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Increasing the speed of
RAM testing with HyperRAM

The new HyperRAM test algorithm (patent pend-
ing) was developed by John Fluke Mfg. Co. to provide
fast RAM testing while retaining comprehensive fault
detection capabilities. HyperRAM is included in
Fluke's new Hyper TEST™ procedure for fast func-
tional memory testing with the 9100 Series Digital Test
System and the 9000 Series Micro System Trouble-
shooter. Also included in HyperTEST is HyperROM, a
new algorithm that greatly increases the speed of
ROM testing.

RAM test algorithms and techniques

Various RAM test algorithms now in use balance
the need for thorough testing with available test time.
Each of these tests sacrifices some fault detection
capability to reduce testing time.

The simplest form of RAM test is the read/write
test commonly used in power-up self tests. At the other
end of the spectrum are complex multipass tests such
as the 30N (where N is the number of accesses per
memory location), 16N, and 14N tests that improve
fault coverage at the expense of speed.

In between the simple read/write and the complex
multipass tests is Fluke’s 5N probabilistic test called
RAM Fast. This patented RAM test algorithm covers
most common faults deterministically while detecting
other less common faults probabilistically. The chance
of detecting faults probabilistically improves with
multiple executions of the test or with multiple occur-
rences of similar faults. The faults detected probabilisti-
cally by the RAM Fast test commonly cause multiple
occurrences of similar failures. The RAM test algo-
rithm uses pseudo random data to
perform five accesses to each RAM
address. The speed and fault cover-
age of this test are excellent.

Fluke’s recently developed
HyperRAM algorithm expands
on the RAM Fast test by provid-
ing much faster execution
while retaining the same fault
coverage. Rather than using

an infinite string of random data that must be calculated
at each address location, the HyperRAM test uses a
small fixed set of random data before beginning the
test. This fixed block of random data is reused as many
times as necessary to cover the entire range of RAM
addresses tested. Eliminating data calculation and
utilizing fixed block sizes vastly improves test speed.

The HyperRAM algorithm, along with optimized
test methods, has been incorporated into the 9000A-
80286H Microprocessor Interface Pod. The 80286H
pod with HyperRAM capability is supported by the
Fluke 9000 Micro-System Troubleshooter and the 9100
Digital Test System. Future pods will also incorporate
the HyperRAM test function.

Optimizing features of HyperRAM
The HyperRAM test implemented in the 80286H

pod has been optimized beyond the test algorithm.
HyperRAM test speed was increased by programming
the algorithm in assembly language instead of a high
level language like C. To further increase the speed of
the HyperRAM test, the 80286H pod uses the following
optimizing features:

= memory emulation of overlay RAM

w native processor execution (RUNUUT mode)

= breakpoints

“HyperRAM.,”
continued on
page 2




test, to 6 seconds. Test time was
reduced from 11 minutes to 13
seconds when testing a 2 Mbyte
Intel Above Board 286 expansion
RAM card.

Implementation of
HyperRAM

The Fluke HyperRAM test
utilizes all of the optimizing fea-
tures mentioned earlier. The
HyperRAM algorithm uses the
80286's string move and compare
instructions where possible to
quickly copy or test large sections
of memory. The test is executed

Conclusion

As microprocessor-hased
products become more complex
and more memory space is

HyperRAM...
(cont. from pg 1)

The HyperRAM test is exe-
cuted in the RUNUUT mode
while the algorithm resides in the
overlay RAM in the pod. This
allows the RAM test to execute
considerably faster than tradi-
tional microprocessor emulation,
since no bus switch or single step
operations are required. Further,
since overlay RAM in the 80286H
pod is high speed, with zero wait

Fluke Troubteshoo

... The HyperRAM algorithm executes a test up
to 60 times faster than the RAM Fast test.

states, RUNUUT executes test in-
structions faster than some UUT
based self tests.

Breakpoints send signals to
the host test system that a test is
complete. A “break” occurs once
a preselected event has occurred,
such as reaching a specific ad-
dress or data pattern. Once the
test is complete, information can
be extracted from memory by the
test system. Breakpoints can also
be used to check the status of the
HyperRAM test without stopping
the test. If the test is still running,
a “busy” signal is returned to the
host test system.
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in protected mode, allowing
access to the 80286's entire 16M
byte address space. Breakpoints
allow the 80286H pod to commu-
nicate status information to the
host test system at regular inter-
vals.

HyperRAM is executed on the
9100 Series in immediate mode
by selecting the *HYPER” softkey
under the “RAM TEST” menu.
This invokes a T1./1 program
which requests the RAM test
parameters and passes them to
the pod. The user enters values
for the address space including
the starting address, ending
address, random number seed,
and delay. The T1./1 program
then starts the test, monitors its
progress, invokes a diagnostic
routine if the test fails, and reports
the results.

Execution on a 9000 Series
instrument is accomplished by
writing test parameters to special
addresses in the pod using the
basic WRITE operation. The test
begins executing when the last
parameter is entered. Test status
is monitored by performing
READ operations. On completion,
the diagnostic information (e.g.,
failed address, expected and
actual data) is read from addi-
tional special addresses in the
pod. For more information on
performing the HyperRAM test
on the 9000 Series Trouble-
shooter see the 9000A-80286H
Istruction Manual, Section 3.

Using a 9100A Digital Test
System and a 9000A-80286H
Interface Pod, the HyperRAM
algorithm executes a test up to 60
times faster than the RAM Fast
test (depending on the size of the
memory being tested). When
testing the memory of an IBM
PC/AT, configured with 512K
bytes of DRAM running at 6 Mhz
with 1 memory access wait state,
the test time was reduced from
165 seconds, using the RAM Fast

HyperRAM Fault
Coverage

The HyperRAM algorithm detects two
types of RAM faults:

a Those that exist (or do not exist)
with 100% certainty.

n Those that are detected part of the
time with a specified probability.

Although the second category of
faults are only detected part of the time,
muitiple faults multiply the probability
that at least one will be detected. The
HyperRAM algorithm is designed to
detect faults that typically occur in more
than one place. For example, address,
row, or column decoder failures all cause
large sections of RAM to fail simuttane-
ously. if as few as 32 locations are
affected (even though the probability of
finding a single isolated fault might be
only 50%), the chances of not detecting
at least one fault in 32is 1in 2.15 x
100,

Many different types of RAM faults
are detected by the HyperRAM algorithm, -
including stuck memory celis and afiased
cells. Stuck memory cells always pres-
ent the same logic level, 1 or O, regard-
less of what the level should be at a
particular location. Aliased celis are cells
that are effectively “shorted” together;
this occurs when data written to one cell
is written to other cells. Aliasing may
also occur when a single cell is selected
on read and write operations even .
though different addresses are specified.

Faults detected with 100% certainty
include:

u Stuck memory celis.
» Stuck data fines.
= Stuck address lines.

w Shorted address lines.




added, demand for a faster RAM
test will continue to rise. Hyper-
RAM is designed to answer these
demands by optimizing test times
without sacrificing the test cover-
age expected of modern, high

quality RAM tests.

n Cells at different addresses that
are aliases.

m Uni transitionat stuck at fault (the
cell initially contains one level, but
gets stuck after a write to the op-
posite level).

Faults detected part of the time in-
clude:

(The numbers in parentheses
indicate the probability of detection on a
single test execution).

m A pair of celis within the same ad-
dress that are aliases (50%).

= Data written to a cell overwrites
data in a cell located at a different
address (50%).

= Data read from a cell is actually
read from a cell located at a
different address (aliasing) (75%).

n A cell value that is influenced by
the value in a second cell (50%).

= A cell value that is influenced by
the value of an address line
(50%).

u A cell value that is influenced by
the values in N other cells (pattern
sensitivity) (100 x (.5Y)%).

m Shorted data lines, where N is the
number of addresses affected
(100 x (1 ~.5M%).

The HyperRAM test also detects dy-
namic RAM refresh problems. If the
test is invoked with an adequately large
delay parameter, all RAM refresh circuit
failures are detected. Occasionally, it is
necessary to disabie the pod’s
“standby read” feature so that standby
reads do not artificially refresh the RAM.

90 Series
News—

Application Note

The 90 Series Board Testers
are surprising many users with
their simplicity of operation.
However, the turn-on with the
unit under test may require spe-
cial consideration for the way the
designer handled some elements
of his design. To address this
issue Fluke offers an Application
Note, “Getting Started with the 90
Series” with seven pages of hints
to help insure success. This is
highly recommended reading for
the service engineer and may
provide good advice for the de-
signer as well on the topic of
“designing for testability.”

Philips
Instruments
complement
Fluke line of
board testers

To complement our line of
board testers, Fluke offers a
broad line of technologically
innovative, high performance
logic analyzers and digital storage
oscilloscopes, with unprece-
dented ease-of-use. The Philips
logic analyzers are ideal for hard-
ware-software integration, plus
hardware and software develop-
ment.

Philips digital storage oscillo-
scopes offer advanced features
like 2GHz bandwidth, user pro-
grammable set-up memories, and
unmatched calculating and analy-
sis capabilities. Also featured is
AUTOSET, for automatic selec-

tion of channel, amplitude, time-
base and trigger to provide error-
free display of any input signal.
Philips DSO's also provide a wide
range of performance in speed
and resolution to capture, display,
measure and document even fast-
changing signals in a variety of
applications. For more informa-
tion contact Fluke at 1-800-44-
FLUKE ext. 77.

9100 On-site
service

Onssite service for your 9100s
is now available. If you're using
your 9100s for production test, or
they find their way into a critical
repair turnaround environment,
you demand guaranteed uptime.
For approximately 2.3% of the
acquisition price, you get on-site
repair service that supplements
your 90 day warranty and meets
this demand. After the end of the
90 day warranty, for only about 6%
of the acquisition price, you get
extended warranty coverage as
well as on-site service for one year
to help keep your test operation
running smoothly.

In the U.S,, call 1-800-44-
FLUKE, ext. 73, to find out more
about this Fluke service. To
order this service in other coun-
tries, call your local Fluke repre-
sentative.

Free training
available for
9100 and 9010

With the purchase of a main-
frame, Fluke offers free training
for 9100 and 9010 customers. Ask
your Account Manager about a
certificate entitling you to either a
hands-on application for the 9010,
or a hands-on application and
programming course for the 9100.
The courses are specifically
designed to drive your perform-
ance curve higher. This program
has been in effect from July 1,
1987 for U.S. customers. Only
one certificate per mainframe.

Fluke

Troubleshooter

QuickTools ™
Software for the
90 Series

Fluke introduces QuickTools,
a software package designed for
remote operation and control of
the Fluke 90 Series through an
IBM PC or compatible. Quick-
Tools makes remote operation of
the 90 Series as easy as using the
Tester's front panel. This package
allows you 1o use not only all of
the ‘local’ features via the RS-232
interface, but also accesses fea-
tures not available through the
front panel, including:

m Break-Point

m Frame-Point

External Trigger
m Upload

m Download

m Memory Fill

m and many others!

Also built into QuickTools are
features which allow the operator
to:

a Stimulate entire board
through creation of batch
tests

m Create & edit programs
using built-in program editor

m Record or print entire inter-
action between 90 Series and
PC

m Make easy remote com-
mand syntax calls via pop-up
prompting

a Check out program steps on
90 Series while in ‘Interac-
tive’ mode

m Execute short sequences
with function keys

Price: $300, U.S. List »
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A Case History

Using the Fluke
Troubleshooter
for production
testing

By Edward A. Gedeon

The evolution
and future direction
of a production

test system.

For several years, a major
manufacturer has been using
Fluke Troubleshooters and In-
strument Controllers for produc-
tion testing and repair. Described
below is the evolution of the test
system and its future direction.

Developing the need

A division of the company is
the leading manufacturer of
newspaper and commercial
printing equipment. In 1979, the
“electronics” of a press consisted
mainly of switches, relays, and
miles of point-to-point wiring. The
first microprocessor based sys-
tems had just reached the draw-
ing board. These early systems
were either functionally identical
replacements of older electro
mechanical designs, or add-on
features that performed single
functions such as aligning the
margins of the paper entering the
press. These new features were
very popular with customers, and
orders for microprocessor con-
trols increased steadily.

The increased production that
followed required increased
testing capabilities. At first, each
new design had dedicated, stand-
alone test fixtures with varying
sizes, shapes, connectors, proce-
dures, and test difficulty. One
tester had 121 switches and 104
lights on the front panel and stood
seven feet tall. It was commonly
referred to as “The Port-a-Potty”.

Not all fixtures were this
complex. For example, our group
designed a tester for a micropro-
cessor-based board with separate
kernel, RAM, ROM, and 1/Q line
tests. The tests could be run
individually or in sequence, with
error messages displayed on an
alphanumeric display. One could
step through a test, loop on an
error, or abort the test program.
This test fixture was very success-
ful. However, it was designed for
on board testing only. We were
faced with redesigning identical
features into every fixture for
each new circuit board. Fortu-
nately, the Fluke 9000 Series has
helped simplify the development
of test fixtures.

The 9010A Troubleshooter
performed all the functions of our
previous test system, but was
simpler to program. After spend-
ing five years working with as-
sembly language, the 9010A
instruction set was a welcome
change. The 9010A language
compiler made programming
simpler. Software development
time was reduced and the only
additional hardware was easily
satisfied with off the shelf /0O
boards and interface cables.

Used alone, the 9010A still has
afew drawbacks. Program size
and complexity are limited.
Prompts and error messages are
limited by the 32character dis-
play. Trying to perform simple
arithmetic with the 9010A is

difficult, even with the utility
subroutines developed by Fluke.
These problems were eliminated
when the current system was
adopted: A 9020A Troubleshooter
coupled with a Fluke 1722A
Instrument Controller.

The current system

The Fluke 1722A Instrument
Controller was first used in 1985,
and since then, test programs for
over fifty different circuit boards
have been developed. The 1722A
uses the [IEEE-488 bus to control
the 9020A Troubleshooter and
the 6809 Interface Pod. Test
menus and programs are dis-
played on the touch screen; in
most cases, the test operator can
run the entire program using only
the touch screen. A second 9020A
was added to develop an intelli-
gent serial 1/0 board based in the
Motorola 68008 uP. This board
was tested using a 68000 pod and
an adapter. We kept both test pro-
grams in the system, using one
for testing 8-bit boards with the
6809 pod, and the other for 16-bit
boards using the 68000 pod. We
recently added a [luke 8840A
DMM connected to the IEEE488
Bus and under control of the
1722A

The remaining hardware in
the test system consists of a ST
Bus Card Cage (for 8-bit boards),
a Gespeac G 96 Card Cage (for
16-bit boards), a power panel
which makes various DC voltages
available for test purposes, and a




few special purpose interface and
/0 boards to monitor signals
output from the UUT. We have
designed our own interface
boards using off the shelf [/O
boards.

Test programs are written in
BASIC and stored on 5 /2" disk-
ettes. To help reduce software
development time, a library of
subroutines for common func-
tions such as touch screen input,
menu generation, error handling,
and program chaining has been
developed. Programming time
ranges from one to four weeks
depending on the complexity of
the board.

Originally, boards that were
installed in the same chassis had
their programs stored on the
same diskette. Soon, two prob-
lems arose. First, some systems
were more complex than others,
so that some diskettes were filled
to capacity while others held only
two or three programs. Second,
when a technician on the manu-
facturing floor was given a new
board to test, he was confused
about which diskette contained
the test needed. The problem was
solved by putting the test pro-
grams in numerical order, using
the part numbers of the boards
being tested, and labeling each
diskette with the range of boards
it tested.

A typical board test is per-
formed as follows. The test sys-
tem is set up with the 1722A, or
9020A with interface pod, a CPU
under test, and one or two I/0O

boards. The diskette is loaded
into the 1722A disk drive. Then,
the menu driver and all of the test
programs are copied to the 1722A
internal RAM. The IEEE488 port
is initialized, the BASIC shell is
loaded, and the main menu is
generated, listing all of the test
programs on the disk. The test
operator touches the 1722A
screen next to the name of the
test and that test program is
executed. As the test progresses,

Future considerations

The present system has some
limitations. Newer test programs
take longer to execute because of
the complexity of the boards.
Because of the limitations of the
1722A and the 9020A, memory
testing is becoming a bottleneck.
A typical board has 256K to 1
megabyte of RAM. Even with the
“Quick RAM” test used by the
newer interface pods, 1 megabyte
takes over 12 minutes to test.
EPROM testing is equally time
consuming, as the production
software becomes more sophisti-
cated and program size grows
geometrically.

Another drawback to the
present test system is the band-
width of the IEEE-488 bus. On
one board, two 512 byte FIFO
buffers were tested. This required
writing thousands of bytes of data
from the 1722A to the 90204, one
at a time, then reading them back,
and checking the “buffer empty”
and “buffer full” flags for errors.
Program execution time was 15
minutes for testing a single board.

Still another problem is that
the 9020A is designed to operate

“The 9100A Digital Test System operates

much faster than our present system...”

results are displayed on the
1722A’s screen. In case of an
error, the fault is highlighted, and
the operator is given the option of
looping on the error, ignoring it
and continuing, or aborting the
test program and returning to the
main menu.

On completing the test, the
operator can either return to the
main menu or repeat the test
program. This “repeat” feature is
used to test batches of identical
boards. The operator turns off
DC power to the card cage, re-
places the board just tested,
restores power, and restarts the
test without re-initializing the
system.

only with microprocessor-based
boards. This means that periph-
eral boards usually need addi-
tional circuitry to interface to the
test equipment. As soon as the
design engineer has finished a
new board, additional time must
be spent designing an additional
board just to test the first board.
The more complex the test set up,
the more complicated the test
program: 500 line programs are
typical.

Fortunately, the 9100 Series of
testers offers solutions to exactly
the type of problems we are now
facing. The 9100A Digital Test
System operates much faster than
our present system, mostly be-
cause there is no IEEE488 bus.

Fluke
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New memory tests are up to 30
times faster than the “Quick
RAM" and “Quick ROM” tests
now in use.

Instead of designing special
interfaces for each design, the [/O
modules monitor up to 160 sig-
nals. The 20 Mbyte hard disk pro-
vides more than enough storage
space for our test programs. The
programs we have written so far
would fill about a quarter of the
hard disk. Now, programs can be
written in a high level language
designed for testing.

Best of all is the built-in fault
tracing algorithm. Given a list of
devices and interconnections for a
particular board, the 9100A can
guide the test operator through
the troubleshooting procedure. It
may also be possible to download
interconnection and part informa-
tion from the CAD system, which
would reduce software develop-
ment time to a few days.

There has been a great deal of
success with the test equipment,
and Fluke products will continue
to be used in the future. With
Fluke’s help, this manufacturer
has applied state-ofthe-art elec-
tronics to its newspaper and
commercial printing equipment.

The benefits of
emulative testing

Being application specific, like
emulative testing is, has its advan-
tages. Testing is faster and it en-
forces a logical troubleshooting
approach. It even makes general
purpose instrumentation like
oscilloscopes work better in
dynamic pP based circuitry by
providing control and stable
stimulus.

A.Faster Testing

Emulative board test speeds
testing and troubleshooting
because it’s tests cover the cir-
cuits functions so well. This board
coverage is achieved because the
tests work like the circuit was
designed, with the uP in control,
in real time.

“Case History,” continued on page 12
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ilagnostic
programming of

the Intel 8237A
and AMD 9517A

By Frank E. Perry
Techpro Corporation

The DMA Controller

A Direct Memory Access
(DMA) Controller is a peripheral
interface circuit designed to im-
prove the system performance of
microprocessor systems by allow-
ing and controlling high speed
data transfers to or from memory
and peripheral devices independ-
ent of the CPU. The Intel 8237
and AMD 9517A are identical
devices: they are programmable,
and they have an equal number of
data, address, status, and control
registers to be addressed under
program control to initiate and
complete DMA operations. Both
controllers support four inde-
pendent DMA channels.

Within the space limitation of
this article it will not be possible
to reprint the many technical de-
tails describing these controller
chips. If the reader is not familiar
with some of these details, we
recommend he/she consult the
Intel Microsystem Components
Handbook or the AMD AM
9517A Technical Manual.

Diagnostic
Programming

To program the DMA control-
ler, you must test the following:

s The integrity of the data and
address buses

» The integrity of the read/
write registers

» The internal addressing of
the registers

= The request and ask capa-
bilities
» The transfer functions

The Static Test

To program the DMA control-
ler; the first step is to verify that
the controller can be statically
addressed by the CPU. This is
easily accomplished by writing
and reading the master clear
address and the channel 0 ad-
dress register. To perform a
more complete test, write to the
First/Last Flip Flop to set the low
byte. Then write a 55hex to the
lower byte, followed by an AAhex
to the upper byte, and read it
back. Then write an AAhex to the
lower byte, a 55hex to the upper
byte, and read it back. This will

detect any stuck or tied bit in both
the upper and the lower bytes. To
test the First/Last Flip Flop, the
lower byte should be read, fol-
lowed by the register to read
verify the least significant byte
and the most significant byte of
the register. The next write
should be made to the register,
leaving an arbitrary number such
as the address of the register.
This procedure should be per-
formed for each address and
count register followed by reads
of all of the registers to verify that
none of the registers were dis-
turbed by a write operation to any
of the other registers.

The Verify Test

After statically testing the
DMA controller, it is necessary to
perform dynamic tests. Dynamic
tests are facilitated by the 8237A’s

should be set to the proper chan-
nel. After an appropriate pause
for the operation to finish, the
status register should be polled to
verify that the terminal count is
reached, the address and count
registers should be read to see if
they show the proper values. In
the previous example, both regis-
ters should read FFFFhex.

The Functional Test

The final test verifies that the
controller transfers data. "This is
accomplished with the memory
to memory transfer mode. A
section of memory should be
loaded with a recognizable pat-
tern. Channel 1 should be pro-
grammed to transfer sufficient
memory to test the outputs of all
16 address bits of the 8237A. The
command register must enable
memory to-memory transfer and

“A component as complex as a DMA

controller has equally complex interfaces

with the system in which it is designed”

verify mode. When verify mode is
selected, the controller performs
the behavior of a DMA transfer
internally without exerting any
signals on the address or control
lines. To perform a verify opera-
tion, an OFhex should be written
to the Write All Mask Register
Bits register at address base + F
to prevent any external requests
from interfering with the test.
Next, a starting address should
be written to the address register
of the channel being tested (0 for
example) and a count should be
written to the count address,
(FFFE for example). The Control
Register needs 1o be initialized to
anormal state of operation. The
Mode Register for the channel
should be written to: Select Block
mode, address increment, auto
initialized disable, and verify trans-
fer. Next the request register

Fluke
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disable channel 0 address hold.
Channel O is set to read transfer
mode and channel 1 to write
transfer mode. The transfer is
then requested. After the termi-
nal count has been reached,
memory is compared to deter-
mine if the data was transferred
correctly. In some systems it is
not possible to perform a mem-
ory to memory transfer due to the
structure of the data bus.

Analysis

Failure data from any of the
above tests need to be interpreted
and analyzed with care. A failure
does not automatically result in a
valid accusation of the DMA Con-
troller chip. Itis important to note
that a failure may or may not
indicate that the 8237A is faulty, A
component as complex as a DMA
controller has equally complex
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interfaces with the system in
which it is designed. A failure
may indicate that one of the com-
ponents that surrounds the con-
troller is faulty rather than the
controller itself.

The most ambiguous failure is
a failure of the reads of the ad-
dress and count registers during
the Static Tests. If all the registers
fail, first check the address and
data lines to the 8237A. If these
lines can be verified by testing
other devices on the same bus
(such as the I/0 read and write
lines and the chip select lines) and
test good, then the 8237A is faulty.
If some registers pass and others
fail, or if the final read operation of
the data left in a register fails
while the test of the address bus
passes, the 8237A is faulty. Ifa
data transfer to the least signifi-
cant byte passes but the transfer
to the most significant byte fails,

rogramming
multiplication

and division on
the Fluke
9010A

In testing boards manufac-
tured at Ramsey Technology, it is
often necessary to find the ratio of
two values. Although finding
ratios is a simple matter of divi-
sion and multiplication, the 9010A
can’t do math. Itisn't even capable
of first grade arithmetic like
addition and subtraction, let alone
more advanced mathematics like
multiplication and division.

The addition and subtraction
came easy. Fluke offers a utilities
tape (9000A-910) that lets the
operator perform addition or
subtraction on specified registers.
With these programs, any two
registers can be added or sub-
tracted and the result stored in
any selected register. The regis-
ters involved in the operation are
defined in REGB. For example, if
REGB =398, the operation is
performed on REG8 and REGY,
and the result stored in REG3.

teach it to multiply and divide.
One method is through succes-
sive addition, but this can take a
very long time. A better method is
to shift and add (or subtract).
With this algorithm, any multipli-
cation operation will take less than
.25 seconds. This is slow by most
standards, but quite fast for a
machine that was never intended
to do mathematics.

For the multiplication routine,
the multiplicands are brought into
the program in REG8 and REGY,
and the result is returned in
REGB, REG8 and REG9 are not
affected.

To increase the accuracy of
the result, the division routine is
indirect; the dividend is first multi-
plied by 16 (shift left four times).
With the division routine, REG9 is
divided by REG8 and the result is
returned in REGB. The result
returned in REGB in 16 times the

or vice versa, then the 8237A When using the Fluke lan- quotient of the division because of
again is at fault. guage compiler, call the addition the scaling of the dividend. The
The verify test is performed routine PROGRAM BINADD and calling program must take this
internally. Any failure during this By Clinton Koskie the subtraction routine PRO- into account.
test indicates that the 8237A is not Ramsey Technology, Inc. GRAM BINSUB, for example. For both routines, the 9010A
functional and needs to be re- This makes it possible to locate register size limits each operand
placed. these programs anywhere in the to 32-bits (FFFFFFFF). However,
The functional test is system main program. the routines still outperform most
dependent. If a memory 1o mem- Once the 9010A has learned to calculators. »
ory transfer fails, the 8237A is add and subtract, it is simple to
suspect; attention should also be
focused on components that con- .
nect the DMA controller to the Tead’llng the PROR(éIé/;M SAULT
data, at(llilrE‘SS an(li control lines. Sgg$;§1E%‘9 : setup REG assignments for BINADD
To further complicate matters, =
some systems employ channel 0 Troubleshooter 1 Lﬁg‘éﬂ? REGS
of the DMA controller to take REG3=REG4AND 1 ;if (LSB of REG4 = 1) then
{ the dynamic RAM refresh gx%%ﬁ%gllﬁggg 2 REG2 = REG1 + REG2
care of the ic efresh. : = +
o sfor S Fo 2:LABEL 2 ; REG2 contains: partial result
If thl.s register is not restarted im SHL REGT 'REGT = REG1 5
mediately after the test, data may SHRREG4
be lost and the test pat.tem in KE%%G;‘ gEOG(ZSOTO !
memory may be invalid.
Summary
Sinetional fect PROGRAM DIVIDE
Functional testing of the REG1 = REGO SHL SHL SHL SHL {REG? = Dividend * 16
8237A DMA controller is com- glégg = ;REGS REGA = Divid
, . = ; = Divider
plex. The DMA controllers in and Sggg = 3 14  Set up Register assignments for BINSUB
of themselves are very complex. =
" R 1: LABEL 1 ; Scale REG4 such that
In addition, the DMA controller is SKL REG4 ! RE%% * gAni“ﬁEma
interconnected with many ¢ IF REG4 > REG1 GOTO 2 and
interconnected with many compo- SHL REG? *REG2 = 20
nents of a computer system be- GOTO 1
cause it exchanges inf.ormatjon z LQSEILRZEG 4
with the memory, peripheral 3 LII}\TBFEEL G31 REGA GOTO 4
devices and the system control SHAREGA
o SHR REG2
lines. . GOTO3
4 LABEL4
EXECUTE BINSUB ; REG1 = REG1-REG4
REG3 = REG3 OR REG2
SHR REG4
SHR REG2
IFREG2>0GOT0 3
REGB = REG3
Fluke Troubleshooter Summer 19838




he Fluke
90 series:
A new emulation

technique in
testing

A new low-cost and
efficient board test

solution.

The recently introduced
Fluke 90 Series incorporates the
DMA method of emulation test-
ing. How does a tester employing
this technology operate to per-
form fault isolation and board
testing tasks?

DMA Emulation

DMA emulation is a test
approach that fits the critical
timing requirements and soldered
in manufacturing methods of
many new microprocessor-based
boards. For several tests, the
DMA emulative type tester does
not take complete control of the
board under test as in the CPU
emulative test method. It actually
performs tests while the board is
operating in its normal environ-
ment. This is accomplished by
taking temporary control of the
address and data buses while the
microprocessor is performing
internal operations or while the
microprocessor is placed in a hold
state for a brief period of time.

Because the DMA emulative
tester only borrows the address
and data buses, it does not require
that the microprocessor be re-
moved from the board-under test.
The tester simply clips directly to
the in place microprocessor or
microcomputer, socketed or not,
to make its connection to the
buses and control lines of the
board under test.

Like the CPU emulative tester,
the DMA emulation does not
require the kernel to be fault free
in order to conduct a full set of
tests, although CPU emulation
usually is able to test a larger
portion of the board.

Unlike both CPU and ROM
emulation, testing can take place
while the board performs its
normal operating functions. This
means that troubleshooting can
be performed on boards that have
all components soldered in place
or exhibit an intermittent problem
when running their own control
software.

DMA emulation requires that
the microprocessor on the board
under test supports DMA and
that the DMA request line not be
directly tied to ground or VCC.

The DMA support requirement
limits the ability to test microcon-
trollers, (devices that contain the
CPU, RAM, ROM and I/0 inter-
faces in a single chip) from being
tested by the DMA emulative
tester. They do not support DMA
because their bus and control line
structure is contained completely
within the chip. Also, some of the
first generation microprocessors
do not support DMA I/0 opera-
tions.

The DMA emulative testers
generally allow for better price/
performance. Tester cost is lower
while supporting all prepro-
grammed kernel testing (i.e., bus,
RAM, ROM, 1/0), and beyond
the kernel troubleshooting with
synchronized logic probing and
bus line identification.

CPU Emulation

The testing of microprocessor-
based equipment by means of
CPU emulation has been an
effective tool for several years in
the 9000 Micro System Trouble-
shooter Series and the 9100
Digital Test Systems Series. With
this approach the tester gains
access to the board by means of
the microprocessor socket. In
most cases, the microprocessor is
removed from its socket and the
tester, which employs a similar
microprocessor, is connected in
its place.

CPU emulative testing pro-
vides an effective means of testing
and troubleshooting the board
since test access is at the heart of
the board. Testing can be per-
formed even when the trouble
symptom is a failed CPU, an
associated component or one or
more bus lines. The emulative
tester requires an interface
adapter (often called a pod) to
adapt it to the microprocessor on
the board-under-test.

The microprocessor in the
interface pod, which is similar to
the one removed from the board
under test allows the tester to take
complete control of the board
under test. The tester has access
to all elements of the kernel
(address bus, data bus, RAM,
ROM, /0, etc.) as well as circuits
beyond. Complete control of the
board under test is available, even
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to the point of performing single
read and write operations to any
address.

With the 9000 Series, meas-
urement beyond the kernel is
available through the single point
probe. The probe can capture
activity on any node of the UUT
using simultaneously (1) the
Signature Analysis technique, (2)
transition (frequency) counts and
(3) alogic level history. The tester
provides the stimulus for a node
and the probe measures the
resulting activity at that node. By
comparing the result obtained on
a known good board with that of
the board under test, the 9000
Series can achieve full board
coverage.

The 9100 Digital Test System
expands on this capability with
multiple measurement points. Up
to 160 points can be added to the
9100A: each of these points has
the capabilities of the single point
probe described for the 9000
Series above. For both the 9000
and 9100 Series products, the
probe or the 1/0 points may be
used to stimulate a node (or mul-
tiple nodes) and measure the
response at the UUT micropro-
Cessor.

The Troubleshooter has ad-
dressed many unique applications
of CPU emulation over the years.

Low Cost and Efficient
Board Testing

Microprocessor-based boards
typically are interfaced to a high
speed peripheral such as a disk
drive, video controller, A/D con-
verter, local area network (LAN),
computer aided design (CAD)
system, etc., that requires fast
data transfers. Typically, DMA s
employed to handle these data
movements between the RAM
and peripheral devices. In this
scheme, the DMA controller
signals the microprocessor and
takes control of the address and
data buses.

The DMA emulative tester
uses this feature to take control of
address and data buses but not
for transferring data to or from
high speed peripherals. To ac-
commodate the test mode, the
microprocessor relinquishes
control of the buses as if a DMA
operation had been requested by
the DMA controller.
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The tester contains several
packaged test routines that auto-
matically test bus lines, control
lines, RAM (both dynamic and
static), ROM and I/0 functions.
The built-in tests, invoked by
pressing keys on the control
panel, can be executed while the
board-under-test is executing its
own applications software.

The 90 Series tester is
equipped with a test probe that
allows logic levels to be checked.
The test probe is used with
QuickTrace, a method of identify-
ing shorted or stuck address, data
or control lines.

With QuickTrace, circuit
nodes automatically are identified
by name on the tester display
when the node is touched by the
probe, such as D5 for data line 5.
When probing along the bus or
signal line, a fault can be indicated
when the node no longer is identi-
fied on the tester display. Any
shorted conditions associated
with the test node are reported.
QuickTrace also allows specific
address, data and control lines to
be located at different points
throughout the board.

Testing Beyond the
Kernel

While bus related tests can
quickly pin point a problem to an
area (or node) within the micro-
processor kernel, they typically
cannot trace faults beyond the
kernel. If the problem lies outside
the kernel, special troubleshoot-
ing techniques are needed to
isolate the failure.

The DMA emulative tester
enables testing outside the micro-
processor kernel by taking con-
trol of the buses and performing
specific tests or monitoring nodes
on the board while operating in its
normal environment.

By taking control of the buses,
specific [/Q circuit elements can
be addressed and the tester’s
synchronized logic probe or an
oscilloscope can be used to check
the addressed nodes. A trigger
pulse output furnished by the
tester is synchronized to the
events generated by the test,
allowing examination by the
oscilloscope of the conditions on
the board.

When testing the board while
it is running in its normal operat-
ing mode, the trigger output is

synchronized 1o the data valid
state on the CPU buses. This
tester output permits stable oscil-
loscope displays for various points
on the board regardless of the
software being run on the board.
The logic probe also can be used
in this operating mode to indicate
the states of affected nodes.

PC Based Remote
Testing Capability

When integrated into a design
or test system by means of the RS
232 C interface, the 90 Series
tester makes all front panel func-
tions and tests available (o the test
system. With all tester functions
available, programs can be run to
perform automated board tests.
To assist the user in creating test
programs, a special utility pro-
gram is available to create or edit
test procedures. This utility,
which can be run on a personal
computer, is menu driven and
simplifies the writing of test state-
ments that make up the test
programs.

In addition to the front panel
functions, the remote interface
enables expanded testing by
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accessing functions not available
from the front panel. These in-
clude memory upload and down-
load commands that allow the test
system to write data to designated
portions of RAM. They also allow
the contents of designated mem-
ory RAM and ROM addresses to
be passed back to the test system.,
Remote operation of the 90 Series
tester allows trapping of prese-
lected events, such as a specific
memory read or write, 1/0 read
or write, opcode fetch or interrupt
acknowledgment.

When a specified event takes
place, one of three test functions
are available to help pinpoint
unusual and/or infrequent fail-
ures. One function (referred to as
breakpoint) halts program opera-
tion of the board-under-test when
the specified event oceurs; the
second (framepoint) simply
causes the tester to display the
status of the address and data
lines when the specified event
occurs; and the third generates a
trigger pulse output when the
event occurs. These test functions
allow intermittent failures to be
detected while the board runs un-
attended, eliminating the need for
the user 1o monitor the operation
of a board that exhibits infrequent
failures.

Board Testing, Typical
Test Steps

Troubleshooting the micro-
processor-based board with the
90 Series tester is performed in a
logical manner using the available
built-in tests. One of the first
checks verifies that no lines of the
address, data or control buses are
shorted, or stuck high or low. A
bus test routine can be invoked
that toggles and tests cach bus
line, then displays the result of the
test. With all bus lines checked
out as operational, a looping test is
performed to toggle all chip select
lines. The logic probe verifies that
each line is toggled during the
test.

The RAM is tested by per-
forming a series of write and read
operations to each RAM location.
‘This test verifies operation of the
RAM, the corresponding portion

“Emulation,”continued on page 12
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The Fluke

Cooperative Services
team is a network of
independent specialists
who know hardware,
software, and your

industry.

Bishop Engineering Co.

1140 E 87th St.

Chicago, IL 60619

(312) 768-3700

Contact: Sam Bishop

Design and fabrication of custom systems,
application programming and test fixtures for
Fluke 3000, 9000 and 9100 Series Test Sytems.
Applications review and program design for PCB
testing. Custom software packages for automatic
probing and test of PCB’s. Has commercial and
military experience.

General Telephone

of California

GTE Equipment Services

2970 East G Street

Ontario, CA 91764-4804

(714) 945-2313

Contact: William Licata

Design and fabrication of custom systems and
application programming for Fluke 9000 and
9100 Series Test Systems. Applications review
and program design for PCB Testing. Custom
software packages for automatic probing and test
of PCB’s. Has commercial and military experi-
ence.

Matec/Division of Geotel, Inc.

130 Oser Ave.

Hauppauge, NY 11788

(516) 231-7777

Contact: Robert Sanator

Design and fabrication of custom systems and
application programming for Fluke 3000 and
9000 Series Test Systems. Applications review
and program design for PCB testing. Rack and
stack IEEE based systems.

High Technology Services Corp.

1301 W Copans Road

Bldg. E, Suite 9

Pompano Beach, FL 33064

(305) 973-4949

Contact: Julio Cordoba

Application programming for Fluke 3200, 3040,
3050, and 9000 Series Test Systems. PCB test
evaluation and fixturing including PCB testing.
Application review and program design for PCB
testing.

ISI Services, Inc.

27071 Cabot Road

Suite 101

Laguna Hills, CA 92653

(714) 582-9180

Contact: Dan Riordan

Application programming for Fluke 3200, 3040,
3050, 9000 and 9100 Series Test Systems. PCB
test evaluation and fixturing including PCB
testing. Application review and program design
for PCB testing.

Mantech Support Technology, Inc.

2320 Mill Road

Alexandria, VA 22314

(703) 838-5600

Contact: EH. Sweet

Design and fabrication of custom systems and
application programming for Fluke 9000 and
9100 Series Test Systems. Applications review
and program design for PCB testing. Custom
software packages for automatic probing and test
of PCB’s. Has commercial and military experi-
ence.

Quality Research Engineering Corp.

5395 E Hunter Ave.

Anaheim, CA 92807-2054

(714) 779-7785

Contact: Dario T. Fadiga

Design and fabrication of ATE test fixtures for
3200, 3050, 9000 and 9100 Series and other
systems requirements. Experience in custom
design and interfacing of ATE fixtures.

Ro-mar, Ltd.

2268 Executive Circle

Colorado Springs, CO 80906

(305) 540-0600

Contact: Martin Shuck

Design and fabrication of custom rack and stack
board test systems. Applications programming
for 9000A, 9100A and custom board test systems.
PCB and module testing and troubleshooting.
Has commercial and military experience.

SofTest Designs

4242 Medical Drive

San Antonio, TX 78238

(512) 558-7171

Contact: David Gent

Design and fabrication of custom systems,
application programming and test fixtures for
Fluke 9100 Series Test Systems. Application
review and program design for PCB testing.
Custom software packages for automatic probing
and test of PCB’s. Has commercial and military
experience.

Techpro Corporation

P.0. Box 5294

Springfield, VA 22150

(800) 445-7800

Contact: Bill McFadyen

Design and fabrication of custom systems and
application programming for Fluke 9000 and
9100 Series Test Systems. Applications review
and program design for PCB testing. Custom
software packages for automatic probing and test
of PCB’s. Standard software packages for IBM
PC testing. Has commercial and military
experience.

TTI Testron, Inc.

1 Angell Road

Cumberland, Rl 02864

(401) 334-2850

Contact: Carl Reed

Design and fabrication of ATE test fixtures for
3200’s, 3050’s, 9000 Series and other systems
requirements. Experience in custom design and
interfacing of ATE fixtures.
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Training Pays Off in Productivity

To gain maxinmum performance and productivity
from your Fluke equipment, spend just a few days
training with experts from the company who
designed and built the equipment. Whether you are
just puchasing Fluke products or you already own
them, Applications Training will help you enhance
effectiveness by taking advantage of every advanced

Call Fluke Today

Enrolling in a Fluke training course is as easy as
calling one of the Regional Training Coordinators listed
below. They can help you select the course, date, and lo-
cation that you require, and can send you course
bulletins that include course objectives, a topic outline
and prerequisites for cach course.

9010
Troubleshooting
Catalog No. 9000TAF—2 Days, $495

9010
Programming
Catalog No. 9001TAF—2 Days, $495

9100
Programming
Catalog No. 9100TAF—5 Days, $1250

9100 Applications
Introduction
Catalog No. 9101TAF—2 Days, $495

Principles of
Logic Analyzers
Catalog No. 1002TGF—5 Days, $1250

Principles of
Analog Oscilloscopes
Catalog No. 1003TGF—2 Days, $495

Principles of
Digital Oscilloscopes
Catalog No. 1004TGF—2 Days, $495

1 =Western Region
Training Coordinator
Irvine, CA—(714) 863-9031

2 = Canadian Region
Training Coordinator
Toronto, ON——(416) 890-7600

3 =Central Region
Training Coordinator
Chicago, IL—(312) 705-0500

4 = Eastern Region
Training Coordinator
Paramus, NJ—(201) 262-9550

feature.

September

20, 21: Rockvilie, MD?
13, 14 Dallas, TX3

13, 14: Detroit, M3

27, 28: Minneapolis, MN3

22, 23: Rockville, MD*
15, 16 Dallas, TX3

15, 16: Detroit, MI®

29, 30: Minneapolis, MN3

19-23: Oriando, FL*
12-16: Ottawa, ON?
26-30; Seattle, WAt
15, 16: Orlando, FL*

19, 20: Ottawa, ON?
22, 23: Seattle, WA

19, 20: Paramus, NJ*

21, 22: Paramus, NJ*
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October

4, 5: Boston, MA*
18, 19: Orlando, FL4
11, 12: Chicago, IL®

6, 7: Boston, MA?
20, 21: Orlando, FL?
13, 14: Chicago, IL®

17-21:Paramus, NJ*
31-4: Chicago, IL®
24-28: Seattle, WAL

24, 25: Paramus, NJ*
27, 28: Chicago, IL®
20, 21: Seattle, WA!

17,18Irvine, CA*

19, 20 Irvine, CAL

Summer

November

15, 16: Rockville, MD*
15, 16: Ottawa, ON?
15, 16; Dallas, TX3
15, 16 Irvine, CA*

8, 9: Fremont, CA!

17, 18: Rockyville, MD*
17, 18: Ottawa, ON?
17,18: Dallas, TX?
17,18 Irvine, CA'

10, 11: Fremont, CA?
7-11:Paramus, NJ*
14-18: Monteal, PQ?

3, 4: Paramus, NJ*
9, 10: Seattle, WA'
21, 22: Monteal, PQ?

28-2: Orlando, FL*

14, 15: Orlando, FL*

16, 17: Orlando, FL*

1988

December

6, 7: Paramus, NJ*
8, 9: Paramus, NJ*

5,9: Dallas, TX®
12-16: Seattle, WA?

1, 2: Dallas, TX?
8, 9: Seattle, WA?
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emulative tester is the answer. Its
small size makes it suitable for
field service applications; the
remote capabilitics facilitate use in
atest system environment, »

Case History...
(cont. from pg 5)

B.Good Characteristics of Trou-
bleshooting

The characteristics of good
troubleshooting are designed into
the Emulative Board Testers,
which can reduce “shotgunning”
and improve repair quality.

The logical troubleshooting
characteristics include the follow-
ing steps:

= provide a known stimulus to
the circuit

u collect the response

s measure the response

s interpret the measurement

» decide which direction in the
circuit to go next.

"The above characteristics are
critical to ensure quality of repair.
Applying them, one can be sure of
addressing each part of the circuit
in the way it is structured (Bus,
RAM, ROM, I/0, etc.) leaving
nothing out to hide bugs, defects
and faults.

Comparing Fluke
Emulative Testers

Troubleshooting is always
taught or learned in a logical way
but now the Fluke emulative
board testers are tools that help
enforce the methodology.

The new Fluke 90 Series does
its best work simply clipping over
the microprocessor, providing
stimulus to the device-under-test,
clipping over the pP, collecting the
response and quickly displaying
measurements to the technician
or engineer. The user must inter-
pret the circuit measurements, i.e.
ROM checksum, logic levels,
node identification, etc.
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The Fluke 9000 Series (Q005A,
90104, 9020A) is unique in that it
provides a similar level of stimu-
lus, response and measurement
but adds an important level of test
interpretation. Features such as
signature analysis (synchronous
and asynchronous), logic pulsing,
waveform capture, frequency
measurements and event count-
ing provides the user with more
output to decide what the meas-
urements mean. In this case,
several functions are incorporated
into one instrument.

The Fluke 9100 Series (9100A
and 9105A) delivers on all levels
from stimulus to interpretation, in-
corporating faster memory test-
ing, closed loop digital coverage
through 1/0 modules, etc. Most
importantly, it does all of thisin a
programmed, automated state.
The 9100 Series provides an inte-
grated test programming environ-
ment, thus offering the user
Guided Fault Isolation, or full
direction to where to test next to
quickly locate faults. »

FLUKE
TroubleShooter

John Fluke Mfg. Co., Inc.
PO. Box C909%

Everett, WA 98206

Call 1-80044-FLUKE

or in Washington state
(206) 347-6100

Philips International B.V.
T&M Dept., Building TQIII4
5600 MD Eindhoven,

The Netherlands

Telex:

35000 PHTC NL/NLFEVSI

© 1988 John Fluke Mfg. Co., Inc.
All rights reserved

Get a Free Fluke
77 Multimeter

The author of each story in
this issue of the Troubleshooter
receives a free Fluke 77 for shar-
ing a unique application of Fluke
Board Testers. And we're making
the same offer to you.

If you're a 90, 9000A or 9100A
Series user, and you've learned
some new ways to get the most
out of your system, or have found
a solution to a difficult problem,
we'd like to hear from you. Send
your stories to:

Editor, Fluke Troubleshooter
M/S267-E

John Fluke Mfg. Co., Inc.
PO. Box C9090

Everett, WA 98206

Published articles will carry
your byline and your company’s
name.

Fluke reports the information
provided by customers in the
Troubleshooter without complete
engineering testing or review. We
provide the information “as is”
and without express or implied
warranties. The reader should be
aware that modification of a Fluke
instrument may void the Fluke
warranty.




