180-0291 3 1 CAPACITOR-FXD 1UF+-10% 35VDC TA 54289 150D105X2035A2
A3C11 0180-0309 4 CAPACITOR-FXD 4.7UF+-20% 10VDC TA 56289 1500475X0010A2
A3C12 0180-~0309 4 CAPACITOR-FXD 4,7UF+-20% 10VUDC TA 96289 150D475X0010A2
A3C13 0180-0309 4 CAPANITOR-FXD 4,7UF+-20% 10VDC TA 56289 150D4735X0010A2
A3C14 0180-0309 4 CAPACITOR-FXD 4.,7UF+-20% 10VDC TA 56289 150D475X0010A2
A3C15 0180~0309 4 CAPACITOR-FXD 4.7UF+-20% 10VDC TA 56289 150D473X0010A2
A3C16 0180-0309 4 CAPACITOR-FXD 4.7UF+-20% 10VDC TA 56289 150D475X0010A2
A3C17 0180-030%9 4 CAPACITOR-FXD 4.7UF+-20% 10VDC TA 56289 150D475X001 0A2
A3CR1 19900757 4 an LED-LAMP LUM~INT=1MCD IF=35MA-MAX BVR=5V S0522 MVS57124

A3CR2 1990-0757 4 LED-LAMP LUM-INT=1MCD JIF=35MA-MAX BVR=%5Y 50522 MV57124

A3CR3 1998-0757 4 LED~-LAMP LUM-INT=1MCD IF=35SMA—-MAX BVR=SV 50522 MVG7124

A3CR4 19900757 4 LED-LAMP LUM-INT=1MCD IF=35MA-MAX BVUR=35V 50522 MU57124

AZCRS 1990-0757 4 LED-LAMP LUM-INT=1MCD IF=35MA-MAX BUR=5V 0522 MVS7124

A3CRL 1990-0757 4 LED-LAMP LUM-INT=1MCD IF=35MA-MAX BUR=SV 50522 MVU57124

ABCR7 1990-0757 4 LED-LAMP LUM-INT=1MCD IF=35MA~MAX BUR=5V 90522 MVUS7124

A3CRB 1990-0757 4 LED-LAMP LUM-INT=1MCD IF=35MA~MAX BVR=5V S0522 MVU57124

A3CRY 1990-0757 4 LED-LAMP LUM-INT=1MCD IF=35MA-MAX BVR=SV 50522 MV57124

A3CR10 1990~-07S7 4 LED-LAMP LUM-INT=1MCD IF=35MA-MAX BVR=G5V 50522 MVUS7124

A3CR11 1990-0757 4 LED-LAMP LUM~-INT=1MCD IF=35MA-MAX BUR=LV 0522 MVS7124

A3CR12 1990-0757 4 LED-LAMP LUM-INT=1MCD IF=35MA-MAX BVUR=5V H0522 MV57124

A3CR13 1990-0757 4 LED~LAMP LUM-INT=1MCD IF=35MA-MAX BYR=5V 50522 MYUS7124

A3CR14 19920-0757 4 LED-LAMP LUM-INT=1MCD IF=35MA-MAX BVUR=DSV S0522 MV57124

A3CR1S 1990-0757 4 LED-LAMP LUM~INT=1MCD IF=35MA-MAX BUR=GV 50522 MV57124

A3CR16 1990-0757 4 LED-LAMP LUM~INT=1MCD IF=35MA-MAX RUR=SV 50522 MVU57124

A3CR17 1990~0757 4 LED-LAMP LUM-INT=1MCD IF=35MA-MAX BUR=GV 50522 MV57124

A3CR18B 1990-0737 4 LED-LAMP LUM-INT=1MCD IF=35MA-MAX RBUR=H5V 50522 MVS57124

A3CR19 1990-0757 4 LED-LAMP LUM~INT=1MCD IF=35MA-MAX BUR=SV §50522 MUS7124

A3CR20 1990-0757 4 LED-LAMP LUM-INT=1MCD IF=35MA—-MAX BVYR=5V 50522 MV57124

A3CR21 1990-0547 0 1 LED-LAMP LUM-INT=2MCD IF=28MA-MNAX BUR=3V 28480 5082-4684,8EL IV
A3CR22 1901-0040 1 2 DIDDE~-SWITCHING 3DV S0MA 2NS DO-35 284890 19010040
A3CR23 1901-0040 1 DIODE~SWITCHING 30V S0MA 2NS DO-35 28480 19201-0040
A3DS1 1920-0699 3 3 LED~-LIGHT BAR MODULE LUM-INT=7MCD 28480 1L.M1-2350
A3DS2 1990~-0619 7 3 DISPLAY-NUM-SEG 1~-CHAR .3-H 28480 5082-7613
A3DS3 1998-0619 7 DISPLAY-NUM~-SEG 1-CHAR .3--H 28480 5082-7613
A3DSA 1990-0619 7 DISPLAY-NUM-SEG 1~CHAR .3-H 28480 509°~7613
A3DSS 1998-0699 3 LED-LIGHT BAR MODULE LUM-INT=7MCD 28480 1LM1-2350
A3DS6 1990-0649 3 1 DISPLAY-NUM-SEG 28480 S082-7616
A3DS7 1990-0631 3 6 LED-LAMP LUM-INT=1MCD IF=30MA-MAX BVR=TV 28480 HLMP-0501
A3DS8 1990-0631 3 LED-LAMP LUM-INT=1MCD IF=30MA~MAX BUR=TV 28480 HILMP~0501
A3DS? 1990-0631 3 LED-LAMP LUM-INT=1MCD IF=30MA-MAX BVUR=5V 28480 HLMP-0501
A3DS10 19900631 3 LED-LAMP LUM-INT=1MCD IF=30MA-MAX BVR=5V 28480 HLMP-0501
A3DS11 19900631 3 LED-LAMP LUM—INT=1MCD IF=3DMA-MAX BVR=5V 28480 HLMP-0501
A3DS12 1990-0631 3 LED-LAMP LUM-INT=1MCD IF=30MA-MAX BUR=3V 28480 HLMP~-0501
A3DS13 19909759 6 1 LED-LIGHT BAR MODULE LUM-INT=3MCD 28480 HILMP-2620
A3DS14 19900696 0 3 LED-LIGHT BAR MODULE LUM-INT=3MCD 28480 1LM1-2300
AIDS15 1990-06%96 0 LED-L.IGHT BAR MODULE LUM-INT=3MCD 28480 1LM1-2300
A3DS16 1990-0699 3 LED-LIGHT BAR MODULE LUM-INT=7MCD 28480 1LM1-2350
A3DE17 1990-06%96 0 LED-LIGHT BAR MODULE LUM-INT=3MCD 28480 1L.M1-2300

AJ3R1 8683-30195 1 a RESISTOR 300 5% ,25W FC TC=-400/+600 01121 CB3015

AJR2 06833015 1 RESISTOR 300 5% ,2%W FC TC=-400/+600 81121 €B3015

A3R3 0683-7505 2 3 RESISTOR 75 S% .25W FC TC=-400/+500 f1121 CB7505

A3R4 8683-3015 1 RESISTOR 300 5% .25W FC TC=—-400/+600 01121 CB3015

A3RS 0683-1515 2 7 RESISTOR 150 5% .25U FC TC=-400/+600 01121 CB1515

A3R6 0683-7505 2 RESISTOR 75 5% .25W FC TC=-400/+500 01121 CB7505

A3R7 1683-1515 2 RESISTOR 150 5% .25W FC TC=-400/+600 01121 CB1515

A3RY 0683-3015 1 RESISTOR 300 5% .25W F& TC=-400/+600 01121 CB3015

A3R10 0683-3015 1 RESISTOR 300 5% .25W FC TC=-400/+600 01121 CB3015

A3R11 9683-1515 2 RESISTOR 150 5% .25W FC TC=-400/+600 s1121 CB1515

A3R12 0683~1515 2 RESISTOR 150 5% ,25W FC TC=-400/+600 1121 CB1515

A3R13 0683-1515 2 RESISTOR 150 S% .25W FC TC=-400/+600 01121 CB1515

A3R14 0683~7505 2 RESISTOR 75 5% .25W FC TC=-400/+500 01121 CB7305

A3R15 0683-1515 2 RESISTOR 150 S% .25W FC TC=-400/+600 81121 CB1515

A3R16 0683-151% 2 RESISTOR 150 5% .25W FC TC=-400/+600 01121 CB1515

See introduction to this section for ordering information
*Indicates factory selected value
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Table 5-3. Replaceable Parts (Cont'd)

Reference HP Part |c Q i Mfr
: . t Description Mfr Part Number
Designation Number |0 Y p Code
AZR17 0683-1025 ? 4 RESISTOR 1K 5% .25W FC TC=-400/+600 01121 €B1025S
A3R19 0683-1025 9 RESISTOR 1K 5% .25W FC TC=-480/+600 01121 £B1025
A3R20 0683-3315 4 1 RESISTOR 330 5% ,25W FC TC=-400/+600 01121 CB3315
A3R21 0683-1025 ? RESISTOR 1K SX .25W FC TC=-400/+600 61121 CB1025
A3R22 0683-1035 1 S5 RESISTOR 10K 5% .28W_FC_TC=-400/+700 —01121—|—CB1835 - T T - —
A3R23 0683-1035 1 RESISTOR 10K S% .25W FC TC=-400/+700 01121 CB1035
A3R24 0683-1035 1 RESISTOR 10K SX .25 FC TC=-400/+700 01121 CB1035
A3R25 0683-1035 1 RESISTOR 10K SX .25W FC TC=-400/+700 01121 CB1035
AIR26 0683-4735 4 2 RESISTOR 47K 5% .254 FC T 400/+800 01121 CB4735
A3ZR27 0683-3035 S 1T RESISTOR 30K Sx .25W FC TC=-400/+800 t1121 CB3035
A3R28 0683-4735 4 RESISTOR 47K 5% .25W FC TC=--400/+800 01121 CB4735
A3R29 0683-1025 9 RESISTOR 1K SX .25W FC TC=-400/+600 01121 €B1025
A3R30 0683-3015 1 RESISTOR 300 5% .25W FC TC=-400/+600 01121 CB3015
A3RI1 0683-1035 1 RESISTOR 10K SX .25W FC TC=-400/+700 01121 CB1035
A3R32 0683-4725 2 1 RESISTOR 4.7K 5% .254 FC TC=-400/+700 01121 CB4725
AZR3IT 0683-7535 8 1 RESISTOR 75X SX ,254 FC TC=-400/+800 01121 CB7535
A3R34 0683-6215 9 1 RESISTOR 620 S¥ ,25W FC TC=-400/+600 01121 CB6215
AJRP1 1810-0272 8 2 NETWORK-RES 10-SIP330.0 OHM X 9 81121 2104331
A3RP2 1810-0317 2 3 NETWORK-RES 14-DIP510.0 OHM X 7 81121 314B511
A3RP3 1810-0317 2 NETWORK-RES 14-DIP510.0 OHM X 7 01121 I14R511
A3RP4 1810-0317 2 NETWORK~RES 14-DIP510.0 OHM X 7 s1121 3148511
A3RPS 1810-0269 3 1 NETWORK-RES 9-SIP10.0K OHM X 8 28480 1810-0269
A3RPAH 1810-0272 B NETWORK-RES 10-G5IP330.0 OHM X 9 81121 210A331
A3S1 5060~9436 7 20 PUSHBUTTON SWITCH P.C. MOUNT 28480 506094346
A352 S060-9436 7 PUSHEUTTON SWITCH P.C., MDUNT 28480 5060~-9436
A3S3 5060-943% 7 PUSHBUTTAON SWITCH P.C. MOUNT 28480 S5060-9436
A3S54 5060-9436 7 PUSHEUTTON SWITCH P.C. MOUNT 284890 5060-9436
A3SS 5060-9436 7 PUSHRUTTON SWITCH P.C. MOUNT 28480 S5060-9436
A3S6 5060-9436 7 PUSHBUTTON SWITCH P.C. MOUNT 28480 5060-9436
A3S7 5060-9436 7 PUSHBUTTON SWITCH P.C. MOUNT 28484 5060-9436
A3S8 S5060-9436 7 PUSHBUTTON SWITCH P.C. MOUNT 284890 5060-9436
A3S? 5060~9436 7 PUSHBUTTON SWITCH P.C. MOUNT 28480 5060-9436
A3S510 5060-9436 7 PUSHEUTTON SWITCH P.C. MOUNT 28480 S5060-9436
A3S11 5060-9436 7 PUSHBUTTON SWITCH P.C. MOUNT 28480 G060-9436
A3512 3060-9436 7 PUSHBUTTON SWITCH P.C. MOUNT 28480 5060-9436
A3S13 5060~-9434 7 PUSHBUTTON SUITCH P.C. MOUNT 28480 §060--9436
A3514 S060-7436 7 PUSHBUTTON SWITCH P.C. MOUNT 28480 9060-9436
A3S15 5060-9436 7 PUSHBUTTON SWITCH P.C. MOUNT 28480 5060-9436
A3516 S060-9436 7 PUSHEUTTON SWITCH P.C. MOUNT 28480 5060-92436
A3S17 G060-9436 ? PUSHBUTTON SWITCH P.C. MOUNT 28480 S060-9436
A3S18 S5060-9436 7 PUSHBUTTON SWITCH P.C, MOUNT 28489 5060-9436
A3S19 G5060-9436 ? PUSHBUTTON SWITCH P.C. MOUNT 28480 5060~-9436
A3520 S060-9436 7 PUSHBUTTON SWITCH P,C., MOUNT 28480 5060-9436
A3 1820~-119S 7 1 IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 01295 8N74LS175N
A3U2 1820-2462 3 3 JC DRVR CMOS DSPL DRVR RLD-TD-7-SEG 04713 HC14513RCP
A3U3 1820-1730 [ S IC FF TTL LS D-TYPE POS-EDGE~TRIG COM 01295 SN741.5273N
A3U4 1820-2132 4 1 I1C DRVR CMOS LED DRVR 32293 ICH7218A
AJUS 1820-2462 3 IC DRVR CMOS DSPL DRVR BCD-TO-7-SEG 04713 MC14513BCP
A3UL 1820-17310 & IC FF TTL LS D--TYPE POS-EDGE-TRIG COM 01295 SN74LS273N
A3U7 1820-1730 ) IC FF TTL LS D-TYPE POS-EDGE~TRIG COM 061295 SN74LS273N
A3UB 1820-2462 3 IC DRVR CMOS DSPL DRVR ECD-TO-7-S£G 04713 NC14513ECP
A3UY? 1820-1730 & IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 01295 SN74LS273N
A3U11 1820-1740 8 1 IC DRVR TTL DEPL DRVR 27014 bS8863N
A3U12 1820~-1730 6 IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 41295 EN74LS5273N
A3U13 1820-1759 ? 1 IC BFR TTL LS NON-INV OCTL 27014 DMBILS?7N
A3U1I4 1820-2309 7 1 IC ENCDR CMOS 27014 MM74C923N
A3U1S 1820-1976 2 1 IC BFR CMDS NON-INV HEX 31.58%5 CD405DBE
A3U16 1820~1425 ) 1 IC SCHMITT-TRIG TTL LS NAND QUAD 2-INP 01295 SN74LS132N
A3U17 1820-1112 8 2 IC FF TTL LS D-TYPE PDS-EDGE-TRIG 01295 SN74L.874AN
A3U18 1820~-1112 8 IC FF TTL LS D-TYPE POS-EDGE-TRIG 01295 SN74LS74AN
A3V20 1820-1216 3 2 IC DCDR TTL LS 3-TO-B-LINE 3-INP 01295 SN74L5138N
A3U21 1820~1216 3 IC DCDPR TTL LS 3I-TO-8-LINE 3~INP 01295 SN74LS138N
AZU22 1820-1423 4 2 IC MV TTL LS MONGSTBL RETRIG DUAL 01295 SN74LS122N
A3U23 1820-1423 4 IC MY TTL LS MONOSTBL RETRIG DUAL 01295 SN74LS123N
A3WL 03497-61606 | 1 1 CABLE ASSEMBLY 28480 03497-61606
A3 ASSY MISC. PARTS
1450-0595 4 1 BTANDOFF LED POLYPHENYL SULFIDE; 60 MM 28480 14500595

See introduction to this section for ordering information
*Indicates factory selected value
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Table 5-3. Replaceable Parts (Cont'd)

Reference HP Part |c Q D i Mmfr

- A escription Mfr Part Number
Designation Number |o| G p Code

A4 0349766504 | B 1 HOTHER BOARD 28480 034927-66504
Aal 1251-3962 3 1 CONNECTOR 8-PIN F POST TYPE 28480 1251--3962
A412 1251-6062 11} 1 CONNECTOR 10-PIN F POST TYPE 284890 1251-6062
A4T3 1251-56542 1 7 CONNECTOR-PC EDGE 25—-CONT/R0OW 2-ROWS 28480 1251-6542
A4JA 1231-6542 1 CONNECTOR-PC EDGE 25-CONT/ROW 2-R0OWS 28480 1251-6342
AAJS 1251-6542 1 CONNECTOR~PC EDGE 25-CONT/ROW 2-ROWS 28480 1251-6542
A4Je 1251-6542 1 CONNECTOR-PC EDGE 25-CONT/ROW 2-ROWS 28480 1291-6542
A4J?7 1251-6542 1 CONNECTOR~PC EDGE 25—-CONT/ROW 2-ROWS 28480 1251-6342
A4J8 1251-6542 1 CONNECTOR-PC EDGE 25-CONT/R0OW 2-ROWS 28480 1291-6542
A4J9 1251-3961 2 2 CONNECTOR 6-PIN F POST TYPE 284890 1251~3961
A4J10 1251-3961 2 CONNECTOR 6~PIN F POST TYPE 28480 1251-3961
A4ATI1 1251-6542 1 CONNECTOR-PC EDGE 25-CONT/R0OW 2-ROWS 28480 12516542
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Table 5-3. Replaceable Parts {Cont'd)

Reference HP Part |c Q L Mfr
PR ription Mfr Part Number
Designation Number [o| “tY Descriptio Code
AS 03497-66505] ¢ 1 VOLTMETER ASSEMBLY 28480 03497-66503
ASCH 0160-4438 6 1 CAPACITOR-FXD_470PF_+-2.5%_160VUDC_POLYP | 28480—|—0160-4438———— —— " ——
—ASC3 0160-2199 2 27| CAPACITOR-FXD 30PF +-5% 300VUDC MICA £B480 81460-2199
ASC4 0180-0195 6 1 CAPACITOR~FXD ,33UF+-20% 35VDC TA 96289 150D334X0035A2
ASCS 0160--4682 2 1 CAPACITOR-FXD 1D00PF +-2,5% 160VUDC POLYP 28480 01604682
ASICe 0180-0309 4 3 CAPACTITOR-FXD 4,7UF+-20% 10VDC TA 56289 150D475X06810A2
ASC7 01460-3876 - 4- 5 CAPACITOR-=FXD A7PF +-20% 200VUDC CER 8480 01603876
ASCS 0160-3876 4 CAPACITOR-FXD A7PF +-20% 200VDC CER 284680 11403876
ASCY 0160~3874 4 CAPACITOR—FXD 47PF +-20% 203VDC CER 18480 0160-3876
ASC10 0160-3876 4 CAPACITOR-FXD 47PF +-20% 280UDC CER 28400 0168-3876
ASC11 01603876 4 CAPACITOR-FXD 477F +-20% 200VDC CER 28480 3160-3876
ASC100 6160-0158 ? 1 CAPACITOR-FXD S5400PF +-10% 200UDC POIYE 268480 8160-0159
ASC102 01400176 3 1 CAPACITOR-FXD 13080PF +-5% 303VDC MICA 72136 DM1SFiS1J03008WVICR
ASC103 01600362 7 1 CAPACITOR-FXD S10PF +-5X 300UDC MICA 284810 C160-0362
ASC104 0160-2199 2 CAPACITOR~FXD 30PF +-5% 300VUDC MICA 28480 8140-2199
ASCI0S 0180-0291 3 2 CAPACITOR-FXD 1UF+-10%Z 3ISVDC TA 96289 150D105X2035A2
ASC106 0160-0574 3 1 CAPACITOR—FXD . 022UF +-20% 100VDC CLR 78480 81603574
ASC107 01800116 1 7 CAPACITOR--FXD &.8UF+-10Z 3SVDC TA 56209 150P68SX2035R2
ASC200 D140-0149 6 1 CAPACYTOR-FXD 470PF +-35Z 300VDC MICA 72136 DM15F471J0300WVICR
ASC201 01605104 3 1 CAPACITOR-FXD ,00832UF ,05% POLYP 28480 0160-5104
ASC203 01604603 7 1 CAPACITOR-FXD 1UF +-20% 200VDC MET-POLYP 284890 B160~-44603
ASC204 0160-0161 4 CAPACITOR-FXD .01UF +-10% 200VDC POLYE 28480 0160-0161
ASC290% 1160-0576 S 1 CAPACITOR-FXD .1UF +-20% S0VDC CER 28480 0140-0576
ADC206 0160-0127 2 1 CAPACITOR-FXD 1UF +-20% 25VYDC CER 28480 0160-0127
ASC207 N180-030% 4 CAPACXTOR-FXD 4.7UF+-20X 10VUDC TA 567289 150D475X0010A2
ASC300 0160-2208 4 2 CAPACITOR--FXD 330PF +-5% JF00VUDC MICA 20480 0160-2208
ASC301 0160-2208 4 CAPACITOR-FXD 33NPF +-5X% 300VDC MICA 284890 53160~-2208
ASCIN2 0180-0114 1 CAPACITOR-FXD 6.8UF+-10% 35VDC TA 56209 150D685X903582
ASC3N3 0180-0116 1 CAPACITOR-FXD &,.BUF+-10% 35VUDC TA 56269 150B6BEXP03ISE2
ASC304 01806229 7 1 CAPACITOR-FXD 3I3UF+-10% 10VUDC TA 56289 150D336XP010B2
ASCA00 0160-2204 n 2 CAPACITOR-FXD 1D0PF +-%% 300VDC MICA 28480 N160-2204
ASC401 0160-2204 9 CAPACITOR-FXD 100PF +-5% 300VDC MICA 284810 0161-2204
ASCAD2 21B80-0309 4 CAPACITOR-FXD 4.7UF+-20% 10VDC TA 56289 1500475%001 0A2
ASCa03 0180-0116 1 CAPACITOR~FXD &6 .8UF+-10% 35VYDC TA S6209 130D685X203582
ASCA04 01400205 S 1 CAPACTTOR~FXD &2:PF +-5% 300vDC MICA 72136 DMISEH208ID300WVICR
ASCADS 0160-4571 8 3 CAPACITOR~FXD ,1UF +80-20% SO0VDC CER 28480 0160~-4571
ASCA06 0160-4810 B 1 CAPACITOR-FXD 330PF +-5% 100VDC CER 284890 D160-4810
ASC600 0180-0291 3 CAPACITOR-FXD 1UF+-108% 35VDC TA 56289 150P10SX2035A2
ASC6D1 0140-0190 7 1 CAPACITOR-FXD 39PF +-5% 300VDC MICA 72136 DM1SE320T0300WVICR
A5C701 0180~-8116 1 CAPACITOR~FXD 6,8UF+-10% 35VYDC TA 546289 150D68SXFOIGHR2
ASC702 0180-0116 1 CAPACITOR-FXD &,.8UF+-10% 3%VUDC TA 56289 130D685XP035482
A5C407 0160-4810 8 1 CAPACITOR-FXD  330PF +-5% 100VDC CER 28480 0160-4810
ASC703 0180-8116 1 CAPACITOR-FXD &.8UF+-10% 35VDC TA 56289 150DH8IX203SR2
ASC704 01604571 8 CAPACITOR-FXD .1UF +B0-20% S0VDC CER 28480 0160--4571
ASC705 0160-4571 8 CAPACITOR-FXD .1UF +86-2C% SOVDC CER 28460 1160-4571
ATC706 8180-0210 & 1 CAPACITOR-FXD 3.3UF+-28% 15VDC T4 56289 150D335X0015A2
ASCR1 1901-0050 3 12 DIODE-SWITCHING 80V 208MA 2NS DO-35 20480 1901-9050
ASCR2 1901-00580 3 DINDE~-SWITCHING 80V 200MA 2NS DO-35 28480 19201-0050
ASCRS 1902-319¢0 0 2 DIODE-ZNR 13V §X DO-35 PD=,4W TC=+.06% 28480 192023190
AGCRSE 1902-3190 0 DIODE~ZNR 13V S% D0-35 PD=.4W TC=+,06% 28480 19202-3190
ASCR101 19201-0518 8 3 DIOBE-SM SIG SCHOTTKY 28480 1961-0518
AGCR102 1901-0518 B8 DIODE~SM STIG SCHOTIKY 28480 19201-0518
ATCR103 19010050 3 DIODE-SWITCHING 80V 200MA 2NS DO-35 284890 1901-0050
ASCR104 1901-0050 3 DIODE-SWITCHING 80V 200MA 2NS DO-3% 28480 1961-0059
ASCR105 1901-0050 3 DIODE~SWITCHING 3dV 20BMA 2NS DO-35 2e489 1901-0050
ASCR106 1901-0050 3 DIODE-SWITCHING 80V 200MA 2NS DO-35 28480 19201-0050
ASCR107 1201-0050 3 DINDE~SWITCHING B0V 200MA 2N5 DO-35 28480 1991-0050
ASCR200 1901-0376 & 2 DIODE--GEN PRP 35V S0MA DO--35 28480 1901-0376
ASCR201 192010376 b DIODE-GEN PRP 35V S0MA DO-33 28480 1231-0376
ASCR202 1201-0050 3 DIODE-SUWITCHING 80V 200MA 2NS DO-3S 28480 1901-06050
ASCR300 1901-0050 3 DIODE-SWITCHING 80V 200MA 2NS DN-35 23480 17201-0050
ASCR301 1901-0059 3 DIODE-SWITCHING 8LV 200MA 2NS DO-35 28480 1901-00650
ASCR302 19010025 2 8 DICDE-GEN PRP 108V 200MA LO-7 28480 1751-0025
ASCR3I03 1901-0025 2 DIODE-GEN PRP 100V 200MA DO-7 28481 1901-0025
A5CR203 1901-0518 DIODE-SM SIG SCHOTTKY 28480 1901-0518
ASCR304 19201-0025 2 DIODE-GEN PRP 100V 200MA LO-7 ZB480 1901-0025
ASCR30S 19201-0025 2 DIODE-GEN PRP 180V 20860MA DO-7 28480 19061-0025
ASCR306 19010025 2 DIODE-GEN PRP 10JV 208MA TO-7 28480 1901-0925
ASCR307 1901-0025 2 DIODE-GEN PRP 100V 200MA DO-7 28480 19031-0025
ASCR308 1701-0025 2 DIODZ-GEN PRP 103V 208MA DO-7 28480 1901-0925

See introduction to this section for ordering information
*Indicates factory selected value
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Table 5-3. Replaceable Parts (Cont'd)

Reference HP Part |c| o e Mfr

. . Descri t Num
Designation | Number |D ty scription Code Mfr Part Number
ASCR309 1901-0025 2 DIODE-GEN PRP 100V 208MA DO-7 28480 1901-0025
ASCR310 1902-3222 ? 2 DIODE-ZNR 17.4V 5% D0O-35 PD=,4W 28480 1902-3222
ASCR311 1902-3222 9 DIODE~ZNR 17.4V 5% DO-35 PD=,4W 28480 1702-3222
ASICRADO 1902-1331 7 1 DIODE-ZNR 6.9V 42 T0-92 TC=+.0015% 234890 1902-1331
ASCRA01 1902-0962 8 1 DIODE-ZNR 15V 5% DO-35 PD=.4W TC=+.087% 28480 1902-0962
ASICR402 19201-0029 6 1 DIODE-PWR RECT 6#00V 750MA DO-29 284080 1901-0029
ASCR403 1901-0040 1 3 DIODE-SWITCHING 30V SO0MA 2NS DO-35 28480 1901~0040
ASCRA0A 1901-0040 1 DIODE-SWITCHING 30V S0MA 2NS DO-35 29480 19010040
ASCRA05 1201-0040 1 DIODE-SWITCHING 3DV S0MA 2NS DO-35 28489 1701-0040
ATCRAGG 1901-0586 [] 1 DPIODE-GEN PRP 34V 25MA TO-72 284890 1901-0596
ASCR700 1902-3149 9 1 DIODE-ZNR 9.09V 5% DO-35 PD=.4U 28480 1902-3149

ASE400 1970-0084 8 TUBE-ELECTRON SURGE V PTCTR 284860 1270-0084

ASE4DD 1970-0084 8 2 TUBE~ELECTRON SURGE V PTCIR 28480 1970-0084

ASK1 8490-0663 0 1 RELAY-REED 1A S500MA 1008VDC SVDC-COIL 28480 0490-0663

ATK2 N1490-12328 7 1 RELAY-REED 2A 1200VDC 15VDC-COIL 15VA 28480 04%20-1238

ASK401 0490-~-1260 S 3 SWITCH-REED 3A DRY 1A 250V 3.6-AT 28480 04201260

ATK402 04%0-1260 5 SWITCH-REED 3A DRY 1A 250V 3.6-AT 28480 0490-1260

ASIK403 0490-1260 S SWITCH-REED 3A DRY 1A 250V 3.6-AT 20480 0490~-1260

ASP700 1200-9867 4 3 SOCKET-STRP 8-CONT SIP DIP-SLDR 284840 1200-0867

ASP701 1200~0867 4 SOCKET~-STRP 8-CONT SIP DIP-SLDR 28480 1200-0867

ASP702 1200-0867 4 SOCKET-STRP 8-CONT SIP DIP-SLOR 28480 1200~0867

A1 1855-0243 7 1 TRANSISTOR-JFET DUAL N-CHAN TO-71 SI 284810 1855-0243

ASQ2 1855-0298 2 8 TRANSISTOR J~FET N-CHAN D-MODE T0-92 28480 1855-0298

ASQ3 1854-0071 7 1 TRANSISTOR NPN ST PD=306MW FT=200MHZ 28480 1854-0071

ASG4 1855-0298 2 TRANSISTOR J-FET N-CHAN D-MODE TO-22 28480 1855-0298

ASAS 1855~-0298 2 TRANSISTOR J-FET N-CHAN D-MODE TO-92 28480 1855-0298

ASQ6 1853-0036 2 1 TRANSISTOR PNP SI PD=310MW FT=250MHZ 28480 1853-0036

ASQ7 1855-0298 2 TRANSISTOR J-FET N-CHAN D-MODE TO-92 28480 1855-0298

ASQAB 1855-0298 2 TRANSISTOR J-FET N-CHAN D-VMODE TO-%2 28480 1655-0298

AGQR? 1855-0298 2 TRANSISTOR J-FET N-CHAN D-MODE T0-92 28480 1855-0298

ASR10 18535-0298 2 TRANSISTOR J-FET N-CHAN D--MODE TO-92 2B480 1855-0298 «
ASQA100 18550247 1 1 TRANSISTOR~JFET DUAL N-CHAN D-MODE TO-~71 204890 18355-~0247

ASQ101 1855-0246 9 1 TRANSISTOR-JFET DUAL N-CHAN D-MODE TO-71 28480 1855-0246

ASQ102 1855-0386 ? 2 TRANSISTOR J-FET 2N43%92 N~CHAN D-MODE 04713 2NA392

ASQ103 1855-0386 ? TRANSISTOR J-FET 2N4392 N-CHAN D-MODE 04713 2N4392

ASQ104 1855-0341 6 1 TRANSISTOR J~FET 2N4338 N-CHAN D-MODE 17836 2N4338

ASQ105 1855-0270 0 3 TRANSISTOR J-FET N-CHAN D-MODE TO-92 SI 28480 1855-0270

ASA106 1855-0270 0 TRANSTISTOR J—-FET N-CHAN D~MODE TO0~-92 SI 28480 1855-0276

ASR107 1854-0215 1 1 TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 2N3904

ASQ200 18550414 4 1 TRANSISTOR J~FET 2N4393 N-CHAN D-MODE 04713 2N4323

ASQR201 1855-0420 2 1 TRANSISTOR JF-FET 2N43%1 N-CHAN D-MODE 01295 284371

AGR202 18550460 0 1 TRANSISTOR J-FET N~CHAN 28480 1855--0460

ASQR203 1855-0429 1 2 TRANSISTOR J-FET N-CHAN D-MODE TO-72 28480 1855-0429
ATIQ204 1853-0066 ) 1 TRANSISTOR PNP ST T0-92 PD=425MW 28480 1853-0066

ASRZ205 1855-0270 0 TRANSISTOR J-FET N~CHAN D-MODE TD-922 SI 28480 1855-0270

AGQ204 1854-0296 8 1 TRANSISTOR NPN ST TO-%92 PD=310MW 28480 1854-0296

ASQ300 1853-0329 7 2 TRANSISTOR PNP 2N4032 S1 T0-5 PD=8BIIMW 07263 2N4032

ASQR301 18530320 7 TRANSISTOR PNP 2N4032 ST TO-5 PD=B00GNW 07263 2N4032

ASQR302 18G3-0086 2 1 TRANSTSTOR PNP SI PD=310MW FT=40MHZ 27014 205987

ASQ303 18540087 G 1 TRANSISTOR NPN ST PD=360MW FT=7SMHZ 28480 1854-0087

ASR400 1855-042% 1 TRANSISTOR J-FET N-CHAN D-MODE TO-92 28480 1655-0429

AGDQ401 18550298 2 TRANSISTOR J~FET N-CHAN D-MODE TO-92 28480 1855-0298

ASQ403 1854-0079 ) 2 TRANGTSTOR NPN 2N3439 SI T0O-5 PD=1W 31585 2N3439

ASQ404 1854~-0079 S TRANSISTOR NPN 2N3439 SI T0-S PD=1W 31.585 2N3439

ASQ700 1863-0089 ) 1 TRANSISTOR PNP 2N4917 SI PD=200MW 07263 2N4a?17

ASR1 0698-3158 4 2 RESISTOR 23.7K 1% .1254 F TC=0+-100 24546 C4-1/8-7T0-2372-F
ASBR2 0698-3158 4 RESISTOR 23.7K 1% ,1254W F TC=0+-10) 24546 C4-1/8-TD-2372-F
ASR3 0683~1535 6 1 RESISTOR 15K 5% .25W FC TC=-400/+800 01121 CH1535

ASR4 2100-3052 4 1 RESTSTOR-TRMR 59 10X C SIDE-ADJ 17-TRN 012111 A3PS00

ASRS 0683-1045 3 6 RESISTOR 100K 5% .25W FC TC=-400/+800 01121 CE1045

ATR6E 0757-0442 9 11 RESISTOR 10K 1% ,120W F TC=0+-100 24546 C4-1/8-T0-1032-F
ASR7 8757-0442 9 RESISTOR 10K t%Z .125W F TC=0+-180 243546 C4-1/8-T0-1002-F
AGRS 2100-3253 7 2 RESISTOR-TRMR 50K 10X C TOP-ADJ 1-TRN 28480 2100-3253

ASR10 0683-1045 3 RESISTOR 100K 5% .25W FC TC=-400/+800 0112t CRB1045

ASR11 0683-3025 3 2 RESISTOR 3K 5% .25W FC TC=-400/+700 0112 CB3023

ASR12 0683-2025 1 2 RESISTOR 2K Sx .25 FC TC=—-400/+700 41121 CR2025

ASR13 0757-0161 9 2 RESISTOR 604 1% .125W F TC=0+-100 24546 C4-1/8-T0-604R-F
A%SiR14 0757-0422 S 1 RESISTOR 909 1% .125W 24546 C4-1/8-T0-90FR~F
ASR15 0683~1045 3 RESISTOR 100K 5% .25W 21121 CE1045

ASR16 0683-1045 3 RESISTOR 100K SX% .2%5W g1121 CB1045

‘ASR17 0692-4735 3 2 RESISTOR 47K S% 2W CC TC=0+765 01121 HB4735

ATIR18 0692-4735 3 RESISTOR 47K 5% 2W CC TC=0+765 81121 HBA735

ASR19 0683~1045 3 RESISTOR 100K S% ,23W FC TC=-400/+809 81121 CB104S

ATIR20 0683~3025 3 RESISTOR 3K 5% .25W FC TC=-400/+700 01121 CB3025

ASR21 0483-2025 1 RESISTOR 2K 5% .25W FC TC=--400/4700 1121 CB2025
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Table 5-3. Replaceable Parts (Cont'd)

... fr

Reference HP Part ¢ Qty Description M Mfr Part Number
Designation Number |D Code

ASR22 0698-3179 ? 2 RESISTOR 2.5%K 1% .125W F TC=0+-100 24546 C4-1/8-T0-2551
ASR23 0757-0442 9? RESISTOR 10K 1% ,129W F TC=0+-100 24546 C4-1/8-T0-1002-F
ASR24 0757-0442 ? RESISTOR 10K 1% ,1254 F TC=0+-10D 24546 £4-1/8-T0-1002-F
ASR2S 8757~0442 9 RESISTOR 10K 1% .125W F TC=0+-100 24546 C4-1/8-T0-1002-F
ASR26 0757-0442 9 RESISTOR 10K 1X ,125W F TC=0+-100 24546 C4—1/8-T0~-1002-F o
ASR27 8757-0442 ? RESISTOR 10K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-1002~-F
ASR28 2100-3253 7 RESTSTOR-TRMR S0K 10% C TOP-ADJ 1-TRN 284890 2100-3253

ATRIO0 0698-3152 8 1 RESISTOR 3.48K 1% 1254 F TC=0+-100 24546 C4-1/8-T0-3481-F
ASR3S 2678-6254 7 1 RESISTOR 1.8 SX% .5W CC TC=0+412 01121 EB18GS

ASIR3Gx 0686-2265 _| 7 RESISTOR. 22 5% .GW- CC -TC=0+1059 g112¢ EBR265

ASR100 0698-3151 7 1 RESISTOR 2.87K 1% ,125W F TC=0+-100 24546 C4-1/8-T0~2871~F
ASIR101 2100-90568 1 1 RESISTOR-TRMR 100 10Z C TOP-ADJ 1-TRN 268480 2100-0368

A%SR102 0678-4500 2 2 RESISTOR 57.6K 1% ,125W. F TC=0+-1.00 P4546 C4-1/8-T0-5762-F
ASRIOD3 0757~8446 3 & RESISTOR 15K 1% ,1254 F TC=0+-100 24546 €4~1/8-T0-1502~-F
ASR104 8757-0444 3 RESTSTOR 15K 1% (1254 F TC=0+-10D 24546 C4-1/8-TD~-1502~F
ATR10S 07570449 6 & RESISTOR 20K 1% .125W F TC=0+-100 24546 C4-1/8-T0-2002-F
ASR1D6 0757-0483 8 2 RESISTOR 562K 1% 1234 F TC=0+~100 28480 0757-0483

A%IR107 0757-0449 6 RESISTOR 20K 1% .1254 F TC=0+-100 24546 C4-1/8-T0-2002-F
ASR108 0757-0483 8 RESISTOR S62K 1% 12548 F TC=0+-100 28480 p757-0483

ASR109 0698-3156 2 1 RESISTOR 14.7K 1% ,125W F TC=0+-100 24546 C4~1/8-T0~1472~-F
ASR110 0698-3451 0 1 RESISTOR 132K 1% .125W F TC=0+-100 24546 €C4-1/8-T2-1333-F
AGR111 0757-0317 7 1 RESISTOR 1.33K 1% .123W F TC=0+-100 24546 C4-1/8-T0-13X1-F
ASR112 0698-4516 i) 1 RESTISTOR 113K 1% ,1254 F TC=0+-100 24546 C4-1/8-T0—-1133~F
ASR113 06904495 4 2 RESISTOR 37.4K 1% .125W F TC=0+-100 24546 C4-1/8-T0-3742-F
ASR114 97570274 S 1 RESISTOR 1.21K 1% ,125W F TC=0+-100 24546 C4~1/8-T0-1211-F
ATIR115 0757-0449 & RESISTOR 20K 1% .12%W F TC=0+-100 24546 C4~-1/8-T0-2002-F
ASR116 N683-1045 3 RESTSTOR 100K 5% ,25W FC TC=-40d/+800 01121 CR1045

AGR117 0698-4507 9 1 RESJSTOR 76.8K 1% .1 1d¢ 243546 C4--1/8-T0-7682-F
ASR118 04983-4513 7 1 RESISTOR ?7.6K 1% .1 100 03688 PMENS~1/8~-T8-9762-F
ASR119 06984529 S 2 RESISTOR 226K 1% .12 oo 24546 C4-1/8-T0-2263~F
ASR120 0698-4529 ) REST3TOR 226K 1% 1234 F TC=0+-100 24546 €4-1/8-T)-2263~F
ANIR121 066984487 4 2 RESISTOR 23.5K 1Z 1254 F TC=0+-100 24546 Ca~1/8-T8-20%52~F
ASR122 06983179 ? RESIGTOR 2.99K 1% ,125W F TC=0+-100 24546 £4-1/8-T0-2551
AGR123 06984539 7 1 RESISTOR 402K 1% .1254 F TC=0+-100 28480 0693-4539

ATR125 2100-3095 ) 2 RESTSTOR-TRMR 200 10% C SIDE-ADJ 17-TRN n2111 43pP201
ATIR126 0698-4531 ? 1 RESISTOR 267K 1% .12%W F TC=0+-1080 24546 €4-1/8~T0~-2673~F
ASR127 21003095 S RESISTOR-TRMR 200 10% C SINE-ADJ 17-TRN 02111 A2p201
AGR128 1Qp4A~0044 1 1 SIGNAL-CONDITIONING FINELINE 28480 1QD4-0044

AGR129 B8757-0446 3 RESISTOR 15K 1% ,128W F TC=0+-10) 24546 C4-1/8-T0-1502-F
ASR130 0757-0442 ? RESISTOR 10K 1% .12%W F TC=0+-100 24546 C4-1/8-T0-1062~F
ASR131 07570449 & RESIGTOR 20K 1% ,1254 F TC=0+-100 24546 C4~1/8-T0-2002-F
ASR132 67570449 & RESISTOR 20K 1% 1254 F TC=0+4-100 24546 C4~-1/8-T0-2002-F
ASR133 01757-0442 ? RESISTOR 10K 1% .125W F TC=0+-100 24546 C4-1/8-~T0-1002-F
A%R200 1aE7-0057 3 1 A-D FINELINE 28480 1QE7-0057

ASR201 87570446 3 RESTSTOR 15K 1% .1254W F TC=0+-100 24544 C4-1/8-T0-1502~F
ASR202 06984495 4 RESISTOR 37.4K 1% ,125W F TC=0+-100 24546 C4--1/8-T0-3742-F
ASR203 0757-0446 3 RESISTOR 15K 1% .125W F TC=0+-100 24546 C4-1/8-T0-1502-F
ATR204 0757-0161 9 RESISTOR 604 1% ,1254 F TC=04-100 24546 C4~1/8-TO-60AR-F
ATR2D5 0757-0410 1 2 RESISTOR 301 1% ,1235W F TC=0+-100 24546 €4-1/8-T8-301R-F
ASR206 0757-0453 2 1 RESISTOR 30,1K t% .12%W F TC=0+-180 24546 C4a-1/8-T0-3012-F
ATR207 0757-0442 ? RESISTOR 10K 1% ,1258 F TC=0+-100 24546 C4-1/8-T0-1002-F
ATiR208 06968-3279 0 2 RESTISTOR 4.99K 1% .125W F TC=0+-100 24546 C4~1/8-T4~4991~F
ASR209 0757--0410 1 RESTSTOR 331 1% 1254 F TC=2+-100 24546 C4-1/8-T3-301R-F
AGR210 0683-1035 1 4 RESISTOR 10K S% .208 FC TC=-400/+700 01121 CB1035

ASR211 0683-1035 1 RESTSTOR 10K 5% ,2%4 FC TC=-400/+700 01121 CB1035

AGR212 0683-1035 1 RESISTOR 10K 5% .254 FC TC=-400/+700 01121 CB103S

ASR213 0683-1035 1 RESISTOR 10K 5% .25W FC TC=-400/+700 21121 CB1035

A%R214 07570449 & RESISTOR 20K 1% ,125W F TC=0+-100 24546 C4~-1/8-T0-2002-F
ASR215 0698-4471 b 1 RESISTOR 7.15K 1% .125W F TC=0+-100 24546 C4--1/8-T0-7151-F
AGR216 0757-0289 3 1 RESISTOR 1K 1% .1254 F TC=0+-100 24548 C4--1/8-T0-1001-F
ASR218 06984515 ? 1 RESISTOR 107K 1% ,125W F TC=0+-100 24546 €C4-1/8-T3-1873-F
AGR219 8757-0272 3 2 RESYSTOR 52.3K 1z .1254W +—100 24546 C4-1/8-T0-5232-F
ATR220 0757-0457 6 2 RESISTOR 47.5K 1% .125W +-130 24546 C4-1/8-T0-4752-F
ATIR221 0797-0457 & RESISTOR 47.5K 1% (1238 F TC=0+-1¢0 24546 C4~1/8-T0-4752~F
ASR222 017570272 3 RESISTOR S2.3K 1% 1254 F TC=0+-100 24546 C4-1/8-T8-5232-F
ASIR223 0757~0446 3 RESISTOR 15¢ 1% .125W F TC=0+-100 24546 Ca-1/8-T0-1502-F
ATSR224 0757-0273 4 3 RESISTOR 3.01K 1% ,125W F TC=8+-100 24546 £4-1/8-T0-3011-F
ATIR22S 0757-0273 4 RESISTOR 3.01K 1x 1254 F TC=0+-100 24546 C4--1/8-T0-3011-F
ASR226 0757-0442 9 RESTISTOR 10K 1% .125W F TC=0+-100 24546 Ca-1/8-T3-1002~F
ASIR300 0698-3279 0 RESTISTOR 4.99K 1% .125W F TC=0+-100 24546 C4-1/8-T0-49921-F
ASR301 3698-4537 9 2 RESTSTNR 357K 1% .125W F TC=0+-100 28480 0678-4537
ASR302 0698-4537 S RESISTOR 357K 1% .125W F TC=0+-100 28480 0693-4537

ASR303 0757-0273 4 RESISTOR 3.01K 1% ,125W F TC=0+-100 245436 C4-1/8-T0-3011-F
ASR304 0757-0283 & 1 RESISTOR 2K 12 .1254 F TC=0+-100 24546 C4-1/8-T0-2001-F
ASR305 0757-0426 9 2 RESTSTOR 1.3K 1% .125W F TC=0+-100 24546 C4-1/8-TN-1301~F

See introduction to this section for ordering information
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ASR306 06984470 S 2 RESTISTOR 6.98K 1% ,125W F TC=0+-101) 245446 £4-1/8-TD-6981-F
ASRI07 0757-0426 9 RESISTOR 1.3K 1%Z ,125W F TC=0+-108¢ 24546 C4-1/8-T0-1301-F
ASR3I18 0678-4479 51 REGSISTOR 6.98K 1% .125W F TC=0+-100 24346 C4-1/8-T0~6981~F
AGRI0G 06698—~4483 [1] 2 RESISTOR 18.7K 1% ,1254 F TC=0+-100 24546 C4-1/8-T0-1872-F
ASR310 86984483 g8 RESISTOR 18.7K 1% .12%W F TC=3+~100 24546 C4-1/8-T0-1872~F
ASR311 06984480 7 2 RESISTOR 15.8K 1% ,1254W F TC=0+-100 24546 £4-1/8-T0~1592~F
ASR312 0698-4480 7 REGISTOR 15.€K 1% .1234 F TC=0+-100 24546 C4-1/8-T8-1582-F
ATIR400 0757-0440 7 1 RESISTOR 7.5 1% .125W F TC=0+-100 24546 C4-1/8-T0-7501~F
ASRA401 0757-0436 1 1 RESISTOR 4.32K 1% ,125W F TC=0+-100 24546 C4-1/8-T0~4321-F
ASR402 0699-0489 [} 1 RESISTOR 16.15%¢ ,1%Z ,1W F TC=0+-S5 28480 0697-0489
ASR403 0698~-7848 7 1 RESISTOR 1.2%K ,1% ,125% F TC=0+-25 19731 MFAf1/8-T9-1251-B
ASR404 0698-7668 9 1 RESISTOR 39.91K 1% ,1254 F TC=0+-50 19701 MFAC1/8-T2-39911-B
ATRA0S 0698-7678 1 1 RESISTOR 79.81K 1% .12%W F TC=0+4-5) 19731 MFAC1/8-T2-79811—-B
ASR406 0698-4211 2 1 RESISTOR 158K 1% ,125W F TC=0+-10¢C 24546 £4-1/8-T0~-1583~F
ASRADZ 0678-3457 & 1 RESTSTOR 316K 1% .125W F TC=0+-100 2814390 0678-3457
ASIR408 0698-4500 2 RESISTOR 57.6K 1% .125W F TC=0+-100 24546 C4-1/8-T0~-5762—F
ASRA4D9 21003054 [ 3 RESISTOR-TRMR 50K 10X C SIDE-ADJ 17--TRN 02111 42P503
A%SR4A10 2100-3054 b RESTSTOR-TRMR 50K 104 C STDE-ADJ 17-TRN 02111 43P503
ASRA11 2100-3054 6 RESISTOR-TRMR. 50K 10% C S1DE~-ADJ 17-1RN 02111 43PS503
AGR412 07570486 1 1 RESISTOR 750K 12 .125W F TC=0+-100 28480 0757-0486
ASRA13 0764-0028 2 1 RESISTOR 100K 5% 2¥W MO TC=0+-200 28480 0764-0028
ATIR4A1 A 0698-8776 2 1 RESISTOR 10 SX ,2354W CC TC=-400/+500 28480 0698-8776
ASIR600 04698-4202 1 1 RESISTOR 8.87K 1% 1254 F TC=0+-100 24546 C4-1/8-T0-8871-F
ASIR601 017570434 9 1 RESISTOR 3.65K 1% ,1254 F TC=0+-100 24546 C4-1/8-T0-3651-F
ASR6D2 869784487 4 RESTSTOR RP5.5K 1% .125W F TC=0+-100 24546 CA4-1/8-T0H-2552-F
ASR701 0698--3228 9 1 RESISTOR 49.9K 1% ,125W F TC=0+-100 20480 0690-3228
ASR7D2 2100-30%4 4 1 RESIGTOR-TRMR 180K 10% C SIDE-ADY 17-TRN 92111 43P 104
ASIR704 06903911 1 1 RESISTOR 390 10% 1% CC TC=0+529 01121 GB3911
ASR705 0698-3511 3 1 RESISTOR 665 1% .125W F TC=0+-100 24546 CA-1/8-T0-665R-F
ASR706 0698-3271 2 1 RESISTOR 115K 1% .125W F TC=0+-100 24546 C4-1/8~T0~1153-F
ASRT1 0837~-0196 [1] 1 SUPPR-V 4340V 28480 0837-0196
ASS700 31003364 2 1 SWITCH-ROTARY 16 PIN DIP 4PDT 28480 3100-3364
AST300 21002623 0 2 TRANSFORMER-PULSE 200 TURN; CENTER TAP 28480 2100-2623
AGT301 9100-2623 0 TRANSFORMER~-PULSE 200 TURN; CENTER TaAP 28489 ?100-2623
ASU1L 1826-0138 8 7 IC COMPARATOR GP RUAD 14-DIP-P PKG 01295 1_M339N
ASU2 1826~-0138 8 IC COMPARATOR GP QUAD 14-DIP-P PKG 01295 LM339N
ASU3 1826-0138 8 1C COMPARATOR GP QUAD 14-DIP-P PKG 01295 LM33N
ASU4 1820~1273 2 1 IC BFR TTL LS NOR QUAD 2-INP 01295 SN74L528N
ASUS 1B26-0059 2 3 IC OP AMP GP TD-99 PKG 01295 LM20t1AL
ASU100 1858-0054 4 1 TRANSISTOR ARRAY 16-PIN PLSTC DIP 28480 1858-0054
ASU101 18260371 1 1 IC OP AMP LOW-BRIAS-H-IMPD T0-29 PKG 27814 LF256H
AGU102 1826-0059 2 1C OP AMP GP T(3-99 PKG 012935 LM201AL
ASU183 1826-0138 8 IC COMPARATOR 5P QUAD 14-DIP-P PKG 01295 LH3I3FN
A%SULICA 1826-0059 2 IC OF AMP GP T0-99 PKG 01299 LM201AL
ASU105 1820-1962 6 1 1C DCDR CHOS ECD-TO-DEC 21583 CD4028BE
ASU200 18201746 4 2 IC BFR CMOS INV HEEX 04713 MC14049UBCP
ASU201 1826-0340 4 1 1C OP AMP 1L.OW-BIAS-H-IMPD TO-?9 PKG 20480 1826—-0340
ASU202 1826-0683 [ 1 1C 0P AMP LOW-RIAS-H-IMPD T0-99 PKG 27014 LF35tH
ASU203 1826--0138 8 1C COMPARATDR GP QUAD 14-DIP-P PKG 017295 LM33ZN
ASU204 18260138 8 IC COMPARATOR GP QUAD 14-DIP-P PKG 01295 LM3I3ION
ASL205 1820~-1556 4 1 I DEDR CMOS RIN 2-TD-4-LINE DUAL 2-INP 31585 CDASSSRF
ASU206 18201601 ] 1 IC GATE CHMOS EXCI-OR QUAD 2-INP 3L.585 ChAC70BE
ASU207 1820-2258 9 1 IC FF CMOS D~TYPE POS-EDGE~TRIG COM 04713 MC14174BCP
ASU208 1820-1746 4 IC BFR CMOS INV HEX 04713 MC14049UBCP
ASU300 1820-192?1 1 1 IC CNTR TTL LS DECD DUAL 4-BIT 01295 SN74LS3%0N
AGU301 1826-0138 8 1C COMPARATOR GP QUAD 14-DIP-P PKG 61295 LM3I3IN
ASU400 1820-1426 7 1 IC DCDR TTL LS RCD-TO-DEC 4-TO-10-LINE 01295 SN741L5145N
ASU401 1820-0478 7 2 IC OP AMP LOW-BIAS~H-IMPD TO-99 PKG 27014 LM3a8H
ASUA02 1820-0478 7 IC OP AMP LDW-RIAS-H-IMPD TO-99 PKG 27014 LM3IIBH
ASU600 1826-0330 2 1 V REF PRCN T0O-4¢4 27014 1LM299H
ASU601 1826-0471 2 1 I1C OP AMP LOW-DRIFT T0-99 PKG 28480 1826—-0471
ATIU700 1826-0043 4 2 IC 0P AMP GP T0~99 PKG 3LS8S CA3077
ASU701 1826-0043 4 I1C 0P AMP GP TO-7%9 PKG 3L.585 €A307T
ASH1 03497~61604 | 9 1 CABLE ASSEMBLY--CONTROL 28480 03497-61604
A5 ASSEMBLY MECHANICAL PARTS
03497-00607 |4 1 A/D COVER 28480 03497-00607
0515-0064 g 4 SCREW-MACH:M3.0X16(A/D COVER SCREWS) 28480 0515-0064
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Reference | HP Part ic| o, Description M Mfr Part Number
Designation | Number |[D Code

AlL 03497-66516 | 2 1 POWER SUPPLY ASSEMELY 28480 0349766516
A16C1 -0180~3028 0 1 CAPACITOR-FXD 3300UF+75-10% 25VDC Al 284840 0180-3028
A16C2 0160-3847 ? 1_|__CAPACITOR-FXD_.01UFE _+190=-0%_S0VDC_CER— | 28480_] —0160-3847——— — — -
A16C3 0180-0197 8 a CAPACITOR~FXD 2,2UF+-10% 20VDC TA 56269 150Dp225X720204A2
A16C4 0180-0309 4 4 CAPACITOR-FXD 4,7UF+-20% 10VDC T4 56289 1500475X0010A2
A16CS 0160~-4571 8 13 CAPACITOR-FXD ,1UF +80-20% SOVDC CER 28480 0160-4571
A16Ce 8160-0159% L] 1 CAPACITOR~FXD &B00PF +-10% 200VDC POLYE 28480 _ 0160~0159
A16C7 0180-0309 4 CAPACITOR-FXD 4.7UF+-20% 10UDC TA 56289 150D475X0010A2
A16CH §160-4571 8 CAPACITOR-FXD .1UF +80-20% S0VDC CER 28480 0160-4571
A16C? 0160~-4571 8 CAPACITOR-FXD .1UF +80-20% $S0VDC CER 284810 8160-4571
A16C10 0180~-0197 8 CAPACITOR-FXD 2.2UF+-10% 20VDC TA 5628% | 150D225X9020A2
A16C11 0180-2506 7 1 CAPACITOR-FXD 470UF+50-10% 25VDC AL 28480 £186-2506
A16C13 0180-0141 2 3 CAPACITOR-FXD SO0UF+75-10% S0VUDC AL 56289 30D506G050DD2
A16C14 01604571 8 CAPACITOR-FXD ,1UF +8C0-20% S0VDC CER 28480 0160-4571
A16C15 0160-4571 B8 CAPACTTOR-FXD ,1UF +80-20% S0VDC CER 28480 0160-4571
A16C16 0180-2779 & 4 CAPACITOR-FXD 470UF+75-10% S0VDC AL 956289 30n477G0S0FK2
A16C17 81802779 & CAPACITNR-FXD 470UF+75-10% S50VDC AL 56289 30D477GOS0FK2
A16C18 0180~0141 2 CAPACITOR-FXD S0UF+75-10% SOVDC AL 54289 30DS06GOSCDDR
A16C19 0180-0195 6 1 CAPACITOR-FXD ,33UF+-20% 35VDC TA S67289 150D334X0035A2
A16C20 0180-1846 & 1 CAPACITOR-FXD 2.2UF+-10% 35VDC TA 56289 150D225X?203582
A160C21 01800271 3 6 CAPACITOR-FXD 1UF+—10% 35V0C TA 56289 150D1 D5XP035AR
A16C22 6180-0291 3 CAPACITOR-FXD 1UF+-10% 3SVDC TA 56289 150N105X2035A2
A16C23 0180--0141 2 CAPACITOR-FXD SOUF+75-10% SO0VDC AL 56289 30D596G050DD2
A16C24 0180-0291 3 CAPACITOR-FXD 1UF+-10% 35VDC TA 56289 150D105XP035A2
A16C25 01800692 8 1 CAPACITOR-FXD 220UF+50-10% 3GVDC AL D0494 3SVESL220
A16C26 0160-4807 3 1 CAPACITOR~FXD 33PF +-3% 100VDC CER 0+-30 28480 0160--4807
A160C27 0160-4571 8 CAPACITOR-FXD .1UF +80-23% S0VDC CER 28489 0160-4571
A16C28 0160-4571 8 CAPACITOR-FXD ,1UF +88-20% S0VDC CER 284080 01606~4571
A16C29 8180-3027 ? 1 CAPACITOR~FXD .B1F+75-10Z 16VDC AL 28480 0180-3027
A16C30 0180-0291 3 CAPACITOR-FXD 1UF+-16% 35UDC TA 56289 156N105X92035A2
A16C31 01806-030% 4 CAPACITOR-FXD 4.7UF+-20% tO8VLC TA T6R89 150D475X0010A2
A16C32 0160-4571 8 CAPACITOR-FXD ,1UF +80-20% S0VDC CER 28480 0160-4571
A16C33 0160-4571 8 CAPACITOR-FXD ,1UF +80-20X% 50VDC CER 284890 0160-4571
A16C34 0180—-2779 6 CAPACITOR-FXD A47QUF+7%5-10% S0VDC AL S6289 30D477GOS0FK2
A16C35 31802779 & CAPACITOR-FXD 470UF+75-10% S50VDC AL 56289 30D477GOSOFK2
A16C36 0160-4571 8 CAPACITOR-FXD ,1UF +80-20% S0VDC CER 28480 31460-4571
A16C37 0160-4371 ] CAPACITOR-FXD .1UF +80-20% S0VDC CER 283480 0160-4571
A16C38 0180~-0291 3 CAPACITOR~-FXD 1UF+-10% 35UDC TA S6289 156D195X2035A2
A16C39 0180-0291 3 CAPACTTOR-FXD 1UF+-10% 3BV0C TA 56789 150D1 0SXP035A2
A16CA0 0186~0309 4 CAPACITOR-FXD 4.7UF+-20% 10VDC TA 54289 150D475X0010A2
A16C50 01604571 8 CAPACTITOR-FXD .1UF +80-20% S0VDC CER 28480 D160-4571
A16CE1 0160-4571 8 CAPACITOR~FXD .1UF +80-206% S0VDC CER 28480 01160-4571
A16CR1 1990-0453 7 1 LED~LAMP LUM-INT=800UCD 1F=350MA-MAX 28480 S082-4487
Al16CR2 1901~0044 5 5 DPIODE-SUWITCHING 50V SOMA 6NS 284680 1901-0044
A16CR3 1901-0044 5 DIODE-SWITCHING S0V S0MA 6NS 8480 1901-0044
A16CR4 1901-0044 S DIODE-SWITCHING S50V S0MA 6NS 28480 19201-0044
A16CR3 1901-0044 S DIODF-SWITCHING S0V SO0MA 6NS 28480 1701-0044
A16CRE 1902-1344 2t 1 DIODE-ZNR 4.3V 2% DO-35 PD=.25% 28480 19202~-1344
A16CR7 1931-0704 4 11 DIODE-PUWR RECT 1N40D2 100V 1A DO-41 91293 1N4G02

A16CR8 1992-3125 1 1 DPIODE-ZNR 6,98V 2X DO-35 PD=.4W 28480 1902-3125
A16CRY 1901-0026 3 4 DIODE-PWR RELCT 200V 738MA D0O-29 28480 1901-0026
A16CR10 1901-0026 3 DIODE-PWR RECT 200V 750MA DO-29 284810 1201-0026
A16CR12 1901-0044 S DIODE~-SKWITCHING S0V SOMA 6NS 28480 1701-0044
A16CR13 1901-0026 3 DIODE~-PWR RECT 200V 7350MA DO-29 28480 1901-0026
A16CR14 19081-0026 3 DIODE-PWR RECT 7200V 750MA DD-29 28480 19201-0026
A16CR17 1901-0764 4 DIODE-PWR RECT 1N4002 100V 1A DO-41 01295 1N4002

A16CR18 1901-0704 4 DIODE-PWR RECT 1N4032 100V 1A DD-~-41 01295 184002

A16CR19 1901-0704 4 DIODE~PWR RECT 1N4002 100V 1A DO-41 01293 1N4002

A16CR20 1701-0704 4 DIODE-PWR RECT 1N4002 100V 1A DO-41 01295 1N4DO2

A16CR22 1902-0632 9 2 DIODE-ZNR 1NS5354B 17V 5% PD=5SW TC=+705% 04713 ING3IS4AB
A16CR23 1902-0657 8 1 DIODE-ZNR 43.2V 5% DN-15 PD=14 TC=+,018% 28480 1902-0657
A16CR24 1901-0704 4 DIODE-PWR RECT 1N4002 100V 1A DPO-41 01295 1N40DB2

A16CR2S 1901-0704 4 DIODE-PWR RECT 1N4002 100V 1A DD-41 01295 184002

A16CR27 1901-0704 4 DIODE-PWR RECT 1N4002 100V 1A DO-41 01295 1N4002

A16CR28 1701-0704 4 DIODE-PWR RECT 1N4002 100V 1A DO--41 31295 1N4DD2
A16CR29 1902-0632 9 DIODE-ZNR 1NS354B 17V 5% PD=34 TC=+75% 04713 1N53548
A16CR3D 1782-0244 ? 1 DIODE-ZNR 30V S% PD=1W IR=5UA 28480 1902-0244
A16CR31 1202-30390 7 1 DIODE-ZNR 3.01V SX DO-7 PD=.4W TC=-.067% 284880 1962~-3030
A16CR32 19082-1331 ? 1 DIODE-ZNR 6.9V 4% T0-92 TC=+.0015% 28480 1702-1331
A16CR33 19202-3190 0 1 DIODE-ZNR 13V S% DO-35 PD=,48 TC=+.062% 28480 1902-3190
A16CR3S 1992-1232 7 1 DIODE -ZNR 1N3997RA 5.6V S% D0D-4 PD=134 94713 1N3997RA
A16CR3IG 1901-0743 1 4 DIODE-PUWR 28480 1901-0743

See introduction to this section for ordering information
*Indicates factory selected value
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A16CR37 1901-0743 1 [ DIDDE-PWR RECT 28480 1901-0743

A16CRAL 1901-0743 1 4 DIODE-PHWR RECT 28480 1901-0743

A16CRA2 1901-0743 1 4 DIDDE-PWR RECT 28480 1901-0743

A16CR44 1902-3062 5 1 DIODE-ZNR 3.92V 5% DO-35 PD=.au 28480 1902~3062

A16CRAS 1902-1288 3 2 DIDODE-ZNR INS3SOB 22V 5% PD=54 TC=+75% 04713 1NS3588

A16CRA6 1901-0673 [3 4 DIODE-PWR RECT 100V 54 SUS 03508 A15A

A16CRA7 1901-0673 [ DIDDE-PWR RECT 100V 5A S5US 23508 A15A

A16CR48 1901-0673 & DIODE-PWR RECT 100V 5A SUS 03508 A154

A16CRAD 1901-0673 & DIODE-PWR RECT 100V 5A SUS 03508 A1SA

A16CRSO 1901-0704 4 DIODE-PWR RECT 1N4002 180V 1A DO-41 01295 1N4G02

A16CRS1 1901-0764 4 DIODE-PWR RECT 1N4002 100V 1A DO-41 01295 1N4002

A16CR52 1902-0522 6 1 DIODE-ZNR 1NS340B 6V S% PD=5W IR=1UA 04713 1N5340B

A16CRSS 1962-1288 3 DIODE-ZNR INS3S8B 22V 5% PD=5W TC=+75% 84713 1N53598

A16CRS56 1902-1345 3 1 DIODE-ZNR 1NS365B 36V 52 PD=5W IR=500NA 04713 IN5365B

A16CRSY 1902-1291 8 1 DIODE-ZNR 1INS338B 5.1V 5% PD=5W IR=1UA 04713 1N53388

A16CR&ED 1902-0556 6 1 DIODE-ZNR 20V 5% PD=14 IR=5UA £B48D 1902-0556

A16J5 1251-4659 7 1 CONNECTOR 14~PIN M POST TYPE 28480 1251-4659

A16T6 1251-3197 6 1 CONNECTOR 12-PIN M POST TYPE 28480 17251-3197

A16I7 1251-4822 6 1 CONNECTOR 3-PIN M POST TYPE 23480 1251-4822

A16P1 1251-5894 4 2 CONNECTOR 6-PIN F POST TYPE 28480 1251-58%94

A16P2 1251-5894 4 CONNECTOR 6-PIN F POST TYPE 28480 1251-5894

A16P3 1251-6062 0 1 CONNECTOR 10-PIN F POST TYPE 28480 1251-6062

A16P4 1251-3962 3 1 CONNECTOR 8-PIN F POST TYPE 28480 12513962
1258-0141 8 1 JUMPER-REM 28480 1258-0141

Aleql 1853-0394 5 2 TRANSISTOR PNP SI T0O-220AB PD=40u 04713 MIE 2370
1205-0318 [ 7 HEAT SINK SG6L TD-220-CS 20480 1205-0318

A16Q2 18540215 1 2 TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 2N3904

A16Q3 1853~0320 7 1 TRANSTSTOR PNP 2N4032 SI TO-5 PD=800MW 07263 2N4032

A16Qa . 1854~0215 1 TRANSISTOR NPN SI PD=350MW FT=300MHZ 64713 2N3904

Al6QS 1854-0087 5 TRANSISTOR NPN 51 PD=360MW FT=75MHZ 28480 1854-0087

Al6Q6 1854-0039 7 1 TRANSISTOR NPN 2N30535 SI T0-39 PD=1W 3585 2N3053S

A16Q7 18530394 5 TRANGISTOR PNP SI TO-220AB PD=40W 04713 MIE 2370
1205-0318 0 HEAT SINK SGL TD-220-CS 28480 1205~0318

A16Q8 1853-0016 8 1 TRANSISTOR PNP SI TD-92 PD=300MW 28480 1853-0016

A16R1 0698~5139 5 1 RESISTOR 3.9 S% .SW CC TC=0+412 01121 EB39GS

A16R2 0683-1625 5 1 RESISTOR 1.6K 5% .25W FC TC=-400/+701 01121 CB1625

A1E6R3 0683-2035 3 2 RESISTOR 20K 5% .25W FC TC=-400/+800 81121 CB2835

A16R4 0683-2035 3 RESISTOR 20K S% .25W FC TC=—400/+800 01121 CB2035

A16RS 0686~3915 [ 1 RESISTOR 390 5% .5W CC TC=0+529 01121 EB3915

A16RG 0683-5125 8 2 RESISTOR S.1K 5% .25W FC TC=-400/+700 01121 CB5125

A16R7 0757-0283 6 1 RESISTOR 2K 1% .125W F TC=0+-100 24546 C4-1/8-T0-2001~F

A16RB 0698-3266 5 1 RESISTOR 237K 1% .125W F TC=0+-100 24546 €4-1/8-T0-2373-F

A16RS : 0757-0442 9 5 RESISTOR 10K 1% .125W F TC=04-100 24546 C4--1/8-T0~1002-F

A16R10 2100-0567 0 1 RESISTOR-TRMR 2K 10% € TOP-ADJ 1-TRN 28480 2100-0567

AL6R11 0698-3264 3 1 RESTSTOR 11.8X 1% .123W F TC=0+-100 24546 C4-1/8-T0~-1182-F

A16R12 01698-3225 6 1 RESTISTOR 1.43K 1% .125W F TC=0+-100 24546 €4-1/8-TD-1431~F

A16R13 0683-1025 9 2 RESISTOR 1K 5% ,25W FC TC=-400/+600 01121 CH1025

A16R14 0683-4725 2 4 RESISTOR 4.7K 5% .25W FC TC=-400/+700 01121 CB4725

A16R15 0757-0449 [ 1 RESISTOR 20K 1% .125W F TC=0+-100 24546 C4-1/8-T0-2002-F

A16R16 1757-0442 9 RESISTOR 10K 1% .125W F TC=0+-100 24546 £4-1/8-T8-1082-F

A16R17 0698-4483 [ 1 RESISTOR 18.7K 1% .125W F TC=0+-100 245486 C4-1/8-T0-1872-F

A16R18 0757-0442 14 RESISTOR 10K 1% .125W F TC=0+-100 24546 C4-1/8-T0-1002~F

A16R19 0683-4725 2 RESISTOR 4.7K Sx .254 FC TC=-400/+700 g1121 €BA725

A16R20 0698-3611 4 1 REGISTOR 27 S% 2W MO TC=0+-200 27167 FPAR-2-TD0-27R0-J

A16R21 0683-3915 [} 1 RESISTOR 390 5% .25W FC TC=-400/+500 01121 CB391S

A16R22 1683-1025 9 RESISTOR 1K 5% .25W FC TC=-400/+600 01121 cB1025

Al6R23 0811-3290 7 2 RESISTOR .1 5% 2W PW TC=0+-800 28480 068113290

A16R24 0811-3290 7 RESISTOR .1 5% 2W PW TC=0+-80D 28480 0811-3290

A16R2S 0683-3005 9 1 RESISTOR 38 S% ,25W FC TC=-400/+580 01121 CB300S

A16R26 0698-3152 8 1 RESISTOR 3.4BK 1% .125W F TC=0+-100 24546 C4-1/8-T0-3481~F

A16R27 0698--3495 2 1 RESISTOR 866 1% .1254 F TC=0+-108 24546 C4~1/8-T0~-86LR~F

A16R28 0698-3223 4 1 RESISTOR 1.24K 1% ,125W F TC=0+-100 24546 £4-1/8-T0-1241-F

A16R29 0698-3151 7 1 RESISTOR 2.87K 1% .125W F TC=0+-100 24546 C4-1/8-T0-2871-F

A16R30 0757-0460 1 1 RESISTOR 61.9K 1% .125W F TC=0+-100 24546 C4-1/8-TB~-6192-F

A16R31 0683~471%5 0 1 RESISTOR 470 52 .23W FC TC=-400/+600 01121 CB4715

A16R33 D757-0442 9 RESISTOR 18K 1% .1254W F TC=0+~100 24546 C4-1/8-T0-1002-F

A16R34 0698-4308 8 1 RESISTOR 16.9K 1% .125W F TC=0+-100 24546 C4-1/8-T0-1692-F

A16R3S 0698-8060 7 1 RESISTOR 8.64K 1% .125W F TC=0+-25 19701 MFAC1/B-T9-8641-B

A16R3G 0698-60842 9 1 RESISTOR 4.32K .5% .125W F TC=0+-50 24546 NCS5S-1/8-T2-4321-D

A16R37 0698-6446 9 1 RESISTOR 2,162K .1% .125W F TC=0+-25 28489 1698-6446

A16R38 0698~6362 8 1 RESISTOR 1K .12 ,125W F TC=0+-25 28480 016986362

A16R3Y 0698-3155 1 1 REST5TOR 4.64K 1% .125W F TC=0+-100 24546 C4-1/8-T0-4641-F

A16R40 06835125 8 RESISTOR 5.1K 5% .254 FC TC=-400/+708 01121 CB5125

A16RA1 0760-0024 [ 1 RESISTOR 100 5% 1W MO TC=8+-200 28480 0760-0024

See introduction to this section for ordering information
*Indicates factory selected value
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Table 5-3. Replaceable Parts (Cont’d)

Reference HP Part |c Q o Mfr
SRy t Description Mfr Part Number
Designation Number |D Y p Code
A16RA2 0757-0280 3 1 RESISTOR 1K 1X ,.125W F TC=0+-100 24546 C4-1/8-T0-1001-F
A16R43 0698-4406 7 1 RESISTOR 115 1Z ,1254 F TC=0+-100 24746 C4-1/8-T0-119R-F
- A16R44 0757-0817 2 2 RESISTOR 750 1% .SW F TC=0+-100 c8480 a4757-0817
A16RA5 0757-0817 2 RESISTOR 750 1X ,S5W F TC=0+-100 28480 6757-0817
A16R46 2100-0558 9 1 RESISTOR-TRMR 20K 10% C TOP-ADJ 1-TRN 28480 2100-0558 -
Al16R48 0757-0737 S 1 RESISTOR 1.62K 12 ,25¥ F TE=0+-100 24546 CS5-1/4-T0-1621-F
T A16RS50 0698-3268 7 1 RESISTOR 11.5K 1% .1254W F TC=0+-100 24546 C4-1/8~-T0-1152-F
A16RSY 07570442 9 RESISTOR 10K 1% .125W F TC=0+-100 24544 C4-1/8-T0-1002-F
A16RS2 0683~4725 2 RESISTOR 4.7K 5% ,.25W FC TC=-400/+700 01121 CB4725
A16RS3 0683-4725 |2 RESISTOR 4,7K S% ,25W. FC TC=-400/+700 grrat - CB4725
- A16R54 t683-1035 1 1 RESTSTOR 10K 5% .25W FC TC=-400/+700 01121 CB1035
A16RSS 0683-1005 S 2 RESISTOR 10 5% .254 FC TC=-400/+500 01121 CB1005
A16RS6 0811—-1674 17] 1 RESISTOR 4.7 35X 2W PW TC=0+-400 75042 ‘BRH2-4R7-T
- ATERED 0683-3315 4 1 RESISTOR 330 5% .25W FC TC=-400/+600 n1121 CB3315
A16R75 0683-1005 S RESISTOR 10 5X .25W FC TC=-400/+500 01121 CBt00S
A16RTAZ 0837-0225 6 2 THERMISTOR .DISC 2.5-CHHM 28480 2837-0225
A16RTHO 0837-0225 & THERMISTOR DISC 2.5-0HM 284840 0837-0225
A16RV1 0837-01%6 0 1 SUPPR-V 430V 28480 1837-01%96
A16TY 2100-2616 1 4 TRANSFORMER-PULSE BIFILAR WOUND; 18.0 MM 2846810 ?100-2614
A16T2 92100-2616 1 TRANSFORKER-PULSE BIFILAR WOUND; 18.0 MM <8480 ?100-2616
A16T3 9100-2616 1 TRANSFORMER-PULSE BIFILAR WOUND; 18,0 MM 20480 210026146
Al6T4 9100-2616 1 TRANSFDRMER-PULSE BIFILAR WOUND; 18.03 MM ~8480 ?190-2616
A16U1 1826-0409 & 1 IC 723 V RGLTR 14-DIP-C 04713 MC1723L
Al6U2 1826-0346 bl 2 1C OP AMP GP DUAL 8-DIP-P PKG 27014 LMISBN
A16U3 1826-0277 [y 1 IC V RGLTR TO-220 27014 LM320T~15
1205-0318 0 HEAT SINK SGL T0-220-CS 28480 1205-0318
Al6U4 1826-0617 8 1 IC-VOLTAGE REGULATOR T0-220 28480 1826-0617
1205-0318 [} HEAT SINK SGL TO-220-CS 28480 1205-0318
AlsU7 18200223 ] 1 IC OP AMP GP TO-99 PKG 3.585 CA301AT
Ale6U8 1826-0214 1 2 IC V RGLTR TO-220 04713 MC7915CT
1205-0318 0 HEAT SINK SGL T0-220-~CS 28480 1205~-0318
Al16U9 1826-0393 7 1 1C V RGLTR TO-2290 27314 LM317T
1205-0318 0 HEAT SINK 8SGL T0-220-CS 28480 1205~-0318
AlsULD 1826-0214 1 I1C V RGLTR TO-220 04713 MC7915CT
1205-0318 1] HEAT SINK SGL T0-220-CS 284840 1205-8319
Al6U11 1826-0346 0 1C OP AMP GP DUAL 8-DIP-P PKG 27014 L.M3S8N
AldU12 1826-0181 1 1 IC V REGLTR TO-3 27014 LM323K
Al& ASSY MISC. PARTS
03497-01101 | S 1 HEAT SINK 28480 03497-01101
1200--0080 3 1 INSULATOR-DIO ALUMINUM HD—-ANDZ 28480 1200-0080
1205-0011 0 1 HEAT SINK T0O~-5/T0-39-CS§ 28480 1205-0011
1200-0043 B8 1 INSULATOR-XSTR ALUMINUM 28480 1200-0043
0515-0054 7 1 SCREW-MACH M3 X 0.5 10MM-LG PAN-HD 28480 0515-0054
0535-0004 9 1 NUT~HEX DBL-CHAM M3 X 0.5 2.4MM-THK 00000 DORDER BY DEGCRIPTION

See introduction to this section for ordering information
*[ndicates factory selected value
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Table 5-3. Replaceable Parts {Cont'd)

Reference HP Part |c Q D - Mfr
: . escription Mfr Part Number
Designation Number [o| YtY P Code
Al17 03497-66517 | 3 1 TIMER/PACER ASSEMBLY 28480 03497-66517
AL7C1 0180-0309 4 9 CAPACITOR~-FXD 4.7UF+-20X 310VDC TA 56289 150D475X0010A2
A17C2 0160-4791 4 2 CAPACITOR-FXD 1DPF +-5% 100VDC CER 0+-30 28480 01604791
A17C3 0160-4791 4 CAPACITOR-FXD 18PF +-SX% 100VDC CER 0+-30 28480 0160-4791
A17C4A 0180~-0291 3 1 CAPACITOR-FXD 1UF+-10% 3SVDL TA 56289 15001 95X9035A2
A17Cs 0180-0309 4 CAPACITOR-FXD 4,7UF+-20%Z 10VDC TA 56289 150D475X0010A2
A17C7 01800309 4 CAPACITOR-FXD 4,7UF+-20% 1B8VUDC TA 56289 150D475X001 BA2
A17C8 1180~0309 4 CAPACITOR-FXD 4,7UF+-20% 10VUDC TA 56289 150D475X00610A2
A17C9 0180-0309 4 CAPACITOR-FXD 4.7UF+-20%Z 10VDC TA 56289 1350D475X0010A2
A17C10 0160-3873 1 1 CAPACITOR-FXD 4.7PF +-,3PF 200VUDC CER 28480 0160-3873
A17J1 1251-6584 1 2 CONNECTOR~14 PIN MALE POST 28480 1251-6584
A1732 1251-6584 1 CONNECTOR-14 PIN MALE POST 28480 1251-46584
A17Q1 1854-0071 7 1 TRANSISTOR NPN SI PD=300MW FT=200MHZ 28480 1854-0071
A17R1 0683-4725 2 2 RESISTOR 4.7K 5% ,25W FC TC=-400/+700 c1121 CBA472S
A17R2 0683-1035 1 ] RESISTOR 10K SX .25W FC TC=-400/+700 81121 CB1035
A17R3 0683-4725 2 RESISTOR 4,7K SX% ,254 FC TC=-408/+700 01121 CB4725
A17R4 0683-1035 1 RESISTOR 10K SX .29W FC TC=-400/+700 01121 CB19335
A17RS 0683~1025 9 3 RESISTOR 1K 5% .25W FC TC=~400/+600 01121 CB1025
A17R6 0683-1035 1 RESISTOR 10K S% ,25W FC TC=-400/+700 01121 CB1035
AL7R7 - 0683-1035 1 RESISTOR 10K SX .25W FC TC=-400/+700 11121 CB1035
A17RB 0683-1025 9 RESISTOR 1K 5% .25W FC TC=-400/+600 21121 CB1025
A17R9 1683-1033 1 RESISTOR 10K 5% ,25W FC TC=-400/+700 601121 CB1035
A17R10 8683-1035 1 RESISTOR 10K 5% .25W FC TC=-400/+700 01121 CB1035
A17R11 0683-1025 9 RESISTOR 1K 5% ,2%5W FC TC=-400/+600 01121 CB1025
A17R12 0683-104% 3 1 RESISTOR 100K 5% .25W FC TC=-400/+800 01121 CB104S
A17R14 0683-1035 1 RESISTOR 10K 5% ,25W FC TC=-400/+700 01121 CB1035
A17R1S 8683-1035 1 RESISTOR 10K 5% ,25W FC TC=-400/+700 01121 CB1035
A17R16 0683-4335 [1} 1 RESISTOR 43K 5% .25W FC TC=-400/+800 01121 CB4335
A17RP1 18100269 3 3 NETWORX-RES 9-SIP1D.0K OHM X 8 28480 1810-0269
AL17RP2 1810-0269 3 NETWORK-RES 9-SIP10.0K OHM X 8 28480 1810-0269
A17RP3 1810--0269 3 NETWORK-RES 9-SIP10,0K OHM X 8 28480 1810-0269
A17RP4 1810-0307 [} 1 NETWORK-CNDCT MODULE DIP; 16 PING; 0.100 284890 1810-03907
A17TP1 1251-0600 0 CONNECTOR~-SGL CONT PIN 1.14-MM-ESC-SZ 6Q 28480 1251-0600
A17TP2 1251-0600 g CONNECTOR-SGL CONT PIN 1,14-MM-BSC-SZ SQ 26480 12510600
A17TP3 1251-0600 0 CONNECTOR-SGL. CONT PIN 1.14-MM-ESC-5Z2 SQ 28480 1251-0600
A17TP4 1251-0600 [} CONNECTOR-SGL CONT PIN 1.14-MM-BSC-SZ SAQ 28480 1251-0600
A17TPS 1251-0600 0 CONNECTOR-SGL. CONT PIN 1.14-MM-ESC-SZ 51 28480 1251-0600
AL7TPS 1251-0600 0 CONNECTOR-SGL CONT PIN t.,14-MM-BSC-SZ S8 20480 1251-0600
A17TP7 1251-0600 0 CONNECTOR-SGL CONT PIN 1.14-MM-KSC-SZ SQ 28480 1251-0600
A17TP8 12510600 0 CONNECTOR~SGL CONT PIN t,14-MM~BSC~SZ SQ 20480 1251-0600
A17TP9 1251~0600 1] CONNECTOR-SGL CONT PIN 1.14-MM-EEC-SZ SQ 284890 1251-0600
A17U1 1820-1198 0 1 IC GATE TTL LS NAND QUAD 2-INP 01295 SN74LS03N
A17U2 1820-2383 7 1 IC CNTR CMOS DIV-X-N DUAL 4-INP 04713 MC14569KCP
A17U3 1820-1112 8 1 IC FF TTL LS D~TYPE POS-EDGE-TRIG 01295 SN74LE74AN
A17U4 1820-2533 9 1 28480 1870-2533
Al7U6 1820-1173 3 4 IC CNTR CMOS BCD POS~EDGE-TRIG 4-BIT 04713 MC14522BCP
A17U7 1820-117S 3 IC CNTR CMOS EBCD POS-EDGE--TRIG 4-BIT 04713 MC14522BCP
A17U8 1820~1730 ) 2 IC FF ITL LS D-TYPE POS-EDGE-TRIG COM 11295 SN741.8273N
A17U9 18201997 7 1 IC FF TTL LS D-TYPE POS-EDGE-TRIG PRL-IN 31295 SN74L5374N
A17U10 1820-1175 3 IC CNTR CMOS BCD POS-EDGE-~TRIG 4-BIT 04713 MC14522BCP
A17U11 1820-1730 & I1C FF TTL LS D-TYPE POS-EDGE-TRIG COM 012935 SN74L5273N
Al7U12 1820-1759 9 1 IC BFR TTL LS NON-INV OCTL 27014 DMS11LS97N
A17U13 1820-1175 3 1C CNTR CMOS BCD POS-EDGE-TRIG 4-BIT D4713 MC14522RCP
A17Y1 0410~-1285 ) 1 CRYSTAL-2.4576 MHZ 28480 0410-1285
A17 ASSY MISC., PARTS

0380-1263 S 1 STANDOFF 28480 03B8L-1263

1200-0473 B8 1 SOCKET-IC 16-CONT DIP DIP--SLDR 28480 1200-0473

1251-0600 0 10 CONNECTOR~-SGL. CONT PIN 1.14-MM-BSC-SZ SQ 28480 12510600

See introduction to this section for ordering information

*Indicates factory selected value

5-32



Table 5-3. Replaceable Parts (Cont'd)

A Mfr
Reference HP Part ¢/ o, Description Mfr Part Number
Designation | Number (D Code
A21 0349766521 | ? 1 CUTGUARD & HP~IB CONTRCLLER ASSY 28480 0347766521
A21C1 0180~-0309 4 19 CAPACITOR-FXD 4.7UF+-20% 10VDC TA 56289 150D475X00104A2 _ e
__A21C2 . |—0180=0309% 4 —CAPACITOR-FXD—4+7UF +~20X~10VDC~TA 562897 | 150D475X0010A2
A21C3 0188-0309 | 4 CAPACITOR-FXD 4,7UF+-20Z 10VDC TA 355289 150D475X0010A2
AZ21C4 01800309 4 CAPACITOR-FXD 4.7UF+-20% 10VDC TA 56289 1500475X001 042
A21CS 0160~-4814 2 1 CAPACITOR-FXD 150PF +-5% 180VDC CER 28480 1160-40814
A21C6 0180-0309 4 . CAPACITOR-FXD 4.7UF+-20X 10VDC TA S56289 150D475X001 0A2
A21C7 0160-4571 8 1 CAPACITOR-FXD ,1UF +80-20% S0VDC CER 284890 0160-4571
A21C8 0180-0309 4 CAPACITOR-FXD 4.7UF+-20% 10VDC TA 56289 150DA75X0010A2
A21C? 01460-4810 8 2 CAPACITOR~FXD 330PF +-5% 100VDC CER 28480 01404810
AZ21C10 0180-9309 4 CAPACITOR-FXD 4.7UF+-20% 10VDC TA 56289 150D475X0010A2
A21C11 01604810 8 CAPACITOR-FXD 330PF +-5X 100VDC CER 20480 0160~-4810
AZ1C12 2180-0309 4 CAPACITOR-FXD 4,7UF+-20X 10VDC TA 56289 150D475X0010A2
A21€13 0180-0309 4 CAPACITOR-FXD 4,7UF+-20% 10VDC TA 6209 150D475X0010A2
A21C14 0180-0309 4 CAPACITOR-FXD 4,7UF+-20% 10VDC TA 56289 150D475X0010A2
A21C1S 0180-0309 4 CAPACITOR-FXD 4,7UF+-207Z 10VDC TA 946289 150n475X0010A2
A21C16 0180-0309 4 CAPACITOR-FXD 4.7UF+-20% 18VDC TA 6289 150D475X001DA2
A21C18 01800309 4 CAPACITOR-FXD 4,7UF+-20% 10VDC TA 56209 150D475X0010A2
A21C19 0180-0309 4 CAPACITOR-FXD 4,7UF+-20% 10VDC TA 56289 150D475X0010A2
A21C20 01800309 4 CAPACITOR-FXD 4.7UF+-20Z 10VUDC TA 556289 150D475X00810A2
A21C21 0189-0309 4 CAPACITOR-FXD 4,7UF+-20% 10VDC TA 56289 1500475X0010A2
AZ1C22 0180-0309 L) CAPACITOR-FXD 4,7UF+-20% 10VDC TA 546289 1350Dp479X0010A2
A21C23 n180-930%9 4 CAPACITOR-FXD 4.7UF+-20% 10VDC TA 56289 1500475X0010A2
A21C24 01800309 4 CAPACITOR-FXD 4,7UF+-20% 10VDC TA 56289 150D4735X0010A2
A21C25 0160-4532 1 1 CAPACITOR~FXD 1000PF +-20% S0VDC CER 28480 0160~4532
A21C26 0160-0571 1] 1 CAPACITOR-FXD 470PF +-28% 100VDC CER 23488 01600571
A21C27 0160-0570 ? 1 CAPACITOR-FXD 220PF +-20% 100VDC CER 20932 S5024EM100RD221NM
A21C30 0160-4808 CAPACITOR-FXD 470PF +-5% 100VDC CER 28480 0160-4808
AZICR1 1901-0040 1 12 DIODE-SWITCHING 30V 50MA 2NS DO-35 28480 19201-0040
A21CR2 1901-0040 1 DIDDE-SWITCHING 30V SOMA 2NS D0-35 28480 1901-0040
AZ21CR3 1901-0040 1 DIODE-SWITCHING 30V SO0MA 2NS DO-35 28480 1901-0040
A21CR4 1901-0040 1 DIODE-SWITCHING 30V S50MA 2N§ DD-335 28480 1981-0040
A21CRS 19010040 1 DIODE-SWITCHING 30V S0MA 2NS DD-3S 28480 1901-0040
A21CRG 1901-0040 1 DIONDE-SWITCHING 30V SO0MA 2NS DO-35 28480 1901-00490
AZ1CRB 1901-0040 1 DIODE-SWITCHING 30V SO0MA 2NS DO-35 28480 1901-0040
A21CR? 1701-0040 1 DIODE-SWITCHING 3BV SOMA 2NS DD-35 28480 19201-0040
A21CR10 1901-0040 1 DIODE-SWITCHING 30V S0MA 2NS DO-35 284690 1901~-0040
A21CR11 1701-0040 1 DIODE-SWITCHING 30V S0MA 2NS DO-33 28480 1931-0040
A21CR12 19010040 1 DIODE-SWITCHING 30V SO0MA 2NS DO--35 29480 1201-0040
A21CR13 1701-0040 1 DIODE-SWITCHING 30V SOMA 2NS5 DD-35 28480 1961-0040
A21T1 1200-0583 1 2 SOCKET-IC 24-CONT DIP DIP-SLDR 284840 12000593
A21J2 1200-0583 1 SOCKET~IC 24-CONT DIP DIP-SLDR 28480 12090-0583
ARLT3 1251-6263 3 2 CONNECTOR 14-PIN F POST TYPE 28400 1251 -6263
AZ21J4 1251-6263 3 CONNECTOR 14-PIN F POST TYPE 28480 1251-6263
AR21LL 9100-3547 9 1 INDUCTOR RF~-CH-MLLD 4.,3UH S% ,166DX.303L6 284810 9180-3547
A21L2 ?100-3551 S 1 INDUCTOR RF~CH-MLD 1UH 5% ,166DX.38B5LG 28480 ?100-3551
A21R1 0683-2225 3 4 RESISTOR 2.2K SX ,25W FC TC=-400/+700 01121 CRa2225
AR1R2 0683-2225 3 RESISTOR 2.2K S% ,25W FC TC=-400/+700 01121 CB2225
A21R3 0683-1015 7 7 RESISTOR 100 5% ,254W FC TC=-408/+300 61121 CB101S
A21R4 0683-1015 7 RESISTOR 198 5% .25 FC TC=-400/+3500 1121 CB1015
A21RS 0683~1015 7 RESISTOR 100 5% .23 FC TC=-400/+300 61121 CB1015
AZ21R6 0683-1015 7 RESISTOR 100 5% ,25W FC TC=-400/+500 01121 CB1815
A21R7 0687-3325 4 1 RESISTOR 3.3K OHM SX ,25W FC TC=400/+600 28480 0687-3325
A21RY 0683-1035 1 6 RESTSTOR 10K 5% ,25W FC TC=-400/+700 1121 CH103%5
A21R10 0683-1025 ? 8 RESISTOR 1K 5% .29W FC TC=-400/+600 61121 CB1625
A21R11 0683-1035 1 RESISTOR 10K 5% .25W4 FC TC=—400/+700 01121 Ce1035
A21R12 0683-1035 1 RESISTOR 10K SX .25W FC TC=-400/+700 61121 CB1035
A21R14 2683-4723 2 3 RESISTOR 4.7K 5% ,25W FC TC=-400/+700 01121 CB472%5
A21R1S5 0683-1035 1 RESISTOR 10K 5% ..254 FC TC=—400/+700 01121 CB1035
A21R16 0683-1015 7 RESISTOR 100 5% ,25W FC TC=-400/+500 01121 CB1015
A21R17 0683-1015 7 RESISTOR 100 5% .25 FC TC=-400/+500 61121 CB101S
AZ1R18 1683-4725 2 RESISTOR 4.7K S% .25W FC TC=-400/+4700 801121 CBA725
A21R19 0683-1025 9 RESISTOR 1K 5% ,254 FC TC=-400/+600 01121 CR1025
A21R20 0683-1025 9? RESISTOR 1K SX .29W FC TC=-400/+600 01121 CB1023
AZ21R21 06831025 9 RESISTOR 1K SX .254 FC TC=-400/+600 ¢1121 €B1025
A21R22 0683-4725 2 RESISTOR 4.7K 5% .25W FC TC=-400/+700 01121 CB4725
AZ1R24 0683-1055 S 1 RESISTOR 1M S%Z ,254W FC TC=-800/+900 01121 CB10355
A21R25 0683-1025 9 RESISTOR 1K 5% .25 FC TC=-400/4600 81121 CB102S
A21R26 0683-1035 1 RESISTOR 10K S5X .254 FC TC=-400/+700 01121 CB1035
AZ1R28B 0683-3025 3 1 RESISTOR 3K 5X .25W FC TC=--400/+700 01121 CB302S
A21R29 0683-102S 9 RESISTOR 1K SX .25W FC TC=-400/+600 01121 CB1025

See introduction to this section for ordering information
*Indicates factory selected value

5-33



Table 5-3. Replaceable Parts (Cont'd)

Reference HP Part |{c Q e Mfr
SRy t Description Mfr Part Number
Designation Number D \ P Code
AZIR30 0683-1025 ? RESISTOR 1K SZ .254W FC TC=-400/+5600 01121 CB1025
A21R31 0698-4485 2 3 RESISTOR 23.2K 1X ,1254 F TC=0+-100 24546 C4-1/8-T0-2322~-F
A21R32 0698-4485 2 RESISTOR 23.2K 1Z ,125W F TC=p+-100 24546 C4-1/8-T0-2322-F
A21R33 0683-8235 7 1 RESISTOR 82K S5X ,25W FC TC=-400/+800 11121 CB8235
A21R34 0698-4485 2 RESISTOR 23.2K 1% ,125W ¥ TC=0+-100 24544 C4-1/8-T0-2322~F
AZ21R3IG 0683-2225 3 RESISTOR 2.2K 5% ,25W FC TC=-400/+700 01121 €B2225
A21R36 0683-1035 1 RESISTOR 10K SX .254 FC TC=-400/+700 0t121 CB19335
A21R37? 0683-2225 3 RESISTOR 2.2K S% .25W FC TC=-400/+700 61121 CB2225
A21R38 0683-3325 6 2 RESISTOR 3.3K 5% ,25W FC TC=-~400/+700 01121 CB3325
A21R39 06833325 & RESISTOR 3.3K 5% .25W FC TC=-400/+708 01121 CB3325
A21R40 0683-1025 9 RESISTODR 1K 5% .25W FC TC=-400/+600 01121 CB1025
A21R41 0683-1015 7 RESISTOR 100 5% ,25W FC TC=-400/+500 01121 CB1015
A21R42 06836225 1 1 RESISTOR 6.2K S% .23W FC TC=-400/+700 c1121 CB6225
AZ21RA3 0698-3132 4 1 RESISTOR 261 1% ,125W F TC=0+-100 24546 C4-1/8-T0-2610-F
AZ21RP1 1810-026%9 3 2 NETWORK-RES 9-SIP10.0K OHM X B 28480 1810-0269
A21RP2 1810-0136 3 1 NETWORK-RES 10-SIP MULTI-VALUE 28480 1810-0136
A21RP3 1810-0307 0 1 NETWORK-CNDCT MODULE DIP; 16 PINS; 0,100 28489 1810-0307
A21RP 4 1810-0281 9 1 NETHORK~-RES 10-SIP106.0K OHM X 9 t1121 210A104
A21RPS 18100249 3 NETWORK-RES 9-53IP10.0K OHM X 8 284890 1810~-026%
AR21S1 3101-1973 7 1 SUITCH-SL 7-1A DIP-SLIDE-ASSY .1A S0VDC 28480 3161-1973
A21U1 1820-2485 0 1 IC RCVR TTL LS BUS OCTL 01295 SN75160N
A2102 1820-1759 9 3 IC BFR TTL LS NON-INV 0CTL 27014 DMB1L.SP7N
A21U3 1820-1491 6 2 IC BFR TTL LS NON-INV HEX 1-INP 01295 SN741.5367AN
AZ21U4 1820-2075 4 2 IC MISC TTL LS 012993 SN74LS245N
A21U5 1820-2024 3 1 IC DRVR TTL LS LINE DRVR OCTL 01295 SN74L.S244N
AZ21U7 1820-2483 8 1 IC RCVR TTL LS BUS OCTL 012935 SN7S5161N
A21U8 1820-2428 1 1 28480 1820~-2428
A21U10 1820-203&6 7 1 IC DRVR NMOS CILLOCK DRVR 04713 MCe875L
A21U11 1820-2137 4 1 IC MICPROC NMOS 8-BIT 04713 MC&68ADOP
A21U13 1820-1199 1 2 IC INV TTL LS HEX 1-INP 012925 SN74LS04N
A21U14 1820-9693 8 1 IC FF TTL 8 D~TYPE POS-EDGE-TRIG 01295 SN74874N
AZ21NS 1820-1281 2 1 IC DCPR TTL LS 2-TO-4-LINE DUAL 2-INP 01295 SN74LS139N
ARIU16 1818-1353 4 1 IC NMOS 65536 (64K) ROM  3D00-NS 35 50008 MK36D0ON-5 MASKED
A21U18 1820~1198 [} 1 IC GATE TTL LS NAND QUAD 2-INP 01295 SN7ALS03N
A21U19 1820-1112 8 S IC FF TTL LS D-TYPE POS-EDGE-TRIG 01295 SN74LS74AN
A21U20 18181352 3 1 IC NMOS 32768 (32K) ROM  450-N§ 3-5 34335 AMP232BPC MASKED
A21U21 1820-1112 8 IC FF TTL LS D-TYPE POS-EDGE-TRIG 01295 SN7ALS74AN
A21U22 1829-1202 7 1 IC GATE TTL LS NAND TPL 3-INP 01295 SN74LS510N
A21U23 1820~1285 0 1 IC GATE TTL LS AND DUAL 4-INP 01295 SN74LS21N
A2tu24 1818-1354 S 1 IC NMOS 65536 (44K) ROM  300-NS 3-8 50088 M36000N-S5 MASKED
A21U25 1020-1112 8 IC FF TTL LS D-TYPE POS—-EDGE-~TRIG D1295 SN74LS74AN
A21U26 1820~1201 6 1 IC GATE TTL LS AND QUAD 2-INP 01295 SN74LS08N
A21U28 1820-1199 1 IC INV TTL LS HEX 1-INP 01295 SN74LS 04N
A21U29 1820-1491 & IC BFR TTL LS NON-INV HEX 1-INP 01295 SN74LE367AN
A21U30 1818-1960 14 1 IC-1K X B-BIT RAM 28480 1818-19690
A21U31 1820-1216 3 4 IC DCDR TTL LS 3-TO-8-LINE 3-INP 01295 SN74L.5139N
A21U32 1820-1216 3 IC DCDR TTL LS 3~TO-8-LINE 3-INP D1295 SN74L5138N
A21U33 18201216 3 IC DCDR TTL. LS 3I~TO-8~-LINE 3I-INP 01295 SN74LS138N
A21U34 1820-2075 4 1C MISC TTL LS 21295 SN74LS24SN
A21U3S 1820-1430 3 1 IC CNTR TTL LS BIN SYNCHRD POS-EDGE-TRIG 061299 SN74LS161AN
A21U36 1820-1144 6 1 1IC GATE TTL LS NOR QRUAD 2-INP 01295 SN74L.S02N
AZ21U37 1820-1212 9 1 IC FF TTL LS J-K NEG-EDGE-TRIG 61295 SN74LG112AN
A21U39 1820-1416 5 1 IC SCHMITT-TRIG TTL LS INV HEX 1-INP 21295 SN74LS14N
A21U40 1820—-1975 1 1 IC SHF-RGTR TTL LS NEG-EDGE-TRIG PRL-IN 91295 SN7ALS165SN
A21U41 1820-1759 2 IC BFR TTL LS NON-INV OCTL 27014 DHMB1LS97N
A21U42 1820-1112 8 IC FF TTL LS D-TYPE POS-EDRGE-TRIG 01295 SN74L.S74AN
A21U43 1820-1112 ;] IC FF TTL LS D-TYPE POS-EDGE-TRIG 01295 SN74L.574AN
A21U44 18201759 9 IC BFR TTL LS NON-INV 0OCTL 27614 DMB1LS97N
A21U4AS 1820~-1216 3 iC DCDR TTL LS 3-TO-B8-LINE 3-INP 01295 SN74LS138N
A21U46 1820-0514 2 1 IC GATE TTL NAND QUAD 2~INP 01295 SN7426N
A21U49 1821-0001 4 1 TRANSISTOR ARRAY 14-PIN PLSTC DIP 3583 CA3046
AZ1US0 1820—-1433 [ 1 IC SHF-RGTR TTL LS R~S SERIAL-IN PRL-0QUT 01295 SN74L.5164N
A21U51 1858-0054 4 1 TRANSISTOR ARRAY 14-PIN PLSTC DIP 283480 1858-0054
AR1YL 0410-1218 S 1 CRYSTAL-&6.0 MHZ 28480 0410-1218
A21 ASSY MISC. PARTS
1200-0473 8 1 SOCKET~IC 16-CONT DIP DIP--SLDR 28480 1200-0473
1200-0634 3 1 SOCKET-IC 24-CONT DIP DIP-SLDR 28480 1200-0634
1251-0600 0 1 CONNECTOR-SGL CONT PIN 1.14-MM-BSC-SZ SQ 28480 1251-0600
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Table 5-3. Replaceable Parts (Cont'd)

. . r
Reference HP Part 1c| o Description Mf Mfr Part Number
Designation | Number |0 Code
CHASSIS COMPONENTS (MECHANICAL)
5020-8805 8 1 FRONT FRAME 28480 5020-8805
5020=8806_—|9. 1 REAR_FRAME. 28480 5020=8806
5020-8837 6 3 CORNER STRUT 28480 5020-8837
03497-26601 |2 1 CORNER STRUT MODIFIED 28480 03497-26601
5001-0440 1 2 TRIM, SIDE 28480 5001-0440
[ . _5040-7202 |9 | 1 | TRIM, FOP _ _ |28480 _ | 5040-7202 . _USE_ENGLISH
5060-9804 13 1 - | STRAP HANDLE °18 IN. .28480 -] 5060-9804 FASTENERS
5040-7219 8 1 STRAP HANDLE, CAP-FRONT 28480 5040-7219
5040-7220 1 1 STRAP HANDLE, CAP-REAR 28480 5040-7220
| soso-osss__fo | 1 | Tor cover - fesuso_ | soso-9sss
5060-9847 L 1 BOTTOM COVER 28480 5060-9847
5060-9862 3 1 SIDE COVER 28480 5060-9862
5060-9884 g . 1 SIDE COVER STANDARD 28480 5060-9884
5040-7201 8 4 FOOT (STANDARD)D 28480 5040-7201
1460-1345 5 2 TILT STAND 28480 1460-1345
4040-1685 9 2 HALF CARD CAGE 28480 4040-1685
03497-00101 |3 1 LEFT DECK 28480 03497-00101
03497-00102 |4 1 RIGHT DECK 28480 03497-00102
03497-00105 F 1 MAIN DECK 28480 03497-00103
M 03497-00104 |6 1 A/D DECK 28480 03497-00104
03497-00204 |7 1 REAR PANEL A/D . 28480 03497-00204%
03497-00601 |8 1 BOTTOM SHIELD 28480 03497-00601
03497-00606 [3 1 TOP SHIELD 28480 03497-00606
03497-00602 g 1 LEFT SHIELD 28480 03497-00602
03497-00603 |0 1 RIGHT SHIELD 28480 03497-00603
USE METRIC
03497-00613 p 1 FRONT SHIELD 28480 03497-00604 FASTENERS
03497-00605 |2 1 CONNECTOR SHIELD . 28480 03497-00605
03497-04701 |7 1 LEFT SUPPORT 28480 03497-04701
03497-04702 8 1 RIGHT SUPPORT . 28480 03497-04702
03497-04103 B 1 PLATE SIDE 28480 03497-04102
03497-04108 B 1 DEFLECTOR, AIR 28480 03497-04108
5041-2385 1 1 HOUSING, FAN FILTER 28480 5041-2385
03497-01201 P 1 FAN BRACKET 28480 03497-01201
03497-01204 P 1 CONTROL BRACKET 28480 03497-01204
03497-01210 7 1 BATTERY BRACKET 28480 03497-01205
03497-01211 8 1 REAR BRACKET 28480 03497-01206
03497-01207 P 1 PANEL LATCH BRACKET 28480 03497-01207
1600-0966 P 1 HINGE 28480 1600-0966
4040-1859 :] 1 REAR COVER 28480 4o40-1859
03498-01204 p 1 BRACKET-REAR COVER 28480 03498-01204

NOTE

MOST OF THE ABOVE CHASSIS COMPONENTS ARE
ILLUSTRATED IN FIGURES 6-1 TO 6-14,

See introduction to this section for ordering information
*Indicates factory selected value
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Table 5-3. Replaceable Parts (Cont'd)

c . Mfr
Reference HP Part ol Qty Description Cod Mfr Part Number
Designation Number ode
CHASSIS MOUNTED COMPONENTS (ELECTRICAL)D
Bl 03497-68501 |9 1 FAN-COOLING ASSEMBLY 28480 03497-68501
BT1 1420-0233 L3 1 BATTERY-6V RECHARGEABLE 28480 1420-0233
c1l 0160-0162 S 2 CAPACITOR-FXD .022UF +-10% 200VDC POLYE 28480 0160-0162
c2 0160-0162 5 CAPACITOR-FXD .022UF +-10% 200VDC POLYE 28480 0160-0162
Cc3 0180-3026 4 1 CAPACITOR-FXD 29,000 UF 20VDC 56289 36DX293G020BB2A
CR1 1901-0496 1 2 DIODE-PWR RECT 100V 12A DO-4 04713 MR1121
CR2 1901-0496 1 DIODE-PWR RECT 100V 12A DO-4 04713 MR1121
CR3 1902-1232 7 1 DIODE-ZNR 5.6V 28480 1902-1232
F1l 2119-0043 8 1 FUSE 1.5 AMP NTD 250V (Q10/120V OPTIONS) 75915 31201.5
2110-0063 2 1 FUSE .75 AMP NTD 250V (220/240V OPTIONS) 75915 312.750
2110-0564 8 1 FUSEHOLDER BODY 12A MAX FOR UL H9027 031.1657
2110-0565 9 1 FUSEHOLDER CAP 12A MAX FOR UL 28480 2110-0565
F2 2110-0001 8 FUSE 1A 250V 1.25X .25 UL 75915 312001
1400-0008 9 1 FUSEHOLDER-BLOCK 15A 250V 28480 1400-0008
Jig 9100-3121 5 1 LINE FILTER 28480 9100-3121
Ql 1854-0439 1 1 TRANSTSTOR NPN 04713 SJ2922
Sl 3101-0481 0 1 SWITCH-PUSHBUTTON 28480 3100-0481
S2 3101-2298 1 2 SWITCH-SLIDE 28480 3101-2298
S3 3101-2298 1 SWITCH-SLIDE 28480 3101-2298
T1 9100-4270 7 1 TRANSFORMER-POWER 28480 9100-2629
MISCELLANEOUS COMPONENTS
03497-04107 |7 1 PLATE-BUTCH 28480 03497-04107
7120-8607 2 1 LABEL-METRIC 28480 7120-8607
7122-0058 5 1 PLATE-SERIAL 284890 7122-0058
5040-6843 2 1 EXTRACTOR-PC BOARD 28480 5040-6843
5000-9043 5 1 PIN-EXTRACTOR 28480 5000-9043
3150-0232 2 1 FILTER-AIR 28480 3150-0232
7121-1139 3 1 LABEL-3497A COMMANDS 28480 7121-1139
CONNECTORS
J1 1251-3977 0 1 CONNECTOR 2 PIN M UTILITY 27264 03-06-2023
Pl 1251-3982 7 1 CONNECTOR 2 PIN F UTILITY 27264 03-06-1023
1250-0083 1 6 CONNECTOR-RF BNC FEM SGL-HOLE-FR 50-OHM 28480 1250-0083
1510-0091 3 3 BINDING POST SGL SGL-TUR JGK RED 28480 1510-0091
(GUARD & CURRENT SOURCE)
1510-0111 8 2 BINDING POST SGL SGL~-TUR JGK RED 28480 1510-0111
(VM INPUT)
8120-3057 7 1 28480 8120-3057
CABLES
J1l2 8120-3280 8 1 CABLE ASSY-HPIB 28480 8120-3280
Wl 03497-61602 |7 1 CABLE (VM INPUT) 28480 03497-61602
8120-3995 2 1 CABLE, BATTERY 28480 8120-3995
NOTE

MOST OF THE ABOVE COMPONENTS ARE ILLUS-
TRATED IN FIGURES 6-1 TO 6-1&4.
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SECTION Vvii
THEORY OF OPERATION

7-1. INTRODUCTION

7-8. The mainframe consists of two major sections,

7-2. This section of the manual has the theory of opera-
tion for the 3497A mainframes (both HP-IB and Serial
1/0), front panel; and voltmeter option. If the standard
front panel or voltmeter option are deleted, ignore the
explanation-for that circuitry. The theory of -operation
is separated as follows:

3497A Description - paragraph 7-3

Mainframe Block Diagram Theory of Operation -
paragraph 7-6

Outguard Controller Circuitry Description - paragraph
7-11

HP-IB Circuitry Description - paragraph 7-53

Serial I/0 Circuitry Description - paragraph 7-55
Timer/Pacer Circuitry Description - paragraph 7-57
Front Panel Circuitry Description - paragraph 7-82
Crossguard Logic Circuitry Description - paragraph 7-99
Inguard Logic Circuitry Description - paragraph 7-110
Voltmeter Block Diagram Theory of Operation -
paragraph 7-126 '

DC Voltmeter Circuitry Description - paragraph 7-135
DC Current Source Circuitry Description - paragraph
7-209

Power Supplies - paragraph 7-221

7-3. 3497A DESCRIPTION

7-4. The 3497A consists of a mainframe and a variety
of plug-in options. The mainframe is used to control in-
strument operation, including the plug-in options. The
front panel is part of the mainframe, but the plug-in op-
tions are not. The plug-in options do, however, need the
mainframe to operate.

7-5. Two different types of mainframes are available for
the 3497A. One mainframe (the standard mainframe)
may be remotely programmed and controlled by an
HP-IB compatible computer or controller. The other
mainframe may be remotely programmed and controlled
over the Serial I/0 Bus (RS-232C or RS-449/423),
Remote control is the only difference between the two
mainframes; other circuitry in the mainframes is the same
(e.g., Inguard Logic Circuitry, etc.). Both mainframes
can be locally programmed using the standard front
panel. Local programming is not available, if the stan-
dard front panel is deleted (Option 260).

7-6. MAINFRAME BLOCK DIAGRAM THEORY OF OPERATION
7-7. Refer to Figure 7-1 for the following explanation of

the mainframe block diagram theory of operation (both
Serial I/0 and HP-IB mainframes).

Otutgiard and Inguard. The Qutguard Seéction controls
the operation of the instrument and the digital plug-in
options. It also has the circuitry to interface with the
HP-IB or Serial 170, and the front panel. Since the
Outguard Section controls the whole instrument, it also

controls the Inguard Section. Communication between

the inguard and outguard sections is over the Crossguard
Logic Circuitry. The Inguard Section controls the opera-
tion of the analog plug-in options and the voltmeter
option.

7-9. The Outguard Section consists of an outguard con-
troller, timer/pacer circuitry, front panel, HP-IB or Serial
I/0 circuitry, and other associated circuitry. The
outguard controller board has the main circuitry which
controls the operation of the instrument. The front panel
is used to display readings and to transfer information
from the keyboard circuitry to the outguard controller.
The HP-IB or Serial 1/0 circuitry transfers information
between the outguard controller and the HP-IB or Serial
1/0, respectively. The timer/pacer circuitry is used to run
the instrument’s real time clock and output Timer Out-
put and Timer Interval pulses (at the rear panel TIMER
output port).

7-10. The Inguard Section consists of an inguard con-
troller, A/D logic, and (if Option 001 is installed) the
voltmeter circuitry. The inguard controller is the main
circuitry in the inguard section and it controls the opera-
tion of the inguard circuitry, including the voltmeter op-
tion and the analog plug-in options. The A/D logic is used
to control the A/D (analog-to-digital) operation of the
voltmeter option and is only used if the option is installed.
It is, however, part of the inguard circuitry whether the
voltmeter option is installed or not.

7-11. OUTGUARD CONTROLLER CIRCUITRY DESCRIPTION

7-12. For the following explanation of the standard
(HP-1B) mainframe, refer to Figure 8-E-3 (Outguard and
HP-IB Controller Block Diagram) and Schematic Al
(Outguard Controller and HP-IB Controller). For the ex-
planation on the Serial I/0 mainframe, refer to Figure
8-E-5 (Outguard and Serial I/0 Controller Block
Diagram) and Schematic A2 (Outguard and Serial 1/0
Controller). All figures and schematics are located in Ser-
vice Group E.

7-13. The main part of the outguard section, the
outguard controller, consists mostly of the outguard pro-
cessor (Ul1), a RAM , and various ROMs. The outguard
processor in conjunction with the ROMs and the RAM
control the digital communication between the front panel
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Figure 7-1. Block Diagram of the 3497A Mainframe

(both keyboard and display), HP-IB or Serial I/0O cir-
cuitry, and Inguard Section. In addition, the processor
also controls the timer/pacer circuitry, 3498A Extender
(digital functions only), rear panel ports, and digital plug-
in options.

7-14. Outguard Processor

7-15. The outguard processor (U11) communicates with
the ROMs (U12, U16, U20, and U24) and the RAM (U30)
using a 16 bit address bus (A0 through A1S5) and an 8
bit data bus (DO through D7). Communications with the
other circuits (e.g., front panel, HP-IB, etc.) is over part
of the address bus and all of the data bus. Communica-
tion using the data bus is through a bi-directional buffer
(U34). The data lines become the buffered data lines (BDO
through BD?7) after going through the buffer. The direc-
tion of the buffer is controlled by address line A15 and
R/W latch U19A. The necessary clock and reset signals

7-2

for the processor are generated by U10 (see paragraph
7-19 through 7-26). The processor pin assignments and
corresponding functions are given in Table 7-1.

7-16. ROMs (U12, 16, 20, and 24) and RAM (U30)

7-17. ROM U12 is an optional 32K ROM and is only in-
stalled if the counter option (Option 060) is installed in
the instrument. If the counter option is not installed, U12
is an empty socket. ROMs U16 and U24 are both 64K
ROMSs and ROM U20is a 132K ROM and all ROMs con-
tain the system firmware, including the signature analysis
(SA) routines. A ROM is selected by ROM select decoder
U15A in conjunction with U22B. The decoder is enabled
when address line A15 is high. A particular ROM is
selected by address lines A13 and A14. These address lines
are also used to select peripheral decoders U31 through
U33, when address line A15 is low. In addition to ROMs
Ul16, U20, and U24, there is an additional space for
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Theory of Operation

Table 7-1. Microprocessor Pin Assignments

Signal Pin Signal Pin
Designation | Number Type Function Dasignstion Number |  Type Function
VSS 1 Input | Circuit GND. AO-A15 9-20 | Output | Address Bus.
22-25
HALT 2 Input | This line is tied to + 5V through a )
10k @ pull up resistor. This high VSS 21 Input | Circuit GND.
state causes the uP to fetch and .
execute—instructions—without—|—pO-p7——|}-26-33~|—Input/—{-Data-Bus: i
ever entering a wait (or halt) Output
state. If this line was allowed to
go low, the uP would enter a R/W 34 Output | Read/Write ' Line. When high,
wait state after executing the in- the -uP will. input .data (read);
struction being currently pro- when low, the uP will output
cessed. data (write).
o1 1T 3 Input |'Phase 1 clock from the U10 STANDBY 35 | input | Not used.
clock generator.
DBE 36 Input | Data Bus Enable. When high,
IRQ 4 Input | Interrupt Request. When this this will enable the data bus out-
’ line goes low, the uP will com- put drivers. The data bus output
plete the instruction it is ex- drivers are disabled internally
ecuting and begin an interrupt when the uP goes to the read
sequence (assuming it's inter- state.
rupt mask bit is not set in its con-
‘| dition code register). 02 37 Input | Phase 2 clock from U10 clock
generator.
VMA 5 QOutput | Valid Memory Address. The uP
drives this line high to indicate XTAL 38 Input | Crystal Input. Not used.
that a valid address is present on
the address bus. TSC 39 Input | Three State Control. When
high, the uP tri-states the ad-
NMI 6 Input | Non-Maskable Interrupt. This dress and data buses. This
line is tied to + 5V through a 10k reteases the buses to be used by
Q pull up resistor. If this line was other devices. However, TSC
permitted to go low, which it must not be held high longer
isn’t, it would cause a non- than 4.5 uS or the uP will clear
maskable interrupt sequence to its internal memory.
be generated. >
. RESET 40 tnput | This line resets the uP. The U10
BA 7 Output | Bus Available. Not used. clock generator activates this
line in conjunction with 01 and
vCC 8 Input | +5V. 02 to properly initialize the uP.

another ROM (U9). This space is for possible future
applications.

7-18. RAM U30 is a 1IKx8 RAM that is enabled when
pin 15 of decoder U31 goes low. When enabled, the RAM
can be written to when pin 8 of U18 is low and can be
read from when this pin is high. The jumper wire used
to tie the most significant bit of the RAM address high
is there for future expansion to a 2Kx8 RAM.

7-19. Power-On anﬁ Low Powef Reset

7-20. The processor needs to be reset to a defined state
after power-on occurs. The reset occurs when its RST line
(reset at U11 pin 40) changes from a low to a high state.
This is developed by the clock generator, U10, when its
pin 12 input (RESET) changes from low to high. The low
to high input at pin 12 of U10 is developed by US1.

7-21. After the 3497A is turned on, it takes a little time
for the instrument’s power supplies to come up to the
correct values. During this time, the RESET input at pin
12 of U10 (i.e., output at U51 pin 9) is low. This makes
the output at pin 14 of U10 also low and prevents the
processor from turning on. When the power supplies
come up to the correct value, the clock signals for the
processor (at pins 1 and 2 of U10) are then generated and

output by U10. At the time when the power supplies are
up, pin 9 of US1 (RESET input at pin 12 of U10) also
goes high. This in turn sets the output at pin 14 of U10
high after at least eight clock cycles have been generated
by U10. This is determined by U10. When pin 14 of U10
goes high, the processor’s RST line goes high and the pro-
cessor is set to its turn-on state.

7-22. During a low power or brown out condition, C24
discharges through US1. After it has discharged suffi-
ciently, the reset signal to the processor is activated. This
keeps the processor in a known state and prevents it from
performing illegal operations or entering into illegal
states.

7-23. Clock Circuitry

7-24, The outguard processor requires two clock signals
which are generated by clock generator U10. The signals,
called ¢1 and ¢2, are 180 degrees out of phase and are
at a frequency of 1.5MHz.

7-25. A 3MHz signal, output at pin 5§ of U10, is also
developed by the clock generator U10 and crystal Y1. This
clocks the clock stretcher Ul4. The D input at pin 2 of
Ul4is 1.5MHz and comes from the B¢2 output of U10.
The B¢2 output makes the duty time of the Q output of

7-3



Theory of Operation

U14 greater than the D input. The output is then routed
to the DBE input of the processor to enable the data bus
drivers (see DBE explanation in Table 7-1). The clock
stretcher waveforms are shown in Figure 7-2.

34797A-7-2
Figure 7-2. Clock Stretcher Waveforms

7-26. The output at pin 6 of U14 is delayed by U13C and
U13D for approximately 20nS. This output is then used
to clock the R/W latch (U19A) and Extender Buffer
Enabile flip-flop (U19B). The signal is also ANDed with
VMA from the processor to clear the Valid Memory Ad-
dress latch (U14). The 20nS delay gives the data inputs
to U19A and U19B time to settle before U19 is clocked.

7-27. Status Read Cirduitry

7-28. The Status Read buffer is U41. It is used to buffer
the various status signals to be read by the
microprocessor. The buffer, when enabled by peripheral
decoder U33 (pin 14 of U33), is read by the processor
via bi-directional buffer U34.

7-29. Different circuitry, like the timer circuitry and
digital plug-in options, can interrupt the processor. The
interrupts are generated via AND gate U23A. If any in-
put to U23A is low, the gate generates an interrupt. When
the processor detects an interrupt, it reads the Status Read
buffer to determine what is interrupting and responds,
accordingly.

7-30. Latches U25A and U25B are for external increment
and external voltmeter trigger input pulses, respectively.
These latches, when set, notify the processor of their
respective functions when a status read is performed on
buffer U41. The processor clears these latches with signals
generated by peripheral decoders U31 and U32. Refer to
paragraph 7-51 and 7-48 for more information on the ex-
ternal increment and external voltmeter trigger opera-
tions, respectively.

7-31. Interfacing to the 3498A Extender

7-32. The 3498A Extender is interfaced to the outguard
controller over tri-state bus transceiver U4. The
transceiver is enabled when the U19B Extender Buffer
Enable flip-flop is cleared. The flip-flop is cleared by the
Extender Read/Write signals that are generated by
peripheral decoder U31. The direction of U4 is deter-
mined by the R/W latch U19A. When U19A is cleared,
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data is output to the 3498A and when U19A is set, data
is input from the 3498A to the outguard processor. The
data lines going to the 3498A, after going through the
bus transceiver U4, are called EDO through ED7 instead
of DO through D7.

7-33. Resistor pack RP2, consisting of pull-up and pull-
down resistors, permits the Extender Data Bus to float
to about 3.4V, regardless of the number of Digital Ex-
tenders connected. This reduces crosstalk between com-
monly bused instruments and creates a better bus
transmission environment.

7-34. The address bus to the 3498A Extender is transfer-
red through buffers U3A, U3B, and US. The address lines
going to the Extender, after going through buffer U3 and
US, then change from AOQ through A7 to EAOQ through
EA7. The different address bits of the bus are defined
as follows:

a. Bits EAO, EAl, and EA2 are used for register select
on the digital plug-in options (refer to the option
manual for a detailed description).

b. Bits EA3, EA4, EAS, and EA6 are used to decode
one of the ten selectable slots of the 3498A Extender
card cage.

¢. Bits EA7, EAS8, and EA9 determine the 3498A Ex-
tender box address. Note that Address O cannot be us-
ed for an extender because-it is always reserved for the
3497A.

7-35. The digital extender interrupt signal is not
generated by the 3498 A Extender but by the digital plug-
in option in the extender. The extender is only used to
transfer the interrupt signal from the plug-in to the
outguard controller. Refer to the plug-in option’s service
manual for more information on the interrupt operation.

7-36. The digital extender reset signal is asserted with a
mainframe reset. This reset will open all 16 channel ac-
tuator relays, initialize all digital option handshake lines,
and disable the interrupt capability on 16 channel digital
input cards.

7-37. A digital extender plug-in option is enabled by
peripheral decoder U31 and permits the 3498A Extender
to send information to the 3497A outguard circuitry.

7-38. A digital extender write is also enabled by a
peripheral control signal from U31 and enables the 3498A
Extender to receive information from the 3497A.

7-39. Address Bus Peripheral Control

7-40. The address bus, bits AQ through A1lS5, is used to
contro] the peripheral decoders (see next paragraph),
digital plug-in options, and the 3498A Extender. The
significance of the address bits are as follows:

a. A0, Al, and A2 select the digital plug-in options.
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b. A3, A4, and AS are decoded by U45 to determine
the slot select enable for the 3497A card cage. This
enable allows the plug-in option within the addressed
slot to begin operating. The only valid slots for the
3497A are from O to 4.

c. A6, A7, A8, and A9 are not coded for use by the
mainframe outguard control. However, in the 3498A
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clock pulse (U32 pin 15). This latches a low into U21 and
prohibits other channels from closing. Then, when that
channel opens, the inguard controller sends another
message to the outguard processor but, at this time, with
D7 set to 1. The outguard processor then generates
another BBM clock pulse via U32 pin 15 causing a 1 to
be latched by U21. This enables the next channel to be
closed.

slot select. A7, A8, and A9 are used for the 3498A Ex-
tender box address. The 3497A has an address of 0.

d. A10, All, and A12 are coded for peripheral select
(see next paragraph).

e. Al3 and A14 are ROM select signals when AlS5 is
high and peripheral address signals when A1S5 is low.
The ROM select decoder (U15A) is enabled when A15
is high and the peripheral address decoder (U15B) is
selected when A1S5 is low.

7-41. Peripheral Decoding

7-42. The peripheral decoders are used to control the
3497A’s front panel, timer/pacer, rear panel BNC ports,
digital plug-in options, etc. The decoders consist of U31,
U32, and U33. When address decoder U15B is enabled
(address line A15 is low), U15B decodes address A13 and
A14 to select one of the peripheral decoders. In addition,
the Valid Memory Address latch output (U14 pin 9) is
also used in selecting one of the peripheral decoders. Once
a decoder is selected, buffered address lines BA10, BA11,
and BA12 (see next paragraph) are decoded by the
decoders to generate the necessary output pulses (500nS
wide) to control the 3497A’s peripheral circuitry (front
panel, timer/pacer, etc.).

7-43. Address lines A0 through A2 and A10 through
A12, before going to the peripheral decoders and other
parts of the 3497A, go through buffer U29. These lines
then become buffered address lines BAO through BA2
and BA10 through BA12.

7-44. Break Before Make (BBM) Sync QOutput Signal

7-45. The Break Before Make Sync Signal, output at the
3497A’s rear panel “BBM SYNC”’ connector, shows that
a channel closure has occurred within the 3497A/3498A
system. Typically, BBM is used for HP-IB applications
where multiple 3497As are used in a system. When used
in this fashion, all the BBM outputs of the 3497A’s in
the system are wired ANDed. If any one BBM signal goes
low, it will be noted by the other 3497As that a channel
closure has occurred. Further channel closure will not be
allowed until BBM goes high again.

7-46. The BBM signal is sent out by U21 and U18A.
While a channel is opening, the inguard controller sends
a message to the outguard processor over the data bus
with D7 on the bus set to 0. The outguard processor
responds immediately by generating a peripheral BBM

7-47. Input and Output Ports

7-48. External Trigger. This port is an input port and is
only operational if the voltmeter option (Option 001) is
installed in the 3497A. The voltmeter option has to be
set to the External Trigger mode to externally trigger it.

7-49. When a negative going trigger pulse is applied to
the EXT TRIG input port, it gets inverted by U13A. The
output of U13A then clocks flip-flop U25B which makes
its Q output go high. This high is fed to the Read Status
Buffer (U41 pin 16) and when the buffer is enabled, the
outguard processor reads the buffer and determines that

. a trigger was initiated. The processor then takes the ap-

propriate action. After this action is taken, flip-flop U25B
is cleared by the processor using peripheral decoder U31

(pin 7).

7-50. Only negative pulses applied to the input port will
cause a trigger since the port is tied to + 5V through R2.
Resistor R17, and diodes CR11 and CR13 are used for
input protection.

7-51. External Increment. This input port is used to in-
crement the 20 Channel Relay Board (Option 010 and/or
Option 020) to the next channel. The operation is similar
to the external trigger operation (see paragraph 7-48 and
7-49) in that a negative pulse is applied to the EXT INCR
port, then inverted by U13B which clocks U25A. The Q
output of U25A is applied to pin 18 of U4l which
transfers the information to the processor upon being
read. Flip-flop U25A is cleared by the processor using
decoder U32 (pin 11).

7-52. Channel Closed and Voltmeter Complete. These
are output ports and output a pulse at the CHANNEL
CLOSED and the VM COMPLETE ports after a chan-
nel is closed on the Channel Relay Board or the voltmeter
option has completed a measurement cycle, respective-
ly. The output pulses (positive pulses) are generated by
peripheral decoder U32. Diodes CR3 through CR6 are
protection diodes to protect U32 in case a voltage or signal
is inadvertently applied to the output ports.

7-53. HP-1B CIRCUITRY DESCRIPTION

7-54. Allinterfacing between the outguard processor and
the HP-IB (Hewlett-Packard Interface Bus) is ac-
complished by the HP-1B controller (U8) and two bi-
directional bus drivers (U1 and U7). The HP-IB controller
changes the data sent and received by the outguard con-
troller to the necessary HP-1B information (e.g., Listen,
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Talk, etc.). The bus drivers transfer the information be-
tween the HP-IB and the HP-IB controller. Other
HP-IB circuitry includes the Address Switch and a buf-
fer, which are used to set the 3497A’s HP-IB address.
In addition, the circuitry includes a flip-flop that is used
only for the Talk-Only mode. The HP-IB circuitry opera-
tion is as follows (refer to Figure 8-E-3 and Schematic
Al, in Service Group E, for the explanation):

a. The HP-IB controller (U8) is continuously clock-
ed by the B¢ signal at pin 7 of U10. This clock is
necessary for the controller to operate.

b. The HP-IB controller is also reset at power-on. This
is done by the same line that resets the outguard con-
troller at power-on.

c. For the HP-IB controller to send or receive data,
its CS line (Chip Select at pin 3 of UR) has to be low.
This low is generated by the outguard controller us-
ing peripheral decoder U31 (pin 14).

d. When the HP-IB controller is addressed by the
outguard controller and the R/W (Read/Write) line
of U8 is low, data is then transferred to the HP-IB
controller by the outguard controller. Depending on
the address selected, U8 interprets the data as com-
mands (ATN, SRQ, etc.) or data (DIO] or DI07). The
data is transferred over the outguard controller’s data
lines (DO through D7) and addressing is done over the
A0 through A2 address lines, which are the RO through
R2 lines of U8. The R/W line of U8 gets its low from
the R/W line of the outguard processor.

e. The HP-IB controller develops an interrupt when
it needs to send data to the outguard controller. The
interrupt occurs when the INT line of U8 (pin 40) goes
low. Since the line connects to AND gate U23A (pin
5), U23A interrupts the outguard processor.

f. When U8 is addressed by the outguard controller
and the R/W line is high, data is transferred to the
outguard controller from the HP-IB controller. This
data is also sent over the data lines (DO through D7)
and may be remote data from the Bus (Remote, Local,
etc.).

g. The address switch setting is determined by the
outguard controller using the HP-IB controller and
buffer U2. When U8 is addressed (and depending on
the address) the ASE line of U8 (pin 4) is set low. This
enables buffer U2. The output of the buffer is then
read by the main controller over the data lines. The
address switch setting can then be determined since the
switch is connected to the input of the buffer. The only
part of the switch not directly connected to the buffer
is the Talk-Only switch. It goes through flip-flop
U21B. This is to make sure that the Talk-Only mode
cannot be selected while the instrument is on. To select
the mode, turn the instrument off. Then set the ad-
dress switch to the correct setting. After turning the
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3497A on, the instrument is then set to the Talk-Only
mode.

h. The bi-directional bus drivers transfer data to or -
from the HP-IB depending on the position of the
Talker/Listener outputs of the HP-IB controller (T/R1
and T/R2 at U8 pins 27 and 28, respectively). When
the lines are high, data is transferred from the HP-IB
controller to the HP-IB. When the lines are low, data
is transferred from the Bus to the HP-IB controller.

7-55. SERIAL /0 CIRCUITRY DESCRIPTION

7-56. Interfacing between the outguard controller and the
Serial 1/0 is accomplished using the Universal Asyn-
chronous Receiver Transmitter U8 (UART). The
transmitter is controlled by the outguard controller and
is used to convert the incoming serial data stream into
parallel data. It also converts parallel data from the
outguard processor to serial data for transmission. The

UART also has handshake lines which are used when the

3497A is configured for modem operation. Additional
circuitry includes a buffer and configuration switch S1
(which is used to configure the 3497A to different speed
of operation, word length/parity, etc.). Another circuit
is switch S2. It is used to select the instrument for either
the RS-232C interface or the RS-449/423 interface. The
Serial 1/0 circuitry operation is as follows (refer to Figure
8-E-5 and Schematic A2, in Service Group E, for the
explanation):

a. The UART (U8) is, as is the outguard processor,
reset at power-on. This is done by NOR gate U62D
which receives its input from the same line that resets
the outguard controller at power-on.

b. For the UART to send or receive data, its CS2
(Chip Select 2 at pin 3 of U8) has to be low. This low
is generated by the outguard controller using peripheral
decoder U31 (pin 14).

¢. When the UART is addressed by the outguard con-
troller and its DISTR line is low, data is then transfer-
red to the UART by the outguard controller. The data
is transferred over the outguard controller’s data lines
(DO through D7) and addressing is done over the A0
through A2 address lines. The DISTR line gets its low
from the R/W line of the outguard processor.

d. The UART generates an interrupt when it needs to
send data to the outguard controller. The interrupt oc-
curs when the INT line of U8 (pin 30) goes low. Since
the line connects to AND gate U23A (pin 5) through
NOR gate U62D, U23A interrupts the outguard
processor.

e. When U8 is addressed by the outguard controller
and the DISTR line is high, data is transferred to the
outguard controller from the UART. This data is also
sent over the data lines (DO through D7).
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f. The UART operates at TTL levels and the Serial
I/0 operates at positive and negative voltage levels
(RS-232C voltage levels). Because of this, the voltage
levels are shifted to TTL levels by U1A through U1D
as is the data sent to the UART. Likewise, U6 and U7
change the TTL levels from the UART to the RS-232C
voltage levels for transmission over the serial bus. The
data is sent to the bus using line SDA and received
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Schematic A1 or A2). A high on the line shows that the
Outguard Section of the 3497A has power. The reset
signal is connected to the base of Q1 where it is inverted
and then connected to the P22 (pin 23) port of U4. Refer
to Table 7-2 for more information on port P22,

7-64. Buffer U12 is used to output data from the uC to
the outguard controller. The buffer is a tri-state device
enabled-by-the-outguard-controller-(READ-LIME-from-

from-the-bus-using-line-RDB-

g. The configuration switch setting is determined by
-the-outguard -controller using-buffer U2.- When the
buffer is enabled by the outguard processor, using
decoder U31 (pin 10), the output of the buffer is then
read by the main controller over the data lines. The
switch setting can then be determined since the switch
is connected to the input of the buffer.

7-57. TIMER/PACER CIRCUITRY DESCRIPTION

7-58. The Timer/Pacer Circuitry is on a small board that
plugs into the Outguard Controller Board. The circuitry
has two timing related circuits, a timer and a pacer, in
addition to a real time clock. Unless otherwise noted,
refer to Figure 8-E-7 (Timer/Pacer Block Diagram) and
Schematic A3 for the following explanation on the timer
and the pacer circuitry. Both Figure 8-E-7 and Schematic
A3 are in Service Group E.

7-59. Timer Circuitry Operation

7-60. The main part of the circuitry is U4, a microcom-
puter (uC), which is configured as a non-volatile real-time
clock. In addition, the xC also has a programmable alarm
function, programmable timer interval outputs, and con-
trol circuitry for the gating logic. The alarm can be set
at any time in the 24 hour clock. The timer interval out-
puts can be set from 1 second to 11 days. The gating logic
is used to select the timer or pacer operations.

7-61. Microcomputer (U4). The microcomputer (¢C) is
controlled by the outguard controller. This is ac-
complished using the buffered data bus (BDO through
BD7). The pin assignments of U4 and corresponding
functions are located in Table 7-2.

7-62. The commands from the outguard controller (sent
over data bus BDO through BD7) consists of input or out-
put set-up information for U4, When U4 has assumed
the proper state, the data bus is then used to transfer data.
As an example, suppose that the real time clock is to be
set. First, the outguard controller flags U4 that it wants
to talk. The uC then reads the data bus which contains
a command that the clock is being set and that the next
byte of data will be the time. A similar sequence occurs
when the alarm function and timer interval are set, or
when the time of day or elapsed time is read.

7-63. The uC needs to be initialized (i.e., reset) after
power-on occurs. This is done by the RESET line which
is also used to reset the outguard processor (Ull on

U35 pin 9 on Schematic Al or A2). Refer to paragraph
7-66 for more information on data transfer.

7-65. All power supplies for U4 are from the line
marked “BATTERY”’ on the schematic. This supply pro-
vides power from the 3497A’s ac power source, except
when power fails. If a power failure occurs, battery power
is switched in immediately and the Time of Day (TD) and
Elapsed Time (TE) functions are backed up. These are
the only functions that are backed up, all other functions
(pacer, etc.) have to be selected again.

7-66. Data Transfer to Timer. Data from the buffered
data bus is latched to U4 using octal D type latch U9.
When the output enable line of U9 (pin 1) is high, its out-
put is placed in a high impedance state. No data is being
transferred to the uC. When the output enable line is low,
the D inputs of U9 are transferred to the Q outputs with
the rising edge of the TIMCTL clock at pin 11 of U9.
The TIMCTL clock is generated by the outguard con-
troller (from U33 pin 12 on Schematic Al or A2). The
outputs are enabled by the xC and the outguard controller
provides the clock to latch the data.

7-67. Sending data to the timer circuitry is explained as
follows:

a. To send data to the timer, line SR/W (from U19A
pin 6 on Schematic Al or A2) is set high. This line
is also the D input to flip-flop U3A.

b. When U9 pin 11 (the TIMCTL line) is pulsed, data
over DO through D7 is transferred into latch U9.

¢. Since the TIMCTL line also clocks U3A, the flip-
flop sets the P23 line of U4 low. The low on line P23
is read by the microcomputer which then enables the
output of U9. The data in U9 is then latched into the
microcomputer. The microcomputer then interprets
the data and takes the appropriate action. The data
may include the commands to send data back to the
outguard processor. If this is the case, the uC will then
be enabled to send data (see paragraph 7-66).

d. After the data has been transferred, the P03 line
of U4 goes low and then high again. This clocks flip-
flop U3B into a set state and in turn causes the TIMER
PCTL line to go low.

e. A low on the TIMER PCTL line is sensed by the
outguard controller and it knows that data transfer is
complete.
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Table 7-2. Microcomputer (U4) Pin Assignments

3497A

using pins 13 and 14, the uC can
control whether the uC or the
pacer outputs the timer interval
signal. If pin 13 is low, the inter-
val signal is output by the pacer;
if pin 13 is high, the uC outputs
the interval signal on pin 14;

Signal Pin Signal Pin

Designation | Number | Type Function Designation | Number|  Type Function

1 Not used pin 15 - this line is used by the
uC to clock U3B;

XTAL2 2 Input | Crystal input for the internal
oscillator. pin 16 - this line is the Timer In-

terrupt Output Signal. It is active

XTAL2 3 Input | Crystal input for the internal whenever a time match is made
oscillator. from a Timer Alarm Function, or

a Timer Interval signal from a

RESET 4 Input | When low, this will initialize the “T1” command occurs. It is used

uC. to generate an interrupt to the
Outguard uP when the mask is

SS 5 Single Step. Not used. This line properly set.
is made inactive by being tied to
+58V through a 1k Ohm puliup | GND 20 Input | Circuit GND.
resistor.

P20 21 Input | A jumper wire ties this line to

INT 6 Interrupt. Not used. This line is " ground and formats the date as
made inactive by being tied to dd:mm:yy. If the jumper is
+5V through a 1k Q pullup removed, the date format will be
resistor. mm:dd:yy.

EA 7 External Access. Not used. Tied | P21 22 Not used.
to ground.

P22 23 Input | The timer uC is battery powered.

RD 8 Read Strobe. Not used. This line monitors the power of

the Outguard uP and, if it is lost,

PSEN 9 Not used. it permits the timer uC to go into

a mode which conserves battery

WR 10 Write Strobe. Not used power.

ALE 11 Output | Address Latch Enable. This | P23 24 Input | This is a read/write line from the
signal, afthough not used by ex- Outguard uP. When low, the
ternal circuitry, is activated with timer uC is being directed to
each cycle. This makes it useful send data via the U9 buffer;
to check the internal clock of the when high the timer uC is being
uC. directed to receive data.

POO-PO7 12-19 | Input/ | Bi-directional Data Bus. Only | PROG 25 Not used.

Output | pins 12 thru 16 are connected.
Pins 17, 18 and 19 are not used. | VDD 26 Input | +5V.
These lines are used as output
control lines as follows: P10-P17 27-34| Input/ | Bi-directional Port which con-
Output| nects to the data bus that goes
pin 12 - used to enable U9 when to the Outguard uP.
the Outguard uP notifies it has
data to send; P24-P27 35-38 | Not used.
pin 13 - used in conjunction with | T1 39 Input | This input is monitored to sense
pin 14 to specify whether the a change in the Q output of U3B.
pacer or the uC will be output- This change will occur only
ting the timer interval signal; when the Outguard uP wants a
data exchange and issues a
pin 14 - the pacer can only TIMCTL signal. When this signal
generate a timer interval from is detected, the R/W line {pin 24)
100 uS to approximately 1 S (in is sampled to see if the operation
100 uS steps). The uC can will be a read or a write.
generate a timer interval from 1
S to 11 days (in 1 S steps). By | VCC 40 Input [ +5V.
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7-68. Data sent from the timer occurs as follows:

a. Buffer Ul2 is enabled by the outguard controller
by setting the READ TIME line low.

b. Since U4 previously received the commands to
transfer data to the outguard controller (see previous
paragraph), the microcomputer sets its P0OO line high

Theory of Operation

and then outputs the new frequency (Q4 outputs at pin
1). The first counter (U10) input is at 10KHz which gets
divided down to 1KHz. Since the counters are configured
for a ripple count, the Q4 outputs of U13 and U7 are
100Hz and 10Hz, respectively. The output of U6 is not
connected.

7-75. The 10KHz clock input to the first counter (U10)

—— ~todisable U9 Data’is thentransferred tothe data’bus ™ — ~~is generated by BCD cournter U2 Thé ifput to U27is at™ -

using buffer Ul2.

c. At the same time, line P03 is pulsed and sets flip-
flop U3B. This in turn sets the TIMER PCTL line low.

d. A low on the TIMER PCTL line is sensed by the
outguard controller and it knows that data is ready.

7-69. Timer Alarm. The timer alarm enable information
and set-up information going to U4 comes from the
outguard controller over the data lines (see paragraph
7-66). Once U4 is set up and the selected alarm time is
reached, the TIMER INTERRUPT line (U4 pin 16) goes
low. This line will then interrupt the outguard processor
(using AND gate U23A; see Schematics Al or A2). The
outguard processor will then take the appropriate action.
The timer alarm is only enabled if the timer alarm bit
in the Service Request Mask (SRQ) is set.

7-70. Timer Interval. The timer interval pulses are
generated by U4 and output at its PO2 line (pin 14). The
information for the time period of the pulses and if the
pulses are to be output, comes from the outguard con-
troller using the data bus. When this information is re-
ceived, the P01 (U4 pin 13) line of the uC goes high. This
high sets-up the gating logic in such a way (see paragraph
7-80), that the timer interval pulses will be output over
the TIMER line, instead of the timer output pulses.

7-71. Pacer Circuitry Operation

7-72. The pacer circuitry is used to generate the timer out-
put pulses, which have a time range from 100xS to
999mS. The pacer circuitry consists of four BCD counters
(U6, U7, U10, and U13) and two data latches (U8 and
U11). The circuitry receives its program information from
the outguard controller.

7-73. Data latches U8 and Ul1 are type D latches and
transfer BCD data from the outguard controller to the
counters. This data is then used to program the counters.
Latch Ul1l and U8 transfer data when they are clocked
by the LO PACER INT and HI PACER INT lines. The
signal on these lines is also generated by the outguard con-
troller using peripheral decoder U32 (see Schematics Al
or A2). The operation of the counters is explained in the
following paragraphs.

7-74. The counters are programmable divide-by-N
counters. Each counter has internal circuitry that divides
the input clock frequency (CLK inputs at pin 6) by 10

1.5MHz (the BB¢2 clock from U13F; see Schematics Al
or A2) and, since U2 is configured to divide by 150, the
output frequency is divided down to 10KHz.

7-76. The CF (cascade feedback) input of each program-
mable counter will, if held low, disable the counter 0 out-
put. When CF is high, the 0 output will be at a frequency
which is equal to the input clock divided by the decimal
equivalent of the BCD input. The PE (preset enable) line,
when pulsed, loads the BCD inputs, which determines
what the 0 output frequency will be.

7-77. An example on how the pacer circuitry operates
follows this paragraph. In the example, each counter is
loaded in with a BCD number of 0101 (decimal 5). As
you go through the example, keep in mind that the Q4
and 0 outputs of the counters are independent from each
other. The Q4 outputs are at a frequency 1/10 of the in-
put clock and that the 0 outputs are the decimal
equivalent of the loaded in BCD number. Also, the 0 out-
put is enabled when CF input to the counter is high and
disabled when low. The example is as follows:

a. A BCD number of 0101 (decimal 5) is loaded into
each counter by latches U8 and Ul1.

b. Counter U6 is being clocked at 10Hz by U7 and -
its CF line is held high. This enables its 0 output con-
tinuously. However, until U6 reaches a terminal count,
its O output will be low. Since the 0 output of U6 is
connected to the CF input of U7, a low causes the 0
output of U7 to be disabled.

c¢. When U6 starts to count, its 0 output pulses high
after .5 seconds. This is because U6 is clocked at 10Hz
and the BCD number loaded in is 0101 or 5 (10Hz
divided by 5 = 2 or .5 seconds).

d. When the 0 output of U6 goes high, counter U7
is enabled and starts counting via its CF input. The
0 output of U7 goes high after .05 seconds (100Hz
divided by 5 = 20Hz or .05 seconds).

€. When the 0 output of U7 goes high, counter U13
is enabled and starts counting via its CF input. The
0 output of U13 goes high after .005 seconds (1IKHz
divided by 5 = 200Hz or .005 seconds).

f. Counter U10 finally starts counting and reaches its

terminal count of .0005 seconds (10KHz divided by
5 = 2KHz or .0005 seconds).

7-9



Theory of Operation

g. When U10 reaches its terminal state, its 0 output
line sets the gating logic (U1A and U1B) to output the
timer output pulse. In this example, the cumulative
time of all counters to reach their terminal counts are
.5555 seconds (.5 + .05 + .005 + .0005 seconds). This
makes the output pulse time .5555 seconds.

h. At this time, when the 0 output of U10 goes high,
the PE line of all counters go high. This is because the
output of U10 is connected to all the PE lines of the
counter.

i. The next BCD numbers are then loaded into the
counters and the cycle repeats.

7-78. In the previous example, a time of .5555 seconds
was used. If the time is to be increased, then the BCD
numbers loaded into the counters must be larger. If the
time is to be decreased, the numbers need to be smaller.
The larger the BCD number, the longer it will take to
reach the terminal count. The same number does not have
to be sent to each counter.

7-79. When a code pattern is sent to U6 that has its C
and D lines (pins 2 and 14) high, the output of U1D goes
low and resets the uC (U4). The code to reset the pC will
not occur unless U4 is to be reset. The code will not af-
fect the U6 counter, since U4 will keep the pacer output
disabled using the gating logic (see next paragraph).

7-80. Gating Logic

7-81. The gating logic, consisting of UlA, U1B, U1C,
and U1D, is used to select either the time interval or timer
output pulses. (The pulses are generated by the timer and
pacer circuitry, respectively.) If the pacer pulses are to
be output, U4 will set its P01 line low and its P02 line
high. This allows the 0 output of U10 to be gated through
UI1A. If the timer pulses are to be output, U4 will hold
its PO1 line high. Gate U1A will then be disabled causing
its output (pin 3) to go high. This in turn permits P02
to be gated through U1B.

7-82. FRONT PANEL CIRCUITRY DESCRIPTION

7-83. The 3497A can be obtained with two different types
of front panels: the standard or the optional (Option 260)
front panel. The standard front panel includes the
keyboard circuitry, two display circuits, various annun-
ciators, and a beeper circuit. The optional front panel
has no internal circuitry (i.e., no keyboard, display, and
beeper), except for an on/off switch and a power
indicator.

7-84. The front panel circuitry is explained in the follow-
ing paragraphs. Since the optional front panel has very
little circuitry, no explanation is given for that panel.
Unless otherwise noted, refer to Schematic A4 (in Ser-
vice Group E) for the explanation on the standard front
panel.
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7-85. Display and Annunciator Circuitry

7-86. The display and annunciator circuitry can be
separated into the following: main display circuitry, chan-
nel display circuitry, and annunciator circuitry. All of the
display and annunciator circuitry is controlled by the
outguard controller using the buffered data bus (BDO
through BD7) and three buffered address lines (BAO
through BA3). (The address and data lines are also used
by the keyboard circuitry, see paragraph 7-95.) The
display and annunciator circuitry is continuously
scanned and updated by the outguard controller.

7-87. Data Transfer and Display Circuitry Selection. The
address bits, BAO through BA3, enable and select the
various display and annunciator circuitry. The data bits
(BDO through BD7) send display data to the circuitry to
update the displays and annunciators. The operation is
as follows:

a. The buffered address bits, BAO through BA3, are
applied to decoders U20 and U21.

b. When the decoders are enabled, the buffered ad-
dress bits are decoded and the resultant YO to Y6
decoder outputs then enable the various display and/or
annunciator circuitry. The decoders are enabled when
the DISP STRB I and DISP STRB II lines go from
high to low. These lines come from the outguard con-
troller through peripheral decoder U32 and U33,
respectively (see Schematics Al or A2).

¢. Since one output of U20 (pin 13) is connected to
the enable line of octal flip-flop U7 (which is used as
a latch), the address bits enable U7 to transfer data
on the buffered data lines to the display and annun-
ciator circuitry. This data (which is DB0 through DB7
after going through U7) is used to turn on a particular
annunciator or a particular segment on a display LED.

7-88. Main Display Circuitry. The main display circuitry
consists of a Display Driver/Multiplexer (U4) and LED
displays (DS6 through DS12). All of the displays, except
the sample light (i.e., the D.P. LED) of DS6 (see next
paragraph), are continuously scanned and updated by U4.
U4 is able to do this since all of the required circuitry
to turn on, scan, and drive the displays is internal to U4.
The Display Driver/Multiplexer reads the data bus (DB0
through DB7), when enabled, and drives the displays
directly. The displays are sequentially turned on by the
BO through B6 outputs of U4 with the appropriate
segments selected by the ‘a’’ through ‘‘g’’ and D.P. out-
puts of U4. Since the displays are configured as common
anode displays, the B0 through B6 outputs of U4 are high,
and the ‘‘a’” through “‘g”’ and D.P. outputs are low to
turn on the display segments and decimal points. The
Display Driver/Multiplexer is enabled by D flip-flop
U17B which in turn is clocked and cleared by U21.
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7-89. Dependent on the instrument function selected, the
sample light of DS6 can be either off or on, or toggling
at a specified rate. This is controlled by the outguard con-

troller using decoder U21 and monostable multivibrator .

U22A. The operation is as follows:

a. If the light is to toggle (i.e., turn off and on), U22A
is clocked by decoder U21. The 1Q output of U22A
then-goeslow for-about100mS-and turns the sample
light on for that amount of time. A low level is used
since the cathode of the sample light LED is connected
to + 5V through R4. The time of the low level is deter-

mined by R26 and C13.

b. If the light is to be turned on and remain on, U22A
is again clocked by decoder U21. The only difference
is that the multivibrator will be clocked again before
U22A changes state (i.e., before the 100mS are up).
This action continues as long as the light is to remain
on.

c. If the light is to remain off, U22A is not clocked
at all. Its 1Q output remains high and keeps the LED
off.

7-90. Channel Display Circuitry. The channel display cir-
cuitry consist of three LED displays (DS2 through DS4)
and three BCD to 7 segment decoder/drivers (U2, US,
and US8). The circuitry operation is as follows:

a. Each LED display is scanned and turned on by its
own decoder/driver. The decoder/driver for display
DS2, DS3, and DS4 are U8, US, and U2, respectively.

b. The decoder/drivers U2 and US are enabled by flip-
flop U18A and decoder/driver U8 is enabled by U18B.

¢c. When a decoder/driver is enabled, data from the
data bus (DBO through DB7) is then latched into the
decoder/driver. The data is then decoded by the
decoder/driver itself and is then used to turn on the
appropriate segment of the display. Since the cathodes
of the displays, pins 2 and 9 on the display socket, are
connected to ground, a high level (+ 5V) from the out-
puts of the decoder/driver turns the display segments
on. Decoder/drivers U2 and U8 receive display data
from data bits DBO through DB3 and US receives the
data from bits DB4 through DB7.

d. The UI8A and B flip-flops, when clocked by
decoder U20, generate the decoder/driver enable
pulses. The flip-flops are then cleared by U20.

e. The pulses from U20 (to clock U18A and B) go
through pulse stretcher circuitry Ul 5A through U15D,
before going to the flip-flop. The pulse stretcher cir-
cuitry delays the clock pulse to make sure the
decoder/drivers have enough time to update and strobe
the displays.

Theory of Operation

7-91. The decimal point of DS4 is turned on by
monostable multivibrator U22B, instead of
decoder/driver U2. The multivibrator is clocked by
decoder U20 and a positive 160mS wide pulse is then
generated at U22B’s 2Q output. As long as the pulse is
positive, diode CR23 does not conduct and the cathode
of the decimal point LED is high. This turns the LED
on. The pulse length is determined by the time constants
of "C17-and"R337Wlien the multivibrator's 2Q output
goes low, diode CR23 conducts and brings pin 10 of DS4
low. This turns the decimal point off.

7-92. Annunciator Circuitry. The annunciator circuitry
consists-of a four section D flip-flop-U1l, four-octal flip-
flops U3, U6, U9, and U12, a driver Ul1, and various
LED annunciators. Each annunciator, except the func-
tion annunciators (DCV, SEC, etc.), is turned on or off
and is driven by a corresponding flip-flop. The flip-flops
are clocked by decoder U21 (which receives its informa-
tion from the BAO through BA2 address lines). When a
flip-flop is clocked its Q outputs go high or low, depend-
ent on the state of the D inputs of the flip-flop. A low
output turns the LED on and a high output turns the LED
off. The state of the D inputs depends on the state of
the DBO through DB7 data bits.

7-93. A single output of a flip-flop can sink enough cur-
rent to turn on one annunciator LED. If more than one
LED is used by an annunciator (e.g., the ImA annun-
ciator, DS17, uses two LED:s), each additional LED needs
an additional output of the flip-flop. The required data
to turn on the additional LEDs comes from the outguard
controller. The only exception to this are the LEDs con-
trolled by flip-flop U12. Since only one line is used to
turn on two or more LEDs, driver Ull is used to sink
the necessary current to turn the LEDs on.

7-94. Display Ready Circuitry. The display and annun-
ciator circuitry, after it has received display data from
the outguard controller, remains on a certain time before
it is updated again. The Display Data Ready circuitry
makes sure that the circuitry has enough time. The opera-
tion is as follows:

a. After data is sent to the display circuitry, the
outguard controller sends a clock pulse (using décoder
U20) to monostable multivibrator U23A.

b. A positive 100mS wide pulse is then generated by
U23A and is applied to the A7 input of octal buffer
U13. The pulse width is determined by the time con-
stants of C14 and R27.

c. Since buffer U13 is continuously enabled by the
outguard controller, it will read U13 and determine
if the A7 input is high or low. The buffer is enabled
by the outguard controller using decoder U20, and
Schmitt Triggers U16B and C. (Buffer U13 is also us-
ed for the keyboard circuitry; see paragraph 7-95).
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d. When the pulse at the A7 input of U13 goes low,
the outguard controller reads this and knows that the
display is ready to be updated. The 100mS wide pulse
makes sure the display will not be updated until the
pulse goes low.

7-95. Keyboard Circuitry

7-96. The keyboard circuitry consist of octal buffer U13,
key encoder Ul4, and a keyboard (i.e., the front panel
switches). The front panel switches are connected in a 4x5
matrix which is capable of decoding a total of 20 swit-
ches. The keyboard operation is as follows:

a. One side of the keyboard matrix is connected to
the X1 through X4 lines of the encoder (U14) and the
other side of the matrix is connected to the Y1 through
YS lines of the encoder. Capacitors C7 and C8 are
there to prevent keybounce.

b. When a front panel key is pressed, the encoder
(U14) determines the key by checking the state of its
Y1 through YS and X1 through X4 lines. For exam-
ple, if the SO switch is shorted (i.e., Analog Step Key
pressed), lines X1 and Y1 are shorted to each other.

c. This is detected by U14 and the encoder then clocks
flip-flop U17A. The clock signal is output at pin 13
of Ul4 and, after it is delayed by buffer UISE, it is
applied to the flip-flop.

d. The flip-flop then sets its Q line low which inter-
rupts the outguard processor (see Schematics Al or
A2). The Q output is the keyboard interrupt line KBD
INT.

e. The outguard controller then enables buffer U13
and reads its output using the buffered data lines (BD0
through BD7). Since the output of the key encoder is
connected to the input of U13, the outguard controller
can then determine which key is pressed, by reading
the output data of U13. Each pressed key develops cer-
tain highs and lows on the output of U13. These highs
and lows are then used by the outguard controller to
determine which key is pressed. Although buffer Ul3
is normally enabled to update the display (see
paragraph 7-94), it may not be enabled at the time a
key is pressed. In this case, the interrupt on the
outguard processor will cause the processor to enable
the buffer.

f. Once the outguard controller determines which key
is pressed, it takes the appropriate action (changes
functions, triggers, etc.). At this time, flip-flop U17A
is cleared by the controller using decoder U20 and the
flip-flop is ready for another interrupt.

7-97. Beeper Circuitry

7-98. The beeper is the small speaker connected to tran-
sistor Q1. When the beeper is to be turned on, monostable
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multivibrator U23A is clocked by the outguard controller
using decoder U20. The multivibrator then generates a
positive going 63mS pulse at its Q1 output (pin 13). The
pulse width (i.e., 63mS) is determined by C14 and R27.
Since the output of U23A’is connected to one input (pin
1) gate U16A and the other input (pin 2) is high, the out-
put of Ul6A (pin 3) goes low. This turns on Q1 which
turns the beeper on. The high at pin 2 of Ul6A is
developed by the + 5V power supply using capacitor C10,
and resistors R31 and R32. With pin 3 of Ul6A low,
capacitor C10 is discharged and, after C10 is discharged
to a TTL low level, sets pin 2 of Ul6A low which sets
pin 3 of U16A high. This turns the beeper off. Normally
the 63mS pulse will also go low during this time. With
a high at pin 3, capacitor C10 is charged again. If another
high (i.e., 63mS pulse) is applied to pint 1 of U16A, pin
3 of U16A will not change state until C10 is charged up.
Capacitor C10 makes sure that the beeper will turn off,
even if the applied pulse remains high.

7-99. CROSSGUARD LOGIC CIRCUITRY DESCRIPTION

7-100. Communications between the 3497A’s Outguard
Circuitry (i.e., the outguard controller) and the Inguard
Circuitry (i.e., the inguard controller) is accomplished us-
ing the crossguard logic circuitry. The circuitry has two
major parts to it: one part sends data from the outguard
to the inguard and the other sends data from the inguard
to the outguard. The circuitry is described in the follow-
ing paragraphs. Refer to Schematic AB1 for the
explanation.

7-101. Sending Data from QOutguard to Inguard

7-102. The circuitry that transfers data from the outguard
to the inguard has a transmitter, which sends the data,
and a receiver, which receives the data. The transmitter
changes parallel data to a serial data stream and then
sends the data stream to the receiver, using isolation
transformers. The receiver reads the data from the
transformers, changes it back to parallel data, and then
transfers it to the inguard controller. The transmitter and
receiver are transformer coupled to allow the inguard and
outguard circuitry to float from each other. This is
because the outguard circuitry is referenced to the instru-
ment’s chassis and the inguard circuitry is floating. The

- transformers are located on the power supply board (Al6

Assembly).

7-103. Transmitter Circuitry. The transmitter circuitry
is part of the outguard and consists mostly of shift register
U40, counter U385, drivers U46A through U46D, and
associated circuitry. Data to be sent to the inguard comes
from the outguard as parallel data which is changed to
a serial data stream by the transmitter circuitry. The serial
data stream is comprised of nine bits. The first bit, call-
ed the start bit, is always high. It tells the inguard pro-
cessor (when it receives the data) that a data byte is
available from the outguard controller. The other eight
bits in the data byte are the data bits and can be high
or low. An example of the data byte is in Figure 7-3. The
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transmitter operation is as follows:

a. The data bits are received, over the buffered data
bus (BDO through BD7,) by the crossguard circuitry.
This data is applied to shift register U40 which then
changes the data from parallel to serial data.

b. The serial data bits are then clocked through flip-
flop-U42A-to-the-U46-drivers.-The-drivers-are-used
to drive isolation transformers T1/T3. The clock signal
comes from B¢2, after going through flip-flops U43A
and U37A. The flip-flops are used to slow the transfer
speed by dividing the B¢ clock down by 2 (750KHz).

c. The data transfer is started when the SR/W line and
the IG XFR line (from the outguard controller) goes
high. This enables U40 and U46 (after going through
flip-flop U37A and NOR gate U36A).

d. During time when data is transferred, counter U35
is clocked each time a bit is transferred from the drivers
to the transformers. The counter increments by one
until it reaches nine (eight data bits plus the start bit).
It then resets the transmitter circuitry (i.e., U40, U42A,
U42B, and U37A), using gates U26C, U26D, and
U36B. The circuitry is now ready for more data.

7-104. Receiver. The receiver is part of the inguard and
consists primarily of transistor array U116, shift register

Theory of Operation

U114, and associated circuitry. The receiver receives serial
data from the isolation transformers and changes it back
to parallel data. This data is then transferred to the in-
guard controller. The inguard controller takes the data
and sends it back to the outguard controller over the
crossguard logic. This lets the outguard controller know
that the correct data was received by the inguard con-
troller (i.e., inguard processor). The inguard controller
then-takes-the-appropriate.action.(dependent.on.the.data.
received). The operation is as follows:

a.- The nine data bits are applied to transistor array
U116 from isolation transformers T1/T3. The array
serves two functions, it develops a clock signal using
the data bits and also sends the data bits to shift
register U114. The clock signal is used to clock the shift
register.

b. Each time the shift register is clocked, a bit is
shifted into Ul114. When the 7th bit is shifted in, the
QG output of Ull4 (pin 12) will go high. This is
because the 7th bit shifted in at this time is the start
bit, which is always high. When flip-flop U113A is
clocked (by the clock signal generated by U116), its
Q line goes low. This low interrupts the inguard
Processor.

¢. During the time when the processor interrupt is
generated, the last bits (8th and 9th bits) are shifted
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in. When the 9th bit is shifted in, the first bit (start
bit) is shifted out. This leaves the eight bits following
the first bit in the register. These bits are the data bits
and are applied to buffer Ul12.

d. When the inguard processor is interrupted, it knows
that data is ready to be read. The processor then sets
its READ line low which enables buffer Ul112. The
buffer then outputs the data from the shift register to
the processor, using the inguard data bus (DBO
through DB7). A low READ line also clears flip-flop
U113A and buffer Ul12. The line is also used to clock
flip-flop U113B which then clears Ul14. Flip-flop
U113B is then cleared by the inguard’s ALE clock (Ad-
dress Latch Enable from inguard processor) using
NOR gat U110B.

e. When the data is received by the inguard processor,
the processor then sends the same data back to the
outguard controller. This lets the outguard controller
know that the correct data was received. The data is
also sent using a transmitter and receiver (see
paragraph 7-106).

7-105. Another circuit, NOR Gates U110A and U110C,
is used to reset the inguard processor after power-on oc-
curs. After power-on occurs, the outguard processor is
set to its turn-on state. The processor then sets all bits
on the serial stream, sent to the inguard processor, high.
After all the eight data bits are shifted into U114, all of
its QA through QH outputs are then high. This makes
the output of NAND gate U111 go low. A low then sets
the output of U110A high which sets the output of U110C
low. Since the output of U110C is the inguard processor’s
reset line, the processor is then reset to its turn-on state.

7-106. Sending Data from Inguard to Outguard

7-107. The circuitry and operation is similar to the cir-
cuitry and operation used to send data from the outguard
to the inguard. The data sent is also comprised of nine
bits with the first bit, which is also called the start bit,
always high (see Figure 7-3). The circuitry also has a
transmitter and receiver with the transmitter part of the
inguard and the receiver part of the outguard. The
transmitter consists of shift register U115, flip-flop U119,
counter U117, and associated circuitry. The receiver is
part of the outguard and consists of transistor array U49,
shift register U50, buffer U44, flip-flops U37B and U43A,
and associated circuitry. The operation is explained in the
following paragraphs.

7-108. Transmitter. Parallel data is sent over the inguard
data lines to shift register Ul115. When U115 is enabled
by a low on the WRT line (from the inguard processor)
and clocked by the ALE clock, the data bits are shifted
in and converted to a serial bit stream by U115. This is
output to drivers U120A through U120D using flip-flop
U119A. The data is then output to isolation transformers
T4/T2, when the drivers are enabled by NAND gates
Ul19C and U118D. While data is shifted into Ul15,
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counter U117 increments at each ALD count. After nine
bits are shifted into U115, counter U117 QA and AD out-
puts go low. This brings the output of NOR gate high
which clears flip-flop U119B. The flip-flop in turn
disables drivers U120A through U120D using gates
U118C and U118B. No more data is output until the in-
guard processor is ready to send new data (i.e., set the
WRT line low).

7-109. Receiver. The serial stream is applied from T4/T2
to transistor array U49 and shift register US0. A clock
signal is then generated from the data stream by U49.
This clock signal is used to clock U50 and flip-flop U37A.
When US0 is clocked, the data bits are shifted into the
shift register. When the 8th bit is shifted in, the QH out-
put of U50 goes high. This is since at this time, the first
data bit (i.e., the start bit) shifted in is always high. Flip-
flop U37B changes state and its Q output goes high. This
is the BYTE AVAILABLE line to the outguard controller
which lets the controller know that data is ready. The con-
troller then sets the SR/W line low and the 1G XFR high
line. This in turn enables buffer U44 and parallel data
is sent to the controller using the buffered data lines.
Then, U50 is cleared by the DBE (Data Bus Enable) line
using gate U36D and flip-flop U43A.

7-110. INGUARD LOGIC CIRCUITRY DESCRIPTION

7-111. Theinguard logic circuitry consists of two major
sections: the inguard controller and the A/D logic. The
inguard controller is used to control the operation of the
inguard circuitry, which includes the analog plug-in op-
tions and the A/D logic. The A/D logic, in conjunction
with the inguard controller, controls the operation of the
voltmeter option (if the option is installed). Since the A/D
logic is only used by the voltmeter option, the circuitry
explanation is included with the voltmeter option explana-
tion (see paragraph 7-186). Unless otherwise noted, refer
to Figure 8-E-11 (Inguard Controller Block Diagram) and
Schematic B1 for the explanation on the inguard con-
troller circuitry. Both the figure and the schematic are
in Service Group E.

7-112. The main part of the inguard controller circuitry
and the inguard logic is the inguard microprocessor U204.
Other inguard logic circuitry is used to select the different
channels (i.e., relays) on the analog plug-in options. This
circuitry is controlled by the processor. The inguard con-
troller (or processor) circuitry is explained in the follow-
ing paragraphs.

7-113. Inguard Processor

7-114. The following explains the inguard processor
circuitry.

a. The inguard processor (U204) has internal to it, in
addition to the processor circuitry itself, a IKx8 ROM
and a 64x8 RAM. The ROM, in conjunction with the
internal processor circuitry, controls the inguard cir-
cuitry operation. The RAM is used to store data re-
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ceived from the outguard and also readings taken by
the voltmeter option.

b. In addition to the ROM and RAM, the processor
also has an onboard oscillator and clock, and an 8-bit
timer/counter. The frequency and stability of the clock
is determined by crystal Y1. The oscillator and clock
output, called ALE (Address Latch Enable), is used

Theory of Operation

¢. When the + 5V power supply goes above +3.3V,
the voltage at pin 3 of U214 goes above +.6V. The
output of the comparator then changes state and
charges up the capacitor connected to the comparator’s
high output. When the capacitor is charged, the
RESET line goes high and the processor is enabled.

7-116. Analog Plug-In Option Control

as-the-main-inguard-circuitry-clock—The-counter-in
conjunction with the ALE clock is used with the
voltmeter option’s A/D (Analog to Digital) operation.

The time-period of the ALE clock is 2:564uS-if the-

5.85MHz crystal (Y1) is installed (for 60Hz operation)
and 3.077,S if the 4.875MHz crystal is installed (for
50Hz operation).

c. Other parts of U204 are the ports (P10 through P17
and P20 through P27), lines TO and T1, and the PROG
line. The ports and lines are used to control the in-
guard circuitry (e.g., port extender U205 and the A/D
logic). Ports P17, P20 through P26, and the PROG
line are used by the port extender to select the chan-
nels in the analog plug-in options. Ports P10 through
P16, P24 and P25, and lines TO and T1 are used by
the A/D logic to control the voltmeter option’s A/D
operation.

d. The inguard processor uses data lines (DBO through
DB?7) to send data to the outguard controller and also
to receive data from the outguard controller. The data
is sent over the crossguard circuitry (see paragraph
7-89). This includes set-up information to the inguard
and measurement data to the outguard.

e. Other outputs from U204 are the READ and WRT
lines which are used to read or write to the crossguard
logic circuitry located in the inguard (see paragraph
7-99 for the operation). ’

f. The processor can also be interrupted in order to
read the data bus. This is done using the INT line to
the processor. A low on the line interrupts the pro-
cessor which then goes to a pre-defined state.

7-115. After instrument power-on occurs, to prevent the
processor from performing an incorrect action (like clos-
ing relays, etc), it is placed into its reset state. It will re-
main in that state until the + SV power supply is above
approximately + 3.3V. This is accomplished by keeping
the processor’s RESET line low, until the power supply

is above +3.3V. The operation is as follows:

a. When the 3497A is turned on, the + 5V power supp-
ly starts to come up. At a certain point, + .6V is then
developed across CR1 and applied to pin 2 of com-
‘parator U214.

b. Aslong as the + 5V power supply is below approx-
imately + 3.3V, the voltage at pin 3 of U214 is below
+ .6V (the voltage is developed by divider R214 and
R215). This sets the output of U214 low.

7-117. The analog plug-in options receive channel closure
data from the inguard controller. The data is modified
and transferred to the options-using a port extender,
decoders, buffers, drivers, and associated circuitry. The
resultant data is.then decoded by the plug-in options to
close the appropriate channel (i.e., relay). The same cir-
cuitry is also used to transfer data from the inguard con-
troller to the 3498 A Extender (if the extender is connected
to the 3497A). The 3498A does some more decoding of
the data before the resultant data is transferred to the
plug-in options that are installed in the 3498A. The 3497A
Analog Plug-in Control circuitry and operation is explain-
ed in the following paragraphs.

7-118. Port Extender. Port extender U205 extends the
output ports of the inguard processor. The port extender,
a CMOS device, is the main integrated circuit used by
the inguard processor to develop the data that is used by
the analog plug-in options to close the selected channels
(of the options). The operation is as follows:

a. When the PROG line of the inguard processor goes
from high to low, the port extender selects one or more
of the extender’s output ports (ports 4 through 7 of
U205). This depends on the state of the P20 to P23
inputs to the extender. For example, certain highs and
lows on the P20 to P23 inputs select certain output
ports.

b. When the PROG line goes from low to high, the
state of the selected output ports of the extender is then
selected. For example, certain highs and lows on the
P20 to P23 inputs set the output lines of the selected
output ports of U205 to a certain state.

7-119. Century and Decade Address Circuitry. The
3497A can have a maximum of five analog plug-in op-
tions with each option having two decades of ten chan-
nels each. The first ten channels are in decade A and the
second ten channels are in decade B. This makes a total
of 100 channels for all possible analog plug-in options
in the 3497A mainframe. The channels are selected by
the DECAQ, DECBO, DECA1, DECBI, etc., lines and
the UNO through UN3 lines. The DECA0, DECBO, etc.,
lines select the A and B decades of a plug-in option in
a particular slot. For example, line DECAO selects decade
A on the option located in slot 0 (the first slot) and line
DECBQO selects the other decade (i.e., decade B) on the
same option. The DECA1 and DECBI lines select the
channels on the option in slot 1 (the second slot), and
so on. The UNO through UN3 lines select a particular
channel in the selected decade. Once the correct lines are
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enabled, the LATCH line (from U205 pin 15) goes low
and the plug-in option then enables the correct channels.

7-120. Since a total number of 100 channels can be
selected, the address of the channels is normally from ‘0
t0 99”°. Address ‘0’ is the first channel (channel 0) and
address ‘99’ the 100th channel (channel 99), and so on.
The channel addresses can, however, be changed from
““0 to 99 to ‘100 to 199’7, ‘200 to 299”’, all the way
up to ‘900 to 999°°. The 3497A leaves the factory with
an address range of ‘‘0 to 99’’. The address range is
selected by the Century Address jumpers. To change the
addresses to ““300 to 399”°, for example, remove the
jumper connected from 0 output (U206 pin 1) to A0, Al,
etc. Then, while leaving A0, Al, B0, BI, etc., connected
to each other, install a jumper from the 3 output (pin
4) of U206 to A0, Al, BO, Bl, etc. For more informa-
tion on how to configure the 3497A to different century
addresses, refer to the 3497A Operating, Programming,
and Configuration Manual.

7-121. In addition to the Century Address jumpers, there
are also the Decade Address jumpers. These jumpers can
be selected to close a channel on more than one decade
by using an address for closing only one channel. For ex-
ample, if channel 1 (the second channel in decade A) is
to be closed, the address for that channel is sent. Since
this channel is on decade A, the decade is selected by set-
ting line DECAO true. The channel is then closed when
the appropriate UNO through UN3 lines are selected. If,
besides channel 1, the corresponding channel in decade
B (the second channel in the decade, which is channel 11)
also needs to be closed by the same address, the Decade
Address jumpers have to be changed. This is accomplish-
ed by removing the jumper between B0 and the 1 output
(pin 2) of U208 and installing it between BO and 0 out-
put (pin 1) of U208. When an address to close channel
1 on decade A is now sent, channel (i.e., Channel 11) on
decade B also closes.

7-122. The data to select decades A and B and the in-
dividual channels on the analog plug-in options, comes
from port extender U20S5. The following explains the
operation of the option control circuitry. It is assumed,
in the explanation, that a channel in decade A of the plug-
in option located in the first slot of the mainframe is to
be selected.

a. The CEO through CE3 lines are for the century ad-
dress, the DCO through DC3 lines are for the decade
address, and the UNO through UN3 lines select the in-
dividual channels. All of these data lines come from
U205. The CE and DC data lines are applied to
BCD-to-decimal decoders U206 and U208, respective-
ly. The UNO to UN3 lines are applied to the plug-in
option directly.

b. The decoders decode the CE and DC data and the
appropriate outputs of the decoder are set low (true)
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or high (not true). If, for example, a channel on decade
A of the option in slot 0 is to be selected, the 0 out-
puts of both U206 and U208 will be low. The rest will
be high.

c. The low outputs are applied through the Century
and Decade Address jumpers to exclusive OR gate
U207A. (It is assumed that the jumpers are in the fac-
tory selected setting.)

d. The output of U207A goes low and the DECAUO line
goes true. This selects the A decade of the plug-in op-
tion located in slot 1, when the LATCH line (at U205
pin 15) is low. At this time, the port extender also sets
the UNO through UN3 lines to a certain state which
are then used to select the appropriate channel.

7-123. Analog Extender Control. Similar to selecting
channels on the analog plug-in options in the 3497A, the
CEOQ through CE3 and DCO through DC3 lines select the
various A and B decades of the options in the 3498A Ex-
tender. In addition, the UNO through UN3 lines also
select the channels in the selected A and B decades of the
options. The CEO through CE3 and DCO through DC3
lines are transferred over buffer U203 to the 3498A. The
UNO through UN3 and the LATCH lines are transferred
to the 3498A by bus driver U203.

7-124. Break/Make Operation and Circuitry. Before the
inguard controller attempts to close a new channel on an
analog plug-in option, it makes sure that the present chan-
nel “‘breaks’ (opens) before the new channel ‘‘makes’’
(closes). The controller does this by monitoring the
BREAK and MAKE lines from the plug-in option
(and/or digital extender). The operation is as follows:

a. When no channel closure data to the plug-in op-
tions is sent, the MAKE and BREAK lines are nor-
mally high. This is set by the options themselves.

b. A high on the lines makes the output of NAND gate
U212A low. This is because all inputs to the gate are
high, including the output of D flip-flop U213B.

c. When the inguard controller is ready to send a chan-
nel closure command, it sets all the UNO through UN3
lines and decade address lines high. The controller then
sets the (L) LATCH line low to transfer the state of
the UNO through UN3 and decade address lines to the
option. The option itself will then generate a low on
the BREAK line for approximately 540uS. This low
is applied to gate U212A and flip-flops U213. The flip-
flops are used to prevent possible racing conditions.
A low on gate U212A makes its output go high.
Because the inguard processor’s P17 port is connected
to the output of U212A, the port is also high and the
processor knows that no further commands should be
sent to the option until port P17 goes low.
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7-129. The voltmeter circuitry can be separated into two
major sections: DC Voltmeter and DC Current Source.
The voltmeter circuitry can measure dc voltages from 0V
to + 120V using four ranges: .1V, 1V, 10V, and 100V.
The current source can output a current of either 10uA,
100xA, or ImA. The ranges for both the dc voltmeter
and current source are selected by the inguard controller,
which in turn receives its instructions from the outguard

d. When the 540uS are up, the BREAK line goes high.
The processor’s P17 port changes state and the pro-
cessor then commands the option, using the decade
and UNO through UN3 lines, to close the selected
channel.

¢. When the BREAK line is high, the inguard pro-
cessor then, dependent on which decade (A or B) is

———to-be-enabled;sets-the-appropriate-decade-address-line————controller—Fhe-A/D-(analog-to-digital)-operation-is-also-

low. The option then sets the MAKE line low, for controlled by the inguard controller using the A/D logic.
about 1.1mS, and closes the selected channel. The out-
put of U212A (i.e., input to port P17)-goes low again
and the processor then knows that the channel is be-

ing closed and no new data is to be sent.

7-130. DC Voltmeter

7-131. The dc voltmeter circuitry consists of the
following:

f. When the MAKE line finally goes high and the out-
put of U213B and the BREAK line are both high, the
output of U212A goes low. The processor then knows
that the option is ready for new data.

Input Switching
Input Amplifier
A/D Converter
A/D Logic
7-125. Option Sense Circuitry. When channel closure Reference Supplies
data is sent to a plug-in option, the inguard controller
then determines (senses) if the option has received the data
and if the option is in the appropriate slot. The circuitry
that determines this includes U211, U212B, and U201 A.
Once this is determined, the information is passed on to
the outguard controller. The outguard controller then tog-
gles (i.e., turn on and off) the LED near the channel
display LEDs at the front panel. The option sense cir-
cuitry operation is as follows:

7-132. To help understand the operation of the dc
voltmeter circuitry, a typical measurement sequence is €x-
plained as follows: ’

a. The outguard controller receives the set-up (range,
autorange, etc.) information locally from the front
panel, or remotely over the HP-IB or Serial 1/0 bus.
This information is then transferred to the inguard
controller. The inguard controller configures the
voltmeter option’s input switching and input amplifier
circuit to the selected range.

a. After the plug-in option receives the channel closure
data and then closes the selected channel, it sets the
MAKE line low (see paragraph 7-124).

b. Once the circuitry is configured, the input voltage
to be measured is then applied to the input switching
circuitry. The input voltage is applied to the rear panel
HI COM and LO COM Input terminals. The purpose
of the input switching circuitry is to do the following:

b. When the MAKE line is low, a high output at
NAND gate U201A is developed. This high clocks flip-
flop U211 which then sets its Q output low.

c. Alow at 6 sets the output of U201D high and lets

the controller know that the option has received the
data. It then passes the information on to the main
controller.

d. After the inguard controller receives the data from
U211, it sets all of the UNO through UN3 lines high.
Since lines UN2 and UN3 are connected to U212B, the
output of U212B goes low and clears flip-flop U211.
The Q output of U211 then goes high.

7-126. VOLTMETER BLOCK DIAGRAM THEORY OF
OPERATION

7-127. General

7-128. The following paragraphs have the block diagram
theory of operation of the 3497A’s voltmeter option (Op-
tion 001). Refer to the simplified block diagram in Figure

7-4 for the explanation.

1. Connects the voltmeter’s input voltage to the in-
put amplifier. It also attenuates the input voltage by
““100”’, if on the 100V range, before applying the
voltage to the input amplifier.

2. Connects the input of the input amplifier to
ground (LO COM terminal) for a zero measurement
(see step ¢€).

3. Generates the gate bias voltage for the FET
switches located in the input switching circuitry.

¢. After going through the input switching circuitry,
the output of the circuitry is then applied to the input
amplifier. The amplifier does the following:

1. The amplifier is used as a buffer between the in-
put terminals and the A/D converter.
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2. The amplifier amplifies the input voltage to pro-
vide a + 10V output (i.e., A/D converter input) for
all full scale inputs on any range. For example, if the
.1V Range is selected and + .1V is applied to the
voltmeter, the output of the amplifier is +10V. No
amplification is performed on the 10V Range.
However, the amplifier is still used as a buffer.

d. The output of the input amplifier is applied to the
A/D converter. The converter then changes the voltage
to digital information which is then transferred to the
inguard controller by the A/D logic. The digital in-
formation is the actual measurement of the voltage ap-
plied to the input terminals. If the Autozero function
is selected (see step €), a zero reading is subtracted from
the input reading by the inguard processor. The result
is transferred to the outguard controller. The outguard
controller then outputs the reading to the front panel
and/or over the HP-IB, or stores it in memory (if
Reading Storage is enabled).

e. In addition to the measurement sequence in steps
ato d, the voltmeter circuitry makes another measure-

ment called a zero measurement. The measurement is
made by connecting the input of the input amplifier
to ground (i.e., to the LO COM input terminal). The
offset of the input amplifier and any offsets developed
in the input switching circuitry is then measured. This
measurement is the zero measurement. After the zero
measurement is made, the input amplifier is discon-
nected from ground and a regular input measurement
is then made. After the input measurement, the zero
measurement is then subtracted from the input
measurement. The result will be the displayed reading.
The zero measurement is only performed if the
Autozero function is enabled. When the function is
disabled, one zero measurement is made which is sub-
tracted from the input measurements that follow. A
zero measurement is also made when ranges are chang-
ed. No other zero measurements are made until the
Autozero function is re-enabled.

7-133. DC Current Source

7-134. The dc current source consists of the following:
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Figure 7-4. Voltmeter Option Simplified Block Diagram
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Floating Power Supply
Reference Supply

Gate Bias Amplifier
High Voltage Protection

The operation is as follows:

a. The floating power supply develops the necessary

—— ———voltages-for-the-current-generating-circuitry-of-the-cur-

rent source (i.e., Reference Supply, Gate Bias
Amplifier). The supply consists of two floating sup-
plies which in -effect isolate the current source from
the rest of the 3497A circuitry.

b. The reference supply makes sure that the output
currents are stable.

¢. The gate bias amplifier is used to bias the output
FET which regulates the current flow.

d. The high voltage protection circuit is used to pro-
tect the current source from excessive voltages that
may be accidently applied to the current source out-
put terminals.

7-135. DC VOLTMETER CIRCUITRY DESCRIPTION
7-136. General

7-137. The following paragraphs describes the dc
voltmeter circuitry. The explanation is separated as
follows:

Input Switching Circuitry- paragraph 7-139

Input Amplifier Circuitry - paragraph 7-150

A/D Conversion - paragraph 7-158

A/D Logic -paragraph 7-186

Reference Supplies - paragraph 7-204

Except for.the A/D logic, all circuitry is on the voltmeter
option printed circuit board. Since the A/D logic is part
of the inguard controller circuitry, the circuitry is on the
inguard controller board. The circuitry is, however, on-
ly used by the voltmeter option and is therefore included
in the following explanations.

7-138. The components (i.e., transistors, resistors, etc.)
in the different voltmeter circuits have their own number-
ing structure. For example, all components used by the
input amplifier are numbered in the ‘100"’ series (e.g.,
R101, C102, etc.). The circuitry and corresponding
numbering structure is as follows:

Voltmeter
Circuitry

Component
Numbering

Units and 10 series Input Switching
100 series Input Amplifier
200 series A/D Converter
600 700 series Reference Supplies

Theory of Operation

7-139. Input Switching

7-140. Refer to Schematic C1 for the following discus-
sion on the input switching circuitry. The circuitry con-
sists of the following:

Overvoltage Protection
Input Switching Paths

—Autozero_Switching
Gate Bias Amplifier
Charge Conditioning
Switch Control

7-141. Overvoltage Protection. The protection circuitry
has two parts to it, high voltage protection and low
voltage protection. The circuitry operation is as follows:

a. High Voltage Protection. This circuit protects the
voltmeter option’s input circuitry from voltages above
400V. The circuit is located on the inguard controller
board and consists of a 400V surge voltage protector
(E1 on the A2 assembly) in series with a 10 ohm
resistor. The circuitry is connected between the HI
COM and LO COM Input terminals and conducts with
a peak voltage level of 400V (+20%). When E1 con-
ducts, a low impedance path across the input terminals
is provided. The 10 ohm resistor, R108, limits the cur-
rent going through El.

b. Low Voltage Protection. This circuit protects the
input circuitry from voltages between 120V and 400V.
Voltage protection is provided by FETs Q9 and Q10
in conjunction with resistor R17, and by the 100:1
resistor divider on R128. The FETs are part of the in-
put path which is selected on the .1V, 1V, and 10V
ranges (low voltage range input path, see paragraph
7-142a). The resistor divider is part of the input path
selected on the 100V range (the high voltage range in-
put path, see paragraph 7-142b). The operation is as
follows:

1. Refer to Figure 7-5A (Simplified Input Switching
Circuitry). FETs Q9 and Q10 are connected as diodes
with Q9 connected to + 12.6V and Q10 connected
to -12.6V. If the voltage on the input path exeeds
+12.6V, Q9 conducts keeping the path at a + 12.6V
level. The FET conducts since its source and drain
is at +12.6V. If the voltage on the path exceeds
-12.6V, Q10 conducts keeping the path at a -12.6V
level. The FET conducts since its gate is at -12.6V.
With either Q9 or Q10 conducting, the difference bet-
ween the input voltage and the + 12.6V will be across
R17 thereby keeping the voltage on the input path
at < +12.6V.

2. If an overload voltage is applied to the high

voltage range input path, the voltage will be divided
down by the resistor divider on R128 to a safe value.
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A. LOW VOLTAGE PROTECTION

+12.86V
Q9 AND 010
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7-142. Input Switching Paths. This circuitry consists
mostly of FETs and relay switches. The purpose of the
switches is to provide two input paths, low voltage range
and high voltage range, to the input amplifier. The
following explains the two input paths.

a. Low Voltage Range Input Path (Figure 7-5B). The
path consists of relay K2, resistor R17, and FETs Q4
and-Q5-This-path-is-used-only-on-the<1-V-through-10’
ranges and its purpose is to connect the voltage at the
HI COM input terminal to the input amplifier.
Capacitor CS5 on the path is used to shunt high-fre-
quency ac signals on the input path to ground.

b. High Voltage Range Input Path (Figure 7-5C). The
path consists of relay K1, resistor R22, the 100:1
resistor divider in R128, and FETs Q2 and Q5. The
purpose of the path is to attenuate input voltages (at
the HI COM terminal) by a factor of ““100’’ and then
connect the resultant voltage to the input amplifier.
This path is used only on the 100V range. Capacitor
C1 is used to shunt high frequency ac signals on the
input path to ground.

7-143. Autozero Switching (Figure 7-5D). When the
Autozero function is enabled, the input of the input
amplifier is connected to ground (using the autozero
switching circuitry). This is accomplished by turning FET
switch Q7 on and turning FET Q5 off. At this time, the
input at the HI COM terminal is removed from the in-
put amplifier and the amplifier is instead connected
through Q7, R35, and R18 to ground. When the amplifier
is connected to ground, a zero measurement (i.e., offset
measurement) is then made and the resultant reading is
stored into the inguard processor’s memory. After this,
Q7 is turned off and Q5 is turned on and the input at
the input terminal is connected to the input amplifier. A
regular input measurement is then made. The Autozero
cycle continues as long as the function is enabled.

7-144. Another circuit, which is part of the zero measure-
ment circuitry, is resistors R35 and R36. The resistors are
used to cancel out any small voltages generated by the
printed circuit board ground traces. Resistor R36 applies
a small voltage to the ground trace which then cancels
out the voltage on the trace. The power supply to which
R36 is connected (+ 12.6V or -12.6V) and also the value
of R36 depends on the value and polarity of the voltage
generated by the traces.

7-145. Charge Conditioning. When the Autozero func-
tion is enabled, FETs QS5 and Q7 are continually turned
on and off. This action can generate noise spikes on the
input paths between the HI COM terminal and QS. If
any voltage source applied to the input terminals has a
high output impedance, the noise spikes can cause er-
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roneous readings. The Switch Feedthrough Adjust and
Pre-Charge Adjust circuitry is used to cancel out the noise
spikes.

7-146. A stray capacitance can exist between the input
path going to the input amplifier and ground. If the
Autozero function is enabled and a zero measurement is
made, the input to the input amplifier will be at approx-
imately-zero-volts——After-the-zero-measurement-is-com--
pleted, the input voitage at the HI COM terminal is
applied to the input amplifier and charges the stray

- capacitance. -If the input voltage comes from-a source

with a high output impedance, charging the capacitor can
temporarily load down the source. The pre-charge stage
prevents this from happening. The operation is as follows:

a. After the zero measurement is made, FET switch
Q7 turns off and Q5 remains off.

b. Switch Q8 then turns on and the output of the gate
bias amplifier is applied to the input of the input
amplifier. Since the gate bias amplifier output has the
same amplitude and polarity as the input voltage, the
stray capacitance is charged up to that voltage.

¢. Switch Q8 is then turned off and QS5 is turned on.
The input voltage is then applied to the input amplifier
and a regular input measurement is made.

d. This sequence occurs after each zero measurement.

7-147. Switch Control. There are two types of switches
used in the input switching circuitry: FETs and relays.
During a measurement cycle (i.e., zero measurement and
input measurement), all of the relays and some of the FET
switches are in a static state, and other FET switches are
in a dynamic state. A static state is when a switch is set
on or off and remains in that state throughout the entire
measurement cycle. A dynamic state is when the switch
turns on to off, or vice versa, during a measurement cy-
cle. The switches which are used to select the high and
low voltage range paths are normally in a static state, and
the switches used in the Autozero function are usually
in a dynamic state.

7-148. The FET switches are turned on and off using
comparators, which have open collector transistor out-
puts. The outputs of the comparators are connected to
the gates of the FETs and, through pull-up resistors, to
the output of the gate bias amplifier. When the output
of a comparator goes high, it will be at the gate bias
voltage, and when the output goes low, it will be at -18V
(i.e., the -18V power supply). A typical comparator/FET
switch is shown in Figure 7-6. The following explains the
switch control circuitry operation.
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SWITCH 7\ SWITCH
INPUT w QUTPUT
0PEN
COLLECTOR GATE BIAS
COMPARATOR AMPLIFIER
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Figure 7-6. Typical Comparator/FET Switch Circuit

a. Static Switches. These switches are relays K1 and
K2, and FETs Q2 and Q4. The switches are set, using
the LDCL line, to the appropriate state using com-
parators. With LDCL line a TTL low, the low voltage
range input path is selected (i.e, K2 and Q4 on) and
with LDCL high, the high voltage range input path
is selected (i.e., K1 and Q2 on). The LDCL line is set
by the inguard controller. The operation of the static
switches is as follows:

1. When the LDCL line is low, the outputs of com-
parators UlA and U1B, and U2A float to the +5V
and + 15V power supplies, respectively. This is
because the comparators have open collector outputs
and their positive inputs are at +2V. The +2V for
U2 comes from dividers R11 and R12, and the +2V
for Ul comes from R20 and R2I.

2. With LDCL low, the output of comparator ULB
tries to go to + 5V through R3. This turns transistor
Q3 on. The collector of Q3 goes low and, since the
collector is connected to one side of the relay coil of
K2 and the other side of the coil is at + 15V, the relay
turns on. With LDCL low, the output of comparator
U1A also goes to + 5V, and turns K1 off. Also, the
output of comparator U2A goes to the gate bias
voltage and turns Q4 on. ’

3. When the LDCL line is high, the output of com-
parator U2D goes to the gate bias voltage and turns
Q2 on. This is because the negative input of U2D is
at +2V and the comparator also has an open collec-
tor output. With LDCL high, the outputs of UlA
and UI1B float to ground and the output of U2A
floats to -18V. The zero output (i.e., ground) of UIA
turns K1 on and the -18V output of U2A turns Q4
off. The zero output of U1B turns Q3 off and makes
the collector of Q3 go high. This turns K2 off.

b. Dynamic Switches. The dynamic switches consist
of Q5, Q7, and Q8 and are turned on and off using
the HDZ line. This state of the line is also controlled
by the inguard controller. The switch operation is as
follows:
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1. When-the input measurement is made, line HDZ
is a TTL low. This low makes pin 1 and pin 10 of
U4A high and pin 13 low. With the flip-flop (con-
sisting of U4C and U4D) in this condition, the out-
put of comparator U2B (pin 1) is at the gate bias
voltage, and the outputs of comparators U2C (pin
14) and U3B (pin 1) are at -18V. This is since the com-
parators have open collector outputs and their
positive inputs are at +2V. The +2V comes from
divider R11 and R12. With the outputs of U2B high,
and U2C and U3B low, FET Q5 is on, and FETs Q7
and Q8 are off.

2. After the input measurement is completed and the
zero measurement begins, line HDZ goes high. This
brings pin 1 of U4 low which turns transistor Q6 on.
The collector of Q6 goes high and, since pin 12 of
U4D is low, the flip-flop changes state (U4C pin 10
goes low and U4D pin 13 goes high). FET QS then
turns off and FET Q7 turns on.

3. After the zero measurement is completed, line
HDZ goes back to low. This low sets pin 1 of U4A
high and turns off Q6. Capacitor C4 is then charged
up through R13. This keeps pin 8 of U4C high for
a time which depends on the value of C4 and R13.

4. With pin 8 of U4C high and pin 12 of U4D now
low, pin 13 of U4D goes low. Since pin 10 of U4C
is still low, the output of U4B goes high. This in turn
sets the output of comparator U3B to the gate bias
voltage and Q8 turns on. FET Q8 remains on until
C4 is charged up. Then pin 10 of U4C goes high and
QS is back on again (see step 1).

7-149. Gate Bias Amplifier. In order for a FET switch
to turn on and remain on, the voltage between its source
and gate should be at approximately zero volts. This. is
accomplished by applying a gate bias voltage to the gate
which is at the same value and polarity as the voltage at
the source. The gate bias amplifier is used to supply the
correct gate bias voltage to turn the FETs on. The
amplifier is only used for the FETs in the input switching
circuitry. The following describes the gate bias amplifier.
Refer to Figure 7-6 for the description.

a. The gate bias amplifier is a unity gain non-inverting
amplifier consisting of Q1, US, and associated cir-
cuitry. The amplifier output will therefore be approx-
imately the same value and polarity as the input. The
input to the amplifier comes from the summing node
of Q2, Q4, and Q5.

b. Because of the amplifier’s high input impedance,
any loading on the Q2, Q4, and Q5 summing node is
prevented.

¢. Since the output of the amplifier is connected
through resistors to the gates of the switching FETs,
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the voltage between the gate and source of a FET will
be approximately zero volts (when the FET is turned
on; see paragraph 7-148a).

7-150. Input Amplifier

7-151. The input amplifier, in conjunction with the in-
put switching circuitry, is used to condition the input

Theory of Operation

a. One part of the dc amplifier is two dual FETs (Q100
and Q101), connected in cascade, which provide the
high input impedance of the amplifier. The impedance
is high since the FET bias current is negligible. To im-
prove the stability of the amplifier, a current source,
consisting of two pnp and two npn transistors, pro-
vides a stable current to the dual FETs. The two npn
and two pnp transistors are connected to sense two cur-

— _signal.This-is-done-in-order-to-apply-the-same-full-scale—_rent-mirrors,-the_-12V.A reference-and-the~18V_sup- —

voltage (i.e., 10V dc¢) to the A/D converter for all full
scale inputs to the voltmeter option. The amplifier is non-
inverting with selectable gains. Unless otherwise noted,
refer to Schematic C2 for the following explanation on
the input amplifier.

7-152. The input amplifier consists of a dc amplifier,
integrator amplifier, and feedback circuitry. The output
of the input switching circuitry is applied to the dc
amplifier which is then used to drive the integrator
amplifier. The output of the integrator amplifier is the
input to the A/D converter. The polarity and amplitude
of the voltage applied to the A/D converter depends on
the value and polarity of the voltage applied to the input
amplifier and the selected gain. A simplified schematic
of the input amplifier is in Figure 7-7.

INPUT AMPLIFIER
FROM INPUT
. SWITCHING—*
T0 A/D
CONVERTER

0104

X1

90K P/0

X10

Ex @)

10K

2105

X100

0

I N |

V 3497 7-7

Figure 7-7. Simplified Schematic of the Input Amplifier

7-153. Other circuitry of the input amplifier includes the

+ 18V, +30V, and +2V power supplies, and diodes

CR104 and CR105. The power supplies are used by the
amplifier and also by the inguard switching circuitry.
Diodes CR104 and CR105 are connected to the output
of the input amplifier to limit the output voltage. Since
CR104 and CRI105 are connected to -15V and + 15V,
respectively, the output of the amplifier is limited to
+15.6V.

7-154. DC Amplifier. The dc amplifier has two parts to
it which are explained as follows:

ply. The stability of the circuit is also improved by.
having the FET’s load resistors in the same package
as. the. main. feedback resitors. The good stability of
the FETs also improves the stability of the input
amplifier itself.

b. The other part of the dc amplifier is U101. The out-
put of U101 is normally at approximately + 5V since
the ““+”’ and “‘->’ inputs of the amplifier are equal.
The output is at + 5V since + 5V is applied to the ““ +”’
terminal through R106 and since R106 has the same
value as feedback resistor R108.

7-155. Integrator Amplifier. The integrator amplifier
consists mostly of U102 and feedback capacitor C103.
The bandwidth of the amplifier depends on the gain
selected: X1, X10, or X100. Resistor R110 is used in the
X1 gain configuration, resistor R109 in parallel with R110
is in the X10 gain configuration, and R111 in parallel with
R110 is in the X100 gain configuration. Resistors R109
and R111 are selected using switching FETs Q102 and
Q103, respectively.

7-156. Feedback Circuitry. The feedback circuitry is
used to select the different gains of the input amplifier.
The selectable gains are X1, X10, and X100 which are
determined by the feedback resistors located in resistor
network R128. The appropriate resistors are selected by
switching FETs Q104, Q106, and Q105 for the X1, X10,
and X100 gains, respectively. The FETs are selected by
decoder U105 and the decoder receives its information
from the inguard controller. A high output from the
decoder sets the output of the corresponding comparator
(U103) high. This high output then turns the appropriate
FET(s) on (see paragraph 7-148 for an explanation on
the comparator operation). The decoder logic states,
voltmeter ranges, and corresponding gains and FETs are
listed in Table 7-3.

7-157. Power Supplies. The following are the power sup-
plies which are part of the input amplifier circuitry.

a. + 18V Supply. This supply is the positive power.
supply for U102 and U5 (see Schematic C1). Its voltage
is developed by transistor Q107 and associated cir-
cuitry. The + 15V supply voltage is also developed by
this circuitry.

b. +30V Supply. This supply is only used by the in-
put amplifier and its voltage is developed using op amp
U104 and associated circuitry. The voltage level and
stability depends on the + 12V (applied to the positive
input of U104) and feedback resistors R129 and R130.
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Table 7-3. Decoder Logic States and Gains Selected

3497A

Line Line U105 Qutput . FETs
VRA | VRB [pm 1 [ pin3 [pinid| ange Gain Enabled
Low | Low | Low | High | Low [.1V X100 (HA100){ Q103,Q105
Low | High] Low | Low High [1V,100v*| X10 (HA10)| Q102,Q106
High| Low | High | Low | Low {10V X1 (HA1) Q104
*The X10 gain is used with the 100:1 divider on the 100V range
7-158. A/D Conversion
N
7-159. The voltmeter option’s A/D Converter is used to LARGER / N
change dc voltages to digital information. The circuitry INPUT N

consists of an A/D input switching circuitry, integrator,
slope amp, comparator, A/D Autozero circuitry, and
overload detector circuitry. Other circuitry includes the
slope control circuit. This circuit generates the necessary
signals to control the operation of the A/D converter.
The circuitry is controlled by the inguard controller us-
ing the A/D logic. Although the A/D logic is used to con-
trol the A/D converter circuitry, it is part of the inguard
logic. Since its only use is to control the operation of the
A/D converter, it is included with the A/D converter ex-
planation. For an explanation on the A/D converter cir-
cuitry and the A/D logic, refer to paragraphs 7-177 and
7-186, respectively. The following paragraphs have the
voltmeter option’s A/D conversion method.

7-160. A/D Conversion Method. The A/D conversion
method used by the 3497A voltmeter option is called
Multi-Slope I1 which has two operating states: runup and
rundown. The option’s most significant- digits are
developed during runup (see paragraph 7-169) and the
least significant digits are developed during rundown. The
integration time depends on the selected Number Of
Digits Displayed (32, 4%z, or 5%2). Since the rundown
time is a fixed time for any digit displayed, a change in
the runup time changes the total integration time. To help
understand Multi-Slope 11, first consider the operation
of the Dual-Slope Conversion method. This method is
explained in the next paragraph.

7-161. Dual-Slope Conversion. In dual-slope conversion,
an integrator capacitor charges for a fixed time period
(as shown in Figure 7-8), which is done during runup.
The charging rate and the resultant amplitude of the
charge is proportional to the voltage applied to the in-
tegrator. After runup, the integrator capacitor is then
discharged at a fixed rate determined by a known
reference voltage and is done during rundown. Since the
discharge rate is constant, the discharge time is propor-
tional to the amplitude of the charge (input voltage). The
amplitude level can then be determined by the discharge
time.

7-162. Multi-Slope II Conversion. Multi-Slope II is
similar to Dual-Slope in that a capacitor is charged and
discharged by the input voltage and by a known reference
voltages. The following paragraphs explain the Multi-
Slope II operation (runup and rundown). Unless other-
wise noted, refer to Schematic C3 for the explanation.
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Figure 7-8. Dual Slope Conversion

7-163. Explanation of Runup. The runup operation lasts
for a set time period with the amount of time dependent
on the Number Of Digits Displayed (see paragraph
7-168). Each time period is divided into a certain number
of A/D counts with each count equal to 5 ALE cycles
(Address Latch Enable clock from the inguard con-
troller). The A/D counts in the 5% Digit mode are a total
of 1300 counts and the number of counts in the 4% Digit
mode are 130. Since all the digits in the 32 Digit mode
are developed by the rundown operation, there is very
little runup time (13 A/D counts) in that mode. Refer
to paragraph 7-168 for more information on the runup
time. The following is a simplified explanation of runup.
Refer to Figures 7-9 and 7-10 for the explanation.

a. When runup starts, the input voltage (i.e., input
amplifier output) is applied to Q202 (part of the in-
tegrator) for a set time period (T1). The resultant in-
put current (Iin) then charges integrator capacitor C201
and a certain slope (output of the integrator at TP
INT) is then developed. The direction and steepness
of the slope depends on the polarity of the input
voltage. In the example, a negative input voltage is
assumed and, since the integrator inverts the input cur-
rent, the output slope is positive. (Note: The input
voltage is always applied during runup.)

b. After time period T1, the inguard controller deter-
mines the direction of the slope. Since the slope is
positive (the input current is negative), a positive go-
ing current is applied to the integrator for set time
period T2. Since this current is larger than the input
current and also at opposite polarity, the resultant cur-
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rent (applied current minus input current) charges
C201 in the opposite direction (i.e., first discharges and
then charges C201). This generates a negative going
output slope.

¢. When time T2 is completed, the inguard controller
determines if the output slope has crossed zero. Since
zero crossing is detected, a current with the same value
as—the-previously-applied—current;—but-at—opposite——
polarity (same polarity as input current), is then ap-
plied for time period T3. This current plus the input
current then charges C201. Since both currents charge
C201, the output slope becomes steeper and, as shown

in Figure 7-10, crosses zero.

d. After T3, the inguard controller again checks for
zero crossing. Since zero crossing occurred, the cur-
rent with its polarity opposite to the input current is
applied for time period T4. This time period and the
periods that follow are the same time as period T3.
In the example, zero crossing occurs during T4 (this
will vary with different A/D inputs).

e. If, after T4, zero crossing is detected, the current
with the same polarity as the input current is reapplied.
If, after T4, no zero crossing is detected, the current
with the opposite polarity is reapplied. This will be
reapplied again, until zero crossing is detected. Since.
zero crossing is detected in the example, the current
with the same polarity as the input current is applied.

f. The operation in step e continues until the runup
operation is completed. During the runup operation,
a counter in the inguard processor increments during
the positive going slope periods and decrements dur-
ing the negative going slope periods. The counter, in
effect, is used to determine the amount of charge add-
ed and subtracted from the input voltage. From that
information, the most significant digits of the
voltmeter’s reading is calculated.

Theory of Operation

7-164. Detailed Explanation of Runup. Figure 7-11 il-
lustrates the runup operation using the 4% Digit mode
(the 54 Digit mode is similar). Refer to the figure for
the explanation in the following steps. The solid lines (in
the figure) showing the runup sequence is for a
hypothetical input value. The dashed lines are for a larger
hypothetical input value.

a._When runup starts,-the.integrator.capacitor_(C201).
is charged by the input current for time period T1. This
current is applied through the 108.33K ohm resistor
and input switch Q201 to the integrator (Q202 and
U201). Since, in the example, the input current is a
negative current, the output slope at TP INT is
positive. If the current would have been positive, the
output slope would be negative.

b. Time period T1 takes a total of 1.2 A/D counts
and, since no current except the input current is ap-
plied to the integrator, it is called a no current condi:
tion. The resultant output slope is called slope S+ 0.

c. After period T1, the inguard processor detects the
direction of the current by noting the position of the
HCP line (output of comparator U203D). A low on
the HCP line shows a positive slope and a high a
negative slope. Since, in the example, the slope is
positive, HCP will be low.

d. A known current with opposite polarity to the in-

. put current is then applied to the integrator for time
period T2 (4 A/D counts). This current is called S + 4
and the resultant output slope is called slope S + 4. If
the input current would have been positive, the applied -
current, called S-4, would have been negative. This
current has the same value as the S+4 current, but
at opposite polarity. It would have developed a positive
going output slope called slope S-4.

INT
1t
1\
r_fggg_ﬁzoo R206
Pfﬂ-ﬁ%9° 0201 i S 100K
108K L B
Tin : LN
: : R205
_______
+, P
10 A/D
0202 U203 A/D OUTPUT Loet?
and V% D
U201 +
-Vref
3497A-7-9

Figure 7-9. Simplified A/D Converter
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Figure 7-10. Integrator Qutput Slopes

e. After time period T2, current S +4 is removed. A
no current condition (slope S-0) will then exist for .4
A/D counts during time period T3. The charge rate
of capacitor C201 is again determined by only the in-
put current. Slope S-0 is also a no current condition,
as is slope S + 0. The major difference is that the slopes
are generated differently (see paragraph 7-166). Slope
S-0 is selected since the previous no current condition
was slope S+ 0. The slopes alternate with each other
(S+0, S-0, S+0, etc.) for each no current condition,
in runup only.

f. When time T3 is completed, an S-4 current is ap-
plied for 10 A/D counts during time period T4. The
S-4 current has the same value as S + 4, but at opposite
polarity. This charges C201 in the other direction (i.e.,
the capacitor is discharged and then charged in the
other direction).

g. After time T4, the S-4 current is removed and no
current (slope S+ 0) is applied for time T5. Time T5
is as long as time period T3 (.4 A/D counts). This is
also the time period for the S-0 and S+ 0 slopes that
follow.

h. When TS5 is completed, and since zero crossing oc-
curred during time T4, current S + 4 is applied for time
T6 (10 A/D counts). Again, after T6, a no current con-
dition (S-0) exists for time T7 (.4 A/D counts).

i. After T7, current S+ 4 is applied again since no zero
crossing occurred during T6. The S + 4 current is ap-
- plied during T8. Time T8, and the time periods for
slopes S-4 and S+4 that follow, are also 10 A/D
counts.

Figure 7-11. Runup Slopes (4% Digit Mode)

the runup time is completed. Either current S+4 or
current S-4 is selected, dependent on whether zero
crossing occurs, until the runup time is completed.

k. Once the runup operation is completed, the inguard
procesor then determines the most significant digit of
the reading. The counter in the inguard processor in-
crements for each positive going slope and decrements
for each negative going slope. The only exception is
the first S-4 or S+ 4 slope; it is ignored when doing
the calculations. Using the information in the counter,
the digits are developed. For other than a zero reading,
the number of S + 4 slopes will always be different than
the number of S-4 slopes. For a perfect zero reading,
the number of S+ 4 slopes will be the same as the
number of S-4 slopes (with the first S-4 or S + 4 slope
ignored). This is represented in Figure 7-12.
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. Figure 7-12. Runup Slopes For Zero Inputs (4’2 Digit Mode)
j. When time T8 is completed, no current (slope S +0)
is applied and then current S-4 is applied (since zero
crossing was detected). Then S + 4 is applied (since zero
crossing is detected) and so on. This takes place until

7-165. Slope S + 4 and S-4 Generation. The following ex-
plains how the currents for slopes S+4 and S-4 are
generated.
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a. Slope S +4. Refer to Figure 7-13. Note that both
Y1 and Y2 paths are connected to ground. Since the
summing node of the paths is a virtual ground and Y1
and Y2 are also connected to ground, no current flows
between the paths and the summing node. Current
does flow from + Vref (Positive Reference Voltage,
+ 12V) through a 100K ohm resistor into the integrator
capacitor (C). This generates a negative going output

Theory of Operation
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Figure 7-14. Slope S-4 Generation

Figure 7-13. Slope $+4 Generation

b. Slope S-4. Refer to Figure 7-14. Note that both Y1
and Y2 paths are connected to — Vref (Negative
Reference Voltage, —~ 12VA). Since the summing node
is a virtual ground, current flows from + Vref through
a 100K ohm resistor and paths Y1 and Y2 to — Vref.
Current also flows from the integrator capacitor (C)
to — Vref. This current is generated because the total
resistance of the Y1 and Y2 paths is smaller than the
100K ohm resistor from + Vref. The current from
+ Vref plus the current from the capacitor equals the
total current through paths Y1 and Y2. Since the total
resistance of paths Y1 and Y2 is 50K ohms, the cur-
rent from + Vref (I1) and the current from the
capacitor (12) is half as large as the total Y1 and Y2
current (I3). The resultant output slope is positive.

7-166. Slope S+ 0 and S-0 Generation. Refer to Figure
7-15. Note that one side of a 100K ohm resistor (Y1 path)
is connected to ground and the other side is connected
to the summing node. Since the 100K ohm resistor from
+ Vref (Y3 path) and the JOOK ohm resistor from -Vref
(Y2 path) are also connected to the summing node, no
current flows from the integrator capacitor (C). This is
because the resistance value of path Y2 and Y3 is the same
and makes the current value of paths Y2 and Y3 the same
(but opposite polarity). This is true for both slopes S +0
and S-0. The only difference is that paths Y1 and Y2 are
switched when the slopes are switched (Y1 to ground and
Y2 to -Vref, or Y2 to ground and Y1 to -Vref).
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L

100K

100K

-Vref 3497A 7-15

Figure 7-15. Slope S+0 and S-0 Generation

7-167. Runup Times. The A/D converter’s runup time,
known as Power Line Cycles, depends on the number of
digits selected (52, 4V%, or 3V4). The different times for
both the 50Hz and 60Hz power frequency configurations
are listed in Table 7-4.

Table 7-4. Runup Times

Power Line Number of Runup Time
Cycles Digits Displayed | 50Hz 60Hz
1 5% 20mS 16.67mS
. 4% 2mS 1.67mS
.01 3% .2mS .167mS
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7-168. Runup Timing. The total runup time takes a cer-
tain number of A/D counts with each count equal to 5
ALE cycles (Address Latch Enable clock from the in-
guard controller). Since the different runup times depend
on the number of digits selected, the number of A/D
counts will also be different for the diffferent display
modes. While looking at Figure 7-16 again, note that the
output slopes (i.e., S+4, S-4, etc.) are enabled for cer-
tain number of A/D counts (4 counts, 10 counts, etc.).
This also changes with the different display modes. This
in addition to the total number A/D counts is given in
Figures 7-16 and 7-17 for the 5% and 4% modes,
respectively.

This Sequence Repeated
62 Times For .1 PLC

5+0|S*4[5-0|S44[S+0|S+4 S+0[S+4][s-0
counrallz.al 8 |.4 |10].4 10 .4 (10
ALE'S |[12 {40 |2 |50 | 2 |50 2 |50

k{————1300 A/D COUNTS ——P>

Total time for S+4 slopes

Ls 1248 A/D counts Total of
1300 A/D
Total time for S0 slopes Counts
Ls 52 A/D counts
3497-7-1%6

3497A

7-170. Rundown. When runup is completed, the voltage
at the A/D Converter’s input is removed and the input
is then connected to ground (through Q200 and Q205).
The rundown operation then starts. Rundown is used to
determine the three least significant digits of the voltmeter
option’s reading.

7-171. After runup is completed, a voltage (or charge)
remains on the integrator with its amplitude and polari-
ty dependent on the last current applied (S + 4 or S-4) and
the input voltage (applied during runup). By obtaining
the value of the remaining voltage, the least significant
digits can then be determined. The voltage value is ob-
tained by applying various currents to the integrator and
determining how long the currents have to be applied for
the resultant output slopes at the integrator to cross zero.

7-172. The currents applied to the integrator are called
S-4, S+4, S-3, S+2, and S-1 currents and the resultant
output slopes are the S-4, S+4,5-3,5+2, and S-1 slopes.
The currents are applied in this order: S-4 or S+ 4, S-4,
S+4, S-3, S+2, and S-1. Each one of the currents are
applied (in the given order) to the integrator until the out-
put slopes cross zero. The S-4 and S+ 4 currents have the
same polarity and value as the S-4 and S+4 currents
used in the runup operation (see paragraph 165). The
other currents are at a different value (see paragraph
7-173). Refer to Figure 7-18 for the following explana-
tion on the rundown operation.

Figure 7-16. Runup Timing for 5% Digits Displayed (1 PLC)

This Sequence Repeated
6 Times For .1 PLC

5+0]5+4|5-0|5+4]|5+0[S#4 5+0[544)|s-0
countollt.2| 4 |.4 |10].4 {10 .4 10
ALE'S || 6 |20|2 |50 |2 |50 2 |s0

kd———— 130 A/D COUNTS ——BM

Total time for S+4 slopes

Ls 124 A/D counts Total of
130 A/D
Total time for S+0 slopes Counts
Ls & A/D counts
3497-7-17

Figure 7-17. Runup Timing for 4% Digits Displayed (.1 PLC)

7-169. Digit Generation. Runup is used to develop the
two most significant digits in the 5% digit mode and the
most significant digit ih the 4% digit mode. The three
least significant digits are developed by rundown (see next
paragraph). Rundown actually develops four digits with
the last digit rounded off to the next higher digit.

7-28

T1 T2 13 T4 75 T6

||
| |
||
| |
||
||

;

|

|

|

|

|

I
s-3M g $-1

|

|

|

|

|

S+4
L AN
A =2 BA) T
AR\ e
so/ || V]
/1 |
/ ]| 1
[ | |
10 MAX 2 MAX 16 MAX 17 MAX 18
OR 12
A/D COUNTS

3497A-7-18

Figure 7-18. Rundown Slopes

a. After runup, the input voltage to the A/D converter
is removed and the input of the converter is connected
to ground (through Q200 and Q205). The inguard con-
troller then determines the polarity of the remaining
voltage on the integrator (C201). Depending on the
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polarity, either an S-4 or S + 4 current is applied to the
integrator for 10 A/D counts (time T1 in the figure).
If the remaining voltage on the integrator is positive,
an S+ 4 current is applied. If the voltage is negative,
an S-4 current is applied (dashed lines in Figure 7-18).
The resultant output slopes at TP INT are negative
going slope S + 4 or positive going slope S — 4. The cur-
rents are applied to make sure the slopes that follow

————will-be-able-to-cross-zero-

b. When the S +4 current or S-4 current is removed,
a no current condition (slope S+0, see paragraph
7-166) will exist for a short period of time. This con-
dition will also exist between the S-4, S+4, S+ 3, etc.,
currents that follow. Unlike it is in runup, only an S+0
condition will exist instead of alternating S + 0 and S-0
conditions.

c. The next current, an S-4 current, is applied for 2
A/D counts or a maximum of 12 A/D counts (time
period T2). This depends on the polarity of the in-
tegrator output, after the previously applied S-4 cur-
rent or S + 4 current. If the output slope was positive,
the S-4 current is applied for 2 A/D counts. If the slope
was negative, the S-4 current is applied until the result-
ant S-4 slope crosses zero (dashed lines in the figure).
This time can be a maximum of 12 A/D counts. The
S-4 current is removed within 1 A/D count after cross-
ing zero or, if the slope was positive, after 2 A/D
counts are completed.

d. After current S-4 is removed, a no current condi-
tion (S+ 0) will again exist for a short time period.
After that, current S + 4 is applied (time T3). Similar
to the operation in the previous step, this current is
applied either for 2 A/D counts or until the output
slope crosses zero. This time can also be a maximum
of 12 A/D counts. Here again, this depends on the
polarity of the integrator output. Current S + 4 is also
removed within 1 A/D count after crossing zero or
after the 2 A/D counts are completed.

e. Again a no current condition exists for a short time.
Then current S-3 is applied (time T4) until slope S-3
crosses zero. This current is 1/10 the value of the S+ 4
current.(same polarity as S + 4) and can be applied for
a maximum of 16 A/D counts. The current is removed
within 1 A/D count after zero crossing occurs. Under
normal condition, the resultant S + 3 output slope will
always cross zero.

f. When current S-3 is removed, a no current condi-
tion will again exist. Then current S + 2 is applied (time
TS5). This current is 1/100 the value of current S+4
(1/10 the value of current S-3, but at opposite polari-
ty) and is applied until slope S+ 2 crosses zero. This
time can be a maximum of 17 A/D counts. Zero cross-
ing should occur during this time and the current is
also removed within 1 A/D count after zero crossing
occurs.
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g. Then, a no current again exists and, after that, cur-
rent S-1 is applied (time T6). This current is 1/1000
the value of current S-4 (1/10 the value of of S+ 2 and
1/100 the value of S-3). The current is applied until
slope S-1 crosses zero. This can be a maximum time
of 18 A/D counts.

h. After slope S-1 crosses zero, the A/D operation is

—_complete._The_inguard_controller_then_uses_the time _

it took for the different slopes (S-4, S + 4, etc.) to cross
zero and determine the least significant digits. The 10
A/D counts, when the first S-4 or S + 4 were applied,
are also included to determine the digits.

7-173. Rundown Slope Generation. The S-4 and S+4
slopes are generated the same way it was done for the
runup operation (see paragraphs 7-165). The only dif-
ference is that they are developed with the input current
removed. The S+ 0 slope is generated the same way as
the S+ 0 slope in runup (see paragraph 7-166). The S-3
and S-1 currents use the same circuitry configuration as
the S-4 current (see Figure 7-14), but use different resistor
values. The resistor values are such that the S-3 current
is 1/10 the S-4 current and the S-1 current is 1/1000 the
S-4 current. The S+ 2 current uses the same circuitry con-
figuration as the S+ 4 current (see Figure 7-13). In this
case, the resistor values chosen are such that the S+ 2 cur-
rents is 1/100 the value of S+4 current.

7-174. Rundown Timing. Each applied current during
rundown has a certain time (i.e., A/D counts) in which
the corresponding output slopes can cross zero. This is
represented in Figure 7-19. The order in which the dif-
ferent currents are applied is also shown in the figure.
The total rundown time is a maximum of 1.2mS. In run-
down, as in runup, one A/D count also equals 5 ALE
clock cycles.

S+4

OR $-4 S+4 s-3 §+2 s-1

S-4

10 {[2 or | |2 OR oy el "= | | A/D COUNTS
12 12 16 17 18

» S+0 period (Dead Time, Ingaurd Logic stops counting
during S+0 periods)

wm» Maxtmum of elther 2 or 12 A/D counts allowed

»we Maximum counts allowed

3497A-7-19

Figure 7-19. Rundown Timing

7-175. A/D Autozero Operation. One other A/D opera-
tion is A/D Autozero. This is NOT the same as the
voltmeter’s Autozero function (input amp connected to
ground, see paragraph 7-143), it is only for the A/D con-
verter. The purpose of A/D Autozero is to compensate
for any offsets developed by inaccuracies between the
positive and negative reference supplies, the resistors
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used to develop the S-4, S + 4, etc., currents, and the in-
tegrator circuitry. While referring to Figure 7-15, note
that + Vref is connected to one side of a 100K ohm
resistor and -Vref to one side of another 100K ohm
resistor. The other ends of the resistors are connected to
each other and also to the integrator. If the absolute
values of the + Vref and -Vref voltages are exactly equal
and the resistors are also equal, the current going into
the integrator is exactly zero. Since the resistors and
reference supplies are not exactly equal (they are,
however, very stable), a small offset current is generated.
This current plus the offset developed by the integrator
itself, develops an offset voltage at the output of the in-
tegrator. This offset voltage can cause inaccuracies. The
A/D Autozero circuitry compensate for that offset
voltage.

7-176. The A/D Autozero operation takes place between
any measurement cycle (i.e., rundown and runup). Dur-
ing this time, the integrator is configured for a no cur-
rent condition (S +0). FET switch Q203 (see Schematic
C3) is then turned on and the resultant offset at the in-
tegrator output (TP INT) is then stored (through R209)
by the Autozero capacitor (C203). When the A/D runup
operation starts, Q203 turns off. Since the stored voltage
on C203 is connected to the positive input of the in-
tegrator (pin 6 of Q202), an offset voltage is generated.
This offset is at opposite polarity and has the same
amplitude as the offset generated by the references,
resistors, and integrator. Both offsets in effect cancel each
other out and the integrator output is at zero volts.

7-177. AID Converter Circuitry

7-178. The A/D Converter Circuitry consists of the
following:

A/D Input Switching (Q200, Q201, and Q205)

Integrator (Q202, U201, and C201)

Slope Amp (U202)

Comparator (U203D)

A/D Autozero Circuitry (Q203 and C203)

Overload Detector (U203A to U203C)

Slope Control Circuit (R200, U200, and U205 to
U208)

Refer to Schematic C3 for the following explanation on
the A/D Converter Circuitry.

7-179. A/D Input Switching. The purpose of this circuit
is to do either of two things: connect the input of the A/D
converter to the integrator or connect the integrator to
ground (LO COM Terminal). The operation is as follows:

a. During runup, when the input of the A/D converter
is to be connected to the integrator, FET Q201 is
turned on and Q200 and Q205 are off. FET Q201 is
turned on by setting its gate to zero volts. This zero
volt level comes from the slope control circuit (see
paragraph 7-185). Since the gate of Q201 is also con-
nected to inverter U200A, the output of the inverter
is -12V which turn FETs Q200 and Q205 off.
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b. During rundown, when the integrator input is con-
nected to ground (zero volts input), FETs Q200 and
Q205 are on and Q201 is off. FET Q201 is turned off
by setting its gate to -12V (from the slope control cir-
cuit). This turns FETs Q200 and Q205 on since the
-12V is inverted by U200A. The integrator input is then
connected through R218 and Q205 to ground. Resistor
R218 is used to keep the integrator input impedance
the same with Q201 on or off. FET Q200 is used to
set the source of Q201 to zero volts which prevents
Q201 from being turned on (i.e., forward biased).

7-180. Integrator. The S-4, S+4, etc., slopes are
generated by the integrator using the S-4, S +4, etc., cur-
rents (plus input current, only during runup). The in-
tegrator consists of Q202, U201, C201, and associated
circuitry. The circuitry is a differential amplifier with
capacitance feedback. The slopes are developed by charg-
ing and discharging capacitor C201 using the applied S-4,
S+4, etc., currents (plus input current, only during
runup).

7-181. Slope Amp. The slope amp is used to amplify the
integrator output and connect it to the comparator and
A/D Autozero FET. The amplifier makes sure that any
low integrator output levels are large enough for the com-
parator (U203D) to quickly detect .zero crossings of the
integrator output slopes. The amplifier output is also used
to charge the A/D Autozero capacitor (C203). The
amplifier is an inverting amplifier with a gain of X100.
The gain is determined by feedback resistor R206 and in-
put resistor R205. The output of the amplifier is clamped

~to +.6V by CR200 and CR201 to speed up the com-

parator operation. Diode CR200 also prevents the
negative terminal of comparator U203D from going
below -.6V. Since the positive terminal of U203D is con-
nected to ground, a large negative voltage on the negative
terminal could damage the comparator. Diode CR200
prevents this from happening.

7-182. Comparator. The comparator (U203D) output is
used by the inguard controller to determine voltmeter
reading. Since the comparator’s positive terminal is con-
nected to ground, a voltage on its negative terminal that
is above ground (>0V) develops a low output (0V) and
a voltage below ground (<0V) develops a high output
(+5V).

7-183. A/D Autozero Circuitry. Refer to paragraph
7-174 for the purpose and operation of the A/D Autozero
circuitry. The A/D Autozero voltage is developed across
C203 when Q203 is turned on. The FET is on when its
gate is at zero volts which is developed by latch U207.

7-184. Overload Detector. The overload detector cir-
cuitry, consisting of U203A through U203C and
associated circuitry, is enabled when the integrator out-
put slope or voltage exceeds +12.4V (which is 124% of
full scale). When the output is above + 12.4V, the out-
put of U203C (pin 14) goes low which flags and tells the
inguard controller that an overload condition exists. The
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A/D operation will then be aborted and a new A/D
operation is started. This is repeated until the integrator
output is below +12.4V. The overload detector opera-

tion is as follows:

a. Aslong as the integrator output is below +12.4V,
the outputs of U203A and U203 are high. This is
because the positive terminal of U203B is above zero
volts and the negative terminal of U203A is below zero

Theory of Operation

has been shifted from TTL levels to CMOS levels by
Q206 and Q204.

d. The output of the latch are the AZ (Autozero),

HRU (high runup), and the current select lines. A high

HRU line enables Q201 and disables Q200 and Q205

(see paragraph 7-179). A high on the AZ line enables

Q203. The other outputs of U207 go to inverter/buf-
__fer U208.

volts. The terminals are at those levels since R222 is
connected to -12V and R219 to +12V.

b. If the voltage or slope at the integrator output is
above +12.4V, the negative terminal of U203A is
above zero and its output goes low. If the integrator
voltage is below -12.4V, the positive terminal of U203B
is below zero and its output goes low. Since U203A
and U203B both have open collector transistor out-
puts, a low output on either comparator will make the
output of the other comparator also low. Diode CR203
makes sure that the negative terminal of U203A does
not go below -.6V to prevent U203A from being
damaged.

c. A low output from either U203A and U203B will

make the positive terminal of U203C low. This makes -

the output of U203C low, showing an overload
condition.

7-185. Slope Control Circuit. The slope control circuit,
consisting of R200, U200, and U204 through U208,
generate the various S-4, S+ 4, S-3, etc., currents. The
circuitry receives its information from the A/D logic
which receives its information from the inguard con-
troller. Except for U204, the integrated circuits used are
all CMOS devices. The following explains the slope con-

trol circuit operation.

a. The HSA, HSB, HSC, and LRU inputs to level
shifter (i.e., comparator) U204 are used to select the
runup and rundown operations, and the different cur-
rents (S-4, S + 4, etc.) used in the rundown and runup
operations. The inputs to U204 are at TTL logic levels
(low =0V, high = + 5V) and the outputs are shifted to
CMOS levels (low=-12V, high =0V). This is since the
CMOS devices in the slope control circuit operate at
0 and -12V levels (because the power supplies for the
devices is the -12VA reference supply). Since the HSA,
HSB, etc., lines are connected to the negative terminals
of U204, a 0 (low) input is shifted to -12Vand a + 5V
(high) input is shifted to 0.

b. Except for the HRU line, the A, B, and C lines are
decoded by decoder U205 in conjunction with the ex-
clusive OR gates in U206. This decoded information
selects the various currents.

¢. The decoded information, in addition to the HRU
line, is latched to the appropriate devices by U207 dur-
ing each cycle of the ALE clock. The clock input to
U207 is the same as the ALE clock, after the clock level

e. The S-4, S+4, etc., currents are generated by in-
verter/buffer U208 in conjunction with resistor net-
work R200. If an input of a buffer in U208 is at -12V,
the corresponding output is OV which generates a
positive current. The polarity of the current depends
on the + 12V reference and its value depends on the
reference supply and the resistors in R200. If an input
of a buffer in U208 is at OV, the corresponding out-
put is -12V which generates a negative current. The
polarity of the current depends on the -12VA reference
(connected to U208) and its value depends on the
reference supply and the resistors in R200.

7-186. A/D Logic

7-187. To understand the operation of the A/D logic,
the voltmeter option’s A/D converter operation needs to
be known. Read paragraph 7-157 before reading the
following explanation. Refer to Figure 7-20 and
Schematics B1 and B2 for the following explanation on
the A/D logic operation and circuitry.

7-188. A/D Logic Operation. The A/D logic is part of
a loop that includes the inguard processor (U204) and
comparator U203D in the A/D converter circuitry. This
loop is used to control the A/D operation. The A/D logic
does the following. ‘

a. Latches and transfers the current select data to the
A/D converter during runup and rundown. This data
is used to select the different S-4, S + 4, etc., currents.

b. In rundown, the logic and the inguard processor
count the amount of time it takes for the different S-4,
S+4, S-3, etc., slopes to cross zero.

¢. Disables the A/D operation if the A/D converter
is in overload.

7-189. A/D Logic Operation during Runup. During
runup, latch U5 is always enabled by the inguard pro-
cessor and the data to select the appropriate S + 4, S-4,
etc., currents is latched to the A/D converter by U5. At
this time, line LRU (Low Runup) is set low by the pro-
cessor which places the A/D converter into the runup
mode.

7-190. The current select data comes from the inguard
processor over the AVM, BVM, and CVM lines. Lines
BVM and CVM are used to select the current value and
line AVM selects the polarity of the current. These lines
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(after going through latch U5) become the HSA, HSB,
and HSC lines, respectively. The correct state of the HSA,
HSB, and HSC lines to select the different currents is
given in Figure 7-20.

7-191. In order for latch U4 to be enabled, one or more
of the HSA, HSB, and HSC lines must be low, and the
QD output of counter Ul must also be low. A low on
at least one of the HSA, HSB, and HSC is normally
generated when any S-4, S+4, etc., current is selected.
The QD output of counter Ul will also be low since the
counter is disabled during runup. The counter is disabled
when the RESET line from port P31 of the inguard pro-
cessor is high. A low on any one of the HSA, HSB, and
HSC lines outputs a high at NAND gate U4A. The high
at the output develops a low at the output of NOR gate
U3A. Since the QD output of Ul is low, the D output
of flip-flop U8 is low which makes the output of NOR
gate U3B low. This low is inverted by NAND gate U2A
and enables latch US.

7-192. The runup mode is selected when the HRU line
and the LOV (Low Overload) line are both high. At this
time, the output of NAND gate U4C is low. Since the
output is the LRU line, the runup mode is selected. The
HRU line is set high by the inguard controller and the
LOV line is high if no overload condition exists in the
A/D converter (see paragraph 7-184).

7-193. A/D Logic Operation during Rundown. During
rundown, as in runup, the A/D logic in conjunction with
the inguard processor selects the different currents. The

A/D logic is also used to determine how long the cur- -

rents are to remain on.

7-194. Refer to Figures 7-18 and 7-20 for the following
explanation on the A/D logic operation during rundown.

a. After runup is completed, the input to the A/D con-
verter is removed and the integrator input is then con-
nected to ground. This is accomplished by setting the
HRU line from the inguard processor low. Dependent
on the polarity of the remaining voltage on the in-
tegrator capacitor, either an S-4 or S + 4 current is ap-
plied for 10 A/D counts. After the 10 A/D counts are
completed, a no current condition (S +0) is selected
by the processor for a short time.

b. After the S+0 slope, an S-4 current is always
selected. At this time, 4-bit counter Ul is enabled by
the inguard processor.- The counter then starts in-
crementing during each ALE cycle. When the counter
is clocked by the ALE clock five times, it sets its QC
output high (see Ul outputs in Figure 7-20). This high
strobes the internal counter of the inguard processor
and lets the processor know that one A/D count is
completed.

c. If after the one A/D count (i.e., five ALE cycles)
no zero crossing is detected (HCP line from the A/D
converter changes state), the 5 ALE count is again
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started by counter Ul. (In the example of Figure 7-18,
no zero crossing is detected.)

d. If zero crossing was detected, the applied current
is removed and a no current condition, S + 0, is selected
for a certain time. At this time, the QD output of
counter Ul goes high (see Ul outputs in Figure 7-20)
and the counter is placed in a wait state. This state re-
mains until the S+0 period is completed. The same
takes place for any S+ 0 condition in rundown. Zero
crossing usually occurs during an A/D count rather
than at the end of one. Because of this, the applied
current is removed not when zero crossing occurs, but
when the A/D count is completed. Counter U1 keeps
on incrementing, after zero crossing, until the five
ALE cycles (i.e., one A/D count) is completed.

e. In the example, current S-4 remains on for 2 A/D
counts. Then current S+ 0 is selected and the same
takes place as in the previous step. Counter Ul is
placed in the wait state until S+ 0 is completed.

f. After S+0, current S+ 4 is then applied. At this
time, counter U1 starts counting again. Since the QD
output of counter U1 was high, U1 is cleared after be-
" ing clocked by the first ALE cycle. The S+ 4 current
remains on until zero crossing occurs for a maximum
time of 12 A/D counts. These A/D counts are also
developed using counter Ul, as was done in step b.

g. The same takes place for the following applied S-3,
S+2, and S-1 currents. Counter U1 counts during each
S-3, S+2, and S-1 currents and is in a wait state dur-
ing the no current (S + 0) conditions.

h. When the last S-1 slope crosses zero, counter Ul
is disabled by the inguard processor and the rundown
operation is completed.

7-195. A/D Logic Circuitry Operation during Rundown.
The following paragraphs explain the A/D logic circuitry
operation during rundown. Refer to Figure 7-20, and
Schematics B1 and B2 for the explanation.

7-196. Counter Ul is enabled by a low on the RESET
line which comes from the inguard processor. This low
on the RESET line, after going through U7A and U6C,
develops a low output at U6B. This enables U3C. The
ALE clock is then applied to counter Ul through U3C
and clocks Ul. When rundown is completed, the RESET
line is set high by the inguard processor and the counter
is disabled.

7-197. Gate U6B develops a low since the output of U4B
is high and the output of U6C is low. The output of U4B
is high because both the HSA and HSB lines are high.
A high on any of the HSA, HSB, and HSC lines will
develop a high on the output of U4B. The only time the
output of U4B goes low is when all of the HSA, 'HSB,
and HSC lines are low. This only happens duringan S+0
condition. The output of U6C is low since its pin 8 is high.
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7-198. When counter Ul is enabled, its QC output will
go high after the fifth ALE cycle. The inguard processor’s
internal counter is strobed (T1 input) and lets the pro-
cessor know that one A/D count is completed. The in-
formation at the A, B, C, and D inputs (see next
paragraph) of the counter are then loaded into the counter
when the counter is clocked (after the fifth ALE cycle).
This happens since a high at QC sets the counter’s LOAD
input low. A high at QC sets the output of NOR gate
U6A low since pin 3 of U6A is low. The pin is low because
the RESET line is low (see paragraph 7-196).

7-199. If during the five ALE cycles no zero crossing had
occurred, the counter’s A, B, C. and D inputs are all low.
A low on the inputs sets the QA, QB, QC, and QD out-
puts of Ul low (0000) when the counter is clocked. In-
puts A, B, and C are low because they are connected to
ground and input D is low because the output of U2C
is low.

7-200. If during the five ALE cycles zero crossing had
occurred, the counter is placed in a wait state (its QA,
QB, QC, and QD outputs are 1000). The counter is set
into a wait state when its D input goes high (output of
U2C is high). When this is loaded into U1, the counter’s
QD output goes high and Ul cleared. The counter is
cleared when its CLR input is low. This low is developed
by U8 when U8 is clocked by the ALE clock. The Q out-
put of U8 is then high and, since both inputs of U2B are
now high, the output of U2B goes low.

7-201. At the time when the QC output of counter Ul
is high and zero crossing is detected (HCP line changes
state), the inguard processor selects an S + 0 condition.
When this current is selected, all of the HSA, HSB, and
HSC lines go high. This sets the output of U4B low which
in turn sets the output of U6B high. A high on U6B turns
off U3C and the clock signal for Ul is disabled. This re-
mains until a different current is selected by the processor.
Counter Ul is then clocked, and since it was cleared by
a high at its QD output, it is set to *“0000°’. The counter
then starts incrementing at the next ALE cycle.

7-202. The circuitry which sets the D input of counter
Ul high, after zero crossing occurs, includes exclusive OR
gate U7C and NAND gates U2C and U2D. The opera-
tion is as follows:

a. Before zero crossing occurs, the HCP line (from
the A/D converter) and the HSA line (current polari-
ty bit) are at the same high or low state. The high or
low state depends on the S+4, S-4, etc. currents ap-
plied to the A/D integrator. When the HCP and HSA
lines are at the same state, the output of U7C is low.
This low develops a high at the output of U2D. The
high remains, even if pin 13 of U2D (i.e., the QC out-
put of counter Ul) is high or low. As long as counter
Ul is enabled by the RESET line, the high at U2D
develops a low at the output of U2C. The output of
U2C is the D input to counter Ul.
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b. When zero crossing occurs, the HCP line changes
state. This then sets the output of U7C high. This high
will not change the output of U2D (i.e., remains high)
until the QC output of counter Ul goes high. When
QC goes high, the output of U2D goes low. This sets
the output of U2C high and the D input to Ul goes
high.

7-203. Overload Detection during Runup. When the out-
put of the integrator in the A/D converter exceeds
+12.4V, the LOW OVERLOAD line goes low (see
paragraph 7-184). The low on the line does two things:
it lets the inguard processor know that an overload con-
dition exists and it disables runup. The processor receives
the overload information when the LOL, which is con-
nected to the LOW OVERLOAD line, goes low. This line
also sets the output of NAND gate high which disables
runup (set line LRU high). When the processor receives
the overload, it starts a rundown operation. This
discharges the overload voltage at the integrator
capacitor. The processor then sets its HRU line high to
enable runup.

7-204. Reference Supplies

7-205. The reference supplies provide three stable
voltages for the A/D converter: -12VA, -12VB, and
+ 12V. These voltages are used by the A/D converter to
develop the S-4, S+4, etc., currents and are also used
by some of the input amplifier circuitry. Refer to
Schematic D1 for the following explanation on the
reference supplies.

7-206. -12V A Supply. This voltage is the most stable of
the reference supply voltages and determines the long
range stability of the voltmeter option. The voltage is
developed by non-inverting amplifier U601 and Q700 us-
ing the feedback resistors located in R200 and 7V
reference diode (zener diode U600). The reference diode
is connected to the positive terminal of U601 and deter-
mines the stability of the reference voltage. The diode is
very stable since it has its own heater to keep the diode
temperature as stable as possible. The output of U601
drives Q700 which outputs the reference voltage. Tran-
sistor Q700 is a buffer which prevents the loading down
of U601. The feedback resistors in R200 can be coarse
and fine adjusted to adjust the amplitude of the reference
supply. This is part of the dc voltmeter calibration pro-
cedure and is necessary for the voltmeter to measure in-
put voltages accurately.

7-207. -12VB Supply. This supply is a buffered -12V
reference voltage and is used by less critical circuitry in
the A/D converter. The voltage is developed by X1 gain
non-inverting amplifier U700 and the -12VA supply.

7-208. +12V Supply. This sipply is developed by U701
using feedback resistors in R200 and the -12VA supply.
Amplifier U701 is configured as an X1 gain inverting
amplifier. The two 100K ohm resistors in R200 determine
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the gain. The stability of the + 12V supply depends on
the feedback resistors, the -12VA supply, and U701.
Because of this, the amplifier has good short term
stability. .

7-209. DC CURRENT SOURCE CIRCUITRY DESCRIPTION

7-210. The dc current source of the 3497A voltmeter op-
tion is able to supply a constant current of ImA, 100xA,
or 10pA. The current source consists of the following
circuitry.

Reference

Gate Bias Amplifier
Feedback Resistors
High Voltage Protection
Floating Power Supply

The following paragraphs describe the dc current source
circuitry. Unless otherwise noted, refer to Schematic C4

for the explanation.
7-211. Current Generation

7-212. Refer to Figure 7-21 for the following explana-
tion which shows how the current source generates a cur-
rent of ImA. Current generation of 100puA and 10uA is
similar.

a. The output of the reference circuit, consisting of
U401 and associated circuitry, is at approximately -11V
which is applied to one side of the 7500 ohm resistor
in R128. The negative terminal of U401 is at approx-
imately -3.5V.
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b. Since the negative terminal of U401 is at approx-
imately -3.5V, the positive terminal of the gate bias
amplifier (U402) is also at -3.5V. This is since the ter-
minal is connected to the negative terminal of U401.

¢. Because the non-inverting terminal (positive) of
U402 is at -3.5V, its inverting terminal (negative) must
also be at -3.5V. This applies -3.5V to the other side
of the 7500 ohm resistor in R128. The voltage drop
across the resistor is at approximately 7.5V (11V -3.5V)
which makes the current going through the resistor
ImA.

d. When a load is connected to the HI and LO Out-
put Terminals, current Is flows from the +17.2V
supply through the load resistor, high voltage protec-
tion circuitry, FET Q400, the 7500 ohm resistor (in
R128), to the output of U401.

e. To satisfy the conditions in steps a through ¢, the
current through the 7500 ohm resistor (i.¢., Is) must
be ImA. FET Q400 in conjunction with the gate bias
amplifer (U402) makes sure that the current is correct.
The FET acts like a variable resistor and regulates the
current flow through the load resistor. If too much
current flows through the load resistor, the FET is
biased (by U401) to a larger resistance. If too little cur-
rent flows through the load, the FET is biased to a
smaller resistance.

7-213. Current Source Circuitry

7-214. The following paragraphs explain the different cir-
cuitry of the current source. Refer to Schematic C4.

R400
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-3.5V N
R401 :
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SUPPLY

R128

20K

-3.5V

U402
-3.5V

I SOURCéT

I SOURCE HI

+17.2V
I SOURCE LOAD
(1mA) RESISTOR
HIGH
VOLTAGE
PROTECTION LO
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Figure 7-21. Simplified Current Source
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7-215. Reference. The reference circuitry consists of
Q401 and associated circuitry. The -11V output is
developed by the 20K ohm feedback resistor (in R128)
and also by the -3.5V applied to the positive terminal of
U401. The -3.5V is developed by breakdown diodes
CR400 and CR401, resistors R400 and R401, and the
+17.2V supply.

7-216. Gate Bias Amplifier. The gate bias amplifier, con-
sisting of U402, is used to bias FET Q400. If current go-
ing through the load resistor (current Is, see paragraph
7-211) is too large, the negative terminal of U402 tries
to go more positive. This brings the output of U402 lower
which turns Q400 on less (i.e., Q400 has more resistance).
If the current is too small, the output goes higher and
turns Q400 on more (Q400 has less resistance). Another
part of the gate bias amplifier circuitry is FET Q401. The
FET is configured as a diode and provides a feedback
path for U402 when no load resistor is connected to the
HI and LO Output Terminals.

7-217. Feedback Resistors. The feedback resistors are
located in R128 and are used to configure the current
source to output either ImA, 100uA, or 10zA. The 7501.5
ohm resistor is used to develop a current of 1mA. The
7501.5 ohm resistor in series with the 67499.5 ohm resistor
develop 100xA and the 675.203K ohm resistor in series
with the 7501.5 ohm and 67499.5 ohm resistors develop
10pA. Each current range can be calibrated using poten-
tiometers R409, R410, and R411 for the 10xA, 100uA,
and 1mA Ranges, respectively. The different feedback
resistor combinations are selected by relays K401, K402,
and K403. The relays are selected by decoder U400 which
gets its information from the inguard processor using the
BCS and CCS lines. The high and low states of the lines
and corresponding current ranges are as follows:

BCS cCS Range Relay
On

High High None None

Low Low 10uA K401

Low High 100uA | K402

High Low TmA K403

7-218. High Voltage Protection. The purpose of the high
voltage protection circuitry is to protect the current source
from voltages inadvertently applied to the HI and LO
Output Terminals. If voltages above +400V are applied
to the terminals, gas discharge tube E400 will conduct.
This in effect places resistor R414 -across the terminals
and prevents the voltage from reaching the current source.
For voltages below +400V, transistors Q403 and Q404,
and diodes CR402 and CR406 are used to protect the cur-
rent source. If a negative voltage is applied to the output
terminals, diode CR402 becomes back biased and
prevents the voltage from reaching the current source.
If a negative voltage is applied, CR406 becomes forward
biased and applies -.6V across the base-emitter junction
of Q403. This turns Q404 off and the applied high voltage
is dropped across the emitter-collector junction of Q404.
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7-219. Floating Power Supply. The current source uses
a floating power supply to isolate the current source cir-
cuitry from the rest of the 3497A. The power supply pro-
vides two voltages, +17.2V and -17.2V, which are used
as a reference supply and the power supplies for the ac-
tive components in the circuitry. The generation of the
two power supply voltages is explained as follows:

a. The ALE clock signal from the inguard logic is ap-
plied to counter U300. The counter is used to divide
the frequency of the ALE clock down by 10.

b. The output of the counter is applied to the com-
parators in U301. The comparators are used to develop
two signals which are 180 degrees out of phase with
each other.

¢. One of the output signals from U301 is applied to
transistor Q300 and the other is applied to Q301. The
transistors are used to drive the primary of transformer
T300. Transformer T300 is referenced to the RELAY
GROUND (R) (i.e., center tap of T300 is connected
to ground-R). This ground is connected through the
power supply board to LOGIC GROUND (i.c., in-
guard ground).

d. Transformer T300 is used to drive T301. The out-
put from the secondary of T301 is then used to develop
the +17.2V power supply voltages. Since the second-
ary of T301 is referenced to ground F instead of the
RELAY GROUND and since it is isolated from the
primary of T301, the +17.2V power supplies are
isolated from inguard ground.

e. The output of T301 is rectified by full wave rec-
tifier CR302 through CR305 to develop the raw
unregulated voltages for the power supplies. The
regulated voltages are then developed by transistor
Q302 and breakdown diode CR311 for the +17.2V
supply and by Q307 and CR310 for the -17.2V supply.

7-220. Another circuit in the current source is varistor
RV1. Its purpose is to limit the voltage across the cur-
rent source ground (ground F) and RELAY GROUND.
The varistor is normally open but will be resistive and
decrease its resistance value if too much voltage is across
the grounds.

7-221. POWER SUPPLIES

7-222. The 3497A’s power supplies are separated into two
major sections: outguard power supply and inguard
power supply. All supplies are located on the power sup-
ply board which is located behind the front panel
assembly. The outguard power supplies are referenced
to chassis ground and the inguard supplies are referenced
to inguard ground (LOGIC GND and RELAY GND).
This isolates (i.e., floats) the inguard and outguard power
supplies from each other. The following paragraphs
describe the circuitry.
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7-223. Outguard Power Supplies

7-224. The outguard power supply consists of the follow-
ing circuitry.

+ 12V Outguard Ref
-12V Qutguard

+5V 0.G. (Outguard)
Battery Supply

Refer to Schematic D2 for the power supply circuitry ex-
planation in the following paragraphs.

7-225. £12V Outguard Power Supplies. These supplies
are raw unregulated supplies which are developed by full
wave bridge rectifier consisting of CR9, CR10, CR13, and
CR14. Temperature sensitive resistors RT49 and RT80
are used to protect the supplies from excessive currents.
The operation is as follows:

a. If the current of the + 12V power supplies is ex-
cessive and/or the current of the -12V supply is ex-
cessive, RT49 and RT80 heat up, respectively.

b. Since RT49 and RT80 have positive temperature
coefficients, their resistance increases to a large value,
due to high temperature.

¢. The high resistance causes most of the power supply
voltage to drop across RT49 or RT80, shutting down
the respective supply.

d. The 'large resistance value remains until RT49 or
RT80 cool down (i.e., the supply draws normal
current).

7-226. +5V O.G. Power Supply. This supply is used by
most of the logic circuitry in the outguard section of the
3497A. It consists of a series regulator (transistor Q1),
full-wave rectifier (CR1 and CR2), reference circuitry (Ul
and associated circuitry), and protection circuitry (U2A
and associated circuitry). The following explains the cir-
cuitry operation.

a. Full-wave rectifier CR1 and CR2 in conjunction
with filter capacitor C3 develop the raw unregulated
voltage for the power supply.

b. The raw voltage is then divided down and regulated
to +5V by QI. The difference between + 5V and the
raw voltage is dropped across Q1. If more current is
needed by the circuitry, QI turns on harder. If less cur-
rent is needed, Q1 turns on less. This is accomplished
by controlling the voltage at the base of Ql.

¢. Transistor Q1 is regulated by U1 and associated cir-
cuitry. In Ul is an operational amplifier and a
reference diode (i.e., a breakdown diode). The opera-
tion is as follows:

1. The positive terminal of the operational amplifier

Theory of Operation

in Ul is held at approximately + 5V and, since the
negative terminal is connected to the + 5V supply,
both terminals are at approximately +5V. The
voltage on the negative terminal is developed by the
breakdown diode in Ul using R28 and R29. The
diode is at approximately + 7V which is divided down
to approximately + 5V by R28 and R29. The diode
is supplied by the current source in U1 which receives
its voltage from the + 12V supply.

2. With both terminals of the amplifier in Ul at
+ 5V, transistor QI is biased to output +5V.

3. If the + 5V supply changes to a lower value, the
negative terminal of the amplifier in Ul goes lower
which makes its output go higher. This turns the tran-
sistor in U1 on a little less (i.e., collector goes higher)
which turns Q7 on a little less. The collector of Q7
then goes higher which then turns Q1 on harder un-
til the power supply is at +5V."

4. If the + 5V supply changes to a higher value, the
negative terminal of the amplifier in U1 goes higher
which makes its output go lower. This turns the tran-
sistor in Ul on a little harder (i.e., collector goes
lower) which turns Q7 on harder. The collector of
Q7 then goes lower which then turns Q1 on less un-
til the power supply is at +5V.

d. The protection circuitry, consisting of U2A and
associated circuitry, is used to turn the power supply
off if excessive current is drawn. When the power
supply draws excessive current, a voltage drop across
R23 is developed that makes the positive terminal of
U2A lower than the negative terminal. The output of
U2A goes low and, since it is connected to the base
of the transistor in U1, the collector of the transistor
goes low. This turns Q7 on harder which turns off Q1.

7-227. Battery Supply. The battery supply consists of
a battery, battery regulator circuitry, and battery charg-
ing circuitry. The battery (BT1) is used to back up the
3497A’s internal clock (only the date and time, no other
clock related functions) when power to the instrument
fails. The battery regulator circuitry (U11 and associated
circuitry) serves two functions, it regulates the battery
voltage going to the internal clock and protects the bat-
tery from shorts. The battery charging circuitry (U2B and
associated circuitry) charges and keeps the battery
charged when the 3497A is turned on and power is con-
nected. The circuitry has two charging states, a fast charge
and a trickle charge. The fast charge is selected when the
battery needs charging and the trickle charge is selected

“ to keep the battery charged. The following explains bat-

tery supply circuitry operation.

a. When power is connected to the 3497A and the in-
strument is on, the voltage for the internal clock comes
from Q6. Transistor Q6 is a series regulator which out-
puts approximately +6V. This is developed since
breakdown diode CR8 is connected to the base of Q6
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making the emitter of Q6 approximately +6V. The
+ 6V from Q6 goes through CR7 which then becomes
the supply voltage for the clock. The raw power supply
voltage for Q6 is the.+ 12V OUTGUARD REF supply.

b. When power is removed from the 3497A, the bat-
tery then supplies the voltage to the clock. Dependent
on the position of jumper J7, the voltage is supplied
under two different conditions: when the power switch
is either on or off, or only when the switch is on. With
P7 in the ON position, backup voltage is supplied
when the power switch is on or off.

c. The battery regulator circuitry is used to regulate
the battery voltage when the battery supplies the
backup voltage to the clock. The operation is as
follows:

1. The positive terminal of U11A is at approximately
+2V. This is developed using CR6 and resistors RS0
and R51. The negative terminal of U11A is also at
approximately at +2V which comes from the bat-
tery voltage and R15, R16, and transistor QS. The
transistor voltage depends on the bias voltage from
Ul1B.

2. If the battery supply voltage changes to a lower
value, the negative terminal of UllA goes lower
which makes its output go higher. This turns tran-
sistor Q4 on a little harder. The collector of Q4 goes
lower which turns on Q3 a little harder until the bat-
tery supply voltage is at the correct value (+6V).

3. If the battery supply voltage changes to a higher
value, the negative terminal of U11A goes higher
which makes its output go lower. This turns transistor
Q4 on a little less. The collector of Q4 goes higher
which turns on Q3 a little less until the battery sup-
ply voltage is at the correct value (+6V).

d. The battery regulator circuitry protects the battery
from shorts that may be applied to the battery sup-
ply. This is accomplished by turning Q3 off. If a short
occurs, the voltage at the positive pin of U11B goes
to zero. This brings the output of U11B low and turns
QS off. The collector of Q6 then goes high. Since the
collector of Q5 is connected through R16 to the
negative terminal of U11A, the output of Ul1A goes
low and turns Q3 off.

e. The battery charging circuitry charges and keeps the
battery charged when the instrument is on and power
is applied. This is accomplished by U2B and associated
circuitry. The positive terminal of U2B is at the + 5V
power supply voltage. When the battery voltage is
lower than normal, indicating a discharge condition,
the negative terminal of U2B goes low. The voltage
at the negative terminal of U2B is determined by the
battery voltage using R7, R10, R11 and associated cir-
cuitry. With the negative terminal of U2B low, the out-
put of U2B goes high which turns Q2 on. The collec-
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tor of Q2 goes lower and turns Q1 on which charges
the battery. The amount of charge is determined by
the voltage at the base of Q1. This voltage is developed
by LED CR1 and the + 12V OUTGUARD REF sup-
ply which prevents Q1 from charging the battery too
much. When the battery is charged up, the battery re-
mains charged by a trickle charge developed by R1 and
R2.

7-228. Inguard Power Supplies

7-229. Most of the inguard power supplies are similar to
each other in that they use voltage regulators to develop
the power supply voltages. The only exception is the
+ 30VL supply which is a raw unregulated supply. In ad-
dition to the power supplies, the circuitry also includes
a -8V power supply (-8 T.C.) which is used by the ther-
mocouple on the 20 Channel Relay Multiplexer with
Thermocouple Compensation plug-in option (Option
020). All the power supplies, except the +19VG and
-19VG supplies, are referenced to inguard ground. The
+ 19VG and -19VG supplies are referenced to guard. The
following explains the power supply circuitry. Refer to
Schematic D3 for the explanation.

7-230. +15VL, -15VL Power Supplies. These power sup-
plies use a full-wave bridge rectifier, consisting of CR19,
CR20, CR24, and CR25, to develop the raw unregulated
voltages. The + 15VL is developed by regulator U3 and
the -15VL by U4. Capacitors C16, C19, C17, C20, C21,
and C22 are used as filter capacitors. Breakdown diodes
CR22 and CR29 are used for overvoltage protection.

7-231. -18VL Reg. Supply. This supply uses regulator U8
to develop -18 volts. Although the regulator is a -15V
regulator, it develops -18V since its pin 1 is at 3V which
is developed by CR31 (-15V plus -3V is equal to -18V).
Overvoltage protection of the supply is by CR60.
Capacitors C24 and C25 are used as filters, The raw
unregulated voltage for the supply comes from rectifiers
CR19, CR20, CR24, and CR25 using a voltage doubler
(C18, CR27 and CR359, and CR28).

7-232. +30VL Supply. This supply is an unregulated
supply which uses rectifiers CR19, CR20, CR24, and
CR23, and a voltage doubler (C13, CR18, and CR17) to
develop the voltage. Overvoltage protection is by CR23
and C23 is used as a filter capacitor.

7-233. +5 LOGIC Supply. This supply uses regulator
U12 and a bridge rectifier, consisting of CR46 to CR49,
to develop the supply voltage. Capacitors C29 to C31 are
filter capacitors and CR35 is for overvoltage protection.

7-234. +19VG and -19VG Supplies. These supplies use
a bridge rectifier, consisting of CR36, CR37, CR41, and
CR42, to develop the raw unregulated voltage for the sup-
plies. The +19VG supply uses a regulator U9 and the
-19VG supply uses U10. Regulator U10 is a -15V regulator
which has its pin 1 at approximately -4V (using CR44)
thereby developing -19V. Capacitors CR34 to CR39 are
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used as filter capacitors and CR55, CR56, and CR45 are
for overvoltage protection.

7-235. T.C. Power Supply. The T.C. power supply, con-
sisting of U7, Q8, and associated circuitry, is used to
develop -8V for the Option 020 plug-in card. The positive
input of U7, which is configured as an inverting amplifier,
is at approximately -2V, The -2V is developed by the -15V
INGUARD supply (-15VL) and breakdown diode CR33
which also determines the stability of the amplifier. A

Theory of Operation

-2V on the positive terminal makes the negative terminal
also at -2V. Appropriate values of feedback resistors (R33
through R39) are chosen to make the output of the power
supply -8V and to make the negative terminal of U7 -2V.
Feedback resistors R34 to R37 are selected by jumpers
JM7 to JM10. The jumpers select the appropriate resistor
values to make the output as close to -8V as possible.
Then R46 is adjusted to output exactly -8V. Transistor
Q8 is configured as an emitter follower and is used as
a buffer.
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SECTION Vi
SERVICE

8-1. INTRODUCTION

8-2. This section of the manual shows how to
troubleshoot and repair the 3497A mainframes (both
HP-IB and Serial 1/0), standard front panel, and
voltmeter option. The information is given in service
groups which include procedures on how to select the ap-
propriate service group. This section of the manual also
has the complete schematics (in Service Group E) for the
mainframes, the standard front panel, and the voltmeter
option. This section also includes the necessary safety
considerations. The section is separated as follows:

Safety. Considerations - paragraph 8-3

Fuse Replacement - paragraph 8-8

Printed Circuit Board Removal and Installation -
paragraph §-14

Pre-Troubleshooting Information - paragraph 8-26

Troubleshooting - paragraph 8-28

3497A Failures and Service Group Selection -
paragraph 8-36

8-3. SAFETY CONSIDERATIONS

8-4. The 3497A has been designed with international
safety standards. To maintain these standards, the cau-
tions, warnings, and other safety related information in
this manual must be followed when servicing the instru-
ment. Servicing should only be performed by service
trained personnel.

8-5. Service and repair of the 3497A while covers and/or
printed circuit boards are removed and with any power
applied, should be avoided as much as possible. If any
work is performed while power and/or voltage is applied,
the work should be carried out by a skilled person who
is aware of the hazards involved.

8-6. It is possible for capacitors inside the instrument to
remain charged when the instrument has been turned off
or its power source removed. Make sure the capacitors
are discharged before working on the instrument.

8-7. Make sure that only the recommended fuse type
(correct current rating, etc.) is used for replacement. The
use of repaired fuses and the shorting of fuse holders must

be avoided.
' | WARNING I

Only service trained personnel with a
knowledge of electronic circuitry should in-
stall, reconfigure, or make repairs to this
instrument or assembly.

I WARNING I

Voltages as high as 357V may be present
within the protective safety covers and cabinet
enclosures of the 3497A. These voltages may
be accessible on exposed chassis parts once the
safety cover has been removed. LETHAL
voltages may be present even though the in-
strument is disconnected from LINE power.
BEFORE any handling or servicing of plug-
in options cards takes place, make certain that
all sources of external power are either
turned off or disconnected.

WARNING I

Any interruption of the protective grounding
conductor (inside or outside the instrument)
or disconnections of the protective earth ter-
minal can make the instrument dangerous.
Intentional interruption of the protective
grounding conductor is strictly prohibited.

8-8. FUSE REPLACEMENT

8-9. The 3497A mainframe has two fuses, a main ac
power fuse and a battery fuse. The power fuse is located
at the outguard section’s rear panel and the battery fuse
is inside the mainframe. The removal procedures for the
fuses are in the following paragraphs.

8-10. Power Fuse Replacement

8-11. The fuse is replaced at the fuse holder located on
the right rear panel of the instrument (as viewed from
the back). To remove the fuse, insert the blade of a small
flat blade screwdriver into the slot of the fuse holder cap.
Push the cap in and then turn the screwdriver
counterclockwise. The cap will then pop out and can then
be removed with the fuse. Replace the fuse with a new
one and do the procedure in reverse to replace the cap.

B-12. Battery Fuse Replacement

8-13. The battery fuse is inside the mainframe. To replace
the fuse, do the following:

a. Turn the 3497A off and remove ac power from the
instrument,

b. Turn the 3497A upside down and remove the bot-
tom cover.
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¢. The fuse is mounted in a fuse clip which is located
near the power transformer (right side).

d. Pop the fuse out of the clip and replace it with a
new one.

e. Reinstall the bottom cover and turn the instrument
rightside up.

8-14. PRINTED CIRCUIT BOARD REMOVAL AND
INSTALLATION

8-15. The following paragraphs have procedures to
remove printed circuit boards for servicing. The pro-
cedures include the removal and installation of the
outguard logic board, inguard controller board, and
voltmeter option board. These boards may have to be
removed for most troubleshooting. Other procedures are
for the front panel and power supply boards. These may
not have to be removed for troubleshooting purposes, but
must be removed to replace any components on the
boards. The board removal and installation procedures
are in the following paragraphs.
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b. Remove the rear panel safety cover by removing
the two screws that hold it in place. Then remove the
rear cover bracket by removing the screws that hold
the bracket in place.

c. Refer to Figure 8-1. Note that the outguard logic
board and the inguard controller board are held in by
one and two mounting screws, respectively. Determine
which board is to be removed and locate the ap-
propriate screws. Loosen the screws, but do not
remove them. They are held in place by a rubber
grommet.

d. Dependent on which board (inguard or outguard)
is to be removed, locate the appropriate built-in finger
ring, as shown in Figure 8-1. Pull on the ring to remove
the board from the 3497A chassis.

e. Once the board is removed, it can be reconnected
to the mainframe for servicing. This is accomplished
by using the Board Extender (-hp- Part No.
03497-67913). The following steps explain how to con-
nect the outguard logic board to the extender and then
how to plug the extender into the instrument. This is
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Figure 8-1. Outguard and Inguard Boards Mounting Screws and Finger Rings

8-16. Removing the Outguard Logic And Inguard Controller
Boards

8-17. Do the following procedures.

a. Turn the 3497A off and remove the power line cable
from the instrument.

8-2

shown in Figure 8-2. In the figure, the outguard board
is used as an example on how to connect the board
and extender. The same applies for the inguard con-
troller board and plug-in options. Do the following:

1. Refer to Figure 8-2. Locate the arrow marked
“CONTROLLER TIMER” on the 3497A main-
frame and align the Board Extender into the cor-
responding slot. Then push the extender into the slot
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Figure 8-2. Using the Board Extender

until it seats firmly in the motherboard socket. If the
inguard controller board is to be installed, align the
extender with the “INGUARD CONTROLLER”’
arrow.

2. Plug the cable from the Board Extender into the
outguard logic or inguard controller board edge con-

d. Locate the appropriate mounting screws on the rear
panel, shown in Figure 8-1, and tighten the screws.

e. Reinstall the rear panel safety cover.

8-20. Removing the Voltmeter Option Board

8-21. Since the voltmeter option board is part of the in-
guard assembly, the inguard controller board must be
removed before the voltmeter board can be removed. Do
3. To reinstall the boards, after servicing, go to the the procedure in paragraph 8-16 to remove the inguard
next paragraph. : controller. Then do the following:

nector. Troubleshooting can now be performed on
the board.

8-18. Installing the Outguard Logic and Inguard Controller a. Make sure the inguard controller board is removed

Boards
8-19. Do the following:

a. Make sure the 3497A is turned off and the power
line cable is disconnected from the instrument.

b. Unplug the outguard logic or inguard controller
board from the Board Extender. Then remove the
Board Extender from the mainframe.

¢. If the outguard logic board is to be installed, locate
the arrow marked ‘““CONTROLLER TIMER”’ on the
3497A mainframe. If the inguard controller board is
to be installed, locate the arrow marked “INGUARD
CONTROLLER”’ on the 3497A mainframe. Align the
board into the corresponding slot. Then push the
board into the slot until it seats firmly in the mother-
board socket.

from the 3497A.

b. Make sure the 3497A is turned off and the power
line cable is disconnected from the instrument.

¢. On the inguard assembly, locate the voltmeter
board. The board is covered with a metal shield which
has to be removed before troubleshooting or service
can be performed. Remove the four machine bolts
located near the corners of the shield and then remove
the shield.

d. With the shield removed, the board is exposed
enough to troubleshoot it. If further removal is
necessary, continue with the next step.

e. Locate the red and black wires connected to the HI
and LO Input terminals. Unplug the wires from the
voltmeter board.

8-3
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f. Locate the red and black wires connected to the in-
guard controller board and unplug these wires from
the board.

g. Locate the Voltmeter mounting screw near the
center of the board and remove it. The voltmeter board
can now be removed.

h. To reinstall the board, do the removal procedure
in reverse.

8-22. Removing the Front Panel Board

8-23. The front panel board does not have to be removed
to troubleshoot it, but has to be removed to replace com-
ponents. The following procedure shows how to get to
the front panel board and how to remove it. Do the
following:

a. Turn the 3497A off and remove the power line cable
from the instrument.

b. Open the front panel by unscrewing the captive
fastener counterclockwise until it is free. Then swing
the front panel out until it is perpendicular with the
frame. The front panel board is now exposed enough
to troubleshoot it. If the board is to be removed, con-
tinue with the next step.

. ¢. To remove the board, make sure the 3497A is
turned off and the power line cable is disconnected
from the instrument.

d. Locate the four mounting screws on the front panel
board and remove them. Two of the screws are located
near the lower corners of the board.

e. Locate the ribbon cable which connects the front
panel board to the mother board. Unplug the cable
at the mother board. Then remove the board by pull-
ing the bottom part of the board away and downward
from the front panel assembly.

f. To reinstall the board, do the removal procedure
in reverse.

8-24. Removing the Power Supply Board

8-25. The power supply board does not have to be re-
moved to troubleshoot it, but has to be removed to
replace components. However, since a metal shield covers
the board, the shield must be removed to troubleshoot
the board. The following procedure shows how to remove
the shield and the board.

a. Turn the 3497A off and remove the power line cable
from the instrument.

b. Open the front panel by unscrewing the captive
fastener counterclockwise until it is free. Then swing
the front panel out until it is perpendicular with the
frame.

8-4

3497A

¢. The power supply board is located in front of the
mainframe. At this time, the board is covered with a
metal shield. Remove the two screws that hold the
shield in place and then remove the shield.

d. The power supply board should now be exposed
enough to troubleshoot it. If the board is to be re-
moved, continue with the next step.

€. To remove the board, make sure the 3497A is
turned off and the power line cable is disconnected
from the instrument.

f. Unplug the two cables connected to the power sub-
ply board.

g. Locate the four board mounting screws and remove
them. Two screws are on the power supply board itself
and the other two are near the power transistor located
at the top right of the board.

h. The board can now. be removed by pulling it out-
ward away from the mainframe.

i. To reinstall the board, do the removal procedure
in reverse.

8-26. PRE-TROUBLESHOOTING INFORMATION

8-27. Check the following before troubleshooting the
3497A. :

a. Make sure the outguard logic board and inguard
controller board are seated firmly into their respective
sockets. Also make sure the boards and motherboard
connectors are clean.

b. Make sure the failure is not caused by a plug-in op-
tion or the 3498A Extender (if connected to the instru-
ment). Remove all of the plug-in options and the ex-
tender, and then perform a self-test (see paragraph
8-31). The test is enabled by pressing the SELF-TEST
button on the front panel (if the standard front panel
is installed) or sending program codes ““ST1”’ over the
HP-IB or Serial I/0 bus. If the test passes, the 3497A
is most likely good and a plug-in option may cause the
failure. If the test fails, the 3497A is at fault.

¢. Make sure no other external devices connected to
the 3497A cause the failure.

8-28. TROUBLESHOOTING

8-29. The following paragraphs have information on the
3497A’s self-test feature and some general
troubleshooting information for the 3497A mainframes,
standard front panel, and voltmeter option. For more
complete troubleshooting information, go to the ap-
propriate service group. Go to paragraph 8-37 to select
the appropriate group.
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8-30. Self-Test

8-31. The 3497A uses an internal self-test to check its
operating circuitry. This test can be selected from the
front panel (if the standard front panel is installed), or
over the HP-IB or Serial 1/0 bus. Press the SELF-TEST
button on the front panel, or send program codes ‘‘ST1”’
over the HP-IB or Serial 1/0, to select the test. If the
test passes, all the front panel LEDs (and 8ES8 is output
over the HP-1B or Serial I/0 bus) will turn on indicating
that the circuitry checked by the test is functional. In ad-
dition, 8ES is also output over the HP-IB or Serial 170
bus, if read over the bus. If the test fails, a number show-
ing which of the 3497A circuitry that has failed will then
be displayed. Since a self-test is also performed at turn
on, the failure will also be shown on the front panel when
the 3497A is turned on. The following paragraphs give
the test numbers and circuitry that could cause the failure.

8-32. Test #1. This test fajls if ‘1’ is displayed on the
front panel or ‘10’ is output over the HP-IB or Serial
1/0 bus. This shows that communication between the
outguard controller and the inguard controlier is broken.
The cause can be either the inguard or outguard controller
-circuitry, or the crossguard circuitry. Go to Service Group
Al or A2 to determine the inoperative circuitry. Service
Group Al is for the standard (HP-IB) mainframe and
Service Group A2 is for the Serial /O mainframe (Op-
tion RS-232).

8-33. Test #2. This test fails if ‘2’ is displayed on the
front panel or 200’ is output over the HP-IB or Serial
I70 bus. It shows that the voltmeter operation is in-
operative. The cause can be either the inguard controller
circuitry, A/D logic, or A/D converter. Go to Service
Group B for troubleshooting.

8-34. Test #3. This test fails if ‘3’ is displayed on the
front panel or ‘3000’ is output over the HP-IB or Serial
170 bus. This shows that the timer/pacer circuitry is in-
operative. Since this circuitry is part of the outguard logic
circuitry, go to Service Group Al or A2 for
troubleshooting. Service Group Al is for the standard
(HP-1B) mainframe and Service Group A2 is for the
Serial I/O mainframe (Option RS-232).

8-35. Board Swapping

8-36. Isolating defective circuits or printed circuit board
is best done by exchanging the suspected defective board
with a known good board. One thing that needs to be
remembered is that the Serial I/O controller board may
not operate on older instruments. Make sure the 3497A
has operated with the option in the past, before attempt-
ing to swap boards.

8-37. 3497A FAILURES AND SERVICE GROUP SELECTION

8-38. 3497A failures are in the following paragraphs. Use
the information to determine the 3497A failure. Once the
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failure is determined, go to the appropriate service group
for troubleshooting. The service groups are given in the
following paragraphs and also in Table 8-1.

Table 8-1. 3497A Service Groups

Service Title

Group

A1l Outguard Troubleshooting (HP-IB)

A2 Outguard Troubleshooting (Serial 1/0)

B Inguard Logic and A/D Converter Troubleshooting
o DC Voltmeter and DC Current Source Troubleshooting
D Miscellaneous Troubleshooting

E Block Diagrams and Schematics

8-39. Outguard Logic Failures (Service Group A1 or A2)

8-40. These include failures by the outguard controller
and timer/pacer circuitry. The failures are as follows:

8-41. Turn-On Failure. This failure is when the 3497A
mainframe is completely inoperative. No control using
the front panel, and also using the HP-IB or Serial /0
bus is possible. If this failure occurs, the front panel
display may be completely blank, or may not show some
or only part numbers. If a number is displayed, it would
normally be other than a number 1, 2, or 3. A number
1, 2, or 3 indicates a self-test failure. If a turn-on failure
is noted, go to Service Group Al for the standard
(HP-IB) mainframe or Service Group A2 for the Serial
1/0 mainframe.

8-42. Inoperative Keyboard (Standard Front Panel In-
stalled). An inoperative keyboard is when all or part of
the keyboard is inoperative. This shows up when press-
ing a key and no action or an incorrect action takes place.
It can be caused by the keyboard circuitry itself or the
outguard controller. With a keyboard failure, the
HP-IB or Serial 170 bus should still operate. An in-
operative keyboard may also, under certain cicumstances,
show a display failure. If the keyboard, display, and
HP-IB or Serial 1/0 bus are all inoperative, the failure
is most likely a turn-on failure (see paragraph 8-41) in-
stead of a keyboard failure. To troubleshoot the
keyboard, go'to Service Group Al for the standard (HP-
IB) mainframe or Service Group A2 for the Serial I/0O
mainframe.

8-43. Inoperative Display and/or Inoperative Beeper
(Standard Front Panel Installed). This shows up when
all the displays are blank, when they show incorrect in-
formation (e.g., segments on the LEDs are missing or
wrong), or when the beeper is inoperative. If a 1, 2, or
3 is displayed, it is most likely a self-test failure, not a
display failure. The display failure can be caused by the
display circuitry itself or the outguard controller. If the
display, keyboard, and HP-IB or Serial I/0 bus are all
inoperative, the failure is most likely a turn-on failure
(see paragraph 8-41) instead of a display failure. To
troubleshoot the display, go to Service Group Al for the
standard (HP-IB) mainframe or Service Group A2 for
the Serial 170 mainframe.
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8-44. HP-IB or Serial I/0 Failure. This failure is when
the 3497A cannot be controlled over the HP-IB or the
Serial 1/0 bus. If the keyboard and the display are also
inoperative, the failure is a turn-on failure (see paragraph
8-41) instead of an HP-IB or Serial 1/0 failure. If there
is an HP-IB failure, go to Service Group Al and if there
is an Serial 170 failure, go to Service Group A2,

8-45. Timer/Pacer Failure. A timer/pacer failure is when
all or part of the circuitry is inoperative. This includes
the time of day functions and the output signals at the
rear panel ports. The timer/pacer failures normally show
up as Self-Test #3 failure (see 8-34). If a timer/pacer
failure is noted, go to Service Group Al for the standard
(HP-1B) mainframe or Service Group A2 for the Serial
170 mainframe.

8-46. Input and QOutput Ports Failures. Most of the
3497A’s input and output ports send and receive infor-
mation from and to the outguard logic. Other ports are
used to send out information from the timer/pacer cir-
cuitry. If any of the ports are inoperative, go to Service
Group Al for the standard (HP-IB) mainframe or Ser-
vice Group A2 for the Serial I/0 mainframe.

8-47. Failures with 3498A Extender Connected. If any
failures show up only when the 3498A Extender is con-
nected to the 3497A, make sure the 3498A is not causing
the failure. If the 3498A is good, the 3497A is most like-
ly at fault. Go to Service Group Al for the standard (HP-
IB) mainframe or Service Group A2 for the Serial 170
mainframe.

8-48. iInguard Logic Failures (Service Group B)

8-49. The inguard logic failures are explained in the
following paragraphs.

8-50. Voltmeter Failures. These failures include overload,
constant zero, etc., readings. For a description of these
failures, see paragraph 8-54. If a voltmeter failure is
noted, make sure the failure is not caused by the voltmeter
circuitry instead of the inguard logic. A procedure to
determine which circuitry is at fault is in Service Group
C. Once it is determined that the inguard circuitry and
not the voltmeter is at fault, go to Service Group B for
troubleshooting.

8-51. Analog Plug-In Options Failure. This failure is pre-
sent when the analog plug-in options receive the wrong
set-up information. The failure can be caused by the in-
guard controller and associated circuitry, or by the op-
tion itself. Make sure the option is good, before
troubleshooting the inguard circuitry. If the inguard cir-
cuitry is causing the failure, go to Service Group B for
troubleshooting.

8-52. Failures with 3498A Extender Connected. This
failure is when the analog plug-in options in the 3498A
receive the wrong set-up information. If any failures show
up with the 3498A Extender connected to the 3497A,

8-6
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make sure the 3498A is not causing the failure. If the
3498A is good, the inguard controller circuitry is most
likely at fault. Go to Service Group B for troubleshooting.

8-53. The 3497A Displays Dashes (------- ). This is a nor-
mal display when the voltmeter option is not installed.
If this is displayed when the option is installed, it shows
that communication between the option and the inguard
logic is broken. The most likely cause is the A/D logic
circuitry. Go to Service Group B for troubleshooting.

8-54. DC Voltmeter Failures (Service Group C)

8-55. The following paragraphs explain possible
voltmeter failures. If any of these failures are noted, go
to Service Group C for troubleshooting.

8-56. Overload. There are two types of overload condi-
tions that can occur. One type is when the input voltage
applied to the dc voltmeter is larger than the particular
range can handle. This type is normal. For example, if
15V is applied on the 10V Range, the 3497A will display
an overload (‘‘OL’’). The other type of failure is when
an overload is displayed with no voltage applied and/or
the input terminals are shorted. This type can be caused
by the input switching circuitry, input amplifier, or A/D
converter (including the inguard logic). (Note: An
overload may be displayed on the lowest voltmeter ranges
with the input terminals open. This is a normal
condition,)

8-57. Inaccurate Readings. Inaccurate readings are
measurements that are not within the voltmeter option’s
DC Voltage specifications. These can be caused if the op-
tion is out of calibration, or by the input switching, in-
put amplifier, or A/D converter circuitry. Before doing
any troubleshooting, calibrate the instrument.

8-58. Floating Readings. A floating reading is a reading
that does not change irrespective of the input voltage ap-
plied. Generally, the displayed reading will appear to be
totally random. This can be caused by an open in the
voltmeter circuitry.

8-59. Constant Zero Reading. A constant zero reading
is normally caused when the input to the input amplifier
or the A/D converter is shorted to ground (LO COM).
It can also be caused if the A/D converter is inoperative.

8-60. Noisy Readings. This failure can be caused by the
input switching, input amplifier, or A/D converter.

8-61. Current Source Failures (Service Group C)

8-62. The following paragraphs explain possible current
source failures. If any of these failures are noted, go to
Service Group C for troubleshooting.

8-63. Inaccurate Current. Inaccurate currents are cur-
rents that are not within the voltmeter option’s DC Cur-
rent Source specifications. These can be caused if the cur-
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rent source is out of calibration, or by the circuitry in
the current. Before doing any troubleshooting, calibrate
the instrument.

8-64. No Current Qutput. This failure is when the cur-
rent source outputs no current and is normally caused
by the circuitry in the current source.

8-65. Noisy Currents. This failure is when the current
source outputs currents that deviate more than the short
term specifications of the current source. The failure is
normally caused by the circuitry in the current source.

Service

8-66. Miscellaneous Failures (Service Group D)

8-67. These failures include the following:
Outguard Power Supplies Failures
Inguard Power Supplies Failures
Voltmeter Reference Supplies Failures
Battery Charger Failures

If any of these failures are noted, go to Service Group
D for troubleshooting.
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8-A1-1. INTRODUCTION

8-Al-2. This service group has troubleshooting informa-
tion for the outguard logic of the 3497A’s standard
(HP-IB) mainframe (see Service Group A2 for the Serial
I/0 mainframe troubleshooting). The information is for
all of the outguard circuitry which consists of the main
controller circuitry, HP-IB circuitry, timer/pacer cir-
cuitry, crossguard logic, standard front panel, and
associated circuitry.

8-A1-3. PRE-TROUBLESHOOTING INFORMATION

8-Al-4. Read the information in the following
paragraphs before doing any troubleshooting.

8-A1-5. Troubleshooting Without Signature Analysis

8-A1-6. Check for stuck nodes on the address bus, data
bus, and the outputs of devices used by the outguard.
This can be done using a logic probe. A stuck node usual-
ly shows the node in a certain steady state when it is
supposed to toggle. Try to determine what the 3497A is
suppose to be doing and what it is not doing, or vice ver-
sa, and then try to logically associate that to a particular
circuit. The theory of operation may be helpful to deter-
mine the defective circuitry. Then check for the outputs
of a device in that circuit to see if they are toggling. If
they are not, check the inputs of the device for toggling.
If the inputs are toggling, the device is probably defec-
tive. This method of troubleshooting does not check for
timing errors, but is fast and simple.

8-A1-1. Troubleshooting With Signature Analysis

8-Al-8. A signature analyzer is used to determine the
faulty circuitry and component. This is done by placing
the circuitry in a certain operating mode and then take
signatures using the signature analyzer. When the cir-
cuitry is in that mode, the data on the lines develop a uni-
que signal. This data (i.e., signal) is read by the signature
analyzer which then develops a unique signature. If the
signature is correct, the device developing the signal is
correct. If the signature is incorrect, the device may be
defective. Before replacing the device, make sure other
devices on the line are not causing the incorrect signature.

8-A1-9. When using the procedures in this service group,
make sure the charts and procedures are followed in
order. If done otherwise, the procedures may appear to
be confusing.

8-A1-10. General Troubleshooting Information

8-Al-11. Check and make sure the + SV power supply
is good. This supply should be between +4.75V and
+5.25V.

8-A1-12. Make sure the outguard processor’s clock is
operating correctly. Check and make sure that the clock
outputs at pins 13 and 15 of U10 are 180 degrees out of
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phase (see Schematic A1). If the clock signals are miss-
ing, replace U10.

8-A1-13. Make sure the processor is properly reset. This
can be done by momentarily shorting the RST line (U11
pin 40) to ground. The line should then go high and reset
the processor. If, after shorting the line, the 3497A starts
operating or if the line remains low, try replacing U10
or US1.

8-A1-14. EQUIPMENT REQUIRED

8-Al-15. The following is the required equipment for the
troubleshooting procedures in the following paragraphs.

Oscilloscope -hp- Model 1741A
Signature Analyzer -hp- Model 5004A
Logic Probe

8-A1-16. OUTGUARD FAILURES AND TROUBLESHOOTING

8-A1-17. The following paragraphs have outguard logic
failures and some troubleshooting information. For a
description of the outguard failures, refer to paragraphs
8-30 and 8-39.

8-A1-18. Turn-On Failure

8-Al1-19. This failure usually shows up as an inoperative.
instrument (i.e., keyboard, display, HP-IB, etc., are all
inoperative). The failure can be caused by the main con-
troller and associated circuitry. To determine if the failure
is present, check the following.

a. Make sure the display is inoperative. The display
may show some information, other than 1, 2, or 3
which is a self-test failure, and will not do any
updating; :

b. The keyboard will not operate at all.
c. The HP-IB will not operate at all.

If ““all”” of the conditions are met, the 3497A will most
likely have a turn-on failure.

8-A1-20. To troubleshoot the turn-on failure, the
outguard logic is placed into a free-run SA (Signature
Analysis) mode. Various signatures are then taken to
determine if the outguard processor, ROMs, or other
areas in the outguard circuitry are causing the failure.

8-Al1-21. In the following procedure, various clock
signals are checked and then the address bus is checked
using SA. If the address bus is good, the outguard con-
troller is most likely operating. The turn-on failure is then
most likely caused by the ROMs and RAMs, or by the
front panel circuitry (keyboard and displays) or HP-IB
circuitry. If the signatures on the address bus are good,
more signatures are then taken to check the output of
the peripheral decoders. Do the following:

8A1-1
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a. Turn the 3497A off.

b. Remove the outguard logic board from the
instrument. ;

¢. Remove the timer/pacer board from the outguard
logic board. The board is removed by removing its
mounting screw (near the center of the outguard
board) and then unplugging the timer/pacer board
from the outguard board.

d. Connect the outguard logic board to a Board Ex-
tender and plug the extender into the appropriate slot
of the instrument (see paragraph 8-16 on how to con-
nect the extender).

e. Turn the 3497A on.

f. If the standard front panel is installed, look at the
front panel display and determine if Test #3 fails. If
the optional front panel is installed, continue with step
h.

g. If the front panel does not display ¢‘3’’, the turn-
on failure is still present. Continue with step h. If the
front panel display shows a Test #3 failure (i.e.,
displays ¢‘3”’), the 3497A does not have a turn-on
failure. This is because a displayed ‘“3’’ is a normal
indication with the timer/pacer board removed. This
would show that the outguard logic is operating. Since
the original failure shows up with the timer/pacer
board connected to the outguard board, the
timer/pacer circuitry is most likely causing the failure.
Do the following (refer to Schematic A3):

1. Remove RP4. Then plug the timer/pacer board

3497A

back into the outguard logic board.

2. If the 3497A now displays ““3”’, U8, U9, Ul1l, or
U12 are most likely at fault.

3. If the turn-on failure is still present, make sure
.the TIMER PCTL line is not held low. Replace U3
if it is.
h. Turn the 3497A off.

i. Unplug the front panel board from the mainframe
motherboard (see paragraph 8-22).

j.-Turn the 3497A on.

k. Check for clock signals at TP B¢2 and TP DBE.
Use an oscilloscope (the 1741A) to check for the signals
shown in Figure 8-A1-1. Use the scope set-up infor-
mation given in the figure to configure the scope.

1. If the clock signals are missing or wrong, check for
a defective U10, U13, and Ul4. If the clock signals
are good, check the address bus using SA (continue
with next step).

m. Turn the 3497A off.

n. Remove bus break RP3 from its socket (see Figure
8-Al1-2).

0. Using short clip leads, connect test points W11
(data line D5) and W12 (data line D7) to ground, as
shown in Figure 8-A1-2. This places the 3497A into
the free-run SA mode.

SCOPE SETUP

Vertical: 2V/Div (Channel A & B)
Trigger: Trigger Comp A, Normal, Positive
Sweep: .2uS/Div

CHANNEL A: TP B¢2

CHANNEL B: TP DBE

Figure 8-A1-1. B¢2 and DBE Clock Signals

8A1-2
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p. Obtain a signature analyzer and connect as follows

(see Figure 8-A1-2):

Start:
Stop:
Clock:
Gnd:

TP SSO (Address A15)
TP SSO0 (Address A15)
TP B¢2

TP GND

q. Set the signature analyzer as follows:

Start:
Stop:
Clock:

In ()
Out (/)
In ()

Self-Test: Out

Hold:

Out

Service Group A

s. If any signature is incorrect, replace the outguard
processor (Ull).

t. If the signatures are correct, the other circuitry in
the outguard logic is most likely at fault. Refer to
Table 8-Al-1 (Outguard Logic Signatures) and take
the signatures given in the table. If any signatures are
wrong, replace the corresponding component. If all
the signatures are good, the data bus is most likely
causing the failure. Check for shorts on the lines of
the data bus. Then try replacing the components con-
nected to the data bus.

Table 8-At-1. Outguard Logic Signatures

r. Turn the 3497A on. Using the signature analyzer, c Pin # Sianat c bin S
take the + 5V and ground signatures first to make sure " 'gnatre n gnature
the analyzer is setup correctly. The + 5V signature is U31 7 ABSC u32 7 942F
0001’ and the ground signature is ‘‘0000”’. If the 9 A277 9 FO42
signatures are incorrect, make sure the SA setup is cor- 10 9840 10 131H
rect. If the setup is correct, the outguard processor 1; g;‘g 1; gggg
(Ul1) or the ROMs (U186, U'ZO, and U24) and RAM 13 2828 13 OPCS
(U30) may be at fault. If the signatures are good, check 14 02H7 14 270P
the following signatures. 15 3APF 15 9CH4
. u33 7 1920 uU1s 9 1181
;1'1}, Ad[;iress Signature 9 c34C 10 64HP
" us 10 597C 11 29A6
9 AO 5555 11 UAB7 12 5FU8
10 A1l cccee 12 4154 13 755U
11 A2 JF7F 13 960F 14 3827
12 A3 5H21 14 84AF 15 0000
13 A4 OAFA 15 3PCF
14 A5 UPFH
15 A6 52F8 u29 3 5555 u4s 11 8295
16 A7 HC89 5 Cccce 12 F82H
17 A8 2H70 7 7F7F 13 04P6
18 A9 HPPO 9 1293 14 uesu
19 A10 1293 11 HAP7 15 F488
21 Al1 0000 13 3C96
22 A12 3C96
23 A13 3827
24 Al14 755U

CONNECT SA CLOCK TO HERE
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Figure 8-A1-2.

Outguard SA Test Setup and Connection
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8-A1-22. Self-Test #1 Fails

8-A1-23. This failure usually shows that there is no com-
munication between the outguard and inguard controller.
This can be caused by the crossguard logic, outguard
logic, or inguard controller circuitry. The outguard con-
troller determines this failure by sending a certain data
byte to the inguard controller. This data byte is sent over
the crossguard logic to the inguard controller and is
used to reset the inguard processor. When the inguard
processor is reset, it then sends a data byte with the same
information it received, back to the outguard controller.
If the data byte going back to the outguard controller
is missing or different than the one sent, the controller
will then display a Test #1 failure.

8-Al1-24. Aslong as Test #1 fails, the outguard controller
will continue sending the same data byte to the inguard
controller. This can be used to determine if the outguard
crossguard logic, inguard crossguard logic, or inguard
controller circuitry is at fault. Do the following procedure
to determine the circuitry. Unless otherwise noted, refer
to Schematics Al and ABI for the procedure).

a. Turn the 3497A off.

b. Connect the inguard controller board to a Board
Extender and plug the extender into the appropriate

3497A

slot of the instrument (see paragraph 8-16 on how to
connect the extender).

c. Turn the 3497A on.

d. Refer to Schematic B1. Using a logic probe, check
and make sure the RST line of the inguard processor
is toggling (i.e., change back and forth from high-low-
high).

e. If the reset line at TP RS is low, check and make
sure pin 12 of U110 is toggling. If pin 12 toggles, either
U110 is defective or comparator U214 and associated
circuitry is holding the reset line low. Check U110, and
U124 and associated circuitry. If pin 12 is not toggling,
continue with the next step.

f. If the reset line at TP RS is high (or low, see
previous step), check and make sure pin 8 of U110 is
toggling. If pin 8 is toggling, replace U110. If pin 8
is not toggling, the cause is most likely incorrect data
developed by U114, U116, or the outguard. Do the
following:

1. Check for clock and data signals at TP CLK and
TP DATA, respectively. Use an oscilloscope to check
for the signals shown in Figure 8-A1-3. Use the scope
set-up information given in the figure to configure
the scope.

CLOCK SIGNAL (TP CLK}

SCOPE SETUP

Vertical: 2V/div
Trigger: Normal, Positive
Sweep: 5uS/Div

DATA SIGNAL (TP DATA)

Figure 8-A1-3. Inguard Crossguard Clock and Data Signals
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2. If the clock and data signals are good, the data
from the outguard is transferred correctly to the in-
guard. Try replacing U114,

3. If the clock and data signals are incorrect or miss-
ing, the wrong data is sent from the outguard to the
inguard. To determine the cause, turn the 3497A off
and remove the inguard controller board from the
extender. Then remove the extender from the
instrument,

4. Using the procedure in paragraph 8-16, connect
the outguard logic board to the Board Extender and
plug the extender into the appropriate slot of the
instrument.

5. Turn the 3497A on and check the signals shown
in Figure 8-A1-4 at pins 8,11 and 3,6 of U46 (on the
outguard crossguard logic circuitry). (Note: The
signals will not remain steady on the scope. They will
flash on and off at a certain rate.)

Service Group A

logic are most likely good. Further isolation is
necessary. Do the following:

1. Try replacing U112.

2. If the instrument is still inoperative, turn the
3497A off and remove the inguard controller board
from the extender. Then remove the extender from
the instrument.

3. Connect the outguard logic board to the Board
Extender and plug the extender into the appropriate
slot of the instrument.

4. Turn the 3497A on and check the signals shown
in Figure 8-A1-5 at pins 4 and 7 of U49 (on the
outguard crossguard logic circuitry). (Note: The
signals will not remain steady on the scope. They will
flash on and off at a certain rate.)

5. If the signals are incorrect or missing, check for
defective transformers T2 and T4 (located on the A16

U46 PIN 8 AND 11

Vertical:

SCOPE SETUP

Trigger: Normal, Positive
Sweep: 5uS/Div

U46 PIN 3 AND 6

Figure 8-A1-4. Outguard Crossguard Logic Output Signals

6. If the signals are good, the outguard is sending
the correct data. Check for defective transformers
T1 and T3 (located on the A16 power supply board).
If the transformers are good, replace U116 on the
inguard controller board.

7. If the signals are incorrect or missing,
troubleshoot the outguard crossguard logic circuitry
(go to paragraph 8-A1-27).

power supply board). If the transformers are good,
the inguard controller or inguard crossguard logic cir-
cuitry is most likely defective. Go to Service Group
B for troubleshooting.

6. If the signals are good, the correct data is sent
from the inguard to the outguard crossguard cir-
cuitry. Troubleshoot the outguard crossguard logic
(go to paragraph 8-A1-27).

g. If the reset line at TP RS is toggling, the outguard
circuitry and the output of the outguard crossguard

8-A1-25. Keyboard, Display, HP-IB, Timer/Pacer (Self-Test
#3 Fails), and 3498A Extender Failures

8Al-5
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U49 PIN 4

SCoO

Vertical:
Trigger:
Sweep:

U49 PIN 7

PE SETUP

.5V/Div
Normal/Positive
5uS/Div

Figure 8-A1-5. Input Signals

8-A1-26. Any one of these failures can be caused by the
Peripheral Decoders U31, U32, U33, and U45. Except
for the HP-IB and 3498A Extender failures, the failures
can also be caused by the buffered data bus. If all of the
failures are noted, the 3497A has most likely a turn-on
failure (go to paragraph 8-A1-18 for troubleshooting).
Otherwise, do the following:

a. Turn the 3497A off.

b. Remove the outguard logic board from the
instrument.

¢. Connect the outguard logic board to a Board Ex-
tender and plug the extender into the appropriate slot
of the instrument (see paragraph 8-16 on how to con-
nect the extender).

d. Open the 3497A’s front panel door. Locate and
remove the power supply shield over the power sup-
ply board (see paragraph 8-24 for a procedure to
remove the shield).

e. Refer to Figure 8-A1-6. Locate transformers T1
through T4 and reconfigure the transformer wiring,
as shown in the figure.

f. Obtain a signature analyzer and connect as follows:

Start: TP SS1 (A1S5 pin 3)
Stop: TP SS1 (Al5 pin 3)
Clock: TP B¢2

Gnd: TP GND

8A1-6

to the Outguard Crossguard Logic

g. Set the signature analyzer as follows:

Start: Out (/)
Stop: Out (/)
Clock: Out (/)
Self-Test: Out
Hold: Out

h. Turn the 3497A on. Using a clip lead, momentari-
Ty short TP SA to ground (TP GND). This places the
3497A into the RAM SA mode.

Tape this disconnected
end so it will not cause a
short.

Through T1

A
Through T2

Figure 8-A1-6. Pulse Transformer Test Wiring
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i. Using the signature analyzer, take the +5V
signature. The signature should be ‘““‘APHC”’. If the
signature is wrong, make sure the signature analyzer
is setup correctly. If the analyzer set-up is correct, the
outguard crossguard logic is most likely inoperative.
Go to paragraph 8-A1-27 for troubleshooting. If the
+ 5V signature is good, take the following signatures.

U1 Signature U3z Signature
Pin # Pin #

7 APHC 7 F737

9 APHC 9 1408
10 APHC 10 APHC
11 APHC 11 APHC
12 APHC 12 APHC
13 4F77 13 APHC
14 u7eu 14 APHC
15 APHC 15 APHC
u33 Signature uas Signature
Pin # Pin #

7 APHC 11 0P92

9 35F4 12 F8P6
10 19FP 13 C338
11 APHC 14 48F8
12 8HI9H 15 PAP2
13 A6FU

14 APHC

15 OP34

j. If any signatures are wrong, replace the appropriate
component.

k. If the signatures are good and the 3497A has an
HP-1B or 3498A Extender failure, go to paragraph
8-A1-71 or 8-A1-85, respectively, for troubleshooting.
If the signatures are good and the 3497A has a
keyboard, display, or timer/pacer failure, continue
with the next step.
1. Make sure the signature at pin 19 of U34 is “38C1”".
m. If the signature is wrong, do the following:
1. Make sure the signature at pin 4 of U26is *“7514"’.
2. If the signature is wrong, try replacing U19.

3. If the signature is good, make sure the signature
at pin 5§ of U26 is ‘““HAS2"".

4. If the signature is wrong, replace U22, U14, U18,
or U28.

5. If the signatures at pins 4 and 5 of U26 are good,
replace U26.

n. If the signature at pin 19 of U34 is good, take the
following signatures:

Service Group A

u3a Signature
Pin #

11 7U74
12 AP4H
13 FO71
14 5HH6
15 52HC
16 H30A
17 994pP
18 C26H

o. If any signatures are wrong, try replacing U34. If
the signatures are good, troubleshoot the keyboard,
display, or timer circuitry. Go to paragraphs 8-A1-40,
8-A1-53, or 8-A1-74 for the keyboard, display, or
timer/pacer circuitry, respectively. Once the previous
tests have been performed, turn the 3497A off and
return the pulse transformer wiring for normal opera-
tion, as shown in Figure 8-Al-7.

Through T3

Through T2

Through T4

Figure 8-A1-7. Puise Transformer Wiring for Normal
Operation

8-A1-27. OUTGUARD CROSSGUARD LOGIC

TROUBLESHOOTING

8-A1-28. General

8-A1-29. Before performing the troubleshooting pro-
cedures in the following paragraphs, make sure that the
inguard controlier or inguard crossguard logic are not
causing the failure. Go to paragraph 8-A1-22 to deter-
mine the defective circuitry. Do this since a crossguard
logic failure normally shows up as a Test #1 failure. If
other symptoms are noted, the failure is most likely not
a crossguard failure. ’

8-A1-30. Refer to Schematic AB1 for the following
troubleshooting information. The outguard crossguard
logic circuitry has two different parts to it: a transmitter
and a receiver. The paragraphs have a procedure to isolate
the defective circuitry and procedures to troubleshoot the
circuitry.

8-A1-31. Transmitter/Receiver Isolation

8A1-7
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8-A1-32. Part of this procedure has been performed in
paragraph 8-A1-22. If the defective area of the crossguard
logic has been determined already, ignore the following
procedure. If not known, do the following:

a. Turn the 3497A off.

b. Open the 3497A’s front panel door. Locate and
remove the power supply shield over the power sup-
ply board (see paragraph 8-24 for a procedure to
remove the shield).

¢. Refer to Figure 8-A1-6. Locate transformers T1
through T4 and reconfigure the transformer wiring,
as shown in the figure.

d. Turn the 3497A on.

¢. Using an oscilloscope, check the signals shown in
Figure 8-A1-4 at pins 8,11, and 3,6 of U46. Use the
scope setup information shown in the figure. (Note:
The signals may or may not remain steady on the
scope. They may or may not flash on and off at a cer-
tain rate.)

f. If the signals are incorrect or missing, the transmit-
ter circuitry is at fault. Go to paragraph 8-A1-33 for
troubleshooting.

g. If the signals are correct, check the signal shown
in Figure 8-A1-5 at pin 4 of U49.

h. If the signal is good, the receiver circuitry is at fault.
Go to paragraph 8-A1-38 for troubleshooting.

i. If the signal is missing, make sure transformers T1
and T2 are wired as shown in Figure 8-A1-6. If the
wiring is correct, make T1, T2, U49, or R37 may be
defective, :

8-A1-33. Transmitter Troubleshooting

8-A1-34. Troubleshoot the transmitter circuitry by look-
ing at the signal in Figure 8-A1-6. Refer to the figure and
note that the signal should have a total of nine peaks.
If the signal has the incorrect number of peaks, or if the
signal is completely missing, or if the signal has a dif-
ferent shape, go to paragraphs 8-Al-35, 8-A1-36, or
8-A1-37, respectively, for troubleshooting.

8-A1-35. Incorrect Number of Peaks. This can be caus-
ed by counter U35. If the counter is good, try U26 or U36.

8-A1-36. Signal Missing. Do the following:
a. Using a logic probe, make sure pin 5 of U43 is tog-
gling. If the pin is not toggling, make sure pin 3 is tog-

gling. If pin 3 is toggling, replace U43. If pin 3 is not
toggling, replace U10.

8A1-8
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b. Make sure pin 3 of U36 is toggling. If the pin is
not toggling, trace back through U36, U39, U28, and
U37 to U43. Replace the defective IC.

¢. Make sure pins 2 and 9 of U40 are toggling. If they
are not toggling, make sure pin 1 of U40 is toggling.
If pin 1 is toggling, replace U40. If pin 1 is not tog-
gling, trace back through U35 and U39 to U46.
Replace the defective IC.

d. Make sure pins 5 and 6 of U42 are toggling. Replace
U46 if they are not toggling.

8-A1-37. Signal Has Different Shape. If the signal has
nine peaks and has a different shape, try replacing U40.

8-A1-38. Receiver Troubleshooting
8-A1-39. Do the following:

a. Using an oscilloscope, check the signal shown in
Figure 8-A1-8 at pin 14 of U49. Use the scope setup
information shown in the figure. (Note: The signals
may or may not remain steady on the scope. They may
or may not flash on and off at a certain rate.)

b. If the signal is missing or wrong, replace U49.

c¢. If the signal is good, check for the same signal at
pin 4 of U39.

d. If the signal at pin 4 of U39 is missing, replace U39.

e. If the signal is good, make sure pin 9 of U50 and
pin 1 and 19 of U44 are toggling (use a logic probe).

f. If they are not toggling, try replacing U39 or U43.
g. If the bins are toggling, try replacing U44 or U50.
8-A1-40. INOPERATIVE KEYBOARD
8-A1-41. General

8-A1-42. Refer to Schematic A4 for the keyboard
troubleshooting information starting in paragraph
8-Al1-45. A keyboard failure is when any or all of the keys
are inoperative. Since part of the keyboard circuitry is
also used by the display circuitry, an inoperative keyboard
can also cause an inoperative display.

8-A1-43. Before troubleshooting the keyboard circuitry,
make sure the outguard logic is operating correctly. Do
this by sending the 3497A set-up information and reading
its output using the HP-IB. If this can be accomplished,
the outguard logic is most likely good. If unable to
remotely configure and read the 3497A, it is most likely
a turn-on failure (go to paragraph 8-Al-18 for
troubleshooting).
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SCOPE SETUP

Vertical: 2V/Div
Trigger: Normal/Positive
Sweep: 5uS/Div

Figure 8-A1-8. Signal at Pin 14 of U49

8-A1-44, Before going to the following paragraphs for
troubleshooting, make sure the procedure in paragraph
8-A1-25 has been performed. Since the removal of the
front panel board may be required to repair the keyboard,
refer to paragraph 8-22 for the removal procedure.

8-A1-45. Keyboard and Display Failure

8-A1-46. If both keyboard and display failure are noted,
do the following:

a. Using a logic probe, make sure pins 1 and 19 of
U13 are toggling (i.e., continuously changing states).

b. If the pins are not toggling, do the following:

1. Check and make sure pins 4 and 5 of Ul6 are
toggling.

2. If pins 4 and 5 of Ul6 are not toggling, replace
U20. If they are toggling, replace Ul6.

c. If pins 1 and 19 of U13 are toggling, replace U13.
8-A1-47. All Keys Inoperative
8-A1-48. Do the following:

a. Connect a logic probe to pin 6 of Ul3 and then
press any key on the keyboard.

b. If the logic probe changes from low to high while
the key is pressed, U14 and U15 are most likely good.
Replace Ul3.

c. If the logic probe remains either high or low, do
the following:

1. Using the logic probe, make sure pin 7 of Ul5
changes from low to high when a key is pressed.

2. If no change is noted on pin 7, replace Ul4.
3. If pin 7 changes from low to high, replace UlS5.
8-A1-49. Some Keys Inoperative

8-A1-50. This failure is most likely caused by a key
switch. Use an ohmmeter and make sure the switch closes
when the front panel pushbutton is pressed. If the switch
is good, try replacing Ul4.

8-A1-51. Keybounce Failure

8-A1-52. If excessive keybounce is noted, make sure C7
and C8 are good. If they are good, try replacing Ul4,

8-A1-53. INOPERATIVE DISPLAY (AND/OR BEEPER FAILS)
8-A1-54. General

8-A1-55. Before troubleshooting the display circuitry,
make sure the outguard logic is operating correctly. This
can be checked by remotely setting the 3497A to a cer-
tain configuration (using the HP-IB) and then remotely
reading its output. If this can be accomplished, the
outguard logic is most likely good. If unable to remotely
configure and read the 3497A, it is most likely a turn-on
failure (go to paragraph 8-A1-18 for troubleshooting).
Also make sure the procedure in paragraph 8-A1-25 has
been performed before troubleshooting the display
circuitry.

8-A1-56. Refer to Schematic A4 for the display and
beeper troubleshooting procedures (starting in paragraph

8A1-9
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8-A1-58). A display failure is when any part or all of the
displays or annunciators are inoperative, and if the beeper
is inoperative. The beeper is included with the display
troubleshooting since the beeper circuitry is part of the
display circuitry. Since part of the keyboard circuitry is
also used by the display circuitry, an inoperative keyboard
can also cause an inoperative display. If both keyboard
and display are inoperative, do the procedure in
paragraph 8-Al1-45 first to determine the defective
component.

8-A1-57. The display circuitry can be separated into dif-
ferent areas which include the main display (U4 and
associated circuitry), channel display (U2, US, U8, and
associated circuitry), and various annunciator circuitry
(Ul, U9, U6, etc.). Because of this, first determine which
circuitry fails and then troubleshoot the circuitry. The
following paragraphs have the display failures and
troubleshooting information. Since the removal of the
front panel board may be required to service the
keyboard, refer to paragraph 8-22 for the removal
procedure.

8-A1-58. All Displays and Annunciators Inoperative

8-A1-59. Since latch U7 is used to send the display data
to the various display circuitry, U7 is the most likely
cause. Do the following:

a. Using a logic probe, make sure pin 11 of U7 is tog-
gling (i.e., continuously changing states).

b. If the pin is toggling, replace U7.

c. If the pin is not toggling, make sure pin 4 of U20
and U2 are toggling. If they are not toggling, the
3497A has a turn-on failure (go to paragraph 8-A1-18
for troubleshooting).

d. If both pins 4 are toggling, try replacing U20.
8-A1-60. Main Display Inoperative

8-Al1-61. The main display circuitry consists of U4 and
associated circuitry. The main display failures and
troubleshooting information is in the following
paragraphs.

8-A1-62. All the DS6 through DS12 LEDs are On or Off.
If ““all”” of the DS6 through DS12 LEDs are either con-
stantly on or off, it is a good indication that pin 8 of U4
is held either high or low. Use a logic probe and deter-
mine if pin 8 is held high or low. If pin 8 continuously
toggles, U4 is then the most likely cause. If pin 8 is held
high or low, either U17 or U2l are the cause. Do the
following:

a. Make sure that pins 10 and 11 of U21 toggle.

b. If they toggle, replace Ul7. If not replace U21.

8AI1-10
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8-A1-63. Some of the DS6 through DS12 LEDs are On
or Off. If only some of the DS6 through DS12 LED:s are
off or some of the segments of the LEDs are missing,
the LEDs themselves or U4 are most likely at fault. Before
replacing a suspected defective LED, make sure all the
a, b, ¢, etc., and BO, B1, B2, etc. lines of U4 are con-
tinuously toggling. If they are toggling, check for a defec-
tive LED. If they are not toggling, replace U4.

8-A1-64. DS6 Decimal Point Inoperative. If the decimal
point (part of DS6) is inoperative, check and make sure
the output at pin 4 of U22 is good. (Note: The LED
should only operate if the voltmeter option is installed.)
The pin should go low to turn the LED off and high to
turn the LED on. Make sure the pin changes state when
it is suppose to change (i.e., LED turns off or on). If it
does, the LED is defective. If not, make sure U22 receives
the correct clock signal from U21. If it does, replace U22.
If not, replace U21.

8-A1-65. Channel Display Inoperative

8-A1-66. The channel display is separated into three dif-
ferent circuitry, U2 and DS4, U5 and DS3, and U8 and
DS2. The channel display should only be enabled when
an analog channel is selected, otherwise the LEDs are off.
The channel display failures and troubleshooting infor-
mation is as follows:

a. If LED DS2 is inoperative, make sure pin 5 of U8
is continuously toggling (use a logic probe). If not,
check for toggling at pin 4 of U15 and pin 14 of U20.
If any of the pins do not toggle, replace the appropriate
IC. If pin S of U8 is toggling, check for toggling at
pins 12 through 17 of U8. If good, replace DS2. If not
toggling, replace US.

b. If LED DS3 and DS4 are inoperative, make sure
pin 5 of U2 is continuously toggling (use a logic
probe). If not, check for toggling at pin 12 of U15 and
pin 15 of U20. If any of the pins do not toggle, replace
the appropriate IC. If pin 5 of U2 is toggling, check
for toggling at pins 12 through 17 of U2 and US. If
good, replace DS3 or DS4. If not toggling, replace U5
or U2.

c. If the decimal point for the channel display (part
of DS4) is inoperative, check and make sure the out-
put at pin 5 of U22 is good. (Note: The LED should
only operate if an analog plug-in option is installed.)
The pin should go low to turn the LED off and high
to turn the LED on. Make sure the pin changes state
when it is suppose to change (i.e., LED turns off or
on). If it does, the LED is defective. If not, make sure
U22 receives the correct clock signal from U20. If it
does, replace U22. If not, replace U20.

8-A1-67. Annunciator(s) Inoperative
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8-A1-68. Most annunciators have their own
decoder/driver. The only exception is the DCV, SEC,
etc., annunciators. To troubleshoot the annunciators, do
the following:

a. If a failure is noted by any of the annunciators other
than the DCV, SEC, etc., annunciators, make sure pin
11 of U3, U6, and U9 (or pin 9 of Ul) are continuously
toggling (use a logic probe). If they are not, replace
U21. If they are toggling, check and make sure the out-
puts of the IC are on or off, dependent on whether
the annunciators are to be on or off (high=off,
low = on). If the outputs are good, replace the defec-
tive LED. If not, replace the appropriate IC (U3, U6,
U9, or Ul).

b. If the DCV, SEC, etc., annunciators are defective,
make sure pin 11 of U12 is continuously toggling (use
a logic probe). If the pin is not toggling, replace U21.
If the pin is toggling, check and make sure the out-
puts of U12 are on or off, dependent on whether the
corresponding annunciators are suppose to be on or
off (high=on, low=off). If the outputs are good,
make sure the corresponding outputs of U11 are good
(U1l inverts the outputs making high=on and
low = off). If they are good, replace the defective LED.
If not, replace UlI.

B-A1-69. Beeper Inoperative

. 8-A1-70. To check the beeper circuitry, do the following:

a. Press the blue shift button on the front panel. Then
press the EXECUTE button. Each time the
EXECUTE button is pressed, the beeper should
operate.

b. While pressing the button, monitor pin 3 of U16.
The pin should go from high-low-high.

c. If the pin does change state, troubleshoot Q1 and
the beeper.

d. If the pin does not change state, make sure pin 3
changes from high-low-high.

e. If the pin changes state, replace U16 or associated
circuitry.

f. If it does not change, try replacing U22 or U21.
8-A1-71. HP-IB FAILURE

8-A1-72. Refer to Schematic Al for the HP-IB
troubleshooting information in the following paragraphs.
An HP-IB failure is when the 3497A cannot be setup or
its output read using the HP-IB. If the display and
keyboard are also inoperative, the failure is not an
HP-IB failure, it is most likely a turn-on failure (go to
paragraph 8-A1-18 for troubleshooting).
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8-A1-73. Before going to the following procedure, make
sure the procedure in paragraph 8-A1-25 has been per-
formed. Because the interfacing between the HP-IB and
outguard controller is performed using U1, U7, and U8,
these components are the most likely cause of an HP-IB
failure. Do the following:

a. Turn the 3497A off.

b. Make sure the outguard logic board is connected
to a Board Extender with the extender in the ap-
propriate slot (see paragraph 8-16).

¢. Turn the 3497A on.

d. Using a clip lead, momentarily connect TP SA to
ground (TP GND).

e. Using a logic probe, make sure pins 17 and 18, 21
to 23, and 25 and 26 of U8 are all high (TTL high).
If any are not high, replace U8. If they are high, make
sure pins 2 through 9 of U7 are high. If any are not
high, replace U7. If they are high, continue with the
next step.

f. Turn the 3497A off.

g. Obtain a signature analyzer and connect as follows:

Start: TP SS1 (U1S5 pin 3)
Stop: TP SS1 (U15 pin 3)
Clock: TP B¢2

Gnd: TP GND

h. Set the signature analyzer as follows:

Start: Out (/)
Stop: Out ()
Clock: Out (/)
Self-Test: Out
Hold: Out

i. Turn the 3497A on.

j. Using a clip lead, momentarily connect TP SA to
ground (TP GND). Then take the following signatures:

us Signature
Pin #

27 UF23
28 UF23
29 66C0
30 U352
31 8887
32 3451
33 P2A0
34 F6F6
35 1549
36 U319

k. If any signatures are wrong, replace U8.

8A1-11
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. If the signatures are good, take the following
signatures:

u7 Signature
Pin #

U319
1549
F6F6
P2A0
3451
8887
0252
66CO

LCoOoONOOAL~WN

m. If any signatures are wrong, replace U7. If the
signatures are good, try US8.

8-A1-74. TIMER/PACER FAILURE (OR SELF-TEST #3 FAILS)
8-A1-75. General

8-A1-76. Refer to Schematic A3 for the timer/pacer
troubleshooting information in the following paragraphs.
A timer/pacer failure normally shows up when the in-
ternal clock is inoperative, the TIMER output port is in-
operative (i.e., Time Interval or Timer Output), or Test
#3 fails. Before doing any troubleshooting, make sure
crystal Y1 is good.

8-A1-77. Before going to the troubleshooting procedures
in the following paragraphs, make sure the procedure in
paragraph 8-A1-25 has been performed.

8-A1-78. Test #3 Fails, and Internal Clock, Time Interval,
and Timer Output Modes are Inoperative

8-A1-79. This can be caused if the timer microcomputer
(U4) is defective or if it receives or outputs the incorrect
set-up information. Do the following:

a. Turn the 3497A off.

b. Make sure the outguard logic board is connected
to a Board Extender with the extender in the ap-
propriate slot (see paragraph 8-16).

¢. Turn the 3497A on. Using a clip lead, momentari-
ly connect TP SA to ground (TP GND).

d. Using a logic probe, make sure pin 6 of U3 is tog-
gling. If the pin is not toggling, replace U3. If the pin
is toggling, make sure pin 11 of U3 is toggling. If the
pin is not toggling, replace U4, U9, or Ul2.

e. If pin 11 is toggling, make sure pin 8 of U3 is tog-
gling. If pin 8 is not toggling, replace U3. If the pin
is toggling, replace U4, U9, or Ul2.

8-A1-80. The Time Interval or Timer Output Pulses are
Wrong or Missing

8-A1-81. These failures can be caused by the microcom-

8A1-12

3497A

puter, pacer circuitry, or gating logic. The following
pargraphs have troubleshooting information for both
failures.

8-A1-82. Both Time Interval and Timer Output Fail. The
most likely cause is the microcomputer (U4) or Ul.
Replace U4 or Ul.

8-A1-83. Time Interval Fails. Do the following:

a. Set the time interval for a 1 second interval output
(program codes TI1).

b. Using a logic probe, make sure the output at pin
14 toggles from high-low-high every 1 second.

c. If it does not toggle, check the following:

1. Make sure pin 13 of U4 is high. If the pin is low,
replace U4.

2. Make sure pin 4 of U4 is high. If the pin is low,
U4 is in a constant reset state. This can be caused
by Ul, U6, U8, or U4. Make sure pins 12 and 13 of
Ul are both low. If they are low, try Ul and then
U4. If either or both pins are high, replace U6 or US.

d. If pin 13 is high, replace Ul.

8-A1-84. Timer Output Fails. This failure can either
show up as an incorrect frequency or the output pulse
is missing. This can be caused by the pacer circuitry or
U4. Do and check the following:

a. Make sure the output at pin 15 of U2 is 10KHz.
b. If the frequency is wrong, replace U2.

c¢. If the frequency is good and the timer output is at
the wrong frequency, do the following:

1. Set the time output for a .7777 second interval
output (program code TO7777). This sets the 1, 2,
and 4 inputs of the counters to high.

2. Using a logic probe, make sure pins 5, 11, and
14 of U6, U7, U10, and U13 are high and pin 2 of
the ICs is low.

3. If the pins on U10 and/or U13 are wrong, replace
UlL. If the pins on U6 and/or U7 are wrong, replace
Us.

4. If all the pins are good, set the time output for
a .8888 second interval (program code TO8888). This
sets the 8 inputs of the counters to high.

5. Using a logic probe, make sure pins 5, 11, and
14 of U6, U7, Ul10, and U13 are low and pin 2 of
the ICs is high.
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6. If the pins on U10 and/or U13 are wrong, replace
UlL. If the pins on U6 and/or U7 are wrong, replace
US.

7. If all the pins are good, make sure pin 12 of U6,
U7, Ul3, and U10 are toggling. If one of the pins
are not toggling, replace the appropriate IC. If they
are all toggling, try replacing U6, U7, U10, or Ul13.

d. If the frequency at pin 15 of U2 is good and the
timer output pulse is missing, do the following:

1. Using a logic probe, make sure pin 13 of U4 is
low and pin 14 is high.

2. If the levels are wrong, replace U4.

3. If the levels are good, make sure the timer out-
put pulse is good at pin 1 of Ul.

4. If the output pulse is good, replace Ul.

5. If the pulse is missing, go to step ¢ (paragraph
8-A1-84-c; timer output at the incorrect frequency)
for troubleshooting.

8-A1-85. 3498A EXTENDER FAILURES

8-A1-86. Refer to Schematic Al for the following
troubleshooting information. Before doing any
troubleshooting, make sure the procedure in paragraph
8-A1-25 has been performed. Also make sure the failure
is not caused by the 3498A.

8-A1-87. The 3498A failures are normally caused by the
extender buffers (U3 and US5) or by the output extender
(U4). If the procedure in paragraph 8-A1-25 has been per-
formed and the failure is still present, try replacing U3,
U4, or US.

8-A1-88. INPUT/OUTPUT PORTS TROUBLESHOOTING
8-A1-89. Refer to Schematic Al for the following
troubleshooting information. Before doing any
troubleshooting, make sure the procedure in paragraph
8-A1-25 has been performed.

8-A1-90. Timer Port

8-A1-91. Since this port is the output of the timer/pacer
circuitry, go to paragraph 8-A1-74 for troubleshooting.

8-A1-92. Ext Trig and Ext Incr Ports
8-A1-93. Do the following:
a. Cycle power on the 3497A.

b. If the Ext Trig port is inoperative, do the following:
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1. Connect a logic probe to pin 9 of U25. The pin
should be low.

2. If the pin is high, replace U25.
3. If pin 9 is low, make sure pin 2 of Ul3 is low.

4. If pin 2 of U13 is high, make sure CR13 is not
shorted and R2 is not open (diodes CR11 and CR13
are protection diodes). If CR13 and R2 are good,
replace Ul3.

- 5. If pin 2 is low, connect the logic probe to pin 9
of U25. Then, momentarily connect the EXT TRIG
port to ground. Pin 9 should then change from low-
high-low. Replace U25 if it does not change.

¢. If the Ext Incr port is inoperative, do the following:

1. Connect a logic probe to pin 5 of U25. The pin
should be low.

2. If the pin is high, replace U25.
3. If pin 5 is low, make sure pin 4 of U13 is low.

4. If pin 4 of Ul3 is high, make sure CR12 is not
shorted and R1 is not open (diodes CR10 and CR12
are protection diodes). If CR12 and R1 are good,
replace Ul3.

5. If pin 4 is low, connect the logic probe to pin 5
of U25. Then, momentarily connect the EXT INCR
port to ground. Pin 5 should then change from low
to high and remain high. Replace U235 if it does not
change.

8-A1-94. VM Complete and Channel Closed Ports
8-A1-95. These ports receive their signals from peripheral
decoder U32. If the procedure in paragraph 8-A1-25 has
been performed and everything passes, make sure CR3
through CR6, and RS and R6 are good. If they are good,
replace U32.

8-A1-96. BBM Sync Port

8-A1-97. Do the following:

a. Connect a logic probe to pin 6 of U21. The pin
should be low. If pin 6 is high, replace U21.

b. If pin 6 of U2l is low, make sure pin 3 of U18 is
high.

¢. If pin 6 of U21 is low, check for a shorted CR1 and
open R23. If CR1 and R23 are good, replace Ul8.

d. If pin 3 of Ul8 is low, replace U2l.

8Al1-13
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8-A2-1. INTRODUCTION

8-A2-2. This service group has troubleshooting informa-
tion for the outguard logic of the 3497A’s Option 232
(Serial 1/0) mainframe (see Service Group Al for the
standard HP-IB mainframe troubleshooting). The infor-
mation is for all of the outguard circuitry which consists
of the main controller circuitry, Serial 1/0 circuitry,
timer/pacer circuitry, crossguard logic, standard front
panel, and associated circuitry.

8-A2-3. PRE-TROUBLESHOOTING INFORMATION

8-A2-4. Read the information in the following
paragraphs before doing any troubleshooting.

8-A2-5. Troubleshooting Without Signature Analysis

8-A2-6. Check for stuck nodes on the address bus, data
bus, and the outputs of devices used by the outguard.
This can be done using a logic probe. A stuck node usual-
ly shows the node in a certain steady state when it is sup-
posed to toggle. Try to determine what the 3497A is sup-
pose to be doing and what it is not doing, or vice versa,
and then try to logically associate that to a particular cir-
cuit. The theory of operation may be helpful to deter-
mine the defective circuitry. Then check for the outputs
of a device in that circuit to see if they are toggling. If
they are not, check the inputs of the device for toggling.
If the inputs are toggling, the device is probably defec-
tive. This method of troubleshooting does not check for
timing errors, but is fast and simple.
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8-A2-7. Troubleshooting With Signature Analysis

8-A2-8. A signature analyzer is used to determine the
faulty circuitry and component. This is done by placing
the circuitry in a certain operating mode and then take
signatures using the signature analyzer. When the cir-
cuitry is in that mode, the data on the lines develop a uni-
que signal. This data (i.e., signal) is read by the signature
analyzer which then develops a unique signature. If the
signature is correct, the device developing the signal is
correct. If the signature is incorrect, the device may be
defective. Before replacing the device, make sure other
devices on the line are not causing the incorrect signature.

8-A2-9. When using the procedures in this service group,
make sure the charts and procedures are followed in
order. If done otherwise, the procedures may appear to
be confusing.

8-A2-10. General Troubleshooting Information

8-A2-11. Check and make sure the + 5V power supply
is good. This supply should be between +4.75V and
+5.25V.

8-A2-12. Make sure the outguard processor’s clock is
operating correctly. Check and make sure that the clock
outputs at pins 13 and 15 of U10 are 180 degrees out of
phase (see Schematic A2). If the clock signals are miss-
ing, replace U10.

8A2-1
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8-A2-13. Make sure the processor is properly reset. This
can be done by momentarily shorting the RST line (U11
pin 40) to ground. The line should then go high and reset
the processor. If, after shorting the line, the 3497A starts
operating or if the line remains low, try replacing U10
or USI.

8-A2-14. OUTGUARD TROUBLESHOOTING

8-A2-15. The outguard troubleshooting procedures are
in paragraph 8-A2-18. Use the procedures whenever an
outguard failure is noted in the Serial I/O outguard (refer
to Service Group Al for the standard HP-1B outguard).
For a description of the outguard failures, refer to
paragraphs 8-30 and 8-39.

8-A2-16. Signature Analysis Tests

8-A2-17. Various SA (Signature Analysis) Tests are made
in the outguard troubleshooting procedures. Perform the
tests in the order they are given. The tests are separated
as follows:

Test Test
Number

Free Run Test

RAM Test.

Crossguard Test

Timer Test

Serial 1/0 Cable Test
Front Panel/Display Test
Crossguard Test

~NOGhAWN =
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8-A2-18. OUTGUARD TROUBLESHOOTING PROCEDURES
8-A2-19. General

8-A2-20. To troubleshoot the outguard, check the
outguard clock first and then do the outguard SA tests
in the order shown in paragraph 8-A2-16 (starting with
Test #1).

8-A2-21. Some of the SA tests cause the 3497A beeper
to turn on. Since this may be distracting, it is reccommend-
ed to unplug the front panel board from the mainframe
(see paragraph 8-22). Make sure the front panel is plugged
back into the mainframe when the test is completed.

8-A2-22. Equipment Required
8-A2-23. The required test equipment is as follows:

Signature Analyzer -hp- Model 5004A
Oscilloscope -hp- Model 1741 A

8-A2-24. Troubleshooting Procedures

8-A2-25. In the procedures in the following paragraphs,
various clock signals are checked and then the address
bus is checked using SA. If the address bus is good, the
outguard controller is most likely operating. The failure
is then most likely caused by the ROMs and RAMs, or
by the front panel circuitry (keyboard and displays) or
Serial I/0 circuitry. If the signatures on the address bus
are good, more signatures are then taken to check the

Sweep: .2uS/Div

SCOPE SETUP

Vertical: 2V/Div (Channel A & B)
Trigger: Trigger Comp A, Normal, Positive

CHANNEL A: TP Bg2

CHANNEL B: TP DBE

Figure 8-A2-1. B2 and DBE Clock Signals

8A2-2
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output of the peripheral decoders, etc. Unless otherwise
noted, refer to Schematic A2 when doing the outguard
troubleshooting procedures.

8-A2-26. Checking Outguard Clock
8-A1-27. Do the following:
a. Turn the 3497A off.

b. Remove the outguard logic board from the
instrument.

¢. Connect the outguard logic board to a Board Ex-
tender and plug the extender into the appropriate slot
of the instrument (see paragraph 8-16 on how to con-
nect the extender).

d. Turn the 3497A on.

e. Check for clock signals at TP B¢2 and TP DBE.
Use an oscilloscope (the 1741A) to check for the signals
shown in Figure 8-A2-1. Use the scope set-up infor-
mation given in the figure to configure the scope.

f. If the clock signals are missing or wrong, check for
a defective U10, U13, and Ul4. If the clock signals
are good, go to the Free Run SA Test #1 in the follow-
ing paragraph.

8-A2-28. Free Run Test (Test #1)

8-A2-29. The Free Run Test (Test #1) is not segmented
(1A, 1B, etc.) as are most other tests because many of
the signatures that can be verified are not dependent upon
a pass/fail condition of some previous test segment.
However, there is a flowchart for the first portion of this
test (see Figure 8-A2-2). In the first portion, the
microprocessor reads all available ROM memory loca-
tions, permitting all bit patterns to be verified as well as
the operation of the ROM address decoders and buffers.
The remaining signatures are given to check a suspected
problem with the Outguard Extender (3498A Interface),
Slot Select (U45), Extender Enable (U22, U26), or 1/0
Address Decoders (U31, U32, and U33).

8-A2-30. Free Run Test #1, Data Bus Signatures. Do the
following:

a. Turn the 3497A off.
b. Remove bus break RP3 from its socket.

¢. Using short clip leads, connect the three free run
test points together.
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d. Obtain a signature analyzer and connect as follows:

Start: U23 pin 8
Stop: TP SSO
Clock: TP CLK
Gnd: TP GND

e. Set the signature analyzer as follows:

Start: Out (/)
Stop: In ()
Clock: In OV
Self-Test: Out
Hold: Out

f. Turn the 3497A on. .Using the signature analyzer,
take the data bus signatures in Table 8-A2-1.

8-A2-31. Free Run Test #1, ROM Select Decoder (U15)
Signatures. If any of the data bus signatures are incor-
rect, check the signatures at U15 next. Move the Start
input of the signature analyzer to TP SS0O. Leave the rest
of the inputs connected as in paragraph 8-A2-30. Take
the signatures in Table 8-A2-2.

Start

I Remove RP3 Bus Break. ]

Short Free Run Test Pins
Together.

Connect Signature
Analyzer

Check Data Bus
Signatures.

Are
Data Bus
Signatures
Correct

Fa

Test 1 Passed.

Check U15 Signatures.

Are
U156 Signatures

Check Address Bus
Correct Signatures {Test 1).
?

Check Individual ROMs.
Replace Any ROM With
tncorrect Signature(s).

3437-R5232~-8-4

Figure 8-A2-2. Test #1, Free Run Test Flowchart
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Table B-A2-1. Test #1, Data Bus Signatures

+ 5V Signature: 5FUS8

Bus Break

Pin Number | Bus Bit | Signature Notes
1 0 0488 |If all Data Bus Signatures are
2 1 9A45 |correct, the ROM portion of
3 2 P37H | Test 1 passes and there is no
4 3 187U | need to check U15 or the indivi-
5 4 16F6 | dual ROMs. If any signature is in-
6 5 CO1A | correct, follow the flowchart and
7 6 2FU7 | check U15.
8 7 64PF

Table 8-A2-2. Test #1, U15 Signatures

+ 5V Signature: 0001

Test Point Signature Notes

U15 Pin 1 0000 If these signatures are correct,

Pin 2 755U check the individual ROMs. If any
Pin 3 3827 are incorrect, check the Address
Pin 4 5FU8 Bus signatures.

Pin 5 64HP

Pin 6 28A6

Pin 7 1181

8-A2-32. Free Run Test #1, Address Bus Signatures. If
any of the U1S5 signatures are incorrect, check the address
bus signatures next. Leave the signature analyzer con-
nected as in paragraph 8-A2-31. Take the signatures in
Table 8-A2-3.

8-A2-33. Free Run Test #1, Individual ROM Signatures.
If all of the U1S5 signatures are correct and all of the ad-
dress bus signatures are correct, check the individual
ROM signatures. Set-up the signature analyzer and take
the ROM signatures as follows:

a. Signature Analyzer Set-up. Set-up as follows:

Start: In (L)
Stop: Out ()
Clock: In L)

b. Test A, U16 ROM Signature. Connect the signature
analyzer as follows and take the signatures in Table
8-A2-4. If any signatures are wrong, replace U16.

Start: TP ROM 16 (Test Point next to U16)
Stop: TP ROM 16 (Test point next to U16)
Clock: TP CLK
Gnd: TP GND

8A2-4
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Table 8-A2-3. Address Bus Signatures

+ 5V Signature: 0001
Test Point Bus Bit Signature
U11 Pin9 AO 55565
Pin 10 Al CcccC
Pin 11 A2 7F7F
Pin 12 A3 5H21
Pin 13 A4 OAFA
Pin 14 A5 UPFH
Pin 15 A6 52F8
Pin 16 A7 HC89
Pin 17 A8 2H70
Pin 18 A9 HPPO
Pin 19 A10 1293
Pin 20 Al11 HAP7?7
Pin 22 A12 3C96
Pin 23 A13 3827
Pin 24 Al14 755U
Pin 25 A15 0001

Table 8-A2-4. U16 Signatures

+ 5V Signature: 1180

Test Paint Signature

Bus Break Pin 1 U4AU
Pin 2 6UH3
Pin 3 04HH

Pin 4 2983.
Pin 6 8P3F
Pin 6 U109
Pin 7 OA65
Pin 8 6520

c. Test B, U20 ROM Signature. Connect the signature
analyzer as follows and take the signatures in Table
8-A2-5. If any signatures are wrong, replace U20.

Start: TP ROM 20 (Test Point close to U20)
Stop: TP ROM 20 (Test Point close to U20)
Clock: TP CLK
Gnd: TP GND

Table 8-A2-5. U20 Signatures
+ 5V Signature: 1180

Test Point Signature

Bus Break Pin 1 HOUS
Pin 2 4UH1
Pin 3 8963
Pin 4 U165
Pin 6 942C
Pin 6 c282
Pin 7 1602
Pin 8 6P5U
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d. Test C, U24 ROM Signature. Connect the signature
analyzer as follows and take the signatures in Table
8-A2-6. If any signatures are wrong, replace U24.

Start: TP ROM 24 (Test Point close to U24)
Stop: TP ROM 24 (Test Point close to U24)
Clock: TP CLK
Gnd: TP GND

Table 8-A2-6. U24 Signatures

+ 5V Signature: 1180

Test Point ‘Signature
Bus Break Pin 1 HC1C
Pin 2 CF41

Pin 3 C27A
Pin 4 P668
Pin 6 UBA1
Pin 6 A663
Pin 7 Ucuo
Pin 8 9CHA

8-A2-34. Test #1, Outguard Extender (3498 A Interface)
Test. This test checks the outguard extender circuitry.
Take the signatures on the 24-pin J2 socket. Do the
following:

a. Connect the signature analyzer as follows:

Start: TP SSO
Stop: TP SSO
Clock: TP CLK
Gnd: TP GND

b. Set the signature analyzer as follows:

Start: In (L)
Stop: Out (/)
Clock: In (L)

c. Using the signature analyzer, take the signatures in
Table 8-A2-7. Replace the appropriate component if
any signatures are wrong.

Tahle 8-A2-7. Outguard Extender Signatures

+ 5V Signature: 0001

Test Point | Signature Test Point Signature

J2 Pin 1 0000 J2Pin 13 | 2H70
Pin 2 Pin 14 | HPPO
Pin 3 HC89 Pin 15 | 8P4P
Pin 4 5P18 Pin 16 | 0001 (+5V)
Pin 5 52F8 Pin 17 | 0001 (+5V)
Pin 6 UPFH Pin 18 | 0001 (+5V)
Pin 7 OAFA Pin 19 | 0001 {+5V)
Pin 8 5H21 Pin 20 | 0001 (+5V)
Pin 9 1920 Pin 21 | 0001 (+5V)
Pin 10 7F7F Pin 22 | 0001 (+5V)
Pin 11 CCCC Pin 23 | 0001 (+5V)
Pin 12 5555 Pin 24 | 0000 (GND)

Service Group A

8-A2-35. Test #1, Slot Select (U45), Extender Enable
(U22, U26) Circuitry. Do the folowing:

a. Connect the signature analyzer as follows:

Start: TP SSO
Stop: TP SSO
Clock: TP CLK
Gnd: TP GND

b. Set the signature analyzer as follows:

Start: In (L)
Stop: Out (/)
Clock: In (L)

c. Using the signature analyzer, take the signatures in
Tables 8-A2-8, 8-A2-9, and 8-A2-10. Replace the ap-
propriate component if any signature is wrong.

Table 8-A2-8. U45 Signatures

+ 5V Signature: 0001

Test Point Signature Test Point Signature
U45 Pin 1 5H21 U45 Pin 9 1UHC
Pin 2 OAFA Pin 10 | CA59
Pin 3 UPFH Pin 11 | 8295
Pin 4 0000 (GND) Pin 12 | FB2H
Pin 5 0000 (GND) Pin 13 | 04P6
Pin 6 0001 (+5V) Pin 14 | UG8V
Pin 7 HI9HA Pin 15 | F488
Pin 8 0000 (GND) Pin 16 | 0001 (+5V)

Table 8-A2-9. U22 Signatures

+ 5V Signature: 0001

Test Point Signature Test Point Signature

U22 Pin 1 0001 U22 Pin 8 1921

Pin 2 5FU8 Pin 9 0001 (+5V)
Pin 3 0001 Pin 10 | 0001 (+5V)
Pin 4 0000 Pin 11 | 1920
Pin 5 0001 (+5V) Pin 12 | 5FU9
Pin 6 0001 Pin 13 [ .0001
Pin 7 0000 (GND) Pin 14 [ 0001 (+5V)

Table 8-A2-10. U26 Signatures

+ 5V Signature: 0001
Test Point Signature
U26 Pin 1 5P18
Pin 2 8P4P
Pin 3 HO57
Pin 4 0001 (+5V)
Pin 5 5FU9S
Pin 6 5FU9
Pin 7 0000 (GND)

8A2-5
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Table 8-A2-11. 1/0 Address Decoders Signatures

+ 5V Signature: 0001

Test Point Signature Test Point Signature Test Point Signature
U31 Pin 1 1293 U32 Pin 1 1293 U33 Pin 1 1293
Pin 2 HAP7 Pin 2 HAP?7 Pin 2 HAP?7
Pin 3 3C96 Pin 3 3C96 Pin 3 3C96
Pin 4 5FU8 Pin 4 29A6 Pin 4 64HP
Pin 5 0000 Pin 6 0000 Pin 6 0000
Pin 6 0001 (+5V) Pin 6 0001 (+5V) Pin 6 0001 (+5V)
Pin 7 A68C Pin 7 942F Pin 7 1920
Pin 8 0000 (GND) Pin 8 0000 (GND) Pin 8 0000 (GND)
Pin 9 A277 Pin 9 FO42 Pin 9 c34C
Pin 10 | 9840 Pin 10 | 131H Pin 10 | 597C
Pin 11 | 8P4P Pin 11 | 85H4 Pin 11 [ UA87
Pin12 | 5P18 Pin 12 | 5969 Pin12 | 4154
Pin 13 | 2828 Pin 13 | OPC5 Pin 13 | 960F
Pin 14 | O2H7 Pin 14 | 270P Pin 14 | 84AF
Pin 15 | 3APF Pin 15 | 9CH2 Pin 15 | 3PCF
Pin 16 | 0001 (+5V) Pin 16 | 0001 (+5V) Pin 16 | 0001 (+5V)

8-A2-36. Test #1, 1/0 Address Decoders (U31, U32, and
U33) Circuitry. Do the following:

a. Connect the signature analyzer as follows:

Start: TP SSO
Stop: TP SSO
Clock: TP CLK
Gnd: TP GND

b. Set the signature analyzer as follows:

Start: In (L)
Stop: Out (/)
Clock: In ()

¢. Using the signature analyzer, take the signatures in
Table 8-A2-11. Replace the appropriate component if

any signature is

8-A2-37. RAM Test (Test #2)

wrong.

8-A2-38. This test has two parts, 2A and 2B. Test 2B
should be run only if Test 2A fails. In these tests, unique
bit patterns are written to each RAM location, exercis-
ing both the low and high states. These tests, therefore,
check the RAM and that the microprocessor is writing
to the RAM correctly.

NOTE

To run any portion of Test #2, switch segment
1 of switch SI1 must be in the ““1”’ (left) posi-
tion. This is outlined in step d of Test 2A and
is applicable for Tests 2A and 2B.

8A2-6

8-A2-39. Test 2A. Do the following:

a. Turn the 3497A off.

3497A

b. Replace bus break RP3 (if it was removed in Test

#1).

¢. Remove the jumper(s) or clip lead(s) that was used

in Test #1.

d. Refer to Figure 8-A2-3 and move switch segment

1 of switch S1 to the ““1”’ (left) position.

Figure 8-A2-3. Switch Setting for Test #2
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e. Connect the signature analyzer as follows: 8-A2-41. Crossguard Test {Test #3)
Start: TP SSO 8-A2-42. There are seven tests associated with the
Stop: TP SSO crossguard test: 3A, 3B, 3C, 3D, 3E, 3F, and 3G. These
Clock: TP CLK tests write nine different bit patterns to the inguard and
Gnd: TP GND monitor the bit patterns echoed back via the crossguard
logic. A failure can be isolated to the inguard or outguard
f. Set the signature analyzer as follows: logic. If there is a failure on the outguard side, it can be
further isolated to the outguard transmitter or receiver.
Start: In (L) To avoid confusion and taking unnecessary signatures,
Stop: In (L) it is important to use Schematic AB1 and follow the Test
Clock: In (L) #3 flowchart shown in Figure 8-A2-4. It is important to
be able to identify the transmitter and receiver circuitry
g. Turn the 3497A on. in the crossguard logic.
h. Momentarily connect TP SA (next to Ull) to 8-A2-43. Test 3A. This test checks the outguard transmit-
ground (TP GND). This places the outguard board in- ter addressing. Do the following:

to the RAM.SA mode.

a. Connect the signature analyzer as follows:
i. If the +5V signature is ‘““39CC”’, the test passes.

Any other signature (with the signature analyzer Start: TP SS2
gating), the test fails. Proceed to Test 2B. If the Stop: TP SS2
signature analyzer is not gating, try to do Test #1 Clock: TP CLK
again. Gnd: TP GND
8-A2-40. Test 2B. Perform this test only if Test 2A has b. Set the signature analyzer as follows:
been performed and Test 2A failed. Do the following:
Start: In ()
a. Make sure steps b, ¢, and d of Test 2A (paragraph Stop: In ()
8-A2-39) have been performed. Clock: In ()
b. Connect the signature analyzer as follows. ¢. Refer to Figure 8-A2-5 and move switch segment
2 of switch S1 to the “‘1”’ (left) position. Make sure
Start: TP SS2 : switch segment 1 is in the ‘0’ (right) position.
Stop: U3l pin 9
Clock: TP CLK NOTE
Gnd: TP GND

. ) To run any portion of Test #3, switch segment
c. Set the signature analyzer to the same configura- 2 of switch S1 must be in the ““1°’ (left) posi-

tion as in Test 2A (see paragraph 8-A2-39, step f). tion. This is outlined in step ¢ of Test 3A and

. . is applicable for Tests 3A through 3G.
d. Momentarily connect TP SH to ground. Using the

signature analyzer, take the signatures in Table
8-A2-12. Replace the appropriate component if any
signature is wrong.

d. Momentarily connect TP SA to ground (TP GND).

e. To avoid confusion, refer to the flowchart for the
following steps. First, check the signature at pin 9 of

Table 8-A2-12. RAM Signatures U31, which should be ““A3PC”’. If the signature is cor-
rect, proceed with step f. If the signature is incorrect,
+ 5V Signature: 2526 continue with step h. '
Test Point Signature Tost Point Signaturs f. Wire the pulse transformer ‘‘exactly’’ as shown in
U31Pin1 |FHIP U28 Pin 8 5F6C Figure 8-A2-6. The pulse transformers are located on
g!n :23 ; _(I:fAZ Pin 8 794H the power supply board (see paragraph 8-24 for pro-
n .
pina |5210 U30 Pin © 7010 cedure to gain access to Fhe transformers).
Pin 5 |06A4 Pin 10 65P6
Pin 6 [2526 (+5V) Pin 11 7127 g. Check the signature at pin 9 of U37, which should
Pin 15| 794H Pin13 | 2H64 be ‘““SFAT7”. If both the U31 and U37 signatures are
U18 Pi Pin 14 CsF6 correct, Test 3A passes and there is no need to go to
in8 | 794H Pin 15 A1P8 .
Pin9 | 5F6C Pin 16 95A1 Test 3B, 3C, etc. If Test 3A passes, make sure to rewire
Pin 10| CP63 Pin 17 72U8 the pulse transformers as shown in Figure 8-A2-7. If

8A2-7



62-V8

LEYIMOL] 153], Prendsso1) ‘gf 19 p-Tve 2L

sameubig
130100V} YUAA PEIBIDOSSY
Ainayy  tooyselgnory

ON

L-B-2£25H

0¢

¥ap uny

‘(018 8InBid)
1891 Buiagan esojef
uonwadQ (EWION 104
SIOWIOIURIL OBING BIM

‘sasmeubis
108.1100U) UHM POIRIDOSTY
ANNa) 100Ysa|gnorl

M L
1891 0] 050} -g 8:nBe)
uopeiadQ (EUION 104

sJoULOISUN] OSINd BHIM

i

i

*4€ 1891 uny

i L
1891 01 09 *(01-8 8:nBH}
uoneiedg jewioN 04
wswojsul] AT 0BM

(@€ 1581} sady prenfing
#Y “XO awx psanbing

J€ 82 uny

‘samieub(s
120.103U] IIAA PaIRI00SSY
Annang 1ooyse|gnosy

‘(L 1591} psenbuj 100ys
-agno:l (0l-8 embid)
uonRIdGO {BWON 104
SIPUUOISURIL OBNY NM

"LEMN YUM paledossy
Amynony 100ysejqnoly

°g 1991 BujasaT @s0j0g
(01-8 @mBiy) vopendo
[EULON 104 SISwsojsuesy
98ing 8AM 'p3sSed € 1991

*{6-g amBy) siouno)
-SuQl] 08INg JMBY

“(6-g 9snBiy) asauucy
-suBIl eSINd Ssumey




3497A Service Group A

Through T3

e

Through T1

Through T2 Through T4

Figure 8-A2-7. Pulse Transformer Wiring for Normal
Operation

8-A2-44. Test 3B. Perform this test only if the signature
at pin 9 of U31 (see Test 3A) is NOT ““A3PC”. If the
Test 3B signatures are correct, proceed with Test 3C. Do
the following:

a. Set up and connect the signature analyzer as given
in paragraph 8-A2-42 steps a and b.

b. Momentarily connect TP SA to ground. Using the

Figure 8-A2-5. Switch Setting for Test #3 signature analyzer, take the signatures in Table
8-A2-13. Replace the appropriate component if any
the signature at pin 9 of U37 is wrong, check U37 and signature is wrong.

associated circuitry.
8-A2-45. Test 3C. Perform this test only if all signatures

h. Perform this step only if the signature at pin 9 of of Test 3B are correct. Do the following:
U31 is wrong. Make sure the pulse transformer is wired
as shown in Figure 8-A2-6; then proceed with the next a. Connect the signature analyzer as follows:
step.
Start: U21 pin 6
i. Check U31 pin 9 again. If the signature is ““A3PC”’, Stop: U21 pin 6
rewire the pulse transformers as shown in Figure Clock: U36 pin 1

8-A2-7, and then troubleshoot the inguard section
(Test #7). If the signature is other than ““A3PC”’, pro-

ceed with Test 3B. Table 8-A2-13. Test 3B Signatures
NOTE
The signatures in this table take
Through T1 Tape t!'\is .disconnected about 1 second to stabilize
end so it will not cause a .
short. + 5V Signature: A3PC
Test Point Signature Test Point Signature
) .
U43 Pin1 | F47C U28 Pin 1 7852
N Pin2 | 7852 Pin 2 HCC9
W1 Pin 3 | A3PC Pin 12 7852
Pin 4 | A3PC (+5V) Pin 13 HCC9
Pin & | HCC9
w2 Pin6 | 7852 U39 Pin 6 7852
° {probe tip off)
f Pin 6 HCC9
U36 Pin8 | 6790 Pin 8 6790
Through T2 Pin9 | 6C45 Pin 9 F47C
Pin 10| AU3P Pin 12 F8AP
Pin 11| 7H89 Pin 13 6C45
. .. Pin 12} 80C1
Figure 8-A2-6. Test #3, Pulse Transformer Wiring Pin 13| 6C45

8A2-11
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b. Set the signature analyzer as follows:

Start: In CL)
Stop: Out (/)
Clock: In ()

¢. Momentarily connect TP SA to ground. Using the
signature analyzer, take the signatures in Table
8-A2-14. Replace the appropriate component if any
signature is wrong.

Table 8-A2-14. Test 3C Signatures

3497A

b. Momentarily connect TP SA to ground. Using the
signature analyzer, take the signatures in Table
8-A2-16. Replace the appropriate component if any
signature is wrong.

Table 8-A2-16. Test 3E Signatures

NOTE

The signatures in this table take
about 1 second to stabilize

+ 5V Signature: 593A

NOTE

The signatures in this table take
about 1 second to stabilize

Test Point Signature Notes

+ 5V Signature: 593A

Test Point Signature Notes

U46 Pin 3 47AF
Pin 8 1P96

If the U46 signatures are correct the
QOutguard Xmtr is OK, in which case
you should proceed with Test 3D. If
they are not correct, skip Test 3D
and proceed with Test 3E.

U35 Pin 11 64F7
Pin 14 14AC

If these signatures are correct, pro-
ceed to Test 7 and troubleshoot the
outguard transmitter. If these signa-
U40 Pin 9 OOHO tures are incorrect, run Test 3F.
U42 Pin 5 47AF

Pin 6 1P96

8-A2-46. Test 3D. Perform this test only if all signatures
of Test 3C are correct. Do the following:

a. Set up and connect the signature analyzer as given
in paragraph 8-A2-44 steps a and b.

b. Momentarily connect TP SA to ground. Using the
signature analyzer, take the signatures in Table
8-A2-15. Replace the appropriate component if any
signature is wrong.

Table 8-A2-15. Test 3D Signatures

NOTE

The signatures in this table take
about 1 second to stabilize

+ 5V Signature: 593A

8-A2-48. Test 3F. Perform this test only if the signatures
of Test 3E are correct. Do the following:

a. Set the signature analyzer as follows:

Start: U21 pin 6
Stop: - U2l pin 6
Clock: TP R/W (Test Point next to U19)
Gnd: TP GND

b. Set the signature analyzer as follows:

Start: In (D)
Stop: Out ()
Clock: Out (/)

¢. Momentarily connect TP SA to ground. Using the
signature analyzer, take the signatures in Table
8-A2-17. Replace the appropriate component if any
signature is wrong.

Table 8-A2-17. Test 3F Signatures

Test Point Signature Notes

U50 Pin 1 47AF If the USO Pin 1 signature is correct,
check U44 in Test 3G.

U37 Pin 9 38U7

NOTE

The signatures in this table take
about 1 second to stabilize

+ 5V Signature: U399

8-A2-47. Test 3E. This test checks U35, U40, and U42
and should only be performed if the U46 signatures in
Test 3C are wrong. Do the following:

a. Set up and connect the signature analyzer as given
in paragraph 8-A2-44 steps a and b.

8A2-12

Test Point Signature Test Point Signature

U34 Pint (U399 U34 Pin 11 5H1F
Pin 2 [583P Pin 12 5H34
Pin 3 | HF5P Pin 13 5H95
Pin 4 [ 7H46 Pin 14 5U11
Pin 5 | 5500 Pin 15 5500
Pin6 |5U1M1 Pin 16 7H46
Pin 7 | BH95 Pin 17 ‘HF5P
Pin 8 [5H34 Pin 18 583P
Pin9 |5H1F Pin 19 0000
Pin 10| 0000 (GND)
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8-A2-49. Test 3G. Perform this test only if the signatures
of Test 3F are correct. Do the following:

a. Connect the signature analyzer as follows:

Start: U21 pin 6
Stop: U21 pin 6
Clock: U44 pin 1
Gnd: TP GND

b. Set the signature analyzer as follows:

Start: In (L)
Stop: Oout (/)
Clock: Out (/)

¢. Momentarily connect TP SA to ground. Using the
signature analyzer, take the signatures in Table
8-A2-18. Replace the appropriate component if any
signature is wrong.

Table 8-A2-18. Test 3G Signatures

NOTE

The signatures in this table take
about 1 second to stabilize

+ 5V Signature: OOUP

Test Point Signature Test Paint Signature
U44 Pin 1 0000 U44 Pin 10 | 0000 (GND)
Pin 2 0081 Pin 11 | 0008
Pin 3 0081 Pin 12 | 0008
Pin 4 0040 Pin 13 | 0004
Pin 5 0040 Pin 14 | 0004
Pin 6 0020 Pin 15 | 0002
Pin7 0020 Pin 16 | 0002
Pin 8 0010 Pin 17 | 0001
Pin 9 0010 Pin 18 [ 0001
NOTE

Before exiting Test #3, make sure the pulse
transformers are wired for normal operation,
as shown in Figure 8-A2-7.

8-A2-50. Timer/Pacer Test (Test #4)

8-A2-51. General. This test is in four parts: 4A, 4B, 4C,
and 4D. In the tests, 256 bit patterns are written to the
timer/pacer assembly and then read back. The SST Test
Point on the timer/pacer board must be grounded for
these tests so that data paths can be verified in both direc-
tions (to and from timer/pacer circuitry). When the test
is enabled, the timer microcomputer is held in a reset state
and will not interface with the test. The signature on pin
9 of U39 shows the pass/fail condition. A flowchart of
Test 4 is in Figure 8-A2-8. Unless otherwise noted, refer
to Schematic A3 when doing the tests.

Service Group A

NOTE

To run Test #4, switch segment 3 of switch
S1 must be in the 1’ (left) position. Also,
switch segment 1 and 2 must be in the 0’
(right) position. This procedure is outlined in
step c of paragraph 8-A2-51 and is applicable
for Test 44, 4B, 4C, and 4D.

8-A2-52. In the following steps, the signature at pin 9
of U31 is verified. If this signature is correct, check the
signature on U3 (on the timer/pacer board) to make sure
that the addressing is correct. If pin 9 of U31 and the
U3 signatures are correct, Test #4 passes. Do the
following:

a. Connect the signature analyzer as follows:

Start: TP SS2
Stop: TP SS2
Clock: TP CLK
Gnd: TP GND

b. Set the signature analyzer as follows:

Start: In (L)
Stop: In ("L
Clock: In (L)

c. Refer to Figure 8-A2-9 and move switch segment
3 of switch S1 to the ““1’’ (left) position. Make sure
switch segments ‘1’ and “‘2”’ are in the ‘‘0’’ (right)
position.

d. Turn the 3497A off.

e. Connect TP SST (on the timer/pacer board) to
ground.

f. Turn the 3497A on.

g. Momentarily connect TP SA (on the outguard logic
board) to ground (TP GND).

h. Check the signature at pin 9 of U31. If the signature
is ““SAC8”’, proceed with step i. If NOT “‘5ACA”’’,
continue with step j.

i. Perform this step only if the signature at pin 9 of
U3l is ““5ACS8”’. In this step, the U3 signatures (on
the timer/pacer board) will be verified to make sure
the addressing is correct. Refer to Table 8-A2-19 for
the U3 signatures. If the U3 signatures are correct, Test
#4 passes and there is no need to continue further. If
the test passes, turn the 3497A off and remove the clip
lead from TP SST. If any U3 signatures are wrong,
try replacing U3.

8A2-13
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00

Figure 8-A2-9. Switch Setting for Test #4

j. Perform this step if the signature at pin 9 of U3l
is NOT ““SAC8”. In this step, the signatures at
TP T-RES on the timer/pacer board is checked. If the
signature is ‘“0000’’, continue with Test 4A. If the
signature is ‘‘SACS8’’, go to Test 4D (paragraph
8-A2-55).

8-A2-53. Test 4A. This test should be performed if the
signature at TP T-RES is ‘‘0000”’. In this test, the U9
(on the timer/pacer board) signatures are checked. If the
U9 signatures are correct, continue with Test 4B. If any
signatures are wrong, continue with Test 4C. To perform
Test 4A, leave the signature analyzer setup, and connected
as given in Test #4 (see paragraph 8-A2-51). The U9
signatures are listed in Table 8-A2-20.

Table 8-A2-19. U3 Signatures

+ 5V Signature: 5AC8
Test Point on Signature
Timer/Pacer
U3 Pin 3 PSF8

Pin 6 8812

Pin 7 . 0000 (GND)

Pin 8 H106

Pin 10 6392

Pin 12 5ACS8 (+5V)

Pin 13 PSF8

Pin 14 5AC8 (+5V)

Service Group A

Table 8-A2-20. Test 4A Signatures

+ 5V Signature: 5AC8

Test Point Signature
U9 Pin 1 0000 (GND})
Pin 2 FUP8
Pin 5 83H2
Pin 6 c871
Pin 9 29CF

Pin 11 P5F8
Pin 12 OA16
Pin 15 PU11
Pin 16 OFUU
Pin 19 CC37

8-A2-54. Test 4B. This test should only be performed if
the signatures in Test #4 are correct. In Test 4A, Ul2 on
the timer/pacer board is checked. The first signature
checked is at pin 1 of U12. If the signature is ‘“06A6°’,
replace U12. If other than ‘““06A6°’, check the other Ul2
signatures. If any other U12 signature is wrong, refer to
Schematic A3 and trace back to its source. To perform
Test 4B, leave the signature analyzer setup, and connected
as given in Test #4 (see paragraph 8-A2-51). The Ul2
signatures are listed in Table 8-A2-21.

Table 8-A2-21. Test 4B Signatures
+5V Signathre: 5ACS8

Test Point | Signature Notes

U12 Pin 1 06A6
Pin 2 FUP8

1fU12 Pin 1 is O6AB, replace U12.
Ifitis NOT O6A6, check the remain-

Pin 4 83H2 ing signatures. If any signature is in-
Pin 6 c871 correct use the schematics and
Pin 8 29CF trace it back to its source.

Pin 12 0A16

Pin 14 PU11

Pin 16 OFUU

Pin 18 | CC37

8-A2-55. Test 4C. Do this test only if one or more of
the U9 signatures taken in Test 4A are wrong. This can
be caused by the following:

a. U9 on the timer/pacer board is defective.

b. Ul2 on the timer/pacer board is defective.

¢. U34 and/or the buffered data bus on the outguard
logic board are defective.

d. U4 on the timer/pacer board is defective.
To isolate the failure, remove the RP4 Bus Break (on the ’
timer/pacer board) and take the data bus signatures.

(Make sure that RP4 is not confused with the bus break,
RP3, on the outguard logic board.) After RP4 is re-

8A2-15
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Set S1(4) To The ‘1"
(Left) Position. Set
S1(1-3) To The “0O

Position.

Plug Serial I/O Cable Into
Rear Panel Of 3497A.

Plug Test Connector Into
Serial I/O Cable.

Setup And Connect
Signature Analyzer.

Momentarily Ground SA
Test Point.

Is
u31(9) YES
Signature
4273
?

Test 5 Passed.

NG

Check UART (U8) Data
Bus Signatures.

~ Are
Data Bus NO [Concentrate On U1 And

Signatures U7 With Scope {Test 7).
Correct
?

Replace Defective
Component.

YES ) YES

Concentrate On U1 And
U6 With Scope (Test 7).

Are Nn -
U1 And UG Replace Defective
oK Component.
?
YES

Check U61, U62 And

U63 Signatures.

3497-RS232-6-14

8A2-16

Figure 8-A2-10. Test #5, Serial [/0 and Cable Test Flowchart
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moved, the signature analyzer setup in this test is the same
as in Test #4 (see paragraph 8-A2-51). The only excep-
tion is that a 4.7K ohm pull-up resistor needs to be con-
nected between + 5V and the signature analyzer probe
tip. If the data bus signatures are correct, U9, Ul2, or
U4 may be defective. If any signatures are wrong, check
U34 (see Test #3) and associated circuitry. The data bus
signatures are listed in Table 8-A2-22.

Table 8-A2-22. Test 4C, Data Bus Signatures

+ 5V Signature: 5ACS8

Test Paint | Data Bus Bit | Signature

RP4 Pin 1 Bit O UA4P
Pin 2 1 4AC4
Pin 3 2 18P5
Pin 4 3 24H1
Pin 5 4 078H
Pin 6 5 C8AP
Pin 7 6 us89
Pin 8 7 49PP

IMPORTANT
Replace RP4 after running Test 4C

8-A2-56. Test 4D. Perform this test only if the signature
at TP T-RES is ““SAC8”’. This test troublshoots the pacer
circuitry. In the test, the U8, Ull, and U1D signatures
on the timer/pacer board are verified. The first U8
signatures checked are at pins 11, 16, and 19. The
signature analyzer is setup and connected the same as in
Test #4 (see paragraph 8-A2-51). The U8, Ull, and UID
signatures are listed in Table 8-A2-23.

Table 8-A2-23. Test 4D Signatures

+ 5V Signature: 5AC8
Test Point Signature Test Point Signature
U8 Pin 1 5AC8 (+5V) | U1 Pin12 5C27
Pin 2 99A8 Pin 13 | 5C27
Pin 5 8CA9
Pin 6 UAO1 U11 Pin 1 BAC8 (+5V)
Pin 9 FS7U Pin 2 1612
Pin 11 763C Pin 5 1473
Pin 12 | FHO?7 Pin 6 45AP
Pin 15 | 1H80 Pin 9 Cg20
Pin 16 | 5C27 Pin 11 8U47
Pin 19 | 5C27 Pin 12 | 483H
Pin 15 | 4715
U1 Pin 11 0000 {GND) Pin 16 | UOOA
Pin 19 | FHC4

8-A2-57. Serial 1/0 and Cable Test (Test #5)

8-A2-58. Test #5 checks the data to and from the UART
(U8) by transferring 1’s across the data bus. To run this
test, the test connector (-hp- Part Number: 1251-6625)
must be used. The connector ties the TX and RX data
lines together and the modem output to the modem in-
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put lines. The signature at pin 9 of U31 shows a pass/fail
condition. The Test #5 flowchart is in Figure 8-A2-10.
Unless otherwise noted, refer to Schematic A2 for
troubleshooting.

8-A2-59. To perform Test #5, do the following:

a. Refer to Figure 8-A2-11 and move switch segment
4 of switch S1 to the ““1°’ (left) position. Make sure
switch segments 1, 2, and 3 are in the *‘0”’ (right)
position.

b. Make sure the Serial I/0O cable (-hp- Part Number:
13222-60005) is plugged into the 3497A’s rear panel.

c. Plug the test connector into the RS-232C connec-

tor on the end of the Serial 1/0 cable. This connector
ties the lines together, as shown in Figure 8-A2-12.

d. Connect the signature analyzer as follows:

Start: TP SS2
Stop: TP SS2
Clock: TP CLK
Gnd: TP GND

e. Set the signature ‘analyzer as follows:

Start: In (L)
Stop: In )
Clock: In (L)

T

Figure 8-A2-11. Switch Setting for Test #5

8A2-17



Service Group A

3497A

TX DATA ! 1251-6625 "~ 15\ RX DATA
st- | ~— ~ — 13
u7 U1
REQUEST
10 CLEAR TO
SEND (RTSl[::>(; 7 [NC_SEND (cTS)
2 -y 5
ue Ul
FROM UART \ T0 UART
(ug) (us)
CARRIER
s [N\ DETECT
- l/u
i1 -
DATA TERMINAL
DATA SET
READY (DTR){::>; _____ L N READY
2
3
\. U7 Ut J

3497-RS232-8-16

Figure 8-A2-12. Test Connector Schematic

f. Momentarily connect TP SA to ground.

g. Check the signature at pin 9 of U31. If this
signature is ‘4173’ (and the signature analyzer gate
is flashing), Test #5 passes. If the signature is wrong,
refer to the flowchart (see Figure 8-A2-10) and con-
tinue with paragraph 8-A2-59. The signatures for Test
#S are listed in Table 8-A2-24.

8-A2-60. Check the data bus signatures at U8 pins 1
through 8 first, as noted on the flowchart. If the data
bus signatures are correct, check Ul and U6. If any of
the data bus signatures are wrong, check Ul and U7. Ul
is the IC containing the serial receivers while U6 ad U7
are the serial drivers. The receivers convert the incoming
positive and negative voltage levels (from the serial bus)
to TTL levels. The drivers convert the outgoing UART
signals from TTL to positive and negative voltage levels
required by the serial bus. The nature of this level shift-
ing function coupled with the fact that the UART is per-
forming parallel-to-serial and serial-to-parallel data con-
versions, cause the TTL side of Ul, U6, and U7 to
generate unstable signatures. Therefore, there are no
signatures listed for these ICs. The best way to
troubleshoot U1, U6, or U7 is to use an oscilloscope and
trace signals exiting the UART, through the drivers, and
back to the receivers. This loop around configuration ex-
ists as a result of the test connector. When tracing these
signals, look for transitions and proper voltage levels
(TTL or RS-232C).

8-A2-61. Front Panel Test (Test #6)

8-A2-62. Test #6 has two parts to it: 6A and 6B. Test
6A is for the display and Test 6B is for the keyboard.

8A2-18

Test 6A exercises all display segments for a visual opera-
tional verification. If the display appears incorrect, the
signatures on the data latches, buffers, and drivers are
then checked. Test 6B provides the capability to read back
the key code of a depressed key and check the one shots
used on the front panel board. Unless otherwise noted,
refer to Schematic A4 for the tests.

NOTE

To run any portion of the Test #6, switch seg-
ment 5 of switch SI1 must be in the ‘0’ (left)
position and switch segments 1 through 4 must
be in the ‘1’ (right) position. This procedure
is outlined in step a of Test 6A and is ap-
plicable for Test 6B.

8-A2-63. Test 6A, Display Test. Do the following:

a. Refer to Figure 8-A2-13 and move switch segment
5 of switch S1 to the ““1’’ (left) position. Make sure
switch segments 1 through 4 are in the ‘0’ (right)
position.

b. Momentarily connect TP SA to ground (TP GND)
and observe the 3497A display. The display should ap-
pear as follows:

1. The voltmeter display should have a steady display
of: “*-.2.3.4.5.6.7".

2. All segments of the three 7 segment LEDs and all
remaining displays and annunciators should be
flashing.
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Table 8-A2-24. Test #5 Signatures
NOTE
The signatures in the table that
have an asterisk (*) after them
should be checked first. These
signatures are valid only if the
UART is transmitting and receiv-
ing data correctly.
+ 5 V Signature: 4273
Test Point Signature Test Point Signature
U8 Pin 1 49PA* U61 Pin 3 C206
Pin 2 7128* Pin 4 C206
Pin 3 HCH2* Pin 5 0000
Pin 4 06AH* Pin 6 4273
Pin 5 967A* Pin 7 0000 (GND)
Pin 6 139F* Pin 8 4273
Pin 7 P439* Pin 9 0000
Pin 8 0436* Pin 10 | 4F1H
Pin 9 ouus Pin 11 { 0000 (GND)
Pin 10 | Unstable Pin 12 | 4273 (+5V)
Pin 11 | Unstable Pin 13 | 4273 (+5V)
Pin 12 | 4273 Pin 14 | 4273 (+5V)
Pin 13 | 4273
Pin 14 | UO75 U62 Pin 1 4F1H
Pin 15 | OUUS8 Pin 2 u23pP
Pin 16 | 0000 Pin 3 uo75
Pin 17 | 4273 Pin 4 Unstable
Pin 18 | 4273 Pin 5 Unstable
Pin 19 | 0000 (GND) Pin 6 Unstable
Pin 20 | 0000 (GND) Pin 7 0000 (GND)
Pin21 | 4273 Pin 8 4273 (+5V)
Pin 22 | U23P Pin 9 0000 (GND)
Pin 23 | CF68 Pin 10 | 0000 (GND)
Pin 24 | C206 Pin 11 4273 (+5V)
Pin 25 | 0000 (GND) Pin 12 | 0000 (GND)
Pin 26 | FAH9 Pin 13 | 0000 (GND)
Pin 27 | P828 Pin14 | 4273 (+5V)
Pin 28 | 5U68
Pin 29 | 4273 (+5V) U63 Pin 1 4273
Pin 30 | 4273 (+5V) Pin 2 4273 (+5V)
Pin 31 | 4273 {+5V) Pin 3 0000
Pin 32 | 8PP2 Pin 4 4273 (+5V)
Pin 33 | 8PP2 Pin 5 4273
Pin 34 | 4273 (+5V) Pin 6 0000
Pin 35 | 0000 (GND) Pin 7 0000 (GND)
Pin 36 | Unstable Pin 8 4273
Pin 37 | Unstable Pin 9 0000
Pin 38 | Unstable Pin 10 | 4273 (+5V)
Pin 39 | 4273 (+5V) Pin 11 | 0000
Pin 40 | 4273 (+5V) Pin12 | 4273
Pin 13 | 0000
U61 Pin 1 4273 Pin 14 | 4273 (+5V)
Pin 2 uo75
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e. Set the signature analyzer as follows:

Start: In (L)
Stop: In (L)
Clock: In ()

f. All Test 6A signatures are taken on the front panel
board. The signatures are located in Table 8-A2-25.
If any signatures are wrong, replace the appropriate
component.

8-A2-64. Test 6B, Keyboard Test. Do the following:

8-A2-65. In Test 6B, the twenty 3497A front panel keys
(0 through 19) are given numerical assignments as shown
in Figure 8-A2-14. Notice that the assignments are not
the same as how the keys are actually labeled. To avoid
confusion, refer back to Figure 8-A2-14 as step e in
paragraph 8-A2-65 is performed.

8-A2-66. The Ul4 test points (see Table 8-A2-26) need
only be checked for a high (+ 5V) or low (ground) level.
This does not require a signature analyzer. If this is the
case, skip the following steps a and b and go to step c.
To perform the test using a signature analyzer, do all of
the following steps.

c. If the display is proper, there is no need to proceed
further with Test 6A. If it does not appear proper, pro-

ceed with the following steps.

d. Connect the signature analyzer as follows:

Start: TP SS2
Stop: U31 pin 9
Clock: TP CLK
Gnd: TP GND

D

Figure 8-A2-13. Switch Settings for Test 6A
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Table 8-A2-25. Test 6A Signatures

Some of the U7 signatures require a 4.7 k Q pullup resistor be-
tween +5V and the signature analyzer probe tip. These

Note

signatures are noted with an asterisk (*) in the table.

+ 5V Signature: U4HP

Test Point Signature Test Point Signature Test Point Signature
U7 Pin 1 U4HP U2 Pin13 | 437H U12 Pin 2 H9AC
Pin 2 H5CA Pin 14 | U4HP (+5V) Pin 5 A772
Pin 3 62FH" Pin 15| 2378 Pin 6 89F0
Pin 4 20UA* Pin 16 | PP7P Pin 9 80F1
Pin 5 UHF3 Pin 17 | C650 Pin12 | U12C
Pin 6 8u4C Pin 15 | 911C
Pin 7 P6F5* Pin 5 O9HH Pin 16 | UF60
Pin 8 6UP1* Pin11 [ 7786
Pin 9 1666 Pin12 | 7786 U23 Pin 12 | AH3P
Pin 10 | 0000 (GND) Pin 13 [ U7UF )
Pin 11 | 8FHA Pin 14 | U4HP (+5V) U18 Pin 1 O9HH
Pin 12 | 9F35 Pin 15 | 7786 Pin 3 09HH
Pin 13 | 7H95* Pin 16 | PPCC Pin 5 O9HH
Pin 14 | H985* Pin 17 | UBFA Pin 9 C336
Pin 15 | 2427 Pin 11 | C336
Pin 16 | 9278 U8 Pin 5 C336 Pin 13 | C336
Pin 17 | OPOH* Pin 11 | OA63
Pin 18 | 109U* Pin 12 | OA63 U20 Pin 1 9105
Pin 19 | C815 Pin 13 | 1163 Pin 2 U3PO
Pin 20 | U4HP Pin 14 | U4HP (+5V) Pin 3 125P
Pin 15 | OA63 Pin 4 3631
U3 Pin 2 3102 Pin 16 | 5U73 Pin 5 0000 (GND)
Pin 5 1837 Pin 17 | 86FA Pin 6 U4HP (+5V)
Pin 6 F684 Pin 7 U4HP
Pin 9 24F6 U6 Pin 2 5H61 Pin 8 0000 (GND)
Pin 11 | 5PHC Pin 5 0111 Pin 9 U4HP
Pin 12 | 59AH Pin 6 45P0 Pin 10 | U4HP (+5V)
Pin 15 | 9UBA Pin 9 AUG8 Pin 11 | Unstable
Pin 16 | F828 Pin 11 | F311 Pin 12 | U4HP (+5V)
Pin 19 | 31A6 Pin12 | 1264 Pin 13 | 8FHA
Pin 15 [ HOPA Pin 14 | C336
Ug Pin 2 1FA8 Pin 16 [ P7A0 Pin 15 | O9HH
Pin 5 P824 Pin 19 | 6708 Pin 16 | U4HP (+5V)
Pin 6 P800
Pin 9 638U U11 Pin 1 2H75 U21 Pin 1 9105
Pin 11 | 44P1 Pin 2 H9AC Pin 2 U3PO
Pin 12 | U41P Pin 3 A772 Pin 3 125P
Pin 15 | P356 Pin 4 53AF Pin 4 29F5
Pin 16 | 6USF Pin 5 7HIP Pin 5 0000 (GND)
Pin 19 | U3F9 Pin 6 89F0 Pin 6 U4HP (+5V)
Pin 7 741U Pin 7 5U75
U1 Pin 3 89PC Pin 8 80F1 Pin 8 0000 (GND)
Pin 6 8697 Pin 10 | O5U5 Pin 9 5PHC
Pin 11 | 189P Pin 11 | U12C Pin 10 | 50P9
Pin 14 | FFOA Pin 12 | 65F5 Pin 11 | OUF1
Pin 13 | 911C Pin12 [ 13CP
U2 Pin 5 O9HH Pin 14 | 08CP Pin 13 | F311
Pin 11 | 2378 Pin 15 | UF60 Pin 14 | 44P1
Pin 12 | 2378 Pin 15 | 17H3
Pin 16 [ U4HP (+5V)

8A2-20
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Figure 8-A2-14. Test 6B Front Panel Key Assignments

a. Connect the signature analyzer as follows:

Start: U3l pin 9
Stop: TP SS2
Clock: TP CLK
Gnd: TP GND

b. Set the signature analyzer as follows:

Start: In( )
Stop: In( )
Clock: In( )

c. Make sure the switch segments are set as outlined
in Test 6A.

d. Momentarily connect the TP SA to ground
(TP GND).

e. In Table 8-A2-26, the U14 pin assignments (on the
front panel) have been given the following test pin
assignments.

U14 pin 15 is Test Point E
U14 pin 16 is Test Point D
U14 pin 17 is Test Point C
U14 pin 18 is Test Point B
U14 pin 19 is Test Point A
U14 pin 13 is Test Point DAV

In Table 8-A2-26, Test Points A, B, C, D, E, and DAV
are listed vertically on the left side; the keys are listed
horizontally across the top. The 0’s and 1’s in the table
have the following meanings.

0
1

0000 (GND) signature
4969 (+ 5V) signature

To read Table 8-A2-26, determine from the key being
pressed and the test point that is observed, whether that
location has a 0 or 1. Then change the 0 or 1 into a
signature or level, as previously explained. For example,
with the probe at Test Point A, some of the following
levels should be noted with the various keys pressed: key
0=0,keyl =1, key2 = 0, etc.

f. Once the keys are tested, other signatures, shown
in Table 8-A2-27, can then be taken. If a signature is
wrong. replace the appropriate component.

8-A2-67. Crossguard Test (Test #7)

8-A2-68. This test requires an oscilloscope instead of a
signature analyzer. In this test, the outguard controller
writes the same pattern (55 Hex) to the inguard. This pat-
tern is sent over the crossguard and provides a trigger for
the oscilloscope. This test is useful for checking the
outguard transmitter and receiver, and the inguard
receiver. Refer to Schematic ABI1 for the test.

8-A2-69. To perform this test, switch segment 7 of switch
S1 must be in the ‘17’ (left) position and switch segments
1 through 6 must be in the ‘0’ (right) position, as shown
in Figure 8-A2-15.

8-A2-70. After the switches are set (as shown in Figure
8-A2-15), momentarily connect TP SA to ground (TP
GND). Then use an oscilloscope to check the signals
shown in Figures 8-A2-16 through 8-A2-18. The figures
were obtained using an -hp- Model 1741 A Oscilloscope
using the delayed sweep feature. In Figure 8-A2-18, the
pulse transformers are wired so that the crossguard
transmitter is tied to the crossguard receiver. This is il-
lustrated in Figure 8-A2-5.
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Table 8-A2-26. Test 6B Signatures

+ 5V Signature: 4969

Key Pressed

ol v {2 (3]a]s {6 |7 [8]9 1010121314 }15]|16}17]18]18
T A olj1ryoj1rf|ofjriojr|otrjoj1fofr]ofr]jof1]0]1
: B 0| 0|1 10|01 1 10]0 |1 1100 |1 1 ({00 |1 1
t [ ofojo|0 |1 111 1 {0]0j0 |0 |1 1 1 1 ({0ojo0o|l0O0]|O
; D cjo0ojO0ojOoO|OjO]|O|O |1 1 1 1 1 1 1 1 {0fO0O]JO]|O
|'1 E ofo|jo0o)Jojofo|0O|O|(O|O|]O]|O]|]O]O|O O |1 1 1 1
t

DAV 1 1 1 1 1 1

Table 8-A2-27. Test 6B Signatures
+5\( Signature: 4969

Test Signature
Point
U16 pin 4 34F4
pin 5 49P8
pin 6 7H2F
pin 8 3445
pin 9 7H2F
pin 10 4969 (+5V)
U17 pin 6 4969 (+5V, no key pressed)
pin 3 1969 (+5V, any key pressed)
‘e
-’Cm
~f [ O]
«| [0l
w| O]
ol [0
~ B_]

Figure 8-A2-15. Switch Settvings for Test #7
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Oscilloscope Setup:

Connect External Trigger to SS2 (test point between U31 and
U35 on A1 Board)

2V/Div

Channel 1: 10 uS/Div. Connect to U40 Pin 2.
Channel 2: 5 uS/Div. Connect to U40 Pin 9.
Trigger: Positive, External

Chop

U40Pin 2 Clock From Outguard
U40Pin9 Data From Outguard
Figure 8-A2-16. Clock and Data from Qutguard
Oscilloscope Setup:
.Change Channel 2 to 5V/Div and connect to U46 Pin 8.
U40 Pin 2 Clock From Qutguard
U46 Pin8 Data To The Pulse Transformer
Figure 8-A2-17. Data to the Pulse Transformer
Oscilloscope Setup:
Set 2V/Div on Channels 1 and 2
Connect Channel 1 to U50 Pin 8
Connect Channel 2 to U50 Pin 1
e
LU
US0Pin8 ""'"""/. S f-""“""— - Data
(e e okl ok ol
US0 Pin 1 S e e e e e — Clock

Figure 8-A2-18. Crossguard Transmitter/Receiver Data
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8-8-1. INTRODUCTION

8-B-2. This service group has troubleshooting informa-
tion for the 3497A’s inguard logic. It includes informa-
tion on the inguard processor (U204), port extender
(U205), BCD to decimal decoders (U206 and U208), in-
guard crossguard logic, A/D logic, and associated cir-
cuitry. Since the A/D converter operation is controlled
by the inguard processor using the A/D logic,
troubleshooting information for the A/D converter is also
included in this service group.

The 3497A mainframe contains CMOS In-
tegrated Circuits which are extremely suscep-
tible to failures due to static discharge. It is
especially important that grounded tools and
wrist straps be used when handling and
troubleshooting these components.

8-B-3. PRE-TROUBLESHOOTING INFORMATION

8-B-4. Read the information in the following paragraphs
before doing any troubleshooting.

8-B-5. Troubleshooting Without Signature Analysis

8-B-6. Check for stuck nodes on the data bus. This can
be done using a logic probe. A stuck node usually shows
the node in a certain steady state when it is supposed to
pulse. Try to determine what the circuitry is to be doing
and what it is not doing, or vice versa, and then try to
logically associate that to a particular component. The
theory of operation may be helpful to determine the
defective component. Then check for the outputs of the
component to see if they are pulsing. If they are not puls-
ing, check the inputs of the device for pulsing. If the in-
puts are pulsing, the device is probably defective. This
method of troubleshooting does not check for timing er-
rors, but is fast and simple.

8-B-7. Troubleshooting With Signature Analysis

8-B-8. A signature analyzer is used to determine the faul-
ty circuit. This is done by placing the circuitry in a cer-
tain operating mode and then taking signatures using the
signature analyzer. When the circuitry is in that mode,
the data on the lines develop a unique signal. This data
is read by the signature analyzer which then develops a
unique signature. If the signature is correct, the device
developing the signal is correct. If the signature is incor-

rect, the device may be defective. Before replacing the
device, make sure other devices on the line are not caus-
ing the incorrect signature.

8-B-9. General Troubleshooting Information

8-B-10. Check and make sure the + 5V power supply is
good. This supply should be between +4.75V and
+5.25V.

8-B-11. Make sure the inguard processor’s clock (i.e., the
ALE clock) is operating correctly. If the ALE clock is
missing or at the incorrect frequency (390KHz for 60Hz
operation and 325KHz for 50Hz operation), try replac-
ing Y1. Also, check and make sure U201 is good, if the
ALE clock is good at pin 11 of U204. If the clock is still
inoperative, replace U204.

8-B-12. Make sure the processor is properly reset. This
can be done by temporarily shorting the RESET line
(U204 pin 4) to ground. The line should then go high and
reset the processor. If, after shorting the line, the inguard
logic starts operating or if the line remains low, check
for a defective U214 and associated circuitry.

8-B-13. INGUARD LOGIC FAILURES

8-B-14. Since the main purpose of the inguard logic is
to control the voltmeter option’s A/D operation, most
failures caused by the inguard logic show up as voltmeter
failures or Self-Test #2 fails. Other failures are incorrect
set-up information to the analog plug-in options and Self-
Test #1 fails. The inguard logic failures and where to go
for troubleshooting are in the following paragraphs. For
a description of the failures, refer to paragraph 8-38, 8-48,
and 8-54.

8-B-15. Self-Test #1 Fails

8-B-16. This failure usually shows that there is no com-
munication between the outguard and inguard controller.
This can be caused by the crossguard logic (inguard or
outguard), outguard circuitry, or inguard controller cir-
cuitry. A procedure to determine the defective circuitry
is in Service Group Al for the standard (HP-IB) main-
frame and in Service Group A2 for the Serial 1/0 (Op-
tion 232) mainframe. The procedure is used to determine
if the transmitter part of the inguard crossguard logic is
defective. Do the procedure first to determine the faulty
circuitry. Once the procedure is performed and it has been
determined that the transmitter part of the inguard
crossguard circuitry is at fault, go to paragraph 8-B-44
(Crossguard Logic Troubleshooting) for further
troubleshooting.

8-B-1
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8-B-17. Self-Test #2 Fails

8-C-18. This test usually shows that there is an A/D con-
verter failure. Since the inguard controlier, A/D logic,
or A/D converter can cause the failure, go to paragraph
8-B-29 (Inguard and A/D Logic Isolation And
Troubleshooting) for further isolation.

8-B-19. The 3497A Displays Dashes

8-B-20. When the dashes are displayed with the voltmeter
option installed, the cause can be the inguard controller
or A/D logic. Go to paragraph 8-B-29 (Inguard and A/D
Logic Isolation And Troubleshooting) for further
isolation.

8-B-21. Voltmeter Failures

8-B-22. Before troubleshooting the inguard controller,
A/D logic, or A/D converter for voltmeter failures, make
sure the failures are not caused by the input switching
and input amplifier circuitry of the voltmeter. A pro-
cedure to determine the defective circuitry is in Service
Group C. Do the procedure first to determine the faulty
circuitry. If the input amplifier and input switching cir-
cuitry is good, go to paragraph 8-B-29 (Inguard and A/D
Logic Isolation And Troubleshooting) for further
isolation.

8-B-23. Analog Plug-In Option Failures

8-B-24. Dependent on what fails, these failures can be
caused by the option itself or the inguard logic circuitry.
Before troubleshooting the inguard circuitry, make sure
the analog plug-in options are not causing the failure.
Then go to paragraph 8-B-29 (Inguard and A/D Logic
Isolation And Troubleshooting) for further isolation.

8-B-25. Failures with The 3498A Extender Connected

8-B-26. Dependent on what fails, these failures can be
caused by the extender itself or the inguard logic circuitry.
Before troubleshooting the inguard circuitry, make sure
the extender is not causing the failure. Then go to
paragraph 8-B-29 (Inguard and A/D Logic Isolation And
Troubleshooting) for further isolation.

8-B-27. Miscellaneous Inguard Failures

8-B-28. These failures include incorrect range set-up of
the voltmeter option (dc voltmeter and current source).
The failures can be caused by the voltmeter option itself
or the inguard logic. Make sure the voltmeter option is
not causing the failure before troubleshooting the inguard
logic. If the inguard logic is causing the failure, go to
paragraph 8-B-29 (Inguard and A/D Logic Isolation And
Troubleshooting) for further isolation.

8-B-2
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8-B-29. INGUARD AND A/D LOGIC ISOLATION AND
TROUBLESHOOTING

8-B-30. General

8-B-31. The inguard logic can cause any of the failures
listed in paragraph 8-B-13. Some of the failures can also
be caused by the inguard crossguard logic, the A/D logic,
the A/D converter, or other associated circuitry.

8-B-32. The procedure in paragraph 8-B-35 is used to
determine the defective circuitry in the inguard and A/D
logic using signature analysis. Once the faulty circuit is
determined, either more signatures are taken or a pro-
gram is used to determine the faulty component. This
depends on the failure. The procedure to isolate the defec-
tive circuitry is in the following order.

a. The signatures of some of the ports of the inguard
processor are checked.

b. If the signatures are good, most of the A/D logic
and inguard processor are most likely good. Direction
to another possible faulty area is given.

c. If the signatures are incorrect or missing, the pro-
cessor itself or the A/D logic is defective. The A/D
logic is then checked next.

8-B-33. Equipment Required

8-B-34. The required test equipment to isolate and
troubleshoot the inguard and A/D logic is a signature
analyzer (-hp- Model 5004A) and a logic probe.

8-B-35. Inguard Logic Isolation Procedure

8-B-36. Refer to Schematic B1 and B2 for the following
procedure. The common ground used in the following
procedure is inguard ground (TP GND).

a. Turn the 3497A off.

b. Connect the inguard controller board to a Board
Extender and plug the extender into the appropriate
slot of the instrument (see paragraph 8-14 on how to
remove the inguard board and how to connect the
extender).

c. Locate the ribbon cable soldered to the voltmeter
option board. Disconnect the cable from the inguard
controller board (see Figure 8-B-1).
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Do not unplug or plug the ribbon cable from
the voltmeter into the inguard controller
board with the 3497A on or the circuitry on
the controller board will be damaged.

d. Locate jumper plug J1 and move the jumper plug
to the ‘‘P’’ position, as shown in Figure 8-B-1.

NOTE

Make sure jumper plug J1 is placed back in-
to the ‘N’ (Normal) position, when
troubleshooting is completed.

€. Using short clip leads, connect the MAKE test point
(TP MAKE) and the clock test point (TP CLK) to the
ground test point (TP GND).

f. Connect the signature analyzer as follows (see
Figure 8-B-1):

Start: Pin 3 or 4 of J4 (DSA)
Stop: Pin 3 or 4 of J4 (DSA)
Clock: Pin 2 of J4 (ALE)
Gnd: Pin 1 of J4 (G)
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g. Set the signature analyzer as follows:

Start: Out ()
Stop: In (L)
Clock: Out (/)
Self-Test: Out
Hold: Out

h. Turn the 3497A on.

i. Using a short clip lead, temporarily connect the in-
guard processor’s RESET line (TP RS) to ground (TP
GND). This places the processor into the test mode.

j. Using the signature analyzer, check the +5V
signature (OHHH) at TP + 5 and the ground signature
(0000) at TP GND.

k. If the signatures are wrong, check the following:

1. Make sure the signature analyzer probe is tog-
gling. If the probe is not toggling, check for an ALE
clock at the ““ALE” pin of J4 (i.e., pin 2; see
Schematic B2). If the clock is missing at J4 but is
good from the processor (U204), replace U3.

2. If the ALE clock at pin 2 of J4 is good and the
+ 5V and/or ground signatures are still wrong, try
replacing the inguard processor (U204).
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1. If the + 5V and ground signatures are good, check
the following signatures on the inguard processor.

U204 Pin# Signature

1 810F
27 6H56
28 UHPA
29 78F6
30 A71A
38 OHHH
39 H791

m. If the signatures are good, the inguard processor
and most of the A/D logic is probably good; further
isolation is necessary. Go to paragraph 8-B-37 for fur-
ther isolation. Do not change the present test setup.

n. If the signatures are wrong, the inguard processor
or A/D logic is most likely at fault. Do the procedure
in the flowchart located in Figure 8-B-2 (A/D Logic
Troubleshooting). Do not change the present test
setup. It will be used in the flowchart.

8-B-37. Inguard Troubleshooting

8-B-38. General. Before doing the procedures in
paragraphs 8-B-40 to 8-B-43, make sure the procedure
in paragraph 8-B-35 has been performed. Unless other-
wise noted, also make sure the test setup is the same as
in paragraph 8-B-35.

8-B-39. The troubleshooting information in the follow-
ing paragraphs is separated into failures. Select the ap-
propriate paragraph by the failure. The common ground
used in the procedure is inguard ground (TP GND).

8-B-40. Test #2 Fails. Do the following procedure to
determine the defective circuitry or component. This pro-
cedure should also be performed if a Voltmeter Failure
is present. Refer to Schematic B2 when doing the follow-
ing procedure.

a. With the same test setup as in paragraph 8-B-35,
check the signature at pin 8 of U4C (see Schematic B2).
The correct signature is: ‘“‘AAF7”.

b. If the signature is wrong or unstable, replace U4.
¢. If the signature is good, remove jumper plug J1
from the ‘‘P’’ position and temporarily set it aside.
The inguard processor is now placed into the free-run
mode.
NOTE
Mabke sure jumper plug J1 is placed back in-

to the “N’’ (Normal) position, when
troubleshooting is completed.
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d. Check the following signatures of latch US5.

U5 Pin# |  Signature
3 0000
5 B6U9A
11 88U6

e. If any signatures are wrong or unstable, replace US.

f. If the signatures are good, the A/D converter is
causing the failure. Go to paragraph 8-B-50 for
troubleshooting.

8-B-41. Voltmeter Failures. Do the procedure in
paragraph 8-B-40 (Test #2 Fails) to determine the faulty
circuitry.

8-B-42. The 3497A Displays Dashes. Try replacing the
inguard processor (U204).

8-B-43. Analog Plug-In Option Failures. The failures can
both be a Make/Break failure or the option receives the
incorrect setup information. To troubleshoot these
failures, return the 3497A to the normal operating state.
Disconnect the signature analyzer and return jumper plug
J1 to the ““N’’ (Normal) position. Then do the following
procedure.

a. To check the Make/Break circuitry, do the
following:

1. Make sure no analog plug-in options are plugged
into the mainframe.

2. Connect a logic probe to pin 12 of U212A. The
pin should read low.

3. If pin 12 reads high, make sure both MAKE and
BREAK lines are high. If they are high, replace U201
or U212, depending on which line is high. If they are
low, replace U212.

4. If pin 12 of U212 is low, temporarily connect the
BREAK line (TP BREAK) to ground. When con-
nected to ground, pin 12 should go high and when
disconnected from ground, the pin should go low
again. The same should take place with the MAKE
line (TP MAKE). If the BREAK operation only is
inoperative, replace U213 or U212, If the BREAK
only or both MAKE and BREAK operations are in-
operative, replace U212.

5. If the checks in step 4 are good, connect the logic
probe to pin 3 of U201. Make sure the pin is low.
If high, replace U201. If low, connect the MAKE line
(TP MAKE) to ground. If pin 3 of U201 remains low,
replace U201. If it goes high, continue with the next
step.
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6. Connect the logic probe to pin 6 of U212. Then
cycle power on the instrument. Pin 6 of U212 should
now be low. If high, check pins 4 and § of U212.
If either one of the pins are low, replace U205. If
good, replace U212.

7. If the checks in steps 5 and 6 are good, replace
U21t.

b. If the plug-in option receives the wrong set-up in-
formation, troubleshoot the analog decoding circuitry
(U206, through U210) using a logic probe. Do the
following:

1. Locate the EXT INCR Input port and the TIMER
output port on the outguard rear panel. Using a BNC
cable, connect the ports to each other.

2. Using the front panel or remotely, enter the
following program into the 3497A.

AFO0
AL99%9
TO10
AE2

3. Once the program is entered, use a logic probe
and check the state of the output lines of U207, U209,
and U210. Make sure they are toggling.

4. If any lines are not toggling, check further back
through U206 and U208 to port extender U205. All
pins on U205, except pins 13, 14, 15, and 16, should
be toggling. If they are, check U206 through U210.

8-B-44. CROSSGUARD LOGIC TROUBLESHOOTING

8-B-45. An inguard crossguard logic failure normally
shows up when Test #1 fails. Since this can also be
caused by the outguard circuitry, make sure the procedure
in Service Group A1 or A2 have been performed before
doing the troubleshooting procedure in paragraph 8-B-48.

8-B-46. Equipment Required

8-B-47. The required test equipment to troubleshoot the
crossguard logic is a logic probe.

8-B-48. Troubleshooting Procedure

8-B-49. The procedure in this paragraph has informa-
tion to troubleshoot the transmitter section of the inguard
crossguard logic. Information on how to troubleshoot the
receiver section is in Service Group Al. Unless otherwise
noted, refer to Schematic AB1 for troubleshooting. Do
the following:

a. Make sure the inguard controller board is removed
from the instrument and connected to a Board Ex-
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tender. Also make sure the Board Extender is con-
nected into the appropriate slot of the instrument (see
paragraph 8-14).

b. Using a logic probe, make sure pins 3 and 8 of U120
are toggling.

c¢. If they are, check for defective transformers T3 or
T4 (located on the power supply board behind front
panel). If T3 and T4 are good try replacing U115 or
U204 (see Schematic Bl).

d. If pins 3 and 8 of U120 are not toggling, do the
following: -

1. Using a logic probe, make sure the WRT line from
the inguard processor is toggling. If not, replace U204
(see Schematic B1).

2. If the line is toggling, make sure pin 9 of U119
is toggling. If not, replace U119.

3. Make sure pin 1 of U120 is toggling.
4. If not, make sure the ALE line is toggling. If the

ALE line is not toggling, check for a defective U201
or U204 (see Schematic B1).

5. If the ALE line is toggling, replace U117 or U118.

6. Make sure pins 5 and 6 of U119 are toggling. If
not, check for toggling at pin 9 of U115.

7. If pin 9 of U115 is good, replace U119. If not,
replace U119.

8. If the 3497A is still inoperative, try replacing U204
(see Schematic B1).

8-B-50. A/D CONVERTER TROUBLESHOOTING
8-B-61. General

8-B-52. Before doing the troubleshooting procedures in
the following paragraphs, make sure the failure is not
caused by the A/D logic or inguard circuitry. Do the pro-
cedure in paragraph 8-B-29 first to determine the faulty
circuitry.

8-B-53. ‘A/D converter failures can show up as a Test
#2 failure or voltmeter failure. The voltmeter failure con-
sists of Overload, Constant Zero, Floating, Inaccurate,
or Noisy Readings on all ranges (see paragraph 8-54 for
a description of the failures). The troubleshooting infor-
mation in paragraphs 8-B-58 to 8-B-63 is separated by
failures. Go to the appropriate paragraph by the failure.
Unless otherwise noted, refer to Schematic C3 for
troubleshooting. The common ground used in the pro-
cedures is voltmeter ground 4 (TP GND4).
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8-B-54. Equipment Required

8-B-55. The following is the required test equipment to
troubleshoot the A/D converter.

Digital Voltmeter -hp- Model 3456A
Oscillocope -hp- Model 1741A
Logic Probe

8-B-56. A/D Converter Failures and Troubles\hooting

8-B-57. The A/D converter has two types of circuitry,
analog and digital. Most A/D failures can be caused by
either one or both of the circuitry. The following
paragraphs have the A/D converter failures and
troubleshooting information. Before doing any
troubleshooting, first isolate the A/D converter from the
input amplifier by doing the following:

a. Turn the 3497A off.

b. Make sure the inguard controller board is removed
from the instrument and connected to a Board Ex-
tender. Also make sure the Board Extender is con-
nected into the appropriate slot of the instrument (see
paragraph 8-14).

c. If the voltmeter option board is unplugged from
the inguard controller board, locate the ribbon cable
from the voltmeter board and plug it back into the in-
guard controller board.

d. Refer to paragraph 8-20 and remove the shield over
the voltmeter board.

e. Lift one end of jumper JIMPR200.
f. Turn the 3497A on.

Once jumper JMPR200 is lifted, go to the following
paragraphs for troubleshooting. Select the appropriate
paragraph by the failure.

8-B-58. Overload Readings. These can be caused by the
digital, analog, or overload circuitry of the A/D con-
verter. To determine if the overload circuitry is causing
the failure, do the following:

a. Apply 11V dc to to TP A-D IN.

b. Refer to Schematic Bl and place jumper plug J5
to the + 5V position.

c. If the overload disappears and the 3497A reads
11V, do the following:

1. With 11V applied to TP A-D IN, make sure the
output of the integrator (TP INT) does not go above
12V. Do this by connecting an oscilloscope to
TP INT and make sure the peaks on the waveform
shown on the scope are below 12V.

Service Group B

2. If the peaks are below 12V, the overload circuitry
is defective. Try replacing U203 or associated
circuitry.

3. If the peaks go above 12V, the integrator has an
offset. This can be caused by an open A/D Autozero
FET (Q203) or the integrator itself. Try replacing
Q203 and then Q202 and U201.

d. If the overload is still noted, other circuitry in the
A/D converter are at fault. Go to paragraph 8-B-63
(Test #2 Fails) for troubleshooting.

8-B-59. Constant Zero Readings. This type of failure
normally shows that there is a short at the input of the
A/D converter to ground. Check and make sure that
there are no shorts. This failure can also be caused by
an open R200 (between pins 7 and 8) and an open Q201.
If Q201 is good, check the following:

a. Make sure Q201 is turned on by U200. Under nor-
mal conditions, pin 3 of U200 should be toggling from
0V to -12V. Make sure it is toggling.

b. If pin 3 of U200 is toggling, replace Q201.

¢. If pin 3 is not toggling, check and make sure
TP LRU is toggling.

d. If TP LRU is toggling, either U204 or U207 are
defective. Make sure pin 2 of U204 is toggling. If it
is, replace U207. If not, replace U204.

8-B-60. Floating Readings. Floating readings normally
show up if there is an open circuit in the input of the A/D
converter. This can be checked by connecting TP A-D
IN to ground (TP GND4). If the failure still exists, check
for an open between R200 (pin 7) and JMPR200.

8-B-61. Inaccurate Readings. If the readings are only in-
accurate a small amount (a couple of counts) the most
likely cause is R200. If the readings are very inaccurate,
other circuitry in the A/D converter are at fault. Go to
paragraph 8-B-63 (Test #2 Fails) for troubleshooting.

8-B-62. Noisy Readings. If only a little noise is noted,
the most likely cause is the analog circuitry of the A/D
converter. Check for a noisy Q202 and Q203. If the
readings are very noisy, other circuitry in the A/D con-
verter are at fault. Go to paragraph 8-B-63 (Test #2 Fails)
for troubleshooting.

8-B-63. Test #2 Fails. The troubleshooting information
in the following procedure is used to determine which cir-
cuitry, analog or digital, is causing the failure. Once this
has been determined, the procedure then determines the
most likely component causing the failure. Before going
to the procedure, do the following checks (if they have
not been performed already).

8-B-7
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a. Make sure latch U207 is enabled by the ALE clock.
Do this by checking for a clock signal at pin 9 of U207.
The clock signal level should be from 0V to -12V in-
stead of a TTL level. If the clock is missing or at an
incorrect level, check for a defective Q204, Q206, or
associated circuitry.

b. Make sure pin 2 of U200 is toggling from 0V to
-12V. If pin 2 is toggling, continue with step b. If pin
2 is not toggling, do the following:

1. Make sure pin 3 of U200 is toggling from 0V to
-12V.

2. If pin 3 is not toggling, check and make sure
TP LRU is toggling.

3. If TP LRU is toggling, either U204 or U207 are
defective. Make sure pin 2 of U204 is toggling. If it
is, replace U207. If not, replace U204.

¢. Make sure Q200, Q201, and Q205 are not shorted.

d. Make sure the base of Q203 toggles from OV to
-12V. If it is not toggling, the digital circuitry of the
A/D converter is at fault (go to next paragraph for
troubleshooting). Also make sure Q203 is not shorted
or open.

8-B-64. Once the previous checks are made and the
3497A still fails, do the following troubleshooting

procedure.
a. Turn the 3497A off.

b. Using a clip lead, connect the inguard processor’s
reset line to ground (TP RS to GND:; see Schematic
B1). This places the inguard processor into the reset
state, when the 3497A is turned on.

c. Using another clip lead, turn Q204 off by connec-
ting its base to its emitter.

d. Turn the 3497A on.

e. Since the inguard processor is now in the reset state
(i.e., unable to turn on), the outputs of latch U5 (see
Schematic B2) are at certain TTL levels (they will most
likely be all high). This determines into what static state
the A/D converter is placed. Determine the state by
reading the high (+ 5V) and low (0V) levels of pins 6,
8, and 10 of U204 (use a logic probe). Once these levels
are determined, refer to Table 8-B-1 and determine the
static state of the A/D converter (S-4, Az, etc.).

f. Once the static state of the A/D converter is deter-
mined by using Table 8-B-1, the input and output levels
of the components in the digital circuitry can then be
determined. Do the following:

1. Temporarily connect pin 9 of U207 to ground.
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2. Using an oscilloscope, logic probe, or Digital
Voltmeter, make sure the components in the digital
circuitry of the A/D converter are at the correct in-
put/output levels. Use Table 8-B-2 to determine the
correct levels. A high level (which shows low on the
logic probe) is OV and a low level (which shows high
on the logic probe) is at -12V.

3. If any levels are wrong, replace the appropriate
component. If all the levels are correct, the digital
circuitry of the A/D converter is most likely good.
Continue with the next step.

Table 8-B-1. Determining the Static Level of The A/D

Converter
Static v204 Input Levels
State | Pin #10 | Pin #8 Pin #6
Az H H H
S-0 L H L
S-1 H L L
S+2 L L H
S-3 H L H
S+4 L H H
S-4 H H L

Note: H= +5V, L=0V. Levels for the Az state is also
for the S+ 0 state.

Table 8-B-2. States of the A/D Converter Digital Circuitry

Ic Pin # IC Levels
Az | S-D|S1|S+2{S3|S+4 ]S4
U200 4 |H| H]|L H H H H
5 L] LH L L L L
6 |H| L |H L H L H
7 LI HI|L H L H L
U204 1 L{H]H L L L H
13 L{HT]L H L H L
14 LfL]|H H H L L
U205 4 |H| L | L L L L L
5 L] L | L L L L H
6 L L L L H L L
7 L L H L L L L
10 L L L H L L L
1M L H L L L L L
12 L] L]|L L L H L
U206 3 H|H|H H H L H
4 |H{ L [H H H L H
10 LI H]|L L L L H
11 H H H L H H H
U207 2 {H] L |H H H L H
5 LI HIJ}L L L L H
7 L| L |L L H L L
10 |H| H|H L H H H
12 [H| L | L L L L L
u2081| 2,4 L H L L L H L
6,10 H L H H H H L
12 H H H H L H H
15 L] L|L H L L L

Note: H=0V, L=-12V.
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g. Troubleshoot the analog circuitry of the A/D con-
verter by doing the following:

1. Keep the same set-up as in steps b and c.

2. Locate the integrator capacitor (C201) gnd, us-
ing a clip lead, short across the capacitor.

3. Using a high impedance Digital Voltmeter (like
the 3456A), measure the output of the integrator
(TP INT). The output should be OV +2mV. (Note:
If there is oscillation present on TP INT, connect pin
6 of Q202 to ground.)

4. If the voltage is wrong, check for a defective Q202
or U201 and associated circuitry.

Service Group B

5. If the voltage is good, temporarily connect the
junction of C203 and R209 to +5V. Measure the
voltage at TP INT and make sure it is negative and
above 12V. Then connect C203 and R209 to -12V.
Make sure the voltage at TP INT is positive and
above 12V.

6. If the voltages at TP INT are wrong, check for
a defective Q202 or U201 and associated circuitry.

7. If the voltages at TP INT are good, the integrator

is most likely operating correctly. Check for a defec-
tive U202, U203, and associated circuitry.

8-B-9
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8-C-1. INTRODUCTION

8-C-2. This service group has the 3497A voltmeter op-
tion’s troubleshooting procedures, which includes pro-
cedures for the dc voltmeter and dc current source. The
service group is symptoms oriented (i.e., what fails) with
two levels of troubleshooting. The first level determines
the general area of the option that causes the failure and
the second level has specific information to troubleshoot
the area that fails. .

The voltmeter option contains CMOS In-
tegrated Circuits which are extremely suscep-
tible to failures due to static discharge. It is
especially important that grounded tools and
wrist straps be used when handling and
troubleshooting these components.

8-C-3. PRE-TROUBLESHOOTING INFORMATION

8-C-4. The troubleshooting procedures in this service
group require that the voltmeter option is to be set to cer-
tain ranges and functions. This is accomplished using the
standard front panel (if installed), or using the HP-IB
or Serial I/0 bus (@if the RS-232 option is installed). Make
sure you know how to select the ranges and functions,
before doing the procedures. Section III of this manual
and the Operating, Programming, and Configuration
Manual explains how to select the ranges and functions.

8-C-5. Before doing any troubleshooting to the voltmeter
option, do the following:

a. Make sure the option’s power supplies are good.
These supplies are called the inguard power supplies
and are located on the mainframe power supply board
(A 16 assembly, see Schematic D3). The supplies can
be checked on the voltmeter option board. If the sup-
plies are defective, go to Service Group D for
troubleshooting. The supplies are as follows:

Power Checked Voltage
Supply at Level
+30VL TP +33 +33V to +44V

+15VL TP +15 +14.25V to +15.75V
-16VL TP -15 -14.25V to -15.75V
-18VL TP -18 -17.1V to -18.9V
+5VL TP +5L +4.8V to +5.2V

b. Check the +12V, -12V, and buffered -12V
reference supplies. Check the + 12V at TP+ 12, -12V
(-12VA) at -12, and buffered -12V (-12VB) at U700
pin 6. If the reference supplies are defective, go to Ser-
vice Group D for troubleshooting.

¢. Check the ALE (Address Latch Enable) clock at
TP ALE. Make sure the clock is operating and is at
the correct TTL voltage level. The time period of the
clock is 2.564uS (390KHz) for 60Hz operation and
3.077uS (325KHz) for SOHz operation.

8-C-6. Various FETs and relays are used to select the
ranges in the voltmeter and current functions. These FETs
and relays are turned on and off by comparators and
transistors which are controlled by the inguard controller.
Make sure the comparators and transistors receive the
correct information from the controller before replacing
them. If the inguard controller is inoperative, go to Ser-
vice Group B for further troubleshooting.

8-C-7. Some troubleshooting procedures in this service
group require that the Autozero function must be either
on or off. Make sure the 3497A is in the correct mode,
before doing any troubleshooting.

8-C-8. DC VOLTMETER TROUBLESHOOTING
8-C-9. General

8-C-10. The dc voltmeter consists of the following cir-
cuitry: input switching, input amplifier, and A/D con-
verter. Since any of the circuitry can cause voltmeter
failures, the defective area must first be isolated. Once
this is done, troubleshooting can then be performed on
the defective circuitry.

8-C-11. The procedures in paragraph 8-C-15 and the
paragraphs following that paragraph isolates and then
troubleshoots the defective area. To select the correct pro-
cedure, first determine the voltmeter failure and then
select the appropriate paragraph. Unless otherwise
specified, refer to Schematic C1 to troubleshoot the in-
put switching circuitry and to Schematic C2 for the in-
put amplifier.

8-C-12. Typical dc voltmeter failures are overload, in-
accurate, constant zero, floating, or noisy readings on
some or all ranges. A description of the different
voltmeter failures is given in paragraph 8-54.

8-C-1
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8-C-13. Equipment Required

8-C-14. The following is the required equipment for the
procedures in the following paragraphs.
3
Digital Voltmeter -hp- Model 3456A
Stable Voltage Source-System Donner Model
M107

8-C-15. Overload, Floating, Constant Zero (with input
applied), Inaccurate, or Noisy Readings on All Ranges

8-C-16. Any of these failures can be caused by the input
switching circuitry, input amplifier, or A/D converter (in-
cludes the A/D Logic). To determine the defective area,
do the following procedure.

a. Set the 3497A voltmeter option to the 10V Range
and turn Autozero off.

b. Check and make sure if the voltmeter failure is still
present. If no failure is detected, the Autozero circuitry
causes the failure. Go to paragraph 8-C-43. for
troubleshooting. If the failure is still present, continue

3497A

d. Using the recommended Digital Voltmeter (the
3456A), measure for a stable + 10V at TP A-D IN
(i.e., the input to the A/D converter, see Schematic C3)

e. If the + 10V reading on the test voltmeter is good,
the A/D converter circuitry is defective. Go to Ser-
vice Group B for troubleshooting.

f. If the reading on the test voltmeter is an overload,
floating, constant zero, or noisy reading, unsolder and
lift one end of jumper JMPR200. Lift the end of the
jumper that is toward the top of the printed circuit
board, as shown in Figure 8-C-1. The A/D Converter
should now be disconnected from the input amplifier.

g. Measure for + 10V at jumper JMPR200. If the
reading is now good, the A/D converter is causing the
failure. Refer to Schematic C3 and check for a defec-
tive 108.33K ohm resistor in R200. If the resistor is
good, try replacing Q200 and Q201.

h. If the reading is still wrong, measure for + 10V at
the gate of dual FET Q101 (pin 3 of Q101 which is
the junction of Q101, QS, Q7, and Q8).

with step c.

o i. If the reading is good, troubleshoot the input
¢. Using the stable voltage source, apply + 10V dc to amplifier. Go to paragraph 8-C-44 for
the HI COM and LO COM Input terminals located troubleshooting.
at the inguard section’s rear panel.

‘ j. If the reading is still wrong, the input switching is
most likely defective. Since dual FET Q101 in the in-
put amplifier circuitry can also cause the failure,
remove-the FET. If the reading is now good, replace
FET Q101. If the reading is still wrong, troubleshoot
the input switching circuitry. Go to paragraph 8-C-29
for troubleshooting.
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8-C-19. Overload, Floating, or Noisy Readings on Some
Ranges

8-C-20. Since only some of the ranges fail, these failures
can only be caused by the feedback circuitry in the input
amplifier, or the low voltage or high voltage paths in the
input switching circuitry. This is because only a certain
path and a certain feedback is used by a certain range.
The following paragraphs list the ranges and possible
failures.

8-C-21. Only the .1V Range Fails (Schematic C2). Check
for an open or noisy Q105 or Q103, or a defective R128

in the input amplifier circuitry. Make sure Q105 is turn-
ed on by U103C.

8-C-22. Only the .1V, 1V, and 10V Ranges Fail
(Schematic C1). Make sure the low voltage path in the
input switching circuitry is good. Check for a defective
Q4, Q9, Q10, and K2. Make sure FET Q4 and relay K2
are turned on by comparators U2A and U1B, respective-
ly. FETs Q9 and Q10 can be checked by measuring the
voltage at the junction of Q9, Q10, Q4, and R17 with
the input terminals shorted. If the voltage at the junc-
tion is positive, Q9 is leaky. If the voltage at the junc-
tion is negative, Q10 is leaky.

8-C-23. Only the 1V and 100V Ranges Fail (Schematic
C2). Check for an open or noisy Q106 or Q102, or a
defective R128 in the input amplifier circuitry. Make sure
Q106 is turned on by U103B.

8-C-24. Only the 10V Range Fails (Schematic C2). Check
for an open or noisy Q104 or a defective R128 in the in-

put amplifier circuitry. Make sure Q104 is turned on by
UI03A.

8-C-25. Only the 100V Range Fails (Schematic C1).
Make sure the high voltage path in the input switching
circuitry is good. Check for a defective Q2 and K1. Make
sure the FET and relay is turned on by comparators U2D
and U1A, respectively. Also make sure the 100:1 divider
in R128 and R4 is good.

8-C-26. Only the .1V Range is Good (Schematic C1).
Make sure that Q105 or Q103 in the input amplifier cir-
cuitry is not shorted. A shorted Q105 can make the .1V
Range good and the other ranges fail. Also make sure
Q105 is not turned on by U103C on other than the .1V
Range.

8-C-27. Only the 1V and 100V Ranges are Good
(Schematic C2). Make sure that Q106 or Q102 in the in-
put amplifier circuitry is not shorted. A shorted Q106 can
make the 1V and 100V Ranges good and the other ranges
fail. Also make sure Q106 is not turned on by U103B in
other than the 1V and 100V Ranges.

8-C-28. Only the 10V Range is Good (Schematic C2).
Make sure that Q104 in the input amplifier circuitry is
not shorted. A shorted Q104 can make the 10V Range
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good and the other ranges fail. Also make sure Q104 is
not turned on by U103A in other than the 10V Range.

8-C-29. INPUT SWITCHING TROUBLESHOOTING
8-C-30. General

8-C-31. Before troubleshooting the input switching cir-
cuitry, make sure the failure is not in the input amplifier.
Go to paragraph 8-C-8 to determine the faulty circuitry.

8-C-32. Failures caused by the input switching circuitry
can be overload, floating, constant zero, inaccurate, or
noisy readings on all ranges. If the failures show up on
only some of the ranges, go to paragraph 8-C-19 for
troubleshooting. The failures on all ranges can show up
with both Autozero enabled or disabled. If the failure
only shows up with Autozero enabled, the Autozero cir-
cuitry is at fault. Go to paragraph 8-C-43 for
troubleshooting. If the failure shows up with both
Autozero enabled or disabled, go to paragraph 8-C-35
and the paragraphs following that paragraph for
troubleshooting information. Unless otherwise noted,
refer to Schematic C1 for troubleshooting.

8-C-33. Equipment Required

8-C-34. The following is the required equipment to test
and troubleshoot the input switching circuitry.

Digital Voltmeter - -hp- Model 3456A

8-C-35. Overload, Floating, Constant Zero, Inaccurate, or
Noisy Readings on All Ranges

8-C-36. The following paragraphs have troubleshooting
information for failures on all ranges. For failures on
some ranges, go to paragraph 8-C-19.

8-C-37. Overload Readings. An overload is normally
caused when the input to the input amplifier is above
+ 12V. This can be caused when the gate of a FET that
is turned off is shorted to the input of the amplifier. Since
a FET is normally turned off by applying -18V to its gate,
a shorted FET will apply this voltage to the input of the
amplifier. Make sure Q7 and Q8 are good.

8-C-38. Overload readings (and floating readings, see
next paragraph) can also be caused if the gate bias
amplifier is inoperative. This could prevent the FETs
from turning on and open the paths between the input
terminals and input amplifier. With the paths open, a
floating reading is normally noted. However, the reading
could drift high enough to cause an overload. To check
the amplifier, do the following:

a. Set the voltmeter option to the 10V Range and turn
Autozero off.

b. Apply + 10V to the HI COM and LO COM Input
terminals.

8-C-3
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c. Connect the input of the gate bias amplifier to the
HI COM Input terminal.

d. Using the test Digital Voltmeter, measure for + 10V
at the output of the gate bias amplifier. Since the gate
bias amplifier is a X1 gain non-inverting amplifier, its
output is at the same value (within +5mV) as its in-
put. If the output is different from the input, check
for a defective Q1 or US.

8-C-39. Floating Readings. This can be caused if the path
from the input terminals to the input amplifier is open.
Since all ranges are inoperative, check for an open Q35
or a defective gate bias amplifier. A procedure to check
the gate bias amplifier is in paragraph 8-C-38. FET Q5
can be checked by doing the following:

a. Turn Autozero off and then apply + 10V to the HI
COM and LO COM Input terminals.

b. Short the source to the drain of Q5.
c. The 3497A should now display +10V.

d. If the reading is incorrect, check for an open path
between QS5 and the input amplifier.

e. If the reading is good, check for an open Q5. Make
sure QS is turned on by U2B. The gate of Q5 should
be at approximately + 10V (when + 10V is applied to
the input terminals). If the gate voltage is wrong, check
for a defective U2B and associated circuitry and make
sure the gate bias amplifier is good (refer to paragraph
8-C-38). (Note: The HDZ line should be low with
Autozero off.)

8-C-40. Constant Zero Readings. This failure can only
be caused when the input to the input amplifier is shorted
to ground (i.e., to the LO COM terminal). Do the
following:

a. Turn Autozero off.

b. Make sure Q7 is turned off by measuring approx-
imately -18V' at its gate.

c. If the voltage is good, check for a shorted Q7. If
incorrect, check for a defective U2C and associated
circuitry. (Note: The HDZ line should be low with
Autozero off.)

8-C-41. Inaccurate Readings. Inaccurate readings are
normally caused by leaky FETs in the input switching cir-
cuitry. Since all ranges are inaccurate, the most likely
causes are a leaky Q7 and Q8.

8-C-42. Noisy Readings. Make sure the gate bias

amplifier is good (refer to paragraph 8-C-38 to check the
amplifier). Check for a noisy QS and Q7.

8-C-4
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8-C-43. Failures with Autozero Enabled. If any dc
voltmeter failures only show up with the Autozero func-
tion enabled, check for a defective Q5, Q7, or Q8. Do
this because these FETs are the only devices being
switched on and off with Autozero enabled.

8-C-44. INPUT AMPLIFIER TROUBLESHOOTING
8-C-45. General

8-C-46. Before troubleshooting the input amplifier cir-
cuitry, make sure the failure is not in the input switching
circuitry. Go to paragraph 8-C-8 to determine the faulty
circuitry.

8-C-47. Failures caused by the circuitry in the input
amplifier can be overload, floating, constant zero, inac-
curate, or noisy readings on all ranges. The circuitry in
the input amplifier includes a dc amplifier, integrator
amplifier, and feedback circuitry. Paragraph 8-C-50 and
the paragraphs following that paragraph have the
failures, procedures to isolate the different circuitry, and
information on how to troubleshoot the isolated circuitry.
Unless otherwise noted, refer to Schematic C2 for
troubleshooting.

8-C-48. Equipment Required

8-C-49. The following is the required equipment to test
and troubleshoot the input amplifier circuitry.

Digital Voltmeter -hp- Model 3456A
Oscilloscope -hp- Model 1741A

8-C-50. Overload, Floating, Constant Zero, Inaccurate, or
Noisy Readings on All Ranges

8-C-51. The following paragraphs have troubleshooting
information for failures on all ranges. For failures on
some ranges, go to paragraph 8-C-19.

8-C-52. Overload or Noisy Readings. Overloads can be
caused by a saturated output (i.e., above +12V) of the
input amplifier. Overload readings and also noisy
readings can be caused if the amplifier output is
oscillating. Do the following to determine the failure and
defective circuitry.

a. Set the voltmeter option to the .1V Range and turn
Autozero off.

b. Using a short clip lead, connect the gate of Q101
(pin 3 of Q101 which is the junction of Q101, QS, Q7,
and Q8) to ground.

¢. Connect the test oscilloscope to TP AMP and look
for oscillation on the scope. Check for oscillation on
the other voltmeter option ranges.
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d. If no oscillation is present, continue with step e.
If oscillation is present, do the following:

1. Check for a defective feedback capacitor (C103)
and compensating capacitor (C102) used by the in-
tegrator amplifier (U102). The capacitors can be easi-
ly checked by connecting another capacitor with the
same value in parallel with the suspected defective
capacitor.

2. If the capacitors are good, replace U102.

e. Remove the oscilloscope from TP AMP and set the
voltmeter option to the 10V Range. Leave the gate of
Q101 connected to ground.

f. Connect the test Digital Voltmeter (the 3456A) to
TP AMP. Measure for approximately 0V.

g. If the voltage is approximately OV but noisy (i.e.,
> 10uV change), continue with step h. If the voltage
is saturated (i.e., above +12V), do the following:

1. Make sure diodes CR105 or CR104 are good. If
CR104 is shorted, -15V is applied to the amplifier
output and if CR105 is shorted, + 15V is applied.
If the diodes are good, continue with step 2.

2. Leave the gate of Q101 connected to ground and
leave the voltmeter option in the 10V Range.
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Figure 8-C-2. Removing R110
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3. Using another clip lead, carefully connect the out-
put (test point AMP) of the input amplifier to the
other gate of Q101 (pin 6 of Q101 which is the junc-
tion of Q101, Q104, Q105, and Q106).

4. If the output of the input amplifier is now good
(i.e., approximately 0V, +10mV), feedback FET
Q104 may be defective. Since all ranges fail, make
sure that Q104 and the other feedback FETs are good
and that the appropriate FET is turned on by the ap-
propriate comparator in U103. If the FETs and U103
are good, make sure decoder U105 and is good and
that the decoder receives the correct information
from the inguard controller.

5. If the output is still saturated, turn the 3497A off.

6. Remove the clip lead from TP AMP and Q101.
Leave the other clip lead connected.

7. Unsolder and lift one side of R110 from the
printed circuit board, as shown in Figure 8-C-2.

8. Using a clip lead, connect the gate of Q104 to the
-18V supply (TP -18).

9. Carefully short the gate of Q101 (pin 6 of Q101
which is the junction of Q101, Q104, Q105, and
Q106) to ground.

Make sure the clip leads connected to Q101
do not touch any other components on the
printed circuit board, or internal damage to
the input amplifier circuitry may occur.

10. Turn the 3497A on and set the voltmeter option
to the 10V Range.

11. Using the test Digital Voltmeter, measure for
approximately + 5V at U101 pin 6. (The OFFSET
ADJUST, R101, may have to be adjusted to measure
+5V)

12. If the voltage is good, dual FETs Q100 and
Q101, and U101 are good. Try replacing U102 and
then resolder R110.

13. If the voltage is incorrect, measure the voltage
at pins 2 and 3 of Ul0Q1. The voltage at the pins
should be approximately the same and range from
+20V to +25V. If the voltages are good, try replac-
ing U101 and associated circuitry. If the voltages are
not equal, check for a defective Q100, Q101, U106,
and associated circuitry. Resolder R110 and perform
the adjustment procedure for R101 in Section IV of
this manual.

8-C-5
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h. To troubléshoot for a noisy input amplifier, leave
the clip lead connected from the input of the amplifier
(pin 3 of Q101) to ground and do the following:

1. Connect:the other gate of Q101 (pin 6 of Q101
which is the junction of Q101, Q104, Q105, and
Q106) to ground.

2. Using the test Digital Voltmeter, measure the
voltage at pins 2 and 3 of U101. The voltage should
be quiet and steady with less than ImV change.
(Note: The voltage may have a slow drift, if the
3497A has only been on for a short time.)

3. If the v6ltages are noisy, replace Q100, Q101,
U106, or associated circuitry.

4. If the voltages at pins 2 and 3 are good, measure
the voltage at the output (pin 6) of UI101. Make sure
the voltage is a steady and quiet +5V (<50uV
change). If the voltage is good, replace U102. If the
voltage is noisy, try U101.

NOTE

Do the R101 adjustment in Section IV of this
manual, if @100, Q101, or U101 are replaced.

8-C-53. Floating Readings. Floating readings can be
caused if the input to the input amplifier is open. To
check this, connect the gate of Q101 (pin 3 of Q101 which
is the junction of Q101, QS, Q7, and Q8) to ground. If
the output of the input amplifier, measured at TP AMP,
is at approximately zero volts, the input circuitry is caus-
ing the failure.'If a floating reading is still noted, the gate
of Q101 may be open. Replace Q101. Do the R101 ad-
justment in Section IV of this manual, if Q101 is replaced.
8-C-54. Constant Zero Readings. This can only be caused
if there is a short to ground at the input or output of the
input amplifier. Make sure the gate of Q101 (pin 3 of
Q101 which is the junction of Q101, Q5, Q7, and Q8)
and TP AMP are not shorted to ground.

8-C-55. Inaccurate Readings. Inaccurate readings can on-
ly be caused by an excessive offset and a non-linear in-
put amplifier. The excessive offsets can most of the time
be adjusted out by R101 (see Section IV of this manual
for the procedure). If an excessive offset is noted or the
amplifier is not linear, try replacing Q100, Q101, or U101.
Do the R101 adjustment in Section IV of this manual,
if Q100, Q101, or U101 are replaced.

8-C-56. DC CURRENT SOURCE TROUBLESHOOTING
8-C-57. The dc current source consists of the following
circuitry: reference, gate bias amplifier, selectable feed-

back resistors, high voltage protection, and floating
power supply. Procedures to isolate the defective circuitry
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is in paragraph 8-C-62 and the paragraphs following that
paragraph. To select the correct procedure, first deter-
mine the failure and then select the appropriate
paragraph. An explanation of the failure is given in
paragraph 8-61. Unless otherwise specified, refer to
Schematic C4 for troubleshooting.

8-C-58. Equipment Required

8-C-59. The following is the required equipment to test
and troubleshoot the dc current source.

Digital Voltmeter -hp- Model 3456A
Oscilloscope -hp- Model 1741 A

8-C-60. Other equipment required is a milliamp meter
or a resistor/voltmeter combination to check current. For
example, to check the ImA Range using the milliamp
meter, measure the current directly. To measure the cur-
rent using the resistor/voltmeter combination, measure
for 1V across the resistor. The voltage can be checked
using the test Digital Voltmeter (the 3456A). The value
of the voltage depends on the value of the resistor and
the current.

8-C-61. High, Low, Noisy, or No Current on Some Ranges

8-C-62. These failures can only be caused if the incor-
rect feedback resistors are selected, by defective feedback
resistors, or by defective resistors in.the range adjustment
circuitry (i.e., R409 through R411 and associated cir-
cuitry). Make sure relay K401, K402, and K403 are
selected for the 10uA, 100pA, and ImA Ranges, respec-
tively. Also make sure that only one relay is enabled for
a particular range and that the range resistors are good.
Since the relays are selected by decoder U400, make sure
the decoder is good before replacing a relay. If U400 is
good, the inguard controller may be defective
(troubleshooting information for the inguard controller
is in Service Group B). The decoder receives the relay
select (i.e., range select) information over the BCS and
CCS lines. The following lists the state of the lines, and
corresponding ranges and selected relays.

BCS | ccs | Range | Relay On
High High [ None None
Low Low 10uA K401
Low High | 1004A K402
High Low 1TmA K403

8-C-63. High, Low, Noisy, or No Current on All Ranges

8-C-64. These failures can be caused by any of the cir-
cuitry in the current source. To determine the defective
circuitry and then troubleshoot the circuitry, do the
following procedure. In the procedure, the test Digital
Voltmeter is used to check certain voltages. Unless other-
wise specified, connect the LOW Input lead of the
voltmeter to the F.GND (floating ground) test point. This



3497A

is the low reference point of the current source. Do the

' following:

a. Using the test Digital Voltmeter, measure the
+17.2V floating power supplies. The power supplies
can have a value of 17.2V + 10% (15.48V to 18.92V).
Make sure the supplies are stable.

b. If the power supplies are good, continue with step
c. If the power supplies are incorrect or noisy, go to
paragraph 8-C-66 for troubleshooting.

¢. Set the current source to the ImA Range and con-
nect either a 1K ohm resistor or a milliampmeter to
the HI and LO Output terminals. The resistor and
milliampmeter are used to determine the current source
failure. They serve no other function.

d. If a high or low current is output by the current
source, as shown across the 1K ohm resistor or by the
milliampmeter, the range resistors in R128 may be
defective. This depends on how high or low the cur-
rent is. If the current is out of the specified limits a
small amount (e.g., < 10%), the resistors are most like-
ly defective. If the current is radically' wrong, other
circuitry may be defective. Continue with step f for
further troubleshooting. (Note: The resistor values in
R 128 may not be exactly the value shown. The ratio
of the resistor values are important, since that, not the
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g. If the voltage is good, continue with step h. If the
voltage is wrong, do the following:

1. Check U401 and the 20.4844K ohm resistor in
R128 by measuring for approximately -3.5V (-3.2V
to -3.8V) at pins 2 and 3 of U401.

2. If the voltages at pins 2 and 3 of U401 are other
than -3.5V and are quiet, and the voltages at the pins
are approximately equal to each other, U401 is prob-
ably good. Check for a defective CR400, CR401, and
R128. Also, make sure R400 and R401 are good.

3. If the voltage at pins 2 and 3 of U401 are not equal
and are noisy, try replacing U401.

h. Measure for approximately -3.5V (-3.2V to -3.8V)
at pins 2 and 3 of U402. If the voltages are other than
-3.5V and are quiet, and the voltages at the pins are
approximately equal to each other, try replacing R128.

i. If the voltages are not equal and are noisy, remove
Q401. Since Q401 is only used when no load is con-
nected to the the HI and LO Output terminals, the cur-
rent source should operate with Q401 removed.

j. If the current source is still inoperative, try replac-
ing U402 or Q400.

' actual values, generates the correct currents.) 8-C-65. Floating Power Supply Troubleshooting

e. If no current or noisy current is output by the cur-
rent source, do the following:

8-C-66. The floating power supply is used to supply the
reference voltages and supply voltages for the current
source circuitry. If the supply is inoperative, do the

1. Make sure R414 is not open. If the resistor is following checks using the test Digital Voltmeter.

good, using a clip lead, connect the LO Output ter-
minal to the emitter of Q404. This isolates the high
voltage protection circuitry from the rest of the
circuitry.

2. If no current or noisy current is still output, more
isolation is necessary. Go to step f for further
isolation.

3. If the correct current is now output, the high
voltage protection circuitry is open. Continue with
the next step.

4. Disconnect the clip lead from the emitter of Q404
and connect it to the collector (i.e., cathode of
CR402).

5. If the current is still correct, CR402 may be open.
Replace the diode. If no current or noisy current is
now output, check for a defective Q404, Q403, and
CR406.

f. Using the test Digital Voltmeter, measure the
voltage at pin 22 of R128. The voltage should be ap-
proximately -11V (-10.45 to -11.55V) and stable.

a. If only the + 17.2V supply is inoperative, check for
a defective Q302, CR311, and associated circuitry.

b. If only the -17.2V supply is inoperative, check for
a defective Q307, CR310, and associated circuitry.

c. If both the =+ 17.2V supplies are inoperative, check
the voltages at the bridge rectifier consisting of CR302
through CR305. Check for approximately + 22V at the
junction of CR304 and CR30S, and -22V at the junc-
tion of CR302 and CR303.

d. If the voltages are good, check the +17.2V and
-17.2V supplies by doing steps a and b in this
procedure.

e. If the voltages are wrong, check for a defective
diode in CR302 through CR30S. If the diodes are
good, using the oscilloscope, check for a 0 to +5V
square wave at pin 3 of U300. The time period of the
square wave should be approximately be 25uS for
60Hz operation or 30uS for SOHz operation. Make
sure the square wave is stable.

8-C-7
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f. If the square wave is missing or unstable, U300 is
most likely defective. Before replacing U300, make
sure the ALE clock is present and stable. Do this since
a missing or unstable ALE clock could also cause the
square wave to be missing or unstable.

g. If the square wave is good, check for a0 to +5V
square wave at pins 1 and 14 of comparator U301. The
time period of the square wave should be approximate-

8-C-8

3497A

ly 50uS for 60Hz operation or 60uS for S0Hz opera-
tion. Make sure the waves are stable.

h. If any of the square waves are missing or unstable,
check for a defective U301 and associated circuitry.

i. If the square waves are good, check for a defective
Q300 and Q301. If the transistors are good, check for
a defective T300 and T301.



SERVICE GROUP D
MISCELLANEOUS TROUBLESHOOTING

Service Group D Contents
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8-D-1. INTRODUCTION

8-D-2. This service group has information on how to
troubleshoot the 3497A’s power supplies, battery charger,
and the voltmeter option’s reference supplies.

8-D-3. POWER SUPPLIES TROUBLESHOOTING .

8-D-4. The outguard section of the 3497A has three
power supplies, a +5V O.G. (outguard, regulated),
+ 12V OUTGUARD REF, and -12V OUTGUARD sup-
ply. The inguard section has eight supplies, a +30VL
(unregulated), + 15VL, -15VL, -18VL REG., + 5V (both
LOGIC and RELAY), +19VG, -19VG, and -8V T.C.
supply. The following paragraphs have troubleshooting
information for the supplies.

8-D-5. Outguard Power Supplies Troubleshooting

8-D-6. The following paragraphs have troubleshooting
information for the outguard power supplies. Refer to
Schematic D2 for troubleshooting.

8-D-7. +12V OUTGUARD Supplies. Since these sup-
plies are simple raw and unregulated supplies, make sure
the bridge rectifier (consisting of CR9, CR10, CR13, and
CR14) is good. Also make sure that the current limiting
resistors (RT49 and RT80) are not open.

8-D-8. +5V O.G. Supply. This is a regulated supply that
uses Ul to develop the correct output voltage. To check
the power supply, do the following:

a. Make sure breakdown diode CR3 is at the correct
value (+5V 50 to +6.2V). If the voltage is wrong,
replace CR3.

b. Make sure pin 6 of Ul is approximately +7.3V.
If the voltage is wrong, replace Ul.

c. Make sure the power supply is not in current limit.
Check this by doing the following:

I. Remove the outguard logic board and any
outguard option boards from the instrument. Also
unplug the front panel board.

2. If the power supply is good, the supply is either
loaded down by a board or resistors R23 and R24
have changed value.

3. If the resistors are good, make sure that pin 1 of
U2 is at approximately +11V.

4. If the voltage is wrong, troubleshoot Ul and
associated circuitry.

d. Make sure pin 10 of Ul is approximately +5.7V.
If the voltage is wrong, replace Ul or Q7.

e. Try replacing Ql.
8-D-9. Inguard Power Supplies Troubleshooting

8-D-10. The following paragraphs have troubleshooting
information for the inguard power supplies. Before
troubleshooting the supplies, make sure they are not load-
ed down by the inguard controller board or any analog
plug-in option boards. Refer to Schematic D3 for
troubleshooting.

8-D-11. +30VL Supply. Since this supply is a simple raw
and unregulated supply, make sure the bridge rectifier
(consisting of CR19, CR20, CR24, and CR25) is good.

8-D-12. +15VL, -15VL, -18VL, and +5V LOGIC
Power Supplies. These supplies use the same bridge rec-
tifier as the +30VL supply. Make sure the rectifier is
good, if all power supplies are defective. If only one sup-
ply is defective, the most likely cause is the correspond-
ing voltage regulator. Try replacing the appropriate
regulator.

8-D-13. +19VG and -19VG Supplies. If both supplies
are defective, check the bridge rectifiers (CR36, CR37,
CR41, and CR42). If one supply is defective, replace the
corresponding voltage regulator.

8-D-14. BATTERY CHARGER TROUBLESHOOTING

8-D-15. The battery charger circuitry consist of the
following circuitry: Battery Regulator and Battery
Charger. Refer to Schematic D2 for the troubleshooting
information in the following paragraphs.

8-D-16. Battery Regulator. Check the following:

a. Make sure Q6 is good. This transistor is the
BATTERY power supply when the 3497A is operating
on ac power,

b. Make sure that pin 1 of U11 is OV when the 3497A
is operating on ac power. If the voltage is wrong,
troubleshoot Ull and associated circuitry. If the
voltage is zero, remove the power cable from the in-
strument. The voltage should then change to approx-

8-D-1
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imately +4.6V. If the voltage is wrong, troubleshoot
Ul and associated circuitry.

8-D-17. Battery Charging Circuitry. Check the
following:

a. Make sure that pin 7 of U2 is approximately + 10V,
b. If the voltage is good, make sure that the base of
Qlis 124 approximately + 11.3V. Check Q2 and CR1,

if wrong.

c. Try replacing Q1.

8-D-2

3497A

8-D-18. VOLTMETER OPTION REFERENCE SUPPLIES
TROUBLESHOOTING

8-D-19. Refer to Schematic D1 for the reference sup-
plies troubleshooting. Do the following:

a. If the -12VA supply is wrong, the rest of the sup-
plies should also be wrong. Make sure pin 6 of U601
is approximately -12.6V. If the voltage is wrong, make
sure pin 2 of U601 is approximately -6.9V. If pin |
is wrong, replace U600. If pin 1 is good, try Q700 or
U601.

b. If the -12VB supply is wrong and the -12VA is
good, replace 140 U700.

c. If the + 12V supply is wrong, replace U701.



SERVICE GROUP E
SCHEMATICS AND BLOCK DIAGRAMS

8-E-1. INTRODUCTION

8-E-2. This Service Group has all the Schematics and
Block Diagrams for the 3497A’s mainframes (both stand-
ard HP-IB mainframe and Serial 1/0 mainframe), stand-
ard front panel, and voltmeter option. The Service Group
is separated as follows:

General Schematic Notes - Figure 8-E-1

3497A Block Diagram - Figure 8-E-2

Outguard and HP-IB Controller Block Diagram -
Figure 8-E-3

Outguard and HP-IB Controller (Schematic Al) -
Figure 8-E-4

Outguard and Serial I/0 Controller Block Diagram -
Figure 8-E-5

Outguard and Serial I/0 Controller (Schematic A2) -
Figure 8-E-6

Timer/Pacer Block Diagram - Figure 8-E-7

Timer/Pacer Circuitry (Schematic A3) - Figure 8-E-8

Front Panel Circuitry (Schematic A4) - Figure 8-E-9

Crossguard Logic (Schematic AB1) - Figure 8-E-10
Inguard Controller Block Diagram - Figure 8-E-11

Inguard Controller (Schematic B1) - Figure 8-E-12

A/D Logic (Schematic B2) - Figure 8-E-13

Voltmeter Block Diagram - Figure 8-E-14

Voltmeter Input Switching (Schematic C1) - Figure
8-E-15

Voltmeter Input Amplifier (Schematic C2) - Figure
8-E-16

Voltmeter A/D Converter (Schematic C3) - Figure
8-E-17

Current Source (Schematic C4) - Figure 8-E-18

Reference (Schematic D1) - Figure 8-E-19

Outguard Power Supplies (Schematic D2) - Figure
8-E-20

Inguard Power Supplies (Schematic D3) - Figure 8-E-21

Mother Board (Schematic D4) - Figure 8-E-22

GENERAL SCHEMATIC NOTES

3. : ENCLOSES FRONT PANEL MARKING.

1
a. L __ ENCLOSES REAR PANEL MARKING.

1. RESISTANCE IN OHMS, CAPACITANCE IN MICROFARADS, INDUCTANCE IN MICROHENRIES UNLESS OTHERWISE NOTED.

2. ASTERISK DENOTES A FACTORY-SELECTED VALUE. VALUE SHOWN ON SCHEMATIC TYPICAL.

5, e em e ee— C|RCUIT ASSEMBLY BORDERLINE.

6. T T T ——-—=—— — OTHER ASSEMBLY BORDERLINE. ALSO USED TO INDICATE MECHANICAL INTERCON-
NECTIONS (GANGING).

918 DENOTES WIRE COLOR CODE. CODE USED IS SAME AS THE RESISTOR OR COLOR CODE. FIRST NUMBER
IDENTIFIES THE BASE COLOR, SECOND NUMBER IDENTIFIES THE NARROWER STRIPE.

E.G. \918/ DENOTES WHITE BASE, BROWN WIDE STRIPE, GRAY NARROW STRIPE.
DENOTES GROUND ON FLOATING COMMON CIRCUITRY.,

9. /}7 DENOTES GROUND ON CHASSIS COMMON CIRCUITRY. CONNECTED TO INSTRUMENT FRAME GROUND.

Figure 8-E-1. General Schematic Notes

8-E-1
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A1 .
03497-66533 3487-533¢C

P1 CONNECTS TO A4JS
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APPENDIX A
CONDENSED DESCRIPTION OF THE
HEWLETT-PACKARD INTERFACE BUS

A-1. GENERAL BUS DESCRIPTION

A-2. The Hewlett-Packard Interface Bus (HP-IB) is a
carefully defined instrumentation interface which
simplified the integration of instruments, calculators, and
computers into systems. It minimizes compatibility prob-
lems between devices and has sufficient flexibility to ac-
commodate future products. The Hewlett-Packard Inter-
face Bus has been formally proposed to the International
Electrotechnical Commission (I.LE.C.), as an international
standard, and to the Institute of Electrical and Electronic
Engineers (I.E.E.E.) as an American standard.

A-3. The HP-IB employs a 16 line Bus to interconnect
up to 15 instruments. This Bus is normally the sole com-
munication link between the interconnected units. Each
instrument on the Bus is connected in parallel to the 16
lines of the Bus. Eight of the lines are used to transmit
data and the remaining eight are used for communica-
tion timing (Handshake), and control.

A-4. Data is transmitted on the eight HP-IB data lines
as a series of eight-bit characters referred to as ‘‘bytes’’.
Normally, a seven-bit ASCII (American Standard Code
for Information Interchange) code is used with the eighth
bit available for a parity check, if desired. Data is
transferred by means of an interlocked ‘‘handshake”
technique. This sequence permits asynchronous com-
munication over a wide range of data rates.

A-5. Communication between devices on the HP-IB
employs the three basic functional elements listed below.
Every device on the Bus must be able to perform at least
one of these functions:

a. LISTENER—A device capable of receiving data
from other instruments. Examples of this type of
device are: printers, display devices, programmable

power supplies, programmable signal sources and the
like.

b. TALKER—A device capable of transmitting data
to other instruments. Examples of this type of device
are: tape readers, voltmeters that are outputting data,
counters that are outputting data, and so on.

¢. CONTROLLER—A device capable of managing
communications over the HP-IB such as addressing
and sending commands. A calculator or computer with

an appropriate 1/0 interface is an example of this type
of device.

A-6. An HP-IB system allows only one device at a time
to be an active talker. Up to 14 devices may simultaneous-
ly be listeners. Only one device at a time may be an ac-
tive controller.

A-7. BUS STRUCTURE

A-8. The HP-IB interface connections and Bus structure
are shown in Figure A-1.

A-9. Management (CONTROL) Lines

A-10. The active controller manages all Bus communica-
tions. The state of the ATN (attention) line, determined
by the controller, defines how data on the eight data
(DIO) lines will be interpreted by the other devices on
the Bus. When ATN is low (true), the HP-IB is in Com-
mand Mode. In Command Mode the controller is active
and all other devices are waiting for instructions. Com-
mand Mode instructions which can be issued by the Con-
troller in ‘‘Command Mode’’ include:

a. TALKER ADDRESS—A seven bit code transmit-
ted on the HP-IB which enables a specific device to

“talk. Only one Bus device at a time may act as the
talker. When the controller addresses a unit to talk the
previous talker is automatically unaddressed and ceases
to be a talker. Confusion would result if more than
one device were allowed to talk at a time.

b. LISTENER ADDRESS—A seven-bit code
transmitted on the HP-IB which enables a specific
device to listen. Several Bus devices at a time (up to
14) may be listeners.

¢. UNIVERSAL COMMANDS—Bus devices capable
of responding to these commands from the controller
will do so at any time regardless of whether they are
addressed. These commands will be covered in more
detail later.

d. ADDRESSED COMMANDS— These commands
are similar to universal commands except that they are
recognized only by devices that are addressed as
listeners.

A-]
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DEVICE A

ABLE TO TALK,
LISTEN AND CONTROL

{e.q. CALCULATOR)

DEVICE B

ABLE TO TALK
AND LISTEN

(e.g. DIGITAL VOLTMETER)

DATA BUS
(8 SIGNAL LINES)

DATA BYTE TRANSFER CONTROL .

DEVICE C

ONLY ABLE TO LiSTEN

Le.g. SIGNAL GENERATOR) Lol

[
(3 SIGNAL LINES) LINES

GENERAL INTERFACE MANAGEMENT

DEVICE D

ONLY ABLE TO TALK

le.q. TAPE READER)

NT
t5 SIGNAL LINES! (CONTROL ) L 1NES

Figure A-1. Interface Connections and Bus Structure.

e. UNADDRESS COMMANDS—
1. “Unlisten’” Address Command—-

This command unaddresses all listeners that have
been previously addressed to listen.

2. “Untalk” Address Command—

This command unaddresses any talker that had been
previously addressed to talk.

A-11. Bus Commands

A-12. In ‘“Command Mode’’ one or more special codes
known as ‘‘bus commands’ may be placed on the
HP-IB. These commands have the same meaning in all
Bus systems. Each device is designed to respond to those
commands that have a useful meaning to the device and
will ignore all others. The operating manual for each
device will state which Bus commands it will obey.

A-13. Bus commands fall into three categories.

a. Universal commands affect all responding devices
on the Bus, whether addressed or not.

b. Addressed commands affect only responding
devices which are addressed to listen. Addressed com-
mands allow the controller to initiate a simultaneous

A-2

action from a selected group of devices on the Bus.

¢. Unaddress commands are obeyed by all addressable
devices. These commands unaddress devices that are
currently addressed.

The Bus commands are summarized in Table A-1.
A-14. Service Request and Serial Polling

A-15. Some devices that operate on the interface bus
have the ability to request service from the system con-
troller. A device may request service when it has com-
pleted a measurement, when it has detected a critical
condition, or for any other reason. Service request is in-
itiated when a device sets the HP-IB line labeled SRQ low.
The controller has the option of determining when or if
a service request will be serviced. The following sequence
is used to respond to a service request:

a. The controller checks for the presence of a service
request. :

b. If a service request is present, the controller sets
the serial poll mode. The serial poll mode is initiated
by the controller transmitting the Universal Command
“‘SPE’’ (ASCII character ‘“CAN”’ [Octal 030]) in the
““Command Mode”’.
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Table A-1. Summary of Bus Commands.

ASCII Octal
Command Character Code Purpose
UNL UNLISTEN ? 077 Clears Bus of all listeners.
Unaddress
Commands UNT UNTALK - 137 Unaddresses the currgnt talker so
that no talker remains on the
Bus.*

LLO Local Lockout DC1 021 Disables front panel local-reset
button on responding devices.

DCL Device Clear DC4 024 Returns all devices capable of
responding to pre-determined
states, regardless of whether they
are addressed or not.

Universal PPU Parallel Poll NAK 025 Sets all devices on the HP-IB with
Commands Unconfigure Parallel Poll capability to a
predefined condition.

SPE Serial Poll CAN ‘030 Enables Serial Poll Mode on the

Enable Bus.
SPD Serial Poll EM 031 Disables Serial Poll Mode on the
Disable Bus.

SDC Selective EOT 004 Returns addressed devices,
capable of responding to pre-
determined states.

GTL Go to Local SOH 001 Returns responding devices to
local control.

Addressed GET Group Execute BS 010 Initiates a simultaneous pre-
Commands Trigger programmed action by responding
devices.

PPC Parallel Poll ENQ 005 This command permits the DIO

Configure lines to be assigned to in-
struments on the Bus for the pur-
pose of responding to a parallel
poll.

TCT Take Control HT 011 This command is given when the
active controller on the Bus
transfers contro! to another in-
strument.

*NOTE
Talkers can also be unaddressed by transmitting an unused talk address on the Bus.

c. The controller polls one of the devices that may
have requested service. It then polls the next device,
and so on. Once the serial poll mode has been enabled,
responding devices on the Bus are prepared to accept
a serial poll. This is done by setting ATN, addressing
the device as a talker, and then removing ATN. If the
device has requested service, it will respond by setting
DIO line 7 low. Other DIO lines may also be set low
indicating the nature of the service request.

d. For each device that has requested service, the con-
troller takes appropriate action.

e. When all devices have been polled, the controller
terminates the serial poll mode by issuing the Univer-
sal Command SPD (ASCII Character ‘““EM”’, [Octal
031)).

A-16. The full sequence of operations is not necessary
in all cases. For example, a system may have only one
device that requests service and then only for a single pur-
pose. When the controller detects a service request, the
source of the request and the appropriate action is known
immediately. Thus the use of the service request and the
serial poll depends entirely on the make-up of each system
and the devices involved.

A-17. Parallel Poll

A-18. Parallel polling permits the status of up to eight
devices on the HP-IB to be checked simultaneously. The
operator assigns each device a data line (DIO1 thru DIOS)
which the device sets low during the parallel poll routine
if it requires service. More devices can be handled, if
desired, by sharing the use of each DIO line.

A-3
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A-19. The parallel polling function requires the controller
to periodically poll the instruments connected to the Bus.
The controller interrogates (polls) the instruments by
sending an EOI with ATN activated. When either EOI
or ATN is removed, the controller stops polling.

A-20. Code Summary

A-21. A code assignment summary is shown in Table
A-2. These assignments apply only when operating in
‘““Command Mode”’.

A-22. In ‘““Data Mode’’ there are no specific code
assignments. However, the devices communicating in this
mode must agree on the meaning of the codes they use.

A-23. The set of codes labeled ‘‘Primary Command
Group’’ are the codes commonly used to communicate
on the HP-IB. The ‘‘Secondary Command Group’’ is
used when addressing extended listeners and talkers, or
enabling the Parallel Poll Mode.

A-24. Other Bus Lines

A-25. The three remaining HP-IB lines and their func-
tions are:

a. REN—(Remote Enable)—The system controller
sets REN low and then addresses the devices to Listen
before they will operate under remote control.

b. IFC—(Interface Clear)—Only the system con-
troller can activate this line. When IFC is set (true) all
talkers, listeners and active controllers go to their in-
active states.

¢. EOI—(End of Identify)—This line is used to in-
dicate the end of a multiple byte transfer sequence or,
in conjunction with ATN, to execute a parallel poll-
ing sequence.

NOTE

Individual instruments, at power-on, can
momentarily set the IFC line to a true state.

A-26. Address Codes

A-27. Devices with the functional capability of Talker
normally recognize a single byte address. A certain group
of ASCII seven-bit bytes is reserved for talk addresses
(refer to Table A-3). The state of the eighth bit is ignored
in the ‘““Command Mode’’ when addresses are being
transmitted. Each device has a unique talk address which
can normally be modified. The talk address, bits one
through five, are individually selected in each device to
be either high or low. The selection of these bits allows
changing the device talk and/or listen address.

Appendix A

NOTE

An “‘extended talker’’ is capable of recogniz-
ing a two byte talk address.

A-28. Devices with the functional capability of Listener
normally recognize a single character address. The seven-
bit codes reserved for Listen addresses are listed in Table
A-3. Each device has a unique listen address which can
normally be modified.

NOTE

An “‘extended listener” is capable of recogniz-
ing a two byte listen address.

NOTE

Bits 6 and 7 determine whether the “‘address’’

is a “listen” or “‘talk’’ address (see Table
A-3).

A-29. Devices with both talk and listen addresses have
these addresses assigned in pairs, eg., if the fourth ad-
dress in the column of listen addresses ¢“ # *’ is selected,
the talk address is ‘‘C”’, the fourth address in the talker
address column. The talk address is automatically
changed whenever the listen address is changed and vice
versa. Addresses are normally alterable by the use of
switches or jumpers within the instrument.

A-35. Data Lines

A-36. A set of eight interface lines is available to carry
all seven bit interface messages and device dependent
messages. These are DATA INPUT OUTPUT lines,
DIO1 through DIOS8. Only seven lines are required for
transfer of data. The eighth line is usually used for a pari-
ty check. The data on the DIO lines is transferred in a
bit parallel, byte serial form, asynchronously and
bidirectionally.

a. DATA MODE—When ATN (attention) goes high
(false), the HP-IB is in the *“Data Mode’’. In this mode
data may be transferred between devices that were ad-
dressed when the HP-IB was in ‘“‘Command Mode”’.
Messages that can be transferred in ‘‘Data Mode”’
include:

b. PROGRAMMING INSTRUCTIONS—Codes are
seven bit bytes placed on the HP-IB data (DIO) lines.
The meaning of each byte is device dependent and is
selected by the equipment designer. These types of
messages are usually between the controller acting as
the talker and a single device that has been addressed
as a listener.

c. DATA CODES-—Data codes are seven-bit bytes
placed on the data lines. The meaning of each byte is
device dependent. For meaningful communication to
occur, both the talker and listener must agree on the
meaning of the codes they use.

A-5
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Table A-3. Address Codes.

Listen Addresses Talk Addresses
Bits ASCII Bits ASCI!
bg b; bg bg b, by b, by |Character bg by; bg bg by by b, by [Character
X 0 1 0O 0O 0 0 ©O SP X 1 0O 0 0 O o0 o @
X 0 1 o 0O 0o 0 1 ! X 1 0O 0 0O o0 o0 1 A
X 0 1 0O 0 0 1 0 X 1 0O 0 0o o 1 O B
X 0 1 o 0 0 1 1 # X 1 O 0 0O 0 1 1 C
X 0 1 0O 0 1 o o S X 1 o 0 0 1 0 O D
X 0 1 0O 0 1 o 1 % X 1 0 O 0 1 0 1 E
X 0 1 0 0 1 1 0 & X 1 0 0 0 1 1 0 F
X 0 1 0 0 1 1 1 ! X 1 0 0 0 1 1 1 G
X 0 1 o 1 O 0O O ( X 1 0 0 1 0O 0 © H
X 0 1 0o 1 o 0 1 ) X 1 0O 0 1 0O o0 1 |
X 0 1 0 1 0 1 0 * X 1 0 0 1 0o 1 0 J
X 0 1 o 1 0 1 1 + X 1 o 0 1 o 1 1 K
X 0 1 0] 1 1 [ ¢] ! X 1 0 0 1 1 0 0 L
X 0 1 o 1 1 o 1 - X 1 0 0 1 1 0 1 M
X 0 1 o 1 1 1 0 . X 1 0O 0 1 1 1 0 N
X 0 1 0 1 1 1 1 / X 1 O O 1 1 1 1 0
X 0 1 1 0O 0 0 o 0 X 1 0o 1 0O 0 0 O P
X 0 1 1 0O o0 0 1 1 X 1 0 1 0O 0 0 1 Q
X 0 1 1 0 0 1 0 2 X 1 0 1 o 0 1 0 R
X 0 1 1 0o o0 1 1 3 X 1 0 1 o 0 1 1 S
X 0 1 1 (0] 1 0O O 4 X 1 0] 1 0 1 0O O T
X 0 1 1 0 1 0 1 5 X 1 o 1 0 1 o 1 U
X 0 1 1 o 1 1 0 6 X 1 o 1 0 1 1 0 Y
X 0 1 1 0 1 1 1 7 X 1 0 1 0 1 1 1 w
X 0 1 1 1 0O 0 O 8 X 1 0 1 1 [o I ¢] 0 X
X 0 1 1 1 0O O 1 9 X 1 0 1 1 0O O 1 Y
X 0 1 1 T 0 1 0 : X 1 0 1 1 0 1 (o] z
X 0 1 1 1 0 1 1 ; X 1 0 1 1 0 1 1 [
X 0 1 1 1 1 o o < X 1 0] 1 1 1 0 0] \
X 0 1 1 1 1 0 1 = X 1 0 1 1 1 0 1 ]
X 0 1 1 1 1 1 O > X 1 0 1 1 1 1 O m
X = don’t care

A-37. Data Byte

A-38. Individual data bytes transmitted on the HP-IB

transferred at any rate suitable for the devices
operating on the Bus. (Data rates up to 500 kilobytes
per second are typical; with a maximum of 1 megabyte

can be described in an octal code. The binary bits are
separated into groups of three starting from the right-
hand side (see Table A-4). Within the groups each binary
bit is assigned a weight — “‘1°’, *“2’’, and ‘‘4’’ respec-
tively. The octal numbers corresponding to each group
of bits is the summation of the weights of the binary ones

per second).

b. Devices with different input/output speeds can be
interconnected. Data transfer rate automatically ad-

justs to slowest active device.

in each group.

NOTE

In Table A-4 the hundreds group has two bits
rather than three since there are eight data
lines. When seven-bit character ASCII code
is used the hundreds groups contains only one
bit which can take on the octal value of “°0°’
or 1,

A-30. Handshake Lines

A-31. Each character byte transferred on the HP-IB data
lines employs the three-wire handshake sequence. This

sequence has the following characteristics:

a. Data transfer is asynchronous — Data can be

A-6

c. More than one device can accept data at the same
time.

A-32. The following definitions are used throughout the
remaining text.

Source—A device transmitting information on the
Bus in either the Command or Data Mode.

Talker—An ‘‘addressed’’ source in the Data Mode
only.

Acceptor—A device receiving information on the Bus
in either the Command or Data Mode.

Listener—An ‘‘addressed’’ acceptor in the Data
Mode only.
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Table A-4. Octal Code Conversion.

Bits bg b, | bg bg by| by b, by | Octal
Code

g aqie| g ge 1 g g 1

Weights (Hundreds) (Tens) {Ones)

1 0 o] 1 11 O 1 ol 2 3 2
1 1 1 1 11 0 0] of 370
0 1 0 0 11 O 1 1 11 3
0 0 0 1 o 1 1 11 0 2 7

A-33. The Data Transfer or “HANDSHAKE”’ lines are
shown in Figure A-1. The mnemonics of each line have

the following meanings:

DAV — Data Valid
NRFD — Not Ready for Data
NDAC — Not Data Accepted

The handshake timing sequence is illustrated in Figure

A-2,

A-34. Each data byte transferred by the interface system
uses the handshake process when exchanging data be-
tween source and acceptor. The handshake timing se-
quence is illustrated in Figure A-2. In Data Mode, the

source is a Talker and the acceptor is a Listener.

A-39. INTERFACE

A-40. A list of the available functions is given in Table
A-5. Every HP-IB compatible device is able to perform
at least one function on the HP-IB. Devices ignore all

commands relating to functions they do not have.

Example:

An HP-IB compatible programmable voltage
source includes the *‘listen function’’ so that
it can be programmed to accept data.
However, it does not output information so
it does not include a ‘‘talk function’’.
Therefore, the programmable voltage source
would ignore all information on the HP-IB
pertaining to the “‘talk function’’.

A-41. Bus Operating Considerations

a. When a device capable of activating IFC is powered
on during system operation, it may cause the active
controller on the Bus to relinquish control, resulting
in errors. The Controller must transmit IFC to regain
active Control.

b. Prior to addressing new listeners it is recommend-
ed that all previous listeners be unaddress using the
Unlisten Command (?).

c. Only one talker can be addressed at a time. When
a new talker is addressed the former talker is
automatically unaddressed.

d. The maximum accumulative length of the
HP-IB cable in any system must not exceed more than
2 meters of cable per device or 20 meters, whichever
is less.

e. For additional programming information consult
the HP-IB User Guide for the appropriate calculator.

A-42. HP-IB CONNECTOR

A-43. Figure A-3 shows the pin configuration of the
HP-IB Connector.

A-44. SYSTEM CONFIGURATIONS

A-45. HP-IB Systems can be categorized into three types:

a. SYSTEMS WITH NO CONTROLLER—The
mode of data transfer is limited to a direct transfer
between one device manually set to ‘‘talk only’’ and
one or more devices manually set to *‘listen only”’ to
form a very basic fixed network system.

b. SYSTEMS WITH A SINGLE CONTROLLER—
The modes of data transfer for these systems are:

1. Direct transfer between talkers and listeners (Data
Mode).

2. Transfer from a device to a controller (Data
Mode).

3. Transfer from a controller to a device (Command
Mode).

c. SYSTEMS WITH MULTIPLE CON-
TROLLERS—The modes of data transfer for these
systems are the same as those listed in 2. In addition
a method of passing control from one controller to
another is required. One controller must be designated
as the system controller. The system controller is the
only device that can control the HP-IB lines designated
IFC (Interface Clear) and REN (Remote Enable).
When the system controller sets IFC low, all 1/0
operations cease and all talkers, listeners and con-
trollers are unaddressed. Control is passed to a dif-
ferent controller by addressing it as a talker and com-
manding it to ‘‘take control”’ (Octal code 011).
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The timing diagram illustrates the handshake process by indicating the actual waveforms on
the DAV, NRFD, and NDAC lines. The NRFD and NDAC signals each represent composite

- waveforms resulting from two or more Listeners accepting the same data byte at slightly dif-

ferent times. This is usually due to variations in the transmission path length and individual in-
strument response rates (delays).

The flow chart represents the same sequence of events in a different form.

The subscripted letters on the timing diagram refer to the same event on the list of events.

HANDSHAKE line timing diagram for one talker and multiple listeners using the hand-
shake process. Two cycles of the handshake sequence are shown. Also refer to the
flow diagram and list of events on this figure.
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List of Events for Handshake Process
— Source initializes DAV to high (False —data not valid).

— Acceptors initialize NRFD to low (True—none are ready for data), and set
NDAC to low (True—none have accepted the data).

Source checks for erfor condition (both NRFD and NDAC high), then
places data byte on DIO lines.

Source delays to allow data to settle on DIO lines

Acceptors have all indicated readiness to accept first data byte; NRFD
goes high.

Figure A-2. Handshake Timing Sequence.
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When the data is settled and valid, and the source has sensed NRFD high,
DAV is set low.

First acceptor sets NRFD low to indicate that it is no longer ready, then ac-
cepts the data. Other acceptors follow at their own rates.

First acceptor sets NDAC high to indicate that it has accepted the data
(NDAC remains low due to other acceptors driving NDAC low).

Last acceptor sets NDAC high to indicate that it has accepted the data; all
have now accepted and NDAC goes high.

Source, having sensed that NDAC is high, sets DAV high. This indicates
to the acceptors that data on the DIO lines must now be considered not
valid. Upon completion of this step, one byte has been transferred.
Source changes data on the DIO lines.

Acceptors, upon sensing DAV high set NDAC low in preparation for next

cycle. NDAC goes low as the first acceptor sets it low.

First acceptor indicates that it is ready for the next data byte by setting
NRFD high. (NRFD remains low due to other acceptors driving NRFD low).

Source checks for error condition (both NRFD and NDAC high), then
places data byte on DIO lines (as at T,).

Source delays to allow data to settle on DIO lines.
Last acceptor indicates that it is ready for the next data byte by setting
NRFD high; NRFD signal line goes high.

Source, upon sensing NRFD high, sets DAV low to indicate that data on
DIO lines is settled and valid.

First acceptor sets NRFD low to indicate that it is no longer ready, then ac-
cepts the data.

First acceptor sets NDAC high to indicate that it has accepted the data.

Last acceptor sets NDAC high to indicate that it has accepted the data (as
at Tg).

Source, having sensed that NDAC is high, sets DAV high (as at T-).
Source removes data byte from DIO signal lines after setting DAV high.

Acceptors, upon sensing DAV high, set NDAC low in preparation for next
cycle.

*Note that all three handshake lines return to their initialized states, as at T,and T,.

Figure A-2. Handshake Timing Sequence (Cont'd).
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Logical flow of events for Source and Acceptor when transferring data using
the handshake process. See preceding list of events.

Figure A-2. Handshake Timing Sequence (Cont’d).
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SHOULD BE GROUNDED
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OTHER WIRE OF TWISTED
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THE HP.1B LOGIC LEVELS
ARE TTL COMPATIBLE, re.,
TRUE STATE < 08 v DC,
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THAT DOES NOT EXCEED
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Figure A-3. HP-IB Connector.
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TABLE A-6. GLOSSARY OF TERMS

ACCEPTOR — A device receiving information on the Bus in either the Command or Data Mode
(Also, see Source).

ADDRESS — A 7-bit code applied to the HP-IB in ‘““Command Mode’’ which enables instruments
capable of responding to listen and/or talk on the Bus.

ADDRESSED COMMANDS — These commands allow the Bus controller to initiate simultaneous
actions from addressed instruments which are capable of responding.

ATN — Mnemonic (Attention) referring to the “Command Mode’’ of operation on the HP-IB, or
the control line which places the HP-IB in this mode.

BIT — The smallest part of an HP-IB character (Byte) which contains intelligible information.

BUS COMMANDS — A group of Special Codes which initiates certain types of operation in in-
struments capable of responding to these codes. Each instrument on the HP-IB is designed to res-
pond to those codes that have useful meaning to the device and ignore all others.

BYTE — An HP-IB character sent over the DIO lines, normally consisting of seven-bits.

COMMAND MODE — In this mode devices on the HP-IB can be addressed or unaddressed as talkers
or listeners. Bus commands are also issued in this mode.

CONTROLLER — Any device on the HP-IB which is capable of setting the ATN line and addressing
instruments on the Bus as talkers and listeners. (Also see System Controller.)

DEVICE CLEAR (DCL) — ASCII character ‘‘DC4”’ (Octal 024) which, when sent on the HP-IB
will return all devices capable of responding to pre-defined states.

DATA MODE — The HP-IB is in this mode when the control line ‘““ATN’’ is high (false.) In this
mode data or instructions are transferred between instruments on the HP-IB.

DAV — Mnemonic referring to the control line ‘““Data Valid’’ on the HP-IB. This line is used in
the HP-1B ‘‘Handshake’’ sequence.

DIO — Mnemonic referring to the eight ‘‘Data Input/Output’’ lines of the HP-IB.

EOI — Mnemonic referring to the control line ““End or Identify’’ on the HP-IB. This line is used
to indicate the end of a multiple byte message on the Bus. It is also used in parallel polling.

EXTENDED LISTENER — An instrument which requires two HP-IB bytes to address it as a listener.
(Also see Listener.)

EXTENDED TALKER — An instrument which requires two HP-IB bytes to address it as a talker.
(Also see Talker.)

GO TO LOCAL (GTL) — ASCII character “SOH”’ (Octal 001) which, when sent on the HP-IB,
will return devices addressed to listen and capable of responding back to local control.

GROUP EXECUTE TRIGGER (GET) — ASCII character ‘“‘BS’’ (Octal 010) which, when sent on
the HP-IB, initiates simultaneous actions by devices addressed to listen and capable of responding
to this command.

3497A
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GLOSSARY OF TERMS (Cont'd)
HANDSHAKE — Refers to the sequence of events on the HP-IB during which each data byte is
transferred between addressed devices. The conditions of the HP-IB handshake sequence are as follows:
a. NRFD, when false, indicates that a device is ready to receive data.

b. DAV, when true, indicates that data on the DIO lines is stable and available to be accepted
by the receiving device.

¢. NDAC, when false, indicates to the transmitting device that data has been accepted by the receiver.
HP-IB — An abbreviation that refers to the ‘‘Hewlett-Packard Interface Bus’’.

IFC — Mnemonic referring to the Control line “Interface Clear’’ on the HP-IB. Only the system
controller can activate this line. When IFC is set (true) all talkers and listeners on the HP-IB are unad-
dressed, and controllers go to the inactive state.

LISTENER — A device which has been addressed to receive data or instructions from other instruments
on the HP-IB. (Also see Extended Listener.)

LOCAL LOCKOUT — ASCII character °“DC1”’ (Octal 021) which, when sent on the HP-IB, disables
the front panel controls of responding devices.

NDAC — Mnemonic referring to the control line ‘“Data Not Accepted’’ on the HP-IB. This line is
used in the ‘‘Handshake” sequence.

NRFD — Mnemonic referring to the control line ‘“‘Not Ready For Data’’ on the HP-IB. This line
is used in the ‘“Handshake’’ sequence.

PARALLEL POLLING — A method of simultaneously checking status on up to eight instruments
on the HP-IB. Each instrument is assigned a DIO line on which to indicate whether it requested ser-
vice or not.

PRIMARY COMMANDS — The group of ASCII characters which are typically used on the HP-IB.

REN — Mnemonic referring to the control line ‘“‘Remote Enable”’ on the HP-IB. This line is used
to enable Bus compatible instruments to respond to commands from the controller or another talker.
It can be issued only by the system controller.

SECONDARY COMMANDS — The group of ASCII characters which are used to increase the ad-
dress length of extended talkers and listeners to two bytes.

SELECTIVE DEVICE CLEAR — ASCII character “EOT”’ (Octal 004) which, when sent on the HP-
IB, returns addressed devices capable of responding to a predetermined state.

SERIAL POLLING — The method of sequentially determining which device connected to the HP-
IB has requested service. Only one instrument is checked at a time.

SERIAL POLL DISABLE (SPD) — ASCII character “EM”’ (Octal 031) which, when sent on the
HP-IB, will cause the Bus to go out of serial poll mode.

SOURCE — A device transmitting information on the Bus in either the Command or Data Mode
(also see Acceptor).

SRQ — Mnemonic referring to the control line “‘Service Request‘‘ on the HP-IB. This line is set low
(true) by any instrument requesting service.

SYSTEM CONTROLLER — This is an instrument on the HP-IB which has all the features of a stan-
dard controller with the added ability to control the IFC and REN lines. (Also see Controller.)

TALKER — A device that has been addressed to transmit data on the HP-IB. (Also see Extended
Talker.)
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GLOSSARY OF TERMS (Cont'd)

UNADDRESS COMMANDS — These commands are obeyed by all addressable devices. This category
consists of the Unlisten Command (?) and the Untalk Command (—). When the Unlisten Command
(?) is transmitted on the HP-IB, all devices on the Bus will be unaddressed as listeners. When the
Untalk Command (—) is transmitted, all devices will be unaddressed as talkers.

UNIVERSAL COMMANDS — These commands affect every device capable of responding on the
HP-IB, regardless of whether they have been addressed or not; e.g., Serial Poll Enable (SPE) and
Serial Poll Disable (SPD).

UNLISTEN COMMAND — See “UNADDRESS COMMANDS’.

UNTALK COMMAND — See “UNADDRESS COMMANDS”’.

3497A



APPENDIX B
SERIAL 1/0 CONCEPTS AND THE 3497A

B-1. COMPARING SERIAL 1/0 TO PARALLEL /0

B-2. What do these two terms mean? Simply stated, serial
170 is the transfer of data, one bit after another in suc-
cession, over a line. Parallel 1/0, on the other hand,
transfers a whole word simultaneously (usually eight or
more bits) but requires a separate wire (or line) for each
bit. Parallel 1/0 is usually faster, but not in all cases.
Data transfer speeds primarily depend upon the func-
tional capability of the devices.

B-3. Parallel 1/0 has dedicated lines to handshake each
word transferred whereas Serial 170 doesn’t. In fact,
serial I/0 doesn’t necessarily require a handshake at all.
If the 3497 A handshakes a transfer, it does so with either
the ENQ/ACK or DCI1 messages. These should not be
confused with a hardware handshake. Strictly speaking,
these are protocols where message bytes are sent to im-
plement the handshake function.

B-4. Perhaps the most important distinction that can be
made between serial and parallel 1/0 transfers, are the
respective distances allowed between devices. Since
parallel 170 has a separate wire for each bit, there are
prohibitive cost and logistic considerations when long
distances exist between devices. Serial 1/0, however, per-
mits data transfers via telephone lines when the ap-
propriate modems are used. Even in a point to point
hookup, serial 1/0 usually permits greater distances.

B-5. STANDARDS AND LINE PROTOCOLS

B-6. Confusion often accompanies the distinction be-
tween line protocols and standards. Line protocols are
disciplines used for orderly information transfers over a

communication channel. In other words, they establish

the grammar by which devices communicate. Further-
more, some of the synchronous protocols are quite com-
plex in structure.

B-7. A standard will usually define a protocol, but not
always. RS-232C and RS-449/423 are examples of stan-
dards where protocols aren’t defined, but they are the
exception rather than the rule. A standard, however, will
always define the electrical and mechanical requirements
devices must adhere to for them to interoperate with other
devices.

B-8. SYNCHRONOUS VS ASYNCHRONOUS

'B-9. This manual makes several references to both syn-
chronous and asynchronous operation. Since the 3497A
is asynchronous, it will be discussed thoroughly.

However, to compare the two, a brief description of syn-
chronous is given first.

B-10. Synchronous

B-11. Synchronous transmission involves a continuous
bit-by-bit serial stream of characters to make up a
message block, with no time interval between the
characters. The transmitting and receiving station clocks
must be precisely synchronized with each other so that
each bit time is properly marked. Synchronous operation
eliminates the need for start and stop bits to frame
characters. Instead, start and stop indicators frame en-
tire message blocks. This type of transmission requires
that the transmitting station have the next character ready
to transmit in the first bit time following the end of the
preceding character. If it isn’t ready, it must fill in with
some pre-defined sync character to ensure that the
transmitting and receiving stations do not get out of step
with each other.

B-12. There are a number of synchronous line protocols
in use today, such as Binary Synchronous Com-
munications (BSC) and High Level Data Link Control
(HDLC) to name only a couple. Some of the synchronous
protocols are quite complex.

B-13. Asynchronous

B-14. Perhaps the first thing that should be noted about
this type of operation is that you don’t have to be con-
cerned about a complex line protocol. With asyn-
chronous, the character generation is random, thereby
making the arrival of an asynchronous character un-
predictable. For example, the interval between characters
that are typed in from a keyboard will be determined by
the operators skill. This makes it necessary to provide
built in character synchronization, which is done with
start and stop bits. The asynchronous character structure
is shown in Figure B-1.

B-15. Characters are transmitted using two voltage levels
to represent the two possible states of a binary digit as
shown in Table B-1.

Table B-1. Binary States

Voltage Level Logic State | Line State | Level Name
+3V to +25V 0 High Space
-3V to —25V 1 Low Mark

B-1
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START
BIT
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(OPTIGONAL)

LSB

MSB

~~

CHARACTER
(LENGTH=7 OR 8 BITS)

A

DATA DIRECTION

FIRST
,/ STOP
BIT

SECOND

STOP BIT

(USED ONLY FOR 110bps)

Figure B-1. Asynchronous Character Structure

B-16. When data is not being transmitted, the line is idle
(low or mark). The transmitting device drives the line high
(space) for one bit time when it has a character to send,
hence the name start bit. The actual character is then
transmitted, followed by a parity bit (optional when the
3497A is configured for 8-bit ASCII). The stop bit(s) is
then sent which involves the transmitting device holding
the line low (mark) for one or two bit times. The actual
character transmission is shown in Figure B-2, which, in
this instance, is the 7-bit ASCII representation of the let-
ter “E’’. A more detailed explanation for each part of
the character transmission follows Figure B-2.

B-17. Idle State. The line is held at this low voltage level
(mark) when no character is being transmitted.

B-18. Start Bit. The start bit is inserted at the beginn-
ing of the character by the transmitting device. This is
done by driving the line high (space) for one bit time.
The start bit signals the receiving device that a character
is starting so it can turn on its internal clock and input
the character.

B-19. Character Bits. The 7-bit ASCII representation of
the character *“E”’ is 1000101. Notice that the character

START

BIT

SPACE (HIGH)

PARITY
BIT

MARK (LOW)

H_J

IDLE STATE

{LSB)

STOP
BIT(S)

(MSB)

~t—— DATA DIRECTION———

B-2

Figure B-2. Asynchronous Character Transmission
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itself is seven bits in length without the start, stop or pari-
ty bits. These are the bits you have to consider when you
are setting up a character length specification. The 3497A
can be configured for 7 or 8 bit ASCII. Also, it is impor-
tant that the computer has the same character length
specification as the 3497A.

B-20. Parity Bit. The parity bit provides a means of
checking a received character for errors. When used, it

is computed and inserted after the character bits by the .

transmitting device. The receiving device then does a com-
putation on the received character bits to determine what
the parity bit should be and compares that with what it
received.

B-21. Parity can be specified as odd or even. Odd parity
simply means that the total number of 1’s contained the
character bit pattern, including the parity bit, is an odd
number. For even parity, there is an even number of 1’s.
For example, note that the 7-bit ASCII *‘E’’ has three
1I’s, an odd number. In this instance, if odd parity is
specified, the parity bit would be a 0 making the total
number of 1’s an odd number. For even parity, it would
be a 1 making the total number of 1’s an even number.
Table B-2 shows how parity bits are deter-
mined.

Table B-2. Parity Specification

Appendix B

B-22. The parity bit is optional when the 3497A is con-
figured for 8-bit ASCII. If parity isn’t specified, a parity
bit isn’t sent and no error checking is performed. Also,
the length of time it takes to send an 8-bit ASCII
character with a parity bit is reduced by one bit time.

B-23. Stop Bit(s). One stop bit is added following the
parity bit for all operating speeds except 110 bps, which
uses two stop bits. This involves the transmitting device
allowing the line to stay idle (low) for one or two bit times.
This gives the receiving device enough time to process the
character before the next one is sent.

B-24. Bits and Bauds

B-25. The term ‘‘bit”’ is a contraction of binary digit.
Bits are perhaps best represented by the square waves that
were previously shown to transmit the ASCII “E’.
‘‘Baud’’ refers to the speed of signal units and is the yard-
stick for measuring modems in bits per second (bps). If
one bit is used as the signal unit, which is quite common,
then baud speed and bps are the same. When two bits
form the signal unit (double bit or dibit) then the baud
rate is half the bps. When three bits form the signal unit
(triple bit or tribit) then the baud rate is one third the
bps. Most modems handle two state bits making baud
and bps the same.

B-26. Modems (Data Sets)

Number of “1" Bits Parity B-27. The modem name is derived from the modulation
Parity Specified In Character Bit Sent and demodulation functions the device performs.
Modems, also called data sets, are required when com-
Odd Odd 0 munication is performed over telephone lines. The 3497A
Odd Even 1 .
Even 0dd 1 can operate with asynchronous full duplex modems.
Even Even 0
None Odd or Even None B-28. Modulation is the process of converting the
RS-232C or RS-449/423 level digital signals to analog
waveforms for transmission over telephone lines. It
follows then that demodulation is the process of reconver-
ting the analog signals back to RS-232C or RS-449/423
digital signals. This is illustrated in Figure B-3.
TELEPHONE
LINE
34397A MODEM — 72— MODEM CONTROLLER

UL

DIGITAL
WAVEFORM

_va\_/\/\/\_

ANALOG
WAVEFORM

JUL

DIGITAL
WAVEFORM

Figure B-3. MODEM Functions in a System
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B-29. An asynchronous modem simply means that it
operates at random speeds. That is, the character genera-
tion is random and the arrival of a character is unpredic-
table. This is illustrated in the Figure B-4.

B-30. A full duplex modem is capable of transmitting and
receiving data simultaneously. A half duplex modem can
transmit and receive data, but it can’t do both at the same
time. You may wonder why full duplex operation is re-
quired in a data acquisition system since, typically, the
3497A will be instructed to perform some specified task
and then transmit the results back to the computer.
However, two-way simultaneous transmission is required
when the 3497A sends a break. That is, when the 3497A
sends a break, it may do so while the computer is still
sending commands.

3497A

B-31. Echo

B-32. The 3497A does not support echo, and any com-
puter used in the system should have this feature turned
off. Where echo is supported, the receiving device
transmits each character it receives back to the transmit-
ting device. The returned character is usually then
displayed on a CRT or printed on a printer, permitting
a visual check to be made of the character transmission.

- However, characters echoed back to the 3497A will be

interpreted as commands. Since they will not be
understood, the 3497A will set the ‘‘Message Not Ex-
ecuted’’ Bit in its status register and, if enabled to do so,
send a break. Another likely occurrence will be an input
buffer overflow.

START
BIT

t—— CHARACTER -—{

11111000

RANDOM TIME
BETWEEN CHARACTERS

START

BIT

r—— CHARACTER -—{

~
Ty

STOP
BIT

001011|—O—|
())

STOP
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Figure B-4. Asynchronous Bit Flow
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ASCIl TABLE

EQUIVALENT FORMS

EQUIVALENT FORMS

EQUIVALENT FORMS

EQUIVALENT FORMS

Asch HP-1B ASCn HP-18 Ascn HP-18 ASCHl HP-1B
Char, Binary Oct | Mex | Dec Char. Binary Oct | Hex | Dec Char. Binary Oct | Hex | Dec Char. Binary Oct | Hex | Dec
NULL] 00000000 ) 000Q 00 0 spac 00100000 | 040 20 32 Lao @ 01000000 | 100 40 64 TAO * 01100000 | 140 60 96 sco
SOH | 00000001 | 001 | 01 1 GTL ! 00100001 | 041 | 21 33 | w A | 01000001 | 101 | a3 65 | TAt a |o1100001 [ 141 | 61 97 | scCi
STX | 00000010 | 002 | 02 2 " 00100010 | 042 | 22 34 LA2 B 01000010 | 102 | 42 66 TA2 b 01100010 | 142 | 62 98 sc2
ETX | 00000011 | 003 | 03 3 # | 00100011 | 043 | 23 35 | LA3 C | 01000011 | 103 | 43 67 | TA3 ¢ |o1100011 [143 | 63 99 | sca
EOT | 00000100 | 004 [ 04 4 sSbC $ ] 00100100 | 044 | 24 6 | LAs D | 01000100 | 104 | 44 68 | Ta4 d |01100100 144 | 64 | 100 | sSC4
ENQ | 00000101{ 005 | 05 5 PPC % | 00100101 [ 045 | 25 37 | Las E | 0100010t [ 105 | 45 69 | TAS e | 01100101 | 145 | 65 | 101 | SCS
ACK | 00000110| 006 | 06 6 & | 00100110 046 | 26 38 | LAs F | 01000110 | 106 | 46 70 | TAs 1 01100110 | 146 | 66 | 102 | SC6
BELL| 00000111 | 007 | o7 7 “ | oo100111 | 047 | 27 39 | LA? G [ 01000111 | 107 | a7 4] TA7 g |01100111 |47 | 67 | 103]| SC7
8S | oooviooo | o010 | o8 8 GET { 00101000 | 050 | 28 40 | Las H | 01001000 | 110 | 48 72 | Tas n |o1101000 150 | 68 | 104 | scs
HT | 00001001 | 01t | 09 9 TcT ) 00101001 [ 051 | 29 4 LAY | 01001001 | 111 | 49 73 | Tag i 01101001 | 151 | 69 | 105 | sce
LF | 00001010{ 012 | oA 10 * 00101010 | 052 | 2a a2 | a0 J { oooto10 | 112 | A 74 | rato | 01101010 | 152 | 6A | 106| Scto
VT | 00001011 | 013 0B " + 00101011 | 053 28 43 | LA K 010010t1 | 113 48 75 TA1L [ 01101011 | 153 [:] 107 | SC1n1
FF | oooo1100| 014 | oC 2 , 00101100 | 0s4 | 2C 44 | LA12 L | 01001100 | 114 | aC 76 | Tar2 1 01101100 | 154 | 6C | 108| SC12
CA | cooot101| 015 | oD 13 - | oowomn01| 0ss | 20 45 | La13 M | 01001101 | 115 | 4D 77 | TA13 m 01101101 [ 155 | 6D | 108 SC13
SO | oocoot1to | 016 | OF 14 00101110 [ 0s6 | 2€ 46 | LA1e N | 01001110 | 116 | 4€ 78 | Tals n 01101110 | 156 | 6E | 110]| SC14
st | ogoot11r | 017 | of 15 / 00101111 | 057 | 2F 47 | LA1s O | oroottit | 117 | 4F 79 | TAs o [o1orin | 157 | eF | 111]| sCi1s
DLE | 00010000 | 020 | 10 16 0 [ 00110000 [ 060 | 30 48 | LAE P | oro10000 ( 120 | so 80 [ Tats p | 01110000 [ 160 | 70 [ 112] scie
DC1 | 00010001 | 021 1 17 | wo 1 00110001 | 061 | 31 49 | a7 Q | 01010001 | 121 | 51 81 | TA17 q | 01110001 | 161 [ 71 13| sci7
DC2 | 00010010 | 022 | 12 18 2 | ooriomo | os2 | a2 50 | Lats R | 01010010 [ 122 | 52 82 | Tat8 ¢ 01110010 [ 162 | 72 | 114 SC18
0OC3 | 00010011 | 023 | 13 19 3 | 00110011 | 063 | 33 51 | Larg S | 01010011 | 123 | s3 83 | TA19 s | 01110011 | 163 | 73 | 115] sci9
DC4 | 00010100 | 024 | 14 20 | ocL 4 | oo110100 [ 068 | 3a 52 | La20 T | 01010100 | 124 | s4 84 | TA20 t 01110100 | 164 | 74 | 118| scao
NAK | 00010101 | 025 | 15 21 | pPu 5 | 0311010t [ 06s | 35 53 | Laz21 U | 01010101 | 125 | 55 85 | ta21 u fornoror [ 1e5| 75 | 17| sc2s
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