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Foreword

The purpose of this book is to provide the background informa-
tion necessary to understand the purpose, theory, and operation
of in-circuit testers. While primarily aimed at those who will
develop test programs for the system, it should prove useful to
anyone responsible for specifying, approving, managing, or
supporting such a system.

The book is styled for easy reading. Emphasis is placed on general
concepts and overall flow rather than on specific details of
operation.

The book’s four chapters have the following purposes:

Chapter 1 — Introduction describes how the in-circuit tester fits
into the manufacturing process and what types of faults it can
detect.

Chapter 2 — Techniques For In-Circuit Testing presents the
critical concepts of access via the bed-of-nails fixture and isolation
of the components on the board by guarding for analog and back-
driving for digital components.

Chapter 3 — A Look at an In-Circuit Tester describes the hard-
ware and software components of an in-circuit tester and the
functions these components perform.

Chapter 4 — Using the Tester outlines the step-by-step process
used by a programmer to develop a test program and by an
operator to test boards.

For easy reference, a Glossary of terms associated with in-circuit
testing is included at the back of this document.
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So, tell me about in-circuit testing,

Before getting into in-circuit testing, let’s review some important
aspects of printed circuit (pc) board manufacturing and testing.

As you know, the design and assembly of pc boards follow certain
basic steps:

1. First, assembly and drill drawings of the board are developed
from the schematic diagram. These drawings show where each
component will be placed, where each track (wiring
connection) will be etched, where each component mounting
hole will be located, etc.

2. Then, holes for the component leads are drilled in a blank
board and tracks are etched on the surface of the board to
connect the components together.

3. Next, the components are mounted on the board, either by
hand or by automatic insertion equipment.

4. Finally, the component leads are soldered to the tracks,
usually by means of a wave-solder machine.

5. Once assembled, the pc board is then tested.
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Unfortunately, these steps are not always performed
flawlessly.

Shown below are some of the more common failures found in
newly assembled pc boards.

Typical manufacturing faults

Two or more tracks on the pc board

may be shorted together, possibly by /
a solder bridge between tracks. R
Shorts of this type are the most BSIEE
common defect,
A track may be open. T//;
OPEN
/ TRACK

The wrong component (or wrong-

value component) may have been /\ ? (M\

installed.

The component may be mounted
backwards. % @

There may be a bad component con-

nection because of a broken pin, //\//\
X

bent pin or cold solder joint.

A component may have been left off
the board.

~__ MISSING
COMPONENT

Note that, even if the bare pc board had no failures and if you
tested every component to make sure that each one was good, you
could still introduce problems while assembling the board.
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OK! OK! So tell me about automatic test equipment.
Thought you'd never ask.
The term automatic test equipment (ATE) applies to many forms
of programmable, computer-controlled test instruments and
systems. This equipment is used in many stages of the manufac-
turing process, including:

® Component manufacturing

® Quality assurance

® [ncoming inspection

PC board testing

® System testing

Field service

This book concentrates on one specific category of automatic test
equipment:

IN-CIRCUIT TESTERS

These testers are typically used to test fully assembled pc boards
~ in a manufacturing environment.
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What is an in-circuit tester?

It’s a tester that tests each component on a pc board, one ata
time. And it does this while the component is “in-circuit,” that is,
while it's connected to other components on the board.

A divide-and-conquer approach is taken. First, the tester checks
the loaded pc board for unwanted shorts and opens. Then, it
isolates and tests each separate component on the board, one at a
time. The techniques used to do this are described in Chapter 2.
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If all these individual tests are successful, the board is considered a
good board.

If one or more tests fail, the board is declared bad, and the tester
reports the cause of the failure.

Since each component is tested separately, pinpointing the cause
of a failure is a relatively easy job for an in-circuit tester.

10 Introduction






GenRad’s in-circuit testers

All of GenRad's 227x Board Test Workstations are in-circuit
testers.

For the sake of brevity, we'll refer to them simply as testers
throughout this book.

The tester performs all the manual procedures that were described
a few pages back, namely:

® Writes test procedures

Connects the test equipment to the board

Turns the equipment on and sets it up

Applies known input signals and checks outputs

® Determines if the circuit is OK

Locates defective components when the circuit is not OK
and last, but not least,

® Repeats this for all the circuitry on the board

12 Introductior
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Analog test example

To continue the example one step further, let’s say that the pc
board has a resistor connected between nails 18 and 49. And you
want to apply 0.2 V across the resistor, measure the resulting
current and store the value in a memory location (variable) called

IRESULT.

The following instruction sequence would get the job done, and
the diagram shows how.

SET MUX AT (CHA=6: CHB=8);
SET SCAN AT (CHA=18: CHB=49);
SET DCS V=0.2;

MEAS DCI INTO IRESULT;

NAILTB NAIL 49

m FIXTURE

SET SCAN AT (CHA-18: CHB-49);
-, ]
/ SCANNER /
A INSTRUMENT
B BUS
c
D
SET MUX AT (CHA-€: CHB-8);
i -
/ MUX /
SET DCS V~0.2; s 8
+0.2V }
TEST 4 et
INSTRUMENTS

MEAS DCI INTO IRESULT;
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Can 1 use other test instruments thar are not
included in the tester?

Yes, provided that these instruments conform to a specification
called IEEE-488, which defines a special digital interface for
programmable instruments.

All of GenRad's in-circuit testers have an optional IEEE controller
and multiplexer. In the 2275 tester, this IEEE option is contained
on a single pc board.

Under test program control, the MUX can connect external IEEE
devices to the same instrument bus as the standard analog
instruments, and the controller can handle the setting-up and
operation of these instruments.

==
p INSTRUMENT BUS :
: |
c |
D |
|
|
TEST PROGRAM : USER-SUPPLIED
INSTRUCTIONS IEEE | |EEE-a88
- MUX \  INSTRUMENTS

I (OPT) |
|

[ | o

| ——

1

| . - -

INSTRUMENT | —

seT-up !
IEEE & CONTROL !
—"| CONTROLLER |
1
I
|
1
TESTER |
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Driver/Sensors
These drivers and sensors (D/S, for short) always exist in pairs, so

that the output of a driver and the input to a sensor are always
tied together,

DRIVER

L

b
<

SENSOR

TEST
=

Drivers and sensors, however, are separately controllable by the
program,

Therefore, when a D/S pair is used to force a logic input to an IC,
the driver portion is enabled (connected) and its output forced to
a specified state. At the same time, the sensor portion either can
be enabled to sense that driver output or can be instructed to
ignore it

Similarly, if the D/S pair is used to check a logic output from an
IC, the driver is disconnected and the sensor is enabled.

Keywords, such as
IC — (Input Connect)
ID — (Input Disconnect)
OS— (Output Sense)
OI — (Output Ignore)

are used in the test language statements to control the driver/
sensors (as shown on the next page).
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Now, what happens when that same resistor is
connected in a circuit?

There would very likely be some shunt paths around the resistor
(Rx), which would divert some of that resistor current from
flowing into the ammeter. (Resistors Ry, Rz, R3 and R4 represent
these shunt paths.)

SOURCE MEASURE

NODE NODE
N F

Instead of flowing directly to ground through the ammeter, the
total current through Ry would now split up and flow through Rs
and R4 as well as through the ammeter.

Depending on the resistance values of these shunt paths, the

ammeter reading could be affected significantly and, therefore,
the calculated value of Ry could be significantly in error.
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Now, how about digital testing?

Let’s start by reviewing how you would test a digital component
not connected in a circuit.

To keep it simple, let's take 3 )
the single NAND gate we used —:DO——L
in a previous example. b

Vee GND

To test this gate completely:

First, you would apply power (and ground) to the IC, to make
the circuitry within the chip operational.

Then, you would apply all possible combinations of logic inputs
(highs and lows) to the IC while checking the output for the
proper logic levels.

This NAND gate has 4 possible combinations of inputs and, of
course, a known output for each set of inputs.

Input Pins Output Pin
i 2 3
Low Low High
Low High High
High Low High
High High Low
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What happens when this IC is connected in a circuir?

For one thing, since power must be applied to the IC, circuit
interconnections on the board will cause that power (and ground)
to be applied to the rest of the ICs on the board, as well.

Remember, we did not need to apply power to the board when testing analog
components.

Therefore, when the tester tries to apply a logic level to the 1C
input, it may find that the IC input pin is being held in the
opposite state by the output of another IC.

For example, it may want to apply a high input to a pin that's
being held low by another IC output.

The digital drivers in the tester handle this problem by momen-
tarily forcing the IC input to the desired state, regardless of what
state it is being held in by another IC.

This technique of momentarily overriding an IC output is called
backdriving,
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What hardware components does a test operator use?
The operator who uses the system solely for testing boards would
typically use the following system components on a regular basis:

® Video Display

® Keypad Controls

® Message Printer

® Disk Units

® Fixtures

® Probe
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The keypad controls

The keypad controls are specifically designed for the test
operator. It has all the control keys that an operator needs for
production testing, but few keys for accessing the system.

On a 2271 or 2272 system, the
keypad is a small calculator-size
keyboard.

| 2271, 2272
KEYPAD

On a 2275 system, most keypad

controls and indicators are built

into the front control panel. The
START/CONTINUE button,

however, is kept portable, for .

convenience,

2275 22
START SWITCHES CONTROL
PANEL

When the operator presses the LOAD PROGRAM key, the
system reads a pre-wired identification code from the test fixture,
then locates and loads the corresponding test program into
memory.

When the operator presses the START/CONTINUE button, the

system starts (or resumes) testing.
The number keys (0-9) and the YES/NO keys can be used for

selecting programmed test options and are not typically used by
the operator unless the operator is prompted by the test program.
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The message printers

After a board has been tested, the tester prints appropriate test
results, fault messages, and repair instructions for that board on a
message printer. The user can then attach these messages to the
board so that a record of the test results will accompany the board

to the repair station.

The 2271 and 2272 systems use
the strip printer shown here, in
which messages are printed on
narrow, 4.75-inch (12 ¢m) wide
strips of aluminized paper.

The 2275 tester can use either
the strip printer or a combina-
tion printer that can print
program listings and reports, as
well as operator messages, on
plain 8% inch (21.6 cm)

wide paper.

STRIP PRINTER

COMEBINATION PRINTER
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The bed-of-nails fixture

As you've already seen, a vacuum-driven bed-of-nails fixture is
used to connect the pc board to the tester. Shown on this page are
the single-board fixtures available for GenRad’s in-circuit testers.

2271 - Two fixtures available:

Max board size -
13in. X 17 in. (33 cm X 43 cm)
17 in. X 21 in. (43 cm X 53 cm)

2272 - Three fixtures available:

Max board size -

12 in. X 26 in. (30 cm X 66 cm)
26 in. X 16 in. (66 cm X 41 cm)
26 in. X 26 in. (66 cm X 66 cm)

2275 - Two fixtures available:

Max board size -
12 in. X 18 in. (30 cm X 46 cm)
20in. X 22 in. (51 cm X 56 ¢cm)

2272

2275

Converters are also available which allow fixtures from one tester
to be used on another type of tester. For example, with the
proper converter, a 2271 fixture can be used on a 2275 tester.
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GenRad’s Scratchprobing technique

A particularly useful application of the probe is GenRad’s

Scratchprobing technique.

When the system detects a failure in an integrated circuit (IC), it

doesn’t really know if the IC itself has failed or if an open track on
the board or a faulty test nail is the real cause of the problem.

So, the system prompts the operator to check the IC pins by
taking the probe and quickly drawing it against the legs of the IC,

in any direction.

An outline of the IC
and its pins appears on
the screen.

As the probe comes in
contact with an IC pin,
the number of that pin
jumps inside the out-
line drawing. The num-
bers of the pins that do
not make contact re-
main outside the
drawing.

IC Type: ZBOCPU
Total Pins. 40 Nail Number of Probe 247

oasfse]arfsefasfaafoalsa]si]safifac]arfaefacladfaafaala

fEE0C0CECEE CENEREEDEE

Action: SCRATCHPROBE IC U1

IC Name: U31
IC Type: ZBOCPU
Total Pins: 40

Nail Number of Frobe: 247

40 30 38 37 36 35 34 33 32 31 30 28 27 26 25 24 23 2

u3
123 4 S8 7 8 810 1213 14 15 16 17 18 19 20

Action: SCRATCHPROBE IC U31

As a result, the operator is quickly made aware of a bad connec-
tion and the system automatically diagnoses the true fault and
prints it out for the test/repair person.
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What hardware components does a programmer use?

During the test-preparation phase, the programmer needs greater
access to the system than does the operator. The programmer also
typically needs printed copies of programs and reports.

Therefore, the programmer would use not only those items used
by the test operator:

Video Display

Keypad Controls

Message Printer

Disk Units
® Fixtures
® Probe
but also the following additional components:
e Keyboard
® Line Printer (Optional)
¢ Background Terminal (Optional)

® Programming Stations (Optional)
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The foreground/background option

A separate background terminal (and supporting software) is
available which lets 2 separate tasks be performed simultaneously
on the same test system:

The test operator uses the “foreground terminal,” consisting
of the video display and keypad, to test boards

while at the same time

the programmer uses the separate background terminal
(a DEC VT10x) to prepare programs,
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Central/Programming Stations (optional)

Off-line program preparation can also be performed on GenRad’s
optional 229x stations. These stations and the various GenRad
testers can communicate with each other over a special net-
working facility called GRnet™ networking system.

Shown below is GenRad’s 2293 Central Station.
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Any other hardware?
Other major hardware components in the tester include:

® The computer system that controls the whole operation of the
tester. It consists of a DEC LSI-11/23 computer with asso-
ciated memory and input/output circuitry for handling all

- peripheral devices such as keyboard, display, disk units, printer,
etc.

® The test instruments. Both analog source and measure devices
and the digital driver/sensor system.

* User power supplies. Several types of power supplies (both
~ fixed and programmable) are available for applying power to
~ the board during digital testing.

s hardware is packaged on printed-circuit boards and
es which plug into the various system cabinets (bays).
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Operating modes and utilities

It's beyond the scope of this document to describe in detail all the

operating modes and utilities in the system. But, as an introduc-
tion, here’s a brief description of most of them. They're grouped
roughly according to the general function that each one perform

PREPARING THE TEST PROGRAM

CKTGEN - Generates the circuit description from components list

ATG - Generates the test program from circuit description
ACL ~ Calls (special) analog components library

ATL ~ Calls analog test library

DTL - Calls digital test library

PREPARING THE TEST FIXTURE

NAIL ASSIGNMENT - Assigns test nails in multiplexed D/S systems
TRANSLATING THE TEST PROGRAM

TRANSLATE - Compiles test program into machine code

UPDATE - Handles changes to test program

MODIFY - Allows changes to machine-coded test program
RUNNING THE TEST PROGRAM

DIAGNOSE - Runs the test program for debugging and testing
FILE MANAGEMENT

COPY - Copies information from one file to another
PURGE - Removes old versions of files from disk
DELETE - Deletes files from disk

PRINT - Outputs files to printer

OTHER MODES AND UTILITIES

BATCH - Runs system under control of a batch file
EDIT - Lets you create or revise files
LOG - Displays data collected during board testing

NETWORK - Transfers files to/from remote systems using GRnet
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How about an example showing how to use
the monitor?

OK.

Suppose you wanted to create a brand new data file, using one of
the system editors.

The first thing to do is to call up the EDIT mode options page.
Simply type EDIT from the command prompt appearing at the

bottom of the options page, and press RETURN. The EDIT mode
options page will be displayed.

# EDIT » EDITOR NAME = DEV = 2278

Mode [ED2, TECO]
Filename to sdit [EXISTING, RENAME_OUTPUT.CREATE_ NEW]

INPUT = OUTPUT =
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CKTGEN (Citcuit Generator)

After you indicate that the target data has been entered, the tester
will prompt you to enter a component type.

For each component type specified, CKTGEN will display a page
similar to the one shown below for resistors. All you do is
respond to the prompts and enter the correct circuit information.

# ENTERTYPE: R * GENRAD CIRCUIT GENERATOR FOR 2275 TEMP RESISTOR -- SECTION
TYPE of componan NAME of Component
VALUE of component — TOLERA
NODE COMNECTIONS ——

COMPONENT FLAG SPECS -

RAHIRESID .. .
R

ENTER NAME of componant or 8

-

# ENTER NAME: R51

.

# ENTER VALUE: 10K

-

# ENTER NODE NUMBERS: N15

o
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The test program

Based on the circuit description information in the .CKT file and
the available test routines in the library, ATG now attempts to
find a suitable test for each component on the board.

The accumulation of all these individual tests forms the test pro-
gram. This user-readable test program file is called . TPG.

The testing sequence is, of course, important. Starting with the
most basic, each test level is designed to build confidence in the
next higher level of tests. The testing sequence is shown in the
flow chart below.

POT ADJUSTMENTS

1

CONTINUITY TESTS

ANALOG COMPONENTS
(R,C,L,CR,Q,ETC.)

|

POWER-SUPPLY TEST

NON-BUSSED DIGITAL ICs

(FAIL)
TEST BUS LINES —— BUSBUST

l

BUSSED DIGITAL ICs

USER-CREATED HYBRID TESTS

l

SCRATCHPROBING
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Setting-up for production testing

A convenient way of conveying test set-up information to the test
operator is by means of a batch file.

A batch file defines a series of tasks for the system to perform. For

each task, the batch file specifies the options to be used, followed
by a RUN command.

You can use one of the system editors to write a batch file that
defines all the DIAGNOSE options needed for the board test.

BATCH FILE (.BCH)

# DIAGNOSE — OPERATING MODE

# NAME=1796

# DEV-SC:

# MODE-TEST OPTIONS DEFINITIONS

# RUN ———— RUN COMMAND

The system executes each statement in the file as if that statement
were being typed directly from the keyboard.

To run the batch file, all you need to do is enter a period (.)
followed by the name of the file. For example,

# 1796

will run batch file SC:1796.BCH.
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Diaphragm board. A movable board
upon which the UUT is placed; when
vacuum is applied to the fixture, the
diaphragm board moves down against
stops mounted on the base board, caus-
ing the UUT to make contact with the
test nails.

Digital multiplexing. The sharing ofa
few common driver/sensors by a group
oftest nails (e.g., 2 driver/sensors shared
by 16 nails).

Disk. A file-structured, mass-storage
device which allows fast, random access
of data.

Display. A CRT (Cathode-Ray Tube)
device used for the display of data.
When coupled with a keyboard, canalso
be used as a data entry terminal.

Drivers. The tester circuitry used to
force selected logic levels to digital
devices on the UUT.

Driver/Sensors (D/S). The tester cir-
cuits used to force logic level inputs and
monitor logic level outputs from digital
devices on the UUT.

Driver strobe. Defines the precise time
atwhich an input test pattern is applied
to the UUT.

D/S Controller. The tester module that
controls the testing sequence during a
digital test burst.

Dual fixture. A test fixture with 2 sep-
arate bed-of-nail units to speed up
production testing. One board can be
loaded on one fixture while another
board is being tested on the other.

Editing. The process of creating or
modifying a source file.

Fail. In testing, a term applied to a
UUT or a device which has one or more
failing test steps.

Fault. Any condition that causes a
device or circuit to fail to operate in a
proper manner.
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Feedback loop. A circuit path that
causes a device input to be affected by
other devices further along the path.

File. A collection orset of records which
resides on a mass storage device,

File directory. Informationstoredona
mass storage device describing, among
other things, the name of each file on
the device.

File maintenance utilities. A collec-
tion of independent software programs
used to perform various useful opera-
tions on file-structured devices (e.g.,
copy, delete, etc.).

File-structured device. Any device
which supports the storage and re-
trieval of data in files.

Fixed power supply. A power supply
capable of producing only a single
voltage level.

Fixture. The device that interfaces be-
tween the tester and the UUT. See Bed-
of-Nails fixture.

Flagspecs. Special parameters and in-
structions supplied by the user to the
ATG task.

Floppy Disk. A small, flexible mag-
netic storage medium.

Functional tester. ATE which tests a
UUT as a complete, functional entity,
typically by applying inputsand sensing
outputs only through the UUT's edge
connector.

Glitch. A small spurious pulse or spike
on a signal line.

GO/NOGO test. A testing process
which yields only a pass or fail condition.

Good board. A fault-free board.

Greenlighting. The pass condition
achieved upon the completion of the
debug process, orsometimes applied to
any UUT which passes a test.




Ground plane. A metallized plate in
the fixture which serves as a common
ground point to reduce any noise
generated by cross-coupling of test
signals.

Guarding. In in-circuit testing, the
process of ensuring that a shunt path
does not interfere with the testing of
a device.

Help pages. Displayed information de-
scribing how to use various featuresand
options in the tester.

High impedance state. See Tri-State.
IC. See Integrated circuit.

IEEE-488 Bus. A data transmission bus
which provides communication be-
tween the tester and external devices.

In-circuit tester. ATE which tests each
separate device on a board by applying
test signals directly to the device’s
inputs and sensing the results directly
from the device’s outputs.

Initialization. The process ofapplying
inputs to a device or circuit untilknown
states are obtained.

Inputvector. Asetoflogic valuestobe
applied to the complete setof input test
nails at any one point in time.

Instrument bus. Four common lines
(or channels) to which any analog test
instrument can be connected via the
Multiplexer, and any UUT circuit node
can be connected via the Scanner.

Integrated circuit (IC). Anarray of in-
terconnected circuits integrated into a
single chip.

Interstrobe Time (IST). The time be-
tween a driver strobe and a sensor
strobe.

Inter-Test Time (ITT). The time be-
tween two successive driver strobes.

Intermittent fault. A fault whose effect
on a circuit appears and disappears at
seemingly random intervals.

Keypad. Small keyboard that contains
the controls and indicators typically
used for running a test.

Known good board. A circuit board
which is verified to be fault-free.

Learning. The process of determining
the expected outputs from a device by
applying inputs to a known good board
and measuring the actual outputs.

Library. In in-circuit testing, a collec-
tion of predefined test programs or cir-
cuit descriptions for various types of
components, all stored on a mass
storage device.

Logic diagram. See Schematic.

Logic levels, Voltage levels represent-
ing a logic 0 and a logic 1.

Looping. The repeated execution of a
sequence of statements.

Machine code. Binary patterns (ones
and zeros) representing computer
instructions.

Mass storage device. A medium used
for the permanent storage of large
amounts of data (e.g., magnetic disk
units).

Monitor. The software module under
control of the Operating System, which
displays options and interprets com-
mands from the user.

Multiplexer (MUX). See Analog multi-
plexer.

Multiplexing. Ina tester, multiplexing
refers to the sharing of test instruments
among test nails to reduce the size and
cost of the system.

Nails. Spring-loaded metal probes used
in a bed-of-nails test fixture to make
electrical contact with the nodes on a
circuit board.
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Nail assignment. The replacement of
temporary nail numbers assigned in a
circuit description with the target nail
numbers used for the actual wiring of
the fixture.

Node. The electrical interconnection
between two or more device leads,

Object code. See Machine code.

Open. A fault which causes 2 elec-
trically connected points to become
separated.

Operating System (OS). The software
module that supervises the operation
of all other modules in the computer
system.

Output vector. The set of logic values,
either expected or measured, for all
output pins of a UUT or device at a par-
ticular test step.

Pass, In testing, a term describing a
device or a UUT which has no failing
test steps.

Peripheral device. Any input/output
device, such as a disk unit or line print-
er, that is connected to a computer
system.

Power-up reset. Circuitry that auto-
matically sets a device or circuit into a
known state when power is applied to
it.

Printer. A peripheral device that pro-
duces a hard-copy output.

Probe. A device used as a movable test
nail to monitor various nodes on the
UUT.

Programmable powersupply. A power
supply capable of having its voltage(s)
programmed or selected over a range
of values.

Programming station. A test system
which does not contain any test hard-
ware, typically used for test program
development.
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Receiver. That partof the interface be-
tween the tester and the fixture that is
permanently attached to the tester.

Run-Time System. The collection of
software programs required to perform
the actual testing and diagnosis of a
UUT.

Scanner. A program-controlled relay
matrix used for connecting any UUT
circuit node to the analog instrument
bus.

Schematics. The set of drawings which
shows the elements of a circuitand how
they are interconnected.

SCRATCHPROBING™ technique. A
GenRad diagnostic feature that directs
the user to lightly move (scratch) the
probe along the pins of an IC to check
for continuity.

Sensors. Tester circuits used to mon-
itor logic level outputs.

Sensorstrobe. Defines the precise time
at which output responses from the
UUT are measured.

Short. A faultwhich causes two or more
normally electrically separated points
to become connected.

Sink. Typically refers to current flow-
ing into a power source.

Source. Typically refers to current
flowing out of a power source.

Source file. A file consisting of alpha-
numeric and special character data
encoded in a standard format, such as
ASCIIL.

Target nail. Actual nail numbers as-
signed by the nail assignment software
to replace the temporary nail numbers
assigned by tne user in the circuit
description.

Temporary nail. Arbitrary nail num-
bersassigned by the user when develop-
ing the circuit description file.




Test language. High-level language
used to write the test program.

Test nail. See Nails.

Test program. The set of instructions
to the tester which controls the testing
of the UUT.

Test set. The unique combination of
test program and test fixture used to

_ A software module which
d converts the test program
level test language to binary
ine code. The input to the trans-

a source file; the output is an

B aade file,

’l‘d—nme (or 3-state). In addition to
and low state, some devices
such as bus drivers have a third (high-
impedance) state. This third state effec-
tively disconnects the device output
from all other circuitry on the board.

Truth table, A table showing the ex-
pected outputs from a digital device for
all possible combinations of logic in-
puts to that device.

UUT (Unit-Under-Test). A term ap-
plied to any circuit board which is being
tested by ATE.

Vector. See Input vector or Output
vector,

Winchester unit. A high-speed mass-

storage disk unit with non-removable
disk,

Glossary 125



usa
*Boston « (Sales) Waltham, MA 02254
Tel (617) 6904900 « TWX 710 324 0893
(Service) Concord. MA 01742
Tel (617) 369 4400 « TWX 710 347 1051
#1156 Shure Dewe. Arington Heghts, i 60004
Tel (312) 5771881 » TWX 910 261 1206
*Cincinnati » Sude A 2007 Ford Crcle, Milord, OH 45150
Tei (513) 831-9210 = TWX 810 460 6323

Springs + 6180 Lehman Drve. Sude B207, Colorada Sprngs. CO BO907

“Colorado

Tel (303) 5936238

“Dalas « 1121 Bockingham Lane, Sude 100, Fichasdaon TX 75080
Tel (214) 2343357 « TWX 90867 4771

“Los Angeles - PO Bax 19500, 17361 Armsirong Avenue

Irwne Industnal Complea vine. CA 82714

Tl (714) 540 9830 « TWX 940 595 1762

“New York « 2208 Rocte 208 Faw Lawn M 07410

Tel (NJ) (201) 7978001, (NY) (212) 9642722 » TWX 710 988 2205
“Oriando * 3751 Maguire Blwd . Sude 170, Orandso, Flonda 32800
Teel (305) B94-4303 » TWX BID 850 0270

*San Francisco « 2855 Bowess Avenue. Santa Clara, CA 95051
Tel (408) 7274400 « TWX 910 338 0201

D.C.« 170 B Rockville
Teel (301) 4246224 « TWX 740 B28 9783
CANADA
“Toromto « 307 Evans Avenue, Torontn. Ontana MBZ TK2
Tol (416) 252-3396 « TLX 06967624
Montreal - ! (514) 7471052 » TLX 05 86652

Pant No 22750102 A

Proauction Test Division
300 Baker Avenue
Concord, Massachusells 01742

EUROPE

Englar eys Drve
Tol (0628) 39181 « TLX 851-848321
Best = Tl (D) 49984240 + TLX 84450575

“Milan - Tl (02) B46E541 « TLX B43- 320377
“Munich « Tl (0B9) 41690 « TLX B41 529917
*Paris » Tel (01) 7970739 « TLX 842 22099
Rennes » Tel (099) 535154

“Rome « Tel (06) 455839

Wiesbaden = Te! (D6121) 370067 « TLX 84104186489
*Zurich - Tel (01) 552420 « TLX 84553638

Berkshuo SLE 4BF England

ASIA

Japan » Tokyo Electron Limied, Shugusu Noemra Bidg
1262 Nesh Stunyusi). Sheryuku Ko, Tokyo 160, Jaguy

Tel 343 4411 - TLX 2322240 Labtel J

Otter countnes s Asia and Pachc « Tel 3449245 ( Tokyo)

LATIN AMERICA
Cortact WALTHAM MA 02254 USA
Cable GENRAD Waltham (MASS |

“Service Faciies Avalatie

Printed m USA”




	In-Circuit  Cover.pdf
	In-Circuit i1 Title page.pdf
	In-Circuit i2 Trademarks.pdf
	In-Circuit i3 Table of Contents.pdf
	In-Circuit i4 Foreword.pdf
	In-Circuit p1 Chapter 1, Introduction.pdf
	In-Circuit p3 (no p2).pdf
	In-Circuit p4.pdf
	In-Circuit p5.pdf
	In-Circuit p6.pdf
	In-Circuit p7.pdf
	In-Circuit p8.pdf
	In-Circuit p9.pdf
	In-Circuit p10.pdf
	In-Circuit p11.pdf
	In-Circuit p12.pdf
	In-Circuit p13 (no p14).pdf
	In-Circuit p15 Chapter 2 Techniques.pdf
	In-Circuit p17 ( no p16).pdf
	In-Circuit p18.pdf
	In-Circuit p19.pdf
	In-Circuit p20.pdf
	In-Circuit p21.pdf
	In-Circuit p22.pdf
	In-Circuit p23.pdf
	In-Circuit p24.pdf
	In-Circuit p25.pdf
	In-Circuit p26.pdf
	In-Circuit p27.pdf
	In-Circuit p28.pdf
	In-Circuit p29.pdf
	In-Circuit p30.pdf
	In-Circuit p31.pdf
	In-Circuit p32.pdf
	In-Circuit p33.pdf
	In-Circuit p34.pdf
	In-Circuit p35.pdf
	In-Circuit p36.pdf
	In-Circuit p37.pdf
	In-Circuit p38.pdf
	In-Circuit p39.pdf
	In-Circuit p40.pdf
	In-Circuit p41.pdf
	In-Circuit p42.pdf
	In-Circuit p43.pdf
	In-Circuit p44.pdf
	In-Circuit p45.pdf
	In-Circuit p46.pdf
	In-Circuit p47.pdf
	In-Circuit p48.pdf
	In-Circuit p49.pdf
	In-Circuit p50.pdf
	In-Circuit p51 Chapt 3 A Look at In-Circuit.pdf
	In-Circuit p53 (no p52 ).pdf
	In-Circuit p54.pdf
	In-Circuit p55.pdf
	In-Circuit p56.pdf
	In-Circuit p57.pdf
	In-Circuit p58.pdf
	In-Circuit p59.pdf
	In-Circuit p60.pdf
	In-Circuit p61.pdf
	in-Circuit p62.pdf
	In-Circuit p63.pdf
	In-Circuit p64.pdf
	In-Circuit p65.pdf
	In-Circuit p66.pdf
	In-Circuit p67.pdf
	In-Circuit p68.pdf
	In-Circuit p69.pdf
	In-Circuit p70.pdf
	In-Circuit p71.pdf
	In-Circuit p72.pdf
	In-Circuit p73.pdf
	In-Circuit p74.pdf
	In-Circuit p75.pdf
	In-Circuit p76.pdf
	In-Circuit p77.pdf
	In-Circuit p78.pdf
	In-Circuit p79.pdf
	In-Circuit p80.pdf
	In-Circuit p81.pdf
	In-Circuit p82.pdf
	In-Circuit p83.pdf
	In-Circuit p84.pdf
	In-Circuit p85.pdf
	In-Circuit p87 Chapt.pdf
	In-Circuit p89.pdf
	In-Circuit p90.pdf
	In-Circuit p91.pdf
	In-Circuit p92.pdf
	In-Circuit p93.pdf
	In-Circuit p94.pdf
	In-Circuit p95.pdf
	In-Circuit p96.pdf
	In-Circuit p97.pdf
	In-Circuit p98.pdf
	In-Circuit p99.pdf
	In-Circuit p100.pdf
	In-Circuit p101.pdf
	In-Circuit p102.pdf
	In-Circuit p103.pdf
	In-Circuit p104.pdf
	In-Circuit p105.pdf
	In-Circuit p106.pdf
	In-Circuit p107.pdf
	In-Circuit p108.pdf
	In-Circuit p109.pdf
	In-Circuit p110.pdf
	In-Circuit p111.pdf
	In-Circuit p112.pdf
	In-Circuit p113.pdf
	In-Circuit p114.pdf
	In-Circuit p115.pdf
	In-Circuit p116.pdf
	In-Circuit p117.pdf
	In-Circuit p119 Glossary (no p118).pdf
	In-Circuit p121  (No p120).pdf
	In-Circuit p122.pdf
	In-Circuit p123.pdf
	In-Circuit p124.pdf
	In-Circuit p125.pdf
	In-Circuit rear cover.pdf

