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The aim of the project discussed in this Report was to develop the
hardware steucture of an Automatic-Test~System for use as a teaching
facility In  the arex of Digital-Cirewit-Testing at the Univarsity.
Compercial systems, uhile obvlously suitable are very expensive and woyld
not be cost-effective in an envirosment where the diversity of circuits
to be tested is large, but the actual volumes are small.

This Report discusses the various current technigues of Digital-Circuit-
Testing, and then motivates the system developed. The system proposed can
act as & Oynamic-Fynctional~Tester which drives and senses patterns at
the operationa) speed of digital circuitls, o&r as a Logit-finalyser~System
which sepses patterns, stopping when a Trigger-Pattern is detected. The
Logic~Analyser funttion is Jncluded as it was refatively simple to
inplement, &nd Logrc-Analysers have proved useful in general testing

operatiaon,

The Test-Hardware hes 1 namber of external connections which tan function
as either deivers, or sensors, or both., These connecting pins drive the
Tes{-Pattern and then fense the Returned-Pattern. As drivers the pins are
piaced by the controllier inte grther a high or tow state, and when used
as sensors, the pins are set into Tri-State condition, The input to the
sensors can be compaced against a single reference value for detecting
Bi~state, or against dual references for detecting Tri-State, Behind each
pin is dedicated Pattern-Dutput-ttemory and Pattern-Returned-Memory.

The Test-Hargdware was designed to be Muitibus Compatible and is control-
led by an 8886 Single-Board-Computer, This computer in turn is connected
wia & RS-232C serial 1ink to & Main-Control-Computer. Up to the point
that it was developed, the Test-Ha-dware worked successfully.
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Actual-Response

ATE

bevice-Under-Test

Esecteg-Response

Functional-Tester

in=Circyit-Tester

input-Stimuius

Known~Gootd-Buard

Logic-Simuiation

Test~Fattern

The response actualls obtained from the Device-
Under~Test when applying the laput-Stimulus,

Automatic-Test-Equipment.

The Ciecult o~ Device that [s to be tested by
the Autonatic-Test-Equipment.

The correct response expected from the Device-
Under~Test when applrying the Input-Stimuius,

An Automatic~Tester that tests the Device-Under~
Test from an external functlonal point.

An Autonatic-Tester that tests the Device-Under-
Test from  an internal view, by testing the

individua) circuit components directly,

The pattern applied to the Device~tinder-Test
during the testing operation.

A version of the Device-Under-Tes: that is ¥nown
to fumction correttly, .

A software model of the Device~Under-Test that
models the functional operation of the circuit,

The patiern appiled to the Device-Under~Test as
the Input-8timulus during the testing operation,
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a1 INTRODUCTION

In  this Chapter Automatic-Testi~Equipment In general wWill be discussed,
followed by the reason a Local-Test~Systen was developed For the
University Envircament. The ains of the Lora)-System will be mentioned
foltowed by & brief overvisw of the hardware developed for this project.

$.2 WHY USE AUTOMAT]C-TEST-EQUT

avtomatic~Test-Equipment basically describes any equipmeni used for
testing a device automatically, but this project addresses jtself to
Electronic Equipment used in the avtomalic testing of Electrical
Circuits. The Test-Equipmenl is automated to make testing the circuit

easiar, quicker and ultimately more cost~eifective.

Traditionatly most circuits were tested with & multimeter and oscilio-
scope. To make measurement easier methods using a aumber of special
purpose iastruments such as the Logic-Analyser, and the Logic Probe used
in digital circuits, were developed., These methods still require
significant manual input, and are very time consuming. With these methods
testing was generally confined to when t(he system was completely
assembled and failed to operate correctly. The eariier a fault is
detected the cheaper it is to repair. A system failure in thy {ield,




j

after installation, can be very expensive to repair, especially if the
system is eritical, and production time }s Jost due to the failure.

One method used to get around the problem of lost prodection time, s to
modularise the system. A failure in the field is fixed by replacing the
faulty modute. The module | taken back to the service workshop and
repaired in due ctourse. This method works effectively, but can be
expensive In terms of replacement modules that need to be stocked. I the
modules in question are expensive, then repairing the mnodeles s
necessary, and this tan be slow and expensive if the manual methods are

used,

The introduction of Iategrated Circuits has made ji possible to include
more functions in a much smaller volume. This trend goes contrary to the
moduiarity principie, as more and mors functions are packed into a singfe
module. Modujes become compiex, expensive and mare difficult to  test.
“This is evident {n the digital electronics field, particularty with the
present wuse of ULS! technology, and imeinent introduction of ULSI

circuits,

At systems become more complex, the cost of repairing a faulty system at
instatlation time increases. 1t is much cheaper to replace fawlty modules
before they are integrated into the sysiem, A method of testing modules
is therefore desirable. One method used, is to bulld a specific Tesi-
Circuit for the module In question, which 15 expensive as €ach module
needs its own Test-Circuit, The Test~Circuit is usually more complex than
the module it is designed fo test.

3t is therefore extremely desirable to have a method to avtomatically
test a vaciely of modules. Flexiblity is needed fn order to test a number
of different modules.  The Avtomatic~Tesi~Equipment described herein was
designed to fill this requirement.

T
o
.



1.3 WHAT 1S AUTOMATIC-TEST-EQUIPMENT

Automatic-Test~Equipment generally refers to complex computer controlled
oquipment used in the automatic testing of various devices. For the
purposes of 1this project the testing of electrical circuits will bs
discussed. The flexibllity reguirement establishes the need for, and is
met by, computer control, 14 the Test~Equipment is under computer control
then flexibility is achieved by making the Test~Syrstem programmable.

1 CIRCYITS / DIGITAL
Electrical circuits can broadly be divided into analeg and Digital.

Automatic-Test-Fquipment normaily has interfaces dedicated to testing

tither anzlog or digital circulits,

When tasting Analog Circutts it is nacessary to be able o apply and
measure valtage, current, power ete, at specific time intervals, de{;end~
ing on the time constanis of the Device~Under-Test. Analog circuitey is
interfaced to the Test-Equipmen{ by means of analogp conditioning
ciccuitry,  Apalog-to~Digital,  and Digital-to-dnatog converters,
Autonatic-Test~Equipment for testing analog circaits can operate up to a
nagimun  speed, normally limited by the conversion time of the Analog to
Digital converiers. Fast Analog-ta-Digital converters are very costly.

With Digital Circuits it is only necessary {c apply and measure digital
voltages at specific intervals, wusually determined by the ¢iock speed of
the Device-Under-Test. The 1aterdace to the Test-Equipment ogenerally
fnvolues an analog interface with Voltage Threshold detection and Voltage
Drivers, 1f the circuit {s to be tested at operationa) speed, then the
Test-Equipment needs to function up to this speed. With clocked systems
it is gometimes possible to rur a number of tesis at a slower spreds by
slawing the clock, and in this case the Test-Equipment need not operate
at the operational speed of the Device-Under-Test.




1,3,2 FINCTIONAL-TESTERS / JN-CIRCUIT-TESTERS

fatomatic-Test~Equipment used for testing popuiated circuflt boards falls
broadly into two categories, namely Fupctiona)-Testers and In~Circuit~
Testers.

Functional-Testers are connected to the external [nputs and outputs of
the circult in question, normaily at the appropriate edge connector. The
clrcuit ts  then tested by the appiication of Tegt-Patterns and the
measuyrement of ihe response. A guided probe can be used to apply and
neasure signals internal 1o the circuit. In Digltal-Testers this guided
probe usually takKes the form of & Signature~Analyser (Rei. Biyth 1982},
which simplifies the serial strean of node transitions,

in-Circuit-Testers function b» 2pplying and measuring siprals to and from
the circuit components directly, rather than externally. (eg ic and from
the edge connectord One method used is cafled Back Driving where the
Device-tnder-Test j& connscted to the Automatic-Tester via a Bed-Of-Nails
and then each cor »nent ln tera 15 checked for correct operation and
connection to oty ¢ aents, This 1s achieved by forcing the inputs of
& component to a . ar state and measuring the outputs. A guided
probe in this {ms . .2 would be used to get detailed informatien not
normally avaiiable from the connection via the Bed~Of-Nails. Another form
of In~Circuit-Testing is In-Circuit-Emutation {(Ref. Popky 1982), used in
digital microprocessor based circuits. & Signature-Analyser is often used
as a guided probe in this method.

1.4 WHY DEVELOP A LOCAL-TEST-SYSTEM

The field of Automatic-Test-Eguipment is very complex with large amounts
of money being spent eyery year on develooment, by the Indusiry tLeaders
in Test-Eguipment. It would be smbitious as an individual to compete with
companies which have been specialising in Automatic-Test-Equipment for a
number of years,




There was & need at the Unlversity for an Automatic~-Testing-Bystem to be

available for demonstration and sducational purposes, Commercial Test-
Systems, whije highly suftable for this purpose, are very ¥xpensive and
could not be used cost eifectively in the University Environment. The
University does developmeat work and does not go into the manufacture of
Jarge numbers of systems. The oivecsity of circuits in this environment
is  largs but the actual numbers iavolved are smali. The purchaze of an
expensive comnercial Automatic-Test~System would not be the best use of
the Vimited funds available.

The actuat need &t the University was for a low cost Automatic-Test-
System, whlch was flexible ¢nough to be used for & number of purposes.

o )

The main crlteria used in the development of & Local-Test-Systen were low
cost and flexibility, The ides was to develop as fiexible a Test-System
as possibie while Keeping the costs fTow.

A decision was made to develop 2 Test-System solely for the testing of
Digita} Circuits, Testing analog circuits would be far more expensive, as
the interface involves high speed Analog te Digital and Digital to analog
Conuerters. The department is involved in a number of digital projects,
and therefore a Tester for digital circuits would be more usafol.

In  the development of a Local-Test~Syslem i} was decided not to use the
Bed-of~Wails conpection method. The reasons for this (s the huge sxpense
and the mechanfcal complexity. Another disadvantage of this method (s
that boards tested have tn be specially designed with Jocating holes etc,

In-Circuit-Emutation was discarded as this method is very specific to the
micro-processor emulated, and therefore would not be sufficiently

flexible. [t Is necessary to develop a complex interface for each micro-




processor {0 be emulated. Another disadvantage of In-Circult-Emuiation is
‘hat it is only possible to test digital ciecults which are controlted by

the particuiar micro-processor emu)ated,

A Fuactiona)-Tester was needed which was nat limited by the above
constraints, There were three possible Functional-Testers considered,
namely High Frequency Pattern Generation, High-Spred-Functional-Testers,
and Stow-Speed~Functional~Testers, The High Frequency Pattern Beneration
method was discasded mainty because of initialisation problems (detailed
laterd encountered in sequential circuils wien velng thls method. The
Slow-Speed-Functional-Testers were discarded as these testers have
problens when testing circuils with drasmit components, and speed refafed
problems are not detected, A method of High-Speed-Functional-Testing was
chosen for this project.

The Hethod Chosen is called *Dynamic-Functionai-Testing® and Is destribed
briefly by Blyth (1982), This method drives and senses patterns at the
operational speed of digital circuits, br having dedicated local memory
behind the electronics bf the drivers and sensors. The local memory is
Toaded at the stow 1/0 rate of the Control)ing-Computer. The test is done
by a high speed burst when the locally stored Test~Patterns are clocKed
out, and the Actual-Response is siored in the memory allocated to the
mopitor pins, Once the test burst is completed the Actual-Response is

then read al the siower ypeed of the Controliing-Compuler and analysed.

The maximum speed chosen was 14 MHz which should be fasi enough for the
mzjority of digital circusts currently in use,

The Tester was alsa designed to operate ac a Logic-Analyser which senses

patierns, stopping when a Trigger-Pattern iz detected, The Logic—Anaiyser
function was tnciuded as it was relatively easy to impliment, and Logic~
Analysers haye proved useful {n general testing operations.

A Signature-dnaiyser was not developed as the Probe hardeare is v
relatively simple, and the real difficulty lles in applring repetitive '
patterns {0 the Device-Under~Test., Signature-Analysis however would be :
easy 1o add to the Test-Hardware developed, and with suitable software

would be valuable In fault tracing. The hardware developed could be used

as the pattern application part of a Signature-Analysis-System,



1.6 QUERVIEW 0F THE LOCAL-TEST-SYSTEN DEVELOPED

The Test-System developed consists of three MULTIBUS compatible cards,
connected to an Inte) B4/126 Single~Board-Computer. The B&/i24 in turn is
connected via an RS 232 € serial 1ink to the Main-Control~Computer which
in  this cese was an Apple 11+ compatible, running FLEX on a 4889 co-
processor  card., A special serial card was developed due to the
timitations of the standard serial card available. The basic functiona!
tayout of the Test~Systen {s detalied Ip Figure | and the physical layout
is detailed in Figuee 2.

The functions of the three MULTIBUS compatible cards are as follows i-

Card 1) Multibus Interface, tlock generation and control chrevitey.
Card 2} Pattern Jnput and Output memory, latches and multiplexers.
Card 3) Analog interface circuitry,

The Test-Hardware has dedicated memory assigned to each driverssensor
pin. Each pin hus dedicated Pattern-Output~Menory and Paftern-Retuened-
Memory. The Tesi-Hardwire has various modes of operation so that it can
either act as an Automatic-Digitai-Tester or 25 a Lopic-Analyser, The
variovs Dperationa) Modes can be described as fojiows i~

1) Digltal-Tester Mode
Go +{rom the Start to the &nd of memory driving the Output-
Patterns and sensing the Returned-Patierns. This does a single
pass of the memory. This mode is the normal mode of operation
for testing a digital circyil in burst mode.

2} Logic-faalyser Mode
Keep Looping by repetitively golng from the Start to the End of
memury, and repaat until the Trigger-Pattern matches the Sensed-
Pattern., Store the address of the trigger occurrence, then
continue through half of the memory before stopping. Halé the

Pattern-Returned-Memory contains what happened before  the




trigger and half contains what happened after the trigger. This
mode i% to make the Test-System operate as a Logit-Analrser.

3> Triggered Digital~Tester Hode
Wait wuatil the Sensed-Pattern matches the Trigper-Pattern then
go +rom the Start to the Ead of the memory driving from  the
Pattern-Output-Menory, and inputting into the Pattern-Returned-
Hemory. This does a single pass of the memory. This mode would
be used to test a circuit ance a rertain state has besn reached,

The analog Interface board can be designed for specific applications. The
present enalog interface was designed to be as general purptse s
passible. The interface board 1s connected on one side tp the Test-Hard-
ware and on the other side to the Device-Under~Test, The present inter~
face board was designed with the purpose of testing TTL levels and is
able to detect Tri-State. There are a number of pins which are both
drivers and sensors. When the pin is defined as a sensor then the sutput
driver is placed in Tri-State, and when the pin (s defined as a driver
thep 1t is driven high or low, While the pin Is being driven high or tow
ite actual leve) ls sensed and read into the Pattern-Returned-Memory. At
any time during the testing of the Device~Under-Teat the pin can be
changed from being a driver fo being 2 seasor or wice versa. Behind each
pin is dedicated Pattern-Output-Memory and Pattern-Returned-Menory.

The differen’ Configuration Modes can be summarised in the d{ollowing

Table i~
Memory/P1n No. Pins tax Speed Detect State
N 1K 32 B HHz Bi ~State
2) 1K 14 8 MHz Tri-State
3 2 Y 14 HHz Bi -State
4 2K [ J 14 Miz Tri-State

Table 1 : Different Configuration Modes




Modes 3 and 4 use memory multiplexing so that the speed and the amount of
memory are doubled but the number of driver/sensor pins is hajved. The
difference between detecting Tr-State and Bi-State s that {n the Tri-
State mode dual thresholds are used and an input Vine is needed for esch
thresheld, This means that the number of lines in Tri-State detection is
balf that of Bi-State detection.

The Test~8yctem developed can also be used as & Logic-Analyser as it Js
able to go into u Yooping mode and then trigger on a certain pattern
being matched. 1f the Test-Bystem were to be used as & normal  Logic-
Analyser then all pins would be defined only as sensors, and driven into
tri-state.

The structure of the Test-System tc detailed in the following Figure :~

Test Hardware | rattern Other
Output
tlemory
Hardware
(1Y x 320 .
Test
FILTIBUS Vardusre finalog Cireuit /
Interfece Tining & Interface Pevice
Crrcutbry Control Cirew tey Under
Circuitry Test
% ..
M S
VLTIR0S Pattern
Computer
Input
Bus
Hemory
X ¥ x 32>
86 / 124 " Hain
Single Computer
Board 4 Apele I +
Computer RS 232 € Serisl Interface Running
66889 Flan

Figure 1 : Basic Block Dlagram
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The aim of this project was to develop both the hardware structure of an
Automatic-Digital~Test-System, and the basic software needed to drive the
Test-System and perform certain tests, The test listings are contained in
Appendix N and Appendix 0. A full Automatic-Test-System can be developed
by the addition of sultable software, This software however is fairly

and would require & significant amount of time and effort to

complex
with  the

develop, The bardgware can also be used a5 2 Loglc-Analyser
addition of relatively simple software,

The Test-Hardware consisted of four MULTIBUS compatible boards, one of
which was an Intel 846/12A Single~Board-Computer. The other three bpapds
were developed 4or the purposes of this projJect. The basic physical

layout can be seen in the following Figure i~

HULTIBUS Rack
Test Harduare ¢ Holds 4 Gards )

Analog Interface Card %
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& Comparators

Clock and

< Control
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n
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£
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v
/
H { /
Serial Link
te Haip
Apple 11 +

Computer

/Devi ce ’/
Undar
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32 Suitches

Figure 2 ¢ Basic Physical Lavout




Ao Z CONGLUGTON

Tha  hardware developed for thls prolect had the main aim of being a4 lew
cost, flenible, Automatic-Test~Bysiem for dlglisl clreults. The cholce of
a Dynumic-Functional~Tester with & Loglc~Analyser mode, was considered

appropriate to £it these requirements.

The B84/12A Single-Board-Computer was chosen as a fast Tocal computer was
needed to control the Test~Hardware. The svailability of the B&/124
Single-Board-Computer and an B88S Emulator at the University, were
important factors contributing to this choice. A personal Computer was
connected to the 84/12A via the serial Hnak to act as the main Data-Base
computer in the Test-System. The availability of this computer was the
nain contributing factor in this particular (hoice.

The need for & Locally Developed Tesi-System at the University for
demonstratios and educational purposes was the requicement behind this
project, The typical University environment is one of a large diversity
of ircuits, produced in =mall numbers. Commercial systems could
therefore n‘ok be cost-etfective in this environment.

A general discussion of Automatic-Tesi~Systems in the next chapter will
be fpllowed by description of the hardware ind software used in Test-
Sysiems. This report will then be concluded by a detasled description of
the actual hardware developed,
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2.1 INTRODUCTION

A functional overview of the basic principles lavolved In Testi-Systens,
wilt! be #ollowed Dy a discussion of the various hardware configurations
used in Automatic-Test-Sysiems.

Bare Bpard testing will be followed by a discussion of methods used for
tes{ing populated circwit boards, namely Functionai-Testing and In-
Cireuit  Testing, Signature-Analysis which is applicable to  both
Finctional and In-Circuli Testiing will be discussed under Functional
Testing, The chapier is then concluded by a discussion ot the two methods
used in obtaining the Expected~Response.

Many Test~Sysiems in practice use a combination of the various methods
described here. 1t is very common for a Dynamic-functiosai-Tester to also
have a Signature<pnalyser attached to help in the tracing of faults.

2.2 OENERSL TEST PRINCIPLES

The increase in complexity of clrcuits has made the need for Automatic-
Testing greater. Without Automatic-Testers, faulty circuits are only
detected at or after sysiem inetallation time, when traclng and Fixing
the fault can be very costiy., The esarlier a fault is detected the cheaper
it is to fix.




At the start the printsd circult boards can be tested before the
integrated circuits are sofdered on. The populated circuit boards can
then be tested funciionally before being instilied into the system, In
the long run these tests can only serve to save a lot of time and money,

The general method of testing any digital circult involves applying an
Input~Stimulus to  the Device-Under=Test, the méasuring of the Actuvai~
Response, and the comparing of the Actual-Responee with the Expected-
Response. The Expected-Response is the correct response expected from the
Device-Under-Test on application of the Input-Stimulus. This basic
principle applies to all Automatic-Digital-Lircuit-Tests and a dumber of
aspects have to be addressed :—

€a) Where is the Input~Stimulus applied and Actual~Response measured,
¢b) How is the Input-Btimulus obte ned.

(¢} Houw is the Expected-Responss obtained,

Cd) Action i§ Actual and Expected-Response differ.

The point of application of the Input-Stimulus and measurement of the
Actyal-Response, is determined by the desipn of the Test-System Hardware.
Functional-Testers are usualiy attached to the Edge~Connector of the
Device-Under Test. In-Circuit Testers on the other hand are conpected to
all the components on the board, with a Bed-0f-Nzils conpection, In-
Circuit Emulators replace the Micro-Processor with a connector. A g ided
probe can be generally Used with most types of testers, and has the dual
purpose of being able to inject and measure signals.

The Input-Stimulus is generated avtematically by using Auvtomatic-Test-
Pattern Beneration or Pseudo Random Pattern Generation, or manually by
weiting a Test~Program,

The Expected Response 15 uysvally obtained by using a Logic-Analyser or a
Known-Good-Board,

The action taken if the Aciual and Expected-Response differ, ranpes from
discarding the fsulty board to tracing and fixing the fault. The fault
can be traced by searching a Dictionary~0f-Faulls, or by using a Guided
Probe and comparing the faulty board with a Known-Good-Board.




2.3 DARE BOARD TESTING

Checking the bare board before ‘he components are insected can save money
in the tong run. The earljer faults are detected the better, since the
cost of rejection s a ot less and fau)ts are easier and cheaper to fix
at this time. :

I indusiry the bare board is often checked by simple visual (nspection.
UWith simple double~sided hoards some of the sbrious +faults could be
Found, but with the trend towards denser, mulitilaver boards, this is even
fess effective than previously, The trend towards VLSI components densely
packed an a board, means that the price of rejecting a populated circuit
board is increasing. 1t foliows that the need for effective bare board
testers is increasing.

The method normafly used for aviomatically testing bare boards will now
be discussed.

2.8.1 BED-OFHAILS TEST FIXTURES

To test the bare board it is necessary o be able to check the
connections batwesn all the component points on fhe board. This can be
done using & Bed-Gf-Nails Test Fixture,

The Bed~Of-Nails Test Fixture is basicailly a number of probes in a frame.
The board Yo be tested fits into the frame and is then brought into
contact with the probes by means of a vacuum or sowe sort of pressure
plate. The probes come in various shapes and sizes and are usually spring
Joaded so that electrical contact is made with each point. These test
§igs also sometimes have special spiked probes for making contact through
solder fiuy so that populated hoards can alsp be tested.

Each probe in turn has 3 stimuius applied to it and the other probes are
monitored. In this way open circuits and short circuits can be detected.
With some squipmeat it is possible to measure resistance and capacitance




between the various test points.

This method of testing boards Is not confined to bare boards but can also
be used in fully populated cirtuit boards. In the case of fully populated
boards the stimulus is Timited so as not to actjvate the components, when
only the connections are being tested. A method of In-Llrcuit-Testing,
calted Back-Driving 3lso uses a Bed-Df-Nails for testing fuily populates
circuit boards,

The trpes of probes used in Bed-0f-Nails Test Fixtures varles depending
on the parcticutar application in mind. An aspect of production cost to be
considered, is that the boards to be tested need ko be specially designed
with this method ip mind, with special locating holes etc. This is
discussed in an articie by Bedard (1982),

The main reason why this method was discarded for this prolect is the
jarge cost due to the huge mechanical and electrica) romplextty. The
number of probes is large as there is a connection fo each comporent pin,

2.9 FUNCT. -7 N

Functional-Testing of a circuit board is concerned with the function of
the board from an external point of wview, Functional-Testers are
typically connected to the Edge Connector of the board to be tested. With
most Functional~Testers a Signature-Anaiyser can be used to measure
signals not available at the edge connector, to aid in the fracking of
faults, however Signature—Anziysis s not resiricted to Functional
Testers as it can be used with some In-Circult Testers.

Functional-Testers trpically exercise the hoard, by appiring patterns and
reading the Actual-Response. The Actual-Response is compared with
Expected-Response to see :f the board fs operational.




Ra8.d SICNATURE-ONOLYBIS
Signature-Analytls Is discussed hore under Functional-Testers suwen though
this technigue is used with a number of In-Circuit Testers.

A method of detecting faulte is to stimulate the Device-Under-Test, and
the Known-Good-Board, and then to compare the nodal movement of the two,
The stimulation can be gentrated elther internally from the board, or
externaily from a Functlonal-Tester, or +#rom an In-Circuit~Tester,
Stimulation uvsually consists applying a repetitive pattern. A method of
compressing the data avaitable at the podes, is needed.

One simpie method of tracking node movemeni is to count node trausitions
[N before repetition takes piace. This method however is not time-sensitive
and the same count will result as long as there are the same number of
transitions, The timing of the transitions I[s immaterial, A& method
developed which is time-sensitive, is calied Signature~Analysis,

Signature-Analysis involves shifting the incoming bit stream inte a

Shifi-Register. Various bits in the Shift-Register are shifted back and
- aonded to the incoming bit stream. The resultant number in the Shidt-

Register is called the Signature and 15 time and transition sensitive.

The main purpose of Signature~Analysis is to reduce the conplexity of a

bit stream and this can be uysed in varjous test methods. sethods which

use Signature-Analysis range from Pattern-Spraying-Testers, Internal-

Testers in the Oevice-Under-Test, Drynamic-Functional-Testers and In-
Circuit-Testers. Biyth {1982) nentions some possible uses. ‘;

Generally Signature-Analysis can be used with a wide cange of Automatic-
Testers used in the testing of Digital Circuits. Tae principle of
simplifying a serial stream of node changes s useful, The actual
hardware of the Shift-Register, which s the heart of a Sighature-
Analysis-System, is Very simple, as can be seen from the Figure on the
1ol1ouing page.

x
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The basic biock diagram of the Saift-Register is in the Figure below -
4 Digit
Hexadecinal ﬂ :22 3 éj}

T T 7
T

15 Bit Shift

252 R FE ] ¢
| sl

Input it streaw 11881018118 ...

Figure 3 & Signature-Analysis

2.4,2 HIGH FREQUENCY PATTERN BENERATION

‘this method applies pseudo randon Test-Patterns to bath the Devige-~Under-
d-Patierns are compared and in this
14 the board is
the boards, and

Test and a Known -G ard, The
way the Device-Under~Test can be declared good or bad,
bag then It is possible to probe varives test point: -
a Signatyre-Analyser, and in this way track down

to do 2 comparison using
the source of the error.
A simple application of this method s to compare the Device-Under-Test
with a Known-Bood-Board.
in response reported by flagging the faulty pin.

The two boards are compared and any difference
The faulty pin is then

e



traced back through the circuit comparing the Known-Bood-Board with the
DPevice~Under-Test, This method, whit very simpls, is fairly séfective,

With complex systems }lke microprocessor or memory based sysfems the maia
disadvantage of this method Js that without proper initialisation the
resylts will be nerningless, ay the response is a function of the input
and the present state, Without initialisation the two bosrds would start
off In different states, and consequently respond differently. Complex
inttialisation sequences are necessary, and these systens do not alwars
support this feature.

Fault diagnosis using this method Is relatively straightforward but is
very jaborious and assumes a Knowledge of the Device-Under-Test. A method
of fault diapnosis would be the use of 2 Signature-Analyser.

2.9,3 SLOW-SPEED-FUNCTIONAL~-TESTER

This method involves having a computer direct)y In contral of a number of
driver/sensor pins. Oriving and sensing is done directly by the computer
through some type of parallel port, The computer applies patterns and
reads the Actual-Response.

This method while effzctive with testing combinational circuits; and some
sequential c'rcuits, suffers from a number of limitations related to
speed, This method is geoerally siow in comparason to . the normal
operating speed of the digital Device-Under-Test.

The slow speed means that certain speed related faults will not be
detected, and circuits with dynamic tomponents, or Internal clocks cannot
be tesfed effectively.

This method has the advantage of being simpie, but the siow speed Jimits
the wvusefulness of this method. As with most Functional-Testers, a
Signature-Analyser cap be added to ald in tracing faults.
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This method Is the one used in the Test-Hardware developed sor this
project, The {nput-Stimulus and the Actual-Response can be applied and
measured At speeds of typically wp to 38 MHZ, as local memory s

dedicated to driving and monitoring the driver/sensor pins, The typical
memory size is 1K behind each pln. The maln advantages of this method Is
the speed at which the Inpul~Stimulus is applied and the Actual-Response
measured. This allows the digital circults to be tested at normal
switching speeds and thus speed related faults such as g}ltches and siow
rise times can be detecied.

The Test-Hardware has a Pattern-Output-Memory which is loaded wuith the
Test-Pattern at the siow 1/0 rate of the Controlling-Computer. The Test-
Patfern s thes applied in a guitk burst and the monitorsd Actual-
Response is lipaded into the Pattern-Returned-Hemory. This Returned-
Prttérn is then read at the slow I/0 rate of the computer and examined tfo
see 4 it matches what was expected, I [t does not match the Expected~
Response then Dictionary~Df—Faults, i1 avaiiable, may be scarched to
track down the exact fault.

The Test-Hardware in no way restricts how the Output-Patterns are
generated or how the Sensed-Palierns are analysed. The Output-Patterns
couid be generated by Autopatic Test-Pattern Generation, Pseudo Random
Pattern Generation, or generated manuaily by an Englneer, The Expected-
Hespanse can also be generated by a number of methods, namely br using a
Logic-Simulator, a Known-Good~Board, or by the same engineer that
generated the Test-Pattern.

With Dynamic-Funttional~Testers (t is also possible to use & Signature-
Analyser to aid in tracing favlts, The circuit is stimulated by the Test-
Hardware and Signatures are read at various podes and compared with
eypected Signatures.

This Hardware Hethod is wery versatile which is the reason it was chosen.




2.5_IN-CIRCUIT-TESTING

In-Circuit~Testers work by applying and measuring signals internzily to
the circuit. This is either done by forcing the Internal signals into a
particular state, as with Back-Driving, or by replacing a component with
& connection to the tester, as with In~Circuit~Emulation,

Yith In-Circyit-Testing the circuit is tested from an internal point of
view. and as such the testing is aormally far simpler 4rom an  analysis
point of wview. With the increase in clecui? complexity this method Is
becoming more and more attractive,

25,1 IH-CIRCUIT-EMULATION

This method [s briefly described by Blyth (1¥82) and in mere detail by
Popky (19B2). This method is used in the testing of microprotessor based
systems. With circuit boards based on microprocessors it s bpny
diffizuit to test the board properly from the edge connector, &s the
complexity of the board maKes this task almost impossible.

In~Circul t~Emulation involves removing the micrpprocessor from the board
and plugging in a connector fram the Test-Srstem In its place. A& program
to  test the board is then either loaded into the memory of the Target-
System or the memory of the Emulation~System. This program, which is
writtes by an enginter, then tests the Target-System, If the Test-Program
runs  sucessfully thes, as long as the actua) microprocessor is working,
the Device-Under-Test should wark when the micrpprocessor is replaced,

Some Emulation~Systems have an extra feature which allows the actual
microprocessor  removed also to be tested, Emulation-Systems generally
have a version of the actual microprotesser to be emulated contfained in
the emulator pod. These systems in effect instead of having this built
into the pod have a sucket for the wser {o supply the microprocessor,
This allows the microprocessor and the Targei-System to both be tested
simyltaneously.
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in-Citcuit~Emulators are probably the optimum method of checking
nicroprocessor based systems, but they are generally Jajrly complex and
are pormally dedicated to the microprocessor which they are designed to
emulate. The Test-Programs require & high degree of skill to urite.

In~Circuit~Emelation can be used for both po/nogo Functional-Testing, and
for fault isolation using a guided probe. This method is also compatible
with the Signature-Analysis method of fault isolation.

The main advantapes of this method [s .hat, since it becones the mai.
controlling etement, it can test all the functional elements. Testing can
be done in reai fime and no special) test fixtures are newded except that
the microprocessor should be in % socket, or an extra socket should be
avaitable with a method of tri-stating the on-board microprocessor,

For microprocessor based systems this is generally by far f&he cheapest
and most power€ul method for avtomatically testing the circuits.

2,8:2 BACK-DRIVING
In  this method the interfacing of the Device-Under~Test is via a Bed-D#-

Nails Test Fixture. The connectyions on the baord are checked and each
component s checKed for presence, orjentation, type or value and basic
function. Assuming the design is correct then a hoard that passes the
tesi has a high probability of working,

The board is first checked for correct connection, This is done 2t very
low voltages and currents to prevent any {urther damage i4 someihing s
weong already. Once this Is done the board is powered up for the next

phase of the test.

The next phase of the test is cailed Back~Driving and involues dforcing
the inputs from their quiescent ctate to check the particular device on
the board. The outputs of the device are measured to see if they are In
the correct state. Forcing the inputs from *heir quiescent state is done
tor & very short period of time so that power dissipation in the output
stages is not suificlent to produce a dangerous temperature rise.
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Gne of the advantages of this method is that tests are writien 4or  each
¢.uice on the board, Testing the Device-Under-Test is largely clrcuit
independant as each component on the bowrd Is tested individuaily, Each
component s normally faipiy simple so writing the test gprograms is
N normally timited to giving » connection description.

One  of the main disadvantages of this method 15 the cost of aanufacture
of the Bed-0f-Nails Test Flxture. This is however ofiset to & certain
extent by savings in the prograsming costs.

1t is very importani to hive an accurate Expected-Response wuhich s
needed to decide if Device-Under-Test is faulty or not. The Expected-
Response is compared with the Actual-Response %o verify correct operztion

of the circuit being tesied.

The Expecied-Response to cerfain fault conditions Js also sometines
needed for storage in a Dictionary~0f~Faults which is used to analyse the
{aults delected in the Opvice-lnder-Tes{. If the Actual-Response obiained
dors not match the Expected-Response then the ODictionary-Di-Faults is
searched 1o see if the Actual-Response maiches one of these.

Henckels {19C2) compares the ‘two methods of geiting the Expected-
Respense, namely from a Known-Sood-Board or from & Logic-Simulator, This
article gives a good comparison of the two methods.

0N -300D-BDARD
Using a HKpown-Good-Board s one method of obtaining the Expected-

Response, Once the Tesi-Program has been developed the Known-Good-Board
can be used to test the effectiveness of the Test-Program, to get the
Expected-Response, and to generate a Dictionary-0f-Faults if necessary,
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Firstiy the Test-Progrem s run on the Known-Good~Board and the response
is stored as the Expected-Response of a Bood Board. A Fault Injector is
then placed on each IC of the Known~Good-8oard in turn and the Test-
Progran  {s run to see {4 the partlcular fault causes the output of the
board to deviate from that of the Expected-Response. I4 this is the case
thea this moans thal the Test~Program will detect this particular faglit.
If the fault is not detected then this fact is recorded.

Once the whole board has been checked, statistics are generated to
determine the percentage of faults detected. JF the percentage is
unsatisfactory then the Test-Program wiil be modified arcordingly.

While the board is having 4aults Injected, it is possible to store the
resgonses In  a Dictionary-Of-Fauits which can be referented during
production testing to determine the actual fault on a faulty board,

There are a number of disadvantages of this method. One of the biggest
problems is getting a Known-Bood-Board. it is often necessary to have a
special board built with a1} the IC’s In sockets, If the Known-Good-Board
functions incorrectly, the whole exercise could be meaningless.

Another problem s the facl that faultse can be generated by the actuaf
connecting of the Fault Geperator Clip without even actually injecting a
{ault, This is often due to the capacitive Josding the Clip places on the
pins. With TTL this is not much of & problen; however with CMDS, NMOS and
PHOS this can be a problen,

Another probiem with this nethod is that it 1s the Test-Rardeare is used
while the Test-Program is checked and the Dictionary-0f-Fauits s
ereated. This means that production testing s suspeaded for a
significant period of time,

2:6.2 LOGIC-GIMULATION

A Logic~8lmulator Is another method of ohtaining the Expected-Response to
a Test-Program. With a Loglc—Simulator it is possible to automatizally
generate the faylts and check the etfectiveness of the Test~Program. As

with the Known~Boo ard the P! to the various faults tested can
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be stored in a Dictlonary-Di-Fauits so thal actusl fauits can be detected
uhen a fauity board s found durling production testing.

One advantage of logic-Shoulation is that undefined states can be
propogated out. In this way jntila)lsalion of the board can be tested.

1t is necessary to enter & description of the circuit Into the Test~
System and then the Test-Pragram can be tested automaticelly, This
however takes a lTot of computer time but Juckily can be done off-llne
without actually using the Test-Hardware.

One of the main disadvantages of this method is that it is necessary to
have a software wodel of all the IC’s on the board and with certain WLSI
chips 1ike Mrisroprocessors, UARTS, DMA Controllers and Single-Chip-
Computers this 1s very difficult, These circuits are generally very
diftficult to test, and are a problem for conventional testers. In-
Circuit~Emylators used in copjunction with a Known-Good-Board are

probably a better solution for this parlicutar trpe of circuit.

Hodelling the various logic fauiffes can be a problem with some simpler
Logic~Simuiators. More complex Simulators can actual)y warn the operator

about loading problems, and probabie race conditions.

2.7 CONCLUSION Y

The method chosen for this project fs the method of Dynamic-Functional-
Testing which for circuits of reasonable complexity should be adequate.
In-Circult-Emulation should be used for more complex micropraocessor baseg

circults,

The  hardware of Automatic-Test-Systems has a number of different
tradeofis in tha* the more expensive and complex the system, the better
it wil) perform. The consideration of cost and mechanical complexity was

the reason why a Bed-0f-Nails Test Fixture was discarded,
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In Automatic-Digital-Circut{-Testing-Equipment the ma:n function is to
detect faulty circuits on the production }ine before theyr are sent out,
unserviceable into the field, aince the cost of repair in the field dar
excaeds the cost of fixiag or replacing the circult on  the produciion
line,or at & service establishment. Certain faults in the field can have
disastrous results.

The earlier a fault is detected the cheaper it is to fix. With large
systems it is better to test the various component circuits before
assembling the whole systen and thercatter testing the system as a whole.

The tisk is therefore to test a circuit on the production tine or in  the
laboratory., With digital circuits of any complexity it is totally
unfeasible to apply &if possible inputs to the circuit, It is therefore
necessary to confine the tests to finding certain anticipated faults,

The Test-Program used was generated te test for certain expected faults.
These faults are usually generaled and the Test-Program s run  to
determine if the faults are detected. This was discussed earlier where
Logic~ Simulation was compared with the meihod of vsing a Known-Bood-
Board., With Logic-Simulat® «i the faults are entered into the sofiware
nodel of the circuit and the Tesi-Program is used to apply the inputs and
measure the outputs to see i the faults are detected. With the Known-
Good-Board actual faults are injected either by short circulting, or open
circuiting, certain pins.
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2 Tyl F_FAULT!

Most digital fasits are ogenerally modelied by the following three
approaches.

3.2.1 STUCKAT-FAULTS

This fault model assumes that a gate input. or output is stuck at &

specific lewe). This crould be caused by a faulty input, <Faultr ouiput

driver, open input, shorted input or output to ground or Vecc. The Figure
. below shows the test for a Stuck-at-l {(S-A-1) fault on input 2 (i2), This

fault is ysually designated as i2/1.

il i1

2 ry Yoo e
i3 i3
i4 4

Sood Hodel Faulted Nodel

Pattern Applied Response

N
-
o
3

Good Machine Mode)
Faulted Machine Model

-

Figure 4: Sturk-at-Fault
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2:2:2 SHORTS

Shorts betwesn signal lines of the network change the function of the
circuit, Shorts to ground and Ycc are Jooked on rather 4w S-A-2 and S-4~3
faults, as described above. With the TYL logic famitr, an oviput sinks a
1ot more current than it sources. If two opposing outputs are shiorted
together the line will be pulled low by the stronger sinking current.
With two shorted sutpyuts of the same value the resuitant level is not
affected. This effect of the stronger sinking current causes the
resultant Jevel to be a Togical "AND® of the two shorted lines. This mar
however change for other loglc families. The shorting of two outputs is
demonstated in the Figure below where the shorting of inputs 2 and 3 (i2
20d §3) cause the function of the circurt tp change.

rl
re
Good Nodel Faulted Model
Pattern Applied Response
if i2_. i3 .14 r r2
H 8 1 1 ] 1 Bood Machine Model
1 9 1 ! e 9 Faylted Machine Mode}

Figure 5: Short Faulit
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2.2.3 PARAMETRIC FAULTS

The two above faulis are called OC fauits as they are present drom high
frequencies right down to DC. Parametric Faults on the other hand are
speect refated and are usually onlty present at the normal swiiching spesd
of the digital circuit, These faults include slow gates, race conditions,
slow rise time, and variovs types of loading faults where the Joad is too
high and causes the signal to change slowly. The only way to detect these
{faults {s to test the clreuit at operational switching speed. The Test~
Hardeare employed is critical for detecting these types of faults,

To detert parametric fautis it (s necessary to apply Test-Patterns at the
fult operating speed of the Device-Under-Test. Ornamic~Function-Testers
such as the one developed for this project should have enough speed fo
accompiish checking for parameiric faults,

3.3 TYPES OF CIRCUITS

There are three basic types of digita) tircuits, namely Combinational,
Synchronous Sequentia) Circuits, and Asynchronous Sequentia) Clrcuits.
Automatic-Digital-Circuit-Testers can handle  Combinational and
Synchronous Seguential Circuits but Asynchronous Sequeatia) Cirfuits are
very dif{icuit to handie and no generalised nethod of doing so has yet
heen devised. At desipn time 1t is best to design synchrorous circuits as
thls makes testing so much easier. With a Jittle thought it is possibie
to substitute synchronpus circuits for asyachronous ones., An example of
this is the circuit below where a one-shot (Typical Asynchronous Efement)
can be reptaced by a synchronous circuit wsing twoe D~Flip Flops.
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Figure & t Syachronous Dpe-Shot

23,4 COMBINATIONAL CIRCUITS

With combinattonal circuits the outputs are solely a function of the
inputs, The output is a direct function of the input. A typical example
of this is 2 NAND gate. The general model of a Combinatjopal Circvit is
detaited beiow (n Figure 7, Combinational Circuits are the simplest
digital circuits and as such are the easiest to test. Sequential circuits
whether Synchronous or Asynchronous always contain Combinational Circuite
as sub units,

rpormans s ISUNINN rorvvins ¢
ational

Circuit
Y b

Figure 7 : Combinational Circuits
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3.3.2 SYNCHRONOUS SEQUENTIAL CIRCUITS

Sequential Circuits differ 4rom Combinationsa! Circuits in that the
outputs are a function of both the Inputs and the previovs state. &
typical Sequential Circuit has a Latch where the previous state is
retained. Synchrounous Sequential Circuits are Sequential Cirtuits which
change state at specific times. A clock usually controls the change of
state, 8equential circuits can thus be simplified into a Combinational
Circuit for each state, and thus are relatively easy to test using
Avtomatic-Test-Equipment. The genecal Syachronous Sequential circuit s
shown below in Figure 8,

0

Inputs Coabin~ utputs
B D e
ational %

Circuit

Clock
Hemory

Elements

Flgure 8 1 Synchronous Sequential Circuits

3.3.3 ASYNCHRONDUS SEQUENTIAL CIRCUITS

Asynchronous Segueptsal Circuits are Sequenfial Circuits with a stored
state and the output ts a fuaction of the previous state and the inpot,
The difference 4rom Synchronous Circuits {s that the feedback Joop does
not neceszarily =cur at specific intervals and may invalve some type of
delayed wait, Trpical elements in an Asynchronous Sequential Qircuit are
one-shots, The use of one-shats usyally turns a Synchronous Sequential
Circuit inte an Asynchronous Sequential Circuit which makes it almost
impossible to test on most Automatic~Test-Equipment as the Equipment
sampies the ovwiput at specific intervals normaily tinked 4o & clock
within the Device-Under-Test. With Aswynchroneus circuits the problem
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arises as to when the circeit should be sampled.

One-Shots in circuits cause dif4iculty In testing, and are also vsually
susceptible to'spikes on the ground and Vec pins which can cause spurious

triggering.

The general case of an Asynchronous Sequential Circult is detalied below
in Figure 9. Asynchronous Sequentia) Circuiis are almost impossible to

test generally.

Inputs Combin- { Outputs
ey ey

atjonal
b

Circuit

Hemory
Elenmsnts

Figure ¢ 1 asynchronous Sequential Circults

2.4 FAULT_FOLDING

With digital wmetworks many {avits alony a particular path may be
indlistingutshable. 1§ two faults are indistinpuishable they are called
equivalent, and oniy one test ig¢ needed for detecting both equivalent
4aults. in this manner the number of faults to be tested for can be
reduced considerably, making the Test-Program that much simpler.

The method of reducing the pumber of faults to be tested for falls tnto
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the study of fault equivalence, dominance and folding., This Is discussed
by Huehidord <iPB1) in an article znd (s aiso discussed in the book by
Breuer (19724)

Fault {oiding basicaliy boils doun to a method of reducing the pumber of
faults to be testvd for. Thess faults are reduced to 2}) sinpte Stuck-Af-
Faults, on &!) primary Inputs and &l branches of fanout, The defails are
specified In the above references.

Detailed analysis of methods used in the analysis of faulls, and fthe
avtonatic generation of Yest-Patferns wiil not be gone intc in detail as
the main aim of this project report is to discuss the broad aspects which
may influence the Test-Nardvare required.

For  fault folding it is necessary 1o have 2 mode) of the circuit entered
tnto the Test~System and some fairly complex soitwire to do  the fault
{oiding, As with Logic-Sim.tators and avtomatic Test-Paitern generation
programs  the prodblems can be solved refatively eastly with medium scale
intearation {MS1) components, but huge problems arise when one Tooks &t
very larpe scale integration (VLSI) components,

3.5 TEST-PATTERN GENEROTI(N

Test~Pattern generation is concernsd with what patterns should be applied
to  the Device~Under-Test in order to check whether it is operational or
4auity, This discussion is congerned with the various methods of appiying
patterns to the comnector or the pins directly, and is not concerned with
In-Circult-Bmylators ks these testers differ completely in concept. In-
Circuit-Emutators drive tests {rom the microprocessor and are very
closely retated to the whole bus struciure of microcomputers and are more
of & programming exerclse for the Sevice-Under-Test, The testers we are
concerned with have their signals applled externaliy to the board, or
externally to the individual integrated circuits populating the boards.




2,3.1 HahuaL METHOD

In this method an engineer programs the test hardware to apply various
Test-Patterns to the Device-Under-Test. The engineer in question needs to
#now  the functions of the board to be tesied and the Test-Hardeare to be
used. Thus a large degree of skill s needed to generate the Test-
Programs.

Howeuer cumbersome this method may sound it 1s stil} widely wused in
industry as it is fairly simple in copcept and will always work to @
certain degree. With some automiiic methods they mey sudden)y come across
a2 circuit that cannot be analysad, such as a new VULS1 njcroprocessor
chip, and then the method Is conpletely useless. This method should
always work to a cerfain degree even 14 the percentage of faults actually
checked s relatively small,

The usefulliness of this method varies depending on the engineer concerned
and the amount of time allozated to writing and checking the Test-
Programs.

2:5.2 RANDOM HETHOD

This method Inunlvss spraying the inputs with a psevdo random pattern and
detecting any deviation from the expected output, The expected output as
explarned ear)ier touid be established from a Loglc-Simulator or & Known-
Boad-Board. With this method the Known~Good-Board would ysually be the
method used as the complexity of having & simulation of the circuit would
usually mean a more analytic method of generating the Test-Patterns would
be used.

This method can have fairly good resyits as long as the circult starts
off In a Known state. In order 4or the clrcult to start of In a Known
state certain initialisation of the Device-Under-Tesi needs to be
undertaken, This cun be a problep with certaln sequentisl circuits, and
the hardware used to generate randun patterns {s not normally sultable
for long involved initialisation segquences.

Another problem tould be with tri-state tines where the Tines are botk




25,1 MANGAL HETHOO

1n thi; method an engineer programs the test hardware to apply wvarioys
Test-Patterns to the Device~Under-Test. The enpineer in question needs to
Know  the functions of the board to br tested and the Tewi-Hardsare to be
wsed, Thus a flarge degres of skill is needed to generate the Test-
Programs.

However cumbecsome this method may sound [t is stil] widely wsed in
industry as it is fairly Simpie jn concept and will always work to a
certain degree. With some automatic mefhods they may suddenly come across
a4 circuit that cannot be anaiysed, such as a new VLSY nicroprocessor
chip, and then the method i{s complete)y useless, This method should
always work to a certain degree even if the percentage of faulis actually
checked (s relatively small,

The usedulliness of this method varies depending on the engineer concerned
ang  the amount of time allorated to writing and checking the Test-
Programs.

3:5:2 ReNDOM METHOD

This method involves spraying the inputs with a pssude random patiern and
detecting any deviation {rom the expected output, The expected outpyt as
explained earlier could be established from & Logic~Simutator or a Known-
Bopd-Board. MWith this method the Known-Good-Board would usually be the
nethod used as the compYexity of having a simulation pf the circult would
usuaily mean 2 more analytic method of generating the Test-Patterns wouid
be used,

This method can have fairly good results as leng as the circuit starts
off in & kpown state. 1n order {or the circuit to start of in @ known
state certain Initiabisation of the Device-Under-Test needs o be
undertaken. This can be a probliem with certain sequential circuits, and
the harcare wsed to generate random patterns is not normally cuitable
for Jong involved initialisation swquences,

Another problem could be with tri-state lines where the lines are both
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inputs and outputs at dlffecent times during the operation of the
circuit. Randomly appliying patterns may cause the Test~Hardware to clash
with the Device-Under~Test when they both try and drive the same line.

$.5.3 AUTOHATIC TEST-PATTERN GENERATION

Thie method Ix the most complex from the Test-System’s point of view. &
description of the Circult is entered into the Test-Sysiem in much the
same way as for a simulator. The Test-System needs fairly powerful
computing capabjlities, however: this may be done on some external
computer and the Test-Patleras loaded down to the Test~Hardware once the
computing is completed. The fully automated Test-System would do the
Fault Felding, the Automatic Test-Pattern Generation, and finally wouid
ust & Loglc-Bimulator to establish the Expected-~Response and a
Dictionary-0f-Faults,

This method sounds very attractive ae once the circuit description has
been entered then nearly everything else is avtomatic. However there is
ot blo downtal) with this method, which is that a Ijbrary needs to be
kept of all components used in the circuits., This works reasonably for
N8I where gate level descriptions of the various chips are available, but
has beceme a big problem with the widespread vse of WSY, Gate ‘level
descriptions of Microprotessors, Serial Controilers, DMA Controllers eic
are not available and are very difficult to design.

This method works very weil as long as the circuit is simpie enough to be
kandled, A nunber of methods azre used. Some wethods rely on an algebraic
description of the circwit, nimely the Algebraic Expression Method and
the Boolean Difference Method. The Roolean Difference method involves
differentiating the algebraic expression of the circuit to see how the
output differs to a fault condition. Other methods rely on a topological
description of the circwit, namel) ath Sensitisation Method and D=
Algorithm method. These methods work on applying a pattern which wiit
propogate a fault to one of the outputs, The various methods are
described in greater detail in Musbldord (19813 and in Brewer (1974),
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2.6 CONCLUSTON

Automatic Fault Folding and sutonatic Test-~Paitern Generation, are very
2ttractive as Tong as they work properly, The main disadvantages of these
nethe . s that & large amount of compuling powsr is needed and the
introduction of VLSI components has made it very difficuit to generate
Tibrary parts,

For smal «pantes It is probably unfeasible even ‘o consider trring to
develop thecr own library parts of VLS! components, It may be possible to
rent some very sophisticaled packages st a considersble cost. The amount
ot work to Keep such systems up to date with current ULSI components (s
huge .

Hany Test-Patterns are still geperated manvaily by an Engineer as this
method Is fairly simple in concept, ane works for most circuits. Even
though the resultant Tesi-Programs might not be very exhaustive at least
they work for a -ertain percentage of possible faults,

Logic~SimuTators use the -ame software description of the Oevice~Under-

Tesl as used for Automatic Test-Pattern Henerators. Logic-Simulators wiil
be discussed in ¢etail in the next chapter.
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INTR

A Logic~Simulator is a progran which runs on a host computer. The purpose
nf & Simulator is to mode} the behavior of a given digital circuit, It is
necessary 10 have @ signlficant amount of computing ptwer to run some of
the more complex Shavlators. Test-Systems which inciude automatic fault
foiding and Test-Paltern peneration would normally have a  Logie-
Sicelator, as the principies involved are closely allied in many ways and
the circrit description need oniy ba entered onte. This can then be used
by ail three packages, namely : Automatic Fuult Folding, Automatic Test-
Pattern Generation, &nd Logic-Simulation with automatic generation of 2
Digtirgary-0f-Faults and Expected-Response, from the Test-Pattern put
through the Simulator,

Simulatars  sre  not only foupd in  Automatic-Test~Srsiems. Often
sonhisticated and some not s0 sophisticated Computer Aided Design (CAD)
Syetems bave Simulators as part of the wholr desiyn package. Pure circuit
tarout pacKsges have lYibrary paris for the pinouis and  phrsical
neasuramerés of the various components used. These library parts are then
connected together in the design. A)} the tonnection information of the
cireuit is available to the €AD pacKage. Uith Simulators the elecirical
+iaracteristics are added ta the library parts to help with the
Simalation,

Heving a Simulation availabie of the circuit design can be invaluadble in
cetermining if  the design will actually work when the printed circurt
board is manufactured, [f prototypes are $irst built and then the design
i ~ansferred to the CAD System then the Simulator tan be used to check
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that there were no faults in copying the design to the CAD System. The
Simylator can also check for certain design §laws, depending on how
tophisticated it is. With a very pood Simulator a number & prototyping
phases may be skipped in bringing a circuit to manufacturing level.

Simulators can be very useful from the simplest up to the most compiex.
Obviously the oore features needed the more conplex becomes the actual
Simylator. One of the main downfalls of Simulators has been the use of
ULAT where the complexity of the components maKes [t almost impossible to
generate somc of the Vibrary primitives. Microprocessors, DMA controllers
and Serial Controliers are some exampies of difficul{ to Simulate WWS1

circuits.

For this project a very simple Sinulator written in BABIC was wused to
test some of the features of Simulators. 1t was also used to Simulate
seme  of the timing circeiiry used in the Tesi-Hardware. The listing and
output of this Simutator can be 4ound in the Appendix J and Appendix L,
The Simulator was a modifiad version of the one developed by McDermott
(1983, 1t s a Table-Driven-Simulator with Event-Directed-Simulation,
Mamed Nodes, Macrocircuit Capability, independent Inpuis and Sampled
Qutputs., The +features meptioned here are explained beiow im greater
detail,

4.2 BASIC SIMULATOR STRUCTURE

There are two basic types of Simulators, namely Conpilter-Driven~
Simulators and Table-Driven-Simulators. These two have many similarities
to  Righ Level Languages wiiich are Compiled or Interpreted, The
description of the circuit in a way is 1{ke a computer propgram which is

transiated and executed by the computer.
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4.2:) COMPILER-DRIVEN-SINULATION

In Compiter~Driven-Simutation the circuit descriptien 1» transiated into
machine exetutable code, such as Assembly Language. Before the code
generation can take place the circuit must first be transformed into the
standard tormat of a synchronous sequential clircuit, This can be seen
below in figure 18, The combinational part (s then relatively easy to
translate into Assembly Language.

This method assumes zero delay through the gates and as such will only
work with synchronous circuits which can be translated into the standard
format. As such this method is very restrictive and is pot as general
purpose as Tab e-Driven-Sinulators.

lnputs Combin- | Outputs

——
ey,

]

ational

Circuit

Clock

Bersry
Elements

Figure 18 : Syncrhronous Siandard Format

TABLE-DRIVEN-S 14

Tabie-Driven~Simulators can handle circuit delsy and many circuit
characteristics that cannot be handled by Compiler-Driven-Simuiators, The
main disadvantage of Table~Driven-Simulators is that the execution time

is necsssarily elower than Compiler-Driven-Simulators.
Table~briven-Simulators in principle are relatively simple, Each tircuit

etemert hes inpuis and oulputs, Ouvtputs from one gate 9o to the inpuls of
another gete, Each signal Yine between gates, called a node, is given an
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entry in an array of node values. There are two (dentical arrays with all
the same nodes except the one is for inpuis and the outher for outputs
4rom the varioss gates. During a particulae execution phase the imput
values from the Input array are appiied to the varjous models of the
gates and the outputs from the gates are written fo the output array.
After the exacution phase is complets the output array is copied 1nto the
input arpay for the next execution phase. @ bascc diagram of this can be
seen betow In Figure 11,

This basic function in its simplest form assumes & constant dejay through
each gate. This problem is easily solved by assuming some type of lime
granularity and then each Qate needs a certain number of time grains
before the inputs changing affects the outputs. In this way time delays
\hrvougt_\ gates tan be easily modelled,

Table-Driven~Simulators are fairly simple in concept. However, very
complex Simulators can be built from this simple siructure. Table-Driven~
Simulatars have two phases of operation. The initial phase invoives
generating symbol tables, selting up the arrars of nodes, setting up the
gate models and expanding any macros. The next phase is the execution
phase where the Simufation takes place and the outpuis awre displayed.

The basic execution phase of a Table~Driven~Simulator is contained in the
figqure below 3«

input Output

Careust

Hodel

Copy for naxt phase

Figure 11 : Table-Driven-Simulator
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With Table-Oriven-Simulators a mnal) percentage of inputs may change Yrom
ont stats to the next. With gates the outputs do pot change i the inputs
do not, Therefore [t is fol necessary to Sinulate each gate every time.

Tt is oniy necessary to Simulate the gate i the inputs change from one
state to the next, In this way a large amount of time can be saved by not
Simulating gates that are not going to change. This optiaisation can be
very important with Table-Driven-Simulators as they are iypically slow.

4 £8
An input to a gate and an output from a gate are called nodes, Some very
simple Simulators insist that you number the nades and then these numbers

are usually element posilicas in the input and output arrays. However

things can be made much more user 4riendly by taking a tip from the use
of Assembly Language and allouing named nodes. A symbol table is built wp
in much the same 23y as an Assembler. Each symbol fs pliced in the symbol
table along with (s array eniry number. When a new symbal is read from
the circuii description the symbol table is searched and if an entry is
not found then & new entry is made, The symbol table also contains
information as to where the symbol 1s defined from the output of a gate,
1§ at the end of the conpilting of the symbo) table a symbol is not
defined as an outpu! anyuhere then an error is flagged.

22 CROCE T ILITY

HMacrocircuit capabilily is the ability to create your own matros from the
primitive library parts. This (s very useful if you want to define a
component with primitive constituenis. This component can then be used in
the circutt a number of {imes without having to define the primitive

constituents every time,
This feature i5 anather one thal coaes from Assembly Language as did ihe

use of named nodes. In many wars the injtial table building phase, and
macro expansion resembie the operation of an Assembler.
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4.2, INDEPENDENT INPUTS

The circuit to be Simulated may have a number of external inputs, driven
from outside the circvit. These inputs in & resl circuit would be driven
by exiernal clrcult components of the system, which bhave different
tunctions in the oversll System. 1In & System based around a computer bus
these would be the assorted circuit cards, wlth different funttions to
the circult in question. There are two basic types of Inpuls, nanely
pertodic and aperiodic Inputs.

The Periodic input resembles a clock input and the freguency and duty
excit of this signal should be definable. Dnce defined these signals will
Keep osciiltating at the defined +requency.

Aperiodic inpyts are those where the actual value at each particular
point in  tine nust be defined. This is done by defining "¢ starting
value and the time of each signal chapge.

4.2.7 SAMPLED QUTPUTS
The outputs of the Logic~Simulator should resemble those of & Logic—
Analyser where 3 certain nunber can be dispiayed, The sampling $reqency

and the sigral to be sampled should be specified. This gives a trace very
simtlar to that of a Logic—4nalyser, |

|
The sampling frequency Can be easily adjusted by only sampling after 2 oo

1
specified number of time grains. AV} output changes in the interim are i !
ignored, ;

Effectively it is possible fo specify the names of the signalis to be
displayed along with the sanpling freguency, This in effect is identical
i the features available on a Logic Analyser.




4.3 CIRCUIT DELAY

There are a aumber of deiays found in digital circuits and for an
accurate Bimulation it is necessary to take thess Into account.

4.3,1 TRANSPORT CELAY

This delay is theough & circuit element and through the wire connecting
the various clrcull elements. This delay from the input to a component,
can be viewed a5 a delay ia the ovtput driver. As such this delay is
added to the output detay of the circuil element driving the signal.

A:3.2 4 AY
Most circu vices do not have an sxatt dejay, Delay is - ally
specified as a maximim and mininum value and vacies from chip te +'p,

and  aleo changes with temperaturs. 1t 15 necessary to have 1 maximum
delay and 2 ninteum delay and the Simulator should check for  any race
conditions that may be influenced by a variation in delay,

4.3.3 Rl AY

When the output from a gate changes there is & particular time it  takes
to rise or fail depending on factors like capacitance and driving
capacity of the gqate. With MOS devices these delays can didfer
considerably depending on the load. This delay should also be takea into
account in the Simulator.

4,3.4 INERTIAL DELAY

Inertial dejay must be considered where an incoming signail has a duration
too short to actually switch the gate. Many gates have a minimum pulse
width that will be recopnised and this should be taKen into account and
reported as a possible hazacdous condition, The sisulated gates which
reteive a pulse of too short a duration, should aot switch,
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4,4 ML T VALYED LDGIC

With Simulators a number of problems can be solved by havinp Multl-Valued
logic, 1In Multi-Valued Logic each node has more than one hit to defipe
its state. An extra bit could be used for tri-state, undeflned state etc.

4.:4,) INITIOLISATION PROBLEN

With Simulaters it Is possible to detect initiatisation problens that may
arise in circuits, With real ciecuris they are erther high or jou and the
circuit may power up differentiy each bine. Ao eéxtra Hit is added to the
vatue of each node and defines whether the sigha) is defined or not.

Cartain laws of boslean logic are applied. An unknown signa) *ANDed with
3 low will give a fow oul, An upkpown signal "AND*ed with & high will
gfve  an unKnown signal out. This taw can be derrved yrom the following
boolean formuias (X.8 = 83 and {X,) = X). This process can be applied to
211 gates and unknown s)gnils can be reporfed in the output br a specific
symbol Jike x guestion mark.

4.4,2 HAZARD DETECTION

In detecting hazards 1t 15 necessary 10 take inte account the fact that
digital signals do not change instantaneously. A signal takes some  time
in cnanging from tow to high or ¢ice versa.

Two exira states are added to the normal states, by the addition of an
extra bil, namely 4 @ to ! transition state, and a1 to & transition
state. These states can be fed into the various Ipgic elements and in
this way hazards tan be detected more easily as the information aboul the
changing state of a sipnal Is available. When two inputs to a gate are in
trapsition then the gate may enter an unknown hazardous state, This
condition is dependant onp the type of gate in question.
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4.3 FALT SIMIATION

With Simulators 1t Is possible to change the tlrcuit to Simulate various
types of faults, trom shorts, stuck nodes, tp delay problems.

4.2 RY ~QF ~F¢

With a Simulator it is possible to SBimulate the circuvit with & various
comnon  faults introduced, The Test-Pragram is used as input +for the
circuit and the resultant output of the circuit is stored for rach fault
introduced, The output must differ from the expected outpul of 2 good
circuit for the Test~Program fo defect the fault, These outputs from the
circuits having injected faults are stored fn what s called 2
“Dictionary~-Oi~Faylts', The fault is stored along with the Duiput-Pattern
obtained with that fault.

During production testing if the output differs from the Expected-
Resporise  then the Dictionwry-0f-Faults is searched to see if the bputput
nmatches any in the Dictiorary, 1f a match is found then the actua) fault
stored with the pattern in the Dickionary can be reported.

4.6 CONCLUSION

Certatn circurts may be toc complex to Simulate on a Logic Lewel. . this
aspect Logre~Simulation software is similar to that used For Aviomatic
Fault Folding and Automatic Test-Pattern Generation. {4 the circuit to be
modelled is not too complex these methods can be very useful.

The main downfall with Simulaters Is with certain V81 cowponents the
cireuit model is very difficull to Slmulate. dnother disadvantage is that
Logic~Simutators are normally slow and need significant computing power.

This brings to a ¢lose the genera)l discussion of Test-Systems. The
specific Test-Systen developed for this project will now be discussed.




i INTRODUCTION

This chapter describes the Aufomatic-Test-Nargware that was developed for
the purposes of this project, from s functional point of view. The
saftware needed to drive the Test-Hardware i¢ described in this chapter,
and the next chapter deals with the Test-System from a hardware point of

view,

The hardware developed falls into the category of Dynamic-Functional-
Testers where there s dedicated pemory behind the test pins which ailow
the patterns 1o be driven zns sensed at high speeds. The basit operation
of Dynapic~Functionat-Tezters is that there are two banks of memory, oae
is  the Pattern-Dutput-Memory for the Driven-Patterns, and the other s
the Paltern-Returned-Memory for the Sensed-Patierns.

The Marn-Conirol-Computer gives the patterns to ve applied to the BOBS
Single~Boarv~Computer in the Test-Haroware, This Single-Board-Competer
then Yoads the patterns into the Pattern-Dutput-Memory at normal tbus
speed, Once this s finished the Test-Hirdware Is sctivated and in a
quick burst outpuks the patterns at the same time reading the lapuls into
the Pattern-Retyrned-Memory, This burst is sent at the switching speed of
ihe Device~Under -Test. Once this is finished the Test-Hardware Is de-
activated and the patterns are read from the Test-Hargware at bus speed
and seat up to the Main-Control-Computer where they are analrsed,

The main function of the Test-Hardwars js the ability to output and input
patterns at very high speeds, in this case up to 14 MHz,

45

e




5.2 OVERALL SYSTEM DESCRIPTION

The Test-System basically consists -+ a Main-Control-Computer connected
via a seria} liak to the 8884 Single-Board-Computer which in ‘turn
controls the Dedicated Test-Hardware over MULTIBUS. The Test-Hardware in
turn 15 connected to the Device~Under~Test. This basic layout can be seen
1n the figure below i~

Test Harduware | ravern Other
o T L output S
Hemory .
Harduwate
K % 32) B
Test
HULTIBUS Harduare Anatog circust /
toterface {4 W Timing 3 Interface |y Device
Circurtry Control Circuitru Undwe
i Lirewitry Yest
ULt 3 5
fuLT 18U Pattern
Lampuber
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Figure 12 ; Hasic Biock Diagram

44




The Test-System used to test the Device-Under-Test consists of the Maln
Computer and the Test Hardware.

The Haia Computer in this tase was an Apple H + compatible computer.
This choice was made mainly due to the availability of the pacticular
computer system. This computer could be replaced by uny mini-computer or
micro-computer with the required processing power and stocage capacity.

The #unction of the Main Computer is to sct xs the Data-Base for al} the
patterns and prograns loaded dewa fo the 84/128 Computer via the RS-232C
Serial LInk., Automatic Test Pattern Beneration, simulation and detailed
anatysis wovld be done on ihi« Computer.

The 84/12A Sing)e-Board-Compuler was chosen as a fast computer wis needed
1o control the Dedicated-Test-Hardware developed, The availability of an
847128 Single-Soard-Computer and an BESS Emvitator 2t the University, wire
important factors used in choosing the B&/1ZA Single-Board-Computer.

The Dadicated~Test-Harciare which s connected to the 847128 Single-
Board-Computer on MULTIBUS, hay the main Yunction of driving snd sensing
patterns. The application of patierns to the Device-Under~Test, and the
tensing of the response, needs fo be execuled at speeds up to 14 MHz,
. ts speed is needed fo test Digital Circuits at operational speeds,

To ottain these high speeds :t is necessary to have dedicated aemory
behind the electronics of the driver / sensoc pins. The Pattera-Output~
Hemory is loaded from the 887124 Single~Board~Conpuier at normai  bus
speeds. Opce this 15 completed the Dedicated-Tesi-Hardware 1% then plated
tn test mode, where the patierns are driven oui af high speed from the
Patiern-Dulput-Memory. At the sane time the sensed patterns are Clocked
into the Pattern~laput-Memory.

The Analog-interface-Dircu)try is needed to Interface the seperate
digita) inputs and outputs to the teslers driver / sensor pins which
drive and sense tri~state sipnals.

Tre main functions of the various constituents will now be descussed in

greater detail,
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The Main-Contro}-Computer which is connected to the Tesi-Hardware via &
serial 1ink g the main computing power in the Test-System. This computer
in the fully developed Auromatic-Test-Srstem would contain @1]  the
soflware necessary to parform functions like Automatic Fauit Folding,
Automatic Test-Pattern Generation, and Loglc-Simulation. The Dictiorary~
0f-Faults would also bs siored here 2long with any cowplex software
function crecessary, This omputer in a fully +ledged Putomatic~Test-
System would be either a micro-compufer cc & wini-computer, with
peripheral storage for the application progeams.

For  the purposes of this praject an APPLE 10 + compalibie computer was
used along with a custom built serial card. The reason for this chaice
uas the +fac! that the softuare developed had the prime function of
verlfying that the Yest~Hardware was operativnal. aAnother factor was the
fact that with Microcompulers {4 is a lot easier to get Into  the
Operating-System at a tow level and control the harduare directly, With
mini-computers with multiple users the Operatiny-Srsiem has to protect
users from  one another and consegiently makes it difficuit to achiewe

ceriain fow level functions.

The APPLE 1{ + compuier needed to communicate with the 38BS Singie-Board—
Computer over the Serial Link and for this purpose a cusi~a serial  cand
was buiit., The reason for this is that the slandard APPLE 11 + serial
card uses software rather than 3 UART to shifi the data in and out. This
means that process:ng of ihe data can only take place during the stop
bits which Tinitls the speed of data transmistion considerably, The seriat
card buill uses a UART and transmisston speeds up to 4509 bavd could be
uged. With 1the original serial card 158 bavd was the fastest that could
be attained. The custom ser(a) card increased the possible transmisgion
speed by a factor of 32 whith is considerable. The actual wesign of the
Serial Card developed is ctontaiced in Apperdix F and Appendix G.

For the purposes of checking the Test-Hardware it was necossary to

communicate with the Inte! monifor on the 8884 Single-Board-Computer.
This wusualiy involved typing long sequences of instructions whivh became
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extremely tedipus. A serial cowmunication progran was developed to aid In
this aspect. The serial communication program was written under the 4869
Flex Operating-System on the APPLE 30 4 compatible. This propram normally
operated Tike & Terminal-Emulator but had a number of special options. It
was gpossible to send sequentes {o the 8884 Bingle~Board-Computer {from a
file stored under Fiex. Another feature was that it was possible to
capture all  typing segquences in a f#ile, and anather option was the
ability to capture all outputs from the Monitor Progran running on the
8884 Single-Board~Computer.

A ltisting of this program is contained in Appendix N, and all tests of
the Test-Harduare were done ysing this serial communication progham. The
tistings of 1uz various fests n the Appendix, namely Appendix N apd
Appendix O, e aciual  termina) sessiont caplured by the serial
cormunication program into & fi1le and orinterf Tater.

W2 884 SINGLE- D: R

The BBBS Single-Board-Computer was actually an B/12A $8C panufactured by
Intel. This Single-Board-Computer is a MULTIBUS compatible compuier with
an B88S microprocessor as the main processing element. The board contains
32K of dua) ported RAM and four EPROM sockets whith can hoid a varietr of
EEPROMS  with the most dense berng 2732 EPRONS which gives the beard a
maximum capacity of 14K of EPROM. The board aiso contains an 825lA
(Programmibie Comynications 1Intecqace), aa 8253 PIT  (Programmible
Interval Tiner), an 8255 PPI (Pragrammible Peripheral Interface), and an
82594 PI1C  (Programmibie Interrupt Controller), For & more detailed
description see ihe {SBC 84/12A Single~Board~Computer Hardware Reference
Hanval by Intel (19797,

The board was €itted with & Monitor Program which communicated with the
Main-Control-Computer ouer the Serlal Link. The monitor description is
contained in the iSBC 9374 Intellec - iSBC 84/12A Interface and Execution
Package User’s Guide by Intel (1PB8>. This is a falirly standard monitor
program which allows memary modidication, display, single stepping etc.




$.2,3 TEST-HARBAARE

The Test-Hardware has the main function of applying Test-Paiterns to the
Device-Under~Test and measuring the Actual-Response at the sweme time.
Each pin is both a driver and a sensor at the same time. The actuai isve!
is measured all the time and the pin can be driven high, low or into tri-
stute during application of the Test-Pattern. This means that a
particular pln can be changed from driving to sensing, and vice wversa,
during & text fequepce. This means that systems emploving tri-state can
be tested. Dual thresholds are used and an optional load pulls the line
to  the middie of the i}legal region of TTL fo distinguish tri-state from
the high and Jow levels.

The Test-Harduure excluding the 8886 Single~Board-Computer consists of
three MULTIBUS compatible cards. The functions of these three cards is as
follows i~

Card 1) Muitibus Interface, ciock generation and contrpl circuitey.
fard 2> Pattern-Input and Gutput memory, Yatches and multiplexers,
Card 3)  Analog laterface circuitry.

Card _no (1) contains the intertace to the MULTIBUS. The card is
configured as & slave card and appears to the 8884 Single-Boar&-Computer
as menmoty and 1/0 ports, The clock generation is used fo contrel the
whole timing of the Tes{-llirdware as the sanpiing and pattern output must
be synchronised with the Devrce-Under-Test, The Sampling clock can be
generated internaily in the Test-Hardware or can be obtained from the
Device~Under~Tesi. The control circuitry controlse the Dperational Hodes
and has a Conirol-Regisisr for this purpose. A Stalus—Register is also
available Yo read the present sfate of the Testi-Hardsare. Incrementing
through memory and many other functions are handied by the control
circuitry,

Cargd no ¢2) contains the Pattern-input and Quitput memory along with
lateches and multiplexers which are contro)led by the control circuitry on
card no 1}, This card also contains the digital comparators used in
detecting the Trigger-Pattern used in the Lopic—nalyser Mode.
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Card no (32 is the analog interface and takes the purely digital signals
from card no (2) and interfeces with the Device-Under-Test, This card
wonsists mainly of Analog Comparators, Tri-State drivers and voltage
generation circuitry to cantrol the thresholds, Dual Thresholds are used
in  the sensing of tri-state lines. Two digital Jeputs and two digital
outputs from card ¢2) are coambined 1» this card into one general purpose
170 pin for driving and sensing high, low and tri-state, The thresholds

can be changed for differeat logic $amilies as needed,

The functione of the Test-Hardware are delatied in the figure below :~
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Figure 13 : Test~Harowars Functional Dlagram
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5.3 SYSTEM_CONTROL

The wvarious Operational and Configuration modes wil} now be discussed
followed by a discussion of the Control-Register, Status-Rrgister, the
napping of the Pattecn-Dutput-Menory and Pattern-Input-Hemcry, followed
by & description of the Trigger-Patiern.

This gives a programmsr- viewpoint of the Test-Systam.

. I0OES OPERW
There are three basic Operational Hodes of the Tesi~Mardeare and these

are as follows i~

$)  Digital-Tester Mode
The Test~Hardware goes from the Start to the End of the
dedicated 1/0 memory driving the the Test~Patterns and sensing
the Returned-Patterns at ihe same fime. This mode does & singis
pass of the I1/0 memory, This mede is the pormal mode of
operation in testing & digita) circuit,

2)  lLopic-fnalyser Mode

The Tesi-Hardware Keeps Looping repetitively through the
dedicated 1/0 menory going from the Start to the End and then
repeating this. The Test-Fatterns are driven and the Returned-
Patterns are sensed the whole time. 4 Trigger—Pattern is set up
on  the Trigger-Switches and when the Returned-Pattern matches
the Trigger~Patters the address of the trigger is captured in
the Status~Register and the Test-Hardware Keeps on operating
for half the wmemory so that half the patterns captured are
before, and half afler the trigger point. In a pure Logic-
Analyser all patterns driven would be purely tri-state, making
all pins purely sensors. This mode aflows the Test-Nardware to
operate as a Logic-Analyser.
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3>  Trigpered Digital-Tester Mode
This wmode Is simidar to the Digital-Tester Mode in that a
single pass is made of the dedicated 1/0 memory. The main
difterence hers is that the single pass is only staried once &
Patiern-input matches the Trigger-Suwitches. This mode wouid be
used to appiy the Test-St'mulus and captuce the Actua)-Response
once a certain state Is reached.

The analog interface board in this case was designed for the testing of
YrL circuits with the option of using tei-state desection, The Test-
Hardware is connected to the analoq interface iz 2 connector and it
woutd be relatively sasy to design & number of divierent Intzrfaces with
different characteristics for testing digital clircuits, One option
considered was to use flip—flops for the detection of glitches.

The Test-Hardware was regquired to operate at speeds of up to 18 MHz and
for this purpose it was necessary to do memory mulitiplexing, With memory
muitiplexing speeds of up to {4 Mz can Le reached and withoyt memory
nuitiplexing spreds up to 8 Mz can be reached,

The multiplexing and non-mwl tiplexing modes combihed with the different
wars that the analog card can be set up give 4 different Configueration
Modes. These Configuration modes can be seen in the folfowing table -

Memory/Pin Ho.Pins Max Speed Detect State
0 1K 32 & MHz Bi ~ State
2y K 16 B MHy Tri- State
» 2K id 14 MHz Bi - State
43 2K ] 16 Mifz Tri~ State

Table 2 ¢ Differsnt Configuration Modes
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The Test-Hardware has a Control/Status-Register and Dedicatei! 1/0 Memory.
The Control~Register and the Status~Register are at the same 1/¢ Port
#Address., Nowewer the Control-Register is written and the Status-Register
is read. The dedicated 1/0 memory tonsists of Patiern-Dutput~emory and
Patterp-Returned-Memory and these two memory banNs are similarly at  the
same Socation except thr one is written to and the other is rexd from.
Both memory banks are in turn split up into low and high banks and these
twe  banks have different operations depending on whether  memory
muttiplexing is chosen or not. If multiplexing ls pot chosen then each
bank supplies |6 bit wide digital 10 giving » totxl of 32 input and 32
output bits. Under memory multiplexing the high and Jow banks are
alternated f{o give increased speed and consequently the number of input
and output bits is halved giving 16 inputs and 1€ putputs. However under
memr.”~ multiplaxing the amount of memory behind each pin increases 4rom
1K to 2K.

$.3.2 CONTRCL -REG]STER

The Control~Register is used 1o control the Dperational Medes of the
Test-Haroware aws well as whether memory puliiplexing is used or not. The
warious conirp) bits sre discribed in the Tabie below i~

Bt 13 STOWTRIE | 8 = Normal Start Start without  Trigper~
Patiarn  matching input.
Undetined for CLEAR=0.
§ = Btart on Trigger Start when Trigger-Pattern
matches input,
Bit 14 CLEAR 9 = Clear Clear Test-Hurdgware.
i = Go Releases Clear,

8it 13 NORMLA 8 = Normal Singl: S:an ] Normal single stan mode, and
reset Logic-Anxlyser Mode,

1 = Llogic-Aralyser On | Logic—Analyser  mode for
tooping.,

Table 3 1 Control~Registar (Continued ...)




Bit 12 EPOS B = Disable Pos Edge No positive edge clocking.
[T < Enable Pos Edge Clock on positive edges,

Bit 11 ENES 8 = Disable Neg Edge Mo negative adge ciocking.
1 = Enable Neg Edge Clotk on negative edges,

Bit 18 EXINT 4 = External Access Externa) access of wmemory
{rom 8684 SBC, Disables
clocking as well,

1 = Internal Access Internal Access for  running
Test~Hardware.,
Bit # SPLED 8 = Normal Speed Non-myTtiplexed mem' access,
1 = Full Speed Hultiplexed menory atess,

Bit 8 62 9 = Enable Clock2 Drive Auxiliary Clock 2.

i = Disable Clock 2 Tri-State Auxiliary Clock 2.

8it 7-3{ C€2,B2,A2] 8,8,0 = Sinple Step Speed of Clock 2.

8,8,f » 98,25 NHz (Auxillary Clockd.
8,1,8 = 80,5 Mz
8,1,1 = 91,88 MH:z
1,8,8 = B2.80 MHz
1,8, = 84,88 Nz
1,1,8 = 68,88 MHz
1,1,1 = 16,88 HHz
Bit 4 61 @ = Enable Clock! Drive Main Clock 1.
1 = Disable Slock | Try-State Main Clock 1.
Bit 3-1 ] C1,B1,Af] 8,8,8 = Single Step Speed of Clock 1.
8,8, = 88.20 MH:z (Hatn Clock).
8,1,0 = 80,50 MHz
8,1,1 = 81,80 Miz
1,0,86 = 62.88 MHz
1,8,1 = 94,08 NH2
5,1,8 = BB.B8  MHz
11,0 = 1,88 M
Bit 8 SSTEP 8 = Step Low Clock Low Under Single Step.
t = Step High Clock High Under Single Step

-# 3 1 Control-Register
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3.32.3 STATUS-REGISTER
‘The Status-Register containt the present state of the Test-Hardware us
the Trlgger-Address when the machiae )s triggered under the
Logic-Analyser mode, The various bits are detailed in the Table below t-

well as

Bit 15 TRIG STARYED | 8 = Start FF OFf Under triggered start the
Test-Hardware has not vet
triggered.

§ = Start FF On The Hardware has triggered
or is permanentiy enabled.

Bit 14 LA TRIGGERED | @ = No Trigger togic-Analyser aat triggered

i = Triggered Logic-Analyser  has besn
trigoered.

Bit 13 LA FINISHED 8 = LA Finished Looic-Analyser has finished
counting after being
triggered.

1 = 1A fBusy Logic-Analyser is waiting
for trigger or is counting
after being tripgered.

Bit 12 1A CLOCKING ® = LA Stopped The Logsc-Analyser Clock |s
stopped efther because
finished or not in LA Mode,

i = {A Clecking The Logic-Anatyser is
operating,

Bit i CLOCKIM 8 = Kol Clocking The main  counters which

clock through memory  are
stopped after single pass or
because disabled.

1 = Clocking

The main counters are busy
clocking In singie pass or
are counting during LA Mode
before trigger,

Table 4 : Statys—Register (Continued .,.)
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Bit 18 MXCTL ¢ = High Memory Arcessing high memory during
aultiplexing mode.

1 = Low Memory Accessing Low memory during
nultiplexing mode, or not in
myltiptexing mode at all.

Bit 9-4 | ADDRESS Trigger Rddress Address of trigger under LA
mode . Once trigpered address
is held in these bits, The
address i3 address of 16 bit
word where trigger occurred.

Table 4 @ Status-Regisnter

5.3.4 PATTERN-QUTPY™ -*EMORY.
There are two br sitput memory one at address offset 98K above the
mefory base . 5 and the second at address offset 88@H. ln the aon-
multiplexed memory access mode the low bits are taken 4rom the bank at
addeess offset R0GH and the high order bits {rom the bank at address
otfset 88H, In the multiplexed memory access pode only the hiah bits are
driven and they are taken from the low bank at offset B88H and the high
Hank at address offset BBEH in turn, before incrementing the count to the
aext tocation.

Two bits are used 1o control the value of the outooing sigaal. One bit
controls whether the sigeal is driven or in tri-state and the second
bit is useo to control whether the signal is deiven high or low,

Under the multiplexed miwte there are B different drivers and 14 under the
aon-me¥tiplexed mode. Tur to the way {n which memory is accessed it is
necessary when weitin. *r 2od reading from the dedicated [/0 memory to
always read and write ¢ 21{ words on even boundaries. As with the way
Inter stores the word: *n= jeast significant bits are stored in the low
memory location.
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The drivers are controlled by writing words to the Pattern-Output-Hemory
using the format detailed in the Tabie below -

= Put Pin In Tri-State

= Drive pin according to Un
= Drlve Pin Low

= Drive Pin High

Tn = Tri-State Control Bit a

Yn = Drive Control Bit n

Table 5 1 Duiput Memory Bit Definitions

The structure of Patiern~-Dutpoi-Memory can be seen in the Tablu below :-

Speed = 8 (Non - Myitinjexed Mode)

At offset 86BH (desault 2:8800)
Low Address High Address

74 {vs [ra us Jrz Juz Jov Jor ] Jre fua Jr7 Juz Jve Jus Jrs Jus |

At offset 808H (defaclt £:8880)
Low Address High Address

[refoefriuifrsfuie]re Jue 1 [rigjuie]visfuis[riafvsaireafors]

Speed = 1 (Hufliplexed Made)

At offset BBOH (defaull 6:8688) and offset BOAH (default 9:8888)
Low Address Righ fAddress

e fuarafuaTrz fuz [ri Jur ] [rsJus Tz Tuz Jrs Jus Trs Jus |

Table & : Patiern-Output-Memory Structure
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$:8,3 PATTERN-RETURNED-NEMDRY

There are two banks of intput memory one 2t sddress offset 8BBH above the
memory basr address, ane the second at address offget BBOH, In the non-
multiplexed memary accoss mode the low bits are read into the bank  at
address offset BABH and the high order bits to the bank at address offset
8984, In the multiplexed memory access mode only the high bits are read
and they are put into the Yow bank at address offset Q00K and the high
Yank at address offset 846H in turn, before incrementing the couni to the

nrxt tocation,

The sensed signat is transformed into two bits of input. In the Tri-

State detection mode there ure two different thresholds used, The High
threshold would typieally be set al 2,4 Volts and low theeshold fypically
at 8.8 Volts. The sensed sipnal is than pulled via a resistor network

1o 1.6 Uolts when In tri-state. The high input would be the one using the
hegh  threshnld and the low input the cne using the low threshold., The
three states of the sepsed sighal are determined by the foliowing Table

Low Signal - Input High = 6
Input Low =B
Tri-State Bignat - Input High =@
laput Low =1
High Signa) -1 “lnput High = 1
Input Low = | el
Ho = Ipput High Bit n @ = Below High Threshald
1 = Above High Threshold
Ln = Input Low Bitn @ = Below Low Threshold
1 = Abave Low Threshold

Table 7 1 lnput Henory Bid Definitions

The state where loput High = 1 and Input Low = 8 is Illegat. This state
should never occur in practice. When the Test-System is used fo detect
Bi-State then switches on the Analog laterface Bpard Shorting the two
inputs are opened and the Thresholds are set to the same value of about
1.6 Voits., This then gives you effectively twice the number of inputs.
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The outputs still work in pairs so one must be capetul in using the Bi-

state detection mode 3 the mode is not &s fully suppocted as the Tri-

State detection mode,

e multiplexed mode there zre 8 different inpuis and 16 under the
Due to the way in which memory is accessed it is
to

Under
non-mu:tiplexed mode.
necessary when writing Yo and reading from the deditated I/0 wewmory
aiways read and write 14 bit words on even boundaries. As with the way
Intel stores the words the least significantr bits are stored fn the low

memory Jocation.

The inputs are read in usiag the structure in the Table below -

Speed = & (Non - Multiplexed Mode!

At offset 888H (default 8:8080)
Low Address

[ra Jea fwe {us Jue Jea [ Ju]  [we Jcs w7 Lz [He [ce [ws Jus |

High Address

At offset BEBH (default 9:8888)

Low Address High Address

| T EE T D ) (Y (o O e O (Y B R E N R

Speed = } (Multiplexpd Moded

At offset 060H (defaull 8:80880) and offset BBOH {(default 8:8886)

Low Addeass High Address

[raTea Tus iz Tue Jez Jws Jee [ e Jus Tz o7 Twe [ué Tus i |

Table 8 : Pattern-Returnsd-Memory Structure
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5:3:6 TRIGGER-PATTRRN

The Trigger-Pattzrn Js set up using 32 theoe position switches. The three
positions are namely, high, don’t care, and low. The 32 switches
correspond closely to the sensors input to the Pattern-Returned-Hemory.

tn  the Non-Multiplexed mode (Speed = £) all 32 switches can be used in
salecting the pattern. However in the Multiplexed node (Speed = 1) only
the higher 14 switches are used, 1n this node (Speed = 1) the lower 16
suiiches must be placed in the middle position, for don’t rare,

NOTE In Multiplexed Node (Speed = 1} the lower 14 switches must be put in
the don’t care state.

The Trigger~Pattern set up on ths switches is only operational in  the
(ogic~analyser mode and the Triggered Digital-Test Made. Ia the normal
Digital~Test Mode these switches are nat used at alil.

The switches come in pairs 1ike the Pattern-Returned-Hemory bits where in
Tri~State detection the Upper bit uses the upper threshold, and the Lower
bit wses the lower threshold, In Bi-State detection each switch
represents a bit.

The bit definitions are detaiied in the Tabie below :-

Hn = Pattern High Bit a 2 = Below High Threshold
1 = Abave High Threshold

in = Pattern Low 8ii n 8 = Below Low Threshold
. 1 = Above Low Threshold

Table ? : Trigger-Pattern Bit Definitions
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The structure of the switches is contrzined in the table below. The
switches are Jisted from left to right just as they appear on the
Trigger~Pattern switch box,

31 38 2¢ 8 27 26 25 24 23 22 21 28 19 18 17 4

Tuslovsjmsiis{malcialris[caa]  [mzJuszfusijun]mefciefus Jued

15 14 13 12 11 6 ¢ 8 7 4 5§ 4 3 2 t &

[we Jie Jrz Jov Ths fue Tus fus | [wa Jua [wa Jus w2 Juz i et |

Table 18 ¢ Trigger-Pattern Structure

$.8.7 CONTROL-REGISTER PROGRAMMING CODES

This section deals with the vodes sent to the Lontroj-Register to control
the Tesi-Hardware. These codes should maKe it exsier to program the Test-
Hardware wjthout having to work out each bit in the Control-Register.

EXTERNAL ACCESS BY SBC OF TEST-HARDWARE 81i8H
CLEAR BEQUENCE OF TEST-HARDMARE 15884
15814

21181

SETTING LOG1T-ANALYSER OFF

LA 1/ M Ay L., TEMK;
Pos Edge Speed = B 74224 74440 7466H 74881 74EEH
Ney Edge Speed = 6 scazh scadm SE68H 4C8EH 6CEEH
Both Edges Speed = B 76224 7Ca4H 7C8SH 7eass ZCEEH
Pos Edge Speed = 1 7422 78448 7646H 2688H 78EEH
Ney Edge Speed = 1 6E22H SE44H sESSH sE88H SEEEH
Both Edges Speed = § 7E22H 7E44H 7ESSH 7E8BH 7EEEH
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Before the Logic-Analyser has Triggered get A??7H 4rom Status-Register.
After the Logic-Analyser has Triggered get C??PH from Status-Register.

SETTING DIGITAL-TESTER MODE OFF

IVZ T Vs, ) S (x: 2z 18z
Pos Edge Speed = & 54224 S4448 S4664 5488 S4EEH
Neg Edge Speed = § 4C22H 40944 4L84H PLEET 4CEEH
Both Edges Speed = SC22H SC44H SC44H S086H SCEEH
Pos Edge Speed =} S822H 54444 Sesét 5598H SEERH
Neg Edge Speed = 1 4E22H 4E44H 466H 4E88H 4EEEH
Both Edges Speed = 1 SEZ2H SE44H SE64H SEeaH SEEEH

SETTING TRIGSERED DIGITAL~TESTER MODE OFF

I/4Me  1/2Mz  iMHz Pz ... 16MHz
Pas Edge Speed = @ 4228 D442k DASSH D4BBH D4EEH
Neg Edge Speed =8 cC2zH €Ce4H CCosH ccesH CCEEH
Both Edges Speed = 8 DLz DC4H DE64H DCesH UCEEH
Pos Edge Speed = ¢ ps22 dgeh DégsH Dé8EH DSEEH
Neg Edge Speed = 3 CEZ. aH CES8H cEssH CEEEH
Both Edges Speed = 1 DE22: =44H oES8H pEasH DEEEH

5.4 CONCLUSION

The functional description aiven in this chapter shovld contain
sufficient intormation to enable programming the Test~System assuming
one Knows how to use the 84/124 Single~Board~Conputer. See Appendix N and
Appendix O for examples of the programming.

In the examples In the Appendix the Control & Status-Register were set up
at 170 port number 188H. Bopth registers octupy the same word location
except that the one is written to and the other ls read {rom. The
Contro)-Register is written and the Status-Register (s read.
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The detaylt setup for the Dedicated 1/0 Memory is- 4rom location
08801808BH to 96GB:BFFF, The Jower bank s fron 0862:80668 to BB8BIBIFF
and the upper bank is from @899:8868 to @888:8FFF. In writing and reading
4ron  the dedicated 1/0 memory iwp ihings must be kept in mind. Firstly
bit 18 (EXINT) of the Control-Register must be se! Jow for external
atcess  and information must be wrltten and read using word tranafers on

even boundaries.

Further details about the hardware functions of the Test-System developed

are contained in the next chaptes.
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RIPTION OF THE TEST: RE

4.1 INTRODUCTION

The hardware will be discussed in detail
physical layout of the 3 boards and 3 connectors is in the Figure below

in this chapter., The basic

UL TIBUS Rack
Test Harduware < Molds 4 Cards )

Card 3 Anaiog Interface Card
L 5 .
[

§ Hemory, Latches i B
Carg 2 L
4

& Comparators
[«

Clock and

Lars 4, £ Control

n
o 86/120
H CPY Card *
o 2 :
v [ 3 / / / o
2 /

Sersal Link

to Main

fpple 11 ¢

Computer

/

/

32 Suitches

Trigcer Pattern
for Logic Rnalyser Mode

Figure {4 : Basic Physical Layout
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The Test-Hardware excluding the 8284 Single-Board~Computer consists of
three MULTIBUS compatible cards. The functions of these three cards is as
foliows i~

Card 1} Multlbus Interface, clock generation and control clrcuitry,
Card 2)  Pattern Input and Output memory, latches and multiplexers.
Card 3> Apalog Interdace circubtry.

There are three connectors used to Join the cards, excluding the MULTIBUS
connector. The functions of these three conneclors (s as follows :-

Fosnector 1)  Timing and Control Connector.
Connector 20  Digital 1/0 Connector.
Connector 3)  Analog 1/8 fornector.

These cards and connectors will now be described in greater detal) n
this Chapter. The detailed circuit diagrams are contained in Appendix A,
and wil) npot be found in this Chapier, The discussion wil) not describe
the function of each and every gate as this can be obtained from the
circuit diagram,

[ 10NS OF THE TE!

The Test-Hardware consjsts of four muitibus size boards, of which one is
an 8884 Single~Board-Computer whose function It is to control the other
boards which are dedicated boards to the Test-Hardware. The basic
junction of the Test-System as described earlier is to outpyt sad input
patterns at high speed. The Test-System is controlled by use of a
Contro)~Register and Status is returned via a Status-Register. The
Dedicated 1/0 memary looks 1lke memory to the Single-Board-Computer.
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The functional dlagram of the Test-Hardware is in the Figure below i~

7] ] s Tining 4
H J
1
b
u
H
1
]
t
e
<
:
< Pattern l’; ’ )
e output 1642 3
. Hemory ¢ 1
o
Bank t 9
$
n 1
t te—pin
g pe ®eTC v |, 32
1 < [ S i 2
. Pattern . L ‘e sl Q's:iw ¢
HET p| Retur d t nuy e
T emory ¢‘4 »
1 I s s
. Bank 1 v °
b ;K’ oy Pattern L [d
a o . AReturnedi 16 ]2 16 v
3 %i 9% ¥EZ D Hemory *é T
Rt [e
FPRETL RE2 Back 2 1 LS

Figure 15 : Test-Hardware Fuactional Diapram

in  the figure above the sranal called "Clock" te the signal used to
control when the Test-Patterns should be apptied and the Returned-
Patterns read, This "Clock' sipnal can be driven by the Device-Under-Test
or by the Test-Hardware itself, 1t is possible to output and sample on
the Positive Edge, the Negative Edge, or Both Positive and Negative
Edges.

The Timing shown in the upper right corner is used to specify the order
in which events take place. The case of speed = B is the normal! non
multiplexed memory access mode, for fower speeds. The tase of speed = 1
is the multiplexed memory access mode, for very high speeds. The order
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of operations is very important to the function of the Teat-System and
this timing is controlled by the clock peneration clrcuitry.

The ~irinys phases will now be described in preater detail -

‘

1

This clock puise Latches the Incaming data in for BasK § and Increments
the Counter used to count ihrough the dedicated 1/0 memory In the Test-
Hardware, The Returned-Patterns are latched in before the outgeing
patterns are changed Yo avoid the problem of reading a changing signal.

’2

This clock Yatches the outgoing patterns from the Patiern-Qutput-Memory
of Bank 1 so that the values are passed along to the Analog Interface
Card,

)

This clock latches the count through to Bank 1 Pattera-Ouiput-Memory and
Pattern~Re turned-Memory once it has been incremented.

WEL

This sighal goes low to write the Relurned~Pattern into the Bank 1 of
Pattern~Returned-Nemory. The Returned-Pattern has aiready been tatched.
¥

: 1
This c¢lock pulse Latches the incoming data in for Bapk 2, The Returned-
Patterns are¢ latched in before the outgoing pafterns are changed to stop
ihe problem of reading a changing sigaal,

4
2

This clock Jatches the outpaing patterns from the Pattern-Gutput-tHemory
of Bank 2 so that the values are passed along to the Analog Interface
Card,
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3

This clock Yatches the count through to Bank 2 Pattern-Guiput-temory and
Pattera~Returned-emory once it has been incremented.

uE2

This signal goes 1ow to urite the Returned-Patiern into the Bank 2 of
Pattern~Returned-Hemory. The Returned-Pattern has already been latched.

The dedicated Tesi-Hardware is built on three seperate boards and the
functions of these three boards wifl now be described in  the following

sections.

4.3 MULTIBUS INTERFACE AND CONTROL BOARD (Card 1)

Gard _no (1) contains the interface to the HULTIBUS. The card s
configured as a slave card and appears to the BAB4 Single-Board-Computer
as wenory and 1/0 ports. The clock generation is used to control  the
whole timing of the Test~Hardusre as the sanmpliing and pattern output must
be synchronised with {he Device~Under-Test. Sampling~Ciock can be
generated internally in the Test-Hardware or can be wbtained 4rom the

Bevice-Under~Test. The control circultry controls the Qperational Modes
and has a Control-Register for this purpose. A Status~Register is also
avajlable to read the oresent state of the Test-Harodeare. Incrementing
through memory and many other functions are handled by the contro)

clrcuitry.

$:3.1 MULTIBUS INTERFACE

The MULTIBUS interface circuitry does the decoding and inter{acing to the
Test-Hargware on th- three bpards. The other two boards only take pawer
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off HULTIBUS and do not interface to the bus as such. The MNULTIBUS
interface makes the Test-Harduare Took 1ike a SLAVE board with & bank of
memory and @ Contrpl/Status-Register at a port address.

The Tran. . 6cknowledge sigpal /XACK is generated by the WULTIBUS
interface and *he wiiting time is mwitch selectable, The base address of
the Control/Register and the dedicated 1/ memory wre also switch

selectable.

The switches are contained in three 8 switch dua) in line packages at
focations 34, 23 and {2 on the board, These 24 switches contro) the base
addresses and the Transfer acknoelsdge wait,

The switches are pumbered according to their position on the card as

shoun in the table below -

~~Card Edge-~ f
|

A (3 B (23) ¢ az I
i

Tt23as56:6f lizaasere [12345678]

Table 11 ¢ Switch Numbering

The defauit switch positions for the memory at 6:BRGBH -) B:8FFF and the
Control/Status-Register at 1B#H is in the Table beiow 3~

A tae) B <23 Coum
Jeeoseoaos Fivessenl] Jeees Caed]
@ = Ciosed
1 = Dpen

Table 12 : Detautt Switch Settings
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Memory Base Address

The Dedicated 1/0 Hemory base address can be set up for & 16 address bit
option or a 20 address bit option. For (6 adcress bit option switch 84
aust be open, and <losed for a 28 addesss kit option. Hith & 16 address
bit optjon the upper four address bits are ignored,

when addressing the Dedicated 1/0 memory thic must be done by addressing
14 bit words 2t even boundaries.
‘The base addess is set up according to the follewing Table -

B4 = open for 14 address bits
= closed for 20 address bits

/ADRI3 -3 €1 @ = Closed
ZADRIZ ~) C2 1 = Dpen
/ADRLL =) C3 fur ZADR
JADR1B =) T4

JADR F =) €5 8 = Dpen
JADR E -} 06 1 = Closed
JADR D =) €7 for ADR
/ADR € -y T8

/ADR is inverted ADR as it appears on the bus.

Tabte 13 @ Dedicated 1/0 Memory Base Address

Control/Status-Register Address

The Control/Status-Register address can be set up for an 8 bit port
address option or a 12 bit port address option. For an 8 bit port address
option switch Al must be open and closed for a2 12 bit port address
option, With an & bit port address option the upper four address bits are
ignored,
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The Control/Status-Register is a 16 bit register and as such is lotated
at an even address. The low order byte Is 2t the even address and the
bigh order byte at the odd sddress.

The addess is set up according o the following Table :-

Al = open for B address bits
= closed for 12 address biis
/ADR B -} 85 § = Closed
JADR A -2 BS 1 = Open
/ADR 9 > B7 for JADR
/ADR 8 -) B8
/ADR 7 - A2 8 = Dpen
rADR 4 - A3 1 = Cinsed
JADR 5 > Ad for ADR
Z/RDR 4 =) AS
JAOR 3 -) Ad
Z6DR 2 -) A7
ZADR 5 -) AB
/ADR is inveried ADR as it apprars on the bus.

Table 14 : Controi/Status-Register Address

Transfer Acknowledge Wait

The Transfer Acknowiedge ALK wait is swilch selectable. The mait is
from  the time that the Slave board is addressed io the time that it js
ready for the transfer to take place. This sliows boards of varying
speeds to access the bus. The wait state may be changed from 1 Clock
cycle to B cloek crcles on this interface. The cloek cycles redferred to
are the /CCLK signal on the MULTIBUS.
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The wait states may be set up aicording to the following Table 1~

Ft 82 B3 WHait

Ctosed Closed Llosed 1 Clock Eycle
Closed Closed Open 2 Clock Crcles
Clesed Open Closed 3 Clock Crcles
Closed Open Dpen 4 Clock Crcles
Open Closec Closed 5 Clock Cycles
Open Closed Open & Clock Cycles
Open Open Closed 7 Ciock Crcles
Open Dpen Open & Clock Cyecles

Table 15 : Wait State Switch Selection

This concludes the discussion on the MNULTIBUS interface. For more
information see the circuit disgram in Appendix A and the Intel
Literxture on MULTIBYS.

4.3.2 CLOGK AND TIMING CONTROL

The clock and timing control circuitry has the function of timing all the
circuits in  the Test~Hardware. It is pecessary to Output from the
Pattern-Output-Memory and fInput into the Pattern-Returned-Memory at
particular intervals, This sampling is controlied by the Main-Samp)ing-
Clock signal which can either be input fron the Device~Under-Test or it
can be driven by the Tesi-Hardware at spreds fron 9.25 MHz up to §éMHz.

The driving and sensing of patterns can take place bn the Positive Edge,
on the Negatlive Edge, or on Both Edges of this Clock. These factors are
set by the Contrp)-Register which is detailed in the previous chapter,

There s a Main-Sampling-Clock, that coatrols the sampling, and an

Auxiliary-Sampling-Clock which can be used for various purgposes. The
Auxiliary~Sampling—Clock is seperately proprammible +{roe the Main-
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Sap ing-Clack and cap also run from .25 MHz up to té MHz. The twp
clocks are however multiples of one anpther, 85 they ere derived from the
same source, This fact may be osey wseful if you wan! a faster clock to
drive the Device-Under-Tes! snd only want to sampie at sar one sixteenth
of this clock speed.

To ' drive and sense at 1&%z, intermal tining was controlied by a &MMHz
clock, which was obtained by vsing & phase Ipcked loop and a Crystal
oscitiator,

There are tuwo basic modes of operation of the Test-Hardware namely
multipiexed and non multiplexed memory access. Under multiplexed memory
access the access to the memory banks Is interlaced znd this results in
far higher speeds. An offshoot of this (s that the number of 1/0 lines is
halved and the wmemory behind each 170 pin is doubled, Under non
multiplexed access both banKs work together and the number of 1/0 lines
is double that of the multiplexed access,
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s

Speed = & (Non-Multiplexed)

This is the non multipleted sccess mode, The number of 1/D pins is double
that of the multiplexed mode and the memory behind each pin is half,
Under this mode both banks | and 2 operate together, The multiplexer
control signal MXCTL remains high and the tlock signals generated are in
sync  for the two banks. This mode is used for normal speeds of up to

about 8 MHz.
For this mode SPEED pemalns low and PXCTL remains high,

The timirg diagram for this mode can be seen in the Figure below -

+ve Edge Clock From B.U.T.

meeTy |

Bank 1 Controls

¢} —-—ILatch In bata & Inc Counter l
¢2 [ Taten out pata

¢ 3 Latch Count Through {
ME] Write Data to Hewmory

Bank 2 Controls

8’, Latch In Data ———l

(S Latch Qut Data

(S8 Lateh Count Throush
WEZ Write Data to Nemory 1

Figure 16 ;: Speed 8 Timing Diapram (Non—Multipiexed)
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Bpeed = | (Multiplexed)

This is the multiplexed access mode, The number of 1/0 pins iz haié that
of the non-multiplexed mode and the memary behing each pin s double,
Under this mode both banke 1 and 2 operate alternatively on each sampling
edge 50 that each has sutficient time to write and read from memery. The
nu!tiplexer control sighal MXCTL oscillates depending on which bank is
being used for each sample and the clock signals generated are out of
sync for the two banks, This mode is used for high speeds ot up to about
16 Mhz,

The timing diagram for this mode tan be seen in the Figure below :-
+ve Edge Clock From D.U.T

HRCTL

Bank 1 Controls
¢1 Latch In Data & Inc Counter
¢2 Latch Out Data

¢ 3 Latch Count Through

WE! Write Data to Hemory

Bank 2 Controis

S, Latch Jn Data L

S, Latch Out Data ™

[ Latch Count Throush 1
ez Write Data to Hemory ]————“"—_L__

Figure 17 1 Speed ! Timing Diagram (Multiplexed)




$.3.3 ADDRESSING AND MODE CONTROL
This section of the circuitey is used to control the Test-Hardware and
address  the dedicrted 170 memory. There [s & Control-Repister and a
Status-Repister In this circuitry. The functions of these registers is
described in the previous chapter.

The main counter In this circeitry is used to address the dedicated 1/0
nemory and this counter is incremented white the Test-Hardware s
operational sc that each paltern s fetched from a new memory location
and the Returned-Patterns stored in a new memory iocation. The address
4rom  this counter is also fed through a nultiplexer which is used to
select whether the address should come from the counter or from RULTIBUS,

There is another counter which [s used in the Logic-Analyser mode when
the Trigger-Pattern matches the present address is latched in the Status-
Register and this counter is started, Once this counter has counted to
hald the available memory it disables the main counter, This effectively
gives haif the memory before the trigger point and half after the trigger
point,

The main counter wusually terminates at terminal count during normal
operation mode. In Logic-Aaxlyser mode the main counter kKeeps counting
until stopped by the Logic—Analyser counter.

Another feature of this circuitry is the ability to support the triggered
test mode which means normal testing commences when the Trigger—Pattern
matches the Returned-Pattern.

There is support for a manual trigger so that it is possible to “.igaer

the Logic-Analyser or start the Tester under Triggered Tester Mode
without the Trigger-Patiern matching.
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4 RY. AT J1P| R_AN (Card 2>

Card no €22 contains the Pattern~jnput-Hemory and Pattern-Output-Memory
along with latches and mulitiplexers which are controlled by the control
circuitry on card no {1}, This card also contains the digital comparators
used in detecting the Trigger—Pattern used in the Logic-Analyser Mode.

The timing is al) handied by card ! and has been discussed eariier. There
are four banks of memory as shown in Figure 15, These four banks, namely
Pattern—Qutput-Memory bank } and 2, and Pattern-Returned-Menory bank |
and 2 are on this card along with the multiplexers used in  the memory
nultlptexing.

Tri-State drivers are also on this card and connect the memory to  the
MULTIBUS interface so that the Sinple~Board-Computer can write the
Qutput-Patterns and read the Returned-Patieprns.

The trigger generation circuitry on this card consists of four B bit
cascaded digital comparators and this circuitey is totally asyachronous
s0 that the trigger matching can have & very short matching time,
relative to the sampling time.

The RAM used on this card is high speed static RAM with an access time of
Jess than 108ns,
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4.5 ANALOG INTERFACE BOARD <Card 3

Card no ¢3) is the analog interdace and takes the purely digital signals
$rom  card no (2) and interfaces with the Device-Under-Test, This card
consists mainly of Analog Comparators, Tri-State drivers and voltage
ganeration circuitry to control the thresholds, Dual Thresholds are used
in the measurement of tri-state lines, Two digital inputs and two digital
outputs #rom card (2) are combined in this card into one general purpose
driverssensor pin for driving and sensing high, low and tri-state. The
thresholds could be changed for different logic families.

High speed analog comparators are used to compare the incoming signal
with the threshold and generate the digital signals. The digita) signals
. are output via tri-state drivers.

&
In this mode the switches are opened and the incoming lines are not
loaded at all. The two thresholds are set at 1.6 Volis to detect high and
1ow, The two incoming lines are basically buffered through the High Speed

Analog Comparators.

The output 15 a more complex in this mode. The output lines are in pairs
and they can only be driven together. The two oulgoing digital iines are
used to control fri-state and level of the two lines.

14 the llnes are driven into tri-state then there are effectively two
input Vines, however if the 1ines are driven hlgh or Jow then two tines
are both driven together and there is effectively an jdentical level on
both lines.

There are 32 Bi-State Sensor pins or 14 Tri-State Driver pins supported
by this card, For more details on this mode see the circuit diagram of
the Analog Interface Card. For programming Information see the previous
chapier.
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$25,2 TRI-STATE MODE

In this mode the two switches associated with the iine are closed. This
. effectively shorts the two lines and connects the resistor network in,
which effectively pulls the line towards 1.4 volts., Under no 1oad the
Yine will be putled to 1.4 volts and tri-state ran be detected. Tri~Nitats
is detected by using dual thresholds one at 8.8 Volts and the other ¢
2.9 Uolts, If the signal is above or bel ‘s both then it is & normal high
or low, However if the incoming signal is above 8.8 Volts and below 2.4
Volts then it is In tri-state.

The driver is designed particulariy for this mode where the two digital
output lines are used to control tri-state ang level. The actyal
prograaming is detailed in the previous chapter,

M The Driver/Sensor pin is effectively driven by two output lines and the i
state s sensed by two other lines. Two Tines 4rom the Pattern-Output- !

Memory derive the line, and the state of the Tine is sensed by two liqes ! {

of the Pattern-~Returned-Hemory. N

There are {8 Tri~State Drivers/Sersor pins supperted by this card.

$:5:3 CUSTON ANALOG INTERFACES

Due to the fact that this board has a modular function, it is possible to
design a custom apalog i1nterface for a particular apptication in mind,
There are effectively 32 input andg 32 output iines from this board to the
Test-Harcware. ény analog board could be designed to interface between
the Test-Hardware and the Device-Under-Test,

1t Is not necessary to uvse analog components. A simple board would be to
Just buffer the signals and effectively give 32 inputs and 32 outputs.

Another possibility wouid be to have fiip—flops on this board which can
be used for glitch detection, The possibilities are endless.




426 TIMING AND CONTROL CONNECTOR (Connector 1)

This connector |s between the multibus interface and comtrol board

<Card 1> and the Memory,Latch, Mu)tiplexer and Comparator Board (fard 2),
and sends contol signals from the one board to the other,
Component Side (Top) Sotder Side (Battom)
1| Dpatat 2 | Datad
3 | Datas 4 | Dataz ) =
5 | Datas$ & | patas o
7 | pataz 8 | datas .
9 1 vatas 12| batag
. 13| patas 12| pataa

13} Datab 14} DataC Cw
15| DataF 16| patag

l 12 4 18| addes .

i 9] {2 20 | Addr2

l 21} da 22| Addr3 .
=] e 24 | addra
251 o 26| Addes
27| ez 28 | Addrs
29 ] o8 38 | Addr?

] 31| ouE2 32| Addrg

b 33] ~ 34| addre
|- 36 | Addra
3} - 38 | AddrB

] 39 ; External Trigger 48 1 MRD Memory Read

! 41§ - 4z | T Hemory Write
43| - 44| /BXINT  Erternal Internal

! 451 - 461 MRCTL Muttipiexer Control
47 | /TRIGGER 48 | sPEED Multiplexed or Not
a9 | cLocks  Main Ctock Sé i CLOCK2  Auxiliary Clock

Table 16 : Timing and Contro! Connector
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4.7 DIGITAL 1/0 CONNECTOR (Connecior 2)

This Connectar joins the Memory,

{Card 2 the Analog Interface Board (Card 37

with
Pattern-Switches. OUT n are ouiputs and IN n and PAT n ure inputs., The
trigger matches when for all n, IN n equals PAT n.

Latch, Multiplexer and Comparator Board

and the Trigger-

Component Side Solder Side Component Side Solder Side
1 cLocki 2 cLOCK2 51 N 24 52 | PAT 23
3 Manual Trig 4 - 53] PAT 24 94 | IN 25
S QUT 25 é T 17 55 N 26 54 | PAT 25
7 ouT 26 8 ouT 18 57 | PAT 28 58| IN 27
? T 27 18 | OUT §9 57§ IN 2B &0 | PAT 27
11 ouT 28 12) ouT 28 81 BT 3¢ 82 { IN 2%
13| ouT 29 1401 out 21 43 IN 38 64 | PAT 29
151 ouT 30 16 | out 22 65| PAT 32 48 | I 31
12 OUT 31 18] 0UT 23 &7 iN 32 &8 | PAT 31
ts ) out 32 28§ OUT 24 89 | PAT 2 78 | IN )
21§ ouT ® 22] OUT 1 71 IN 2 72 | PAT §
23| our 18 241 out 2 731 PAT 4 74 1IN 3
25) out 41 261 DUT 3 753 IN 4 74 | PAT 3
277 OUT §2 28| out 4 771 PAT & 7681 IN &
29| out 13 38 oY 5 7% IN & B8 [ PAT S
3§ OUT 14 32 ouT 4 Bi | PAT 8 B2} IN 7
33 oUT 1% 344 ouT 7 83§ IN & 84 | PAT 7
T 146 3] ouT B 85| PAT e 8 [ IN ¢
37 ] PAT 18 38| IN 17 87| IN 18 B8 | PAT ¢
39 ] IN 18 48 PAT 17 891 PAT 12 98 IN 11
41 PAT 20 42 H 1P 91 IN 12 9z { PAT 1t
43 IN 20 44§ PAT 19 93| PAT 14 941 IN 123
451 pat 22 4] 21 5[ IN 14 ?é6 | PAT 13
47 ) IN 22 48 | PAT 24 97§ PAT 18 98 | IN 1%
49 | PAT 24 S8y IN 28 9?1 IN 16 188[ PAT IS
Table 17 : Digital 1/0 Connector
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4.8 ANALOG 1/0 CONNECTOR (Connector 3)

This connector s from the Analog Interface Board (Card 3) to the Device-
Under-Test. The Voltage Signals are to set the Thresholds of the 4 banks.

Component Side (Top) Solder Side (Bottom)

N RZE Ay 2 {12 s_{

3 {3 A 4 ] 104 B

5 | 1os A s lwvos B

7 o7 A 8 |1/08 B :
¢ |vus A 9] 10 18 8

1] 170 1 A 121 1012 ] B
13 170 13 A 19 10 14 B e
15| 1/0 15 a_l 161 1/0 16 8_|

17| 10017 ¢l 18| 1018 v |

19| 170 17 c 2| 10 2 °

2t ¢ 22 1/0 22 b

| 1/0 23 ¢ | bouble 24| 10 24 o | double

25| /025 ¢ | spees 26 1/0 26 D | speed

2| o c 28 1/0 28 o

29 | 10 29 c 236 | 1/0 3 )

31 ) 1/0 3 3 32 1032 o

| - - 39] - --

35 - 3] -

37 | Uoltage & 38 | Voltage A

39 | Voltage 8 48| oltage &

41| Voltage € 42 [ voltage ¢

42| vortage D 44| Uoltage D

45 | - 461 -

a7 - | -

49 | cLocks  Main €1ock 54| CLOGK2  Auxiliary Clack

Table 18 : Analog 1/0 Connector
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4.9 TRIGGER-PATTERN SWITCHES

There are 32 switches on the Trigger-Pattern-Bwltch-Box and they are
connected to the DATA-Input and PA‘I’TEm—Inﬁu! lines of connector 2, When
the PATTERN-Input equals the DATA-Pattern thes a trigger signal is
generated.

Each switch has theee positions: 1) High
2) Don’t Care
33 Low

In Pasition 1 (High) the PATTERN-Input is connacted high.
In Position 2 (Don‘i Care) the PATTERN-Input Is connected to DATA-Input.
In Position 3 (Low) the PATTERN-Input is cannected low.

There is 21so & mapua) irigger un the Trigger~Pattern-Switch-Box 2nd this
is for Pf the operator wants to trigger the Logit-Analyser Hode or the
Triggered Tester Mode without the Trigger-Pattern matching the Returned~
Pattern.

4.8 CONCLUSION

A description of the hardware developed for this project has now beer
covered. The detailed operation of the hardware can be obtained br
exanining the Circuit Diagrams, however this Chapler and the previous
Chapter should be sufficient to allow the Test-Hardwace to be used in a
Test~System.

For using the Test-Hardware the previous chapter describes  the

programming information. The pinouts of the Analog 1/0 connector are also
needed for connecting the Tect-System to the Device-Under-Test.
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The Test-Hardwsre was tested and debugged and the only probiem was at the
higher speeds fthe probes ettached to the Device-Under-Test were ofvery
poor quality and sometimes dfd not switch fast enough due to  the
cupacitive Joading., Otherwise the Test-Haroware uworked and was

demonsirated successfully.

Actual test resylts on the Tust-Hardware are contained in Appendiz N and
Appendix O where the Test-Hardware was used to test examples of Devices—
Under~Tesi, Appendix P contains the Hardware Bugs that were found and

wathods ysed to get around these problems,

Possible uses for the hardware developed and extensions will be discussed

in the pext chapter.

a5




OTENTIAL =

p a8 RODUCT

The Test-Hardware developed dor this project was designed to be as
general purpose as posssible. There are therefore a number of uses that
the hardweare cap be used for, with the addition of suitable software pr
harddare.

With some 0f the uses a host c'mg . iar is needed and this was available at
the University in the form of tuz FOP 11 Mini Computer, or an Apple 3T +
Hicro Computer. Most uses peed a terminal attached to the serial link on
the 8884 Single~Board-Computer.

A Signature~Analyser probe is the simplest and probably the post wuseful
hardedre addition to the Test-System developed. This probe would be very

useful in nearly a1l the methods described 1n this Chapter.

Three of the most obvious uses will be discussed here. There are possibly
a lot more uses for the hardware, depending on the application at hand,
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2.2 STAND ALONE LOBIC—NALYSER

By connecting a Terminal te the serla) 1ink of the 8886 Single~Board-

Computer, and writing sultable woftware in the PROM on the 8886 Single-
Board-Computer it is easy to Configure the Test-Harduare as a Logic-
Anatyser.

The Test-Hardware provides all the functiors to operate as a Logic~
Anglyser. The Pattera-Dutput-HMemory s Joaded with the patiern for
driving the outputs into tri-state, and the TPS("HII‘W;P( is placed into
Logicanalyser mode to stop when the Trigger-Pattern matches  the

Returned-Pattern.

Appendix 0 gives an’ example of the hardware being used as a Logic~
Analyser. For ease of use, software can be developed to make the
interface between man and machine more user $riendly. This software would
make the Test-System easy to use and very wseful in the laboratory as @
general purpose Logic—Analyser. For use as & Logic-Aaalrser, & good
dispYay cf the timing diagrams needs & graphics terminal, or one with
either 3 prograsnable or special character set,

In  the University environment Logis-Analysers are always nepded and it

wiil be useful to develop the necessary software, 2nd pvi on probes of
sufficiently high quality to use the Test-System as a Logic-Apalrser.
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7.3 STAND ALONE DYNAMIC-FINCTIONAL-TESTER

The Test-Hardware can be programaed to operate as a Stand Alone Dynimic-
Fungtiona)—Tesler, with the addition of suitable software. It would
however be necessary to add some type of non-volatile peripheral storage
to the Test-System, in the form of a Floppy Disk Drive or a Tape Drive,
Another necessary addition Is the addition of a terminal to  the serfal
link on the BAB4 Single-Board-Computer,

The peripheral storage is necessary to store the Test-Pattern, and the
Expected and Returned-Ressits. The Terminal is needed to interface to the
operator.

‘The addition of a Signature~Analyser would be very usedul In the iracing
of faults, This addition would aliow the Test-System to operate as s
Signature—finalysis Systes where the Test-Nardeare Developed would be the
pattern application part of the Sysiem.

7.3.1 TEST-PATTERN GENERATI

The Test-Program consists of applying a Test-Pattern to the Device-Under~
Test and measuring the Actva) -Response. The Actual-Response is then
compared with the Expected-Response to see if they matuh,

The Test~Pattern can be generated by an Engineer writing 2 program on the
Test-System, Software could be written on the Test-System to aid in this
task.

Ancther possibility is that of having a pseudo random pattern generator
generate the patterns. With this method it is necessary to be able to
initiatise the Device-Under-Test to a Known state and this Initialisation
could be done by writing a program similar to the manual method, where
the whole Test-Procedure is written by an  engineer, However
initiatisation may be simple, so this method wouid make writing the Test-~
Progran easier.
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Lastly it may be possible to load the Test-Pattern down from some host
computer, vla the serial Yink, or by transferring the patterns on Floppy
Pisk, or whatever non volatile media is used.

As & stand dlone Test-Srstem it must be xhie to store the Test-Pattern
and the Expected-Response so that the valldity of boards can be checked
in the Stand Alone Node.

2.3.2 EXPECTER-RESPONSES

The Expected~Response can be obtained by loading the Expecied-Response
down from a host computer, like the Test-Pattern. Tle Host Computer would
generate the Expected-Response using a Logic-Simulator or similar
software package. The Dictionary-O0f-Faults could also be {oaded down to
the Stand Alone Test-8rstem,

Anather method woyld be  to use a Known-Good-Board to generate the

Expected-Response., This Kn 0 ard can also be used to generate a

Dictionary-Df-Faults, by injecting wvarious faults and storing the
Actuai-Response to these taults.
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The Test-Mardware can be operated as a Siave Dynanic-Functionai-Tester by
the addition of suitable comunications software. The actual intelligsnce
would remain in the Host Conputer and the STave Tester would only sct on
comand from the Host, The Test-Hardware can be connected to the host by
& serial or parallel Vink on the 8686 Single-Board-Computer.

No tnielilgence need reside in the Test-System and all processing can be
carried out by the host. However the more intelligence that resides In
the Sfave the jess traffic there will be between the Host and the Slave,
Too little inteltigence in the slave may mean that operations will be
siowed down by the need to transfer vast anmounts of Infornation, Jt woutd
be “better for instance If the slave compared the Expected-Response with
the Actuval-Response and reported any differences, rpather than sending op
the Aactual-Response in its enterety.

As wilh the previous method a Signature-Analyser would be & valuabte
agdition to the Harduware.

Z2.4,1 TEST-PATTERN \T10N
There are no restrictions to the method of Test-Pattern generation. It is
possible to use nearly any nmethod depending on the software available.

Automatic Test-Pattern generation could be done here with the addition of
suitable software on the Host Computer. This would be very useful however
Automatic Test~Patiern Generation gets wery difficult with WLS!
components as the library parts are extremely difficelt to generate.

The Manuat method of an engineer programming the Test-Program is another
possibility. This method has jts advantages and disadvantages as

discussed in chapter 4,

Lastly it Is possible to have a pseudo random pattern generator 1o




generate the Test-Patterns., However with this method the initiaiisation
problem with complex sequential circuits has to be dealt with,

Neariy any method can be used In the generation of the Test-Patierns,

1.4 PECTED~RES! 8

The Expected-Response and the Dicticnary-Of-Faults can be generxted
elther by a Logic-Simulator or a Known-Good-Board. A third possibility Is
to manually generate the Expected-Recponse, however this Is ery tedfous

and error prone.

The pros and cons of Log’ic—slmuh\ion versus the Known-Good-Board are
discussed in chapter 3. DOre thing that must be Kept in mingd Is that
Logic~Gimutation can be done as a background task without tying up the
Test-Hardware in any way.

z. CLUST

The haroware developed is general purpose and can be used [n a number of
different test applications, Moct applications are possible by the
addition of suitable software,

The acdition of a Signature-Analyser to the hardware would Increase the
4lexibitity and usefuiness of the Test~System considerably.

14 the hardware were ever to be put into production, a number of
modifications would need to be made. One main modification would be the
vse of multi-layer printed circult boards, It was necessary to have
numerous Jumpers to pyercome the routing problem found on a double layer
board without through hole plating.

The addition of proper high speed probes would also be needed for this
Test-System.




8§ INTRODUCTION

The field of Avtonatic-Test-Equipnent is very competitive and complex
4ield with vast sums being spent on development and very costiy systems
being developed, To competr with the industry teaders in Aulomatic-Test~
Equipment was pot the aim. The aim was to produce the Hardware framework
of an Automatic-Test-System which would be relatively cheap and easy to
produce, while at the same time being as flexible in use and application
as possible. The previous chapter describes three possible applications
of the Test-Hirdware,

The Test-Hardware developed for this project was  demonstraied
successiully, Appendrx N and Appendix D are actual exemples of tests run
on the Test-System.

‘This project report contains Information on the reasons for developing
the Test-Hardware as wel) as a description from a functiona)  software
point of view as well as a detailed hardware descriptiion of {he Test-

System.
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1 8.2 IMPROVEMENTS

There are a number of Improvements that could be made to the Test-System
but oniy the more obvious ones will be mentioned here, ATl systems can be
impraved so these points should not be looked on as timitations, but
rather as possible paths of improvement.

£, i
8.2.1 STGNATURE-ANALYSER ADDITI(N y
Ab mentioned fn the previous chapter the most usefyl hardwars addition i a
wyuld probably be that of a Signature—@nalyser probe. This probe is iv

rrelatively simpie and can be added easily to the present hardware.

; The addition of a Signature-Analyser would maKe the tracing of faults
uppy much easier. Fault tracing with a Signature—Analyser s a lot .
simpler than without one, :

8.2,2 CASCADING HARDWART

Ircreasing the number of Driver/Sensor Pins can be done by lhe addition

ot cascading signals to the Test-Hardware, The number of pins can be

doobled by duplicating the bhardware and cascading two Test-Systems '
together.

The number of Driver/Sensor pins tould be increased in  this way to
whatever numbsr was needed by the addition of a suvitable number of
Tesi-Systems,
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8,3 HARDWARE BUBS

After the circuit was designed and tested it was noted that there were
two small bugs. Neither of the problems actually caused difficulties In
the working of the Test~Hardware as they were very easy to circumvent,

8,3.1 PULL-UP RESISTOR BUS
4 Compoaent No 2% <74L5244) on the Interface Control Board which is an open

collector gate had the Pull-Up resiators omitted. This component was in
the addressing circuitry of the MULTIBUS interface, It was possible to
get around this problem by defaying the Transfer Acknowledge (XALK)

i signal. The delay is switch selectable. If pullup resistors were added
then the Transfer Acknowledge coyld be made faster.

8 WORD ADDRESSING
It is necessary to address the Control/Status-Register and the Dedicated
Memory as words on even boundaries due to a fault tn the design of the

Interna) addressing. This was not a probiem as such but improved versions SE, /
] ' of the board should have the ability to access the memory at byte o

addresses., '

8.4 CONCLUSION

Up to the point that It was developed, ths Test-Hardware Developed worked

successfully. The main factors which weie Kept in mind when developing
the hardware were tow cost and flexibility,

When developing or buring an Automatic-Test-System it must be realised
that generally the more functions required the more it will cost. The
Test-System developed +for this project hapafully gives one as many
4unctions as possible Yor the cost iacurred.
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BEDARD, A. R. (Pylon Company, USA)
Bed-of-nails test fixtuces
Puise August 1982, Pages 82-83

This article covers the basic mechanical considerations that
must be taken into account with this type of test d{ixture.

BELT, E. and KOLE, R. <(Fairchild, USA)
Testing microprocessors, A comparispn of four technigues.
Puise Augtst 1982, Pages 118~515

This article covers four different methods of testing micro-
processor based systems, namely: In-System-Testing, Compari-
son-Testing, Augmented Comparison-Testing, and General~
Purpose-Testing.

BENNETTS, R, G.

The Diagnosis of Logical Faglis
Wireless World, July 1971

This article discusses the basic differences between Combin-
ational and Sequential Circuits and discusses the method of
Path Sensitisation.




BENNETTS; R. 6.
The Diagnosis of Logical Faulis
Wireless World, August 1971

This brief article discusses Boolean Difference and Partit-
toning Techniques. It is the conclusion to the previous
2rticie above,

BLUESTONE, A, (Adar Associates, Massachuseltls)

Logica) Envoronment Comparison Testing Handles Complex LSI
Devices

Computer Design, April 1979

This article gives an overview of Digitai-Testing and covers
in detail the comparison method where the Device-Under-Test is
compared with a Known-6ood-Board.

BLYTH, 6. (Marconi Instruments, UK)
Autonatic testing of digital p.c.b. assemblies
Pulse August 1982, Pages 87-98

This is one of the best artitles an AutomaticDigital-Circuit-
Testing. It gives a good summary of the various methods used
in testing digital circuits. A good discussion of the differ—
ent types of Test-Hardware along with the pros and cons s

given.
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BOURICIVUS, W. G.(Y@M), HSIEH, E. P.(1BM), PUTZ0LY, 6. R.CIBHM3,
ROTH, J. P.CIBM), SCHNEIDER, P, R.(1BM), TAN, C.CI8BH)
Alqorithms for Deiection of Faults in Logic Circuits

1EEE Transactions on Computers, Vol £-28, November 1971, Pages
1258~1244

This article presents the D-Algorithm for generating Test~
Patterns for combinational circuits. This is a fairly techni-
cal article,

BREUER, M. A. and FRIEDMAN, A. D. <Univ. Southern Californial
Diagnpsis & Reliable Desian of Diaital Systems
Pitnan Publishing Limited 1974

This is a very useful book in Digital Circuit Testing., It
covers the theooy invoived in generating Test-Patterns for
Combinationa] and Sequential Circuits., Logic-Simuiation anrd
Reliabis Design Theory are also distussed. This book looks
mainly at the theory inveluved and does not cover any actual
Test~Hardware exanpies.

Methods of test generation #or combinational ciicuits
discussed are : Boolean Difference, Critfcal Path, Path
Sensitisation and the D-algerithm. Fault Equivalence,
Domainance and Collapsing as wel) as Test Reduction and
Minimtsation are also covered for Combinationa! Circuits,

For Sequential circuits the D-algorithin and Critical Path
Algorithm  are extended. Synchrotous  and  Auynchronous
sequential circuits are discussed, Under sequentral circuits
RAM tests are covered in depth.

Logic-Simutators are discussed in detail. Circuit delaya and

Multi-valved logic are discussed. Fault Simulation and
Simulation oscillation are also discussed.
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Under the heading of Reliable Design, Self-Checkinp Circuits,
Fault-Tolerant ODesign and designs to simplify testing are
discussed,

BROCK, 6., (Gould Inc, USAY
Logic analyser trace functions
Pulse November 1982, Psges 84-P8

Interesting article about an advanced Logic-dnalyser, Useful
since Test-Hardware is very similar to that of a Logic-
Analyser.

CHAN, A. Y. (Hewlett Packard)

Easy-to-se Signature Analyser Accurately Troubteshoots
Complex Logic Circuits

Hewiett PacKard Journal, Pages 9-14

This article discusses the Electrical Delails of a Signature-
Analyser. Very good article on the subject.

DONKELLY, B, (Electronics Industry, Lendon)
Spotlicht on automatic bpard testing
Pulse August 1982, Pages 76-88

This article is basically a summary af the features of all the
various beard tesiing equipment available. AIl sorts of
technical terms and capabilities are quoted with very little
explanation as to whal they actually means.
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FROMJERK, R. A. <(Hewlett Packard)
Signature Analysis: A New Digital Field Service Hethod
Hewlett Packard Journazl, Pages 2-8

This article covers the theory of Signature-Analysis. The
author did the theoretical work on Signature-Analrsis.

GRIWES, A, 6. ({(Heslett Packard)
Rapid Digjtal Fault Isolation with FA: CE
Hewlett Packard Journal, March 1979, Pages B8-13

This article discusses the basic operation of a particuiar
tester. It does not go into how Test-Programs are gensrated
but basiially describes what the tester can do on © *he Test~
Program has been genecated.

HARVEY, K. P. (Fluke $4)
Fluke automated test systems ip South Africa
Pulse August 1982, Pages 184-187

This article is basically an advertisement for Fluke. The
criticisms of other methods is unconvincing and none of the
vhvious shortcomings of the Fluke method are mentioned. Seems
to skip ouer obvious probiems in their methods.

HENCKELS, L. P. and HAS5, R, M. (GenRad, USA>
The Knopwn-good-board approash versus software simulation
Pulse August 1982, Pages 92-94,97

Bood article which {irst describes how each method is used in
detail and then liscusses the pros and cons of each method.
The article is not blased towards any particular method.
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INTEL

IgBC_ 9574 Intellgc - 1SBCBA/12A Interface and Executlon
Patkane Usen’s Bulde

Manval Drder Number 142B49-801 ('988)

This manual covers the monltor used in the B&/12A Single~
Beard-Computer.

INTEL

iSBC Bs/12A Sinqle Boand Computer Harndwarz Reference Manyal
Manual Order Number $B83874-81 (1979)

This manual covers the use of the 88Bé based Single-Board-
*~ --ter used in the Tesi-Hardware,

e 07T, Ry {International Telephone & Telegraph)
Simulation of Simple Pigita) Loglc through a Computer—Atued
Desion Srstem

Byte Publications, Uolume B No I, Januvary 1783, Pages 394-414

‘this article covers the actual impiimentation of a simple
Table Driven Logic-Simutator. It covers the implimentation in
detail and actually intludes t.e tisting in BASIC, Wery good
article 1o actvally get to grips with what s involved in
Logic-Simulators.
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McDERMOTT, R. (International Telephone & Telegraph)
The Des of_an Advasced ie Simuiator
Byte Publications, Volune B No 4, April 1983, Papes 398-438

This article covers the desipn of an Advianced Logic-Simulator
which has Named MNodes, Macrocivcuit Capabiilty, Error
Checking, Selective Trace and Sampled Output, Primitive
etements incluge »)) the basic combinationa) gates, and the
sequential gates 11ke the D and J-K type Flip Flops, an N Bit
Counter, an N Bil Shitt-Register, and a Paraliel load Shid¢—
Repister. Inputs may be periodic or aperiedic., This article
actually contains the tisting of this program in BASIC and
this is the one that was implamented on my Nascom 1 with
various improvements. WYery usful article about Table Driven
Simutators.

MOON, D. L. (University of Dayton)
fpolar togic Test Paltern eration
Computer Design, March 1971, Pages $3-73

This article basically covers e method of Path Sensitisation
{or pattern generation and fault detection and verifjcation,

MUEKLDORF, E. 1. (Senior member 1EEE) and SAVKAR, A, D.

£SI Logic Testing - An Overview

IEEE Transaciions on Computers, Vel €38, January 1981, Pages
i-16

Very usedul overview of the theory involved in fauit folding
and  avtomatic Test-Pattern generation using the various
metheds. Some of the examples have very terse explapations ane
are difficult to voliow bul on the whole an excellent article,
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NADIG, H. J. (Hewlatt Packard)
ignature Analysis - Concept Xamples and Gujdelin
Hewlett Packard Journal, Papes 152

Usedul overview on the use of Sighature-Analysis. This article
describes all that Is needed for the use of Signature-
Analysis, An exanple is included in this article.

PARKER, K. P. (Hewlett Packard)
Softwere Simylator Speeds Digltal Board Test Generation
Hewlett Packard Journal, March 1929, Pages 13-19

This article basically deseribes the features of & partjcular
Digitat-Simulator. This is basically a Table-Driven-Simulator
which has various features 1iKe Faudil Simutation, and the
ability to detect races and hazards, This article mentions the
differences between Conpiled code and Table-Driven-Simulators.

POPKY, A, {(Milleniun Systems)
Function testing by in-circuit emulation
Pulse August 1982, Pages 98-180

This is a pood artitle on the advantages of using In-Circuit~
Emutation for testing microprocessor systems or boards that
plug into @ microprocessor bus, Some interesting facts ire put
forward,

RAYMOMD, 0. W. <(Plantronics/2ehnte), Californiad

Component-By~Component Testing of Digitsl Circujt Boards
Computer Design, April 1PBE, Pages 120-137

This article covers functional testing, in-circuit testing,

and Signature-Anaiysis. It covers the disadvantages angd advan-
tages of these methods, and is a very intererting articie.
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ROTH, J. P. (IBM)
Riagnosis pf Automata Failuresr A Calculys and 3 Metfiod
1BM Journal, Jui. 1984, Pages (PB-29%

This article precisely describes the D-algorithm used to
compute tests and anaiyse faults in a digital circuit, Fairiy
comprehensive article on this method, with examples.

ROTH, J.P.{I84), BOURICIUS, W.G.(IBM) and SCHNEIDER, P.R.{18M)
Progranmed Algoriihms to Compute Teets to Detect and
Distinguish Between Failures in Loale Circuiis

1EEE Transactions on Electronic Compuiers, Vo) EC-16, Dectober
1947, Pages 547-5R%

This articte presents two algorithms for Test-Pattern generat-
jon and fault diagnosis, namely the DALG-II and TEST-DETECT
which are both based on the calculus of D-cubes used in the D-

algorithm.

SCHNURMANN, H. D.(Men 1EEE), LINDBLOMM, £, and CARPENTER, R.6.
The Weighted Random Test~Pattern Generator

JEEE  TYransactions on Computers; WYoJ C-24, July 1975, Puges
495-708

This article c¢overs the Random TestoPattern Generator. It
couers the purely random pattern, lhe weighted adaptive
patterns, and the dynamic adaptive patterns. Pattern reduction
techniques are alsp discussed.
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SCHOFIELD, M. (Wayne Kerr, UK

Automatic digita) disanpetics extend bench-too ATE capability
Pulse Aupust 1982, Pages P5-97

This article basically describes the Warne Kerr 48259 System
which stimulates the board under test and uses Signature-
Analysis to detect fsults. The Test-Program is generated using
a good beard and by remembering the varlows signatures.

SELLERS, F. F. {Jr mem [EEE}, HSIAD. M. Y, and BEARNSOR, L. 4.
Analyzing Errors with the Boolean Difference

1EEE Transactions on Computers, bl C-17, July 1968, Pages
476-4B3

This article covers how the boolean difference method s used
to analyse the effect of errors on the output. Falrly
technical article.

SU, §. Y. H. (Member IEEE) and CHD, Y, (Siudent member IEEE)
@A New Approach to the Fault Location of Combinational Cipcuits
1EEE Transactions on Computers, Vol C-21, dapuary 1972, Pages
21-38

Yhis article covers the D-algorithm of generating Test-
Patterns and diagnosing faults. Fairly comprehensive article
on this method.

BYSSKIND, A. K, <{Lehigh Unijversity}

Diagnestics for logic networks
1EEE Spectrum, October 1973, Pages 48-47

This article is 2 bit outdated as it covers the Algebraic

Expression method, which {s aniy good for networks of modest
size, typically hundreds of gates.
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TAYLOR, E. {(Spescom)
valuatin ar ter
Pulse August 1982, Page 188

Short fair article on the economic and other factors one aust
take inlo account when buying an board tester.

THOMAS, J, J. (LTV Aerospace Corpuration, Da)las, ‘exas)
Automate” Diagnostic Test Program for Digital Heiworks
Computer Design, August 1971, Pages 63-67

This articlie describes a tola] Testing-System and is mainly
about the software in the system, This ic a good overview of a

system,

THOMAS, J. J. {(Digitest Corporation, Dajfas, Texas)

Common Hisconceptions in Diqital Yest Genecatlion

Computer Design, January 1977, Pages 89-94

This is a usetul review of the capabilities of Automatic-
Testers at that time. Rather pessimistic view for testers.

T6, K. (Western Electric, USA}
Faytt Folding for Ircedundant asd Redundant Coabinationa)

Cireutts
JEEE Transactions on Computers, Vol £-22, November 1973, Pages

1808-1013
This article is very mathematical article about fawit foiding,

1t is definately nat 1ight reading and contains proofs and

theorems.
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YAU, S, 6. (Senior Mem IEEEY and TANG, Y. (Student Mem IEEE)
#an Efficient Alqorithe £ ¢rating Complex Test Sets for
Combinetipna) Looic Circuits

IEEE Transactions on Compuiers, Vol C-28, November 1971, Pages
£245-1251

This articie basitally covers the theory of Boolean Difference
for gemerating Test-Patterns. This is & very techaical
articte.
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MULTIRUS INTERFACE pnD CONTROL BOARD (Card 1)

This card contains the NULTIBUS laterface, the Clock and Timing Control
and the Addressing and Mode Control Cireuitry. The 1ist of romponents
appears below followed by the circuit diagrams.

Nunoer Component . Description

3 741588 Quadruple 2-Input Positive NAND Bate

18,22 24582 Quadrupie 2-Input Positive NOR Gate

42 745084 Hex Laverters

25,3¢ 7aLses Hex lnverters

4“4 74508 Guadruple 2-Input Positive AND Bate

18 74L888 Buadruple 2-Input Positive AND Bate

1,14 74L821 Dua) 4~Input Positive AND Gate

8,19,33 74832 Buad 2-input Positive OR Gate

47 74L832 Quad 2-Input Positive OR date

53 74886 Quadrupte 2-Input EXCLUSIVE-OR Gate

2,13 74L886 Guadruple 2-Input EXCLUSIVE-OR Gate
18,11,15,21 745112 Dual J-K Negative Edge Fiip-Flops

43 748124 Dual Voitage Controlled Oscillators
7,24,37,48 745157 Guad 2~ to t-Line Oata selectors / MUX‘s
4,5,6,27,38,49 748143 Binary 4 Bit Counter with Srachronous Clear
46 74144 8 bit Paraliel Output Serial Shift Register
¥,20 748195 4-Bit Paralle} Access Shift Registers
31,32 745177 Binary Preseittable Asynchronous Counter

2 7418244 Octal Buffer Line Drivers / Recelvers

45 748251 8- to 1-Line Data Selector / MUX

29,3¢ 74L.825! 8- to f-Line Data Selector / MUX

24 7418244  Buadruple 2-Imput EXCLUSIVE-NOR Gates (OC)
17,39 74L837%  Octal D-Type Latches with Tri-State Outputs
48 285374 Dedal D-Type Flip-Flaps

41 74L8374  Octal D-Type Flip—Fiops

54 ig224 Crystal Clock Driver

58,51,52 18287 Inverting Octal Bus Transceiver

35 25L82521 B Bit Digital Comparatar

12,23,34 SWITCH 8 Dual fn Tine switches
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MEMORY, LATCH, MULTIPLEXER AND COMPARATOR BOORD (Card 2)

This card contains the 4 banks of memory along with the Input and Output

Latches, the Multiplexers used in multiplexed memory access, the dipital

comparators used for the Trigger-Pattern and Tri-5tate drivere to connect

the memory to the bus interface. The )ist of components appears below
followed by the circuit diagram,

Number
1

& -t

24 -> 31
18,19,48,41

19 => 17,20 ) 23
2 -8

32 -> 39,42 -) 49

Quad 2- To I-Line Data Selectors / MUX's
Octal Buffers / Line Drivers/Line Receivers

Lomponent Description

74L5138  3-To-8 Line Decoders / Multipiexsrs
745157

78L5244

745373 Octel D-Type Latches

743374 Octs’ D-Type Flip-Flops

2182521 8 Bit Digita) Comparater

HM4145-LP 1024~word X 4-bit High Speed CMOS RAM
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NAL06 JNTERFACE BOARD (Card 3)

This card contains the high speed analog comparators, the tri-state
drivers, the switches tn select bi-state or tri-state, and Jour variable
voltage sources for tihe threshoids, The numbering of the analog
comparators on this board pefert to the bit that they Input. The list of

components appears below followed by the clrcuit diagram,

Number Component Descrintion

33 -) 44 74L8126  Duadruple Buffers with Tri-Gtate Dutputs
1) 32 LMaéd1 High Speed Differential Comparator

41 - 44 1MI38B8  Programmible Power Op Amp

Sp,S8,5C, S0 SWITCHES B Pual In Line switches




.05 INTERFACE BOARD (Card 3)

This card conptains the high speed analog comparators, the tri-state
the switches to select bi-state or tri-state, and four variable

voltage sources for the thresholds. The

drivers,

numbering of the analog
camparators on this board refers to the bit that they input, The list of
components appears below fellowed by the circuit diagram.

Humber Compynent Desceiption

33 - 48 74L8126  Ouadrupie Buffers with Tri-Btate Dutputs
§ - 32 1M341 High Speed Differential Comparator

41 -) 44 iMi3ese

Programmible Power Op #np

SA.1B,SC, S0 SWITCHES 8 Dual In Line switches
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tRATIBUS INTERFACE AND CONTROL BOARD (Card 13

This card contains the HULTIBUS Interface, the Clock and Timing Controtl
and the Addressing and Mode Control Circuitry,

The actal tayouts of this card are now aiven. A)1 the Jayvuts given are
Jocking down at the card from the component side.

k The three lavouts given are as follows i~
1) Component Side (Contains Component Numbering)

2) Solder Side
3) Both Component and Setder Side Superimposed
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R_GOARD (Card 2)

This card contain: the 4 banks of memory along with the Input and Outpul
Latches, the Multiplexers used in nultlplexed memory access, the digital
comparatore used for the Trigper~Pattern and Tri-State drivers to connect
the memory to the bus interface.

The actal tayouts of this card are now given. Al1 the layeouts given are
Jooking down at the card from the component side.

The three jayouts given are as follows i~
1) Cumponent Side (Contalns Domponent Numbeting)

2) Solder Side
3) Both Componeni and Solder Side Superimposed
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A6 INTERFACE BOARD (Card 3)

This card contains the high speed analog comparators, the tri-state

the switches to select Ei-state or tri-state, and four variable

drivers,
numbering of the analeg

voltage sources for the threshoids. The
camparators on this board refers to the bit thal they Input.

The actal jayouts of this card are now given. Al the layouts glven are
Tooking down at the card from the component side.

The three layouts given are as follows :

1) Component Side {Contains Compoment Numbering)

2) Solder Side
3) Both Component and Solder Side Superimposed
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Timing and Control Connector

Component Side (Top} Solder Side (Bottom)

1 Datal 2 Datag

3 Data3 4 Data2

5 Data¥ é Datad

7 Data? 8 Datad

4 Dataf 18 | Datas

1 DataB 12| Datap

131 DataD 14 | DataC

15 ] DataF 14 | Datak

171 4 18 | Addr)

b 2 28 | Addr2

21 3 22 | Addr3

23 1 suEl 24 | Addr4

25| & 26 | AddrS

273 62 28 § Addré

29| 63 38 | Addr?

3t | /ME2 33 | Addrg

83§ - 34 | Addr?

/) - 36 | AddrA

37| - 38 | AddrB

3% | External Trigger 48 /MRD Hemory Read

41 - 42 1 AT Memory Urite

43 - 44 | JEXINT  External Internal
45 | - 46 | MXCTL Multiplexer Controf
47 | /TRIGGER 48 { SPEED Multiplexed or Not
4% | CioCK! Hain Clock 50 CLOCK2 Auxiliary Clock




Digital 1/0 Connector

Component Side Sulder Side H Component Side Sotder Side
1 £Lock1 2 CLOCKZ ! 51 N 24 52 § PAT 23
3 Kanual Trig 4 - . t 33 | PAT 26 54 IN 25
3 ouT 25 [ ouT 17 ' 851 IN 24 56 | PAT 25
7 GuT 28 8 ouT 18 ' 57 | PAT 28 8| IN 27
9 ouT 27 18 | ouT 19 H 59 | IN 28 60 | PAT 27
11 ouT 28 12 | OUT 28 ! 81 PAT 38 82 | IN 29
13 { out 25 14 | 00T 21 i 43 | iN 3@ 64 | PAT 2¢
15 | out 38 14 | OuT 22 i 45 | PAT 32 d6 1 IN 31
17 | our 31 18 | ouUT 23 i 47 IN 32 68 | PAT 31
9 | ouT 32 28 DUT 24 H 4% | PAT 2 78 IN
21 ot ¢ 22 ouT 1 ! 71 N 2 72t PAT 1
23 | ouT 18 24 | OUT 2 ' 73 | PAT 4 74 1IN 3
25 | ouT 1 26 | OUT 3 t D IN 4 746 | PAT 3
27} oUT 12 28 | OUT 4 ' 77 | PAT 6 78 [ IN 5
29| WUT 13 38 oT 3 i 79 1IN 4 B8 | PAT S5
31 ouT 14 32 [ outT ¢ i :33 PAT 8 82 | IN 7
33| out IS 34§ oUtT 7 i 83 N 8 84 | PAT 7
35 | OUT 14 381 ouT B i 85 | PAT 18 84 | IN ¢
37 | PAT 1B 38| IN 17 i 87 | IN 18 88 | PAT ¢
39 IN i@ 48 PAT 17 ' 89 | PAT 12 78 IN 131
41 PAT 28 42 IN 17 H 94 IN 12 P2 | PAT 1t
43 IN 28 44 1 PAT 19 ! 3 | PAT 14 94 IN 13
45 | PaT 22 46 | IN 21 i 95 IN 14 P& | PAT 12
47 IN 22 48 | PAT 21 i 97 3 PAT 1¢ 98 | IN 15
4% | PAT 29 58 IN 23 B 99 IN 16 188{ PAT 15

o



Aneloy 1/0 Connector
Component Side (Top) Solden Side (Bottom
RE%LE a | 2 w2 B |
3 |wos A 4 | 104 B
5 11053 a s [ woe B
7 {107 A 8 [woe B
9 | wos a 18] 1/0 10 8
. TREZET A 2] vo 12 ]
: 13| 1013 A 16] 1014 B
15 | 170 15 4 18] 0148 B
17| 1017 e 18] 170 18 0™
19 1019 c 20| 1/0 20 b |
2| e 2 ¢ 22| /0 22 D i
23| 10 23 ¢ |pouble 2¢ | 10 24 D fooubie
% | 170 25 ¢ lspeed 26| 1028 D |speed
2| 102 [} 28| 170 28 v
i 2| 1029 ¢ 3| 1/0 38 o
- 3| 100 3 c_| 32| 10 32 o_]
s | - 3af -
3| - s} -
j 37 { voltage & 38| Voltage A
} 37 | Voltage B 40 | Voltage B
i 41 | Valtage € 4z Voltage ©
43 | voltage © 4a | voite,
as - ] -
| a7 - ag| -
| 49 | CLOCKI  Main Clock 58| CLOCKZ  Auxiliary Clock
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Detault Nemory Map

Dedicated 1/0 Hemory + BANK 1 8:B0B8H -) B:B7FFH i

BANK Z B18888H ~> 8:BFFFH

Control/Status—Register Address ¢ 1885 -) 181R

Bwitch Numbering

~~Card Edge-- \’
|
A (3 B (23 6 2
[fzaasere [tesassrsgf [t23a54678]
Default Switch Settings
A (30 B (23 ¢ a2

Toevoanooe itseeaey leaoetene]

6 = Ciosed
1 = Open

TEE w




1

Dedicated 1/0 Memory Base Address

B4 = open for 14 address bits
= closed for 28 address bits

JADRIZ =) C1 8 = Closed
/ADRIZ -3 C2 ! = Open

ZADRIS - €3 for /ADR

/ADRIE =), C4

7ADR F =) €S 8 = Open

/ADR E -} L6 f = Closed

JADR D =) ©7 for ADR i
/ADR € -} C8 &

/ADR is inverted ADR as it appears on the bus.

Control / Status-Register Address

Al = open  for B address bits
= closed for 12 address bits
/ADR B -} BS 8 = Closed
JADR @ ~) B4 1 = Dpen
Z8DR ¢ - B7 for /ADR
/ADR 8 -) B8
JADR 7 -) A2 8 = Open
} DR & =) A3 i = Closed
JADR 5 ~) A4 for ADR
/ADR 4 -} AD
. /ADR 3 - Ad
] FADR 2 -) AT
g JADR 1 -) A8
/ADR is inverted ADR as it appears on the bus,




Wait States Switch Selection

B! B2 B3 Wait

Closed Closed Closed 1 Clock Crele
Closed Closed Open 2 Clock Crcles
Clpsed Open Closed 3 Clock Cycies
Closed dpen QOpen 4 Clock Ercies
Open Closed Clpsed § Clock Cycles
Open Closed Open 4 Clock Cycles
Open Cpen Closed 7 Clock Crcles
Open Open Open 8 Clock Crcles
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APPENDIX E

CONTROL /_STATUS-REGISTERS AND 1/0 MEMORY STRUCTURE




CONTROL~REG] STER

STINTRIG

= Normal Btart

[

Start on Trigger

CLEAR

= Clear
= Bp

NORMLA

Normal Single Scan

Logic—@nalyser On

EPOS

Disable Pos Edge
Enable Pos Edge

"

BNES

e @fe ol- afw «
[

[l

Disable Neg Edge
= Enable Neg Edge

EXINT

External Access

Internai Access

SPEED

Nornal Spesd
Full Speed

62

"

Enabie Clock2
Disable Clock 2

- o~ @ @
[

Bit 75

2,82 ,A2

9,8,8 = Single Step
8,9,1 = 88.25 Mz
B,1,0 = 80,50 Mz
81,0 = 81,90 HHz
1,6,8 = 02,88 MHz
1,8,1 = ¢4.08 NHZ
$,0,8 = 08.08 MHz
1,1,0 = 14,08 HHz

Bit 4

81

9 = Enable Clork!
1 = Disable Clock 1

Bit 3-1

C1,B1,A1

8,8,8 = Single Step
8,8,1 = 80.25 HMHz
8,1,0 = BO.58 Mz
8,1,1 = 91,08 HHz
1,6,8 = 82.86 MHz
1,0,1 = 94,99 MHz
1,1,68 = 0808 Mz
1,4,0 = 14,00 NHz

Bit @

SSTEP

2 = Step Low
1 = Slep High




o serarmn-= =

STATUB-REBISTER

Bit 15 TRIG STARTED { 8 = Start FF 044
i = Start FF On
Bit 14 LA TRIGBERED | 8 = No Trigger
i = Triggered
Bit 13 LA FINISHED @ = LA Finished
i = lA Busy
Bit 12 LA CLOCKING 8 = LA Stopped
J = LA Clocking
Bit 11 CLOCKING 8 = Not Clocking
{ = Clocking
Rit 18 MXCTL B = High Memory
i i = Low Memory
[Bit 9-8} ADDRESS Trigger Address




PATTERN-OUTPUT-MEMORY

Tn = Tri-State Control Bit n

6 = Put Pin in Tri-State

= Brive pin according o Un

Un = Drive Contry! Bit n

= Drive Pin Low

-

= Drive Pin High

Speed = B (Nop - Mujtiplexed Mode)

At offset 808N (defayit 8:P0D8)

Low Addross

High Address
7 6 5 4 3 2 1 13

[re Jve JraJus Jr2 Juz Jri Jui |

[rs Tve [57 Tuz Jre us [r5 [us |

At offset BBBH (default @:8808)

Low Address

High Address
7 6 5 4 2 2 1 L3

[rrz]urefrifuni[rseute]re Juo |

[r18lvsefsisuis]riafviafrizfurs]

Speed = 3 (Multiplexed Mode)

At offset BBOH {(defaull 6:8868) and offcet BBBH (default 8:8806)

Low Address

High Address
7 6 S 4 3 2 8

Tra JoaTra Jva Jrz Juz J1a o ]

Jve Jue Tr7 Joz Jve Jue Jrs Jvs |




PATTERN-INPUT~MEMORY

Hn = lnput High Bit n 8=

Beluw High Threshold
Above High Threshold

=
n

Ln = Input Low Bit

*

Below Low Threshold
Above Low Threshald

Speed = 8_<hon

- Myltiplexed Hoda)

At offset 88BH (defavlt @:66667

Low Address

High Address
7 4 S 4 3 2 1 8

[Ha Jea Jus JisTwe Tz T 7]

[re Jue Tu7 Jur JHe Tue Tus Jes]

At offset 8BBH (default B:8808)

Low Address

High Address
7 4 5 4 3 2 1 3

Thie]ueg[msscrs[riafLiafms]iis]

Spee 1 {Multiplexed Mode)

At offget BBeH (defauit 5:8098) and offsetl BISH (default §:8208)

Low Address

High Address
7 & 5 4 3 2 f 8

e [eaTns Jus Jre oz Jut e |

Jne Jio [w7 o7 Tos Jus Tos Jis |




TRIGSER-PATTERN

Hn = Pattern High Bit n

8 = Below High Threshold
1 = Above High Threshold

Ln = Pattern Low Bit n

8 = Below Low Threshold
1 = Above Low Threshotd

31 3% 29 28 27 28 25 2% 23 22 21 28 19 18

Trefuselnis[iis[urafiia]msiis]

[wzfizu]ufte]cie]ws oo |

15 34 13 12 11 19

8 7?7 6 5 4 3

Jne Jue Twe Ju Tne Jus Tus us |

The Tua The {is [h2 Jue [wi Jor |




APPENDIX F
BERIAL COMMINICATION BOARD CIRCUIT DIABRAM




SERIAL_COMAUNICATION BOARD

This card impliments the serial link on the Apple 31 + compatible
computer, This card is basically a UART with baud rate switches and &
Parameier-Register that can be used for inputting information o the
terminal drjver software, The Jist of components appears below Yollowed
by the circuit diagram,

Number & 1 Deseription

1 7484 Hex Inverters

2 74L884 Hex Inverters

3 741588 Guadrupte 2-Input Positive AND Gates
4 74L590 Decade Counter

$,¢é 7418197  Presettable Binary Counter

7 74L8244  Octal Buffers / Tri-State Line Drivers
8 75L8245  Octal Bus Transceivers

¥ 7418251 1 of B Data Selector / Multiplexer
18 Hesaae Asyncheonous Communications Interface
11 MC1488 Dua} RS 232 € Line Driver

1z HC1489 Dua) RS 232 C Line Recelver
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Baud Rates (with /16 Clock)
switch § Switeh 2 Switeh 3 Baud Rate
3) | Open Open open - 158 bavd
13 | open Open Closed [ =3 388 baud Y
2) Open Tlosed Open =) 480 baud VN
3> | open Closed Closed | -> | 1288 baud 4
4 Closed Open bpen 2l 2408 baud
52 { Closed Open Closed =¥ 4808 baud
8) Closed Closed Open el 9488 baud I
7> | Closes Closed Clesed | -> | 19200 baud l .
Parameter Switches !

{switeh 4 | switens | switchs | ]
RN | ot Parameter Address |

Open = Logic 1
Closed = Logic 8

Interrupt Control Switch

Suiteh 7 -IDpen Kllgnore tnterrupt daisy Chain Line (INT [N) ]
-[GTosed =fUse  Interrupt daisy Chain Line (INT IN) |

RTS - CTS Control

Switch 8 ~’Upen =]US! RTS (Request to Send) & CTS (Liear to Send) lines
-[Closed =|Short RTS & CTS Tines, Ignore hardware handshaking




Memory Map

Data-Register ~ C8n7H / C8nFH
Control # Status-Register ~ CHnéH 7/ CBAEH
Parameter-Register ~ CBn@H / COnlH / CBndH / CAnSH

cangH / Cen9H / COnCH / CBnDH

n = Stot Number + 8

Parameter-Register Structure

Bit Numbers 7 65 4 3 2 1 8

Lontents B 1 8 1 @ 84853584 ¢

Upper Bits Fixed ang lower bits switch selectabie.

Controi-Register Progrumming lnformation

Reset UART -y 83
Set UART to Default -» 11IH

Status-Register Programming Information

Bit 8 ~ Transmit Data Register Empty 8 = Not Empty
1 = Bnpty (Send next Char)

Bit 1 ~ Receive Data Register Full % = Not Fuil
= Full (Fetrh Char)

For more information see the Motorolla documentation on the MC4859
Asynchropous Communjcations Interface Adepter (ACLA)
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|

INTRODUCTION

This program contained in the listing is written in 6687 Assembly
{anguage and russ under the FLEX Dperatinp—Srstem., The program is a meny
driven Terminal emylation progran with special features.

Special features inciude th2 ability to be able to transmit commands
directy from a file rather than from the Kerboard. Another feature is the
ability to be able to capture all Keystrokes in a file for later
transmission, and the abilitr to cepture 211 that is recelusd on the

serial Vliok in a +ile.

Running the pregram is easy as [t Is meny driven, 3o the various
functions wil) not be discussed in detai) here.

z

il @



Serisl Compunication Utilivy

3-1-B4 TSC ASSEMBLER PAGE 1

This Hriliry is vsed to communicate vie

the serial link with monifor programs in
computers which expect an external terminsl.
This Urility allows you to eend information
from a text file, and capture any output
from the computer in & ile stored under
Flex. Another feature is that you can
capture 811 you tyie in 8 file and then
send it later without retyping it.

This Utility wag written for my M.Sc.
vas necessary to
communicate with & monitor on sn 8086

The maximum possible speed of operation
is about 1200 Busd as characrers are lost

L T R

Cold Start Entry Point
Warm Start Entry Point
DOS Main Loop Re-entry Pr.
Inpst Character

Input Character

Output Character

Qutput Charscter

Get Chatacter

Put Character

Input into Line Buffer
Print String

Classify Character

Print CR and L¥

Get Next Buffer Charscter
Restore I/0 Vectors

Get File Specification
File Loader

& * Serial Card Utility Progrem
s * o

6 *

7 * By . K. Haves

8 L S

9 *

10 * Last Updated 27 Februvary 1984
11 U —
12 *

13

14 *

15 *

16 *

17 #

18 *

19 *

20 *

21 *

22 *

23 *

2 *

5 *

26 * project where °
27 *

28 *  single board computer.
29 B

30 *

3 *

3z * at speeds exceeding this.
33 *

34

35 *

36 * Uos Equates

37 % e —

36 *

39 ChOG  COLDS  EQU $CLO0
40 CDO3  WARME  BQU $CL03
41 CLO6 RENTER BEQU $CLO6
42 CLd9  INCE BGY $CL0%
43 CLOC INGHZ EQ  $CUUC
&b CLOF  QUICH  EQU $CDOF
45 Cbl2 OUrCHZ EQU scni2
46 £D15 CEICIR EQU  §Cu1S
47 Cb18 PUTCHR EQU $Ch1E
48 CDIB  INBUFF EQU $CD1B
49 CDLE ESTRNG EQU §COIE
50 CD21 CLASS EQU  §CL21
51 Cl2h PCRLF  EQU  $CD24
52 Ch27 NNCCH  BQU  §CD27
53 CD2A4 KSTRIO ENU  $CD2A
54 S2D GETFIL EQU  §CH2D
55 CL30 10AD B $CD3D
56 D33 SETEXT b 50133

Ser Extension

- S



Serial Communicatfon Utilicy 3~1-84 TSC ASSEMBLER  PAGE 2

57 CD36 ADDRX EQU  5CD36 4dd B-reg to X-reg
58 €D39 OUTPEC EQU  $CD39 Out,ut Decimal Number
59 Cb3C OUTHEX EQU  $CD3C Oucput Hexadecinal Number
60 OD3F RPTERR EQU  $CD3F Report Error
61 CD42 GEFHEX EQU  $CD42 Get Hexadecimal Number
62 CD45 OUTADR EQU  $CD4S Output Hexadecimal Addrass
63 Cp48 INDEC EQU  $CD4S Input Decimal Number
84 CD4B DOGMND EQU  $CD4R Call D0S a5 a Subroutine
65 CD4E STAT  EQU  $CD4E Check Terminal Input Stazus
64 *
61 * PMS Equates
68 -
&5 *
70 D400 FMSINT EQU  $D40C FMS Inizialieation
7L D403 FMSCLS EQU  $D403 RIS Close
72 D406 FMS EQU  §D406 FHS Call
73 *
7% * M5 Functions
75
76 * S
77 0000 RIWE EQU $0 Read/Write Next Byte/Char ey
78 0001 OFPENRD EQU  $1 Open for Read
79 0002 OPENWR EQU  §2 Open for Write P
80 0003 OPERUP EQU  §3 Open for Update y ;
81 0004 CLOSE  EQU Close File Sl
23 0005 REWIND EQU  §5 Rewind File ‘k
[ Q006 OPFDIR EQU  $6 Open Directory :
8 0007 GETINF EQV 47 Get Information Record
25 0308 PUTINF EQU  $8 Put Information Record :
6 0009 GETSEC EQU  §9 Read Single Sector
aF 0004 PUTSEC EQU  $A Write Single Sector
38 0006 RESL  EQU  §B Reserved for Future
89 000C DELETE EQU  5C Delcte File
90 000D RENAME EQU  §D Rename File
9 COCE RES2  EQU  $E Reserrod for Future
92 OOOF NXTSEG EQU ¢F Next Scquential Sector
93 001G OSTREC EQU  §10 Open System Info Record
94 0011 CETRED EQU  §11 Get Random Byte from Sector
9. 0012 PUTRMD EQV  §12 Put Random Byte in Sector
% 0013 RES3  EQU  $13 Reserved for Future
LR oCL4 NXIDRV EQU  §l4 Find Next Drive
8 0015 RECMON EQU  §15 Position to Record ¥ i
99 0016 BACBEC EQU  $16 Backup One Record
100 * K
101 * File Control Black H
102 E e u
103 0000 FUNCIN EQU 0O Function Code '
104 0001 ERSTAT EQU 1 Error Status Byte
105 0002 ACTVST EQU 2 Activity Status
106 0003 DRVNUM EQU 3 Drive Number
107 0004 FNAME EQU 4 -1l File Name
108 000C FEXTEN EQU 12 -14  File Extension
109 G0OF FATIRB EQD 15 file Attributes
110 0010 RES4 EQU 16 Reserved for Future
4
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m 0011 BEGTRK EQU 17 Sterting Track of File
112 00lz BEGSEC EQU 18 Bterting Sector of File
113 0013 ENDTRK EQU 19 Ending Track of File
114 0014 ENDSEC EQU 20 Ending Sector of File
. 115 0015 FILSIZ EQU 21 ~22  File Size

16 0017 FSECMI EQU 23 ¥ile Sector Map Indicstor
117 0018 RESS EQU 24 Reserved for Future
18 G019 FCDATE EQU 25 <27 File Creation Date
119 001C FCBLFT EQU 28 ~29  FCB List Pointer
120 OOLE TRACK EQU 30 Current Track
121 wiF SECIOR EQU 31 Current Secter
122 0020 RECORD EQU 32 ~33  Current Record Mo.
123 0022 DATNDX EQV 34 Data Index
124 0023 RNDNDX EQU 35 Randon Index
125 0024 NAMEBF EQU 36 ~46  Name Work Buffer
126 002F DIRADD EQU 47 ~49  Current Dir. Add
127 0032 FUELDP EQV 50 ~52  Pirst Del Dir Prr.
128 0035 NCRICH EQU 53 ~63  Scratch Bytee
129 0038 COMERS EQU 59 Space Compression Flag
130 0040 BUFFER EQU 64 -319  Sector Buffer (256)
131 *

B 132 * Special Values
133 R
134 CCZB MEMEND EQY  $0C2B Lnd User Mew For Flex
135 €Cl6 ESRIRC EQU  $CCL6 Escepe Return Register
136 0060 DELAY EQU  $0060 Delay Parameter
137 0:13 CTRLS EQU 13 Wair Character
138 *
139 * File Control Blocks
140 PR

141 €100 FCBL BQU $C100 Ueility Area

142 Cz40 PCBZ EQU 50240 Utility Area
143 C380 FCBO EQU 30380 Urility Area
L4k *

145 * Macro Definitions

146 ;e -

147 SUBIN  MACRO

148 PSHS  A,B,X,Y,0C

149 ENDY

150 *

151 . SUBQUT  MACRU

152 PULS  A,B,X,Y,(C,PC

153 Fru

154 *

155 * Start of Program

156

157 0oco OR» $0000

158 *

159 0000 20 01 TERM BRA TERML Get Around Temps
160 0002 OL N ¥CB 1 Yersion Number
161 *

162 0003 8p 09 TERML BSR piavy Initialise

163 *

164 * Main Loop
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111
112
113
114
115
116
117
118
19
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157 0000
158
159 000G 20
160 0002 01
161
162 0003 B
163
164

01

09

Pradiry

0013
o012
0013
0014
0015
0017
0018
0019
Q01¢
001F
O01F
0020
0022
0023
004
002F
0032
0035
0038
0040

CC2B
€016
0060
003

€100
240
€380

BEGTRK EQU 17

SCRPCE EQU 53
COMPRS  EQU 59
BUFFER EQU 64
*

* Special Values
MEFEND QY §CC2B
ESRTRG EQU  $CC16
DELAY EQU  $0060
CTRLS  BQU  $13
*

* File Control Blocks
*

FCBL $C100
FCB2 $C240
FCBO $C380

*
* Macro Definftions

[

SUBIN  MACRO

3-1-84 TSC ASSENST®Z  PAGE 3

Starting Tvack of File
Starting Sector of File
Ending Track of File
Ending Sector of File
~22 File Size

File Sector Map Indicator
Reserved for Future

27 File Crestion Date
~29 FCB Listc Pointer
Cusrrent Track

Qurrent Sector

~33 Current Recard Ho.
Data Index

Random Index

~4§ Nauwe Work Buffer
~49 Current Dir. Add
~52 First Del Dir Ptr.
~63 Serateh Bytes
Space Compression Flag
~319 ector Buffer (236)

knd User Mem For Flex
Escape Return Register
Delay Parsmeter
Wait Character

Urility Ares
Utility Area
Utdlity Arvea

PSHS  A4,B,%,,CC

ENDM

SUBOUT  MACRO

PULS  A,B,%,Y,00,2C

ENDM
*

* Stact of Program

TERML BSR INIT
*

* Main Loop

Get Around Tewps
Version Number

Initialise

g~
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165 * oot
166 0005 8D 4% ooy BSR KBDCHK Check Keyboard
167 0007 17 0354 LBSR  FILCHK Check For File Input
168  000A 8D 7B BSR URLCHR Check Vart
169 000C 20 F7 BRA LoP Loop Always
170 *
17 * Initialise Subroutine
172 * mamm e —————
OO0 INIT  SUBIN Subroutine Begimaing
174 QULO 7F 0475 CLR BALFDUP  Clear Haly Dup
175 0013 7F 0476 CLR NBSTRL Clear No BS Trl
! 176 0016 7F G477 CLR FIFLAG Clear File 1 Flag
177 0019 7F Q478 CLR F2FLAG Cleat File 2 Flag
178 00IC 7F 0479 CLR FOFLAG Clear File Out Flag
179 OOLF 7F  O47A CLR WAL Cleat Wait Flag
180 *
181 0022 ¢¢ 0060 ipD #DELAY Ininial Delay
182 0025 F2 0472 sTD SPEED Store in Speed
183 0028 7F 0474 CLR FILTYP Clear File Type
184 * .
. 185 QOZB CC  OADS Lvp SENDPGY  End of Program 5
186 O02E FD 047D STD BUFSP Start of Buffer w
187 0031 FD 0481 STD FETR File Pointer B
188 (034 FC  CC2B o MEMEND End of Memory H
189 0037 FD  O4T7F sTD BUFEP End of Buffer 8:
190 * :
181 003A CC  043a DD #EXIT Patch Escape Ret Reg
192 0C3D FD GClé 5TDh ESRTRG Store Address
193 *
194 0040 17  01OB LBSR  “ETSTT Set Sratus Of Utility
195 0043 17  0A5S LBSR  VINIT Initialise Vart
0046 SUBOUT Subroutine End
197 *
198 * Check keybosrd Subroutine
189 * e CEL LR L
0048 KBDCHK SUBIN Subroutine Beginning
201 OO4A BD CD4E JSR STAP Check Keyboard Status L
202 004D 27 26 BEQ  KBOEXT  Bxit if Ho Char
203 *
204 004F 17  O0A79 LBSR  KEYIN Get Char No Echo
205 *
206 0052 Bl 1B CMPA  #ESC Check For Escape
207 0034 26 05 BRE NESC Rot Escape o
208 0056 17 O0FS LBSk  SETSIT  Set Status
209 0059 20 1A BiA KBDEXT Exit From Subroutine
210 *
211 O05B F6 0476 NESC LbB NBSTRL Check If Translate BS
212 0O5E 5D TSTE
213 O05F 26 06 BRE NCTQ 1f Fot Then Don't
214 * !
215 006l 81 08 CMPA  #8 Check for Back Space i
216 0063 26 02 BNE  NCTQ Not Back Space
217 0063 86 7F 1ba #1877 Change to Del
218 *
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219 0067 81 13 NCTQ  CMPA  #CTRLS  Check For Ctri-§
220 0069 26 05 BNE  NCTS Not Ctrl-S§
221 006B 73 Q47A COM  WATT Compliment Wait Flag
222 O06E 20 05 BRA  KRDEXY  Consume Character
223 * |
224 0070 17 0207  NCTS  LBSR IOGIN  Write Character |
225 0073 8 02 BSR  ClOUD Character Output !
226 *
0075 KBLEXT SUBOUT Subroutine End
228 *
229 * Output Char From Keybosrd or File
230 *
6077 CHOUI  SUBIN Subroutine Beginning
232 0079 ¥ 0475 LD BALFDUP  Check Duplex
233 007C 5D TSTB Set Flags
234 007 27 03 BEQ  CHKCHR  No Echo Full Duplex
235 007F BD  CDLE JSR  PUICHR  Console Output
236 "
237 0082 17 0A33  CHKCHR 1BSR  WOUD Output to Uart )
238 a 5
0085 SUBOUT Subroutine End i
240 * I
241 * Uart Check Subroutine i
242 * mooemEcwEokSmm=RoSRE=E
0087 URPCHK SUBIN Subroutine Beginming i
266 0UBY 17 OMIE LBSR  USTAT  Check Usrt Status |
245 008C 27 16 BEQ  URTEXT  Exit if no Character
246 008E 17  0A23 LBSR  UIN Get Usrt Character
247 0091 7D 0474 TSI FILIYP  Check File Type '
248 009 26 O BNE  NSTRIP Do Not Strip
249 0086 84 TP ANDA #STF Strip Most Significant Bic
250 0098 17 (285 NSIRIP LBSR PIFILE  Write Charscter :
251 009B BD  CDLB JS&  PUTGHR  Gomsole Dutput
25 O009E CC 0000 wy o Set Counter to O
253 GOAL FD 0485 SIb DELCTR  Store in Delay Ctr
254 *
00A4 URTEXT  SUBOUT Subroutinme Eod
256 *
257 * Print Free Newory
258 H ErmEacResERARSEECY
QuA6 PRERSE SUBIN Subroutine Beginning
260 OUAB BE  OAEF IDX  FREEM  Free Memory Messuge
261 OOAB BD  CDLE ISR PSIRNG  Print
262 O00AE FC C47F 1bb BUFEP Buffer End
263 O0EL B3 0481 suBD  FPIR Get Free Memory
264 00B4 8D 1E BSR  PRINPD  Print D
265 *
266 (0BG BE 051D LDX  fUSEIM  Used Memory Message
267 00BY BD CUDIE JSR PSIRNG  Print
268 00BC FC 0481 LoD FPIR et Pointer
269 QOBF B3  G7D SUBD BUFSP  Get Used Memory
270 o0cz & 10 BSR  PRINID  Print D
271 *
272 00CA SE 0548 IDX  #ALLMM  Totsl Memory Message
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273 00C7 BD  CDIE JSR  PSTRNG  Print
274 QOCA PG O4TF 1Dp BUFEP End Buffer
275 00CD B3 047D SUBD  BUFS? Get Buffer Size
276 00DC 8D 02 BSR  PRINTD  Print D
277 *
0002 SUBOUT Subroutine End
279 *
280 * Print D
281 : * messmes
00b4 PRINED SUBIN Subroutine Beglnning
283 0OD6 FD 0487 STD  NUMSIR  Store Number
284 0ODS 88 G487 IDX  #NUMSIR  Point to Number
285 00DC BD  CD45 JSR OUTADR  Print Number
CODF SUBOUT Subroutine Ead
287 *
288 * Print File Name Subroutine
289 L T
O0E1 PFNAME SUBIN Subroutine Begluning
251 O0E3 108F 0721 DY  #SPACER  Point To Spacer
292 O0E7 C6 05 ws 45 Length of Spacer :
293 0089 8p 15 BSR PENDT Print Spacer \
294 OOEB A6 03 LDA  DRVNUM,X Get Drive Number :
295  OOED 88 30 ADDA  #§30 Change to Character
296 OOEF BD  CDif JSR  PUTCHR  Output Character :
207 ODF2 31 O4 LEAY FNAME,X  Point to File Neme
258 QOF4 C6 O s #8 Nuamber of Characters i
299 O0F6 8D OF BSR  PNAME Print Name }
300 o00F8 31 OC LEAY FEXIEN,X Point to File Extension
301 OOFA C6 03 B #3 Nuaber of Characters
302 O0FC 8D 08 BSR  PNAME Print Name
DOFE SUBOUL Subroutine End
304 *
305 * Print Name
306 * mosmmmsmes
0100 PNNDT  SUBIN Subroutine Beginning
308 0l 1IF 21 TER  T,X Pur ¥ <> %
308 014 20 08 BRA  PNLOOP  Encry No '.!
310 *
0106 PNAME  SUBIN Subroutine Beginning
312 0108 IF 21 TFR  Y,X Puc Y => v
313 OL0A 86 2B A #. Print ',
314 010C BD  CP18 JSR  PUTCHR  Output Character
315 OLOF A6 80 PRLOOP DA %+ Get Character
316 011 BD CD18 JSR PUICHR  Output Character
317 Cll4 5A DECE Decrement Counter
318 Oi15 26 F8 BNE  PNLOOF  Loop Until last Char
319 *
o117 SUBOUT Subroutine Bnd
321 *
322 * Print Speed Subroutine
373 ¥ SumESsmSTseasSwesoEESmR
0119 PSPEEL SUBIN Swubroutine Beginning
325 OL1B BE  0BCO DX #SPEEDM  Speed Message

326  OllE BD CDLE JSR PSTRNG Print




327
328
329
330
331
332

334
335
336

338
339
340
341
342
343
344
345
346

348
349
250

352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368

370

an
372

380

0121
0124
0127
0129
oi2¢
012E
0131

o137
o3s
0138
0138
OL3E
0141
0143
0144
0146
0149
014

OL4E
0150
0153
0156
0159
015¢
015¢
0162
0163
o165
0168
016A
016D
nwe
0173
0174
0176
(9]
0178
017e
0181
0184
185
0187
018a
01.8C
CL8F
0192
0194
0197

BE
8D
§6
BD
86
BD

Serial Communication Utility

0472
CD4S

074F
CDIE
CD1B
(173
F2

0483
CD1E
FF4D
0579
CDIE
0475

o5
0776

074U
CDIE
0476

o5
0784

081B
CDIE
0474

0889
03

0852
CD1E

0477

Lox
J5R
LbA
JSR
Lba
JSR
SUBOUT
*
* Set Speed
* o
S3PEED  SUBIN
SSSAGN  LDX
ISR
JSR
JSR
BCS
TSIB
BNE
LDX
ISANG  STX
SUBOUL
*
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{SPEED Point to Speed
OUTADR Output Number

[l rint Blank
PUTCHR

[25] Print Bracket
PUTCHR

Svbroutine End

Subroutine Beginning
#ISPEIM  Input Spead Message
PSTRNG Print
TNBUFF Input Buffer
GETHEX Get Hex Number
SSSAGN  Try Agsin

1s There & No
IsaN0 There 1z & no
#DELAY Default for return
SPEED Store Speed
Subroutine End

* Set Scatus Subroutine

[

SETSTT SUBIN
SSAGN  LDX
JSR
LBsR
WX
JIER
LA
TRTA
BSE
LhX
BRA
SHFDUP  LDX
BSTCHK JSR
LbA
TSTA
BNE
1hX
BRA
SNBSI  1DX
06Ps  JSR

NSCOM LD
SPDCHK  JBR

Subroutine Beginning

#STATM1  Status Message

PSTRNG Print

PRFREE Print Free Space

#t ATM2  Status Message

PSTRNG Print

HALFDUP  Look at Duplex Fiag
Set Flags

SHFDUP  Half Duplex Jump

MEDUR Full Duplex Message

BSTCHK  Now Check Backspace

MBDUE Helf Duplex Message

PSIRNG  Print

KSCRL  Look at Backspace Flag

Set Flags
SNBST No Bockspace T Juvp
B ST Backspace Trans Mess
106PS fow Print Log State

MBSNE  No Backspace Trans
PSTRNG  Frint
FILTYP  Check File Type
Set Flags
NSCOM No Space Compress
/HSECM  Has Space Compress
SPDCHK  Spesd Check
#NSPCH Mo Space Compress
PSTENG  Frint
PSPEEL  Priut Spead
FIFLAG  Log Iile Flag
Set Flags
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381 0198 26 08

382 019 BE  (8F1

383 019D BD CDIE

384 Q10 20 OC

385 O0lA2 8E 0928 Fio
386  OlA5 BD CDIE

387  0iA8 8E 100

388 01AB 17 FF33

389  OLAE B& 0478 FIPS
390 Q1B 4D

391 Q012 26 OB

392 OLB4 BE  O95F

393 O1BY BD CDIE

394 OlBA 20 OC

395 OLBC BE 0996 F20
396  OLBF BD  CDI1E

397 0lcz BE G240

368 01C5 17 FFLY

398 0LCB B& D479 FOPS
400 OLCB 4D

401 01cc 26 08

402 OlCE 8E  09CD

403 01D1 B CDIE

404 01D4 20 OC

405  QID6 8E  DAO4 FO0
406 0lD9 BD CDIE

407 01DC BE  C3B0

408  OLDF 17  FEFF

409 OLEZ 88  0ADB BOwss
410 01BS ®L  CDIE

411 %
412 CLEB Bh LIS
413 *

414 OLEB 81  Op

4153 U1ED 27 S5F

416 OLEF 81 31 TR1
417 OLFL 26 06

418 DLE3 71 0475

419 01F6 16  FF37

420 O1FR 81 32 TR2
421 OLFB 26 U6

422 O1FD 73 0476

422 0200 16 FF4D

424 0203 81 33 TR3
425 0205 26 Q6

426 0207 73 0474

427 0204 16  FF43

428 Q20D BT 34 TRY
429 020F 26 06

430 0211 17  FFIF

431 0214 16 FF39

432 0217 8L 35 TRS
433 0219 26 05

434 0213 3D 39
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BE  F10 File 1 Open Jump
DX friom File 1} Closed Mess
JSR PSTRNG  Print

BRA  F2P§ File 2 Print State
1bX  #FiOM File 1 Open Mess
JSR  PSURNG  Print

WX 4FCBL Get FCB Address

LBSR  PFNAME Print File Name
DA F2FLAG  Storege File Flag
TSTA Set Flage

BNE F20 File Z Open Jump

X draoM File 2 Clesey Mess
JSR PSTRNG Print

BRA ¥OPs File Out Primt State
DX #raon File 2 Open Mess
JER PSTRNG Print

10X #FCB2 Get FCB Address

LBSR FFMAME  Print File Name
LDA  FOFLAG  Output File Flag

TSTA Set Flags

BNE  FO0 File Output Open Jump
WX o File Output Closed Mess
JSB PSPRNG  Priat

BRA Nowss Now Set Status

LbX #poom File Qutput Open Mess
JSR PSTRNG Print

DX #FCBO Set FCB Address

LBSR  PFNAME Priat File Name
X% MENU Menu Message
JSR PSTRNG Print

JER GEICHR Input Charanvter

rA 13 Carrioge Ret
BEQ  SERIT Subroutine Exit
oips  #11

BSE TR2 Try 2

COM  HALFLUP  Invert Duplex
LBRA  SSAGK Bo Again

oupa 12

BNE  TR3 Try 3

COM  NBSTRL  Invert BS Translation
LBRA  SSAGN Do Again

Qs #'3

B TRA Try &

QoM FLIYP  Invert File Type
LBRA  SSAGN Do Agatn

[«5 T Y

BNE TR Try 5

LBSR SSPEED  Set Speed

LBKA  SSAGK Do Again

ops '3
SNE  TR6 Tey 6
BSR  FUNS Function » ~ Log File
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435 021D 16  FF30 LBRA  SSAGN Do Again
1 436 0220 81 36 TRE MFA 76
437 0222 26 05 BSE TRY Try 7
438 0224 8D 43 BSR FUR6 Function 6 ~ Storage File
439 0226 16 FF27 LBRA  SSACH Do hgsin
440 0229 81 37 TR7 oipa 407
441 0205 26 05 BE  TRS Try 8
442 022m 8D 53 HER FUN7 Function 7 - Output File
&43 022F 16 FFIE LBRA  SSACN Do Again
44k 0232 81 38 TRE aueA '8
445 0234 26 03 BNE TR Try 9
446 0236 16 0201 LBRA  EXIT Function 8 - Exit
447 023981 39 TR apa #19 :
448 0238 26 03 BNE CERRR Character Error
449 023D 16 0216 LBRA  ABORT Function 9 ~ Abort
450 *
451 0240 86 07 CERRR  LDA 407 Beep
452 0242 BD  CDL8 JSR PUTGHR  Outpst
453 0245 Bp CDI8 JSR PUTCHR Dutput
454 0248 B  Cp1B ISR PUTCHR Qutput "
B 455 024B 16  FFO2 LBRA  SSACN Do Agaln i
456 * soe
457 O24E BE 0635 SEXIT  LDX  JRETM Return Message :
458 0251 BD  GDIE JSR PSTRNG Print
0254 SUBOUT Subroutine End
460 *
461 * Open / Close Log File
462 * poanconvENsREEmEe@sEs
0256 FUNS  SUBIN Subroutine Begioning
464 0258 8 3C BSR FiLE)
465 0254 B6 D477 LbA FIFLAG
466 025D 4D TSTA
467 O25E 26 Ok BANE FUNSB
468 026Q 8u 64 PER GPENF
469 0262 20 03 BRA TFURSE
470 *
473 w64 17 0172 PRISE LBSR  Clour
0267 FUNSE  SUBOUI Subroutine End
473 *
476 = Open / Close Storage File
475 ¥ memresursenoEEoEososmenes
0269 FUNG SUBIN Subroutine Bepinning
477 026B 8L 39 BSR  FILE2
478 026D B6 G478 . LA F2FLAG
479 0270 4D TSTA
480 0271 26 04 Bhk FUNGB
481 0273 8D 51 BSR UPENF
482 275 26 03 BRA FUNGE
483 *
484 (277 17 Q083 FUNGB  LBSR  CLOSEF
485 027A FC 047D FUN6E b BUFSP
486 027D P 0481 STb FPIR
280 SUBOUT Subroutine End

488 *
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489 * Open / Close Qutput File
490 K memmmmAE T
0282 FUNT UL N Subrourim. Beginning
492 G284 8D 30 BSR  FILEO
4393 0286 B6 0479 DA FOFLAG
494 0289 4D TSTA
495 0284 26 03 BNE  FUNTB
496  028¢ 17 oLz LESR  OPNOUT
497 C28F 20 03 BRA  FUNTE !
498 * e
499 0z9L 17 0145 FUN7B  LBSR  CLOUT
0294 FINJE  SUBOUI Subroutine End X
501 * B
502 * Set File 1 (Log File) .
503 * mmswsEme e mReE ST i
0296 FILEL  SUBIF Subroutine Beginning o
505 0298 ©C  ClOO w0 #FCBL Store FCB i
506 0298 KD 047B TR FCB I
507 0295 CC 0477 Db #FIFLAG  File 1 Flag IR
508 0241 ¥D 0483 SID  FFLAG b
0244 SUBOUT Subroutine End |8
510 *
511 * Set File 2 (Storage File)
512 [ —
oza6 FILE?  SUBIF Subroutine Beginning
514 0248 CC €240 Lot #FCB2 Store ¥CB
515  02AB FD  O47B SIL FGB
516 O2AE CC (478 Wy F2FIAG  File 2 Flag
517 02BY FD 0483 SIh FPLAG
02B4 SUBOUL Subroutine End !
519 *
520 * et File.O { Output File )
521 ¥ GEDEeERESnh e E R RR e SRS R R
0286 FILKO  SUBIN Subroutine Beginning
523 028 CC  C380 Ly #ECBO Store FCB
524 0288 FU  D4TB gL FCH
525 O2BE CC G479 WL JFOFLAG  File O Flag
526 02CL ¥D 0483 SID  FFLAG
ozcs SUBOUT Subroutine End
528 *
529 * Open Relevant Flle
530 ¥ meowooanmsmeranens
0206 OFENF  SUBIN Subroutine Begdoning
532 0208 8E 0726 DX #FNAMH  File Name Message
533 02CB B CDIK JSR PSTRNG  Print
534 O2CE BD  CD1B JSR INBUFF  Read Into Buffer
535 02D BE  O47B X FCR Get FCB Address
536 0204 BD  CD2D ISR GETFIL  Get File Spec
537 0207 1025 Ol4A LBCS  ERROR any Errors
538 0208 86 O wr A Set to TXI Lefault
539 020D BD D33 JSR SETEXC  Set Extension
540 0280 86 02 LA fOVEMWR  Open for Write
Skl O2E2 A7 &4 STA  FUNCIN,X Store Function

542 0284 BD D406 JSR ms Open for Write

SO Y
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543
544
545
546
547
548
543
550

552
533
554

556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573

575

577

Compunication Urilit,
02E7 1026 ©13A
02EB 86 00
O2ED A7 84
O2EF B6 0474
02F2 A7 88 3B
02F5 86 01
O2F7 A7 9F 0463
02FB

028D

O2FF B6 0478
0302 4D

0303 27 1P
0305 BE  D4ID
0308 3C  048L
0308 27 12
30D A6 80
030F 34 10
0311 8E €240
G314 BD  B4OG
0317 1026 0104
4318 35 10
a3ip 20 E9
03iF 8n 85
0321 17 00BS
0324

0326

0328 F6 0478
0328 5D

032€ 27 14
032E BE 0481
0331 A7 B4
0333 30 01
0335 BF 0481
0338 BC  047F
0338 26 OB
033D BE  0BEL
0340 BD  CDIE
0343 8 B8
0345 17 voDO
0348
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LBNE  ERROR Any Errors
LDa JRIWNR Read /Mrite
STA PUNCIN,X Save in FCB
LDA PR ®? Space Compression
§TA  CDMPRS,X Store
*
ws N Open File Flag
STA  [FFLAG] Store in Flag Place

SUBOUT Subroutine End

*
* Glose Storsge File

* mumenmamemmenEEn

CIOSEF BUBIN

DA F2MLAG
TSTA
BEQ  CLGEXT
*
BUFSP
CLEFLP CMPX FPIR
BEQ  CLOWIS
WA X+
PSES X
1% ¢FCB2
ISR TS
LENL  ERROR
PULS X
ERA  CLEFLE
*
CLCLOE BSR  KILEZ
LBSR  ClOWr

*

CLGEXT SUBOUL Subroutine End
*

* Write To Storage File
* arssmsaseewscaaz=eeTn

PIFILE SUBIN

DB PIFLAG
T51B

BEQ  PIEXIT
DX FEIR
STA 0%
LEAX  1,X

SIX  PEIR
CMPX  BUFEP
BNE  PIEXIT
wWr fovsaw
ISR PSTRNG
BSR  CIDSEF
LBSR  OVEROR

*

$Subroutine Beginning

Check If File Open
Set Flegs
Exit If Not Open

Point To Beginning ,
See If Reached End '
Close File If Csse R
Get Character :
Store X

Point to FCB -
Write Chsracter
Any Errors
Store X

Loop

Set File 2
Close File

Subroutine Beginnin,,

Check 1f File Open
Set Flags

Exit If not Open
Get Pointer Value
Store Character
Increment Pointer
Store New Value
8ee If Reached End
Exit If Not Equal
Overflow Save Mess
Print

Close File
Qverflow Exror

PINXIT SUBGUT Subroutine End
*

* Write To Log File

# pessmesssswssawss



Serial

598
599
600
601
602
603
604

606
607
£08

610
611
612
613
614
615
616
617
615
619
620
621
627

b
825
626
627
628
629
630
631
632
633
634
635
h36
637
638
639
643
b4l

643
6l
645

647
648
648
650

Communication Utility

0344
034C
Q34F
0350
0352
0358
0158

035C

035E
0360
D363
0364

0366
0369
0364

0368
036F
0372
0374
0376

179

0378
037E
381
0383
0386
0389
038C

U38E
03%0
0392
0394
0397

0394
039D

039F

03a1
034"
03A6
0349
03AC

20
A6
27
K3
16

17
B

B
81

0477
04
€100

D406
00C9

0479
39
G47A

33

0738
CD1E
CB
€380

10CIN

*
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SUBIN Subroutine Beginning

1LDB
TSTB
BEQ
LDX
ISR
LBNE

FIFLAG

weour
#¥CBL
HS
ERROR

See 1f File Open
Set Flags

Exiv If Ciosed
Pelnt To FCB
Write Char

Any Errors 7

1OGOUT  SUBDLT Subroutine End
*

* Check For File Output
K mmmwee e m——

Subroutine Beginning

FILCRK

*
FGETCH

*
ENLFIL

*
NORCLS

*
FILEXT
*

SUBIN
1.DA
T804
BEQ

DA
TSTA
BAE

LbX

LBSR

LBRA

1LBSR
BER

FOFLAG
FILEXD
WAIT

FILEXT

DELCTR
SPEEDL
FGELCH
1,X
DELCTR
FILEXT

#FCBO
e
ENDFIL
chour
#9
BELCTR
FILEXT

ERSTAT, 2
g
NORCLS
FOFLAG
ERROR

FILEC
cwur

Check If Open
Set Flags
Exit If File Not Open

Check Wait Flag
Set Flags
Exit in Wait Mode

Get Counter

Gheck If Reached Delay
Get Char Frow File
Increment X

Stare GCounter

Exit If Not Equal

Output From File

Get Character

Check If File End
Output Character

Set Counter to Zero
Store in DELCTR

Exit After Getting Char

Get Error Status

1s it EOF Ervor
Normal Close

Set File Ciosed Flag
Error Exit

Set Tle
Close Lutput File

SUBOUT' Subtoutine End

* Open Output File
* messzccmmoeswnas

Subroutine Beginning

OPNOUr

SUBIN
LbX
JSR
JSR
LbX

HTMAMN
BSTRNG
THBUFF
#FCRO

File Neme Message
Print

Resd Into Buffer
Get FCB Address
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: 651  03F ED  CD2D JSR GEIFIL  Ger File Spec
652 03225 71 BCS  ERROR  Any Ervors
653 03Bk 86 O1 wa N Set to TXT Default !
65 0386 D CD33 JSR SETEXC  Set Extension I
655 0339 86 01 LDA  OPENRD Open for Read [
656 OBE A7 B4 STA  FWNCIN,X Store Function
657 G38D ED D406 ISR FMS Gpen for Read '
658  03CO 26 63 BNE  ERROR  Any Errors
659 03c2 86 00 LDA  fROWK  Read/Wrice
660 03t a7 84 STA  FUNGIN,X Save in FCB
661 03C6 B6  GAT4 LDA  FLTYP  Space Compression
662 039 A7 8B 3B STA  COMPRS,X Store
663 o03cc 86 O wA 0 Open File
664 O3CE B/ 0479 STA  FOFLAG  Store Flag
665 031 CC 0000 wp 40 Ser Counter to Zero
666 0304 FD 0485 SID  DELLTR  Store in DELCTR
) 667 *
0307 SUBOUT Subroutine Eod
669 *
670 * Close Relevant File
671 P — o
0309 CLOUT  SUBIN Subroutine Begimning P
673 Q3DB A6 OF 0483 iDA  (FFLA&G] Is File Open o
674 O3DF 4D TSTA Set Flags |
675 030 27 10 BEG  CIOTEX  Exit If Closed i
676 OIE2 6F  OF U463 CLR  [FFLSG]  Set Flag
677 03E6 BE  O4TH LDX  FCB Point To FCB ;
678 03E9 86 O4 LbA  FCLOSE  Close File Function ¥
679 O3ER A7 84 STA  FUNCTN,X Store Function
680  03ED BD D406 SR ORMS Do Fite Closure
681 03F0 26 33 BML  ERESR  Any Errors
692 *
0352 CIOTEX SUBOUT Subroutine End
684 »
585 * Purge Relevant File
686 * ErsnssweoomasmoeSnG
03¥4 FURGE  SUBIF SubToutine Beginning
688 03F6 A6  9F 0483 DA [FFlag] Is File Open
689 03FA 4D TSTA Set Flags
690 O3FB 27 19 BEQ  PUREXT  Exit If Closed
691 C3¥D 6F  OF 0483 CLK  [FFLAG]  Set Flag
692 0401 BE  047B X kB Polnt to FCB
693 0404 86 04 1DA  HCLOSE  Close File Function
694 0406 A7 B4 STA  FUNCIN,X Store Function
635 D408 BD D405 JSR FMS Do File Closure
695 040B 26 18 BNE  EREOR Ay Errors
697 040D 86 OC DA #DELETE  Delete File Function
698 04OF A7 B4 §TA  FINCIN,X Store Function
699 0411 BL  DAOG ISR PMS Do File Deletion
700 Okl4 26 OF BNE  ERROR  Any Ervors
701 *
0416 PUREXT SUBGUT Subroutine End
703 *
704 * Overflow Error

-
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705 [ —
0418 OVEROR SUBIN Subroutine Beginning
707 O41A BE  06AL WX  fOVMESS Overflow Error
708 041D BD  CDIE JSR PSYRNG  Print
709 0420 BD  CD15 JSR GEICHR  Wait for Char
\ 0423 SUBOUT Subroutine End
71 *
712 * Brror Exit From Program
713 A e Mk R S R
714 0425 BD  CD3F ERROR JSR  RFTEKR  Report Error
715 0428 8E 0667 IDX  #ERMESS Error Meesage
716 0428 BD  CDIE JSR PSTKNG  Prin:
717 O42E 86  O4 10A  KI0SE  Close File Function
718 0430 A7 84 STA  FUNCIN,X Store Function
719 0432 BD D406 JSR FMS Do Closure
720 0435 BD  CDLS JSR GETGHR  Wait for Char
0438 SUBOUT Subroucine End
. 722 *
723 * Bxit Subroutine
724 # srmpm=xmssne=me
725 0434 17 FE59 EXIT  LBSR FILEL Close File 1 K
726 043D BD  9A BSR  CLOUT e
727 O43F 17  FEG4 LBSR  FILEZ Close File 2 i
728 0442 17  FEBS LBSR  CIOSEF %
729 0445 17  FEGE LBSR  FILEO Qutput File
730 0448 8D BF BSR  £IOUT Close Output File :
731 044a BD D403 JSR FMSCLS  Close All Files =
732 044D BE  0SD7 LDX  FFMESS  Finish Message
733 0450 BD  GDIE JSR PSTRNG  Primt
] 734 0453 7E €DO3 QP WARMS Warm Start
735 *
736 * Abort Exit
L . 737 [
] 736 0456 17 FE3D ABORT  LBSR  FILE1 Purge File 1
: 739 0459 8D 99 BSR  PURGE
740 0458 17  FE4B LBSR  FILEZ Purge File 2
741 OASE BD 94 BSR PURGE
i 742 0460 17  FES3 LBSR  FILEO Close Output File
743 0463 17 FF73 LBSR  CLOUT
744 0466 B DAO3 JSR PMSCLS  Close All Files
745 0469 BE 0607 LDX  HABMESS  Abort Message
] 746  046C BLU  CDIE JSR PSTRNG  Print
747 O46F 7E  CDO3 IMP WARMS Watm Start
748 *
749 * Storage Locations
750 *
751 G472 0000 SPEED  FDB 0D Speed
d 752 0474 00 FILTYP FCB 00 File Type
] 753 0475 00 HALEDUP FCB 00 Duplex Flag
754 0476 00 NBSTRL FCB 00 Back Space Translation Flag
755 0477 00 FIFLAG FCB 00 File 1 Flag
| 756 0478 GO FRFLAG FCB OO File 2 Flag
i 757 0479 00 FOFLAG FCB 00 File Out Flag
| 758 047A 00 WAIT FCB 00 Wait Flag
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759
760
761
762
763
764
765
766
767
768
769
770
771
372
773
774
775
776
777
778
39
4 780
¥ 781
782
783
784
785
786
i 787

. 788
783
790
791
792
793
194
795
796
797
798
799
800
801
802
803
804
805
806
807
808
B80S
810
811
812

Communication Utility

0478 0000 FCB

047D 0000 BUFSP
047F 0000 BUFEP
0481 00CY FPIR

0483 0000 FFLAG
0485 0000 DELCIR
0487 0000 NUMSTR

*

*
0489 0C 20 20 20  STATML
0490 28 20 4D 2B
04BB OD 20 20 20
<04CF 3D 3D 3D 3D
O4ED OD 04

OQAEF 45 73 63 61  FREEM
050E 42 75 66 66

0519 43 74 72 6C  USEIM
053¢ 42 75 66 66

0548 20 20 20 20 ALLMM
D364 42 75 66 66

0579 0D OD STATM2
0578 20 20 20 20

0592 2¢ 20 20 20

0549 20 20 20 20

U5CC 20 20 20 20

G5p7 OD 20 20 20  FMESS
O5EE OD 20 20 20

G607 OO 20 20 20 ABMESS
61D OB 20 20 20

0635 O 20 20 20 RETM
064D 0B 20 20 20

0667 Ob 20 20 20  ERMESS
0683 0D 20 2¢ 20

G69F O 04

06A1 Ob 20 20 20 OVMESS
06C0 Ob 20 20 20

06DF OD 04

06E1 0D 20 20 2G  OVSAWM
0700 0D 20 20 20

O71F OD 04

0721 20 20 20 20 SPACER
0726 OO 4E 65 77  FNAMY
0738 0D 45 78 69 FMAMM
074F OD 49 6E 70  ISPEDM
0763 28 30 2p 46

0776 31 20 20 20 MFDUF
0795 28 20 49 6E

G74D 31 20 20 20 MHDUP
07CC 28 20 49 6E

07E4 32 20 20 20  MBST
0803 28 20 54 72

081B 32 20 20 20 MBSHI
0B3A 28 20 44 6F

0852 33 20 20 20 NSECM

FDB
FDB
¥DB
FDB
¥DB

FDB

FCC

FCC

FCC
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FCB Pointer Storeg
Buffer Start Pointer
Buffer End Pointer
File Pointer

Flag Pointer

Delay Counter

Storage for Princed No.

83888888

12,/ /

/( M. K. Hawes ) Serial Utility/
13,/ /

/

13,4

/Escape = Control Menu /
/Butfer Free §/,4

/ctxl-§ = Pause or Go /
/Buffer Used §/,4

/ /
/Butfer Total §/,4

13,13

/ Fanction

/ Status/,13

7 N

e T

13,/ Finished Utility/

13,/ mmmmmsssawesae /13,4
13,/ Utility Aborted/

13,/ remmesmmammna== 13,4
13,7 In Emulation Mode/

13,/ emmemsmmmsswsmamn [, 13, 4
13,/ - Error - Bit Any Key/
13,/ s wemmma————
13,4

13,/ ~ Qverflow ~ Hit Any Rey/
13,/ Eesmsammeeesane s |
13,4

13,/ - Overflow ~ Saving File/
13,/ smmms e s |
13,4

/ /

13,/New File Name 7 /.4
13,/Bxisting “{le Name ? /,4
13,/Irput Delay Mumber /

/(O-FFFF or RET) 7 /,4

/1 = Set  Balf Duplex 7
/( In Full Duplex Mode )/,4

/1 = Set  Full Duplex /
/{ In Half Duplex Mode )/,4

/2 = Bon'c Translate BS /
/{ Translate BS to DEL )/,4

/2 = Translate BS to DEL /
/( Don't Translate BS )/,4

/3 = Space Compression /
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813 0871 28 20 4E 6F FCC /( No Space Compress )/,4
814 0889 33 20 20 20 HSPOM FCC /3 = No Space Compreas /
815  0BAB 28 20 53 70 FCC  /( Space Compression )/, 4
816 0BG 34 20 20 20 SPEEDM FCC /4 =~ Change Delay Speed H
B17  O8DF 28 20 44 65 FCC  /( Delay Number /,4
818 08FL 3520 20 26 Flay  FCC /5  ~Open Log File /
B12 0910 28 20 4C 6F FCC /¢ Log File Closed }/,4
820 0928 35202020 FloM Fee /5 = Close Log File /
821 0947 28 20 4C 6F ¥6C  /( Log File Opered }/,4
822 O095F 36 20 20 20 F2M  FGC /6 = Open Storvage File /
823 O97E 28 20 53 74 FCC  /( Storage File Closed )/,4
824 0596 36 20 20 20 F20M FCC /6 = Close Storage File /
825 0985 28 20 53 74 FCC  /{ Storage File Opened )/,4
826 09CD 37 20 20 20 © FOCM  ¥CC /7 = Open Output File /
827  O9EC 28 20 4F 75 FCC  /( OQutpat File Closed }/,4
828  0A04 37 20 20 20 FOOM  FC /7 =~ Close Output File /
829 023 28 20 4F 75 FCGC  /( Dutput File Opened }/,4

! 830 0A3B 38 20 20 20 MENU  FCG /8 = Exit to Flex System/,13
831 055 39 20 20 20 FCC /9~ Abort this Utility/,13
832 OA6F 52 45 54 20 FCC  /REI = Back to Ewulation/,13
833 0489 OD 45 6E 74 FCC  13,/Enter Command ? /,04
834 . *
835 * Now lasert Uart Routines (LXB UART)
836 *




1
o
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839
840 *
841 * Uart Specific Routines for File Transfer, Terminal
842 *
843 *
844 * Written For a MC4850 Dart
845 R e
846 *
847 * By M. K. Hawes
848 e
849 *
850 * Last Updated 3 January 1984
851 B Attt
852 *
853 *
854 * SERIAL CARD ROUTINES
855 F e i e e
856 0018 ESC EQU §1B Keyboard Break Char
857 0005 S10T EQU $5 1/0 slot for Apple
858 ADDS PARREG EQU $A0B5H(SIOT*$10) Parameter Switch Add
859 AQDS CIVREG EQU $A086+(SINT*$10) Control/Status Reg
860 AOD7 DATREG EQU $A0B7+(SLOT*$10) Data Register Add
861 AODO KBDDAT EQU  $A000 Keyboatd Date Add
862 AOLC KBDCLR EQU $A0L0 Clear Keyboard
863 *
864 * Inltialise Usrt
865 A et s
B66 *
B67 *
868 * This Routine Must Initialise The Uart For *
869 * Two Stop Bits 4nd An 8 Bit Character Withour *
870 * Any Parity Bits. If Necessary It Must Set Up %
871 * The Relevant Transfer Speed. *
872 *
873 0498 34 02 UINIT  PSHS A
874  0A9D 86 03 LDA #5023 Reset UART B
875 OA9F B7  AOD6 STA CTLREG
876  UAa2 86 11 LDA #511 Set For /16 and 2 Stop Bits
877 OAa4 BY  AODG ST4 CITLREG
878  0AAT7 35 02 PULS A
879 0AA9 39 Rrs
880 *
881 * State of Usrt {Zero Flag set = No Char)
882 *
883 *
884 *
885 * This Routine Must Check If There s & Char *
886 * waiting to be input by the Uart. If there is *
887 % a char walting the Zero Flag Must Be Reset,  #
888 * gnd if there is no Char the Zero Flag must *
889 * be set. *
890 * *
891 * Char Waiting = Zero Flag Resat ®
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892
893
894
895
896
857
898
858
900
901
902
903
904
%05
906
907
908
909
910
911
9Nz
913
914
9ns
916
n7
918
819
920
21
922
923
924
925
926
927
928
929
230
931
932
933
934
935
936
937
928
939
940
941
942
943
S44
945

QAAA 34
BAAC B6
OAAF B84
0ABl 35
0AB3 39

0AB4 B6
OAB7 39

OAR8 34
OABA 36
DABD 84
OABF 27
GACL 35
0AC3 B7
CACE 38

QAC7 B6
GACA 39

02
ADDS
21
02

A0D7

02
A0D6
02
F9

AGD7

AODS
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* Char Not Waiting = Zero Flag Set *
*
USTAT PSHS A

LDA CTLREG Check Contral Register

ANDA 521 Check Overflow and Char
PULS A
RIS

*

* Input Character from Uart Into Acc
*

*
*
* This Reutine Must Tnput The Char From The Uart ¥
* inte the A Register. *
*

ULk TbA DATREG Get Character
RS

*

* Qutput Char from Ace to Uart

* .

*

*

* This Routine Must Outjput The Char in the A Reg *

* frow the Uart. If the Previous Char has not

* been sent yet then this routine must first

* wait for it ro be sent then send the Char

* in the A Register.

*

*E % %

uwur PSHS A
UOUrT  LDA CTLREG Check If Lsst Char Sent

ANDA  #502

BEQ  LOUTL 1f Not Then Walt
PULS A

STA  DATREG  Output Character
TS

*

* The Next Routines are Used by the Terminal Program

*

*
* Get Pavameter Register Value
[P R
*
*
* This Routine lopute The Parameter Switches
* used to set up Terminal Characteristics. The
* format of the Switches is 01 01 0 86 85 84
% and this is put in the A Reg.

*

o % ox

PARIN  LDA  PARREG  Input from Parameter Reg
RIS Return from Subroutine

R >

* Non Echo Keyboard Input

# -

*




246
947
948
949
950
951
952
953
954
955
956
957
958
959

CACB B&
OAGE 84
QADO B7
0An3 3¢9

4000

A010

Serial Compunication Utility 3-1-84 TSC ASSEMBLER PAGE 19

*

% This Routine Inputs a Key From the Keyboard
* without echolng it on the Sureen. The Key
* value {s placed in the A Reg.

*

KEYIN  uDA KBDDAT Input From Keyhosrd

ANDA  J§7F Serib MSB
STA KBECLR Clear Keyboard Strobe
RS Retuen From Subroutine

*
* End Of Uart Routines

LSOO

*
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961 *
962 * Eag of Program

963 * e —

964  0AD4 00 ENDPGM FCB a0 Dummy Byte

965 END  TERM 4

0 ERROR(S) DETECTED
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SYMBOL TABLE:

2 ABMESS D607  ABORT 0456  ACTVST 0002  ADDBX CD3C  ALLMM 0548
BACREC 0016 BEGSEC 0012  BEGIRK 0011  BSTCHK CL6D  BUFEP O47F
BUFFER 0040 BUFSP 047D CERRK 0240  CHMKCHR 0082  CHOUT 0077
CLASS (D21 CLCLOS 031F  CLEFLF 0308  CLGEXT 0324 CIOSE 0004
CLOSEF 02FD  CLOTEX O3F2  CLOUM 03D9  COLDS CDOQ  COMPRS 00,2
CTLREG AOD6  CIRLS 0013  DATNDX 0022  DATREG AOD?  DELAY OD6D
DELCTR 0485 DELEFE 000C  DIRADD Q02F  DOCMND CD4B  DRVNUM 0003
ENDFIL O38E  ENDPGM OADS  ENDSEC 00L4  ENDTRK 0013  ERMESS 0667
ERROR 0425  ERSTAT 0001  ESC 001B  ESRTRG CCl6 EXIT 0434
FICM  08F1  FIFLAG 0477 F10 01A2  FiOM 0828  F20M  O95F
F2FLAG D478 F20 Q18C  F20M 099  F2PS  OLAE  FATTRB O0OF
FCB 0478 FCBL 0100  FCB2  C240  FCHLPL O0LC FCBO €380 \
N FCDATE 0019  FDEID? 0032  FEXTEN 000C FPLAG 0483  FGETCH 037B
FILCHK 0352 FILEl 0296 FILE2 02A6 FILEG 02B6  FILEXT 039F
FILSIZ 0015 FILTYR 0474  IMAMM 0738 FMESS O5D7 FMS D406
FMSCLS D403 FMSIND D400 FNAME 0004  FNAMM 0726 FOCM  O9¢CD
. FOFLAG 0479  FOO 0LD6  FOOM  0AQ4 FOPS  O1CB  FPTR 481 .
FREEM O4EF  FSECNI 0017 FUNS 0236 FUNSE 0264  FUNSE 0267 !
FUN6 0269 FUNGE Q277 FUNGE 027Aa FUN7 0282 FURYB 0291
FUN7E 0294  FUNCTK 0000  GETCHR CD15 GEIFIL CD2D  GETHEX CDé42
GETINF QOU7 GETRKD 0011  GETSEC (009 MALFDU 0475 HSPCH 0883
INBUFF CDIB  INCR  CDO9 INCHZ CDOC INDEC CD4¥  INIT  00CE
ISANG 0149  ISPEIM OF4F  KBDCHK 0048  KBDCLR AOLO  KBDDAT A0OQ
KBDEXT 0075 XEYIN OACB 10AD (D30 LOGIN 034A 1OGOUT 035C
10GPS OL7E  100P 0005 MBSNT 0818 MBST  OVE4  MEMEND CC2B
MENU . OA3B  MFDUP 0776 MHDUP (Q7AD  NAMEBF 0024  NBSTRL 0476
NCIG 0067 NCTS 0070 NESC  COS5B  NORCLS 0394  NOWSS OLE2
NScOM 0187  NSPCM 0852  NSTRIP 0098  NUMSTR 0487  NXRCR GOD27
N¥TDRV 0014  NXUSEQ O00F  OFENF 02C6 OFENRD CO0L  QPENUP 0003
THNWR 0002 OPNDTR 0006  OPNOUT G3AL  OSIREC 0010 OUTADR CD4S
OUT ¢ CDOF  OQUTCH2 €22 OUTLEC CD3%  QUTHEX CD3C  OVEROR 0418
OVSAWM 08Bl  PARIN 0AC?  PARREG ACGD5  PCRLF CD24
PIEXIT 0348 PIFILE Q326 PNAME 0106  PNLOOP OLOF
PNNDT  0L00  PRFREE 00A6  PRINTU OOD4  PSPEED 0119  PSLRNG CDIE
PUREX' 0416 PURGE O03F4  PUTCHR CDIB  PUTINF 0008  PUTRED 0012
PUTSEL 0004 RIMR 0000  RECNON 0015 RECORD 0020  RENAME 000D
RENTER CDO6 RESL 0008 RES2  OOCE RES3  OU13  RES4 0010
RESS 0018 KEIM 0635 REWIND 0005  RNDNDX 0023  RYTERR CD3F
RSTRIC CB24  SCWTCH 0035  SECTOR OOLF  SETEXL €D33  SEISIT OLAE
SEXIT O24E  SHFDUP 016A  S0T 0005  SKBSI 017B  SPACER 0721
SPDCHK O18F  SPEED Q472  SPEEIM OBCC  SSAGN 0130  SSPEED 0133
SSSAGN 0135  STAT  GDAE  STATML 0489  STATM2 0579 TERM 0000
TERM1 0003 TRl 0lEF  TRZ 01F%  TR3 Q203 TR4 020D
TRS 0217 TR 0220  TR7 0229 TR8 0232 TRY 0239
TRACK 00lE  UIN OAB4  UINIT DQASE  UOUT  0AB8  UGUTY OABA
URTCHK G087  URTEXT 00A4 USEIM 051D  USTAT OaAA WM 0002
WAIT  Q47A  WARMS CDO3




APRENDIX 1
LOBIC-SIMULATOR PRINITIVES




INTRODUCTION

These are the primitives that can be used in generating the circuit to be
sineiated, A drawing of the primitive is followed by the format of the
input needed for the particular primitive,
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4OBIE TYPE AND BATE
10610 EOUATION;  Dr A+ (B3+103-40101E)

Lowtc SYmMBoL:

TRUTH TABLE:

ELEMERT CODING.  AND 4 (8% (G} 19)
te} & {8

NOYES. ¢ ) SENCTLS OPTIONAL FIEADS,

tosie YYPE: WAND BATE
LOGIE CoUATION. @R TRTTIGT 1B (E]

1010 SYMUOL:

TRUTS TABLE,

ELEMENY COGIHG.  RAUD A 18) {€) (0}
te) o (@)

NOTES: ( ) DENOTES OPTIONA, FIELDS,
0" 1F WOy usED. 4

(oGIE TYPE on GATE

06IC EOUATION B+ 4+ (B)+1E}+ (D14 (€)

J>—

(0GIE SYMBOL.

TRUTH TASLE:

[P
cvolo

TLEMENT COOING OB A tB) 1) (0}
160 @)

NOTES. { } DENDTES OPTIONAL FIELOS,
0 if HOT ustD

wosie TYPE: HOR GAYE

10GIG EQUATION.  OVAT BTFIETFIOT+TE]

1061 SYROOL: *
[
£

TRUTH TABLE

CLEMONT CODING: NOR A {8} 1C) (B}
) e (@

NOTES | ) DENOTES GPTIONAL FIELDS,
0" 1 KOt usED

«osIc TYPL SATLUSIVE OB GATL

LOGIC EQUATION 0 AR

o

LoGiE FYM80L
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JHTRODUCTION

This Tlisting contains the program written in BASIC followed by the
circuit to be simulated contained at the end in DATA statements. The
circuit diagram with the signal names is contained in the next Appendix
ang the actual output of the simulator in the following Appendi. .
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10 REM AN ENHANCED LOGIC SIMULATION FROGRAM

20 REM

30 REM Robert M. Mcdermott
40 REM AUGUST 1981

50 REM

60 REM

70 REM Adapted for the Nascom 1 Computer by
80 REX Michael Kerrigan Hawes, (June 1983)
90 REW
100 REM
§ 110 REM FORMAT

120 REM wwamzas

130 REM MACRC nsmel
140 REM ...

150 REM END

160 REM MACRO name2
170 REM ...

180 REM END

190 REM ELEMENTS

] 200 REY ...

210 RE¥ END

220 REM EXTERNALS
230 REH ...

240 REM END {
250 REN QUTPUTS :
260 REM ... :
270 REM END @
280 REM XXX

290 REM
300 REM #aakt
310 REK The following Program simulates a

320 REM Digitsl Logic design. Th: Logde

330 REM description may consist of Logic

340 REM 'Primitives' (AND, OR, XOR, EFC Gates
350 REM D, JKX Fiip Flops; N-Bir Gounter) .or
360 REH 'Macros' ( Blocks of .ommonly used
370 REM primitives ). Each Logic Element

380 REM contains 5 inputs and 2 outputs,

390 REM unused 'Pins’ are coded as '0'.

400 REM

410 REM The Logic 18 driven by 'Bxternal

420 REM Stiwmuli'. The Srimsli are described
430 RE¥ as Periodic or Aperiodic, the sigmal
440 REM ugme, starting loglc value, gtart
450 REM time, and 5 change times.

460 REM
470 REM
480 REM
490 REM
500 CLEARLCOO:WIDTH255: PRINTCHRSE(L2)

510 REM *hksirkskikhdikdhkkarisihn

520 REM *  Automatic Continue ¥

530 REM #%5akkkihkhkhkdhkfkhakhhhh

540 PRINT Do You Want Automstic Gontinulug 7 "3

Ak R R R E A% ow R E RN A N
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550 AG=-1:SI$w"Y":CDSUB1200
560 IFQ$<> "X "ANDQ$<> "N"THEN540

570 TFQ$="N"THENAC=0

580 REM Rkrkihiihkikhiinhhh

590 REM *  Printer Check %

600 REM ®*khwkdkihihikhkhiisd

610 PRINT"Do You Want The Output Printed ? “}
620 SI$="N":G0SUBL200

630 IFQ$CO Y "ANDQS O "N THENG1 O

640 PR=1:TN=8: IFQ§="N"THENFR=0 :TN=6:C0T0 760
650 START-+HEADING"D{gital Simulator Output”
660 PRT+

670 REM *#kkkkkhhxikhhihskdh ik

680 REM %  START OF PROGRAM #

690 REM *dkrkikhikdhahkkkkidhik

700 REM
710 REM The following parameters define the *
720 REM maximum array limits. They cen be »
730 REM adfusted to fit e design to availa\)le *
740 REM Ram.

750 REM
760 MNAMS®200:MLGIC=200:MEXIERN30:MSANPLES =14
770 MTYPES®50

780 PRINT : PRINITAB(15%(14PR)); "LOGIC SDMULATOR"
790 PRINTTAB(1S5%(1HER)) ; "rmemsmmsmsmmseion * s FR INT
800 PRINTMN;"NAMES™ :PRINTML; "LOGIC DEVICES”

810 PRINTIY; “TYPES” : PRINEME; "EXTERNAL ST IMULI®
820 PRINT : PRINT

830 DIMNAMSS(MNAMS) , SKT (MNAMS)

840 DIMLO(MLGIC,B)

850 DIMEXTERNALS (MEXTERNALS, 10)

860 DIMTYPE$(MTYPES)

870 DIMTYPEP(MIYPES)

880 DIMOL(MN)

890 DIMSAMS)

900 DIMT(10),LI§(10),8T(672)

910 REM *hkkhrbARRENEAKRKAA R RX R

920 REM % Start of Program %

930 REM HHARkERNkFddhfoehd R AR R RN

940 PRINT:PRIND“#k* Inirialising Arrays e
950 PRINT "HHA mmmmmrmmmmmm an

960 GOSUBLI30

970 PRINT:FRINL"#¥k Reading Any Macros  *¥k”
980 PRINT "%#% ~mmmsmoemimm s ememcoman L

930 GOSUBLS30

1000 PRINT:PRINI"#4% Read In Logic Network wh#"
1010 PRINT"¥kk —o—em o im e Sk

1020 PRINT:GOSUB] 930

1030 PRINI:PRINI “w*% Expanding Any Macros Hkw"
1040 PRINT "Hh* momorccm e e AR

1050 GOSUBZ200

1060 GOSUB2330

1070 PRINT:PRINT "% Read External Stimili wk#"
1080 PRINT "#¢A mm e e dhk "

PAGE 2
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1090 PRINI :GOSUB2640

1100 PRINT :PRINT“*** Checking for Errors  #*i*

1110 GOSUB2930

1120 PRINT:PRINT"#** Read Bodes To Sample #*¥#"
~ 1130 PRINT“AAR mammemmseems ] L

k3 1140 PRINT ;COSUB 3040

1150 PRINT:PRIND"¥k* Setting Up Simulation *wi™

FRFLI 251, A T —————

1170 cOSYB3920

E 1180 IFPRORHPTHENPRT+:PRINYCHRS(12):START ~

1290 END
1200 REN AhERRERKRREIREN R KRN SAX bRk R
1210 REM *  Special Input Routine *
1220 RENM ®adkditddd ARk akddkakkdhthds
1230 SCROSFRINT” "3
1240 GETQ: TPQCOUTHENL310
1250 SCaSC+1: TFSCHE00ANDACTHEN1300
1260 SNmSNHL !
1270 1PSNDSANDSF=OTHENPRINTCERS (8); " " 3 :5F=1:5N=0 ;
1280 TFSH>SANDSF=ITHERPRINTCHR(8); *_*; 15F=0:58=0 :
b 1290 GOT01240 .
1300 Q=ASC(SI$) o
1310 Q§=CHRS (Q): PRINUCHRS (8);Q8
1320 RET (RN
1330 REN Aok ok bk J b Kk A H KAk
{ 1340 REM *  Initialise Polnters *
1350 REM * {500 *
1360 REM SA&&RadkhhdRdadhdmiibbdknnd
1370 NL~0: NEYPE=0
1380 READQS
1390 TPQS<>"LAST "THENTYS (NT =q§: NT=NI 413 GUTO 1360
- 3 1400 DATA “END","AND",“RAND", “OR”, “NOR" , “OR"
1410 DATA "XNOR","DFE","JKFF" ,"CNIR" , “PLSR"
1420 DATA "SREG","*",“IAST"
1430 NPRINNTYPE: NT YPENT YPEH]
1440 REM Logic Print Values and Inversions |
1450 L0=0:L1x3:L¥=1
1460 DINLVS(3),LP$(3),LN(3)
1470 LUS(LO)="0"sLPS (LOY="" " :LN (LOY=L1 :L¥ (LOY=LO
| 1480 LV§(LL)="1"sLPS(LL)="1
] 1490 LV§(LX)="X":LP§(LX)="2
i 1500 DIMIEX$(L): FORISOTO 1:READTEXS(L ): NEXT T
i 1510 DATA "A","P" )
i 1520 RETURN
1530 REM kkkkikhhkkhxkhkRiokthk
1540 REM *  Read In Macros *
, 1550 REM * [ 1000 ] *
I

1560 REM *¥Akdkdihkkhhhdskadohy

1570 GOSUB6L90

1580 IFLEFT$ (L3, 3)<> "MAG "THENRET URN

1590 X$=L13(1) A

§ 1600 PRINT
1610 PRIND"4#* Reading in Macro : ";X$;" *er

: 1620 PRINE :TFTR=-1
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1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1779
1780
1780
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110

COSUB6380

IFPOUND=-1THEN1710

IFTPLR—ITHEN1710

PRINT"This Macro Nawe Already Exists”
PRINT"Enter R(eplace) vr N{oreplace)™;
SIg="R":GOSUBL200

IFQS="N"THEN1 760

IFQ§<>"R"THEN1670

TEIR=NLGIC

GOSUB64 70:MT=FO

GOSUB2070

GOSUB1820

GOTO1530

REM *hdchRkrhhhREkkhkrdkihik

REM *  Skip This Msero *

REM * { 1200 ) *

REM Wik Adskhh Ik sk ko Ak ho

GOSUB6190: TFLLS (0 )<> END “THEN1800
€001 530

REM

REM %  Check for Macro Errots *
REM * [ 1500 ] *
REN

PRINT:PRINT "##% Checking Macro “;TY§(MI);
PRINL" for Ertors *x"

XLeT¥(Mr'): GOSUBGELO

FORI=ITOS

X=LO(X1,T): QSUB6370

NEXTI

X1=X1+1

X=LO(X1,0): LFTY$ (X)="4"THEN1830

ST=X1

GOSUB7010

GOSUB7100

ER=0

RETURN

REM
REM * Read In Logic Description *
REM * 12000 } *
REM
TFLEFTS$ (LS, 8)="ELEMENT S"THEN2070
PRINT : BRINT "Error, ELEMENTS Expected.”
TFPRORHPTHENPRT+: PRINT CHRS (12 ) : START
END

SLaRL : NAG(Q)»"0" s NNAK=1

FORI=YTOMN: NAS{L)="" :NEXL T

GOBUB6190

X$=L1$(0)

COSUB 6380: TFFO=-1THENGOSUB64 70

2120 T(0)=FO

2130
2140
2150

FORI=1107
X§=L1§(1L): COSUB656D
IFFO=~ITHENGOSUB6730

2160 T (1)=F0: NEXT I
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2170
2180
2190
2200
2210
2220
2230
2240
2250

1 2260
2270

2280

2290

2300

2310

2320

2330

2340

2350

2360

y 2370
2380
2390
2400
2410
2420
2430
2440
2450
2480
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700

Logic S{mulator Program

GOSUB7300
TFT(0)<>OTHEN2090

REL URN

REN #rh R akaR I bk bk kA kA
REM *  Expand Mactas ¥
REM * { 3000 ] *
REM FhAhSrchRIRRRS SRERENE
ST=SL

FORI=$TTONL-1
TFLO(I, 0)>NPR IMTHER?2 90
NEXTI

RETURN

GUSUB7390

GOSUBRO00

REM Repeat Proc to Find Next Macro
6T02200

2-29-84

REM
REM *  List Bxpanded logic Description
REM * [ 3500 }

REM
PRINT : PRINE

PRINT "#kk Expanded Logic Degcra,.ion %A#"
PRINT “hkk dokk "
PRINT : PRIRT "No . TAB(TN);

PRINT "Type* ;TAB(A¥IN); “Tnputs”;
PRINTTAB(7#TN); "Out puts™

FORI=ITOS5: FRINTTAB(TN*I4IN-1); 1;: NEXIT
PRINTTAB(TAINY; Q" jTABLBMIN); Q="
FORT=DTOB: PRINT "+";

FOREL=ITOTN~1: PRINT"~";
NESTII:NEXT1:PRINT“+"

NAS(0)="."

FORY=SLTONL-1

IFI=NL-1THEN2 540

PRINI™(™;
PRINTRIGHT$ (STRS (I~SL+1), LEN(STRS (I-SL+1)
PRINI™)";

PRINITAB(TN);

PRINTTYS(LO(T,0));

FORLI=1TO7

PRINITAB(IN*II4TN);

XX=LO(I,11)

IFXR<OTHENERINT “f";=¥X; : OT0° 10
BRINTNAS(XX) ;" "}

NEXPIL:PRING :NBATT

NA§(0)="0"

RETURN

REM

REM * Read In External Description *
REM * [ 4000 ) *
REM

PRINI"No.";TAB(IN); "Type” ;TAB(2*IN); "Name
PRINTTAB(3#TN ); "Val "sTAB( 7/2 #TN+1); “Bgn";

FORI=IT06: PRINTTAB( (1+7 )¥IN/241); "08";

ik
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2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2840
2950
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
220
3230
3240

PRINTRIGHT $ (STR$ (1),1); :NEXTT: PRINT
FORT1TO3: PRINT "4+"; :FORII=1TOTN~1

PRINE"~"; $NEX? 11 s NEXT T ¢ PRINT "domenm ™}
FORTwITO7: PRINT "+ tFORII=ITOTN/2-1

PRINT =" tNEXT 11 s NEXP 13 PRINT "+

NEX=0; 6DSUB6190

YFLEFT§(LS,9)~"RXPERNALS "THEN2810
PRINT:PRINT “Error, EXTERMALS Bxpected.”
TFPRORHPTHENPRT+; PRINT CHRS (12 } 1 START —

END

GOSUB6190
IFLI$(0)="END"TRENPRINITAB(TN); “END" :RET URN
PORI=Or01: IFLL$(0)=TEX$(I YEHENT (0)=T

NEX'T

X$=L1§ (1)1 G0SUB6560

1FFO=-1THEN2810 :
T(1)=FO e
FORTwOTO 3¢ TPLI$ (2 )LV§ (L YPHENT (2)=LV(1) i
NEXCT ;
FORX=3T0 93T (I)=VAL({LI§(1)) :NEXTL
GOSUB7430

GOT02810 i
REM *A&fdhkkkhkhhkkkikkhhhin [
REM * Check for Errors * !
REM * f 5000 ] *
REM AHEHAK*EIR L hRIHE R ERIREK
GOSUB6810:MH=0

FORT=OTONEX

OL(EX(Z,1))=1

NEXTL

ST=SL:GOSUE7010

GOSUB71.00

RET URY

REM KdkkkhkkkRikshkdkhikhrkndkhkiokd H
REM *  Read in Ssmple Points % 0
REM * [ 6000 ) *

REM *rdhrkiohkhk &RARRARAFRRAR AR,

N5=0

GOSUB 6190

TFLEFT$(L§, 7)="0UT PULS “"LHEN3140

PRIND:PRINT "Error, OUTPULS Expected.”

TFPRORHFTHENFRT+: PRINTCHRS (12 ) ¢ SRARC ~

e

END
GOSUB6190

1FLI$ (0)="END"THEN3220
FOR1=0r010

K$§=LI$(1): IFRS=" “THENIZ00

GOSUB6560: TFFO=-1THEN3200
TFNSCLATHERNS=NG+1: SA(NS )=Fo
NEXI'T

GOT03140

IFNS)7LREN3260

FORI=1TONS

BRINTTAB( (I-1)%TN);HAS(SACT))5
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3250 NEXTT:PRINT : PRINT "END” :RET URN
3260 FORI=ITO7

3270 PRINTTAB((I-1)¥PH) ;NAS(5A(2));
3280 NEXTL:PRINT:FORI=STONS

3290 PRINTTAB((I-8)MN);NAS(SALY));
3300 NEXT I:PRINT :PRINTEND":RETURN

3320 REM

3320 REM *  Selective Trace Table Build *
3330 REM * 76500 ) *
3340 REM

3350 STFmO

3360 AL=(NLAN+(TLHN))*2

3370 A2~FRE(0)~200

3380 TPA2<ALTHENRET URN

3390 PRINT

3400 PRINI"*** Build Selective Trxace Table ***"
3410 PRINT “kks — e MRAT
3420 PRINT

3430 STF=1:DIMSO(NL),S1(NN),S2 (TLHWN)

3440 T1~0

3450 FORI=1TONN:S1(X)=T1

3460 FORJI»SLIONL:FORK=1TOS

3470 TFLO(J,K)=ITHENS2 (T1)=J:T 1ol 141

3480 NEXTK:NEXTJ

3490 $2(T1)e~1:T1sT 141

3500 NEXT T

3510 GOSUB3530

3520 RETURN

3530 REM
3540 REM *  Print Out Of Load Table *
3550 REM * [ 6700 ] *
3560 REM
3570 FORI=ITONN

3580 IFLEFTS(NAS(L),1)<> & "THENSE=T

3590 SRT(1)=I

3600 NEXI'T

3610 FL=0

3620 FORI=ITGSE-L

3630 TFNAS(SRT (1))<NAS(SRT (1+1))THENIGEY
3640 11=GKI (1)

3650 SR (1)=5RL(1+H)

3660 SR (I+1)=11

3670 Fle-l

3680 NEXT L

3690 IFFLTHEN361C

3700 PRINT:PRINT:PRINT “#%* Load Table ***"
3710 PRIND“#HR wmm—ermmme bk "

3720 PRINT : PRINT"NODE";TAB(TN); "DEFINED";
3730 PRINITAB(I*IN); "DRIVEN ELEMENTS"
3740 PRINT == TAB(IN); "~mmmmmm

3730 PRINTTAB(3IFIN); "=
3760 PORJI=LTONN: PRININAS(SKT (JJ)) ;TAB(TN);
3770 X§wNAS(SRT (J1)) 1 S0SUB6560

3780 IFFO=-1THEN3IBBO

PAGE 7
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3790
3800
3810
3820
3830
3840
3850
3860
3870
3880
3890
3%00
3910
3920
3930
3940
3950
3960
3970
3980
3990
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4190
4200
4210
4220
4230
4240
4250
4260
4270
4280
4290
4300
4310
4320

PORI=SLIONL-1

TFLO(TL, 6)=FOTHENERINE [ Q "5:
TFLO(T,7)=FOTHENPRINT"{ Q- *;
NEXTT

FORI=0TONEX
TFEX(I,1)=FOTHENPRINT [ EXZ"; :QeI+L: COTO 3860
NEXTI

QS=RIGHTS(" "+SIR$(Q}+" 1",6)
PRINTQS;TAB(3#IN);

T1=51(5RT (J3))

IFS2(T1)=-ITHEN3S10

PRINTS2 (T 1)=SL4l; 1T 1=T 1+1: QOTO 3890

PRINT : NEXPJJ:RET URN

REM AAARARERRRRERRARRIRRE

REN * Do Simulstion *

REM * [ 7000 *

REM *othkkihbatshkrkhhaxh

DIMFE(NN) ,ME(M4, 1): IFER O OTHENRET URN
NE=NN~1: NL=NL~1:NE=NE-1:QA=0

GOSUB3AL0

GOSUB408O

GOSUB44EO

GOSUB4830

GOSUBS030

IFQ$="("THENRET URN

1IFQ$="R"THEN3990

GOSUBB23C

GOSUB4390

GOTO 4000

REM
REM *  Initiellze for Simulation *
BEK * [ 7300 } *
REM
FORI=OTONN:NE(Y }=LX:NEXT I
FORI=SLTONL:15(%,8)=LX; NEXI T
PRINTGHRS(12):RI=0

PRINT "Default for Start & Increment ? “;
51§="Y":(0S1B1200

TPQ$<O Y ANDQ$<> "N THENAL 50

89=0:82=1

TFQ$="Y"THENA220

INPUT “Enter Sawple Start Tiwe ";S9
INPUT"Enter Increment Time ";82
$9=INT (S9):S2=INT(52)

IFPRTBENPRT ~

IFS2=(THENS2~L

E9=32767 : FORI=0TONEX:E3=EX(I, 3)
GOSUBAT60: NEXX T

IFHS=0THENCOSUB 589C
TFMM<>OTHENGOSUBA300

Q$="" tRET URN

REM
REM #  Set Aside #em for SREGs *
REM * { 7400 ) *

Q1--SL+1: COTC 3860
Q~I-SL+1: GOTO 3860

PACE 8
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4330
4340
4350
4360
4370
4380
4330
4400
4410
4420
4430
4440
4456
4460
4476
4480
4490
4500
4510
4520
4530
4540
4550
4560
4570
4580
4590
4600
4610
4620
4630
4640
4650
466G
4670
4680
4690
4700
4710
4720
4730
4740
4750
4760
4770
4780
4790
4800
4810
4820
4830
4840
4850
4860

REM
K1x0
FORIOTOMN ME(T, 0)=LX:ME(T, 1 )=LX:KEXS T
FORI=SLTONL
TFRYS(LO(T,0)) =" SREG THENLO(L, 8 J=M1 MLt 1-LO(CL,2)
W2XT XsRETURN

REM
REM *  Recalculste Ripple Time *
REM * [ 7500 1

REM
IFC=ITHENR =R I+1:RET URN
RI=E9; IFRI>SITHENRI=S 9
RETURN

REM
REM *  Get Next Scheduled External %
REM * [ 8000 ] *
REM
TFRICOEITHENRET URN
E9=32767

FORT=0TONEX
E3=EX(1,10)
IFE3=RTTHENGOSUB4580
GOSUB4760

NEXTI

RETURR

REM
REW Find Next Scheduled Change *
REM { 8100 § *
REM

EQ=EX(I,0):EL=EX(L,1)
E2+BX(1,2):E3=EX(I,3)

YNE(EL)

TFRI=EJLHENY=LN (E2)

NE(E1)=LN(Y)

REM *RAKKABXSHAARKRKKRREARRE SRR
REM *  Schedule Next Change *
REM % [ 8150 } *
REN kRkikk ik ARk ik Ak Rk kR
IFTEX$(E0)="E THENE3=EX (I, 10)+EX(T, 4 ):RET URN
J=4:E3=32767

IFI>=9THENRET URN

*
*

IFEX(T,J)<~RITHENJ=J+1: COT04730
E3=EX(T,J):RETURN

REM

REM *  Store Next Sched, Keep Track *
REN * [ 8200 } *
REH

EX(I,10)=E3

IFEQ>EITHENEY=E3

KETURN

REN

REH %  Move New to Old, Mark changes *
REM * [ 8500 ] *

REM
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4870 (9=0; TFSTF<> OTHENGOS UB4970

4880 FORT=LTONN

4890 TFNE(1)<>OL (I YTHENGOSUB4920

4900 NEXTI

4910 RETURN

4920 C9m1:0L(1)=NE(I)

4930 LFSTF=OTHENRET URK

4940 IT=51(1)

4950 J=§2(11): IFF=~ITHENRET URN

4960 SO(J)=1:1T=11+1: GT04950

4970 REM SHAARRAKARRKIA

4980 REM *  Clear SO *

4990 REH * [ 8700 ] *

5000 REM m¥kdhikkkickihink

5010 FORII=SLTONL:50(I1)=0;NEXTIR

5020 RETURN

5030 REM khhkhiaikikhkkkkihhkkhikirnk
5040 REM * Display Logic Values *
5050 REM * [ 9000 } *
5060 REM *r&kkkkkkkkkhkikhhkshkARikik
5070 SCREENL,16:PRINI "Time";RI;: GET QB : QA=UA+QB
5080 TFQRC>OTHENSCREENL,1:BRINT"Stopped”
5090 IF$9ORTIHENRET URN

5100 IFPC=OTHERGOSUBSLS50

S110 GOSUB3380

5120 $9=59+52

5130 PCWPCHL: IF(PCY45)0R(QAC>0)THENGOSUBS640
5140 Qa=0;RETURN

5150 REM
5160 REM Set up Display (Nemes & Ties) *
5170 REH * [ 9100 1 *
5180 REM

5150 FORI=11T047:SCREENI,16

5200 PRINT* "3 :NEXCT

5210 PC=11:FORI=ITO15:SCREEN,T

5220 PRINICHR$(27):NEXT1:G0SUBS260

5230 FORT=ITONS:SCREENL, I+1: FRINTNAS(SACT));
5240 NEXIT

5250 RETURN

5260 REM whkkkkiokkkkakkkkhhhhnky

5270 REM *  Print Tic Marks *

5280 REM * { 9200 ) *

5290 T TU *RAREARRIKKERREXRRRKER

5300 SCREEN1,1:PRINTCHR$(27)

5310 FORX=12TC45:SCREENX, 1

5320 PRINTCHR§(152); :NEXTX

5330 FORT=ITO6:SCREGN1L+5%T,1:PRINTCHRS(153);
5340 NEXEL

5350 SCRRENLL,1:PRINICHRS(146);

5360 SCREEN46,1:PRINTCHRS (147);

5376 RETURN

5380 REM

5390 REM *  Print Values Dowa Column *
5400 REM * { 9500 ] *

PAGE 10
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5410
5420
3430
5440
5450
3460
5470
5480
5490
5500
5510
5520
5530
5540
5550
5560
5510
5580
5590
5600
5610
5620
5630
5640
5650
5660
3670
5680
5630
5700
5710
5720
5730
5740
5750
5760
5770
5780
5790
5800
5810
5820
5830
5840
5850
5860
3870
5880
5890
5900
5910
5920
5930
5940

REM
TPINE ((PC-1) /5 %5 <> (PG~ JTHERS440
SCREENPC~1, 161 FRINTRI;

FORT=ITONS: Y=0L(SA(L))
SCREENEC, 1+L: PRINTLPS (Y ) :NEXI T
RETURN

[ —

REY *  Print Screen *

KEM * [ 2277 ) *

REM Fkdkkikdonsrkkh Ak aa®n

Cr=l:Hp=1

FORI=2122T02954STEP64

FORJ=ITOI+Hi6

ST (CF )=PEEK(J ) CT=CT+1

NEXUJ

ST(CY )m13:CTwCE+
NEXT1:SCREEN1, 15: PRT+: PRINT : PRINT
FDRI=301870 3064 : PRINTCHR (PEER(1));
NEXT 1:PRINT : PRIND" "
FORI=ITO7: PRINT "$—~~="; :NEXT I: PRINT "+"
FORT=1T0672; PRINTCHRS (5 (1));

NEXT L:PRINT: PRI~

RECURN

REM

REK *  Full Screen, Get Response *
REM * { 960 ) *
REM

IFFR=1THENGOSUB 5470

SCREEN1,1

PRINTCHR$(27); "C(bange) ,R(eset),Qluir),";

PRINT "M(ore),P(rint),N(ext® *;
S1§="R":00SUB1200
SCREENL,1:PRINTCHR$(27)

YFQ$="C ORQ$="R"ORQ$="Q"THENST 70
IFQS="H"0RQ§="E "ORQS="N"THEN5770
GOTO 5690

TFQ$="2 THENGOSUB 54 70: DT 3690
IFQ$="Q THENCOSUB 52 60

TFQ§="N" ANDEC4 STHENS6 90
TFQS="H"THENCOSUB 52 60: RET URN

pC=0

TFQ§<>"C THENRET URN

PRINTCHRS (12)

PRINI “Change Signals D{isplsyed) or “;
BRINT “V{alues) ? ";

INKEYQ: K§=CHRS$ (Q): PRINTXS

IFX$<O D" DRGSO "V THENS830
TFR§="V"THEN5990

PRINT “As Esch Current Sample Node is”
PRINT "Plsplayed, Hit Return for No”
PRINT“Change, New Name for Ghange"
FORI=ITO L4
X§="":PRINTNAG(SACT)); : INBUTRS
IFR§=""THEN5970
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5950 GOSUB6560: IFFOw=-ITHEN5930
5960 SA(L)=FO

5970 IFSA(T J<>OTHENNS=I

5980 NEXTL:RELURN

5990 PRINT

6000 PRINT"Type Signal Neme or Return : "3
6010 X§e="" 1 INFUTXS

6020 TEXg=""THENRET URN

6030 GOSUB6560: TFFO=-1THEN6000

6040 OVNE(FO)

6050 PRINTNA$(FO); "=";LP§(NE(FD)); " ~
6060 X§="":INFUTX$

6070 IFX$x" . THENNE(FO yu0: 06120
6080 TFX{§x"1"THENNE (F0 )m3: GOT06120
6090 IFX$="7"THENNE (FO )u1: OT06120
6100 IFR$=""THEN60OO

6110 GOT06050 *

6120 T=F0:IFNE(1)<>OL(1)THENGOSUB4920
6130 TFOVaNE(FO JTHEN6000

6140 IFPRTHENPRT+

6150 PRINTHAS(FO );TAB(TN ;" ( ";LP§(OV);
6160 PRINT") ~> (";LE§(NE(R0)); ") "
6170 IFPRTHENPRT-

6180 GOT06000

6190 REM *ihkahhkhkdkkinhiknkhrkhhix
6200 REM # Read and Parse Lime *
6210 REM * 10000 } *
H220 REM A*xdihsidhddanidhhuhkhihid
6230 IPIE=ITRENL$="END":OTO62 50

6240 READLS

6250 TFLEFTS(L$,1)="% "THENIE=1: L§«"END"
6260 Iri:13=1:L1=0; I2=LEN(LS)

6270 I=T+1: IFI>I2THEN6290

6280 TFMIDS(LS,T,1)<>" "THENG2 70

6290 LI$(LI)=HID§ (L$,13,%-13)

6300 LI=LI+

6310 TFLI>1OTHENRET URN

6320 1=I+1:IFLSI2THEN6350

6330 IPMIDS$(L$,I,1)=" "THEN6320

6340 13=1:60T06270

6350 FORI4LITOLO

6360 LI(I)=" ":NEXTL

6370 RETURN

P nrrm———

6390 REM *  Look Up Type #

6400 REM * [ 11000 } *
GOI0 REM AR&kkkdshdhk bk sshin
6420 FO=-1

6430 FORII=OTONT YPE-1

6440 TFXS#TYPES(IXYTHENFO=IT:TP=TYPE(IL)
6450 NEXCIT

6460 RET URN

B4T0 REM hkkdkkiiokkdkhkkkh

6480 REM *  ADD TYPE

g
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6490 REM * [ 11100 § *

H500 REM whkassttiaithhin

6310 IFPO=-1THENFO=NT YP : NI YPwNT YP+1
6520 IFFONT YFTHENNT YP=FO

6530 TYIPES (PO )mX§

6540 TYPE(FO)=TPLR

$550 RETIRN

6560 REM RA*ARRIARKKIA KRR Adh AR KRR KHKk
6570 REM *  LOOK UP SIGNAL NAME %
6580 REM * £ 11500 ] #
6590 REM *RhAAkEFkhf kAR A RAE RIS
6600 FOw—1:IFX$m" "THENX$="0"

6610 TFLEFTS (XS, 1)="# "THEN6660

6620 PORTI=OTONNAM

6630 TPX§=NAMS (LT JTHENFORTL

6640 NEXTII

6650 RETURN

6660 REM
6670 REM * "NAME" IS A MUMBER STORE A5 NEG *
6680 REY * [ 11560 ] *
6690 REM
6700 XX$=RIGHT§ (X$, LEN(X$)~1)

6710 FOR-VAL{XX§): IFFO~ITHENFO=0
6720 RET URN

6730 REM *thkdhikdhihikihdhinksik
6740 REM *  Add Name to List %
6750 REM * { 11600 } *
6760 REN whhknkhihkdhivkiihiciokihhd
6770 TFPO=-ITHENFO=NNAM : NNAH=NRAM+1
6780 LFPODNNAMTRENNNAM=FO+L

6790 NAMS(FO)=X$

6800 RETURN

6510 REN #RAS*RKRAAERKAIERRIRKHK
6820 REN % Clear 01d Array *
6830 REM * [ 12000 ] *
BB40 REM FAtRdkAxadtaikddh ik ikkd
6850 FORT=OTOMN 0L (I y=0: NEXT T

6860 TL=0:RETURN

6870 REM
6880 REM *  Mark and Check for Duplicates *
6890 REM * {12100 ) *
6900 REM

6920 IFX=OTHENRET URN

6920 TFOL(X)<>OTHENGOSUB6940

6930 OL(X)»1:RETURN

6940 PRI “Error Multiple Defn Output “;NA$(X)
6950 GOSUB6960: RET URN

6960 PRINT"Enter I(gnote) To Ignore Error,”
6970 PRINI"Any Other to Prevent Simulation®;
6980
6990
7000
7010
7020 REK *  Check for Multiple Outputs *

PAGE 13




! 7030
7040
7050
7060
7070
7080
7090
7100
7110
7120
7130
7140
7150
7160
7170
7180

' 7190
7200
7230
7220
7230
7240
7250
7260
7270
7280
7290
7300
7310
7320
7330
7340
7350
7360
7370

‘ 7380
7390
7400
7410
7420
7430
7440
7450
7460
7470
7480
7490
7500
7510
7520
7530
7540
7550
7560

Logic Simulator Program 2-29-64 PAGE 14

REM * [ 12200 ) *
REM
XimST
FORIXLTONL~1
FORJ=6107
X=LO(1,J): COSUBSB7Q

NEXTJ: NEXT L+ RET URN
REM

REM * Check for Defined Inputs *
REM * { 12300 j *
REM

KLnST

FORI=X\TONL~1

FORI=1T05

ReLO(L,J): GOSUBT200

IFX<OTHENMMMH~X
NEXY J: NEXT L:RET URN

REM *fkkdhdkdkdihikihrhiir
REM *  Check For Mark *
REM * [ 12400 ] %
REM #hhkdkhikakidhhhdRAtihs
IFX<=OTHENRET URN
TFOL(X)=CUTHENGOS UB72 70
OL{X)=OL(X YL TL-TL+L:RET URN

PRINT"Error Undefined Input ";NAS(X)
GOSUB6960:RET URN

ER=) :REFURN

REM
REM *  Add T(O)T(7) To Logic Array *
REH * { 20000 } *
REM *
FORII=0I07

LO(NL, IL)=T (11)

NEXFIT

PRIFITYS(LO(NL, 0))3 " *5
LRTY$(LOCNL, 0)) ="ENDVTHEN7420
FORIL1T07: KX=LO(NL, I1 }: PRINTTAB(TN*II )
TEXXSOTHENFRINE" 3 =XK; * "3 1 (OTO 7420

PRINTNAS(XX);* "3 :NEXIIT

PRINE : NLoa{L+1:RET URN

REM

REM *  Add T(O)-L(9) To Extern Array *
REM * { 21000 *
REH

FORII=0T0S

EX(NE, I1)=1 (I1)

REXTIT

Qs=STRS (NE+L)

PRINT"( ";RIGHT$(Q$, LEN(Q$)~1); ") "

PRIFITAB(TN ) ;TEXS(EX(NE,0)); "
PRINCTAB(ZTN) sNAS(ER(NE,1)); "
PRINTTAB(3%IN);LVS (EX{NE,2));" *
FORII=3709

PRINITAB((II+4)*(IN/2)); STR§(EX(NE, I1));

H
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7570
7580
7590
7600
7610
7620
7630
7640
7650
7660
7670
7680
7630
7700
mo
7720
7730
7740
7750
7760
7770
7780
7790
7800
7810
7820
7830

7840 REM *

7850
7860
7870
7880
7890
7300
7910
7920
7930
7940
7950
7960
7970
7980
7990
8000
8010
8020
8030
8040
8050
8060
8070
8080
8090
8100

NEXT I1:PRINT
NE=NE+] :RET URN
REM
REM *  Build Macte Correspondnce Array *
REM * 1 30000 ) *
REM
10=1:X=10(1,0): J=TYEE(X): Y=L0(J,0)
M1=7:0L(0)=0: BRINT

PRINT"#*+ Expanding Macro: "jTY$(X);" #%%"
PRINT sFORK=1TOMNAM :0L{K)==1: NEXI'K
IFX<OYTHEN7920

FORK=1T05

T1wLO(ML,K)3 12=LO(LD,K)
IFI1=0ANDI2<>OTHENT720

OL(I1)»I2

KEXTR

FORK=6T07

T1=LO(H1, K): 12%L 010, K)
TRI10ANDI2=0THENT?70

OL{11)=12

NESIX

GOSUB7820

M1eM 14 Y=LO(M1, 0)3 X=LO(LO, 0)
IFTYH(Y)="*"THENT670

RETURN

REM Hokkk ok BREREREASA KRR RRIAR K F

REM * Move El Array Up One *

{ 30500 ] *

REM H¥ERdrhhhdxkhihkaihkdhhihikd

NL=NL-1

FORR=LOTONL-1

FORK1=0r08

LOCK, K1)=LO(X+H , K1)

NEXTKL; NEXTK

RET URN

REM KRERRRARARRARTERIRR RARAAK IR R Ak

REM * Mismatch on Macrs Call *

REM [ 30900 } *

REM kk*w)Nv\ﬁxﬁﬁ&ﬁﬁ*****k*k***k**‘k*

REM Should Not Happen But Never Know
PRINT" Mismatch on Maere Call, Cant cont”
TFPRORHFTHENPRT+: PRINT CHRE(12 ) : START ~

END
REM
REM *  Add Expanded Macro to Elm Ary *
REM * { 31000 ] *
REM
NL=NL-1

4§ ¢0)=LOHL, 0)

FORK=1T07

X=LOGHI,K)

TFXCOTUENT (K )=X: GOTG8110
TFOL(X)=-1THENCOSUBBL 50
T (K )=OL{X)

2-29-84
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7570 WEXTIL:PRINT
7580 NE=NE+L:RETURN

7590 REM
7600 RBM *  Build Macro Correspondnce Array *
7610 REM * [ 30000 ) *
7620 REM

7630 10~1:X=L0(T,0): JMTYPE(X): Y=LO(J, 00
7640 M1=J:0L(0)=0: FRINT

7650 PRINT “¥%% Expanding Macra: “;TY§(L),*
7660 PRINT :FORK=1TOMNAM:OL(K)==1: NEXTK
7670 IFXCYLHENTS20

7680 FORK=1T05

7690 11=L0(M1,K): 122L0(LO,K)

7700 LFI1=0ANDIZCPUTHEN7720

7720 0L{11)=12

7720 NEXTK

7730 FORK=ET07

7740 T1%LOMI, K): 12=L0O(LO,K)

7750 TRILC0ANDI2=0THERTI70

7760 OL(I1)=12

7770 NEXPK

7780 GOSUB7820

7790 ML=M1H: Y=LO(MI, 0): X=LO(LO, 0)
7800 IFTY$(Y)="*"THENT670

7810 RETURHN

TBI0 REM FRkAkRFRKRk KRR RIRRR IR R XK
7830 REM *  Move E1 Array Up One *

7840 REM * [ 30500 ] *
7850 REM #hknkndbdknhhonkkkhihhn kb kivh
7860 NL=NL-1

7870 FORK=LOTONL~1

7880 FORK1=0T08

7890 LOCK,KL)=LO(K+L, K1)

7900 NEXTK1:NEXTK

7910 RETURN -

7920 REM #hkkdkdihkhkihhhdkihidhdkdddis

7930 REM *  Mismatch on Macro Call *

7940 REM * [ 30900 ] *

7950 REM *hikrkhikhhhikiothhk £Akkhhhh

7960 REM Should Not Happen But Never Knaw
7970 PRINT" Mismatch on Macre Call, Cant cont"
7980 YFPRORHPTHENFRT+:PRINICHRS(12):START~
7990 END
8000 REM
8010 REM *  Add Fvpanded Macro to Elm Ary *
8020 REM * [ 31000 ) *
8030 REM
8040 NL=NL-1

8050 T (L)=LO(ML,0)

8060 FORK=1T07

8070 X=LOML,K)

8080 IFX<OTHENT (K)=X:G0TO8110
8090 IFOL(X)=-1THENGOSUBS! 50
8100 T (K)=OL(X)
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8110
8120
8130
8140
8150
8160
3170
8150
8190
8200
8210
8220
8230
8240
8250
8260
8270
8280
8290
8300
' 8310
8320
8330
8340
8350
8360
8370
8380
8390
8400
8430
8420
8430
8440
8450
8460
8470
8480
8490
8500
8510
8520
8530
8540
8550
8560
8570
8580
8590
8600
8610
8620
8630
8640

NEXTK

GOSUB7300

H1a{1+1 ; IFT(0)<DOTHENBO S0
RET URN

REM
REM *  Add Unique Name, Number %
REM * [ 31500 ]

REM
OL (X )=NNAM : X§=GTRS (NNAM)

NAMS (NNAM) =& +R IGHT $ (X$, LEN(X§)~1)
NNAM=NNAM+L

RET VRN

REM #kiahivickhkd b kst ki ko

REM *  Simulate Gates *

REM ¥ { 40000 } *

REM Ahak kb ko hkk ks k
IFCO=OTHENRETURN

LSl

IFSPFCHOTHENIFS0(L )=0THENS31C
COSUBBI3C

LeL+l: IFL<=NLTHENS2 50

RET URR

REM
REM *  Simulate this Gate (L) *
REM * { 40100 } *
REM
LT =5,0(L, 0 )+ FORI=ITO 5: TN (1 )#LO{L, I) :NEXT T
QO=LO(L, 6): Q=L O(L, 7}

ONLTCOSUBB55¢,8540,8590,8580,8630,8620,86560,8760,8860,9000,9130

REM **% AND NAND OR NOR XOR XNOR ##*
REM #%% DFF JKI'P CNLR PLSR SREG #%#
COSUBBL4O

RETURN

REM Hihbihhkik RERRRERR R %

REM *  Store Q and Q=

REM * [ 40200 ) *

REM Fhhhka kb iek ik dkdk i ion
NE(QO)=Y : NE(QL )=LN (Y ) : RET URN

REM #kksekhiihhddhhkkihihd

REM *  get Q into XQ ¥

REM * [ 40300 } ®

REM Fhiokk ks kikiekok ik ki

OL{O)=LN (0L (Q1}): XQ=0L(QD) RET URN
X=Q0: QU=QL: QL=X:REM #%% NAND GATE k&
OL(0)=L1:¥=LL:REM %% AND GATE *h¥
FORI=1T05: Y=YANDOL (IN(L)) sNEXTT

RET URN

X%Q0:Q0=QL: Q1=X:REM **k NOR GATE *ir%
OL{O)=LO: Y=L O:REM **% QR GATE *%%
FORI=ITOS: T=YOROL(IN{I)) :NEXTT
RETURR

X=Q0:Q0=QL: Q1=X:REM ¥*% XNOR GATE ***
OL(0)=LX:REM %% XOR GATE **
YOSOL(IN(1}): Y1=LN{¥0): YCrOL(IN(2))

2-29-84
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8650
8660
8670
8680
6630
8700
8710
8720
8730
8740
8750
8760
8770
8780
8730
8800
8810
3820
8830
8840
8850
8860
8870
8880
8820
8900
8910
8920
8930
8940
8950
8960
8970
8380
8990
9000
3010
9020
9030
9040
9050
8060
9070
9080
9090
9100
9110
9120
9130
9140
9150
9160
9170
9180

GOSUB92 60:RET URN
REM Akbkiibsokfoiobkkkmk ot

REM * D Fl4p Flop *

REM % [ 41500 ) %

REM RAAior kAR AR RTRAR X

GOSUBB490; 0L(0)mLX: XDROL (IN (1))
XCOL(IN(3))

XL=LO(L, 8):0L(0)uL 1 IROL(INC4) )
XSOL(IN(5))

GOSUB9320: LO(L ,B)=¥L

RET URN

REM ®dkiok Ak Ik dkdork ki ke

REM *  JK Flip Flop *

REM * [ 41600 ] %

REM *5ik hsok A Skt Rk K i ARk

REM Set up s multiplexed DEF, Q ctls mux
GOSUBB4 502 RM~XQ:OL (O)wLX: XEwOL, (IN(3))
DOOL{IN(1)) :DLLN (OL{IN(2)))
OL(0)=L1; XR=OL (IN(4}): X8 =OLLIN(5))
XLeLO(L,8)
GOSUBS550: LO(L, =YL :RET URK

REM Ak kkok Al &30k Rk btk ok Ak K&k ok

REM %  Parallel Load Counter *
REN * [ 41700 } *
REM *hkkkakAkARARAARIRRRARAORKRAS
OL(0 y=LX: YE=OL(IN(Z )): XKC=OL(IN(3))
OL(0)=1,0: RH=OL(IN (4))

OL(0)=L1: XR#OL(IR(5)) : XSwL1
GOSUB8490; KL=L.O(L, 8)

YC=YE: YOwX(: YLLK (Y0)

GOSUB92 60: DOwY s DL=OL(IN(1 )Y+ GISUBSAS0
LO(L, 8)=YL,1 LFFYS (LOCL#L, 0)) <> "X "THENRET URN
GOSUBB440; LL+L: IN(1)Y=LO(L, 1)

QO=LO(L, 6):QL=LO(L, 7}
YE=YEANDY :GOT0 8930

REM

REM *  Parallel Load Shift Reglster *
REM * [ 41800 } *»
REM

OL(0)=LX: DO=OL(IR(2 }) : KC=OL(IN(3))

OL(0)=1,0: RI=OL(IN(4))
OL(0)=L1: XROL(IN(5)): XS=L1

O1(0Y=LR: DL=OL(TH( L)) GOSUBB4 0
XL=LO(L, 8): COBUBS4 50

LO(L, BY=YL: IFEYS (LOCL+L, 0))<> "% "THENRET URN
GOSUBBAAD: LeLH 1 IN(1)#LO(L, 1): QO=LO(L, 6)
Q1=LO(L,7):D0=Y

0109070

REM *&dekdddikhdkdhh ki hhkhkkik ik

REM * N Bit Shift Register *

REM # { 41900 } *

REM *ddkokdkiokd ddobokd ik iokkhRh ks

IFIN(2 )SOTHENB660

OL(0)LX: XD=OL(IN(1)): XC=0L{IN(3))

PAGE 17




Logi¢ Simulator Program 2-29-84 PAGE 18

9190 OL(0)=L1: FR=OL{IN(A)) 1 XSwOL(IN(5))
9200 M1=LO(L,8)

9210 FORI=ITO~IN(2)

9220 KL=ME(M1,0): XQ=ME (M1, 1)

9230 GOSUB9320: XD=RQ:HE(HL, O)=¥L,:HE(ML, 1 )=¥
9240 M1eMiH:NEXCT

9250 RETURN

9260 REM hhdakinkdkdkhkskihni

9270 REM *  MUX Function *

9280 REM * [ 45000 ) %

9290 REM Hhshxknhkdkihkhdsrk

9300 Yw(YOANDLN (YC))OR(¥LANDYG)OR (YOAND? 1)

9310 RETURN

9320 REM

9330 REM *  Shift Register Function %
9340 REM * [ 45100 ] »
9350 REM

9360 YO=XD:YCwXC:Y1sXL
9370 GOSUB9260: COSUB4L00
9380 YL=Y:Y0=XQ:GOSUBY260: QASUBY400

9390 RETURN

9400 REM

9410 REM *  Set and Reset function *
9427 REM * 1 45200 }

9430 REM

9440 Y= (YORLN (XS })ANDYR : RET URN
0450 REM #*RKARRUKARE IR
9460 REM *  MUX and DEY %
9470 REM * [ 45300 ) *
G480 REM *hakiohdokiohhkhikkikk
9490 Y0=D0: Y1=D1: YC=X¥ : GOSUB92 60
9500 XD=Y:GOSUB9320

9510 RET URK

9520 REM
9530 REM
9540 REM INRUT
9550 REM [ 50000 )
9560 REM
9570 REM
9580 DATA MACRO NJKFF

9590 DATA NJKFF J K CK- PRESET CLEAR Q Q-
9600 DATA JKFF J K CLOCK CLEAR PRESET Q 4~
9610 DATA NAND CK- 0 0 0 O CLOCK

9620 DATA END

9630 DATA MACRO SHIFT

9640 DATA SHIFT GK J ¥~ ClLR- SH/LD QA

9650 DATA * 0 0 0 0 0 g8

9660 DATA % 0 0 0 0 0 Q¢

9570 DATA # G 0 0 0 0 QD

9680 DATA PLSR O DSER CK LOAD CLR- QA

9690 DATA *# 0 0 0 0 0 QB
9700 DATA * 0 0 0 0 O Qe
9710 DATA * 0 0 0 0 G QD
9720 DATA AND J K~ 0 0 O DSER

:

e . - S

.. il
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9730 DATA NAND SE/LD 0 0 O O LOAD
9740 DATA END
9750 DATA MACRO MUX

9760 DATA MUX 1A 1B G SEL 0 1Y
9770 DATA * 24 28 0 0 © 2Y
9780 DATA * 3A 38 0 0 0 3Y
9790 DATA * 44 4B G 0 0 4Y
9800 DATA AND 14 SG 00 0Tl
9810 DATA AND 1B SS 0 0 0 T2
9820 DATA AND 2A 86 0 0 0 13
983C DATA AND 2B 88 0 0 0 T4
BB4D DATA AND 3A SG QO U TS
9850 DATA AND 3B 85 0 0 0 T6
9860 DATA AND 45 SG 0 0 077
9870 DATA AND 4B SS 0 0 G T8
9880 DATA ORTL1 T2 0 0 0 1Y
9390 DATA OR T3 T4 0 0 O 2Y
9900 DATA OR 7576 0 0 0 3Y
9910 DATA OR 77 T8 0 0 0 4Y

9920 DATA MR G SEL Q G O §G

9930 DATA NAND SEL 0 O ¢ O SEL~
9940 DATA NOR G SEL- O 0 O SS

9950 DATA END

9960 DATA ELEMENTS

9970 DATA NAND EXINT O 0 0 O EXINT-
9980 DATA AND EXINT ENEG 0 O O TOL
9990 DATA AND EXINT EROS 0 C O TO2
10000 DATA NAND CLK1 O 0 0 G TO03
10010 DATA NOR TO2 TO2 0 O 0 TO4
10020 DATA ROR TO3 703 0 O O TOS
10030 DATA OR TG5 T05 0 0 O TO6

10040 DATA ARD TOL T06 0 O 0 TO7

10050 DATA OR TD6 TO4 O 0 0 TO08

10060 DATA AND TO3 TO7 0 O 0 TOS

1007C DATA ¥R TO8 TO03 ¢ ¢ 0 T10

10080 DATA NOR TO9 T10 ¢ 0 0 STB

1009C DATA NJKFF EI GPEED STB SPEED HI MACIL MACTL-
10100 DATA NJKFF MXCTL 10 STB @I T16 G T11

10110 DATA NJKFF HI 1.0 QC1 HI T16 O T12

10120 DATA NJKFF MXCTL- 10 SIB HI T18 0713

10130 DATA NJKFF HI 10 QC2 UL T18 Q T14

10140 DATA NOR TilL QAl G 0 O T1S

10150 DATA MR EXINT- QAl O 0 O T16

10160 DaiA WOR T13 QA2 0 0 0 T17

10170 DATA NOR EXINT- QAZ 0 0 O T18

10180 DATA SHIFT OSC T15 T15 EXINT HI QAl

10190 DATA * 0 0 0 0 0 QB1

10200 DATA * 0 0 0 0 0 QC1

10210 DATA * 0 C 0 0 0 QD1

10220 DATA SEIFT 0SC Ti7 T17 EXINT HI Qa2

10230 DATA % 0 0 0 0 0 QB2

10240 DATA * 0 0 0 0 0 QC2

10250 DATA * 0 G 0 0 C QD2

10260 DATA OR QA Qal € 0 O FI1




Logic

10270
10280
10290
10300
10310
10320
10330
10340
10350
10360
10370
10380
10390
10400
10410
10420
10430
10440
104350
10460
1047¢
10480
10490
10500
10510
10520
10530

Simulator Program

DATA

DATA OK {C1 EXINT- 0 0 O FI3

DATA
DATA
DATA
DATA
DATA

DATA MUX FI1 51 1O SPEED O THET}

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

OR QBl Q81 0 O O FI2

OR QAL TI2 0 0 O WEL-
OR QA2 QA2 0 0 O sS1
OR QB2 QB2 0 0 0 52

OR QC2 EXINI~ 0 0 0 83
OR QA2 TL4 0 O 0 WE2L

* FI2 82 0 0 O THET2
* I3 83 0 0 O THET3
* WEl~ WE2I O 0 O WE2-
END

EXTERNALS

ARBL 1O

ADOC

PASC QO 10

P CLKL 0 0 50

A SPEED 0 0 10

A4 EXINT 0 0 10

A ENEG 1 0

AEROS 1 0

END

QUTPUTS

SPEED EXINT 0SC CLKL STB MXCTL FIL
FI12 F13 WEl- TEET1 THEI'2 THET3 WE2-

END
XX

PAGE 20
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INTRODUCTION

This appendix contains the Clock Generation circuitrx used in  the
Interface Control Board of the Test-Hardware. This circuitry is simulated
using the Logic-Simutator. The signal names are marked on the circuit
diagram. The next appendix actually contains the output +from the

shmulator.
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INTRODUETION

This is the actual output of the sinulator. The circuit similated is the '
Clock Generation Circuitrr of the Interface Control Card and the output
can actualiy be compared with the timing diagrams given in Chapter 7.

|




Disital Simulacor Outeut

! 280 NAM;
- 209 LDGIC DEVICES
50 T
20 EXTERNAL STIMULY

*** Initialising Arrays  ###
——————————————————— L3

*** Readins Any Macros Eaad
—————————————————— Ei2)

**% Readine in Macro * NJKFF *##

NIKFF g K K- PRESET CLEAR @

Y JRFF J K CLOCK  CLEAR  PRESET @
NAND aiied [ Q 9 [} CcLack
ENDI

] . #¥% Checking Macro NIKFF for Errors #xx

¥¥¥% Readine in Macro ¢ SHIFT #%x

SHIFT CK J - CLR- SH/LD BA
* [3 @ L} [3 QB
* [ 13 0 [3 ? [eim
* Q 4 [] b Qn
PLER 14 DSER CK LOAD CLR=- @A
* o [ 0 [3 13 243
* [ [3 [} 2 [} Qc
* [} [} [} 3 [3 ]
AND J - [} @ [3 DSER
NAND SH/LD [ 2 [} ] LOAD
END

#%% Checking Macro SHIFT for Errors ##s

*¥% Reading in Macro @ MUX *##

MUX 14 iR [} SEL [3 1Y
* ZA B ° L4 @ 2Y
* 34 2B 0 [3 [3 Y
* 4h 4k 13 [ @ a4y
AND 1A S5 [] [3 9 T1
AND 1B S8 [ 14 [} T2
AND 2h SG [} [3 [3 T2
AND 2B 8% @ [4 [} T4
AND 3A SG ® 9 2 T8
AND 28 &3 [ @ [] Th
AND as oG L] [ [} T7
ANL 4ag S8 [ [3 [3 TR
R Tt T2 @ @ [3 1Y
OR T2 T4 [ [3 12 2Y
OR TS Th [ @ [3 3y
oR T7 T8 @ @ 12 4y
NOR B SEL L] ° [} 85
NAND SEL [ ° 3 [ SEL-

o

SevsTeacSeocSe

ST TS TP eTePeToSTe S




TRT M

i
tator Qutrut
-
NOR [} SEL~ @ L] [4 s ®
END
¥ ##k Checking Macrp MUX for Errors ### 5
i
.t *#% Read In Lomic Network ##x < ‘
U *k
NAND EXINT [J @ @ @ EXINT~ @
AND EXINT ENEG " @ ® e Tol [
AND EXINT EPDS [ ° [4 T2 [J
NAND CLK1 @ Q @ @ To3 @
NOR To2 Tez2 [4 14 [ Té4 [4
NOR T2 T3 [3 (3 e Te5 @
OR T8S TeS [ 4 e To& @ v
AND T61 Tes [} [} ° To7 L]
OR Téb Té4 [ @ [3 Tée [
AND Tes Te7 [3 (3 @ Te® @
NOR Teg Te3 [ @ o Tie 12
NOR T9 [} [} [ STB
' NJKFF  HI SPEED STH SFEED HI MXCTL  MXCTL-
NIKFF MECTL w0 $78 HI Tié 4
NJIKFF  HI Lo wol HI Tié @ Ti2 .
NIKFF MXCTL- LO TR HI Ti@ [3 T2 i
NJIKFF  HI [&4) S0} HI Tig [3 Ti4
NOR Ti1 QAL @ [3 (3 TiS 13
NOR EXINT- @Al [4 [ @ Tié [}
NOR Tz A2 @ [3 @ T17 @
NOR EXINT~ QA2 [ Tig [2
SHIFT  0SC Ti5 715 EXINT HI QAL 1]
* ° 14 [] [} @Bl 9
* [} [] L3 [3 1 [t [
* 3 3 [ QD [
SHIFT s T17 Ti7 EXINT HI QA2 [}
* 0 [ [ [ ] QB2 [] |
* [} [3 e @ @ RE2 @ B
* 12 @ [ 12 [3 QDz 9
OR BAL RAL [3 [3 13 FIt [}
GR GEL 213 8 1 [ Flza [4
OR ot EXINT- @ [3 ° FL2 @
OR QAL Ti2 12 @ [ WEL- [
oR BAZ naz [ [d 12 1 @
R QB2 pB2 12 2 [ &2 [
IR a2 EXINT~ @ Q @ $3 [}
ORr BAZ Ti4 @ ¢ ] WEZT [
MUX FIi 31 [ SPEED 12 THET1 @
Fiz &2 ? @ [} THET2 [
* FI3 53 [ [ 13 THETS @
* WEL1- WEZI ¢ ° [3 WEZ~ Q
END
*** Exrandins Any Macros %%
———————————————————— FER
*#%% Expandins Macro: MIKFF #¥#%
JKFF HI SPEED 31 HI SPEED MXCTL MYCTL~
NAND $TR [ @ [ 12 %51 12

*%% Expanding Macrot NIKFF #xx




e g

JKFF
NAND
END

JKFF
NANL
ND
R
JKFE
NaND
END
X
IKFE
NAND
ND
HRE
PLSR
*
#*
*
AND
NAND
END
*RE
PLSR
*
*
*
AND
NAND
END

R

MXCTL  LO
STB (4

**# Expanding Macrot
HI Lo
Qc1 [}
Expandine Macro:
MXCTL- LB
STE [
Expandina Macro}
HI Lo
QL2 [
Exeanding Macrot
¢ ko
[ e
9 [3
[3 @
Ti5 TS5
HI [
Expanding Macrot
@ BAZ
[ [}
¢ [3
@ [3
Ti7 TL7
HI e
Expanding Macrot
F11 L2
51 bk
FIz hba
S2 hbb
Fia &bd
£3 bk
KEL~ &&4
WEZT 1273
27 LA7
j 23] Les
u79 %71
u72 573
Lo SFEED
SPEED @
) u74

Disital Simulator Dutput

&52 Tib HI %53
9 ° e §32
NIKFF *¥¥
&34 Ti& HI %53
(2 (3 [ w54
NJKFF #%%
&56 Tig HI %57
[2 [3 [ 54
NIKFF *&%
458 Tig HI %59
[ L 9 &5
SHIFT #%%
osc Rebl EXINT QAL
1 [3 [} [BL
¢ [3 [3 RC1
9 [ 9 QoL
@ [3 [} 121
9 @ L3 &&1
SHIFT %%
oS UbT EXINT RAZ
[ @ 13 GBZ
[} [ [] QCz
[4 12 ¢ wn2
[} 3 [3 B2
[ 12 [} 843
MUX #%%
@ 1 [} p]
0 [3 [ 8&7
L] [3 ] b
[ [ [3 UbD
[ [ [] u70
[3 9 [3 &71
[3 [3 [3 72
[3 @ [} &73
[3 [3 [3 THETL
[ @ 13 THET2
[3 (2 [3 THETS
@ @ [2 WEZ~
@ [} [3 L&4
[ 13 @ %74
2 [ 13 bk

Ti4
(2

ecsvs®

srece®

T L T L T papay




**% Expanded Losic Descripstion #
AR

No.

Tyee

Disital Simulator Outrut

#4
RN

Inputs
3

Dutpits
@

MXCTL-

T11
+l2

Tia

T4
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OR &70 871 . . . THETS .
OrR 172 &73 . . . WE2- .
NOR 1] SFEED . . . b4 .
NANTL SPEED . . . . 74 B
NOR [Xs) u74 . . . £2.73 .
END . . . . . . .

#4% Read External Stimili sxx

HER o e e AR

No Type Name tal Ben Dsl UsZ 0s3 Osd DsS Osb

1) A HI 1 12 [ [ [4 [ @ ¢

{2) A Lo [3 @ [ 12 [3 [} [} °

{2 ¥ o8 [ 9 18 6 [ [} [ 9

{4y P CLK1L 13 [3 120 @ @ ° @ [4

() A SPEED [ [ 19 @ [4 12 L3 [

1&) A EXINT [3 @ 16 0 ¢ [ @ ¢

(7) A ENEG i ° [} @ L] @ [ @

(83 A EPOS 1 [2 (2 @ 12 [ @ e
END

##% Checkina for Erro/. A%

*## Read Nodes To Samprie #¥%

FHE e £ B

SPEED  EXINT  DEC CL¥I STB MXCTL  FIi

Flz Fiz WEL=~ THETS THET2 THETZ  WE2-

END

##x Zetting Up Simulation #ax
AWK

#*% Build Selestive Trace Table ##%
P2y R

*##+ Load Table ##z

B I #ER

NOOE LEF INED DRIVEN ELEMENTS
£ EXT 43 4
L EXT 71 2
C EXT 83 3
L EXT & ] o2 3 @5 41
e 113 14 16 19 23
Lo 17 1 47
[ 127 49
ce 191 1
C EXT 11 25 25 27 2% 29 31 33 33 40 44
LEXT 213 E7 29 3L B3 5¥ &1
=] 25 1 27
- 251 31
L EXT 31 3541
o 503 1 14 17 17 28
L@ 41 1 15 16 21 21 24
[ Se ] ig 18
Lm 42 1 Z2 22
Ca 27 1 19 e
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Disital Simulator Outeut

() 43 3 22 24

[e 28 ]

2] 44 1

[Le 211 ae

ta 22 3 50

re 231 52

T EXT 21 25 25 59 e

e 121 26 22 22

rn 23 2

(e 31 S 5

[ 43 & & 18 11

Le S @

e &1 77

Lo 71 8 v

[e 23] 19

£a 21 11

Lw 10 ] 12

e 111 iz

ce- 27 13

Le- 291 29

ce- 313 15

La- 321 24

ca 122 39 39

ta 14 3 27 29

L& 15 3 45 45

[ 16 1 2 23

[N 357

o 546 1

Le 57 1

L& Z2e ] 52

Le 52 1

L a 24 ] 54

-] 24 1 25

] 28 1 27

[ 27 3

] 26 ] 29

LR 2% 1

{a 3z 1 31

e 1 :

Lo 34 1 23 !

Lo 331 ;

e 39 1 35

{a 40 1 ]

[l 45 3 L3

[ 44 ] 41

Le 57 1 47 49 51 53

[ ) 47 1} 55

L& &1 1 ag S8 u2 54

Ca 48 3 93

Lo 49 ] D&

e 5¢ 3 Sb

(] 511 57

[as) o2 1 57

L 531 S8

L& 54 1 33

e 49 1 &1
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Defau’t for Start & Increment ? N
Enter Samrle Start Time 2 @
Enter Inceement Time ? 5

Time 170 @ 25 59 75 180 125 159

SPEED SRR RN SRR SEEERTERERRETES
EXINT Ao118101111013232880201211141811118
asc PR US S IIPE B I 51

211111111111311

| : Time 345 175 =2ee 225 256 275 500 325

SFEED TI118111418118041130011111218818138
EXINT $11110881111181 1111311001111 1181
osC [T E R T T I E R E IS SIS
CLK1 11111, fi11i11i1
STB 111111,181111111111 131040 10
MXETL. seeo e s IHLLLILUILHITT
FI1 . . Ceen 1111
FIz . .

| F13
WEL-
THET1
THET2
THETS
WEZ~ 111111111111111111111

Time 526 28¢ 375 400 435 450 475 500

SPEED 1111111111 2813011114541181418321441
EXINT }RSREEESESNCORERLEE RIS ER0RDSRET
utied 11..11..'i..11..11..11..11..11..11‘
£kt PR EEE 5 5

STE 11111111111 [STEREEEREISIL]

MYCTL 1111181431111

FIi1

Fiz

FI%

WEL1-

THET!

THETZ

THET2

WEZ-

SPEER




Time 495

SPEED

Time 879
SPEED

Time 104%

Disital Gimutator Qutput

525 S§5¢ 575 40 425 4650 475

[SSPROE PSSR 5 1IN § N S

1111131191111111.11
11111111111111111111!11!X1111111111

RETSERRTTRIT) ae
RS0 5 P
S 55§

....... 1111,
Latiiiiiisanai.

11!11111111

780 725 7TQ 775 ©0@ w25 @5

11!!1111111llxliillilliiililllliiil

FESTUS L PSS I S 18 B S TUTY
1111111111111!111111
T LTI 1at41, 1444112141441
111111111111111111&1111111&1&1‘11\1
L111t,

i 111111111...
LT

caeaeil1t
1111111111111 R SEEEESR RS

875 9080 925 950 975 1020 1625

1111111111111111111!11!11111111111!
IPRE USSP SIS DRSS DRSS (N S NN § 1
..,‘11111111111111111111 ..........
111281 11143111 aeddtittd. 00111131
11111411331 14431880341 0114108188014
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JNTRODUCTION

These 4ites are Control Files used to check the Test-Hardware. The files
consist of Keystrokes which would be sent to the monitor program residing
on the B&/124 CPU board. The files are sent by the Serjal Communication
Program. Instead of typing the commands over the file is sent by the
progran.




LDMOVE.TXT 2-24-84 PAGE 1

*

R —

P Load Move Routine

* *

“Move" Program

This Command File loads the "Move" Progrsm.
This program which starts at 0:1000H takes
the Pattern memory from 0:20008 ~» 0:2FFF snd
loads it into the Test Hardware's Pattern
memory, At the same time it loads ™e Test
Hardware's returned Pattern memory into
locations 0:3000H - 0:3FFFH. This is the
pattern input frow the test. The reason fo.
this program is that Test Hardware's Memory
uses the Pattern Qutput Bank when writing to
it, and it uses the Pattern Returned Bank when
reading from it. If you write to the Test
Hardware and read it back you get a different
number which confuses the Move and Substitute
coumands of the 8086 Monitor.

R R T

0:2000 - 0:2FFF Pattern Output Buffer Area
0:3000 - C:3FFF Pattern Returned Buffer Area
0:8000 ~ 0:8FFF Test Hardware Address Area

P R R R T T

R

* MOV AX,fOD00H ; Clear AX

5021000=b8 /00/00

* MOV DS,AX ; Clear Data Segment Register

50:1003%8e/d8

* MOV ES,AX s Clear Extra Segment Register

50:1005=8e/c0

* €D ; Clear Di:action Flag }
80:1007=fc

* MOV SI1,2000H ; Set Source of Pattera '

80:1008=be/0/20

* MOV DI,B00GH
50: 100b=b£/00/80

> MOV CX,08008 ; Set Length
50:1002=59/00/08

; Set Destination Test Hardware

* MLDOP MOVSW ; Memory to Memory Hove
50:1011+a5

* 1O0P MLOOP ; Loop Until End
60:1012=e2/fd

* MOV SI,8000H 3 Set Scutce Test Hardware

50:1014=be/00/80




80:1020=ea/f1/06 /0C/fe

H

Set Destination Pattern Returned

Memory to Memory Move
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Load Ram Test

[P ——

* *
* This Command File losds Test Patterns for *
* the HM614BLP 1K by 4 Stacic Ram Chip. This *
* test 15 by no means exhaustive and will only *
* really pick up foults with stiek o1 shorted
* gata lines. The Address Lines are Not Tested. *
* *
# RAN TIMING DIAGRAMS
* [—————
*
i . * Definicion of Terms: H
] * 1 = High 8
* = Low !
* 7 = Undefined
* X = Defined
* ~ = Tri-State
* ¢
* READ ¥
*
* ] ' 1 1 1
* s/ 11111 eaes eenas 111
* WE/ 11111 11111 1111l 11111
*  ADDR 27777 XXX XXKXX 71927
% DATA e e o it :
" T
. * WRITE
1 ®
1 * ! ! 1 ! 1
* 8/ 11111 weens 1111
* WE/ 1LY veaes suee. 11110
* ADOR 77727 KXXXX XXKKX 17277
% DATA e KKXKK XRXXK —--
*
*
* RAM LINE DEFINIT IONS
* BESssmssszsEIwsSENSs
*
* 1 2 3 4 5 & 7 B 9 10 11 12 13 14 15 16
* AD AL A2 A3 4 A5 A6 A7 AB A9 WL/ S/ 01 102 103 I04
*
*
* PATTERN OUTPUT CONTROL
® [ ———




10AD.TXD 2-24-84 PAGE 2 s

T = Tri-State Contrel (0 = Tri-State) (1 = Driven)
V = Value {0 = Low ) (1 = H®igh )

0:2000 = Pattern Output Buffer Area {Lower B Tri~State Bits)
0:2800 = Pattern Output Buffer Area (Higher 8 Tri-State Bits) L

0:2000 T VT VT VTV T VT VT VTV
4 4 3 3 2 2 11 88 7 7 6 6 5 5
0:2800 T VT VT VT V T
12 12111110109 9

vT VT VTV
16 16 15 15 14 14 13 12 o'

PATTERN RET URNEU DATA :»

a = Low Input {Referenced to 0.8 Volts)
b » High Input (Referepced to 2.4 Volts)

0:3000 = Pattern Returned Buffer Area (Lower 8 Tri~State Bits) i
0:3800 = Pattern Returned Buffer Area (Higher 8 Tri-State Bits) BE

0:3000 b a b a b a b 2 b & b ab a b a i
4 4 3 3 2 2 11 887 7 6 6 55 Y

0:3800 b ¢ b a b a b a b ababdbabda
12 12 11113101099 16 16 15 15 14 14 13 13

Setup Default Pattern
501200054 /aa
50:2800=£a/00
0:2000478¢ ,0:2002
ARk AR
0: 280047 ,0:2802

*%

BN R K R R R R N K R K R B R B K N R OEEE K K KX A B F A H

# Now Load Test Pattern
*

| . * Cmmw Write 000,0
80:2004aza/sa/aa/aa/aa/aa/aa /a0
50:2804=£a/00/aa/aa/aa a8/ £a/00

* Cm== Read 000
§0:200¢=az/aa/aa/aa/aa/aa/aa/ g8
90:280c=£a/00/ba/00/ba/00/fa/00

* &mmm Write 000,F
80:2014=aa/sa/aa/aa/na/aa/aa/a8
80:2814=Fa/00/aa/Ef /a8 /EE/5a/00




LoAD.TXT

* K=mu Read 000
80:20Lcwaa/ea/aa/aa/sa/ a/ea/an
80:281c=.a/00/ba/00/t .. 00/fa/00

* mm= Write 000,1
80:2024=as/as/a8/aa/as/aa/aa /88
50:2824=fa/00/aa/abjaa/ab/fa/00

* (=== Read 000
80:202cmaa/aa/an/ea/ea/aa/aa/aa
803282c=£a/00/ba/00/ba/00/£a/00

* Cam= YWrite 000,2
80:2034~aa/an/8a/3a/aa/aa/a8 /a8
80:2834=Ffa/00/2a/ae/aa/ae/fa/00

* La=s Read 000
80:203c~aa/aa/aa/aa/aa/sa/ea/an
50:283c=Fa/00/ba/00/ba/00/£a /00

* ga=x Write 000,4
80:2044=a0/aa/aa/an/aa/aa/as/2n
80:2844=fa/00/aa/ba/aa/ba/fa/00

% (== Read 000
80:204c=aa/aa/aa/a8/5a/an/as/as
80:284c=£4,'00/ba/00/ba/00/£a/00

* ¢m== Write 000,8
50:2054=pa/28/aa/02/aa/aa/aa/an
80:2854=Ea/00/8a/ea/aa/ea/£a/00

# {w== Read 000
50:205¢maa/an/sa/aa/aa/0a/a0a/as
50:285¢=£a/00/ba/00/ba/00/£a/00

* (== Yrite 3FF,0
80:2064=aa/aa/ff/£E/5E/£6/an/an
80:2864=£a/00/af/aa/at/aa/La/00

# o== Read 3FF
87:206c=aa /aa/EE/ €L/ /EF/aa]an
50:286c=£a/00/bE00{b£/00/£a/00

* {=== Write 3FF,F
80:2074=aa/aa/EE [EE/£E/£E/as/an
80:2874n£a/00/af/£E/af/FE/Fa /00

* Qa== Read 3FF
80:207cwaafaa/£f /£ /£E/£E/aa/an
50:287c=£a/00/bE/00/6£/00/£a/00

* Qum= Write 3FF,1
$0:2084=ao0/aa/FE/£E/ £/ 56 fanfan

2-24-84

*4

PAGE 3




LOAD.TXD

8032884 =fa /00/af/ab/al/ab/fal00

* (=== Read 3FF
80:208cwaa/aa/EE/FF/EE/E€/aa]nn
60:288c=fa/00/bf/ 2. /bE/00/£a/00

* ¢m== Write 3FF,2
50:2094=ga/aa/tE/ 6/ £8/ €5 [aa/aa
§0:2894=Ffa/00/af/ac/at/ae/fa/00

* (m== Read 3FF
80:209cwsa/aa/EE(£E /£5/EE fanfen
50:289c=Fa/00/bE/00/bE/00/ £/00

* (msn Yrite IFF,4
80:20abwaa/aa/£f/££/EE/EE /an/aa
a0:28abmfa/00/at/bafaf ba/taf00

* {w=m Read 3FF
80:20acmaa/aa/ff/££/£5/58/aa/an
80:28ac=fa/00/bf/00/bf/00/fa/00

* (=== Yrite 3FF,8
80:20bk=0a/aa/£f/EE/5E/EE/aa/aa
80:28b4=fa/00/af/ea/at/ea/fa]00

* mmw Read 3FF
§0:20be=pa/aa/Ef/££/£E/ 58/ aa/na
80:28bc=£a /00/bE/00/DE/OC/£a/ 00
* Get Access

ov100,0110

* Load Test Hardware Ram

§0:1000

Rk
* Reset State

L
0v100,1500
ov100,1501
ow100,0110

* Set System Looping

F e an

owl00,7422

LI,

* BEnd Of Load

* mmmmmmemne

2-24-84

PAGE 4

I
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TEST.TXT 22484
L ——————
* Test and Save fattern

E P T ———————

&

RANRA K ’ *
* ll *
* Thiw Commend File Tests the RAM Chip,snd saves *
* the pattern. This 1s normally done op a knewn *
* gond chip and then Unknown Chips srel Retested *
* uring the “Re-Test® fommar; File uh’lc&: will *
* coppare against the pattern saved fh this *
* Test. In this way faults ean be imolated. *
» R *

I

* Ku-et State
.

owl

owle

owlt 0110

* b iest Run

L PN

»Let A resh

wt boorern Returned

s U
TR

wad Patters

w5 U EL000, 014000
ek kb Sk R KK

Stake

et 1500
e L, 1502
[ERICIRS Y

* et Syswew Looping
% -

w00, 7422

i




Rk 2-24-34 PAGE 2

* End of Test
*




2
)
ad

RETEST.TXT 2-24-84 P

3
2

By

»

* Re-Test and Compare with Saved Patters
*

*
* This Command File Re-Tests the RAM Chip being
% rested and compares the Pattern Retuvrned with
* g praviously seved pattern setup by the “Legt”
* Command File. The Differencass are Displayed 1f
* any. In this way Faults can be detected if the
* initial test wa® on » good RAM Chip.

*

!

P
T

% Resct State
* e e
w100, 1500

' ow200,1501
owily, 0110

* Do Test Run

f g —— —_—

ow100, 5422

* Cet Access
*

ow100,0110

* Get Pattern Rerurned
[ —— I
g0: 1000

RREFEIERKE

1 300040, 0: 4000
ik

203800440, 01 4800
Py

* Reset State
P—
ow108, 3,500
owl09, 1504
owl00,00.10

* Set System Looping
L el

owl00,7422




BEYE

RETEST .TXT

LI

* End of Re-Test

LIRS ———




DISPLAY.TXT 2-24-84 PAGE 1
* momsmEmsmEeoanme .
* Displsy Pattern Gbtaioud

N e ———
*hah AR AR HRRIRKA KRS R R ARARR AR RN AR
* *
* This Covmsnd File shows the Pubtern Obtainsd  *
* From the Test Hardware in duing the KAM Test. *
* The Pattern is displayed along with s comment *
* to Decoribe what Instrustion the Pattern *
* reprevents. The pattern displuyed .s taken *
* from the Pattern Returned Buffer Avee, ay this *
* program assumes that the "Move" Program has *
* glready moved the Pabtern Returned into the *
* Pattern Returned Buffer Area. *
* *

* ===> Write 004,06
d0: 300848
40: 380848

* === Read GO0
40:301048
40: 381078

* el Write 0071
0LAHE
der; 38LE#E

¥ ===d Read 000
a0 R
301 LR

* o= Wrigs 0,1
¢ A6zhiR
afx 382648

* ===> Read 00O
d0:3030%8
40: 383048

* ===) Write DOO,Z
40:3036%8
d0:383848

* mo=) Read 000
40: 304048

d0: 384048

* =e=d> Write 000,4




DISPLAY.TXI

d0: 304848
d0:384848

* ===> Read 000
403305048
40:385048

* m==d Write OU0LH
402 305848
401385874

* ma=d Read 000
d0:3060#8
d0: 385048

* mesd> Yrite 3¥F,u
d0:3068#8
d0:3868#8

* =mad Read AFY
40:307088
d: 387048

* w==d Write 3FF,F
401307848
40: 387548

* w==d Rend 3FF
d0:3080#8
403388078

* ommsd Wrive 3BF, )
401308848
A 3RBRER]

* e Road 31
40309048
@3:399048

Aowmal Yirdve 3PV,
a2 30988

AU IR9EHS

* m==> Read 3BV
40130018
401384078

* w===)> Write 3FF,4

d0:38a848

* ===> Read 3FF
40:30b0#8
d0: 385048

2-24-84

PAGE 2




.

DISPLAY.TXI

* mms> Write 3¥F,8
40330848
40:38BBES

* w=ed Read 3FF
d0:30c0#8
d0: 38048

LpE—

* End of Display
»

2-24-84

PAGE 3




LA.TXT 22484

LT I S -

* Run Logie Amalyser Mode

R

ey KRR AR ARR
*

* This Command File Sets the Test Favdwure by

* in the Logic Analyser Modc. All Lines are

* placed in Tri~State, and the Clouk Ls driven
* from the Tech Havdware. Inpul lines sre

* sanpled on the Megative edge of the clouk.

* When the logic Anolyser lms Triggered the

* tumber being displayed will stebilise. The

* actual trigger peint in the Fottery veturned
* huffer ares after usiag the “Move” Program is
* 37008 + ( 2 % Lowest 10 bits of numbar £ron

* status register). This ix For the lower ¥

%, efmBtate Bits or Jowsr 16 Bi-fiate bity,
oo, bBL .o B, BHL Fer Higher 8 Tri=2int
*bis or iR Bie is

* 381 E i)

¥

I e T e

FRRARER RS IRKAAEFERARECAS IR RRS RS K3 452 k3 b kF 4 TA NS

Dt

* Lood Tri-gtat
* -

w0 2000F1LO00, e
ekdk

ow}00, (L
w100

# {oag Test Hovdwais Koo
# et 1e e
50+1000

Fhkkd

* Repet Stat
o100, 1500
owl0C, 150%
o100, 03160

* Ser logic A
ow100, 6622
100000<1w1.00>

yant

FAGE 1

t
b oo o



TA.TXT

* Get Access

ow100,0110

* Get Pattern Returned
*

031000
ek kkg

* Display Returngd buttern (bower 1o Bat.)

x
40130004800

* Display Returaed Pattern (Upper 16 Bits)
* -

d0: 3800800

LR SARE

AuiLyser

* End of Logl

L pr—

2-24~84

PAGE 2




LPO.TXT 2~24-84

[ ————
* LA Pos Edye Speed~0

LN A —

Rk

This Commund File Starts the Logde Analyser
to read on Positive Bdge snd With Npeed = 0.
Speed = 0 meuns the Test Hardware Is In the
non-mul t plexing mode.

* ke A % w

*woxoE A%

* Reset State
owll0, 1500
owl00, 1501
owl0, 0116

# Bet LA Ot
P
aw100,7422
10<Iwi00s

® o
* End of LA

* mmmeme

A a4

*

P




HOVE.TXL

LR —

* Move Routine

L T —

2-24-84

*
* This Cowmand File basleally gets coutrol of
* the test hardware and initiates s move by
*

caliing the "Meve" Program.
*

o owo*

* Get Access
*

owl09, 0110
1100

* Do Move Routine

021600

IR

ttera Iapt

* Display
PR

40:2000430
40:2800430

* Display Pattern Returned
P,

d0: 3000430
40: 3800430

¥ e i

* Fnd of Move

* mewmomem

x4 RiAkR

PAGE 1




RESET.TX 2-24-84 PAGE 1

# mmmmmnm ey 3

* Resat into Tri~State

B R mmwms e ———

"
* This Commend File bselcally resets the Test

* Wardware and places all outpte fnto

* Tri~State. The Pattexn Output Buffer Aves and
* the Pattern Output Memory in the Test Hardware
* are bath cleared.

*

xR oE A 2

. * Reset State
LR ———
owl00,1500
owlDD, 1501
owi0D, 0110

* Zero Pattern Hemory
.
80:2000=00

@0 2000£1.000,0: 2001
khkk

* Move Pattern into Test Hardware
*

£0:1000
Hohkkk

* Quepat Fiest location (Inte Tri-State)
*

) owl00, 5400
owl00, 5401

* Reget State
owl00,1500
owl00, 1501
w100, 0220

¥ s
* Bnd of Reset

% s




ALLTXT 2~24-84 PAGE 1 i

ENaks

*

Do All

» 2

This Command File works on the Assumption that
the Test System Hss just been powered up. It
first loade the "Move" program and then sets
up an oscillating pattern in the Pattrrn
memory. The system is then placed in the Logic
Analyser mode, where it waits for the trigger
and samplas on the positive edge of the clock.

ok ok ow Aok XA E
Foaoem xR
.

* Load Mave Program

60:1600~b8 /00/00 !
60t 1003=8e/d8 i
80:1005=8e/c0

§0:1007=f¢

20:1008=be/00/20

80:100b=b£/00/80

£0:100e=b9/00/08

80:1011=a5

80:1012=e2/fd

601 1014be/06/80

601 1017=h£/00/30

801 101a=b3/00/08

80:101d=a5

§0: 101 e=e2/£d

50:1020=ca/£1/06/00/fe

& Load Oscillating Pattern

[
80:2000=0a/aa/f£/£L
103200041000, 0: 2004
AHEERIERERIRR

* Cet Access

* Load lest Hardware Ram

P
0:1000
ok Rk dkkkdkk

* Reset State

* o



" ow100,1500
w100, 1501
“ow100,0110

* Set Logice Anslyser "Goin|
I VU S
©w100,7422

100000<1w100>

* mm—amenm

*'End of A1l

* ek




APPENDIX N

RAM TEST EXAMPLE



INTROOUCTION

This 1s  the sequence of conmands and the reply from the Test-Harduware
used to test a HMS148-LP 192d-word X 4-bit High Speed OOS RAM chip. The
test s first done or a good thip and the pattern stored, Subseguent
tests on the RAM with varioss faulls introduced compare the Returned-
Pattern with the Expected—Patiern which was stored.



DMEI4BLP RAM Test Example

ARER R AR R RS A R
n .
* Test MIELLELP RAN *
o~ *
LRRARRRRRERAR KRR AR

2-24-84

PAGE 1

A masmesunsscsanais

+* Load Hove Routiae

LR ——

LARRAE AR EARRRRAKRRRRRRREKRRARNRRAARRARRAS KA SRR RAS

-
x THove” Progtaz
- O
o

o nd Flie doate U
A TRis jToa T Wh1

E othe 8

A Luw

WE e

* Qv

.

otk

o ogep

e, and
A tealing froe fr.
% Hardware ant s

< nt the R

a ditterent
?Sadetitute

o pome ARL Y

4

SR U206 = 0:UFTE Pattera ourgat Buffer Aeva

SR G330 - D WFF Batletn Returaed butier Arva
KOIEE = WRERE Teat Hardware Address Area

%

SAkER AR AR

L HOV AX,ADDOUR  Clear AX

2802 103U=b8 /0000

R MOV DS, A i Clear Data Segment Regfster
-60:1003=8¢/d6

o MOV ES,AX ; Clear Extra Segment Reglater
-8011005=8e/ 0

5 (9% 3 Clear Direction Flag
8011007 =fc

* MOV 51,2000  ; Set Source of Pattern
+6021008=be/00/20

* MOV DY,8000H  ; Ser Destination Test Hardware
+$0:100b=bf /00/80

o MOV CX,08000  ; Set Lenmgth

Bk kR o mom o AN x xR Y E K a AR % o w



HI614SLP RAM Test Example

.80:100e=b9/00/08

* MLOOP MOVSH
+50:1011m85

. LOUP MIOOP
.80:1012 =2 /fd

R MOV S1,80008
50:1014=be/00/80

. MOY DI, 30000
-80: 101 7=bf f00/ 30

o MOV CX,0BUUN
-80:101a=b9 /00/08

% ELOOP MOVSW
+50:101d=a5

* 0P ELOOF
.30:101e=e2 /fd

* JMP OFEOQ: 06F1
+80:1020=ea /1 /06 /00/ fe

K mmmsemswsams
«* Finished Load

e

2-24-84

Memory to Memory Hove

Laop Unril End

Sel Source Test Rardware

PAGE 2

Set Destination Pattern Returnec

Set Lenpth
Memory tu Memory Move
Laop ¥ntil End

Return to Monftor

«* Load Raw Test

K mmmsamsesmens

e e e e w

data lines

This Command File loads Test Patrerns for
the [614BLE 1K hy & Statls Raw Chip. This
test 1s by no means exhaustive and will enly
really pick up faults with stuck or shorted

. The Address Lines are But Tested.

A ox e oxon X A

e R e R e W

Definition of Terma:
1 = High

« = Low

7 = Undefined

X = Defined

- = Tri~State

RAM TIMING DIAGRAMS



HMH14BLP RAM Test Example 2-24-84 PAGE 3

. 1 s 1 ! f

. cs/ 11111 evene waeel 11111

o WE/ 11111 11111 1113} 1511

.* ADDR 27277 XXXXX XXXXX 77717

% DATA e s

. WRITE ‘
. L 1 H t !

. cs/ 11t 11111

o WE/ F25 30 B S 85 )

ADDR 77777 XXXXX XXXXX 77777
DATA = KKXKX XXXXX

RAM LINE DEFINITIONS

12 3 4 5 6 7 8 9 180 1 12 13 14 15 16
AQ Al A2 A3 A4 A5 A6 A7 A8 A9 WE/ CS/ 10l 102 103 104

PATTERE OUTPUT CONTROL

T = Tri-State Control (0 = Tri-State) (1 = Drivem)
V = Value (0 = Low ) (1 =migh )

0:2000 = Pattern Outpst Buffer Avea (Lower 8 Tri-State Bits)
©:2800 = Pattern Output Buffer Avea (Higher 8 Tri-State Bits)

0:2000 T VT VvV T VvV T V T VT VT VTV
4 4 2 3 2 2 11 B 8 77 6 6 55

0:2800 T ¥ VT TVT VT VTV
16169 9 16 16 15 15 14 14 13 13

T VT
1212 11

PATTERN RET UPNED DATA

a = Lov Input (Referenced to 0.8 Volts)
b = High Input (Referenced to 2.4 Volcs)

0:3000 = Pattern Returned Buffer Area (Lower @& Tri-State Bits)
0:3800 = Pattern Returned Buffer Avea (Higher 8 Tri-State Birs)

b b a

3
6 & 5 5

0:30006 » a b a b a b a b a a b
4 43 3221 ( &8 77

0:3800 b a b a b & b a a b aba b oa
12 12 11 11 1010 9 9 16 16 1515 14 14 13 13

R R N A A A N A R R E R Y T )



HM6148L? RAM Test Example

.* Setup Defsult Pattern
K emmm e
000=a5/aa
+5032800=f2/00
12000#7fe,0:2002
AR
-00:2800#7fe,0:2802
Riiii]

+* Now Load Test Pattern

o+ Cmmw Write 000,0
.60:2004waa/aa/aa/s8/aa/a8/a8/aa
.50:2804=£a/00/2a /az faa/aa/fa/00

ok (s Read 000
.50:200c=aa/as/aa/as/aa/aa/aa/ 28
.0:280c=£a/00/ba/00/ba/00/£a/00

% ¢=== Write 000,F
.60:2014=aa/aa/es/aa/aa/aa/aa/aa
+50:2814=£a/00/ 82 /£ fan/E1/5a /00

W% (=== Read 000
+80:20)c=sa/aa/aa/an/aa/2a/aa/an
+50:281c=£a/00/ba/00/ba/0U/£a /00

A ¢=== Write 000,1
.80.2024=3a/a8/38/aa/a6/aa/aa /a0
.50:2824=Ea/00/ aa/ab/aalab/fa/00

W% (=== Read 000
.80:202¢c=0a/aa/as/aa/aa/aa/an/a0
.80:2820=F£a/00/ba/00/ba/00/fa/00

& (=== Write 000,2
.50:2034=aa/an/aa/aa/aa/aa/ a0 [aa
+50:2B34=£2/00/ a0 /ac/aa/ee/Fa/00

+* (=== Read 000
+80:1203c=aa/aa/aa/aa/sa/aa/0a/aa
+80:283c=£4/00/ba/00/ba/00/£a/00

* (=== Write 000,4
+80:2044=na/aa/aa/aa/sa/aa/sa/an
.80:2844=fa/00/sa/bafaa/ba/ £4/00

+k Lem= Read 000
+801204c=aa/aa/as/aa/aa/azs/3a/5a
+80:284¢c=£a/00/ba/00/ba/00/fa /00

% (=== Write 000,8
.80:2054=aa /ua/as/aa/ae/s0/aa/aa

2~24-84

PAGE 4




HM614BLY RAM Test Exsmple

+80:2854=Fa/00/88/ea/aa/ea/Ea/00

% (mme Read 000
,90:205¢c=ga /aa/aa/8a/2a/aa /a0 8
+50:285c=£2/00/ba/00/ba/00/£a/00

ok Cmm= Write 3FF,C
«80:2064=g2/0a /25 /E£/ 55 /€8 /aa]a0
+50:2864=€a/00/af/aa/af/sa/ts/00

»* === Read JFP
+50:206c=aa/sa/ff/f1/£E/EE /an/ea
+80:286c=£a/00/bf f00/bF/0D/£4/00

o+ (m=m Nrite 3FF,F
160:2074=aa/sa/tf /£ /£E/EE/na/na
.50:2874m£a/00/af [££/af/£8/5a /00

% (== Read 3¥F
.s0:207c=aa/an/EE/ €€/ EE/EE/an/pa
+60:287cm£a/00/hE/00/ BE/OD/£2 /00

oF Cmea Write 3FF,1
80:2084=aa/aa/EE/E£ /L1 /5 /aa/aa
.80:2884=Es/00/ a5 /ab/2f] ab/fa /00

% (=== Read 3FF
«€0:208cmaa/an/tE/EE/ FE) £/ an)as
.80:28Bc=fa/00/bE/00/bE/00/ fa/00

Wk Cmme Write 3FF,2
«60:2094=ga/aa/if/E£/£E /£ /aa/an
+s0:2894=£a/00/af/ae/af/ae/ta/00

Wk === Read 3FF
+50:209c=aa/oa/EE/EL/LE/ 0 /an/0a
.50:289c=£a/00/bf/00/bE/00/£a/00

o+ (=== Write 3FF,4
.50:20abwaa/ea/£8/CE/EE/EF /an/aa
.80:28a4=€a/00/af/ba/at/ ba/Ea /00

K (me= Read 3FF
+50:20ac=aa/aa/ e/ E£/EE/£E/aa/aa
-s0:28ac=£a/00/bE/00/ bE/OD/ £2/00

K (oma Write 3PFF,8
.80:20bk=aa/an/ L5/ E1/CE /£ /an/aa
.50:28bb=fa/00/a/ea/a/ ea/ta/00

o* (m== Read 3FF
+50:20bc=aa/sa/fE/FE/EE) £ /oa)0n
~50:28bc=£a/00/bt/00/bf /00/fa/00

2-24-84

PAGE 5



HM614BLP RAM Test Example 2-24-84

% Get Access
o

.0wl00,0110

«* Losd Test Hardware Ram

JRCg——

+50:1000

15BC 86/12 MONLTOR V2.0
RERR

.* Reset State

H e e
+ow100,1500

.ov100,150)

.ow100,0110

.* Set System Looping
R E— S
ow100, 7422

S cmsmzezsaaa

.* End Of Load

o wmrmeseeens

PAGE &

R ————

+* Test and Save lbattern

P R ——

R
o

% This Command File Tests the RAM Chip and saves
% the pattern. This 1s normally done on @ known

% good chip and then Unknown Chips are Retested

+% using the "Re~fest” Command File which will

. comparé ageinst the pattern saved fn this

«% Test. In this way faults can be isolated.

ok

k2 X % % %

% Resel State
WK ———————
.0v100, 1500
0106, 1501
.0w100,0110

«* Do Test Run

[ J——— .-

.owl00, 5422

Rt




HH614BLP RAM Test Example 2-24-84

% Get Access

I JpSI——

.0w100,0110

+* Get Pattern Returned

15BC 86/12 MONITOR V2.0
L]

.* Save Good Pattern

o

~m0:3000#1000,0: 4000
L Rkk kR

.* Reset State
A
.owl00, 1500
.ow100, 1501
.ow100,0110

.* Set System Looping
K- -

~owl00,7422

* memwawsswss

+* End of Test

4 mmammmmcesus

PAGE 7

.* Re-Test and Compare with Saved Pattern
*

ke R E %

This Command Pile Re-Tests the RAM Chip being
tested and compares the Pattern Returned with
& previously saved partetn setup by the "Test”
Copmand File. The Differences are Di-played if
any. In this wey Faults can be detected if the
dinitial tesc was on & gaod RAM Chip.

P R 1

+* Reset State
[

0100, 1500



HM6148LP RAM Test Example 2-24~84 PAGE B

. 0100, 1501
.ow100,0110

.* Do Test Run

P JEROR—

Low100, 5422

W% Get Access

[ S ——

~0w100,0110

% Get Pattern Returned

Q-

5011000

1SBC 86/12 MONITOR V2.0
R

.* Compare with Good Pattern
e

+0:3000#40,0: 4000

Rl ( No Differences Lower B Bits )
+¢0:3800#d0,0: 4800
RILLl3 ( No Lifferences Upper 8 Bits )

«* Reset State

b e
.ow100,1500

.0W100, 1501
.ow100,0110

% Set System Looping

.ow100,7422

A mmmnssmnmes .

+* End of Re-Test

o emmssussammows

R T —

% Display Puttera Obtained

R s S—

+% This Command File shows the Patteran Obtained
% from the Test Hardware in doing the RAM Test.
.* The Psttern is displayed along with & comment

* E ox %



HM6LABLP RAM Test Example

R

to Deseribe what Instruction the Pattern
reprisents. The psttern displayed s taken
from the Pattern Returned Buffer Area, &8 this
program essumes that the "Move™ Program has
alresdy moved the Pattern Returned into the
Pattersn Retvrned Buffer Area.

2=24-84

*x o2 ron R w

o+ ===> Write 000,0
.d0: 300845

0000, 3008 00 00 09 00
40: 380848

0000: 3808 FO 55 00 00

¥ m==> Read 000

.d0: 301048

0000:3010 00 00 €0 00
+d0:381048

0Ot 3816 FO 55 30 00

.4 wex) Hrite 000,F
243301848

400U: 3018 00 06 00 00
.d0: 381818

0000: 3818 FO 55 00 FF

<% wmsd Read 000

.d0: 302048

00N 302G 00 00 00 00
.d0:382048

000: 3820 FO 55 30 FF

o =mm=d Wrive 000,1
-d0: 302848

0000: 3028 00 00 00 00
.d0: 382818

9000: 3828 FO 55 00 03

o* === Read 000

-d0: 303048

0000: 3030 00 00 00 00
.d0:3830#8

0000: 3830 FC 55 30 03

oK ==m)> Write 006,2
-d0: 303648

0000: 3038 00 00 00 00
.d0:383848

0000:3838 FO 55 00 OC

-# ===} Read 000
401304078
0000:3040 00 00 00 OC

00

00

o

30

Qo

[y

00

30

00

00

00

30

0o

00

00

00

00

00

00

00

FF

00

63

@

a3

00

00

00

FO

[

FO

00

FO

0

FO

00

o

[

o

[y

FO

00

00

55

o0

55

00

55

55

00

55

4]

53

35

00

PAGE 9

*

LR ISR L

*

LTI

*.U0.0. .U%

o
* U Uk
LIRET
*.U0,0, 4%
Fuciernnsk
LELIETRRS L
LN
*,00.0..U%
Roviiaans®
L IEERR A

* *
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6148LP RAM Test Example

+d0: 384098
0000: 3840 FO 55 30 OC

% e==) Write 000,4
.d0:304848

0000: 3048 G0 00 00 00
+40:384848

0000; 3848 FO 55 00 30

o* ===> Read 000
+d0:305048

0000: 3050 00 00 G0 00
+d0: 385048

0000: 3850 FO 55 30 30

+* =ws> Yrite 000,8
+d0:305848

0000: 3058 0C 00 00 00
.d0:385848

0000: 3858 FO 55 00 CO

.* ===) Read 000
4301306048

0000: 3060 0¢ 00 GO GG
«d0: 386078

0000:3860 FO 55 30 €O

o ===) Write 3FF,0
+40:3068 48

0000: 3068 00 00 FF FF
.d0: 38688

0000: 3868 FO 55 OF 00

«* ===> Read 3FF

+d0; 307048

0000:3070 00 09 FF ¥F
-d0: 387048

0000: 3870 FO 55 3F 00

% wmx> Urite 3FF,F
.do:307848

0000:3078 00 00 PF FF
.d0: 387848

0000: 3878 FO 55 OF FF

+* m==> Read 3FF
~d0:3080#8

0000: 3080 00 00 FF FF
+40: 388048

0000: 3880 FO 55 3F FF

& ===> Write 3FF,1
.d0:308878
0000: 3088 00 00 FF FF

o0

00

00

00

oc

00

30

¢1]

co

00

<o

FO

o0

Fa

FO

00

FO

FO

FO

no

35

00

55

2-24-84
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HW16148LP RAM Test Example

+d0: 388848
0000: 3888 FO 55 OF 03 OF

o* ma=) Read 3FF
+d0:309048

0000:3092 00 00 FF FF FF
-dD: 385048

0060: 3890 FO 55 3F 03 3F

W m=s) Write 3FF,2
-40:309848

0000: 3098 00 00 F¥ FF FF
.d0:389848

0000: 3898 FO 55 OF 0C OF
+% ===) Read 3FF
+d0:30a0#8

0000: 3040 00 00 FF FF FF
+d0: 382048

0000:38A0 FO 55 3F oC 3F

ok ===> Write 3FF,4
.d0:30a8#8

0000: 3048 08 00 FF FF FF
.40:382818

0000:3848 FG 55 OF 30 OF

-* o==> Raad 3FF

«d0: 305048

0000:30B0 00 00 FF FF FF
+d0: 38b0#8

0000:3880 Fn 55 3F 30 3F

K ==m) Write 3FF,8

.d0; 305848

0000:30B8 00 00 FF FF FF
.d0: 380818

0000:3888 F0O 55 OF CO OF
«# w==) Read 3FF

+d0: 300048

0000:30C0 00 00 FF FF FF

«d0: 38048

0000:38C0 FO 55 3F GO 3F
[ —

¥ End of Display

P ——

03

03

FF

oc

FF

30

¥

30

FF

co

FF

co

FO

FO

FO

00

FO

00

55

00

55

00

55

0o
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HMG148LP RAM Test Example 22484 PAGE 12

o *
«* Now Introduce & Fault and do a Retest *
o *
«* Short Data Lines 3 and 4. *
o *
*

+* Re~Test and Compare with Saved Pattern
*

This Command File Re~Tests the RAM Chip being

tested and compares the Pattern Returned with

& previously saved pattern setup by the “Test"
Command File. The Differences are Displayed if
any. In thie way Faults can b: detected if the
inittal test was on & good RAM Chip.

YRR

TR

+* Reset State

.owL00, 1500
w100, 1501
+0w100,0110

«* Do Test Run

P J——

Low100, 5422

»* Get Access

+ow100,0110

.* Cet Pattern Returned

1SBC 86/12 MONITOK V2.0
KRR RARE

-% Compare with Good Pattern
*

013000440, 0: 4000

T { No Differences Lower & Bits )

-c0:3800#40,0:4800



HM6148LP RAM Test Example 2-24-84 PAGE 13

0000:384B 00 30 0000:484B
. 0000: 3841 00 30 0000: 484D
! 0000: 3853 00 30 0000:4853
S 000C: 3855 G0 30 0G00: 4855
0000:385B 00 CO 0000: 4858
0000: 485D
0000: 4863
0000: 4865
0000: 4848
0000: 484D
£000: 4883
0000: 4885
0000: 38BE 00 CO 0000: 48BB
0000: 388D 00 CO 0000:48BD
0000: 38C3 00 CO 0000: 46C3
0000: 38C5 00 CO 0000:48CS

Rt ( 16 Diffarences Upper 8 Bits )

.* Reset State
F e
.0w100,1500
.0w100,1501
.ow100,0110

+* Set System Looping

owl00, 7422

R
«* End of Re-Test

¥ —mmmmowossamws

[ ——
.% Display Pattern Obtained

[T —

This Command File shows the Pattern Obtained
from the Test Hardware in doing the RAM Test.
The Pattern is displayed slong with a comment
to Describe what Instruction the Pattern
represents. The pattern displayed is taken
from the Pattern Returned Buffer Area, as this
program assumes that the “Move” Program has
already moved the Partern Returped into the
Pattern Returned Buffer Area.

P I I
Bk R R R R A % %




HM6148LP RAM Test Example

& max) Write 000,0
.d01300848

000D: 3008 00 00 00 00
.40:380848

0000:3808 FO 55 00 00

«* mem) Read 000

+d0: 301048

00C0:3010 0o 00 00 00
.dD:381048

0000:3810 ¥O 55 30 00

o wmed Write GOO,F
.d0: 301848

0000:3018 00 GO 00 00
.d0:3818#8

0000: 3818 F0 55 00 FF

o% ===> Read 000
.40:3020#8

0000: 3020 Q0 00 O0 00
.d0:382088

0000:3820 FO 55 30 FF

% =m=) Write 000,1
.d0:302848

0000:3028 00 00 00 00
401382818

0000: 3828 FO 55 00 03

+* ==a) Read 000
.d0:30304%

£000: 3030 00 GO 00 00
+d0: 383048

0000: 3830 ¥0 55 30 03
*

> Write 000,2
.d0: 303848

0000: 3038 00 DO 00 00
401383818

0000: 3838 ¥0 55 00 0C

+* =w==)> Read 000
403304048

00090: 3040 00 00 00 00
+d0: 384048

000023840 FO 55 30 OC

Wk === Wrire 000,4
.d0:304848

0000:3048 00 00 00 00
.d0: 384878

0000:3848 ¥0 55 00 00

o0

00

og

00

oo

00

00

00

30

00

oo

o0

00

00

00

FF

00

03

03

o0

oc

00

00

e

00

FO

oo

FO

00

FO

c0

FO

00

FO

FO

00

FO

o0

FO

00

FO

o0

55

00

00

55
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HM6148LF RAM Test Example

o* -
+% Should Be 30
=

+* me=) Read 000
+d033050#8

0000:3050 00 00 CO 00
+d0: 365048

0000:3850 FO 55 3¢ 00
o -

»* Should Be 30
*

o mes> Write 000,8
401305818

0000:3058 00 00 00 00
.d0;385818

0000; 3858 FO 55 00 00
" -
* Should Be o
*

ok =m=) Read 000

-d0: 306048

0000:3060 00 00 00 OO
.d03 386078

0000: 3860 FD 55 30 00
% -

«* Should Be €0
*

L% ===> Write 3FF,0
.d0:306848

0000:3068 00 00 FF FF
+d0:386878

0000:3868 FO 55 OF 00

+% w==)> Read 3FF
+d0:307048

0000: 3076 00 OG FF FF
405387048

0000: 3870 70 55 3F 00

ok =me) Weite 3FP,F
+d0: 307848

0000:3078 00 00 FF FF
+d0: 387848

0000: 3878 ¥O 55 OF FF

ok =mm) Read 3FF

.d0: 308048

0000: 3080 00 00 FF FF
-d0:388048

0000: 3880 FO 55 3F FF

00

30

00

0a

FpP

3r

FP

OF

FF

3F

30

00
00

30

00

a0

00
oc

co

¥F

00

FF

oc

FO

oo

00

o0

FO

FO

FO

00

55

00

55

00

PAGE 15
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HM614BLF RAM Test Example

ok wmsd Write 3FF,1
40308878

0000:3088 00 00 FF FF
.d0: 388848

0000: 3888 FO 55 OF 03

»* ===) Read 3FF

~do: 309048

0000:3090 00 00 FF FF
+4D: 389048

0000:3890 FO 55 3F 03

% ===> Write 3FF,2
.d0: 309848

0000:3098 00 00 FP ¥F
.d0: 389878

0000:3898 ¥O 55 OF 0C

+% =e=> Read 3FF
401202048

0000:30A0 00 0G FF FF
+d0:38a0/8

0000:384G FG 55 3F OC

K ===> Wrire 3FF,4
.40 308848

000033048 00 00 FF FF
.d40: 38848

00D0:3848 FO 55 OF 00
ok -
% Should Be 30
*

Wb emed Read 3FF

.40 305078

0000:30B0 00 00 FF FF
+40: 386048

0000:3880 FO 55 3F 00
Rl -~
% Should Be 30
o

W% wa=> Write 3FF,8
+40:300848

0000: 3088 00 00 FF FF
+d0:38b8#8

0000:3888 FO 55 OF 00
o ~
-% Should Be co

o

ok wm=> Read IFF
«d0:30c048

3F

F¥

FF

3F

FF

03

FF

03

¥FF

FF

00

30

O

00

FO

FO

00

00

00

2-24-84
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HM6148LP RAM Test Exsmple

0000:30C0 00 GO F¥ FF FF FP 00 00

+d0338c008
0000:38CO FO S5 3F 00 3F 00 FO 55
R R

+* Should Be o co

*

¥ emsmmawommanaz

% End of Bispley

oK s,

R T——
R >
% End of RAM Test *

*

L AERRRR AR FRA AR

2-24-84 PAGE 17
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INTRODUCTION

This Is an example of the Test-Hardware being used in the Logic-Analyser
mode where all outputs are dedined as being in Tri-State and the Test-
Hardware is placed in the Logic-Analyser Hode. The circuit used to test
this mode is a simple counter,




Logie Analyser Example (Counter) 2-24-84 PAGE 1

R L T PP T P P T RY

- *
% Logic Analyser Exsmple *
N *

o
LHRRERR AR AR ARRRR AR R Ak

W Encsmssunsssswsez

* Load Move Routine

[ RO

“Nove" Progrsm

This Command File loads the "Move" Program.
This program which starts at 0:1000H takes
the Pattern memory from 0:2000H -> 0:2FFF and
loads it into the Test Hardware's Pattern
memory. At the same time it loads the Test
Hardware's returned Pattern memory into
locations 0:3000H -> D:3FFFH. This is the
pattern input from the test. The reason for
this program 15 that Test Hardware's Memory
uses the Pattern Output Bank when writing to
it, and it uses the Pattern Returned Bank when
reading from it. If you write to the Test
Hardware and read it back you get a different
aumber which confuses the Move and Substiiute
commands of the 8086 Moniror.

0:2000 - 0:2FFF Pattern Output Buffer Area
0:3000 ~ 0:3FFF Pattern Returned Buffer Area
0:8000 ~ 0:8FFF Test Hardware Address Aree

Y T AT

Bk AR R R R K % Rk K A K A KB R R E A E % kW

K MOV AX,#0000R ; Clear AX

-0 1000=58 /00/00

o MOV DS,AX ; Clear Dats Segment Register
+60:1003%82/d8

N MOV ES,AR ; Clesr Extra Segment Register
.80:1005=8e/c0

o oL ; Clesr Direction Flag
+50:1007mf¢

o MOV  SI,2000 ; Set Source of Pattern
+80:1008=be/00/20

o MOV DI,BOOCH ; Set Destination Test Hardware




w bl

Logic Awlyse Exemple (Counter) 2-24-84 PAGE 2

-80:100b=bf /00/80

Rl MOV CX, 0800H ; Set Length

813 100emb9 /00/08

+* MLOOP MOVSH ; Memory to Nemory Move
-5011011=a5

o LO0F MLOOP ; Loop Until End
-50:1012me2/fd

o, MOV SI,80008 ; Set Source Test Herdwere
-50: 1014=be/00/80

o MOV DI, 3000H ; Set Destination Pattern Returned
~e0:1017=b£/00/30

o MOV CX,0800H ; Set length
-80:101a=59/00/08

-* ELOOP MOVSW ; Memory to Memory Move
+50:101d=a5

o WoP ELDOP 3 Loop Until End
.50:.0le~e2/5d

o> JHP  OFEQQ:06F1 ; Return to Monitor

-80:1020=¢a/£1/06/00/fe

LT ——

Finlshed Load

S

¥ mEnzmesssasmEameenmans

Run Logic Analyser Mode

¥ mcsassmummmczesanensmes

(his Comwmand File Sets the Test Hardware Up
in the Lopic Acalyser Mode. All Lines ave
placed dn Tri-$tate, and the Clock 45 driven
from the Test Hardware. Input Lines are
sampled on the Negative edge of the ¢lock.
When the Loglc Analyser hag Triggered the
number being displayed will stabilise. The
actual trigger point in the Pattera returmed
buffer area after using the “Move" Program is
3000H + ( 2 * Lowest 10 bics of rumber from
status reglster). This i for the Lower 8§
Tri-State Bits or Lower 16 Bi-State bits,

al, bl .... a8, b8. For the Higher 8 Tri-State
bits or 16 Bi~State bits the Address is
3800H + ( 2 % Lowest 10 bits of status reg.)

*ox ok k%

% % e e e e R w o e e e

KK K KR K F

%

Loac Tri-State Pa.tern



Logic Analyser Example (Counter)

R T,
+80:2000=00

~m0: 200041000, 0: 2001

R

W% Get Access
R
-owl00,0i10
+1wl00

AFBA

+* Load Test Hardware Ram

[

5011000

1SBC 86/12 MONITOR V2.0
YL

+© Reset State
ot e
.owl00, 1500
.owl00,1501
.owl09,0110

.* Set Logle Analyser Going
[ — I
.owl00,6c22
+100000<1w100>
4pa7

AFFD

APS5L

ABAT

ADDS

AFS4

AECH

AD29

APgL

AEE7

AEL4

ADIE

ACEE

ACIF

AF96

AEDL

AE3F

ADIB

ACFL

AG3D

ARA4

ADF3

ADLA

Ac9D

AFF5

AF 54

2~24-84

PAGE 3



ABRA
ADFE
AD 56
ACAD
ACOF

ADC3
AD20
AC81

*Control C*

»* Get Access

.0wl00,0110

+* Get Patiern Returned

e x

.* Display Returned

iSBC 86/12 MONITOR
*

V2.9

Pattern

Logic Analyser Example (Counter)

2-264-84

( <~ Trigger Polnt )

(Lower 16 Bite)

40230004800

0000: 3000
0000: 3010
0000: 3020
0000 3630
000G: 3040
000013050
0000; 3060
0000: 3070
0000:3080
000033090

€3
03
c3
03
c3
03
€3
03
c3
03

3c
3c
3F
3F
<0
€0
c3
c3
cc
ce

oc
e
oc
cc
0
cc
0c
e
oc

CF

oF

OF

FO
30
FO
30
FO
30
FO
30
FO
30

3¢
3c
3F
3F
co
co
c3
c3
cc
<

F3
33
F3
33
F3
33
F3
33
F3
33

3c
3c
F
3F
co
co
c3
c3
cc
<

¥C

3c

FF
3F
FF
3F
FF
3F
FF
3F
FF
3F

3¢
3c
3F
3F
co
co
c3
c3

cC

00
<o
00
co
[1h]
co
00
<o
Q0
co

3¢
3F
3¢
co
<o

PAGE 4

[ R RSN e
1< KOC3KKK L 2
7.7.7.2.7.2.2.7%
2.7.7

*
*
*
*
*
*
*
*
*ias
Fuviend0.3,<0 2000

*
*
*
*
*
*
*
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logic Analyser Example {Counter)

0000: 3040
0000: 3080
0000; 30C0
0000 : 30D0
0000; 30E0
0000: 3070
000033100
0000:3110
0000:3120
0000:3130
000033140
0000: 3150
0000: 3160
0000:3170
0000:3180
0000:3190
00

c3
03
c3
03
c3
03
<3
03
c3
03
c3
03
c3
03
<3
03

*Control C*

CF
<F
¥o
FO
F3
F3
FC
¥C
FF
FF
00

03

oc
oc

CC CF
ac oF
CC FO
0C Fu
CC F3
oc 7
CC FC
oc FC
CC FF
0C FF
cc 00
GC 00
cC 03
oc 03

o oc

CF
cF

FC
FF
¥
®
[
03

03
0
oc

.* Display Returned Pattern
*

FO CF
30 CF
FO FO
30 FO
FO F3
30 F3
FO FC
30 FC
FO FF
30 FF
FO 00
30 00
FO 03
30 03
FO OC
30 oc

(upper 16 Bi

F3 CF
33 CF
F3 FO
33 FO
F3 F3
33 F3
F3 FC
33 FC
F3 FP
33 FF
F3 00
33 00
F3 03
33 03
F3 0C
33 0C

2-24-

FC CF
3c CF
FC FO
3c FO
FC F3
3C F3
FC FC
3¢ FC
FC FF
3C FF
FC 00
3c 0o
FC 03
3¢ 03
FC OC
ac oc

te)

.d0: 38004800

0000: 3800
0000:3810
5013820
3.0:3830
14013640
000023850
0000:3860
0000:3870
0000: 3880
0000: 3890
0000: 3840
00003 3880
0000: 3800
0000: 3800
0000: 38E0
0000: 38F0
0000: 3900
0000:3510
0000: 3920
0000: 3930
0000: 3940
0000: 3950
0000: 3960
0000:3970

55
55

55
535
55

*Contyol C*

55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
35

55 55
55 55
55 55
55 55
55 55
55 55
55 55
53 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55
55 35
55 55

B mmmmscamsesaaasssemEe

«* End of Logic Analyser

Lk mmem

55
55
55
55
55
55

55 55
55 55
55 35
55 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55

55 55
55 55
55 55
55 55
55 55
55 55
55 55
35 55
55 55
55 55
55 55
55 55
55 58
55 55
53 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55
55 55

FF

FF
3F
FF

55
55
55

00

co
oo
<o
o0
[

55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55

PAGE 5

R R R R E R e e e

*UUUSUULTUUUUUUGT *
*UYUUUUUUULTOUUIU *
AUUHUUUUUUIUUUD U+
*UUUUUTUUUULUUUY *
*UUUYUUUULUUUUIUU *
*UULGUUUUUTTUTYUL *
*UULUUCUULBLBLLUL *
FUUUTUUUUTYUULUYL *
*UUUBUULULUBUULUY *
*UTUUUUULITLLUUUU*
*UUUYLULULOUIWIUD*
*UTUYLGUUTUUULUUU *
*UCUUUUUYUUUUUTIU*
*UUUUUUUUUULGLULY*
*UUDUUULUUUSUUIIL *
*UUDUUDUUUCUUUOLL*
ROV TV FHEHI S
AUUUUUUU0DULLULOOU *
*UUUUUUUGULUSUTOS*
*JUUUUUUTUUUUUUYU*
*UVYUUIUUUUULIUDDO*
*UULDUUTUUUUUUBUG*
*UUUYUUDUUUUUTULU*




Logic Analyser Example (Counter) 2-24-84 PAGE 6

LRRRRARARAAREERALR IR R Ik
o *
-* Display Trigger Point
-

L HRR AR AR AR RR AR RA R K

o

% Status Register was CDAA (H)
% Lower 10 bits = 1AA

«* Address = 0:3000 + 1aA * 2
000 + 354

o = 0:3354

*
*

+d0:33004200

0000: 3300 3F F3 €O FC FC FC C3 FC CC FC CF FC FO FC F3
0000:3310 FC FC FF FC 00 FC 03 FC OC FC OF FC 30 ¥ 33
0000:3320 3C FC 3F FC CO FF C3 FF CC FF CF FF FO FF F3
0000:3330 FC FF FF FF 00 FF 03 FF OC FF OF FF 30 FF 33
0000:3340 FO 00 3C FF 3F FF GO 00 C3 00 €C 00 CF 00 FQ
0000:3350 F3 00 FC 00 FF 00 00 00 03 00 OC 00 OF 00 30
- mnenn

0000:3360 33 00 3¢ 00 3F 00 CO 03 C3 03 CC 03 CF 03 FO
0000:3370 F3 03 FC 03 FF 03 00 03 03 03 OC 03 OF 03 30
0000:3380 33 03 3¢ 03 3F 03 €O OC €3 0C CC OC CF 0C FO
0000:3390 F3 0C FC OC FF OC 00 0C 03 OC OC OC OF 0C 30
0000:33A0 33 OC 3¢ OC 3F OC CO OF C3 OF CC OF CF OF FO
0000:3380 F3 OF FC OF ¥F OF 00 OF 03 OF OC OF OF OF 30
0000:33C0 33 OF 3¢ OF 3F OF CO 30 €3 3G CC 30 CF 30 FO
0000:33D0 F3 30 FC 30 FF 30 00 30 03 30 0C 30 OF 30 30
0000:33E0 33 30 3C 30 3F 30 €O 33 €3 33 CC 33 CF 33 FO
0000:33F0 F2 33 FC 33 FF 33 00 33 03 33 O0C 33 OF 33 30
0000:3400 33 33 3C 33 3F 33 €O 3C €3 3¢ CC 3¢ CF 3¢ FO
00CN:3410 F3 3C FC 3¢ FF 3C O 3C 03 3¢ OC 3C OF 3C 30
0000:3420 33 3¢ 3C 3C 3F 3¢ CO 3F €3 3F CC 3F CF J3F FO
0000:3430 F3 3F FC 3F F¥ 3F 00 3F 03 3F OC 3F OF 3F 30 3F %.7.2.7.7.7.7.707%
00Cu:3440 33 3F 3C 3F 3F 3F CO CO C3 CO CC CO GF CO FO CO *37<27%.ucssrvs X
0000: 3450 F3 CO FC CG FF CG 00 CO 03 €O OC CO OF CO 30 CO
0000: 3460 33 €0 3¢ CO 3F Cu GO G3 €3 €3 CC €3 CF €3 FO C3
00003470 £3 €3 ¥C C3 FF €3 00 €3 03 €3 0C €3 OF €3 30 ¢3
0000: 3480 33 €3 3C €3 3F €3 CO CC €3 CC CC CC CF CC FO CC
0000:3490 F3 CC FC CC F¥ GG 00 CC 03 €C OC CG OF €C 30 ¢C
0000:34A0 33 (C 3C CC 3F CC CO CF €3 CF CC CF CF CF FO CF
0000:34BC F3 CF FC CF F¥ CF 00.CF 03 CF OC CF OF CF 30 CF
0000:34C0 33 CF 3C CF 3F CF FF FO C3 FO CC FO CF FO FO FO
0000: 34D0 F3 FC FC FO FF FO 00 FO 03 FO OC FC OF FO 30 FO
0000:34E0 33 FO 3¢ FO 3P FO CO F3 C3 F3 CC F3 CF F3 FO F3

0000:34F0 F3 F3 FC F3 FF F3 00 F3 03 F3 OC F3 OF PF3 30 F3
*
*

-* Note Trigger was on Value 00 00
*

*




Logic Analyser Exemple {Jounter)

*

*

% End of loglc Analyser Example %
* *

2-24-84
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