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Test and Troubleshooting Approaches

9100A System

The 9100A system is designed to test and troubleshoot
digital electronic boards that are controlled by
microprocessors. Testing precedes troubleshooting. If a
board proves to be defective in a test, you can
troubleshoot to locate the fault. The board under test is
called a UUT (Unit Under Test).

Testing and troubleshooting can be done in two ways:

Immediate Mode

The user typically employs a combination of automated
procedures and manual keypad commands to test or
troubleshoot a UUT. To do so, the user should be
familiar with both the UUT and the test system.

Automated Mode

The user employs test or troubleshooting sequences
that are stored on a user disk. Most often the user
should be familiar with the basic methods of im-
plementing test or fault isolation test sequences.

91004 System Training — Part I FLWKE Customer Support Services 1-3
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Emulative Testing

The operation between an Emulative Test system and a
UUT is based on the capability of a microprocessor to
read and write data at an address. The tester takes con-
trol of the UUT microprocessor bus and allows the
operator to specify read and write operations anywhere
in the UUT address space through a UUT connection at
the microprocessor socket. All the tester’s operations
are derived from this fundamental ability to manipulate
data at an address.

When the test system is connected to the UUT’s
microprocessor socket, the system takes over the digital
activity normally done by the UUT’s microprocessor.
The test system exercises and tests ROM, RAM, /O, or
any other circuit that is related to the microprocessor
bus. Some systems can also emulate the UUT’s
microprocessor and execute programs that reside in
the UUT memory.
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9100A Theory of Testing

The 9100-Series uses a microprocessor pod as the
primary mode of stimulating the UUT. The pod either
replaces the UUT microprocessor or clips over the
processor if the processor can be tri-stated. Once the
pod is in place, the entire kernel can be tested, includ-
ing the bus, RAM, ROM, and any device that is acces-
sible from the bus.

The 9100-Series is the first emulative-type tester that
finds faults beyond the bus in a cost effective way. The
9100-Series uses a high speed probe and up to 160
stimulus/measurement lines. By adding the /0 Module
and Probe to the Mainframe, testing can be performed
on any portion of the UUT.

9100A4 System Training — Part I FLUKE Customer Support Services 1-7
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Test and Troubleshooting Approaches

9100A General Test
and Troubleshooting Flow

The 9100A testing strategy identifies two areas in the
test process:

| Funétional Testing

E Troubleshooting
The functional test area could be subassembly, final as-
sembly, or final test. At whatever stage the functional
test is performed, the ultimate goal is to verify the

proper operation of the UUT as quickly and as accurate-
ly as possible.

If a fault is encountered in any stage of functional test-
ing, troubleshooting is the next step.

The 9100-Series test strategy identifies three modes of
fault isolation:

m Application Keypad (Immediate Mode)

m Unguided Fault Isolation (UFI)

m Guided Fault Isolation (GFi)
The Application Keypad method is a manual method of
troubleshooting. The Unguided Fault Isolation method

is semiautomated troubleshooting while Guided Fault
Isolation is fully automated troubleshooting.

91004 System Training — Part I FLUWKE Customer Support Services 1-9
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Test and Troubleshooting Approaches

Characteristics of
Troubleshooting

The following characteristics of troubleshooting are the
same for each mode of operation.

1. Stimulate the circuitry being tested.

2. Learn the known good responses that are created
by the stimulus. This learned response information
is either documented or remembered.

3. Measure the response on the board under test.
The method of measurement could be as simple as
a visual response or as complex as a multiple point
measurement.

4. Determine if the measured response is good. This
is done by comparing the measured response to a
known good response.

5. Determine where to stimulate and measure next.
This determination could be based on experience,
electronics knowledge, knowledge of UUT opera-
tion, relationship of one circuit to the next, or even
intuition.

9100A System Training — Part 1 FL.LKE Customer Support Services
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Application Keypad Method

The Application Keypad method of troubleshooting is
the most common way of identifying a fault.

In Application Keypad troubleshooting, each step of
the troubleshooting process is initiated by the operator.
The operator must remember the proper stimulus and
response, know how to measure the response, and
decide where to test next.

Once the fault has been identified and corrected, the
UUT goes back to functional testing. This loop con-
tinues until the UUT passes all the functional tests.

91004 System Training — Part I’ FL.LIKE Customer Support Services 1-13
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Guided Fault Isolation Method

The Guided Fault Isolation (GFI) technique is the ul-
timate method in the troubleshooting process. All the
elements of troubleshooting are contained in files. The
test equipment knows the types of devices, how the
various devices are connected together, what nodes are
inputs, what nodes are outputs, what nodes are bidirec-
tional, how to stimulate each of the nodes, what meas-
urement tool determines if the response is correct, what
the correct response is, and where to test next.

If the UUT in this environment fails the functional test,
the test equipment knows what portion failed. Based on
this information, troubleshooting begins. The GFI algo-
rithm takes over and guides the operator through the
troubleshooting process until the fault is identified. The
UUT then goes back to the functional test. This process
continues until all functional tests pass.

9100A System Training — Part I FLUKE Customer Support Services 1-15
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Unguided Fault Isolation Method

The Unguided Fault Isolation (UFI) method of
troubleshooting incorporates semiautomation. Portions
of the troubleshooting process are contained in a data
base.

One of the most difficult things the test operator must
do is remember the proper stimulus for a particular cir-
cuit. After the operator determines the stimulus, the
next step is to measure the response, and then decide if
the response is correct.

UFI makes all these decisions for the operator. The
operator tells the test equipment which node to test.
For example, the operator tells the test equipment to
test U1l pin 1. The equipment goes to the stimulus
routine file and pulls out the proper routine for that
node. The file tells the operator which measurement
tool to use (such as a probe or an I/O module). When
the stimulus is complete, the tester accesses the
response file and pulls out the correct response for the
node and determines if the measured response is the
same. The operator then decides the next measurement
point based on the results of the test. This process con-
tinues until the operator identifies the cause of the
fault.

9100A System Training — Part I FLUKE Customer Support Services 1-17
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Summary

In this section, we have found that you need to under-
stand the types of faults that are expected so that you
can choose the proper test equipment.

You must also understand the level of testing or
troubleshooting that is being performed to choose the
proper test equipment.

Finally, you must apply the chosen test equipment,
based on the characteristics of troubleshooting and the
troubleshooting process.

During this week, you will begin to understand the
flexibility of the 9100A Mainframe and be able to
choose the characteristics that best fit your application.

9100A System Training — Part I FLUKE Customer Support Services 1-19
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System Configuration

Introduction

This section introduces you to the 9100-Series Program-
ming station. To use the equipment efficiently, you have
to understand how each of the pieces work together.
Therefore, this section demonstrates the communica-
tion protocol of each piece of the test station and the
correct connections. You will also perform the calibra-
tion procedure for the probe and the /O Module. The
calibration procedures ensure accurate and repeatable
measurements. These procedures must be done to en-
sure correct testing and test development.

9100A Systems Training — Part I FPLUKE Customer Support Services
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Exercise 2-1

Preparing the 9100A for Testing

1. Cable connections.

2. Description of each part.

3. Power-up the 9100A before UUT to activate Pod

protection circuits.
4. Selftests:
a. Probe

b. Pod

91004 Systems Training — Part I
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b. YO Module

et

(press either

I - IR

until 1 is displayed)

&)

Repeat as necessary for each additional 1/0
Module (2 through 4) connected to the system.

S. UUT connection.

9100A4 Systems Training — Part I
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System Configuration

The 9100A System

The 9100A system services printed circuit boards, in-
struments, and systems that are controlled by
microprocessors. The system has two basic functions:
testing and troubleshooting.

The pod directly controls or senses anything on the
UUT that can be controlled or sensed by the UUT
microprocessor. The probe and /O Module can stimu-
late and measure all the UUT digital circuitry, even cir-
cuitry that is not accessible to the UUT microprocessor.

9100A Overview

The 9100A system consists of a 9100A Digital System
without the programming option, version 5.0 System
Software Disks, version §.0 Master User Disks (Note
that the System Disk and Master Userdisk software is
preloaded onto the 9100A hard disk), and a version 1.0
9100A UUT Test Disk which contains the Learn and
Auto Test program.

In addition, the system includes 31 standard Interface
Pods and a 9132A Memory Interface Pod with three
microprocessor support packages.

Testing and troubleshooting digital boards with the
9100A is done in keystroke mode, using built-in tests
and stimuli manually initiated at the operator’s keypad.
A test may be constructed from a sequence of
keystrokes that can be stored and later executed.

9100A Systems Training — Part I FLLWKE Customer Support Services
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System Configuration

Interface Pod
General Description

The illustration to the left shows the 80286 pod block
diagram. The basic block diagram for all pods is essen-
tially the same. Each pod uses the same method to
communicate with the Mainframe, contains interface
boards and processor boards, and replaces the UUT
MiCroprocessor.
The pod has two modes of operation:
m Normal
The pod adapts the architecture of the Mainframe to the
specific pin layout of the UUT microprocessor. This
allows the Mainframe to exercise ali UUT buses while
monitoring UUT activity. Typically, the pod executes
READs or WRITEs, and the Mainframe displays the
results. »

®m RUN UUT :
The pod’s microprocessor is connected through buffers
to the UUT, and serves as a substitute microprocessor.

The pod provides stimulus to the UUT using READ,
WRITE, combinations of READ and WRITE, and built-in
tests.

Status lines are control inputs to the microprocessor.
Sometimes these lines can stop test execution entirely.
The Mainframe, therefore, is capable of measuring
these lines or, to continue execution and ignore the
lines.

The pod communicates with the Mainframe using the
following lines from the processor PCA:

| MAINSTAT
m PODSTAT
Hm PODINT
B ABORT

The pod communicates with the UUT using the address,
data, control, and status lines that are directly as-
sociated with those lines on the UUT.

9100A Systems Training — Part I FL.UKE Customer Support Services 2-11
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System Configuration

The Purpose of the
Probe and Clock Module

The function of the probe is dual purpose. The probe
acts as an input measurement device that senses activity

on the circuitry and as an output stimulus device that

provides activity to the circuitry.

As a measurement tool the probe detects level activity
(whether that activity is synchronous or asynchronous to
microprocessor activity), transition counts, frequency,
or CRC signatures. The activity measured by the probe
can either be synchronized to the pod, the clock
module, or a free-running clock.

As a stimulus device, the probe provides pulses that are
high, low, or toggling and are preset to 0-5 volts inde-
pendent of thresholds TTL, CMOS, RS-232 or ECL.

The probe contains input circuitry that consists of an
attenuator and level indicators. The indicators have cir-
cuitry that stretches pulses. Stretching the pulses allows
an operator to see, by using lights, the levels of even
very fast pulses.

The remainder of the probe circuitry is contained
within the Mainframe. As you can see from the drawing
on the previous page, there is a 24-bit counter, CRC
register, clocked level history, and level history. All this
information is available either through the Mainframe
display in local mode or from within a Mainframe pro-
gram.

The probe circuitry communicates with the Mainframe
through the address and data bus of the Mainframe.

91004 Systems Training — Part | FLUKE Customer Support Services
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I/O Module Block Diagram
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System Configuration

The Function of the 1/O Module

The function of the /O module is basically the same as
the probe. The /O module acts as an input measure-
ment device that senses activity on the circuitry and as
an output stimulus device that provides activity to the
circuitry. The difference between the two is the 1O
module has 40 channels (whereas the probe is a single
channel). With the VO module you have the equivalent
of 40 probes for each module for total of 160 (four /O
modules can be used with the Mainframe).

As a measurement tool the module can detect level ac-
tivity, transition counts, frequency, and CRC signatures.
The 1/0 module can also be used as a pattern reconizer.

As a stimulus device the module can pulse as the probe
does, but can also drive/overdrive output patterns.

The /0 module consists of:
B Input comparator
m Drive circuitry for highs and lows
23-bit counter
CRC register
Clocked level history

Data comparison /- . oD

N N
| - Y
Communication with the Mainframe occurs through the
address and data bus. Notice also that, unlike the
probe, the 1/0 module does not have a free-running
sync clock.

9100A Systems Training — Part I FLWKE Customer Support Services

2-15



System Configuration

Programmer’s

Keyboard Monitor

68000 P
40 M RAM Port 1 T ERe
512K ROM

A 4

Operator's
Keypad

Front Panel ¢ >
Display

o Swilcginﬂ | ‘ - ﬁgﬁl
ower Jupply, :
e ] (s ey

Z

{1sol.)

-

40M
Hard Disk

N

3.5°
Floppy Drive

4

2

Probe
1/0 Module
Interface

170
Connector

F
4

* Optional

9100A

Test System

2-16 FLUKE Customer Support Services 9100A Systems Training — Part [



System Configuration

Introduction to the
Training Station

The illustration to the left is a simple block diagram of
the Mainframe showing the connections to the pod,
probe and so on. '

Commands and information are entered through the
keypad and are monitored on the display, which also
provides the user with instructions, responses, error
messages, and UUT fault messages.
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System Configuration

Softkey Labels o
valid for highlighted Highlighted
Command Field Command Field

i

~

BUSY mm
STOPPED ™m
RUN UUT ==

STORING SEQ ==

. L/
Fhe ) MORE SOFTKEYS &2
3\ MORE INFORMATION =

o e CHE B CH e
Function Keys “MORE”
correspond to Softkey A iat

Labels directly above nnunciators

“Soft Keys” Key
displays additional softkeys when

“MORE SOFTKEYS” LED is illuminated

t

Arrow Keys

choose which Command Field to
highlight. Also used to display
additional information when “MORE
INFORMATION” LED is illuminated
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System Configuration

Application Keypad and Softkeys

Illustrated to the left is the Mainframe Display and a
portion of the Application Keypad. To the right of the
display the More Softkeys and More Information an-

nunciators are circled. The five Function Keys,
key, and arrow keys are located on the swing-down Ap-
plication Keypad. '

m Function keys and Softkeys
The words in boxes on the bottom line of the
Mainframe display ( EEMERESR ¢.g.)are called
softkey labels and correspond to the function keys
E:yj through B on the Application Keypad.
To select a softkey function, press the function key on
the keypad just below the corresponding softkey label.
The chosen or default function will be displayed flashing.
on the top line of the display in its appropriate field. If
there are more softkey options than can be displayed at
one time on the bottom of the display, a red “MORE
SOFTKEYS" LED located to the right of the display is

illuminated. The }!fl button scrolls hidden softkey
labels into view if the LED is on. Pressing the key again
recalls prior labels.

W Arrows
There are four arrows on the Application Keypad. These
keys move the cursor on the Mainframe display to
different fields on the top line of the display. A field is a
word or number in a command line that can be
changed. To change a field, the field must be
highlighted (flashing) on the display.

91004 System;v Training — Part I FL.UKE Customer Support Services
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MAaIHe ' : S . BUSY =m
n Sy 22 ol : v STOPPED =
: o o RUN UUT ==

STORING SEQ ==

DISK ACCESS ™

MORE SOFTKEYS £
MORE INFORMATION mam

@ b ) F ] ] ) E ]

-n
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System Configuration

Exercise 2-2
Using Softkeys

1. Press . Notice that the red MORE SOFTKEYS
LED to the right of the fluorescent display is il-
luminated.

2. @s . Notice the different softkey labels. Press
again to show the previously displayed softkeys.
Observe how toggles what is displayed on the
bottom line of the display between different sets of
softkey labels valid for the current command level.

3. Press and observe how the highlighted field
switches from EEiMaiiaeal to 5¥¥ and how the
softkey options change to reflect the valid com-
mand options for the new field.

91004 Systems Training — Part I FLUKE Customer Support Services 2-21
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@ N JE_J Jk&_Jk_ ] | @

I@W][e"’l[r T
waréfls ][0 *J[a " (s 7

sm'llf']ls'jm[v il
vl P | O [ 0 [ 0 O 3 P25 P

—/
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System Configuration

Exercise 2-3
Keyboard Introduction

Setup Keys: [~ sty lggef) oA
Execution:
Accessory setup: o o] oo ) o]

Built-ins: [aus '} [raw ) [pom ] reao’] [were] [smw ] [H__J

Example Test:
Example Fault: Fault switch 2-7

Bus Test :
Help Key:

Press to read the complete mes-
sage.

9100A Systems Training — Part I FLUKE Customer Support Services
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MATH:
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System Configuration

Exercise 2-4
Probe and 1/O Module Calibration

To ensure proper operation when troubleshooting, the
Probe and /O Module must be calibrated with the UUT.
The calibration can be stored and restored before test-
ing begins. If the calibration data is not saved, the
Probe and /0 Module must be calibrated every time
the Mainframe is powered up.

Using the keystroke flow chart on the previous page
and following the instructions on the Mainframe dis-
play, calibrate the probe and /0 Module to:

B pod addr
8 pod data

Note: Calibration of the YO Module requires the use of
the /0 Module calibration header (JF part #813980).

9100A Systems Training — Part I FLWKE Customer Support Services
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I

SETTIMSS FROM
FROM

SETTIMGES IH
IH
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System Configuration

Exercise 2-5
Saving Calibration Data

After performing the calibration of the Probe and 1/O
Module, save the calibration settings by selecting the
setup menu.

When saving either the calibration data or system set-
tings, your choices are the LISERDISE or UUT FILE.
We recommend that you save your calibration data to a
T FILE. At this time, perform the necessary steps
to save your calibration data to the UHUT FILE

TEARIMEE.
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SETTIMGS FROM
FEOM

SETTIMGE IH
IH
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System Configuration

Exercise 2-6
Restoring Calibration Data

If the Mainframe has been turned off, you must restore
your calibration data before a test or troubleshooting
session begins.

Use the setup menu to restore the calibration data you

saved on the LT FILE TRAIMHER.
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- 2-30

Power-Up

Self-Tests,

) Configuration,
and Calibration,
(if necessary)

Connect New
Pod to System
(if necessary)

Yes

to UUT

Test UUT
Functions

Next
UUT of
Different

Type?

No

Troubleshoot
UuT

FLUKE Customer Support Services
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System Configuration

Summary

Self-Test:

Should be performed for each device (pod, probe,
/0 Module) when the device is attached to the
mainframe.

Configuration:

Can be saved on and restored from user disk for
each UUT. They specify SETUP MENU command
settings and provide information for other com-
mands.

Calibration:

Generates data which can be stored on user disk
and restored at power-up or reset. This data is
sometimes invalid. Calibration must be performed
when:

m The system is first installed and every 30 days
thereafter.

m The pod, probe, or I/O Module is changed.
W The system Iis powered up or reset.
® Change the type of UUT.
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System Configuration

Before you test or troubleshoot a UUT, you should en-
sure that selftests, calibration, configuration, and disk
drive verification have all been performed appropriate-
ly. Some guidelines are as follows:

After each power-up or reset, before you test or
troubleshoot a UUT:

m Calibrate and configure the system for the type of UUT
you are about to test or troubleshoot.

m Ensure that self-tests have been performed on the pod,
and probe.

B Verify that the system mode is appropriate and that
your user disk is in DR1.

If you reset or change any part of the system:

m The self-tests will have to be repeated and the system °
recalibrated. You can save new calibration data on the
user disk, writing over the old data.

m Test and troubleshooting sequences and the system
configuration remain valid.

If you change UUTs from one type to another:

W You may have to change pods. If so, repeat the
self-tests and calibrations with the new pod.

B System settings are probably different for the new UUT.
Restore settings for the new UUT to reconfigure the
system.
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Understanding the UUT

Section 3

Understanding the UUT

91004 Systems Training — Part I

FLUKE Customer Support Services

3-1



Understanding the UUT

Clock

il

v

80286
Microprocessor

Address RAM
Decods | 64K x16 RAM
acoce 0 to OFFFF Timing resdy
10000 TO 1FFFF %
; v
+ ’Video Contro[ — V'df,g( ﬁAM Video
Bus > (;égoAt:dT::E _’ Write Only Out
ey [ 20000 to 2FFFF
~

Test
Accass

Demo UUT

3-2 -

J

v

DUART Port
1/Q Address
2000 to 3FFE

Interrupt

v

il

110 Address
4000 to 5FFE

—

)
°<J
=

64K x 16
E0000 to EFFFF
F0000 to FFFFF
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Understanding the UUT

Introduction

A UUT should be well understood before functional test
and fault isolation begins. Taking time at the beginning
to study the UUT will result in greater fault coverage,
and more accurate fault detection.

Before developing functional tests and troubleshooting
routines:

B Learn what each circuit does, how it works, and how to
initialize it.

B Determine the UUT memory map.

m Determine the initialization procedures for each
programmabile chip.
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Understanding the UUT

Exercise 3-1
Demo UUT

As a class discuss:

1. Demo UUT Block Diagram (computer concepts)

2. Demo UUT Schematic (chip functions)
3. Verify Map of Each Address Decoder Output

(number systems)

9100A Systems Training — Part I

FLUKE Customer Support Services

3-5
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Address
Decode

<

RAM
64K x16
0 to OFFFF
10000 TO 1FFFF

vy v

RAM
Timing ReadD

N 4

80286
Microprocessor

v

Bus
Buffer

vvy

I

Video Contro
1/0 Address
0000 to 1FFE

v

—

Video RAM
4Kx 16 Video
Write Only -» Out
20000 to 2FFFF

Test
Access

IDemo UUT

J

v

DUART Port
1/0 Address
2000 to 3FFE

Interrupt

J

v

PIA
/0 Address
4000 to S5FFE

K /

ROM

64K x 16
E0000 to EFFFF
F0000 to FFFFF
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Understanding the UUT

Partitioning

Partitioning divides the UUT into a collection of smaller
functional blocks which are easier to understand and
test. It is the first step toward a “divide-and-conquer”
method of testing and troubleshooting. Each partition
can then be tested separately to determine if the com-
ponents are functioning as designed. A functional test
only determines whether the partition passes or fails. It
does not detect component failures, but suggests a
starting point to begin fault isolation.

Partition Guidelines

Before you begin partitioning a circuit, you need to un-
derstand the UUT. How much understanding is neces-
sary?

m Group circuits by function, making the functional blocks

well-defined pieces of the UUT block diagram and as
logically distinct as possible.

m If a functional block is large, subdivide it. This will
improve troubleshooting efficiency.

B If failure of a circuit can cause failures to appear in
many other parts of the UUT, make that circuit a
functional block.

m If a circuit requires a unique test setup, make it a
functional block.

9100A Systems Training — Parnt I FLWKE Customer Support Services
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Address 9 s RAM ‘ I
Decode ‘ ’ 64K x16 RAM Reada
0 to OFFFF Timing o

10000 TO 1FFFF
Clock $
hﬁ
A 4
+ P\video Control— V'df,?, ﬁAM Video
+ 110 Address . "

Bus | g 0000 to 1FFE Write Only out
Buffor 20000 to 2FFFF
|

80286
Microprocessor

Test
Access

v |

DUART Port

| 1/0 Address interrupt
2000 to 3FFE

o—ﬁ
PIA

1/0 Address
4000 to SFFE

v

i 4

ROM

I 64K x 16
Demo UUT > E0000 to EFFFF
F0000 to FFFFF
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Understanding the UUT

Partitioning’s Big Payoff

After the partitioning is done, step back and look at the
resulting detailed block diagram. Imagine that a func-
tional test has been developed for each individual
block. If a novice user has nothing but this block
diagram and the collection of individual block tests, he
can make a fair degree of progress toward
troubleshooting and repairing a complex system.

With thoughtful partitioning, a board may be deter-
mined to be good without running all of its individual
functional block tests; some functional blocks can be
assumed to be good if tests for other functional blocks
that depend on them are good.

Through partitioning, the large problem of testing and
troubleshooting a complex system can be divided into
smaller, more easily handled problems.

Functional testing of a partitioned circuit can be
divided into the following steps:

B Stimulate the inputs to the partitioned circuit.
B Measure the outputs of the partitioned circuit.

m Evaluate each output of the partitioned circuit and
decide whether it passes or fails.

B If all outputs passed, declare the partitioned circuit to
be good, otherwise declare that the partitioned circuit
has failed.

9100A Systems Training — Part I FLUKE Customer Support Services
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Section 4
Bus Test
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Bus Test

Built-Iin Bus Test

The 9100A simplifies the test of microprocessor buses
through its built-in Bus Test. The built-in Bus Test has a
number of test functions which provides a quick
analysis of the bus and reduces operator interaction to
a couple of button presses.

The Bus Test checks for stuck data, address or control
lines by driving each line high and low and measuring
the level that actually was present on the line. The
measurement is done by level detectors or latches that
are built into each pod on each of the drivable lines.
When the level is put on the lines, a trigger signal is
sent to the latches to store the level present on the line.
After the cycle is completed the latches are read to see
what level was detected and a comparison is made to
the level that was supposed to be on the line and an
error reported if a difference exists.

Not only is the checking of lines done during a Bus Test
but it happens during all pod operations. This helps
detect dynamic faults that occur while a UUT access is
taking place.

Using this technique makes it possible to check the
microprocessor lines for proper level operation, which
gives the ability to check for stuck lines and tied lines.
With the level detection inside the Interface Pod we
cannot measure levels along the bus lines, making it im-
possible to check for open bus lines using the Bus Test.
As we will see later, other built-in tests can be used to
check for open bus lines.

9100A Systems Training — Part I A FLUKE Customer Support Services
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TEST BUS AT ADOR N

fO0F OPTIOH:
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Bus Test

How to Use the Bus Test

The keystrokes necessary to begin the test are il-
lustrated to the left. The example uses the address of 0.
Address 0 is the first address of RAM space on the UUT.

The address specified in the Bus Test should be in
memory that is readable and writable. Other locations
should only be specified if they physically exist and are
not written to by other devices.

Exercise 4-1
Perform a Bus Test

Press:

Faults for address, data, or control that are displayed on
the Mainframe identify the line name, and reference
that line back to the microprocessor pin number.

The Bus Test identifies lines that are stuck high, stuck
low, or tied together. Bus Test uncovers all drivability
problems that occur at the microprocessor socket.
Usually, faults are likely to be detected during execu-
tion of other tests, but the Bus Test diagnostics are best
here, since the bus is isolated to a very small area that
affects most all other circuitry.

As a Class:

Refer to Appendix F in the Technical User’s Manual
and review the Bus Test Fault messages and Pod Re-
lated Fault messages.

91004 Systems Training — Part I FLUKE Customer Support Services
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Bus Test

Probe Operations

The following table contains the electrical specifications

for the 9100-Series probe.

Input Threshold
TTL cMos RS-232 ECL LOGIC
VOLTAGE VOLTAGE VOLTAGE VOLTAGE LEVEL
2.6 to 5.0V 3.7 to 5.0V 3.2 to -1.15 to 30.0V 1
30v
2.2 to 2.6V 3.3 to 3.7v 2.8 to 3.2v -1.35 to -1.15v 1l or X
1.0 to 2.2V 1.2 to 3.3V -2.8 to 2.8V - X
0.6 to 1.0V 0.8 to 1.2v -3.2 to -1.55 to -1.35Vv X or O
-2.8v

Input Impedance

70K ohm shunted by less than 33 pF

Data Timing For Synchronous Measurements

Maximum Frequency: 40 MHz
Minimum Pulse Width (H, L):  12.5 nsec
Minimum Pulse Width(3-state): 20 nsec
Setup Times

Data to Clock: S nsec
Start, Stop, or Enable to Clock: 10 nsec
Hold Time

Clock to Enable: 10 nsec
Clock to Start or Stop: 0.0 nsec

91004 Systems Training — Part |
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9100
Probe System
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Bus Test

Data Timing For Asynchronous Measurements

Maximum Frequency:

40 MHz

Minimum Pulse Width (H or L): 12.5 nsec
Minimum Pulse Width - Invalid (X)

TTL or CMOS:

RS-232:

Transition Counting
Maximum Frequency:
Maximum Count:

Maximum Stop Count:

Frequency Measurement
Maximum Frequency:
Resolution:

Accuracy:

Output Pulser
High:

9100A Systems Training — Fart I

100 nsec
+/- 20 nsec

2000 nsec
+/- 400 nsec

40 MHz
16777216 + overflow
65536 clocks

40 MHz
20 Hz

+/-250ppm X Fireg.
+/-20 Hz

>3.5V @ 200 mA for
less than 10 usec
>4.5V @ 1 mA con-
tinuously

FLUKE Customer Support Services
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Exercise 4-2
Probe Input Sync Freerun

This exercise illustrates the PROBE INPUT function, with
the probe synchronized to freerun. Two pieces of infor-
mation are provided when this function is selected: the
Input Probe Level (current) and the Level History
(since last input).

1. To begin the exercise, sync the Probe to freerun.
Press the following sequence of keys:

The following results are displayed:

IMPUT FROBE LEVEL = =
LEWEL HISTORY = &
The results indicate that the current level on the probe

is in the invalid region. The probe has only seen an in-
valid condition since the last input statement.

2. Place the probe on the UUT GND and press the
following sequence of keys:

The following results are displayed:

IMFUT FROEE LEWEL
LEWEL HISTORY

Vo T
RN XN |
L
e 5

91004 Systems Training — Part I FLUKE Customer Support Services ' 4-11



Bus Test

3. With the Probe still in place, press . The fol-
lowing results are displayed:

IMFUT FROBE LEYEL

LEWEL HISTORY

0
1150

KX
el

Since the Probe was never removed from UUT GND, the
level history indication is now only 0 (low).

4. Place the PROBE on the UUT +5V power source.
Press @

The following results are displayed:

IMFUT FROBE LEVEL = 1

LEVEL HISTORY = 1x8
The current level is 1 (high), but note the level history.
Since the last input function, the probe detected a low,
invalid, and high condition.

5. Sync the Probe to Freerun

a. Loop on bus test and probe a few data, address
and control lines.
b. Set fault switch 2-7 and repeat step 5-a.

9100A Systems Training — Part I’ FELUKE Customer Support Services
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Test Program & Test

Final

Fail

Troubleshooting
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Bus Test

General Test and
Troubleshooting Flow

The 9100 series of instruments have two modés of
operation:

H Functional Test

m Fault Isolation

The basic functions of a functional test system and fault
isolation system are similar. During either task, the sys-
tem must emulate bus cycles and measure levels and
signal patterns. But the two tasks have different goals.
During functional testing, the goal is to determine
whether a UUT is good or bad; it is not necessary to
know where the faults are. However, in fault isolation
the goal is to determine what component is bad or what
node is bad so that the UUT can be repaired.

Both functional testing and fault isolation require some
form of stimulus with an appropriate way of measuring
the stimulus results. We have to pass stimulus through
the circuitry and then evaluate or measure the response
and make a decision based on how that response com-
pares with what we know to be a good response.

9100A4 Systems Training — Part 1
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Bus Test

Whether functional testing or performing fault isolation
you must understand THE NODE to be tested, how to
make THE MEASUREMENT, and what to do with THE
RESPONSE.

The Node

Testing the node requires a thorough understanding of
its operation. It is therefore necessary to begin by find-
ing all of the related inputs to the node.

Once all of the related inputs have been found, deter-
mine to what level each of these lines must be driven so
the node in question “toggles”. Once the related inputs
have been identified and the proper driving levels have
been determined, decide what or if any microprocessor
commands can be used to drive those inputs. Then as-
sociate the microprocessor action to available 9100
commands.

9100A Systems Training — Part | FLUKE Customer Support Services
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The Measurement

Make your test equipment talk to you. Before a measure-
ment can be made, a troubleshooter must set up the
measurement conditions. These may include certain
functions, ranges, and modes that apply specifically to
that piece of test equipment. Once all of the device
setup has been established look at the node in question.
Does the node require any circuitry specific setups?
This becomes especially important on circuitry control-
led by programmable devices.
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Bus Test

The Response

The last step in testing a node when performing fault
isolation is to measure the response. The microproces-
sor must be capable of driving the node’s associated
input lines. The stimulus will then drive the node so
that all possible problems that may occur on the node
will be identified.

Once the results have been gathered the troubleshooter
must perform one of the most difficult tasks, the
evaluation of the results.

Did a fault occur? If so, what type? Do the results indi-
cate where the next test should occur?

In this course we will explore each of the elements in-
volved in functional test and fault isolation using the
immediate mode of operation.

Each exercise will introduce different stimulus and
measurement capabilities of your test equipment which
will allow you to start developing test and fault isolation
strategies for your own UUT.

9100A Systems Training — Part I FLUKE Customer Support Services
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Bus Test

Hands-On Training 4-1

1.  Set fault switch 2-5 to its fault position

2.  Record each step of your procedure using the fol-
lowing format.

3. Functional Test

W

FUNCTIONAL TEST PASS OR FAIL
4. Fault Message (if there is one)
AU CTOL bewd B2
Fault Isolation
STIMULUS COMMANDS NODE RESPONSE

6. Evaluate
Where’s the fault?

7. Have instructor check your results.

9100A4 Systems Training — Part I FLUKE Customer Support Services
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Bus Test

Hands-On Training 4-2

1. Set fault switch 2-7 to its fault position

2.  Record each step of your procedure using the fol-
lowing format.

3. Functional Test

FUNCTIONAL TEST PASS OR FAIL
4. Fault Message (if there is one)
N DR VR TR e 1o UL SR S RA S
J)) F e ~ \/, ~
S.  Fault Isolation
STIMULUS COMMANDS NODE RESPONSE

6. Evaluate
Where’s the fault?

7. Have instructor check your results.

9100A Systems Training — Part 1 FLUKES Customer Support Services
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Bus Test

Hands-On Training 4-3

1. Hold the RESET switch on the Demo UUT and do
a Bus Test.

2.  Record each step of your procedure using the fol-
lowing format.

3. Functional Test

FUNCTIONAL TEST PASS OR FAIL

4.  Fault Message (if there is one)
S.  Fault Isolation

STIMULUS COMMANDS NODE RESPONSE
6. Evaluate

Where’s the fault?

7. Have instructor check your results.
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Bus Test

Hands-On Training 4-4

1.  Set fault switch 2-4 to its fault position

2. Record each step of your procedure using the fol-
lowing format.

3. Functional Test

>

FUNCTIONAL TEST PASS OR FAIL
Fault Message (if there is one)

5. Fault Isolation
STIMULUS COMMANDS NODE RESPONSE

6. Evaluate
Where’s the fault?

7. Have instructor check your results.

9100A4 Systems Training — Part I FLUKE Customer Support Services
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Section 5
RAM Testing
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RAM Testing

Introduction

The RAM Functional Block stores user programs in
dynamic RAM memory. The block uses 4164-type chips
to store 64K words of data. The data is 16 bits wide. It
can be addressed as a byte (8 bits) or a word (16 bits)
at a time. The RAM memory can be selected as the
higher order byte, lower order byte, or the whole word.

A refresh cycle occurs every 15 microseconds if no
Read or Write cycle is under way. Refresh has priority
over Read or Write cycles, which are postponed until
refresh is complete.

The address range of the RAM is 0-1FFFF.

As a class:
Review the UUT schematic.

9100A Systems Training — Part I FLUKE Customer Support Services
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Using the RAM Test

Use the Mainframe RAM Fast test to check the RAM
functional block. RAM Fast is designed to quickly iden-
tify common RAM failures such as address decoding er-
rors or bits that are not readable or writable. RAM Fast
functionally tests all the components and support cir-
cuitry that are essential for proper RAM operation. The
RAM test allows you to name each chip by name, ad-
dress range, and other parameters.

RAM Fast identifies the following faults:
m Stuck cells

Open or stuck address lines

Open or stuck data lines

Iinternal fauits that affect an entire row or column

Aliasing between data bits at the same address

m Dynamically coupled cells

When defining the area to be tested, begin by entering
the first and last address.

The mask, a hex number, defines the data bits tested
over the specified address range.

Lower byte mask - 00FF
Upper byte mask - FF00
Word mask - FFFF

After defining the mask, enter the step. The step
specifies the address increment size.

Delay sets the number of milliseconds between memory
accesses. Delay slows the RAM test to ensure that
refresh to the UUT RAMs is occurring.

Seed sets the random number generator. The Seed is
discussed in greater detail further on in this section.

9100A Systems Training — Part I FLUKE Customer Support Services

5-5



RAM Testing

5-6

Fault Condition Testramfast Testramfull
Coupling enabled|Coupling disabled
stuck cells
aliased cells Always found
stuck address lines
stuck data liness
shorted address lines
multiple selection decoder
dynamic coupling Always found
shorted data lines
aliasing between bits | Maybe found Always found | Maybe found

(in same word)

pattemn—sensitive faults

Not found

refresh problems

Always found if delay is sufficiently long
and standby reads do not mask the problem

FL.WUKE Customer Support Services
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Exercise 5-1
Performing a RAM Fast Test

Perform a RAM Fast test over the address range of 0-
1IFFFE. When performing the test, check all 16 data
bits, use the default delay, and set seed to 1. Write the
steps performed in the space below.

As a class:

Refer to the Technical User’s Manual Appendix F and
review the RAM Test Fault messages.
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Using Seed in the RAM Test

The last exercise used a seed of 1. If the seed is always
set to 1, the random number for each individual ad-
dress location is always the same every time the RAM
test is run. If a seed of 567 were chosen, the number in
an address location is different than a seed of 1, but is
always the same for a seed of 567. However, if a seed of
0 is chosen, the numbers in each address location are
different each time the test is performed.

No matter what value is specified for the seed, the
probability of finding a fault is the same. However, the
value of the seed may change the first error reported by
the Mainframe (though this is a remote possibility).
Test engineers concerned with repeatability on a par-
ticular UUT should always use the RAM Fast functional
test with the same seed.

To demonstrate how the RAM Test Seed function works,
perform the following exercise.

Exercise 5-2
Using the RAM Test Seed

Execute the following operations. Write the data that
was read at address AA in the space provided. Com-
pare the data at AA for the seed that was chosen.

RAM FAST 0-FE MASK FFFF STEP 2 DELAY 250 SEED 1
READ ADDR AA

RAM FAST 0-FE MASK FFFF STEP 2 DELAY 250 SEED 1
READ ADDR AA

" RAM FAST 0-FE MASKFFEFSTEPZDELAY 250 SEED 567
U (
READ ADDR AA ) R

RAM FAST 0-FE MASK FFF}; STEP 2 DELAY 250 SEED 567
READ ADDR AA L

RAM FAST 0-FE MASK FFFF STEP 2 DELAY 250 SEED 0
READ ADDR AA

RAM FAST 0-FE MASK FFFF STEP 2 DELAY 250 SEED 0

i

READ ADDR AA ' .|

9100A4 Systems Training — Part I FL.UKE Customer Support Services
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FFFF
Readf (a)| 3
Write f'(a) | 4
AF86 4
AN "~
Write f'(a) | 1 ;
Wit () 2 Read f(@) 5

Variable

/ Delay

TIME ——)
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How the RAM Fast Test Works

The RAM Fast test is a “Probabilistic Test” that com-
pletely covers a wide range of common faults and
thoroughly covers nearly every possible RAM fault. The
basic idea of the RAM Fast test is to do three marches
through memory. But instead of writing all ones or all
zeros as in traditional march tests, the 9100-Series RAM
Fast test writes random data. The test is extremely fast,
performing only five accesses to each location in the
tested range of RAM.

To explain the RAM Fast test, refer to the figure located
on the previous page. This example demonstrates the
specific address locations that are tested. The test pas-
ses over the entire address range three times while ac-
cessing each address five times.

The following steps explain how RAM is tested by the
RAM Fast test:

1. The RAM Fast test begins with a brief pre-test that
rapidly detects gross faults in RAM functionality.

2. A seed of 1 creates the random number D886 for
address location AF86.

3. Access 1 - Write the compliment of D886 (2779).
Access 2 - Write D886.

Access 1 and 2 verify the operation of Static
devices. A static device must be driven to both a
high and a low state to determine if it is good.

4. Access 3 - Read and verify data is D886.
Access 4 - Write the compliment of D886 (2779).

Before the third pass begins, the RAM test per-
forms the variable delay. This delay verifies
whether the RAM circuitry needs to be refreshed,
or whether refresh has occurred and RAM still con-
tains the proper data (which was read during ac-
cess 5).

5. Access 5 - Read and verify data is 2779.

9100A Systems Training — Part I FLUKE Customer Support Services
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5-12

data MASKED BY mask AT nDOR addr

addr MASEED BY mask

¥l control MASKED BY mask
data MASEED BY mask AT a00OR addr

addr MBSKEED BY mask

TF:IEHT OATH data wT ADOR addr

l
AODRE OFPTIOM:

FLUKE Customer Support Services
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Stimulus Functions

The functions available from the stimulus menu are:
B RAMP
B TOGGLE
m ROTATE

These functions perform a series of Read or Write com-
mands and provide stimuli to locate faults or
troubleshoot a fault.

Each function uses a mask to identify the bit positions
that are to be stimulated, as shown in the following ex-
ample.

Example

To stimulate bits 9, 8, 5, 2 and 0, use the following

mask:
Bit 98 7654 3210
Position
Binary 11 0010 0101
Hex 3 2 5
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data MASKEED EY
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Ramp Data

The Ramp Data command performs a series of WRITE
DATA commands to a specified address. During the
Ramp Data function, the masked data bits change with
each write operation. The unmasked bits do not
change.

When the Ramp Data function is executed, the data
values are determined from the original data by setting
the values of all masked bits to all combinations of ones
and zeros, starting with all zeros and ending with all
ones.

Example

Ramp Data 80 masked by 26 at address 0.

Mask = 0010 0110 <~ 7

Data = 1000 0000 \ )
Operation performed:

Write 80 1000 0000

Write 82 1000 0010 i

Write 84 1000 0100 '

Write 86 1000 0110 g

Write A0 1010 0000

Write A2 1010 0010

Write A4 1010 0100

Write A6 1010 0110

Which data bits were stimulated with the previous ex-
ample?

Exercise 5-3

Sync the Probe to pod data and loop on the example.
Probe the data lines.

9100A Systems Training — Part I FLWKE Customer Support Services
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addr MASKED BY mask
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Ramp Address

The Ramp Address command performs a series of
READ ADDR commands at a specified address. During
the Ramp Address function, the masked address bits
change with each read operation. The unmasked bits do
not change.

When the Ramp Address function is executed, the ad-
dress values are determined from the original address
by setting the values of the masked bits to all combina-
tions of ones and zeros, starting with all zeros and en-
ding with all ones.

Example
Ramp Address 1F000 masked by 700

Mask = 00000 0111 0000 0000 .
Addr = 1 1111 0000 0000 0000

Operations performed:

Read 1F000 1 1111 0000 0000 0000
Read 1F100 1 1111 0001 0000 0000
Read 1F200 1 1111 0010 0000 0000
Read 1F300 1 1111 0011 0000 0000
Read 1F400 1 1111 0100 0000 0000
Read 1F500 1 1111 0101 0000 0000
Read 1F600 11111 0110 0000 0000
Read 1F700 11111 0111 0000 0000

Which address bits were stimulated with the previous

example?

Exercise 5-4

Sync the Probe to pod address and loop on the ex-
ample. Probe the address lines.
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Toggle Data

The Toggle Data function performs two WRITE DATA
commands for each bit set in the mask.

Example

Toggle Data 80 masked by 26 at address 0.
Data specified = 80 (1000 0000)
Mask = 26 (0010 0110)

Operations:
Write 80 = 1000 0000

Write 82 = 1000 0010
Write 80 = 1000 0000
Write 84 = 1000 0100
Write 80 = 1000 0000
Write AO= 1010 0000

How does the Toggle Data function differ from the
Ramp Data function?

Exercise 5-5

Sync the Probe to pod data and loop on the example.
Probe the data lines.

91004 Systems Training — Part | FLUKE Customer Support Services
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Toggle Address

The Toggle Address function performs two READ ADDR
commands for each bit set in the mask.

Example

Toggle Address 1F000 masked by 700
Address = 1F000 (1 1111 0000 0000 0000)
Mask = 700 (0111 0000 0000)

Operations:
Read Addr = 1F000 1 1111 0000 0000 0000
Read Addr = 1F100 1 1111 0001 0000 0000
Read Addr = 1F000 1 1111 0000 0000 0000
Read Addr = 1F200 1 1111 0010 0000 0000
Read Addr = 1F000 1 1111 0000 0000 0000
Read Addr = 1F400 1 1111 0100 0000 0000

How does the Toggle Address function differ from the
Ramp Address function?

Exercise 5-6

Sync the Probe to pod address and loop on the ex-
ample. Probe the data lines.

9100A Systems Training — Part I FLUKE Customer Support Services
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Toggle Control

The Toggle Control function performs two WRITE CON-
TROL operations for each bit set.

To identify the control lines that are writable for the
pod, look at the decal on the back of the pod case. Any
control line that can be written can also be toggled.

Rotate Data

The Rotate Data performs a series of WRITE DATA
commands. First, the data is written to the specified ad-
dress. Then the data is rotated right, the right-most bit
becoming the left-most one. The process is repeated as
many times as there are data bits.
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Hands-On Training 5-1

1.  Set fault switch 1-1 to its fault position

2. Record each step of your procedure using the fol-
lowing format.

3. Functional Test

FUNCTIONAL TEST PASS OR FAIL
4. Fault Message (if there is one)
5. Fault Isolation

STIMULUS COMMANDS NODE RESPONSE

6. Evaluate
Where’s the fault?

7. Have instructor check your results.

9100A4 Systems Training — Part I FLUKE Customer Support Services
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Hands-On Training 5-2

7.

Set fault switch 1-5 to its fault position

Record each step of your procedure using the fol-
lowing format.

Functional Test

FUNCTIONAL TEST PASS OR FAIL
Fault Message (if there is one) ,
t \l
N Y g x\’/‘;/ Nas o
| \// . —? {
Fault Isolation
STIMULUS COMMANDS NODE RESPONSE

Evaluate
Where’s the fault?

Have instructor check your results.
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Hands-On Training 5-3

1. Set fault switch 1-4 to its fault position

2. Record each step of your procedure using the fol-
lowing format.

3. Functional Test

FUNCTIONAL TEST PASS OR FAIL
4,  Fault Message (if there is one)
cN K/j —
i . )
5. Fault Isolation
STIMULUS COMMANDS NODE RESPONSE

6. Evaluate

Where’s the fault? : b)) LA

SN

7. Have instructor check your results.

9100A Systems Training — Part I FL.WKE Customer Support Services
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Hands-On Training 5-4

1.  Set fault switch 4-8 to its fault position

2. Record each step of your procedure using the fol-
lowing format.

3. Functional Test

FUNCTIONAL TEST PASS OR FAIL
4. Fault Message (if there is one)
/"'"\ 5
S.  Fault Isolation
STIMULUS COMMANDS NODE RESPONSE

6. Evaluate
Where’s the fault?

7. Have instructor check your results.
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Section 6
ROM Testing
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ROM Testing

Introduction

The Trainer UUT ROM is made up of four 32K byte
devices (27256). ROMO (U29 and U30) is addressed
from E0000 to EFFFF. RoM1 (U27 and U28) is ad-
dressed from F000O0 to FFFFF.

A3 & ddasss

Review the UUT schematic.
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FOM FEEF ref HDDE.—’

L addr UFTD addr DATA MASE mask STEF step

Faults Identified
Incorrect Signature
Address Bit Fault
Addrss Tied to Address Fault
All Data Bits Tied High
All Data Bits Tied Low
Data Bit Fault
Data Tied to Data Fault

6-4 FL.WUKE Customer Support Services
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Exercise 6-1
Obtaining a ROM Signature

Use the following procedure to obtain a ROM signature
from a known good UUT:"

Press Comments

GET SIG (get signature)

R Reference designators
for devices (enter
this field using the
alpha characters on
the application keypad)

a

First address of ROM

o
]
T
TN
=
it
by
el

g

FFFFE Last address of ROM
FF Mask that determines

which data bits are
used for the signature

= Address step. Read
words or bytes

Continued...

9100A4 Systems Training — Part I FLUKE Customer Support Services
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After you press , the following signature is shown
on the Mainframe display:

SIGMATURE = F3&7Y

Repeat the previous steps to gather signatures for U28,
U29 and U30. Record the signature that was obtained.
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Using the ROM Test

The ROM test obtains a CRC signature (data compres-
sion technique based on the CRC-16 algorithm) from the
ROM under test, and compares it to a previously stored
CRC signature from an identical ROM that is known to
work correctly.

If the ROM signature is found to be incorrect, a diag-
nostic routine uses all signature information to look for
address and data lines that are open, tied to each other,
stuck high or stuck low.

Exercise 6-2
Performing a ROM Test

1. Perform a ROM Test over U27, U28, U29 and U30.

2. Write the steps performed in the space provided.

As a class:

1. Refer to the technical User’s Manual Appendix F
and review the ROM Test Fault Messages.

9100A Systems Training — Part [ FLWUKE Customer Support Services
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ROM Testing

Hands-On Training 6-1

6.

7.

9100A4 Systems Training — Part I

Set fault switch 4-2 to its fault position

Record each step of your procedure using the fol-
lowing format.

Functional Test

FUNCTIONAL TEST PASS OR FAIL
Fault Message (if there is one)

Fault Isolation

STIMULUS COMMANDS NODE RESPONSE

Evaluate e e P
Where’s the fault? - | = =/ U&=

Have the instructor check your results.

FLUKE Customer Support Services
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ROM Testing

Hands-On Training 6-2

1.  Set fault switch 4-1 to its fault position

2.  Record each step of your procedure using the fol-
lowing format.

3. Functional Test
FUNCTIONAL TEST PASS OR FAIL

4.  Fault Message (if there is one)

W

Fault Isolation

STIMULUS COMMANDS NODE RESPONSE

6. Evaluate ) Y
Where’s the fault? ‘ oo g

7. Have the instructor check your results.
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Hands-On Training 6-3

1.  Set fault switch 3-7 to its fault position

2. Record each step of your procedure using the fol-
lowing format.

3. Functional Test -

FUNCTIONAL TEST PASS OR FAIL

4. Fault Message (if there is one)
o~ f! [r\ o t

5. Fault Isolation

STIMULUS COMMANDS NODE RESPONSE
6. Evaluate B ) ,

s PN (\] ;._, ) 3 o i f>(~ [ -
Where’s the fault? L L - o

7. Have the instructor check your results.
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Hands-On Training 6-4

1.  Set fault switch 1-2 to its fault position

2.  Record each step of your procedure using the fol-

lowing format.

3. Functional Test

FUNCTIONAL TEST PASS OR FAIL
4. Fault Message (if there is one)
AT e ‘ <
5.  Fault Isolation
STIMULUS COMMANDS NODE RESPONSE
T T

6. Evaluate
Where’s the fault?

7. Have the instructor check your results.

9100A4 Systems Training — Part I FL.UKE Customer Support Services
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Hands-On Training 6-5

1. Set fault switch 4-3 to its fault position

2. Record each step of your procedure using the fol-

lowing format.

3. Functional Test

FUNCTIONAL TEST PASS OR FAIL
4.  Fault Message (if there is one)
R0 Se
RS S :
e , R
S.  Fault Isolation
STIMULUS COMMANDS NODE RESPONSE

)(ﬁ\uf
6. Evaluate L\\\ . (
Where’s the fault? |- | <7 L@ 2

7. Have instructor check your results.
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Section 7
Parallel Interface Adapter
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Parallel interface Adapter

Introduction

The parallel interface functional block will be used as
an example for developing a test in an area not covered
by a 9100A built-in test.

Understanding the Parallel
Interface Adapter Block

As a class:

Describe the basic operation of the functional block
named “PIA” (Parallel Interface Adapter*). On the pre-
vious page is an illustration that will help you organize
your thoughts. Remember to functionally test a block
and declare it “good” all operations of the block must
be exercised.

As a class:

Review the UUT schematic.

* This device may also be known as a peripheral interface adapter,
a programmable peripheral interface, or a programmable com-
munications adapter.

9100A Systems Training — Part | FLUKE Customer Support Services
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[°7]06[0s[04[05]P2[P4 [Po]

Group B

Port C (Lower)
_’ 1 = Input
0 = Output

Port B
—-> 1 = Input

0 = Output
Mode Selection
’ 0 = Mode 0
0 = Mode 1

1 = Mode 2

Group A

Port C (Upper)
’ 1 = Input
0 = Qutput
Port A
’ 1 = Input
0 = Cutput
Mode Selection
’ 00 = Mode 0
01 = Mode 1
1X = Mode 2

Mode Set Flag

» 1 = Active
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Parallel Interface Adapter

Exercise 7-1
Configuring the PIA

1. Determine the control word to activate:

PORT A = output
PORT B = output
PORT C = input
CONTROL = Y

2. Determine the PIA Addresses:

PORTA =
PORT B = Ay

PORTC = Jf
CONTROL = 1l

3. Configure the PIA.
4. Verify configuration by displaying a 7 to LED A.
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Parallel Interface Adapter

Exercise 7-2
LED Functional Test for the PIA

1. Configure the PIA for the proper input/output set-
ting of each port.

2. Use the /O module (pin mode) with the 40 pin
clip to functionally test the PIA chip

3. As a class discuss the immediate mode capabilities
of the /0 module before beginning the test.
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Section 8
Fault Isolation
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Fault Isolation

Exercise 8-1
Interrupt Circuitry Stimulus

Develop a procedure to verify the interrupt circuitry is
operating correctly.

As a class:
Review test strategy.

As a class:
Review exercise when complete.
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Editor Operation

Section 9
Editor Operation

The editor is an integral part of the 9100-Series system
environment. The editor allows you to create, store, or
change the data and programs required for testing and
troubleshooting with the 9100-Series Mainframe.

A userdisk is the formatted storage space on a disk allo-
cated for user-accessible information. Each physical disk
incorporates a userdisk that contains data and programs
for one or more units under test. To provide additional
_userdisks, you add more floppy disks.

9100A Systems Training — Part I FLUKE Customer Support Services
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9-2

9100 User Disk

. |/
Program
Library

User Disk Level (/HDR or /DR1)

FLUKE Customer Support Services

Pod Library Part Library Help Library
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Userdisk Organization

The disk system of the 9100-Series Mainframe is struc-
tured much the same as most small computers on the
market today. A userdisk consists of the following:

B Text Files

Operator’s instructions and program documentation are
stored in text documents.

B Part Library

The Part Library consists solely of part descriptions.
The Part Library is shared by all the UUT descriptions
on the same userdisk, so that the part description does
not have to be duplicated for each UUT that uses the
part.

B Program Library
The Program Library contains programs that perform
frequently used operations that are not UUT specific.

i These programs are called by any other program on the
! userdisk.

® Pod Library

The Pod Library contains files known as Pod Databases
that contain information necessary for the Mainframe
to know the Pod in use. There are Pod Databases for
all interface pods manufactured by Fluke.

The Help Library contains files specific to 9100 fault
messages.

m UUT Directories

|

|

’

m Help Library
5 Each userdisk may contain one or more UUT directory.
|

|

|
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9100 User Disk

/hdr/name
or
/dri/name uuTt
UUT LEVEL
Il {
Node List Relerance Parts | I
Designabr | {
1 Stmudus Veckr Toxt
i Program #t Fe 1t Fe 1
|
(program) {response) (node) /(ref) /(pan) {vector) (text)
Compiled
Database
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Editor Operation

Directories

Each UUT directory includes the following files:

m Programs

Programs are either functional tests or stimulus
routines.

B Stimulus Responses

Stimulus responses contain the correct data measure-
ments that result from the application of a stimulus
routine.

B Node List

The node list describes all the interconnections of the
UUT.

m Reference Designators
The reference designator list contains names that rep-
resent devices on the UUT. With this list you assign a

unique name and part description to every device on
the UUT.

® Compiled Data Base

A compiled database contains responses, reference
designators, parts escriptions, and node list converted
to a form that the GFI program can use for isolating
faults. You cannot edit a compiled database. Stimulus
programs are not compiled into the database.

B UUT Text

Text files are documents that normally describe the
UUT or the tests.

m Vector Data File

Vector files contain data used with the Vector 1/0
Module.
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=/HDR (USERDISKY -

NAVE: HOR DISK FREE: 15,259,056 g
DESCRIPTION: 1 |
STARTUP UUT: PROGRAN DISK PROTECTED: NO |

PRESS A COMMAND KEY OR HELP KEY

DIRECTORY OF /HDR (USERDISK)

Urits under test (UUT):

ABC ch CUSTOMER  DEMO NODE TEST
TRAINER

2xt Files (TEXT):
BILL BUS_FAULT ENABLE_OFF MOD_SETUP PRIM_FAULT PROB_SETUR
RAM_FAULT REPORT_OFF ROM_FAULT TEXT1

Fart Library (LIBRARY):
FARTLIE

Fod Library (LIBRARYM:
FODLIE

THOVE  SAVE  FORMAT COPY — TERM STYLE

9-6 FLUKE Customer Support Services
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Environment

The programmer’s monitor and keyboard provide the
communications interface to the Mainframe editor.
When you use the editor, you cannot troubleshoot with
the Mainframe since the operator’s keypad and display
are not active for the duration of your editing session.

To help explain the programming environment, press
on the Mainframe application keypad.

The information window and edit window for the HDR
userdisk appears in the display. From this point on, you
enter commands from the programmer’s keyboard.

Once the editor is invoked, the cursor appears in he
information window. The following definitions explain
all the fields that reside in the information window and
how to move from the information window to the first
command line.

m DESCRIPTION

Contains pertinent data about the disk being edited,
such as the owner’s name, or the date the disk was
created and for what application. This window does not
require any information and can be skipped over by
pressing (Return ] or (Edit] on the programmer’s keyboard.

m STARTURP UUT

Allows the Mainframe to execute a test immediately
after booting up on disk. (This window is good for dedi-
cated test stations with a low skilled operator.) This
window does not require any information and can be

skipped over by pressing or on the
programmer’s keyboard.

m STARTUF PROGRAM
Specifies the first program that is executed once the
Mainframe is booted up. This window does not require

any information and can be skipped over by pressing
(Return ] or (Edit ) on the programmer’s keyboard.
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At the bottom of the programming monitor screen are
a series of softkey numbers with functions listed below
them. These functions are used for top level disk
manipulating processes (except for F8 (TERM) which
is the terminal emulator). Definitions of all the function
keys are listed below.

n (REMOVE)
Removes any type of file from the disk being edited.
u BN (SRVE)

Saves all the information that you have changed or
entered into the information window.

(FORMAT)

Formats a disk that has been inserted into the
microfloppy disk drive.

L (COPY)

Copies an existing file to a different disk using the same
name or to the same disk using a different name.

m (TERM)
Enters the terminal emulator.
n (STYLE)

Allows selection of brief or long directory lists.

9100A4 Systems Training — Part I FLUKEE Customer Support Services
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9-10

Function Keys
\ Auxiliary
Fi |[F2 "]F3 FX |[F5 }[Fe F8 l[Fa  |Fio Keyboard
Edit ‘ Quit
@ Msgs| | Help: Info
Retumn Begin End
File File
/ a5 S R
/ ol i R e S
/
/
ASCIl Keyboard

FLUKE Customer Support Services

9100A Systems Training — Part I




Editor Operation

Programmer’s Keyboard

The programming station keyboard is laid out into
three basic groups:

m ASCIl Keyboard
m Function Keys
m Auxiliary Keyboard

To begin an editing session, press the key on
Auxilary Keyboard. The editor is redirected to either
OR1 (userdisk) or any item displayed in the HOR user-
disk window. A prompt appears to let you enter the
name and type of what you want to edit.

Type (not case sensative)

Fhdr/trainer

or

trainer

The monitor now requests the type of file. Locate the
key on the keyboard. This key allows you to
select various types of files and directories. Pressing
scrolls the selections forward. To reverse the

scroll (go backwards) press the and
keys simultaneously.

Select the type as UUT using the key and
Return . You are now at the LILUT window. Press
again. You will be at the ULT Directory level.

Later in this section we will look at the various files in
this window. However, this section concentrates on the
editor by showing how to edit a text file. TL/1 syntax is
discussed in a later section.

Press The USERCISK Directory is now displayed.

9100A Systems Training — Part I FLUKE Customer Support Services
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EAHBRATEXTL (TEXT) oo oo

FEEEEXS RS

| 91604 PROGRAMMING EDITOR!

EXTETITITTET LTI ES SIS LSS LT )

HEME:
LaTE:
COMPOHY

This file is for practicing editing with the FLUKE 31&&A Pro-
~amming Editor.  You will notice that at the bottom of the screen

there are a number of function switches you can use in helping you edit
thiz file. In addition to the switches listed below, there is also an
auxillary switchpad located at the far right end of the programmner’ s
switchboard that will assist you in moving around in a program or text
fast, efficient manner,

filz 1in

u
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Text Entry

Use the text file called TEXT1 to practice the editor
functions. Using this text file allows you to concentrate
on editor functions rather than TL/1 syntax.

The following steps demonstrate how to use the editor
to edit a text file.

1. On the programmer’s keyboard, press the
(£ key.

Edit file text1 on /hdr.

Select the proper type using the key.

2. Use the arrow keys to position the cursor to the
proper place.

Enter your name, date, and company into the ap-
propriate spaces.

3. SAVE your changes using softkey Ecorrespond-
ing to the function key

4, (3072 Function)

The 50T0 function allows you to go to a specific
line number. With 5070, you may jump to an area
of a long program quickly instead of scrolling to it.

5070 Line 14,
5. (MARK function)

Pressing causes the Mainframe to use the
cursor position as a reference point.

Position the curser at the first character of the line
and press (3] twice to mark the next two lines.
Each time you press the arrow and pass a line, the
line is marked in reverse video. To mark words or
characters, press the right or left arrows.

9100A Systems Training — Part I FL.UKE Customer Support Services
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6.

7.

8.

9.

10.

11.

13.

9100A Systems Training — Part I

I (CUT Function)

Pressing BBl cuts the lines that you previously
marked with the MARK function. The cut text is
stored in a buffer and is used in the next step.

Bl (PASTE Function)

Pressing [l pastes on the screen everything that
was stored in the cut buffer. The PASTE function is
useful in programs where a line of test or various
commands are used more than once.

50TO the line that your name appears on.

MARK your name, date, and company.

Press JREN (VANK).

What is the difference between YANK and CUT?
(SEARCH Function)

Pressing
text. When you press JBEl}, the editor asks you
what you want to search for. Enter “switch”.
Notice that the cursor advances to the first in-
stance of the word “switch”.

M (REFLACE Function)

Pressing JEEM replaces a specified string of charac—
ters with another string of characters. Press JEl;
the editor asks for the characters to be replaced.
Enter the word “suwitch” The editor now
asks for the characters that you want in the place
of the word switch. Enter the word “k=y” and a

_rl

(Retun] Notice that the word “zwitch” was.

replaced with the word “k=y”.
(Multiple Replace)

To continue replacing the word “switch” with
“key”, you can simultaneously press Shift and F8.
Perform this operation throughout the entire file.

(SAVE)
To save the file, press (SRYE).

FLUKE Customer Support Services
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14. Press the key on the auxiliary keypad. The
following information is provided at the top of the
screen for the current edit file and the userdisk:

®m Amount of userdisk space remaining
m Size of the program file
W Write protection

To leave the Info window, press again.
15. Exit

To exit the editor, press on the auxiliary
keypad. Each time is pressed you return one
level up in the editor. You are now at the /HDR
userdisk level. If you press again, you would
leave the editor and return to the Mainframe’s ap-
plication keypad.

To leave the editor from any level and return to

the application keypad, press and
simultaneously.

16. Exit the editor to the application keypad.
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sgram micro_data

T
devname = "Smodl

setspace( option

sync device dewvnames, mode “pod”
syng device "pod”, mode “dat
threshold device dewname, lev
counter dewvice dewname, mod
arm device devname

{1

u
I

o
w
ot
i
mw
[
=2
o
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ol
hoad
[y
M

a addr @, data
dr @
addr @,

addr
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The Debugger

The debugger is an interactive tool that locates logical
problems in TL/1 programs. With the debugger, you can
execute and control programs or any function within a
program. You can also view and alter the values of vari-
ables at any stage of program execution. By using the
debugger to view the values of variables during pro-
gram execution, you can determine if the program per-
forms as intended.

To demonstrate the debugger capabilities, perform the
following exercise.

Using the Debugger

1. Edit Jhdr/customersmain Type: Program.

You should now be viewing the program mzin. At
this point, it is not necessary to concentrate on the
TL/1 statements.

2. (DEELG)
Press to load the Debugger. The bottom of
the screen will display LOADING DEBUGGER. ...
When loaded, a status column will be seen on the
left side of the screen and new function key labels
appear.

3. (SEARCH)

Press BB The SEARCH function scrolls forward
to the characters you specify. This function is case
sensitive. Search for the word print. The cursor
should now be on line 14

4, (EREAK)

Press (BRERK) to set a breakpoint at line 14.

A breakpoint can be set for any line that performs
] an action. If a breakpoint has already been set,
| pressing removes the breakpoint. When a
| breakpoint is encountered, program execution will
} halt prior to the execution of the command(s) on
} that line.
|
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program micro_data
devname = "Smodl”
option = getspace space “memory’,widih “word’
setspace( option i
sync device devname, mode "pod’
sync dewvice "pod”, mode )
threshold device devhame,
counter device devnam
arm device devname

3 = @
— B rampdata addr @,

a = read addr 5]

&
Pual}

(]
‘:+<
=

T

I
e
z 1T
aal
W o+

i
i

o

o

e b
ot =
[

i

=3

II
=
)
=

I,I.I
]

)
o
(1)
-+
1
)
=2
i
w
-
+H
[y
a

rimpaita addr @, dats &, mas)

rampdata addr @, dats 9, mas

rampdata addr @, datz &, masi
readout device dewvnams

end program

PREDS RETURNG
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5. (VIEM)

The view softkey prompts for a program name and
then displays the program.

Press the '/IEW function key located between the

and function keys.

At the VIEW PROGREAM prompt, enter: read_urits
and press . You should be looking at the
program read_writs,

Search for print and set a breakpoint.

Press the Y/ IEW function key and enter main at the
prompt.

Press You should be back to the MAIN pro-
gram.

: (EXECUTE)

Press (EXECUTE) and then (Retun) (for the
default filename HAIM) to begin program execu-
tion. At line 14, a breakpoint is encountered and

program execution is halted.
Press to view the function key labels.

. (SHOW)

Press (SHOW). At the SHOW VARIAELE prompt,
enter the variable “3” then press You
should see: 2=4264E5 {(decimzal?. To see a value in
hex, press the (shift) and SEN 51mu1taneously The
variable “z” should still be there so press [Return |

You should now see: 3=5055 ihexl,

IR (5ET)

Pressing (ZET) allows you to assign a value to
a variable.

Set the variable “a” to the value $55AA (the dol-
lar sign ($) indicates the number is a hex value.
Use the down arrow key to move to line 17 and set
a breakpoint.

Do the same at line 18.

NOTE: Breakpoints may be set or cleared while
program execution is halted.

FLUKE Customer Support Services
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9.

10.

11.

9100A Systems Training — Part I

(canT) |
Pressing allows the program to continue ex-
ecution until either:

H program execution is complete,
B a breakpoint is reached,
H an error occurs,

m a UUT fault is detected.

Press (CONT). The Applications Display will
read: MAIN DATA =$55AR. The Programmers screen
will momentarily display the word LOADING....
until execution halts at line 9 of the program
read_write,

Press again. This time the Applications dis-
play prints read_write data=$A5AS and program
execution halts at line 17 of the program main.
Press

(TEF)

Pressing (STEF) causes the current TL/1
command to be executed, steps to the next com-
mand, then halts prior to it’s execution. If multiple
commands are on the same line, the arrow will not
move to the next TL/1 command line until all com-
mands on that line are executed.

Press (37EF) . The program will halt on the
first command line (line 3) of the program
DUS_TEIL.

Press COMT) . Execution continues and halts
at line 18 of program mair.

(MEXT)

Pressing (MEXT) causes the current TL/1
command line to be executed, steps to the next
command line, then halts prior to it’s execution. If
multiple commands are on the same line, all com-
mands will be executed and the arrow moves to
the next TL/1 command line. Press (HEXT).
Notice that unlike STEP, the NEXT function did not
allow the program to halt inside the called pro-
gram.

Press (ZOMT) to end the program.

FL.UKE Customer Support Services
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9-24

12.

13.

14.

15.
16.

17.

(INIT) |

Pressing the (IMIT) function key causes all
breakpoints to be. cleared and all variables to
reset.

Press (IMIT) . Observe that all breakpoints
are gone and you can no longer SHOW the variable
“a”. VIEW the program rezd_uwrite to verify the
breakpoint set there has also been cleared. VIEW

main.

Set fault SW1-1 to the fault position then execute
program main.
The program encounters a fault that is displayed in
a fault window.

FAULT)
Press (FAULT) to toggle the fault window on
and off.

Reset fault switch SW1-1 to the no-fault position.

Continue program execution by pressing
(FARULT) .

NOTE: The completion status of the program is
FAIL.

Leave the debugger and return to the Applications
keypad.

FLUKE Customer Support Services
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Section 10
Functional Test

This section is a series of exercises designed to introduce
you to the programming environment of the 9100A. The
exercises will familiarize you with the operation of the
program debugger, built-in functions, measurement
devices, and the TL/1 language.
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Bus Test

The built-in Bus Test is an easy, fast method of testing
the UUT microprocessor bus and provides excellent
diagnostic information to the user. Bus Test detects
faults that can cause almost all other functional tests to
fail.

Bus Test checks each address, data, and control line to
be sure each can be individually driven high and low. It
also verifies that no address or data lines are tied
together or stuck at a fixed level.

In most instances, Bus Test will be the first major func-
tional test performed on the UUT.

9100A Systems Training — Part I FLUKE Customer Support Services 10-3



Functional Test

grogram test_bus

program > DEFINE POD ADDRESS SPACE
block > EXECUTE BUILT-IN BUS TEST

znd program
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Bus Test Structure

The basic structure of the program used to test the bus
functional area of the UUT is illustrated on the previ-
ous page.

Exercise 10-1
Design the “test_bus” Program

1. Edit the program “test_bus” for the UUT trainer.

Prior to the entering the bus test command, you
should define the proper pod addressing space.
The address space option is pod dependent. This
information can be found in the supplemental pod
manual. For the purpose of these exercises, we
will consider only the following 80286 pod address
space options:

memory byte
memory word
170 byte
170 word

To set the space, the program must first access the
pod data base to retrieve the appropriate hex num-
ber sent to the pod. The TL/1 command used to
retrieve this number is getspace.

What would be the proper form of the getzpace
command if you wanted the pod to perform
memory word accesses?

9100A Systems Training — Part I FL_LJKE Customer Support Services
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setzpace space (getspace space “memory”, width "word")j

end program
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Once the proper value is retrieved from the pod
library, the 9100A then must send this number to
the pod. The command used for this is setzpace

2. Using the get=space and s=ispace commands,

enter the command line used to set the pod to per-
form memory word accesses.

Your program should look something like the fig-
ure illustrated on the previous page.

3. Using positional notation modify the setspace
command line.

The next step would be to perform the actual Bus
Test.

4. Enter the command that will perform the built-in
Bus Test on the trainer UUT.

The command asks for an address which the test
will use to perform the reads and writes. The ad-
dress specified in the bus test should be in a
memory location that is readable and writeable.
Other locations should only be specified if they
physically exist and are not written to by other

devices.

Use address 0 in your testbus command line.
Address 0 is the first address of RAM space on the
UUT.

5. Use the @8 (CHECK) function to check your pro-
gram for errors

6. Enter the debugger mode of operation and ex-
ecute your program.

Execution should have completed with zfatus =

ST
[
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program test_bus

ce space{getspace space ("memory”, “word”))
s addr @

end program

T = FRULT- WINDGW
EAULT MNAME: bus_addr_low_tied

addr line A4 pod pin 27 stuck low
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Bus Test Faults

Exercise 10-2
Stuck Address

1. Select fault switch Sw2-5 (Set to ON).

2. Execute the “test_bus” program and record the
name and description of the fault.

Exercise 10-3
Stuck Data

L. Select fault switch SW2-7 (Set to ON).

2. Execute the “test_bus” program and record the
name and decription of the fault.

Exercise 10-4
Fault

Input lines to the microprocessor are defined as STATUS
LINES. Every time the pod performs an operation on
the UUT these input lines are monitored.

1. Press and hold the button down on the
Trainer UUT.

2. Execute the “te=st_bus” program and record the
name and description of the fault.

91004 Systems Training — Part I FLUKE Customer Support Services

10-9



Functional Test

RAM Test
Exercise 10-5
Design the “tezst_ram” program

1. Design a program “test_ram” under directory
UUT/TRAINER, to test UUT RAM over the address
range of 0—1FFFE using the testramfast com-
mand.

2. When performing the test, check all 16 data bits,
use the default delay, and set seed to 1. (Don’t
forget the Address Option)

Exercise 10-6
RAM Data Fault

1. Select fault SW1-5 (Set to OFF).

2. Execute “test_ram” and record thé name and
description of the fault.

Exercise 10-7
RAM Address Fault

1. Select fault SW4-8 (Set to ON).

2. Execute “test_ram” and record the name and
description of the fault.

Exercise 10-8
RAM Cannot Modify Fault

1. Select Fault SW1-4 (Set to OFF).

2. Execute “test_ram” and record the name and
description of the fault.

9100A Systems Training — Part I FLWIKE Customer Support Services
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ROM Test
Exercise 10-9
Design the “tzst_rom” program.

1. Design a program “tzst-rom” to test ROM by
checking each ROM chip one at a time using the
tesiromfull command.

Exercise 10-10
Data Stuck

1. Select SW3-1 (Set to ON).

2. Execute the “test-rom” program and record the
name and description of the fault.

Exercise 10-11
All Data Stuck

This exercise illustrates the fault messages received
when testing ROM that has a fault that prevents a block
from being selected from the decoder.

1. Begin by selecting SW3-7 (Set to ON).

2. Execute the “t=zt_rom” program and record the
description of the fault.

9100A Systems Training — Part I FLWKE Customer Support Services
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Section 11
The TL/1 Test Language

TL/1 is a structured programming language specifically
designed for developing test and troubleshooting routines.
Command vocabulary is based on the test environment
and minimizes language learning time. On most com-
mands, default entries are available that simplify the
process of writing test and troubleshooting programs.
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program

declaration | —I

Junction definition blocks !

Jault condition handler
definition blocks

Jault condition exerciser
definition blocks

executable TL/1
statements and functions

end program
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Structure of a TL/1 Program

TL/1 defines two types of statements: simple statements,
and block statements. A simple statement performs a
single action. Block statements delimit the beginning
and end of blocks and control the execution of the
statements they enclose.

There are four types of definition blocks that can be
placed within a TL/1 program block:

prOgran

geclars
Defines the characteristics and initial value
of variables.These definition blocks begin
with a TL/1 declare command.

end declare

function
Defines functions that can be called
from any place within the program that
defines it. These definition blocks
begin with a TL/1 function command.
gnd function

handle
Defines a TL/1 block to be called when a UUT
fault condition is detected. These definition blocks
begin with a TL/I handle command.

end handle

2Herclse
Defines a TL/1 block to be called when a
UUT  fault condition is detected and the
LOOP key on the operator’s keypad is pressed.
These definition blocks begin with a TL/1
gxerolse command.

gnd exercise
! The main program would now begin here!

gnd programn

91004 Systems Training — Part [ FLUJKE Customer Support Services

11-3



The TL/1 Test Language

Variable Declarations

The TL/1 language supports three kinds of data:
Integer Numbers
data type: numsric

Integer numbers are 32 bit positive integers which
can have any value from 0 to 4,294,967,295 (base
10) or from 0 to FFFFFFFF (base 16). Numeric
values may be written in either decimal or
hexidecimal notation. Hexidecimal numbers must
be prefixed with the “$” character.

declare numerlic x = B

declare numeric y

[ %]

$
4

Floating Point Numbers
data type: floating

Floating point numbers use the IEEE standard for
double-precision floating-point numbers, except
that Infinity and NAN (Not A Number) are not
supported.

declare floating z = +1.23E-03
Character Strings
data type: string

Strings in TL/1 are sequences which contain from 0
to 255 ASCIHI (8-bit) characters.

declare string message = "HiI°

ASCII characters which do not have a
printabie representation in strings can be
placed in strings by using the backslash

“nl

~1EB

character:

is the string quote character

is the newline character
(defines the end of a line and
does not necessarily include a
line feed)

is the backslash character

is the ESC character

(the hexadecimal number
corresponding to the ASCII
ESC character is 1B)

9100A Systems Training — Part I FLUKE Customer Support Services
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grogram declare_l Ifollow the directions below to se=e how declares work
declarse
global numeric x = 32
end declare

function ww

declare

fglobal numeric x 'Run this progaram in debug with both variakles
fnumeric x fcommented out then run it with only one
end declare fcommented out and then run 1t again with

fonly the other one commented out and then with
Ineither commented out

if = 32 then
grint "global=32"

Iz

print "global=x"

gnd 1f

end function

i
"

print =
walt (2608)

L3

gnd program
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Local and Global Variables

Variables declared within an block (ie. function/end
function, handle/end handle, etc.) are local to that
block unless they are specifically declared as “global”.
Variables declared as “3lobal” in the declaration block
must also be declared as “global” within the block
which uses them.

Persistent Variables (Ver 5.0)

Unlike global variables, “persistent” variables retain
their values even between program executions. Per-
zistent variables are useful for communicating UUT
status between GFI stimulus programs.

Associated Commands:

resetpersvars resets the persistent variable set, to
the empty set.

clearpersvars clears the values of currently active
persistent variables.

9100A Systems Training — Fart I FL.UKE Customer Support Services
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11-8

Variable Arrays

Types: numeric
string
floating
Dimensions: Up to three dimension are supported =

and may have any number of sub-
scripts, limited only by available
memory. (Local and global only!)

Math Functions

fabs returns the absolute value of a float-
ing point number.

log returns the logarithm of the a floating
point number in a specified base.

natural returns the floating point value of a
selected natural constant.

o returns the value of one argument
raised to the power of the other argu-

ment.

zgrt returns the square root of a floating
point number.

zin returns the sine of a floating point
number.

asi returns the inverse sine of a floating

point number.

cos returns the cosine of a floating point
number.

acos returns the inverse cosine of a floating
point number.

tan returns the tangent of a floating point
number.

z2tan returns the inverse tangent of a float-
ing point number.

FL.WKE Customer Support Services
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Arithmetic Operations

Addition
Subtraction
Multiplication
Division
Modulus

Multiplies the operand by -1.0 (float-
ing point only)

Relational Operators

Equal to

Not equal to

Less than

Less than or equal to
Greater than

Greater than or equal to

Logical Operators

i '1:5 1

nat

Logical AND
Logical OR

Logical exclusive OR
One’s complement

Logical negation

9100A Systems Training — Part ] FL.LJIKE Customer Support Services

11-9
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String Operators

+

instr

taoken

appends a string expression to the end
of another string expression

returns the index number of the posi-
tion at which a sub-string appears in a
string, or zero if substring does not
appear in the string

returns the number of characters in a
string
extracts a new string of a specified
length from the given string beginning
with the character at the specified
index

extracts lexical tokens from strings

Type Conversion Operators

zscll

chr

str

UM

10y
i
—

1zflt

11-10

returns the ascii code of a character.

returns a string of a single character
corresponding to a numeric value.

returns the string representation of a
numeric operand.

returns the numeric value of a string
using the specified radix.

returns a string respresentation of a
floating-point number.

returns the floating-point value of a
string.

returns the floating-point value of an
integer.

returns the integer value (rounded) of
a floating-point number.

pre-test an expression for validity as
arguments to the val command.

pre-test an expression for validity as
arguments to the fval command.

FLUKE Customer Support Services
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Bit Shifting Operators

returns new value of operand after
shifting left by one (or more) bits.

returns new value of operand after
shifting right by one (or more) bits.

Ty

Bit Mask Operators

bitmask returns a number in which all bits
from bit 0 through the specified bit
are set.

zzthit returns a number in which the bit

specified is set.

53+ returns the index of the least-sig-
nificant set bit in the operand.

mah returns the index of the most
sigificant set bit in the operand.

System Functions

systims returns the number of seconds since
00:00:00 on January 1, 1980.
rezddate converts the number returned by

systime into a string usable as the
current date.

-
i

format time information from z.z-
tims.

last data that was read or written.

u
[
P
w
e
m

last address that was read from or
written to.

(11}
i
14
b
i
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The TL/1 Test Language

Loop Constructs

loop / end loop
loop until

loop while

loop for

for 4 next

Conditional Statements

if then

alse

elze if

end if X

Transfer of Control

abort
acta S label

Devices and Files

File naming convention

Delete
Path name .
] ; 1/
List of device names /
User Defined Functions 0
i // .

Passing Parameters
Returning a Value
Scope of Declared Variables

11-12 FL.UKE Customer Support Services
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The TL/1 Test Language

Communicating with Devices
and Files

The TL/1 language includes commands which provide
access to the 9100A’s communication devices (eg.
operator display/keypad, RS-232 ports, etc.) as well as
text files stored on the floppy or hard disk. Below is a
list of the 9100A's devices which can be directly ac-

cessed: /
Jtermi Mainframe’s three-line Display /

Keypad
Jterm2 Programmer’s Monitor / Keyboard ,
fportl Isolated RS-232 port ’
Jportd Non-isolated RS-232 port

Text file names must conform to the normal 9100A file
naming convention (ie. up to 10 alpha-numeric charac- -
ters) and can include the name of the userdisk and UUT
where the file is stored, as shown below:

video_data
Fhdr/turbo_xt/video_data S,

To get information from a device (or file), the input

statement is used. The following program fragment

demonstrates the use of the input command to get a _
numeric value from the default device (/terml) and x
place it in the variable called “end_address":

declare numeric end_address

m

input end_address v . .

Information can also be sent to a device by using the o |
print statement. The following is an example of a [" R = (
print command which will send the character string : : -
“a_meszage” to the default device (/terml):
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The TL/1 Test Language

Redirecting Input/Output

It is sometimes desirable to print (or input) to a
device other than the default. To do this, a “channel”
must be opened to the device and all print (or input)
statements must then reference this “channel”, as
shown in the examples below:

declare numeric in_chan
declare numeric out_chan
declare string a_string
declare numeric file_chan

in_chan = open device "/term2”, as "input”

out_chan = open device "/term2®, as “output”’

file_chan = open device
“/hdr/ocpul/test_log”, as “output’

input on in_chan, a_siring
crint on out_chan, a_string
grint on file_chan, a_string

cloze {(in_chan?
zlose (out_chan)
clase (file_chan?

The open command returned a numeric value that rep-
resented the “channel” to be input from (in this ex-
ample the channel pointed to /term2 ... the program-
mers keyboard). The numeric variable in_chan must
be used in each input command that is to get it’s data
from /term2. Once the program is done using /termz,
the channel should be clas=d.

;(?
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The TL/1 Test Language

1/0 Modes

By default, the input command uses what is called the
“puffered” mode. This means it will not input charac-
ters until the key (carriage return) has been
pressed, at which time it will retrieve all characters up
to the carriage return. It is sometimes desirable to
have input return one character at a time. This can be
accomplished by opening the device in “unbuffered”
mode. There are other mode options used for the RS-
232 ports and in specifying window parameters (refer to
the TL/1 Reference Manual).

lare numeric in_chan
lare

in_chan = open device "/terml”
input on in_chan, ¥

In the previous example, if no character had been
pressed, input would have returned a null. It’s a good
idea, therefore, to see if a key has been pressed before
attempting an input when using unbuffered mode.
The g=11 function can be used to check an open chan-
nel for input characters. (The poll command can
check for other events as well ... refer to the TL/1 Refer-
ence Manual).

91004 Systems Training — Part I FLUKE Customer Support Services
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The TL/1 Test Language

declare numeric in_chan
declare numeric status
declare string a_character

in_chan = open device "/term2”, as "input®, mode °

I See if there is a character to be "input”
status = poll channel in_chan, event "input”

I Stay in loop until there is a character

|

]
t

JI ]

p until status = 1
tus = poll channel in_chan, event “input”
1::'}

[ BT}

(]
o]
(N

I Get the character

m

input on in_chan, a_character

U1t another way to do the same thing !

numeric iln_chan
numeric status
string a_character

m

Do I I

. o

iy
e B
T

P]

[y ) )

o
(V]
=
o

open device “Jterml”, as "input”, mode “unbuffered”
loop until ( poll {in_chan, “input®) = 1)

I do nothing y
gnd loop

input on in_chan, a_character

Only single-character strings can be input using “un-
buffered” mode, whereas “buffersd” mode allows
for inputing multi-character strings as well as numeric
values. Refer to the TL1 Reference Manual to see what
the differences are between “buffered” and “unbuf-

fered” modes when using the print statement.
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The TL/1 Test Language

Specifying the Address Option in TL/1

stzpace / szetspace

R XY RN

Functional Test Commands

pretesiranm performs a very fast pretest of RAM
to find any simple faults such as total-
ly dead memory chip, stuck address
lines, or stuck data lines.

testhus bus test for micro-processor emula-
tion pods
tesiramfast |
; amfull | !
nfull 4
=3 , e P

Juritewvirtual
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Device Setup Commands

[

3 m
a

G

old

oo
DaCRNbu s
[ a4

1]

— N
L) CRE) (s
3

1w
[ (RS e |

Iy O O

unt
]

[ I (R Y

(1 ORI S e ]

/ getoffset
1

oW

10

m o+
ol = I XY B ]
Lo I ) (R ]
b B O S |
D

[ B
W o+

c

Measurement Commands

arm

readout
checkstatus

__un+

lawvel

=19

pollbutton

readbutton

1/0 Module to Write Data Patterns

storepatt / writepatt
clearpatt
learoutputs
strobeclock

/0 Module to Recognize a Data Pattern

[y}

compare / lomod_de
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Run UUT Functions

runuut

haltuut

waituut

polluut

runuatvirtual

Causes the UUT to begin executing in-
structions from its own memory.

Terminates normal runuut operation,
if it is active, and displays any fault
conditions that occurred during
runuut execution.

Suspends TL/1 program execution until
one of the following events occurs:

1) The pod encounters a breakpoint
2) A DCE condition occurs

3) The number of milliseconds
specified expires

returns a value indicating whether the
pod is exectuting instructions in the
runuut mode. '

Causes the UUT to begin executing in-
structions from it’s own memory,
asyncronously to the system.

Prompting the Operator

fault
passessfails
refault
handle =1k

9100A4 Systems Training — Part I
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The TL/1 Test Language

GFI Functions

[
—+
s

[
.+-'
[

gfi
gf1
EH:'i

-

gf1

device
test

1]
n

73
Ea
w
o+
[y
L]

i
[y}
[y}
[
i
ho

dbquery

11-20

Add a node to the end of the GFI hint list
Get the next node in the GFI hint list

Erases GFI summary and GFI sugges-
tion list

Determine if program is being ex-
ecuted under GFI control

Get name of GFI measurement device

Executes all stimulus routines as-
sociated with a pin

Gets the status of a node

Returns string containing GFI acusa-
tion of failure

Forces GFI to pass a node

Forces GFI to fail a node

Starts GFI automatically if GFT hints exist
Gets the name of the node being tested

Retrieve informaton from GFI
database

FLAJIKE Customer Support Services
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Pod Specific Support

readvirtual
uritevirtual

Vector Output 1/O Module

clockfreq external clock frequency (1,5,10, or
20MHz).
drivepoll returns information about vector driv-

ing status when driving vectors

gdysoutput sets the signal edges for triggering the
START, STOP, and DR CLK lines

znableoutput  controls enabling (or qualifying) of
the vector drive clock

strobeoutclockprovides a software controlled strobe
for single-step vector driving when the
syncoutput mode is set to “int”

syncoutput determines the clocking source for
driving out vector patterns

vectordrive  enables the vector drive function

vectorload loads the named vector file into the
declared /O module(s)

9100A4 Systems Training — Part I FLUKE Customer Support Services
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Window / Menu Commands

define menu defines a menu or menu item.

define mode  defines the way a reference mode
designator is displayed in a window.

define part  defines the shape and size for a drau
command.

define ref used to define a reference designator.
It associates a reference designator with
a location in a window and a part shape
previously defined by a define part
command. To display the reference
designator, use a draw command.

define text  used to define text to be displayed in
a window using the scaled location
coordinates of a draw command. A
piece of text is associated with at-
tributes and a location in a window.

drau draws all the previously defined UUT
components and then all of the defined
text on a window in the monitor.

draw ref draw previously defined UUT com-
ponents on a window in a monitor.
Can also be used to change the dis-
play mode of a component or list of

components.

draw text displays the text at the scaled location
indicated.

raadmeny used to display and read from a menu

defined by the define menu command.

]
m
:‘_::=
10

removes definitions made by a
define command.
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Section 12
PIA Functional Test
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PiA Functional Test

) Bus Port C
Controller =) 4004
o
%
Address PIA
Clock § y Addiess | Decode | 7 , ~ m-oiB,
Reset a. Buffer S 4002
‘ o
S
E .
. .| Data |, . Port A
| Bufter | ' 4000
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PIA Functional Test

Exercise 12-1

1. As a class, develop a flow diagram that tests the
PIA using the I[/O Module with the 40 pin clip.

2. As a class write the program.
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Section 13
Handlers
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Handlers

program

declaration

Junction definition blocks

fault condition handler

Jault condition exerciser
definition_blocks

executable TL/1
statements and functions

end program
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Handlers

Exercise 13-1
1. As a class write a Handler to handle fault 3-1.
2. As a class write a Handler to handle fault 4-2.

3. As a class write a Handler to handle a faulty ROM
chip.

4. As a class review the faults that were raised in the .
PIA Functional Test.
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Appendix A
Glossary

ADDRESS BUS

A number of lines used by the microprocessor for locating
data in RAM, ROM, or /O devices. DMA controllers may
also use the address bus for transferring large blocks of
data to or from memory. Each line is referred to in-
dividually as an address line.

ALGORITHM
A prescribed set of rules or procedures for solving a com-
plex problem.

ASCl

American Standard Code for Information Interchange as
defined by ANSI document X3.64-1077. ASCII is a stand-
ardized code set for 128 characters including full alphabet
(upper and lower case), numerics, punctuation, and a set
of control codes.

ASYNCHRONOUS DATA/CIRCUITS

Data or other signals that function independently of
microprocessor bus cycles.

ASYNCHRONOUS MEASUREMENT

A technique used by the 9100A to measure digital signals
not synchronized to the microprocessor bus timing.

BACKTRACING

A procedure for locating the source of a fault on a UUT by
taking digital measurements along a signal path from bad
outputs to bad inputs. Backtracing stops at the point
where a bad output has all good inputs.
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BLOCK ADDRESS

A set of contiguous addresses defined by a beginning and
ending address.

BLOCK READ

TL/1 command that reads a specified block of UUT addres-
ses to a text file using a specified format (Intel or
Motorola).

BLOCK WRITE

TL/1 command that writes a text file using a specified for-
mat (Intel or Motorola) to a specified block of UUT ad-
dresses.

BREAKPOINT

Stops program execution when a previously defined condi-
tion occurs. The TL/1 debugger uses a line oriented break-
point that stops program execution just prior to executing
the specified program line. The new interface pods have a
breakpoint feature that stops RUN UUT execution when a
specified UUT address appears on the address bus.

BUFFER

1: A device used to isolate one circuit from another (i.e. a
bus buffer prevents a bus failure in one circuit from inter-
fering with the same bus in another circuit). 2: Used to
boost the drive capability of the circuit being buffered. 3:
Provides temporary data storage for data transfers, usually
between memory and /O devices.

BUS

A series of bi-directional lines connected from the
microprocessor to each device that interchanges data with
it. Only one device can transmit at a time while any num-
ber of other devices can receive or be placed in a tri-state
condition.

CAD (Computer-Aided Design)

Electronic CAD systems let the user create, manipulate,
and store designs on a computer. Used mainly for laying
out complex, high density, multi-layered printed circuit
boards. :
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CAE (Computer-Aided Engineering)

Very similar to CAD systems except they are used more for
design simulation, verification, and optimization.

CAS (Column Address Strobe)

A line used by dynamic RAM to latch the column address
into the RAM device.

CAPTURE SYNCHRONIZATION

Synchronizes the response gathering hardware with vector
output timing generated by the Vector Output /O Module.

CONTROL LINE

An output line from the microprocessor that controls a
particular function such as Read or Write. Also an input
to a device which enables, disables, or controls the device.

CRC (Cyclic Redundancy Check)

A CRC (often referred to as signature) is a four digit
hexadecimal number representing a serial stream of binary
data. The binary data is shifted through a special 16 bit
register which when complete, results in a 16 bit signature
remaining in the register.

DATA BUS

A bus used to move parallel data between the CPU,
memory, and [/O devices.

DEBUG

Locating and removing hardware and software errors.

DEBUGGER (9100A)

A TL/1 Editor tool used to test the functionality of TL/
programs and debug execution errors.

DIRECTORY

A collection of related data sets (i.e. program files, text
files) on a disk.
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DMA (Direct Memory Access)

A technique for quickly transferring large amounts of data
directly between /O devices and memory or between
memory and memory. The DMA controller supplies ad-
dress and control signals required to accomplish the trans-
fer directly rather than going through the CPU.

EDITOR

The programming environment that provides accessibility
to files and automated test development.

EXTERNAL SYNCHRONIZATION

This technique uses the external Start, Stop, Clock, and
Enable lines on either the 1/0 or Probe clock modules to
provide measurement timing.

FAULT
A defect in a UUT that causes the circuitry to operate in-
correctly.

FAULT COVERAGE

Normally expressed as a percentage of faults that a board
test can detect of all possible faults.

FAULT DETECTION

The process of determining if a UUT has faults. See FUNC-
TIONAL TEST.

FAULT ISOLATION

The process of locating the component or defect causing
the failure.

FUNCTIONAL TEST

A test that provides a pass/fail status on a specific section
of the UUT circuitry.

GFI (Guided Fault Isolation)

An automated backtracing algorithm used to locate the
source of a failure.
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HANDSHAKING

Incorporates the use of special control lines or control
codes to coordinate the transfer of data between two or
more devices.

ICT (In-Circuit Test)

A test performed on one component at a time to verify
component functionality; does not check for dynamic inter-
action between components.

IMMEDIATE MODE

The operating mode in which the operator interacts with
the 9100A via the Applications keypad and display. Ac-
tions specified are performed as the proper keys are
pressed.

INTERFACE POD

Translates generic mainframe commands (read,write,bus
test, etc.) into microprocessor machine code to accomplish
the desired action at the UUT.

INTERRUPT
An input to the microprocessor that is activated by an 1/0
device when it is ready to perform a function.
INTERNAL SYNCHRONIZATION

Used when the /O Module is the source of the stimulus.
The clock edge used by the measurement device is
generated internally by the program.

1/0 (Input/Output)

Generally refers to external input/output devices (key-
board, modem, or display) and the interface (P1As, UARTS,

- DUARTS, etc.) required to communicate with the
Microprocessor.

1/0 MODULE

A part of the 9100A system that can both stimulate and
measure digital circuitry with up to 40 separate lines.
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KERNEL
The heart of a microprocessor-based system which in-
cludes the microprocessor bus, RAM, ROM.

MASK
A value where each logic 1 represents a bit that is to be
acted on.

NODE

A set of component pins on a UUT that are connected
together.

PIA (Parallel Peripheral Interface)

A popular /O interface device that has three, 8 bit /O
registers, or ports that can be configured as input, output,
or bi-directional.

POD SYNCHRONIZATION

Synchronizes the response gathering hardware with an in-
ternal pod signal called podsync. Podsync generation can
be made to depend on valid address, data, or other (pod
dependent) timing cycles.

RAM (Random Access Memory)

Semi-conductor memory that can be read or written to
much faster than tape or disk drive memories. There are
two basic forms of RAM,; static and dynamic. Dynamic
RAM requires a periodic refresh cycle and special circuitry
to perform, but uses considerably less power and space
than static RAM and generally comes in higher density
packages.

RAS (Row Address Strobe)

A line used by dynamic RAM to latch the row address into
the RAM device.

REGISTER

A temporary storage device for holding data.
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RESPONSE

The measurement of a node characterized by the stimulus
applied.

ROM (Read Only Memory)

Used mostly for storing programs not intended to be al-
tered. Often referred to as firmware. Some ROMs can
only be programmed once (PROMs), but due to the need
to make software changes, reprogrammable ROMs
(EPROMs, EEPROMS) are also available.

ROM SIGNATURE

A four digit hexadecimal number (CRC) which represents
the data stored in a specified section of ROM. The signa-
ture is obtained by shifting all the binary bits in the
specified ROM space through a special 16 bit register.

RUN UUT

A 9100A command that causes the microprocessor in the
pod to fetch instructions from the UUT memory.

SERIAL DATA
Binary data transferred one bit at a time on a single line
or channel.

SIGNATURE
See CRC and ROM Signature.

SOFTKEY
A key whose function is determined by software and is
changeable.

STATUS LINE
Input lines to the microprocessor used for reporting UUT
conditions.

STIMULUS

Signals generated by the interface pod, 'O module, probe
or externally such as an operator, and is used to exercise a
node in a predictable and repeatable manner.
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STIMULUS ROUTINE

A sequence of commands that begins a measurement,
provides a stimulus, then ends the measurement.

SYNCHRONOUS DATA

Concurrent with microprocessor bus timing cycles.

SUB-ROUTINE
A set of software instructions that may be used over again
in a program.

TL/1 (Test Language One)

The programming language used by the 9100A to perform
tests on a UUT.

TRI-STATE
Being in a high impedence state.

UUT (Unit Under Test)
The circuit board or system being tested by the 9100A.

USERDISK

In the 9100A, Userdisk is the highest level in the disk
structure. Userdisk can be either the hard disk (HDR or
/hdr) or the floppy disk drive (DR1 or /dr1).

VARIABLE

Provides the means for storing and changing data values in
a program. For example, if x is the variable name, it’s
value would be stored and then changed as follows:

=35 ! assign the value of 5 to x
print x ! print the value of x
x=x+3 ! add 3 to the value of x (x = 8)
print x ! print the new value of x

VECTOR OUTPUT |/O MODULE

A 9100A option that allows test vectors to be applied to a
UUT at speeds up to 25 MHz.
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VIRTUAL ADDRESS

An address that extends beyond 32 bits. Used when ad-
dressing special addresses in some pods.

WAIT STATE

This causes a delay in the microprocessor bus cycle to give
slow devices time to be accessed, or a RAM refresh circuit
time to complete it’s refresh cycle.

WINDOW

An area of the programmer’s display that is reserved for
certain information. The programmer can make the win-
dow appear or go away by pressing the proper key, depend-
ing on whether the information is needed.
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