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SUMMARY

tljgital electronic systems must be tested many times throughout their

useful lives, from the beginning of the manufacturing process until the

time at which they are removed from service. Each of these testing pro-

cesses can be classified into one of two broad categories: high-vo'lunte

testing, typicalìy performed by Automat'ic Test Equipment (nff¡ during, and

at the end of, the manufacturing process; and low-volume testing, typified

by the repair of a s'ingle system which has failed in the field (that ìs,

field service).

The advent of Large Scale Integrat'ion (LSI) Has had a profound effect

in both of these areas of testing. The comp'lex'ity and architectural charac-

teri sti cs of LS I dev'i ces , and m'i croprocessors i n parti cul ar, have created

problems whjch have necessitated the development of new technÍques for both

automat'ic testing and field service. While new developments in ATE have

been numerous, a result of vigorous activ'ity in the ATE marketplace, there

have been relatively few developments'in the area of field service.

Qne field service technique which has been developed and is w'idely con-

sidered to be more promising than any other method is signature analysis

(SA). Many advantages have been claimed for SA, but there has been little

documented verificat'ion, so a trial 'implementation of the technjque was

performed on a small microprocessor system (the Intel SDK-85) with a view

to assessing 'its effectiveness as a field service rnethod. This revealed

that a number of factors might limit the effectiveness of SA'in practice.

The most serious problem appeared to be that there was no accepted approach

to develop'ing thorough tests for individual LSI devjces as part of the SA

procedure.
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As a means of overcoming this deficiency the impìementation of

systematic "functional" test routines in the context of SA was investi-

gated. Self-test routines were developed for. the 8085 m'icroprocessor and

Ehe 8279 keyboard/disp'lay controller in the SDK-85. However, certain

arch'itectural properties of the devices and the lack of detailed documen-

tation of the'ir internal workings limited the extent to which the tests

could be developed systematically.

It was concluded that the abiìity to test LSI dev'ices and, in the

future, VLSI devices, couìd only be ensured if some provision is made in

the design of each device to make jt easj'ly testable - that is, if the

prìnciple of design for testab'ility is appìied at the chip leve'l . This is

seen as being essential if digita'l systems of the future are to be effec:

tive.ly tested in the fielO, whether oy sìgnature analysis or any other

method.
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CHAPTER T.

INTRODUCT I ON

1.1 Test Environments for Diqital Systems

In the lifetime of any electronic device or system, from the

commencement of manufacture to obsolescence, the unit is, in general,

tested many times, 'in several different environtuntr[1]. A dig'ital

integrated circu'it, for exampl e, may be tested as an iso'lated chìp

before packaging, after packag'ing, during burn-in (if any), Prior to

insertion into a printed circuit board, as part of the compìeted

printed circuit board, as part of a complete system containing the

printed circujt board and, variously, when the system is tested as

a result of failure in the field.

It js'important that at each stage of testing, the testing pro-

cess is performed thoroughly, but also efficient'ly. Only then can

the manufacture and maintenance of a reliable system be carried out

economicaì1y. inabif ity to satisfactorily test a device or system

at any Stage of manufacture may mean that faulty devices or systems

will pass the test, only to go through to a later stage of manufac-

ture, or to appficat'ion in the field, where the fault may be detected

and wjll be much more expensive to repair. The property of test

economics that faults become progress'ively more expensiVe to detect

and repai r at I ater stages of manufacture has become known as the

"ten t'imes rul e"[2] [3] because it is estinated that test'ing costs

rise by a factor of ten at each success'ive stage.

[ach of the test'ing phases mentioned above can be broad]y classi-

f j ed i nto one of tv¡o categories : h'i gh-vol ume test j ng or I ow-vol ume

test'ing. High-volume test'ing is typically carried out by the manu-
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facturer of dev'ices or systems who must test a relativeìy large'

number of identìcal units during or after manufacture. In such cases

the t.ime taken to test a single unit is multiplied by the production

volume and may be a limiting factor on the overalì production rate[4]

Because ìarge numbers are involved, and small improvements in unit

test t'imes can significantly improve product'ion rates, high-volume

testing a'lmost invariably requjres the use of automatic test equip-

ment (ATE) whjch, aìthough expensìve, js cost-effective in testìng

large numbers of identjcal un'itst3l t5l.

Low-vol,ume testing is typified by the process of field servìce -

the repair of a systent rvhjch has fail ed 'in the field. In this case'

the system is usua'l1y tested by one technjcian who must systematically

test each section of the system, using general purpose instruements'

untjl the fault is isolated and repaired. Because only one system of

a given type ìs serv'iced at a time, the expense of ATE is clearìy not

justjfiable (quite apart from the fact that most ATE'is large and not

portab'le). The process of manualìy testing a system is inherently a

very s1ow, and therefore expensive one and for that reason field ser-

vice is at the top of the "ten times rule" as the most expensive

testing phase.

It is also important to note that jn the field service environ-

ment the obiect'ive is usually to jsolate and repair a fault in the

system under test, whereas in many cases (notably in the testing of

individual dev'ices) ATE is used s'imply to detect faults. As fau'lty

devjces are discarded, the matter of fault isolat'ion - of determ'in'ing

the nature of the fault - is of little'importance. High and 1ow

volume testing therefore often djffer not only 'in economics and

method, but also in objective.
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Over the past ten years increasing d'ifficulty has been exper-

ienced jn alì stages of testing digita'l devices and systems as a

result of the jntroduction of large scale integrat'ion (LSI). To

appreciate and pìace into context the problems which the advent of

LSI has created, it is first necessary to briefly review test'ing

practices for digital systems prìor to the introductjon of LSI.

Because of the vastly d'ifferent approaches used'in hjgh and 1ow

volume testing, the ATE and field service environments wjll be con-

sidered separately.

I.2 Testinq Practic e Before the Introduction of LSI

I.2.1 Characteristics of diqjtal systems before LSI

Before the introduction and acceptance of large scale 'integra-

tion in the earìy t970's, digital systems were most commonly imp'le-

mented in small scale integration (SSI) and medjum scale integration

(MSI) integrated circuits. Devices jn the SSI family are characterised

by hav'ing fevter than one hundred transjstors (approximately) ìntegrated

onto each chip, while MSI devices contain one thousand transistors or

fewer, this being the I imjt of technology 'in the late 1960's. Log'ic

functions implemented in SSI and l4SI devices were therefore limited

by the number of transistors available on each chip, and constrained

by the need to package useful, general purpose logic elements. Con-

sequently, functions packaged in SSI/MSI tended to be s'imp'le - com-

binati onal ,l ogi c gates , fl 'i p-f 1 ops , counters , mul t'i pl exers and so on.

Almost invariabìy the operat'ion of these devices chould be described

by a s'imp'le truth table or characteristic table.
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Sequential devices of the SSI/MSI families possessed a property

vrhi ch m.ight be cal I ed "1ow sequent j al depth" - al I sequenti al I ogjc

eì ements contai ned 'in the devi ces were not deep'ly buri ed , but had

outputs taken ejther directly or through simple combinational iog'ic

to device output pins. consequently, the operat'ion of each sequential

ìog'ic element in a device could be easi'ly observed without requiring

that logìc values be propagated through multiple levels of sequential

logic. Thjs property results from the fact that more sequentia'l func-

t.ions wh.ich could have been implemented w'ith less than one thousand

trans'istors were not generaì enough to be commercialìy worthwhiltt6l'

Th.is functjonal simp'licity of SSI/MSI devices meant that indiv-

jdual devices were easy to test. To comp'lete'ly 1 test a device it

was su'tficient to simpìy verify that it behaved as its truth table

specified, wh'il e if the internal 1og'ic circuit of the device was known

(and th'is was usually the case) it could often be even more s'impìy

testecl for the presence of a restricted set of faults. The success

of ATE and field service practìces jn test'ing SSI/MSI based systems

were a result of th'is property of SSI/MSI devices'

r.2.2 Hi h-vol unle testi n of SSI MSi lo 'tc

Automatic test equipment for SSI/MSI devices and systems was

typically based on a mjnicomputer which would apply a test stimulus

to the unit.under test (UUT) and monjtor its responr.[7]. The test

stimulus was a pre-determ'ined sequence of logic values (often referred

to as a "test set") which was appìied to the device or board inputs

to stimulate the internal log'ic. it is the different means of gen-

I A ttcontp Letett test in this conteæt z'efers to a conrpLete functionaL test'
rather than parønetrLc test 17l.
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erating the test set and of analysing the UUT response which disting-

uish the various ATE nlethods employed.

tlhiìe individual devices were quite easily tested,'it was much

more djfficult to test and'isolate faults on boards contajning many

devices. ATE employed one of two techn'iques to stimulate and test

logic on a board. The fjrst of these, functjonal testing, 'involved

the stra'ightforward appljcat'ion of the test st'imulus to the avail-

able inputs (usually at an edge connector) of the UUT, and observation

of the response of the UUT at'its available outputs. The test set

would be desjgned to exercise the board as a whole in such a way that

any faults present in the'internal 'logic could be identified from

the response observed at the board outputs.

The second techn'ique, known as i n-ci rcu'i t testi ng , avoi ded the

difficulties of generating a test-set for the board as a whole by

testing devìces on the board individually. The input and output pins

of each device was accessed using either an integrated circuit (IC)

c'lip or a bed-of-najls fixture which allowed access to any node

on the board, rather than iust the input and output connections.

The generat'ion of test sets for in¡ci'rcuit testing of boards there-

fore essentialìy cons'isted of developing tests for individual SSI/MSI

devices which, as We have seen, Was relatively s'impì e. However th'is

ease of developing test sets was ach'ieved at the expense of effective-

ness in fault detectjon. In-circuit testers typica'lly detected faults

in approximatel y 80% of faulty boards tested, whereas functional

testers ach'ieved fault detectìon rates of 95% or moret3ltSl. The

greater effort (and expense) of generating test sets for functional

testing was therefore often worthwhile.



6

Two general methods of generating test sets for functional test-

ing were emp'loyed. For certajn types of combinational systems, methods

were deve'loped for analytical ly deriv'ing minimal test sets guaranteed

to detect certain faults. Two of the better known methods, the D-

Algorithm and the Boolean Difference techn'ique are descrjbed by several

authorstTl t8l t9l. The methods were init'ial'ly applied to detect stuck-

at (s-a) faultstTl t8l t10l in irredundant combinational 1ogìc networks,

but there have been many.developments of these and other analytic tech-

n'iques, extendìng fau'lt coverage to other fault classes and more com-

p'lex systems. The literature also contains many papers on the develop-

ment of minimal test sets for certain classes of combinational ìog'ic

netr^rorks and on the desìgn of combinational networks to minimise test

,utr[7] t8l t111. However I ittl e success has been achieved along sim'ilar

ìines for sequential networks[9].

The second method of test set generation used for functional test-

ing was pseudo-random generation, often used for systems to which

anaìytic methods could not be applied. This involved the generation,

by the ATE, of pseudo-random test vectors which were appìied as stimulus

to the UUT. The existence of any faults jn the UUT would be detected

by comparing'its response (possibly in real time) to that of a unit

whjch was known to be good ("comparison testirìgrr[7]t12l) or to that

of a computer s'imulation model of the systemtsl t7l. In either case

the response data for a fault free system could be stored on-lÍne by

the ATE for comparison with the response of the UUT ("Stored response

testing" or "stored truth table testjng"[7J tIz]).

With a computer simulatjon model of the system to be tested it

was possible to introduce a known fault into the model and record the
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response date for the system vrith that fault. The procedure

could be repeated for rnany d'ifferent faults, thereby

construct'ing a "fault djctionary" containing response data for the

system under each of the fault conditions simulated[5] t7l. If a

fault were to be detected 'in the UUT, its actual response could be

compared with the contents of the fault dictionary to determine the

likely nature of the faul:t. Simulators also allowed a degree of inter-

action, enabl'ing the test programmerto manually modify the test set

so that it would detect certain faults jn the system whjch might

otherw'ise gg undetectedtTl t9l t131 . Similarly, a simulator could be

used to assess the fault coverage of a gìven test set.

ATE manufacturers developed various software aids to increase

the fl exi bi ì i ty and power of thei r equ'i pment. These ai ds j ncl uded

simulators and automatic test, pattern generators, such aS that des-

cribed by Thurmant14l, to allow on-line generation and development

of test patterns. Various forms of diagnostic software were also

developed for ATE, includjng "guided probe d'iagnostics"[7] t13l which

allowed the ATE,w'ith the a'id of a manually operated logic probe, to

exam'ine nodes interval to a board and track down a fau'lty device on

the board.

The inevjtable growth in the size and complexity of SSI/MSI based

systems made fault detection and'isolatjon in these systems by ATE

increasing'ly difficult. Thìs gave rise to a discussion in the litera-

ture of the principle of "des'ign for testabiiity", particularly as

app'l'ied to the I og'ica1 and physì cal des'ign of SSI/[1SI boards so that

they could be easi'ty tested by ATEtlll t15l t16l t17l t18l t191. The common

theme jn these papers was the specificat'ion of design guidefines which,
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if followed in design of a system would ensure that ATE could quickly

and effectively test the system.

(i)

(ii)

(iii)

Typicaì guidel'ines were:

provide reset lines, accessible by the tester, for all

sequential I ogj c;

provide means of access by the tester to the system clock

(for synchronization) ;

prov'ide an adequate number of test pojnts, to allow internal

'logic elements to be easily controlled and observed (that is,

to improve system controllability and observability);

avoid the use of monostables and asynchronous log'ic elements;,

avoid the use of wire-AND and w'ire-OR log'ic;

avoid the use of redundant'logic.

(iv)

(v)

(vi )

In most cases, the implementation of these guideljnes jnvolved

an jncrease jn the design and manufacturjng costs of the system, but

it was considered that this would be more than offset by savings in

testing costs over the l'ife of the systemt5ltillt20l.

It is ìmportant to notice that the success with which ATE was

appl i ed to SSI/MSI systems vras due to the functjonal simpl ic'ity of

SSI/MSI devices. It was only because the function of individual com-

bjnational devices could be described by a simple mathematical equation

that the D-Algorithm and Boolean Difference technique could be used

to derive test sets for networks composed of these devices. Sim'ilarly,

sjmulators for SSI/MSI networks could only be developed because the

behaviour of Índjv'idual dev'ices could be described by sìmple truth

tables. However, it rnust also be noted that as the sjze of SSI/MSI

networks increases, both the comp'lexity of the analytìc calculations
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and the computer simul ation time increase dramatica'l'ly and there 'is

a practica] ljmit upon the sjze of SSI/MSI networks which can be

,31
dealt with using these methodst'

t.2.3 Low-volume testìnq of SSI/MSI logic

Low volume test'ing (that is, field service) of SSI/MSI based

systems was, aS discussed above, a slow process usually performed by

one technician using general purpose instruments. The usual approach

to isolating a fault during field service was based on the observation

of the behavi our of i nd'ivi dual devi ces. Unl i ke automati c test'ing in

which access to indiv'idual devices on a board is limited, the field

service technician can gain access to, and observe, â[Y device, at will.

Because SSI/MSI devices were characterized by simple behaviour,

it was a relat'iveìy simp'le matter for the technic'ian to observe the

inputs and outputs of a device, and to decide whether it was function-

ing correctly or not. The means of observation varied from device to

devi'ce, but in all cases the principìe applìed that because the devices

had simple truth tables they were individually easy to test.

The size of the system being tested was, as for automatic testìng,

an important consideration. l{owever, because individual dev'ices could

be observed directly, the size of the system affected not the abilìty

to test the system overall, but the ease with which faults could be

diagnosed from observed system behaviour. tndividual devices could

be tested just as effectively in a large system as in a smal'l one (a'l-

though adherence to the "design for testabi'lity" gu'idel ines for ATE

could make the process a little easier), btlt a technician would be ex-

pected to find greater difficulty in deciding which device to test in

a 'large system.
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For some systems long periods of down-time, wh'ile field service

procedures such as described above were performed, are not tolerable.

In such cases the practice of "board swapping" Was' and still 'iS,

used to repair the system. Board swapping 'involves the inrnediate re-

placement of any board or boards in a system which are suspected of

conta'ining faul ts, instead of attempting to i sol ate and repa'ir the

fault on the board jn the field. The suspect boards are returned to

a central repa'ir site where they are tested (possibly by ATE) and

repa'ired before bejng returned to the field to be swapped for other

suspect boards. Board swappi ng 'is an expensi ve repa'ir method, because

ìarge stockg of spare boards must be held in the fieldl?I), but it is

cost-effect'ive ìn large systems for which down-time is expensive. It

also serves as a final solution for other systems at times when the

traditional fjeld servjce approach of component-level repaìr in the

field, fa'ils.

Despite the relat'ive expensiveness of field serv'ice, it is

apparent that the problems experienced dealing wìth SSI/MSI based

systems were few, even aS system complex'ity increased. Thjs iS con-

firmed by the observation that the l'iterature contains virtualìy no

discussion of any problems of fjeld servicing SSI/MSI systems. This

may be contrasted with the increasing concern expressed in the mid

1970's about the testab'ility of complex SSI/MSI based systems by

ATE, as discussed above.
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1.3 The Effects of LSI on Testinq Practice

1.3.1 The characteristics of LSI

The introduction of the 4004 microprocessor in 1971 by the

Intel Corporatìon heralded the start of the era of LSIt22lt23l.

With 2250 transistors on one cfript24J, the 4004 was the first of a

famiiy of devices wh'ich cumently conta'in up to 70000 transistors

on one ctri pt23ì .

The introduction of LSI'increased the number of logic gates ìn-

tegrated in gne device by a factor of ten to one hundred over SSI and

MSI devices. Ì^lhile this simple fact created problems in testing LSI

devices and systems,otherçharacteristics of LSI (obviously a product

of the higher gate count per device) have more directly affected test-

ing practjces. For some tjme before the introduct'ion of LSI, dev'ice

designers.had found that'it was no'longer satisfactory to place more

and more complex'logic bul'lding blocks on a sjngìe chip, âs had been

the custom with SSI and MSI. Building blocks wh'ich were sufficiently

general in function did not use the full capabilitjes of the'integra-

tion technology[6]. Consequently, the first sìgnìficant use of LSI

was to produce comp'letely djfferent types of devjces - ìn particular

memori es .and, with the 4004, mÍ croprocessors .

LSI devices were therefore, from the outset, architecturally very

different to their predecessors and did not possess the functional

simp'l'ic'ity of SSI and MSI devices. hlith the except'ion of memory

devices which, because of their very regular structure, fall into a

class of thejr own, the new LSI devices were h'ighly sequential. They

contai ned very l arge numbers of sequentì a'l l ogi c el etnents whi ch were
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no longer easjly observable, but were "buried" within the devicelzsl.

Not onìy did LSI devices have very many more states than the'ir SSI/IISI

predecessors, (because of the greater number óf sequential logic

elements they contajned), but the access'ibility of internal logic

elements lvas much reduced, which made the devices immeasurably

harder to test[26].

The intuitive concept of accessibil'ity of 'log'ic elements in a

network from jts test poìnts (the device pins in the case of LSI

devices) has been put on a more formal basis by Go]dsteinl27l. He

presents a quantìtat'ive measure of the ease of testjng a'logic net-

work 'in terms of combinational and sequential "controllability and

observability numbers". These numbers are an increasing function of

the number of conlb'inational and sequential iogic elements between a

given ìog'ic elenlent and the prìmary inputs and outputs of the network.

They'indicate the ease with whjch the inputs of such a logic element

can be controlled ("controllabjlity") and the outputs observed ("ob-

servab'i 'l ì ty" ) from the network Í nputs and outputs , through surround-

ing'logic. Goldstein proposes that the higher the controllability

and observability numbers of a network are, the harder it is to test,

because internal 1ogìc is harder to exercjse. The greater logic

depth ìh LSI devices than'in SSI/MSI devices means that LSI devjces

would have h'igher controllability and observabiìity numbers and would,

therefore, exh'ibit much poorer testability.

From a different po'int of vie!.t, the reduced accessab'ility to

internal logic in LSI devices can be viewed as a reduction in the

test point-to-gate ratio over SSI/MSI systems of equ'ivalent compiex'ity.

It is accepted that on a SSI/MSI based b.oard, there should be one to

two test poínts for every package on the boardt161. If it is assumed
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that gate integration levels for LSI devjces are one hundred times

greater than typical SSI/MSI devices, by this princ'iple a typicaì

LSI device should have 100 to 200 test points'' whereas feur devices

have more than forty pins.

Apart from the significant internal architectural differences

between LSI and SSI/MSI dev'ices, and the consequent problems of

device testabi'lity, LSI devices (and the microprocessor in particular)

differ from SSI/MSI devices in that the architecture of the device

to a lange extent defines the architecture of the system of which it

is to be part. The microprocessor, unlike a flip-flop' multip'lexer

or counter, is designed il.l Such a way that it can only be used in,

or designed into, a system in one way, With a specific set of peri-

phera'l components (nOU, RAM, etc.). Thus the design of the micro-

processoritsel f 'largeìy di ctates that most LSI-based systems must

be bus-structured Systenìs,'in which the busses are very often multi-

plexed and bidirectional. SSI/MSI based systems, on the other hand,

have widely vary'ing architectures and no similar generalisations can

be made about their design or structure.

Final'ly, new failure modes in LSI devices have created difficul-

tj es i n test'i ng . The much smal I er devi ce geometri es and I i ne wj dths

jn LSI devjces have increased the susceptib'i'l'ity of devices to dynamic

(or "soft") faiIures and pattern sensit'ivityl29ll29I t30l I31l. It is

therefore no longer sufficient to test for stuck-at and bridging

faults when testing LSI dev'ices. New fault classes exist and test

procedures must be des'igned to detect them.
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I.3.2 The effects of LSI on automatic test'ing

The effects which the introduction of LSI has had on the field

of automatic testing arise out of three of the characteristics of

LSI d'i scussed above. They are devi ce compl exi ty, susceptj bi I i ty to

dynamic failures and LSI system architecture.

The simple fact that LSI devices contain many thousands of

transistors, formjng a 'log'ic network of thousands of gates' means

that the ana'lytic methods employed to generate test sets for SSI/MSI

based systems may be 'impractical for LSI devices and systems. l¡lill iams

and Parkertl0l have stated that the abi'lity to generate tests auto-

matically for general sequentìal networks decreases to unacceptable

levels as the networks grow to the reg'ion of 1000 to 2000 gates. A

typ'ica1 LSI device now contains more than 1000 gates and therefore

falls into this category. Lym¿¡[32J reports that automatic test

generators for LSI based systems have been found wanting, requ'iring

expens'ive manual assistance, while Breuer and Friedman[33] state that

automat'ic test generators are "grosSly i neffect'iVe" for VLSI devi ces

such as m'icroprocessors. Even if the problems of computat'ional

feas'i bi 1 i ty were overcome, the abi'l i ty to automatj caì ìy generate test

sets for LSI devices would be limited by the facts that device manu-

facturers seldom supply gate-leve1 equ'ivalent circuits for their

devicest10lt30lt34ll35ll36l and that methods of generating tests for

large sequentìal networks are not well developed 'in any .ur.[37].

Given that these problems of automatically generat'ing tests for

LSI dev'ices and systems exist, other approaches must be considered.

However, 'it is apparent that any form of "comp'lete" test is 'impract'ical .

Jefferies[38] has est'imated that a typical B bit microprocessor could
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be tested "exhaustively", by forc'ing it to execute al'l possìble'in-

struct'ions, with al1 poss'ibl e data val ues, jn al1 poss'ibl e sequences '

using 2608 t.rt vectors wh'ich would take an impossibly long time.

gilton[35] estimates that to test a microprocessor fully, checkìng

for pattern sens'itivities, would take over 1023000 y.u.rl It js

clear, then, that any practìcal test for LSI devices must be less

thorough than tests whjch could be performed on SSi/MSI based boards,

and must be developed on the basis of less complete, less rig'id fault

model s.

The use of simulators to develop test sets for LSI based systems

has been found to be difficult,for neasons similar to those behind

the problems of automatic test generation. LSI device comp'lexity'

and the iack of gate level information about the devices make'the

modelling of LSI devjces (and hence, of LSI-based systems) at the

gate 1eve1 virtual ly 'impossi ¡l et39l t40l t41l . Consequently, inter-

active manual development and evaluat'ion of test sets, and the con-

struction of fault dictionaries are difficult to achieve for LSI.

Whichever techn'ique of generating test sets for LSI devices and

Systems may be used, the test sets and response Sequences are in-

variably Very long, because of device complexity. This means that

for stored-pattern test'ing, ATE required a very ìarge on-f ine storage

capacìtyt4l t42l t43l t44l . Furtherrnore, test times for indi vidual

devjces and boards can become unacceptab'ly large unless the ATE is

very fast[4]. The effective test'ing of LSI in a product'ion environ-

ment therefore requires the use of ATE which is fast and has a ìarge

on-iine storage capacìty and which is, therefore, very expensive.
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Memory devices are somewhat exceptional LSI devjces in that

their complexity does not present such serious prob'lems for ATE.

Because the logic'in memory dev'ices'is arrangeä in a regular struc-

ture, it is possible, knowing that structure and l'ike1y failure modes

at the gate 1evel, to develop test algorithms which will detect the

most important faults, including pattern sensítivitjes and dynamic

faults. Chen ut ul.[45] describe a procedure for generating a RAM

test based on knourn failure nodes. There exjsts a wide range of

"standard" and ad hoc RAM test algorithms, which are varjously des-

cribed 'in the literaturetTl I46l t47l t48l t49l although, as noted by

Hayes and McÇluskey[311 the underlying models on whjch rnany of these

a'ìgorithms are based, are uncl ear. Purk'is t26l remarks that "the

success that has been achieved with efficient memory testjng is

'large'ly due to clever softtvare", lvhereas LSI devices which are much

less regularly structured do not lend themselves to bejng tested by

"cl ever software".

The suscept'ib'ii'ity of LSI devices to dynamic failures and the

consequent need to test them at their rated clock speed[50J, re-

jnforces the need (discussed above) for very fast ATE. l,Jith some

LSI dev'ices no\¡/ working at clock frequenc'ies greater than 10MHz, ATE

must Supp'ly test vectors and e'ither analyse or store responses at

speeds approaching that figure, if the devjces are to be tested in

real tjme. A'lthough the need to test in real time is not universally

accepted[32], several manufacturers are committed to the prìncjple,

and the motives of those ATE manufacturers who deny that it'is necessary

must be suspected.

The use of tri-state bus structures in LSI-based systems has
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created the need for special interface "p'irl" electronics in ATE'

Together with the ned to test systems at high speed, the use of

bi-directional busses means that the 'input/output test pins of the

ATE must be capable of chang'ing direction at high speedt1lt43lt51l.

This problem was almost unknown in SSI/MSI systems testing because 'it

was generaì1y true that the p'ins of SSI/MSI devices were un'idirect'ional .

The use of bus structured architectures has also meant that in

LSI based systems there are genera'l1y more devices connected to bus

nodes than would normal'ly be'connected to a sìng1e node of an SSI/I4SI

based system, and, furthermore, that most of those devices are capabie

of driv'ing the node. Therefore, if a stuck-at fault is detected on a

bus node, Some form of current tracing technique must be used to iso-

late the device wh'ich 'is the source of the tault[1]. Various current

tracing too'ls are available for ATEt30l t43l t521, but they invariably

require that a probe js manually moved over the board' possjbly under

the guidance of softlare running in the ATE. This is a cumbersome,

sìow, and therefore very expensive process'

1 .3.3 The effec ts of LSI on field service

It was noted earlier in th'is chapter that the process of field

seìîVjcing SSI/MSI based systems relied on the observation of the be-

haviour of indiv'idual devices and, because device behaviour was quìte

simple, presented few probìems. The problems experienced in fjeld

servjc.ing LSI based systems are not a result of device comp'lexity as

such, but arise because the perceived behaviour of LSI devices is,

in contrast to SSI/MSI devices' very complex'

To v'iew the hi ghly sequenti al nature of LSI dev'ices i n another

'light, it js evident that the behaviour or actjvity of an LSI device
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at any given time can depend on'inputs applied to the device millions

of cl ock cycl es earl'ier. For examp'le, the behav'iour of a micropro-

cessor at any time can depend on data stored in its internal regis-

ters at some arbitrary earl'ier time. This means that it is not poss-

ible to determine whether the m'icroprocessor is functioning correctly

if it is only observed over a short perìod of time. Thus the approach

used to field-serv'ice SSI/MSI based systems is generalìy not suitable

for LSI based systems

Given that faults jn an LSI based system cannot, Ín general, be

d'iagnosed thnough the observatjon of ind'ivjdual devices, it is logical

to cons'ider the observation of overalì system behavjour as an approach

to diagnosing the fault. Several archjtectural properties of LSI (in

particular, microprocessor) based systems make this approach

diffi.ult[53].

The princ'ipa'l path of commun'ication in a microprocessor system is

the data bus, which is multiplexed and, in general, has several devices

which could drive'it at various times. Consequently, it is diffjcuìt

to'interpret the data present on the data bus at a g'iven time and,

therefore, to determ'ine what the system is doing. T'laveforms present

on system busses also tend to be non-repetitive, whjch makes the obser-

vation of data with conventional test instruments (such as an oscillos-

cope) extremely diff icult[54] .

Bus structured system architecture creates the same probìems

during field servjce in isolating stuck-at and bridqing faults on

system busses as during automatìc testing. Here aga'in a current tracing

dev'ice must be used to locate the source of the fault. However, this

is a less serious problem in the field service enviroment than in the
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ATE env'ironment because field servjce is Ítself a slolv, manual pro-

cess. The time taken to perform current tracing therefore does not

s'ignificantly'increase overal'l system test time durjng field service

whereas it certajnly does during automatic testing.

The architecture of a microprocessor system is such that the

activity of the various devices in the system is very dependent upon

the behavjour of other devices in the system. ThiS, agaìn' is'in con-

trast with SSI/I4SI based systems in which it'is generally poss'ible to

determine whether a devìce js function'ing correctly or not, ìrrespec-

tive of the,behaviour of other devices in the system. The close in-

terdependence of devices in m'icroprocessor systems is a result of the

multip'le feedback paths (notably the data bus) which exist in such

systems t55l 
.

It has long been recognised that the presence of feedback loops

in SSI/MSI based systems makes the systems difficult to test[19] and

this is equally true for LSI based systems. If a system contajns feed-

back loops, a fault in one device will create errors which may propa-

gate around the loops and affect the behaviour of devjces which pro-

vide inputs to the faulty device. Thus, a short time after the fault

f i rst occurs , several dev'ices w'il I be behav'ing ì ncorrectly, vl'ith no

obvious indication of which is the fau'lty one. If the fault is to be

isolated, the dev'ice which misbehaves fjrst must be found and this

will, in general, be a tedious and time consumìng task because it re-

quires that system activ'ity be followed in detail.

The final, and perhaps most serjous, problem whjch microprocessor

based systems present during fjeld service'is that they are software

driven. To know what should be happenìng within a system and what
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each device should be doing at a particular t'ime, and to follow ac-

tiv'ity in the system, the field service technician must be able to

understand and follow the system softvrare, which is generaìly an

extremely difficult task. Onìy if the technician is very familiar

with both the hardware and software of a system'is he in a position

to deal w'ith all types of fault 'in the system. This means, 'in prac-

tice, that before attempting to debug a system the technician must

spend some time becomirng familjar with the system, which makes the

field service process even slower and more expensive.

I.4 Summary

It may be concluded from the preced'ing discussion that the jn-

troduction of LSI has serjously affected the abi'lity to test digital

devices and systems at all levels. Test techniques developed for SSI

and MSI based systems have proven to be inadequate for LSI based

systems, although jt is apparent that automatic testing methods have

proven less deficient than field service tnethods. The prob'lems pres-

ented to automatic testing have, more than anything e'lse, created a

demand for very fast, powerfuì and expensive ATE. For field serv'ic-

i ng, however, a comp'l ete'ly new approach i s cl earl y necessary.

The test and instrumentation industry has been far from static

in the past ten years and, pressed by the need to contain testìng

costs at all levels, has refined éxjstìng instruments and techniques'

and developed new ones. Some of these developments in both ATE and

field serv'ice will be discussed in Chapter II, together with those

problems whjch still exist in spite of the developments.
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CHAPTER I I

RECENT DEVE LOPMENTS AND CURREI'IT TESTING PRACTICES

2.1 The Response to LSI

A variety of technjques to deal with the problems described in

Chapter I have been developed since the introduction of l-SI. Although

the problems encountered in automatic testing and field service arise

from the same basic properties of LSI devices, because of the different

methods used and economic considerations involved in the two environ-

ments, those problems are qu'ite different and have prompted very

di fferent sol,uti ons. For th'is reason i t wi I I once agai n be conveni ent

to consider the automatic test and field service env'ironments

separatel y .

In this chapter, and throughout the remaining chapters, the mjcro-

processor and related LSI devices will be considered in part'icular.

They are the most widely used LSI devices' are among the most complex,

and certa'inly have received the most attention in the literature. Con-

sideration of the problems and methods of testing this particular fatnìly

of LSI dev'ices w'ill cover most of the problems and methods of testìng

LSI devices jn genera'l .

2.2 Developments jn Automatic Testing

2.2.I Practical develoPments

The tradjtional techn'iques for automatjc testing of SSi/MSI based

systems have, as djscussed in Chapter I,proven to be inadequate for

dealing with LSI based systems. l]owever, most of the developments ìn



22.

the practice of automatic testjng to enable LSI devices and systems

to be effective'ly tested have been refinements or adaptat'ions of

those traditional techniques.

One method which was used initialJy to test boards containing

an LSI dev'ice and sorne SSI/MSI logic was to place the LSI device

jn a socket on the board, to be removed from the board during test-

.inn[16] t17l t18l t561. Thg board would then be tested by traditional

methods, whìle the LSI device would be tested separately. Wh'ile

th.is approach effective'ly avo'ided the probletns of testjng LSI-laden

boar:ds, the need to phys'ically remove and replace the LSI device in-

creased both handling costs and test times. It therefore only served

as a stop-gap method[51]. As the use of LSI devices became more

vlidespread, it became common to find several on one board, and the

costs of p'lac'ing several devjces jn sockets, and of removjng them

during testing,made the approach unattractive. In many current

systems if all LSI devices were to be removed for testing, there

would be little left on the board to test.

By about 1977 methods of model'l'ing LSI devices for the purpose

of sjmulat'ion had been developed. As discussed ìn Chapter I, it is

practicaily impossible to model LSI devices at the gate level ' How-

ever, several authors have reported the development of "block box"

or "h'igh leve1 functional " models for individual LSI devi..,[39] t5il

or groups of devi.ur[57], which could be incorporated jnto a simulator

to generate test sets for LSl-based boards as a whole (with the LSI

devices in place). These hìgh ìevel models simujate the behaviour

of the device as seen by the rest of the circu'it at the devjce pins.

No attempt is made to accurately modeì logic ìnternal to the device,

or to develop deta'iled tests for the LSI devi."[39]which would
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typical'ly be tested separateìV, prior to jnsertion into the board t 57l

A]though simulators continue to be used in various forms,

several problems exjst. The generat'ion of device models, even at

the "black box" levej, is a slow process whjch must be performed

manually and is therefore expensive. It has been found that new

LSI devjces are released at a greater rate than simulation models can

be develope¿[34] t52]. Furthermore, the documentation suppl ied for

LSI devices is often not suffic'ient to allow accurate models to be

developed, even at the "black box" level tll t30l t321. For exampl e, it
may be necessary, sjmulating a mìcroprocessor system under fault con-

ditions, to model the behaviour of the nrjcroprocessor itself in res-

ponse to an "'i11egal " 'instruct'ion code. This behaviour is rarely

documented by device manufacturers 1, so the behaviour of the device

under these conditions must be regarded as unpred'ictable, and vari-

able from one chip to another. Thjs means that no model of the device

could be both complete and accurate.

Teradyne have very recently announced a software tool cal I ed

TMLt58l t59l *r,'ich accepts a functional descri ption of an LSI device

and comp'iles a gate level equivalent cjrcuit for the device, whjch

may be used by the LASAR simulator to simulate a complete system

containing the devjce. t,lhile this does overcome the problems of

manual generat'ion of device models, and allows for the generat'ion

rn øt eætz,eme eæample of thís Lack of documentatíon, InteL ehose
not to announce seueraL uorkíng and usefuL instructíons desígned
ínto tlp B0B5 nrLeroprocessorl 1221.
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of tests for the LSI dev'ice based on the gate level equivalent cir-

cu.it, the probìem of incomplete documentation of the functional

behaviour of dev'ices remains. There also appáars to be no guarantee

that tests developed to detect classìcal (stuck-at) faults in the

gate-'l evel equì vaì ent c'i rcu i t wi I ì detect faul ts whi ch are I i ke'ly

to physjcally occur in the devicet60l t61l t621. In other words, the

equivalent circuit may not accurately represent the physical imple-

mentation of the device.

Comparison testing - particularly in real tìme, with a fixed

reference device - has proven to be one of the most widely used tech-

niques for testing LSI devices and systems. It 'is particularly

popuìar for testing indivjdual devices (for which diagnos'is of any

observed fault 'is usually not required) by device manufacturers, and

at 'incoming ì nspect'ion by board manufacturers [29] t38l t44l 
'

Compari son testi ng, of course, i s not wi thout i ts prob'l ems. The

use of a fixed rêference device limits the flexìbi'lity of ATE[4],

while difficulties exist in comparing the response of two devices to

undefined instruction codest3Bl. The main problem with comparison

testing, however, iS, as discussed in Chapter I, the generation of

the st'imulus test set. The sìmplest means of stimulating the un'it

under test (UUT) and the reference dev'ice, is by applying a pseudo-

random data sequence to their inputs, which can be done in real tìme

and requires no storage of stimulus data. l-lowever, it is difficult

to assess the effectiveness of pseudo-random test sets in testing LSI

d.ui..r[61] and McLeodt63l reports that the method is not particularly

successful because it is d'ifficult to propagate pseudo-random data

through members of the current generatÍon of programmable LSI devices.

Manual generation of stored test sets is an alternative, but an
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expensive one t44l

Algorìthnljc pattern generat'ion (A.P.G.) is another real time

test vector generation meths6l29ll42l[64], in wh'ich the test set is

a sequence of mjcroprocessor instructions generated on-line by a

microprogrammed Sequencer, rather than a pseudo-random data sequence.

It is usual'ly used in coniunction with a technique known as "module

senorialisation" which allows suÍtable test instruct'ion sequences

to be derived from the architecture of the device. The maior ad-

vantage of A.P.G. is that, like pseudo-random testing, it removes the

need to store large quantitjes of stimulus data and is, therefore,

rel atively i nexpensi ve.

Bissett65l and Bluestone[12] describe two similar methods of

'implementing comparison testing Ín which the device under test

operates in jts "natural env'ironment" - a system of the type in whìch

it js typicaì1y used. Thus the stimulus 'is provided from vlithjn the

system, so the test set for the dev'ice js, in effect, ç¡enerated by

programming the systern to perform typ'ical operations.

In-cjrcuit testing has become increasìng1y popular as a means of

testing LSI-based boardst66lt67lt68l because it allows the very com-

plex LSI devices on the boards to be tested essentjally ìn isolation t6el

The problem here, as in the testing of isolated devjces, js the gene-

ration of sujtable test sets for the devices. Therefore, While in-

c'ircuit testjng reduces the problems of testing LSI based boards' it

does not solve them.

There is a wide range of commercial ATE currently available and

in development, which use a variety of the methods described above'
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and some others l44ll52l t66l t67l t70l Í7lll72l . These systems vary in

their intended app'lication, speed, software support, test effective-

ness and, of course, price. blhjle the literature contains frequent

announcements of new ATE, vlith new capabilìties, the full details of

the test methods used by new equipment are very rarely divulged - a

consequence of the intense compet'itjon between ATE manufacturers. It

appears that the current generat'ion of ATE is coping satisfactorily

wìth most LSI devices, but concern is be'ing expressed about the

ability of ATE to deal with the upcoming range of very ìarge scale

integration (vLSI) devi..r[32] t731. In any case, it is clear that

no singl e test method is 'in itsejf a compl ete solut'ion and, notwjth-

standing the ability of the different methods to variously deal with

LSI at present, probìems still do exist.

Faced with these problems, ATE manufacturers (and others) have

begun to demand that device manufacturers not only provide more com-

p]ete docunlentation for thejr products, but also design them so that

they can be more easìly testedl 32]l73lt74l t75l . Some authors have

gone as far as to suggest that the growth in the use of LSI and VLSI

will be limited by problems of testabi'lity unless devices are designed

with testability in mindl9]t101. A number of system manufacturers

have recent'ly provided testab'ility features ín devjces being built

into their systems, the best known example being IBM's use of Level

Sensitive Scan Des'ign (LSSD) in ch'ip desig¡t101 t74l t76l177l. There

has been some preliminary independent research into other methods of

enhancing devìce testability by'inrprov'ing controllabjlity and observ-

abil ity of internal 1ogict78l . However, Lymant32lpo'ints out that untjl

the concept of on-chip testab'i1ity a'ids is accepted by'independent

device nlanufacturers, 'it is unlikely to have a s'ign'ificant impact on

the general testinq scene.



27.

2.2.2 Theoretical developments

It is significant that the test techniques being used in prac-

tice, and outlined above, have little basis'in theory and involve

little analytic or automatic test pattern generation. In fact,

there has been very ìittle theoretical work published whjch is at

all directly relevant to testing LSI in practice. Much of the on-

going theoretjcal research on testing digìtal systems is still con-

cerned with purely combì.national networks, wjth a little work on

sequential networks at the gate level. Bennetts[37] remarks upon

the lack of work on sequential systems at a practical level and

identifies pome of the areas in which research is needed to meet

the problems of testing LSi.

One of the few developments in the area of ana'lytìc test gen-

eration, at other than the gate level, is presented by Breuer and

Friedmant33l. They describe a method, analogous to the D-Algorithm,

of generating tests for "high Ievel functìonal primitives" - that is,

regíster level components such as counters and sh'ift-regìsters. It
is clearly not directly appficable to LSI devices, but does address

test generation at a higher level than earlier analyt'ic methods and

is a step in the right directjon.

Thatte and Abrahur[36]describe a method of generatìng test in-

struction sequences for microprocessors, based on a reg'ister-transfer

level (RTL) model of the mjcroprocessor which can be derived from its
instruction set description. The nrethod is not fu'lly analytic, in

the sense that the algorithms presented jnvolve many heurist'ic

decisjons. Nevertheless it, too, is a step in the right direction

from the use of pseudo-random test sets, or purely heuristic test

instruction sequences.
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Apart from these two methods there have been few developments

which are immediateìy relevant to the practice of testing LSI. In
the absence of any sound and genera'l1y applicable theoretical basis

for generating tests for LSI devices, the use of ad hoc and emp'irical

test methods jn ATE will continue. However, there is no guarantee

that such methods will be adequate for testing devices in the future,

and research on the topìcs discussed by Bennetts[37] is clearly

neces sary

2.3 Devel opments i n F'iel d Servi ce

The development of field servjce techniques to deal wjth LSI

based systems has been somewhat more revolut'ionary than the develop-

ment of automatic testing, with several entjrely new instruments and

techniques hav'i ng been devel oped. The more si gni fi cant fj el d servi ce

methods wh'ich have been developed since the introduction of LSI will

be outl jned 'in the fol I owi ng paragraphs.

2 .3.1 Board swaprli nq

Qne of the first solutjons to the problems of servicing LSI-

based systems in the fjeld to be adopted was the greater use of

board swapping. Thìs, in effect, allowed the LSI test prob'lem to be

removed fronl thefield into a service centre where it could be dealt

with by ATE, or, at least, by a technician who was familiar with the

fauì ty board.

hlh'ile board swappìng was a satisfactory method of maintaining a

small range of LSI-based products, the jncreasing use of micropro-

cessors in a variety of products meant that many manufacturers found
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that the stock of spare boards required in the field to majntain their

products became uneconomi cal ly I arge t1l t5l t21l Í52)1791 . Other prob-

lems experiences v¡ith board swapp'ing programs r¡/ere that the turn-

around times for boards returned to be repaired were often very

'long, which further jncreased the necessary size of the spare board

stocks wh'ich were held in the field, and that a large number of

boards which Were returned for repaìr showed no fault when tested

at the central repa'ir site[l]t521t791. The latter problem was con-

sidered to be partly due to marg'ina'l 'interface characteristics

between boards in the faulty system, and part'ly due to the unnecessary

replacenrent, of good boards jn the system by field service technicians,

in an effort to effect a qu'ick repa'ir.

In some applìcations, part'icularly in the case of manufacturers

who only produce a smal I range of LSI based products, and have a

small field service staff, board swapping ìs still an attractive

solutjon. In general, however, 'it is not a satisfactory solution

and many manufacturers have been forced to find alternative methods.

2,3.2 I'iew test instruments

The first instrument which was developed specifically for the

d'iagnosi s of LSI based systems was the l ogi c state ana'lyser, i ntro-

duced by Hevrl ett-packard in the early 1.g70'st80l . Early logic

analysers could record and display up to sjxteen words of sixteen

bit data, sampled on a clock signa'l whìch was derjved from the system

under test, and had the facility to commence recording the data after

the occurrence of a selectable data patÙern, or "trigger wOrd". in

a microprocessor system, the execution sequence of the mìcroprocessor

could be disp'layed if the sixteen data lìnes were connected to the

data or address lines, and the clock s'ignal were derived from a



30.

suitable microprocessor status or strobe line. Th'is solved the prob-

lems of observing and 'interpreting nonrepetitive bus waveforms.

The current range of 'logic analyse.r[66] I80l t81l t82l have the

ability to record up to 1000 words of data up to 64 bits wide, and to

d'isplay the data in binary, octal or hexadecimal notation. Qther

models can record data asynchronously at clock speeds up to 400MHz'

and produce a timing display of up to 16 data channels. Another

group of logjc analysers have "persona'l'ity modules" for a range of

different m'icroprocessors which allow the ana'lyser to be connected

directly to,the microprocessor through a forty pin test c'l'ip so that

the instruction execution sequence can be traced. The modules often

enabl e the 'instruction sequence to be d'isp'layed in disassembl ed (tfrat

i s, mnemoni c) form.

Logic analysers are, wjthout doubt, the most powerful and versa-

tjle instrunlents avajlable for diagnos'ing LSI based systems, but there

are a number of disadvantages involved jn their use for field ser-

vice[79] tB0l . The most serious of these is that the cl'iagnos'is of

fauìts usinq'logìc analysers'is necessarily a very slow process. This

is because, 'in the f irst instance, un'less a personaf ity probe is

available for the microprocessor be'ing testedn the connection of the

multjtude of data and clock probes to the system under test iS a Very

slow process, as is changing the probes in the course of diagnosis.

Secondly, and more si gn'if ì cantly, the interpretation and ana'lys'is of

the data clisplayed ìs a slow, deta'i1ed process for which a thorough

knowledge o'f the system and how it should behave is requi..¿[53]tB3l.
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These characteristics of the use of logic anaìysers have two

consequences in practice. The fjrst is that, because tracing system

activity 'instructjon by instruction is such a slow process, field

service using logíc analysers 'is very expensive. The second js that'

because the techn'ician must be very fam'iliar w'ith the system under

test, he must spend a lot of tjme becoming fam'iliar wjth both hard'

ware and software before testing the system. If he js requÍred to

servjce several different systems, a lot of time will be spent pureìy

on familiarisation, effective'ly ìncreasing the repair time for each

system, which makes the field service process even nlore expensiVe.

Logic ana'lysers, therefore, are not an attract'ive solution to the

problems of field service and are not widely used in that appì'icat'ion

except to deal w'ith particularly difficult problems. The main area

of app'lication for ìog'ic analysers is the development of LSI based

systems , for whi ch they are i nval uabl e.

It is appropriate to consider sjng]e-steppìng as a means of

debugg'ing m'i croprocessor systems i n th'i s secti on because , al though i t

is a new technique rather than a field service instrument, it is one

whjch has much in common w'ith the use of iog'ic ana'lysers. The'imple-

mentation of si ngl e stepp'ing requ'ires that simpì e hardware be i ncl uded

in the m'icroprocessor system so that the system can be switched'into

a mode in which execut'ion by the microprocessor proceeds step-by-step

(usualìy one instruction or clock cyc'le at a tjme) . In this sing'le-

step mode, logic levels on the address, data and control busses are

held constant at each step and a log'ic probe may be used to observe

them. It is a very simp'le, yet often very effective means of enhan-

cing the testabil'ity of a m'icroprocessor system.
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Like logic analys'is, s'ingì e-stepping allows executjon by the

mìcroprocessor to be traced step-by-step, but the hardware provided

usually does not include triggering facilitjes to allow execution to

be traced through only specific sections of a program. Moye¡[B4l

describes an unusually elaborate s'ing1e step unit wh'ich does prov'ide

such facj I j ti es. S'i ngl e-steppi ng al so shares the characteri sti cs of

ìogic analysjs that it is a very slow process and requires famil'iarity

urith system hardware and software. It has the addjtional disadvantage

that it obvious'ly does not test the system at full speed. Nevertheless

it can be as effective as the use of a log'ic anaìyserin detecting

"hard" faults (stuck-at nodes, open circuits, bridging faults etc.)

w'ithout requiring expensive test hardware.

Another techn'ique related to the use of ìogic analysers which was

developed specifically as an aid for the development and diagnosis of

microprocessor systems is in circuit emulatjon (ICE). An jn circu'it

emulatoris a piece of hardware which emulates the behaviour of a

part'icul ar mi croprocessor, usual ly under the control of software runn'ing

in a microprocessor development system. The emulator js connected to

the system under test through a plug inserted into the microprocessor

socket (in place of the m'icroprocessor) and appears, to the system, to

be a functional mjcroprocessor. The emulator hardware usually provides

the facilities to trace and record "procesSor" activity ìn real time,

to start recording after certain trigger data occurs, and to cause a

break'in the execution sequence on the occut"rence of "breakpo'int" data.

These facìlit'ies can be controlled through commands issued from the

console terminal of the development system, and trace data can be dis-

played on the console terminal. Other faciljties often provided jn-

clude the ability to access development system memory as'if it were

memory contained jn the target system, and the ab'ifity to perform
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emulation at the end of a software development process (assembly or

compilation) and use symbolic address and varjable names, as defined

jn the program.

In circujt emulators are generally more flexible arrd powerful

in debuggìng m'icroprocessor systems thatr log'ic analysers, because

they share the power and resources of the development system. How-

ever, they exh'it¡it the dì.sadvantage that the system under test is

usual ly on'ly accessed through the m'icroprocessor socket, wh'ich means

that essentialìy on'ly the system busses are djrectly vìsible. Act'ivity

in'logic which is not connected djrect'ly to the busses cannot eas'ily

be monitored, aS it can with a ìogìc analyser. Because they are used

with expensive development systems, in circuit emulators are also

more expensjve than logic analysers. Furthernlore, they share the

djsadvantages of ìog'ic analysers that they are slow to use and requ'ire

a thorough knowledge of the system under t.rt[79]. For these reasons'

in circuit emulators as iust described are rarely used in field ser-

v'ice app'l i cati ons .

In recent yearS, however, several portable jn circuit emulators

have been developed for use as field serv'ice instrumentstB5l I86l.

These i nstruments prov'i de si mi I ar faci I i ti es to the devel opment sys-

tem based emulators, but with commands issued and data observed

through sw'itches and displays on the front paneì of the 'instrument

jtself. They are generaìly ìess flexible than the original emulators

because they'lack the resources of a full development system, but

they are correspond'ingly less expens'ive. Once again, they share the

disadvantages of other jnstrunrents in this class that they are slow to

use, requ'ire detailed knowledqe of the systenl under test and therefore,

are expensive to use.
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A more recent group of field service instruments combine ICE

wjth the fac'il'ity to download test routines for the system under test

from a remote computer through a modem and inUlilt serial data inter-

face, which enables the system to be tested almost automatical'ly.

These instruments will be discussed in a little more detail later in

thi s chapter.

2.3 .3 Sel f-testi nq

A technique whjch has, in recent years, become very popular as

a means of enhanc'ing the testab'if ity of nìcroprocessor Systems iS

self-testing, This has been encouraged to some extent by continuaì'ìy

decreasing memory prices which have meant that 'it 'is possibl e to in-

clude a ROM contain'ing a self-test program in a system, without sig-

nificantly increasing'its cost.

Sel f-test programs 'in typi cal mi croprocessor based equ'ipment are

executed when power is first applied to the equipment, or when init-

iated by an op.ruto.l87]. In the execution of a typica'l self-test

routjne the microprocessor would calculate a checksum on the contents

of all ROM in the system, perform a simple read/write test on system

RAM to detect any obvious fau'lts, perform simple tests on input/output

(I/0) devices such as switches and d'isplays,and, poss'ibly' perform

some form of test on the cPu 'itself t31l t35l t88l t89l t90l . If any

errors were cletected while performing any of these tests, some indica-

tion would be given to the operator that the system contained a fault.

The complexitjes and thoroughness of tests performed during self-test

rout'ines vary, there being a tradeoff in the sense that better fault

coverage can only be ach'ieved at the expense of more ROM to hold'longer

test rout'in.rl89l. In systems which are .provided with extensive self-

test rout'ines, some'indicatjon of the nature of any fault which may
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be detected js usually given to the operator. An even more extens'ive

system of self-test and self-d'iagnostic routines for a microprocessor

system is described by Srini t911.

The popu'larity of sel f-test routines in m'icroprocessor systems

is'largely due to the ease w'ith which self-test programs can be

written which, in turn, is a consequence of the inherent nodularity

of microprocessor systems. The fact that the major system components -

ROM, RAM and I/0 - can be addressed and tested almost 'independently

because of the modular architecture of microprocessor systems, means

that test routines can be written independently to test each module

as thoroughly as is convenient. In fact, this modularity means that

self-test programs are usual'ly designed to test one module at a time

and are therefore, to a large extent, self-diagnost'ic.

There are three signifjcant limjtations on the usefulness of

self-testing as an aid to fjeld service. The first of these is that

self-test routìnes commonly only g'ive a "golno go" indication after

the system js tested. Even the more extensive self-test routines

only d'iagnose faults dourn to the module level and cannot ìdentify

whìch component is faulty, vrh'ich is what is ultimately required.

Indeed, it'is d'ifficult to test, in a self-test routine, any devices

which are not directly connected to the system busses' so complete

fault resolutjon could not be expected from any self-test routine

al one.

The second l'imitation is that certain faults in the system can

prevent execution of the self-test program. Each m'icroprocessor

system possesses a "kernel" - that secti0n of the hardware whjch must
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be fault-free for the system to execute progralns stored in RQM.

a fault develops in the kernel the self-test program will not be

executed and will be of no use at all t91l Í92) 
.

If

Finally, when a system perforns a test upon itself there exists

a possibility that a fault'in the system wìl'l go undetected because

of a second fault in the system vlhich prevents'the self-test routìne

from work'ing correctìy. gi I ton [35] and Bal l or¿ [93] di scuss th'is

phenomenon of "fault masking" in self-test'ing systems and suggest

an approach to r,rriting self-test routines in such a way that it ìs

least likely to occur.

Despite these limitations, whjch lead to the obv'ious conclusjon

that self-test'ing is not a complete solution to the probìems of field

serviqe, self-testing is a useful technique, particularly for not'ify-

ing an operator that the equ'ipment he is about to use is faulty. It

is because self-test'ing provides this "fail-safe" feature that it is

so widely used in microprocessor based equipment.

2 .3.4 S'i qnature anal ysi s

In 1977 Hewlett-Packard announced the development of signature

analysis, the first really new approach to fjeld servicing micropro-

cessor based equipmentt54lt94lt95l. It was developed as an alterna-

tive field Servjce method to board srvappìng wh'ich had prom'ised to

become an extreme'ly expens'ive process for Hewlett-Packard' a manu-

facturer of a large range of mjcroprocessor-based equ'ipment.

Signature analysjs (SA) was a compìetely new approach to the

d'iagnos'is of faul ts i n di gi tal systems whi ch, i t was cl aimed, woul d

overcome most of the l'imitatjons of the methocls previousìy used (and
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di scussed above) .

2.3.4.I The pr inciples of siqnature analYsis

SA js based on the technique of data compression by a linear

feedback shi ft regì ster t54l t94l tg0l . Data sequences j n the system

under test are sanpled and compressed by the feedback sh'ift neg'ister

to form a sixteen bit "s'ignature" which characterises the data

sequence. The data is sampled from the system synchronously with a

clock signal which js derived from the system' over an'interval

defined by "START" and "STQP" pulses, also derjved from the system

under test (Figure 2.1). The sampling and compression of the data

are performed by an instrument known as a signature analysert94l.

Thus, instead of a data sequence being identifìed by a t'iming trace

on an oscilìoscope or logìc analyser, jt is identified by a four hexa-

deci mal d'ig'i t s'i gnature. Becau se of the f eedback, the si gnature

depends on the ìength of the sampled data sequence and on the value

of each bit in the sequence. If two data sequences produce different

s'ignatures the sequences must be different.

t^lith a sixteen bit shift regìster there are only 65536 different

s'ignatures. However, there is an'infinjte number of possible data

sequences which may be observed at a given node, only one of which

will be "correct" - that is, the data sequence which would appear at

that node in a fault-free systern. Therefore, there exìsts a possi-

b'il'ity that an incorrect data sequence at a node would produce the

same signature as the correct sequence ancl would be ìnterpreted as

beìng correct, if it were observed by the signature analyser.

Frohwerk[96] has shown that the probabifity of such an error is less

than 2-16 o. .002% and that'if a data sequence dìffers from the

correct one by exactl y one bi t, 'i t wi l l produce an 'i ncorrect s ì gnature .
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(a) Feedback Shi ft i ster.
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(b) Exampl e Data Sequence.

Fiqure 2.1. Operation of the Signature Analyser

Data is clocked into the feedback shift reg'ister between the spec'ified edges
of the START and STOP pulses (tnat is, while the "gate" is open).
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SA is used to test a component in a system in the foìlowing

manner. Sjgnatures at the inputs and outputs of the component are

observed while the component is being exercised or stimulated within

the system. If the device produces correct output signatures in res-

ponse to the correct'input stimulus (that is, if alì input and output

signatures are correct) then it is assumed to be fault-free. If,

however, its input s'ignatures are all correct but one or more output

signatures are not, it'is assumed to be faulty.

To enable components to be tested in this Way there are two re-

qujrements. ,The first is that the component must be stjmulated within

the system to repet'itiveìy perform some meaningfu'l operation which

will indjcate whether or not the device is functioning correctly.

Appropriate START, ST0P and CLOCK signaìs must be prov'ided to enable

the input and output data to be sampled synchronously. The operat'ion

must be performed repet'itively so that signatures may be taken in

turn for each of the input and output data streams, over the one

sampìe interval delìmited by the START and STOP pulsesÍ971.

The second requirement is that all feedback to the ìnputs of the

device under test (DUT),from its own outputs and from other untested

logic in the system, must be removed. Otherwise if the DUT were

faulty, orif a faujt existed elsewhere in the system, the feedback

may resuìt in an incorrect input data sequence to the device, which

would produce incorrect input ancl output s'ignatures. Such a result

is inconclusive.

Because of these two requ'irenlents SA 'is usually appl ied to test

microprocessor systems as a two stage proceduret53l. The micropro-

cessor (CeU1 ìtself is the first device to be tested as it is the
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central control'ling element in the system and will subsequently be

used to stjmulate other devices in the system. However, it receives

feedback (primarily on the data bus) from other devices in the

system. In particular,'if the RQM contain'ing the program code were

faulty, it would supp'ly the CPU wjth 'incorrect instruction codes'

which would cause the CPU to perform incorrect operations and would

result jn an inconclusive test of the CPU. l'lhile the CPU'is tested

the data bus must therefore be disconnected from the rest of the

system. The usual way of achieving th'is, whjle stjll stimulating

the CPU so that it can be tested,'is to permanently force the "no

operation" (NQP) opcode onto the CPU data bus. This is suffic'ient

stimulus for it to continually attempt to fetch an instruction (tfre

NOP) and increment the address placed on the address bus. Other in-

puts to the CPU - typ'icaì1y bus request, interrupt and "wait" Ijnes -

must also be disconnected from other components jn the system and

tied to inacti ve I evel s.

While the CPU is continually executing llOP instructions ("free-

running") it should produce the coyect status and strobe line out-

puts to read clata from memory, whìle the address bus contents are

repet'itiveìy incremented through the range from 0 to 216-1 (assuming

a sixteen bit address bus). Signatures can be taken of the data

sequences which appear on the address and control busses and'if these

are all correct the CPU is assumed to be functjonal. During this

"free-run" Stage it is a'lso possible to check the contents of the

RgMs 'in the system. Ì,lhi I e free-runni ng, the CPU produces the correct

status and addresses to read the R0t'1s, which therefore place data on

their data bus outputs even though the CPU does not actually see the

data read from the R0l'1s. If signatures are taken at the "ROM side"

of the data bus, the contents of each RQM location are sanrpled and
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can be veri fi ed.

After the free-run stage it will have been verifjed that the CPU

can fetch instructions and that the R0l4's can supply the correct data

when properly addressecl. The data bus is then reconnected and the

CPU is forced to execute a program which is stored in R014. This pro-

gram is designed to stimulate the remain'ing cornponents in the system

so that the s'ignature analyser can be used to verify their behaviour.

The tests (which must be perfornted repet'itively) would typ'ical'ly'in-

clude a simp'le RAl4 test, a "Wal king bit" test on paral1el ports and

other sundry tests designed to exercise random log'ic in the system.

This two stage applìcation of signature analysis is described in

more detail in the introductory f iterature on SAts4l t94l t951. It is

what might be called the "standard approach" to the appl'ication of SA

to microprocessor systems, being universally advocated as the procedure

to fol I ow for al I such systems.

A number of advantages are clajmed for SA over other field ser-

v.ice methodr[54]t941t951. The free-run stage of the standard pro-

cedure allows the systern kernel (CPU, R0[1, busses and address decoding

logic) to be quickly and conveniently tested before the "software

driven" second stage is started. Therefore it can be reasonably ex-

pected that if no errors are found during the fjrst stage the test

program for the second stage wi'11 be executed correct'ly. This over-

comes one of the more serious problems of seìf-test'ing. SA offers the

additional advantage over'self-testìng of being more thorough because

each devìce in the system can be tested expl ic'it'ly and directly.
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SA can,in general, be applied to test a system much more quìckly

than logic analysis. The signature an'layser only has four leads

which must be cotinected to the systent under iest, So the setup time

is rnuch shorter than for a ìogic analyser. The signatures do not re-

quire any ínterpretation - they are either right or wrong - so dìag-

nosis of the systems need not take a long time, nor does it require

deta'iled knowledge of system operation. If the set of signatures

expected in a fault-free system is docunented in enough detail a

technician vrith vjrtual'ly no knowledge of the system can test it'

tak'ing signatures as instructed by the documentat'ion and replac'ing

the device specjfied by the documentation when an incorrect signature

is found. To summarise, SA held the promise to be a thorough, fast

(and therefore inexpens'ive) field serv'ice method which could be

applied to any system designed to accommodate jt, and for wh'ich only

a single ìnexpensive test instrument was requìred (tfre HpSOO A sig.

nature analyser costs around one thousand dollars).

The price which must be pa'id for the benefits offered by SA is

that eaclr system must be designed'in the first jnstance to be tested

by the methodlgsl. Provision nrust be made, in the form of iumpers

or t¡uffers, to open-circuit the data bus and otherinputs to the CPU'

and to force the NQP instruction code onto the CPU data bus during

free-runninntl0l t79l t98l. The test stimulus routine for the software-

driven stage of SA must be t^,r'itten and a ROM to hold the test routine

must be designed into the system. Connectors must also be provided

to allow the signature analyser control lines to be connected to

suitable START, STOP and CL0CK signals (which may need to be generated

explic'itly with otherurise unnecessary'log'ic). Finally, and very im-

portantly, the signatures for a fault-free systern must be documented

in a form whjch allows fast fault'isolation by a relatively unskilled
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techni ci an

While a substantial effort must be put into designinc a system

to accommodate s'ignature analysis, Hewlett-Packard estimate that the

increment in desjgn t'ime and hardware costs involved is only about

one per cent[54][99] and this is more than offset by savings in field

service costs. It is possible to des'ign SA'into an exjsting rnicro-

processor system ( "retrofitting"¡ , 
[54J t100] and stefanski [101] des-

cribes how thìs can be done for systems based on one of several

different m'icroprocessors. However, jt js to be expected that retro-

fitting wiì'1, requ'ire some modjfjcation to exjstìng system hardvrare

and, in general, wjll be more difficult than incorporating SA into a

new design.

Since 1977 SA has been slowly ga'ining acceptance as a field

service technique[99] t1021 t1031. Hewlett Packard was, of course, the

first company to use the method'in a range of productst53ll54lt92lt104l

but recent r.po.ts[10] indicate that over 300 companies now use the

method for field service. It has also been adopted for use in ATE'

emp'loyìng essentia'l1y the same approach for testing m'icroprocessor

systems as ìn f ield serv'ice[50] t1051 t1061 but with the addit'ional

facilities of automatic test generation and control line switch'ing.

Its data compress'ion properties have also been used to aid in-circuit

testìng of LSI devi..r[69].

t

SA'is widely consìdered to be the best field service method

currently ava'ilable. Hut.h.ron[70] states that is is "the most promis-

ing of all tfield service methodsl" whiìe Stephentg8l considers it to

be "the only reasonable alternatiVe". Ni.holron[79] , rev'iewing several

field service methods, states that "SA seems to offer most promjse"'
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Support for the technjque has not been unqua'lified, however.

Riezenmantl0Tl notes that it is the most popular technique, but

solves only five to ten per cent of prob'lems and goAttl08l expresses

reservatjons that it "doesn't give 100?á ansfvers". A Iimited range of

unsupported figures on the fault coverage of SA ìn pract'ice have been

vari ousl y publ 'i shed, but no cons i stent trend 'i s , evi dent.

2.3.4 .2 Deveì opme nts of siqnature anaìysis

Since the introduction of s'ignature ana'lysis and the HP5004A

signature analyser, several field service instruments have been devel-

oped which ei.ther offer improvements on the basic technique, or ernp'loy

it in a sìight'ty different manner than originally intendedtSOl t82l t1091

¡ne of the earliest and most significant developments was the

l''li t I eni urn Mi crosystem Anaì yzer (uSA) tgBl . As wel I as performi ng the

functjon of a basic sjgnature analyser, this instrument'incorporates

in circuit emulation facil'ities sim'ilar to those described 'in Section

2.3.2, which allow the signature analysis free-run and softv¡are-driven

stages to be run under the control of the pSA. Current'ly, in-circu'it

emulation of the Zj'log 280, Intel 8080 and 8085, and Motorola 6800

microprocessors is supported. The pSA has comp'lete control over the

CPU and can'intercept and redjrect data appearing at the CPU's data

bus pins. Thus the CPU can be free-run lvithout any hardware in the

system under test bejng changed, and a test routine for the software

drjven stage can be executed by the CPU out of a R0l''l which plugs ìnto

the pSA. The pSA therefore largely removes the requ'irement for extra

hardware to be'included'in the system under test forit to be tested by

SA. In particular, th'is makes retrofittìng SA to an existing system

much easier than when using only the HP50044.
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The uSA has an RS232C compatible serjal port through which system

test routines may be doulnloaded via a modem from a remote computer.

This facif ity, coupì ed with an automatic test generat'ion softvrare

package called "Fastprobe"[110] allows for semi-automatic test'ing, with

guided probe diagnosis, in the field, The uSA also has the facilities

to measure frequency, tìme intervals and other circu'it parameters. It

costs about five times as much as the HP5004At79l.

Several other instruments are available wh'ich comlrine the function

of a signature ana'lyser with other capabilities. The Tektronix 308

logic analyser,, for example, can take signatures jn the Same manner as

the HP5004A and d'isplay them on'its CRT display, as well as perform

functions norma'lly expected of a logic analyser. Sp..to.[83] describes

the Paratronics 532 logic analyser, which empìoys a paral:1e1 data com-

pressi on technì que, s imi l ari n pri nci pì e to si gnature anal ys'i s , to gen-

erate a characteristic sìgnature for its stored data. This sìgnature

may be compared to that of a set of prestored data (usualìy response

data of a fault-free system), which enables a techn'ician to very quickly

see whether the data recorded from the system under test is as it should

be. The value of data compress'ion in this app'lication, as in "trad'itional "

signature analysis ìs that differences between two large sets of data can

be very eas'iìy detected. The 532 also includes a non-volatile memory,

in which response data for a known-good system and test setups can be

stored for reference while servic'ing a system in the field. Ljke the

USA, jt has a serial port through which test data can be dou¿nloaded from

a remote computer. In his discuss'ion of the features of the 532, Spector

concedes that the flexibifity offered by the'logic analyser is obtained

at the expense of the ease of use of the singìe channel signature

anaì yser .
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In mid-1980 Solartron announced an instrument which they called

the "Locator" which can be used to, in effect, perform signature analysis

on systems with the.ir feedback ìoops intacttT9l tI07'l . It emp'loys a

technjque known as "Trace Analys'is", in whjch all bits of a data sequence

(up to 32,000 b'its ìong) are sampled and stored internally, and signa-

tures can be disp'layed for selected sections of the stored data. If

the signature for a data sequence is jncorrect (because the data sequence

contai ns errors) ttre operator can, by exami n'ing s i gnatures for sel ected

sub-sections of the data sequence, deterrnine where in the sequence an

error fjrst occurs. Data sequences are samp'led at varjous nodes around

the system until the device is found vrh'ich has an error at its outputs

earliest in the sequence. This device'is considered to be the source of

the error and therefore,faultY.

Because the Locator can isolate faulty devices in a s-vstem with

feedback loops intact, many of the design overheads required to'impìe-

ment traclitional sìgnature analysis are no longer necessary. Further-

more, the Locator, like the ySA can stirnulate the system under test by

in circujt emulation, which removes the need to design a ROM containìng

test routjnes into the system. It is a very new'instrument which has

not yet had time to penetrate the field service market, and acceptance

of the technique to data is hard to assess.

At about the same time as the Solartron Locator was released,

Hewlett Packard announced the deveìopment of the HP5001A mìcroprocessor

exercjr..[111]t1121, which stimulates a microprocessor system for test-

ing by signature analys'is in a similar nlattner to the l4illenium uSA.

The 50014 operates simjlarly to an'in circuit emulator. It plugs ínto

the m1croprocessor socket of the system under test, while the micropro-

cessor is inserted jnto a socket on the 50014. In response to codes
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entered on a small keyboard the device can cause the microprocessor to

free-run (without any changes to the hardware of the system under test),

or execute one of several sìmple stored test routines for RAM, ROM, I/0

or the CPU jtself. It also includes a feature whereby data appearing

on the eight data bus lines may, in some tests, be serialised to pro-

duce a single signature, instead of the eight signatures otherwise re-

quired to characterise data on the data bus. As in the case of the uSA,

the inbuilt free-run hardware and the stored test routines of the 50014

mean that retrofitting of SA to a system is novr much simpler, and

that design overheads 'in a new system are considerably reduced.

Currently on'ly, a lrlotorola 6800 version of the 5001A js available.

Fìnally, in late 1980 Hewlett Packard announced the HP5005A

signature multimetertl13l. It offers improved performance over the

HP5004A sÍgnature analyser and jncorporates voltmeter and counting

functions. It does not represent any development of the basic SA tech-

nique and is only interestìng from the point of view that Hewlett Packard

appear to be supportìng the trend towards mult'i-functjon field servìce

instruments such as the uSA, Tektronix 308 and the Solartron Locator.

2.3.5 Portabl e ATE

The development of instruments such as the l''lillenium pSA and

Paratronics 532 reflects a trend towards more automat'ic test'ing'in the

field. Several manufacturers of'large ATE also produce smaller, less

expensive "portable" ATE for use in the fieldtl3l t21l t1091. These

testers use a variety of the ATE techniques djscussed earlier to test

both boards and indjvidual devices, but differ from larger ATE primariiy

in respect of having lìttle or no test sequence development facilities.

Typica1ly, test sequences are initially generated on compat'ible large

ATE and then stored jn some form in the portable ATE for later use in
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the field. The performance of portable ATE, in terms of both test

speed and the ability to perforrn on-ljne diagnosis is, of counse'

poorer than large ATE. The ab'i'lity to download test sequences through

a serjal port is a common feature of thjs type of jnstrument.

Equ.ipment of this type is still relatively expensive, with

typical prices ranging up to thirty thousand dollars. In generaì ìt

is too expens'ive to be used by individual technicians in one-off fjeld

service tasks, so portable ATE.is typ'icai'ly used'in local field service

depots¡661, possibly to provide a more local test and repair s'ite for

boards rep'laced under board swapp'ing programs.

2.4 Concl usi on s

The various instruments and technìques which have been discussed

ìn thjs chapter, developed by the test industry to meet the chalìenge

of testing LSI components and systems, have proven to be sat'isfactory

ìn many app'l'ications. In the field of automatic testing in particular,

many of the technìques which had been used to test SSi/MSI based sys-

tems have been successfully adapted to test LSI. However, it is clear

that there is a need for ongoìng development in all fields of testìng

so that the more compìex LSI and approachinçr VLSI devices and systems

may be ef fecti vel y tested. Ex'ist'ing methods wi l l not cope i ndef i ni tely

as device complexity continues to increase.

Steady 'increases jn dev'ice integration levels w'iì.l, in the fore-

seeable future, give rise to a constant demand for neW, faster, and

more powerfuì ATE. The ATE market is a ve.r.y competìtive one, in which
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there js currently a great deaì of activity. The commercial nlanufac-

turers are clearly heavily involved in research and development on

improving ATE techni.ques but (presumably because the field is so com-

petitive) very little of this work is publjshed. For this reason, and

because of the strong market pressures which motìvate ATE manufacturers'

it is doubtful whether any research outside of the narket could be of

any.immedjate or practical s'ignifjcance. The areas of research iden-

tified by Bennetxrt3Tl would appear to be the most suitable for inde-

pendent i nvesti gati on .

The problems of field service seem to be somewhat more immediate.

signature analysjs and its derivatives appear to have overcolne many of

the probìems of earlier field service methods. As discussed earlier in

this chapter, SA'is widely considered to be the rnost promisìng field

servìce technique but support for it 'is by no r¡eans unjversal . I^lhil e

there have been many cla'ims about the advantages of SA and the'insig.

njficance of the extra design effort requìred to imp'lement it, there has

been very I jttle pub'lished in the uray of documented 'impl ementations

wh.ich might support these claims or the claims of the critics of SA.

¡¡jthout a fully documented assessment of SA in practice,jt is'impossjble

to identify its strengths and weaknesses or to undertake any further dev-

elopment of the technique. Indeed, because SA is widely accepted as

the best field service method, wjthout such an assessment it js not

possjble to identify which field service prob'lems rema'in and hovt they

might be increased by the advent of VLSI. Hewlett Packard have very

recently added two case studies to their set of app'licat'ion notes on

SAt114ltli5l, (one of them is a reprint of the art'icie by Rhodes-

Burke t1121), but these serve more as a gu1de to the detailed 'imp'le-

mentatjon of SA than an assessment of the difficulties of the imple-

mentatjon,or of SA overall.
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Therefore, as a means of assessing the effectiveness of SA in

practice in isolating faults in typical microprocessor systems, and

to identify any specific problems in the implementation of the tech-

nique with a view to an overall assessment of the current problems of

field servjce, it was decided to imp'lement SA in a microprocessor

system. The details of this ìmplementation will be presented in

Chapter III. Chapter IV v¡ill contain a detailed assessment of SA

based on the trial implementation.
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CHAPTER III

AN IMPLEMENTATIOI.I OF SIGNATURE ANALYSIS

3.1 Aim of the Implementation

The aim of performing an 'implementatìon of signature analysìs

rnlas to determine how effective the technique is ìn isolating faults

in LSI based systems, and to reveal any deficiencies or d'isadvantages

of the technique vlh'ich are not documented el sewhere. In thjs way 'it

was hoped to determine to what extent SA ìs a solution to the prob-

lems of field servicing LSI and which of these problems remains to

be sol ved.

Ideally the performance of SA would be assessed on the basis of

fuìly documented implementat'iorson a wide range of LSI based systems.

However, 'it vlas clearly not poss'ible to perform a variety of imp'le-

mentations in the time available for this study and, in fact, this

time restrict.ion meant that'it would be possible to perform on]y one

implementatjon. It was therefore important that this one implementa-

t.ion should be a,'typical" app'lication of SA to an LSI based system,

to ensure that the results obtaìned would be representative of other

applications, and would allow a meaningful assessment of SA and its

capabi I 'iti es .

This requirement meant that the irnpìeprentation of SA rnust be

carried out on a system which is typ'ica] of most LSI based systems'

and yet has features which would be likely to show up problems r'rhìch

could occur ìn larger and more comp'ìex systems. Furthermore, tlre im-

plementat'ion must follow the most commonly used procedure for appìy'ing

SA, as closely as poss'ibl e. In practice, th'is meant that the "standard
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approach" to applying SA descrjbed in the early SA literature

t53l t54l t94l t95l musr be followed.

3.2 The Tarqet S.ystem

3 .2.1, General requ'irements

As discussed at the beginning of Chapter II' microprocessor

systems are the most widely used and documented LSI based systens, so

it was logical to choose a microprocessor system as the target of the

SA ìmp'lementat jon. These systems typi ca'lly i ncl ude several LSI

devices (CPU, RAM, RQFI and I/0 devìces) and, for reasons d'iscussed

in Chapters I and II, have the distinction of bejng one of the most

difficult classes of systems to test.

Given that the target system was to be a m'icroprocessor system,

two approaches to the SA trjal implementation were possible: either

a new system could be designed and bujlt, incorporat'ing SA; or SA

could be retro-fitted to an existing system. The second of these

alternatives was chosen for several reasons. As there was no immed'iate

appl ication for a m'icroprocessor system of typ'ica1 size and complex'ity

at the time of commencjng the'implementation, a new system would have

been clesigned w'ithout any spec'ifjc design goals other than testab'i'l'ity.

This would have resulted in an atyp'ical, perhaps even unrealistic'

system on which a fair assessment of SA would not have been possible.

Secondly, when SA'is retrofitted to a systern it js necessary to

make clranges to the system hardware. The process of expl ic'it'ly chang-

ing system hardvlare, rather than 'incorporatìng hardware into a nevl



53.

system, emphasizes the differences between the orig'inal "untestable"

system and the modìfied "testable" system. That is, the process

high'lights the steps which must be taken (or the price which must be

paid) to include SA in a sYstem.

Finaìly, it was expected that the benefits offered by the

HpS001A, the Mjllenjum pSA, and other jnstruments which can externaìly

stimulate a m'icroprocessor system could be better iudged if the ex-

ercise of retrofitting SA to a system was actually performed. A maior

selling point of these instrurnents is that they greatly simpìify retro-

fitting of SA. The importance of this advantage would be better apprec-

iated after the problems of retrofitting had been experienced in

pract'ice.

3.2.2 The Intel SDK-85

3 .2.2 .l Descri pti on of t he system

The system which was chosen as the target of the impìementation

of SA is the Intel MCS-85 System Design K'it (or SDK-85). Th'is is a

singìe board m'icrocomputer based on the Intet 8085 eight bit micro-

processor. In its basic configuratìon it includes a 24 key keyboard'

a six d'ig'it djspìay, an 8355 (or 8755) 2K x I b'it ROM with two I/0

ports, an 8155 256 x I bit RAM r^rith three I/0 ports and an 8279 keyboard/

display controller, A descriptìon of each of these devjces may be

found in the Intel Component Data Catalog 1980t1161 '

The system can be expanded by the addition of a second 8355 R0l'1 or

g755/87554 EpROtl, a second 8155 RAM and buffers for all data, address

and control bus I'ines which are then accessible at connectors on the

board. There is a uljre-u/rap area on the board on urhjch other logìc
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may be added to the system. Figure 3.1 is block d'iagram of the

SDK.85.

The 8355 R0t1 supplied with the basic SDK-85 contaìns a monitor

program whjch allows programs or data to be entered into RAM and

tested. The monitor provides for either the on-board keyboard and

display or a 110 baud serial terminal to be used for the entry and

display of commands and data. A more deta'iled description of the

SDK-85 is contained in the SDK-85 User's Manual t1171 and circuit

d'iagrams for the system are presented jn Appendix A'

There Were, aga'in, several reasons for choos'ing the SDK-85 as

the target system. Not the least of these was that it was considered

to be typical of systems conmonly in use' in respect of the use of an

eight bit microprocessor, the R0l4 and RAM capacities, and the I/0

facilitjes provided. It is a readily available conlmercial system

which means that any experiments performed on the system could be

readiìy repeated and'independently verified.

The systern possesses certajn archjtectural features which

appeared to make'it a particularly sujtable target for the trial im-

plementation of SA. One of the most important of these is that it

contains several LSI devices wjth integration levels Whjch were

typical of state-of-the-art devices in the late 1970's. The 8279,

in particular, js one of a fam'iìy of intel'l'igent peripheral controller

chips which are com'ing into more popular use[118] t1191. Since the

probì ems of testing dig'ital systems so obviousìy depend on the 'inte-

gration level of the devjces they contain, the SDK-85, with several

state-of-the-art LSI devjces, was expected to ìllustrate well many

of the probìems of testing complex LSI devjces. However, 'it was con-
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sidered to be a sufficiently snra'|1 system that a thorough application

of SA and a deta'iled study of all problems arising'in the system

would be possible in the available time. A larger or more compìex

system would certainly have introduced extra difficultjes and high-

tighted more problems, but a detailed study of all of them would have

taken much longer than the study of the SDK-85.

Finaìly, severaì SDK-85 l<its had been used for several years in

the Department of Electrical Engineening at the University of Adelaide.

During this. time a number of problems wjth the kits had been detected,

and these pr:omjsed to be suitable test cases which mìght be used to

evaluate the SA procedure which was to be developed.

3.2.2.2 Local mod j f i cati ons

The partìcular SDK-85 which was used for the imp'lernentation of

SA differed from the standard commercial system jn several mjnor

detai I s. These d'ifferences were:

(i) The optional expans'ion 8155 RAll and all buffers in the system

had been installed.

A 24 pin socket had been added to the vJire-v,rap area of the

board to accornmodate a 2708 (tt< " I bit) EPROM. Simple

address decodjng 'logìc, which mapped the EPR0M into the

address range 8000H to FFFFH, was included, A -5 volt series

regu'lator was also added. In the'impìementation of SA all of

this "external,' hardware 1l/as ignored and the SA procedure

was developed as if the address range B000tl to FFFFH were

unoccu p'i ed .

(ii)
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(iv)
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A -I2 volt, rather than -10 volt, power supply was used (for

compatibil ity w'ith the 2708 EPR0t'l). Two resistors 'in the

twenty mill ianrp seria'l interface were repìaced vrith resistors

of a higher value to compensate for this change.

A 10kA resistor vras connected from pjn 29 of the 8085 (the

l,lR/ output) to the +5 volt supply rail, to tie the tr'lR/ line

h'igh during system reset. The B0B5 r,'lR/ output goes into a

high'impedance state du¡ing reset, and'it had been found that'

in all sDK-85's which had been expanded as described in ('i),

RAM locat'ions were overwritten during reset. f^Jith !lR/ tied

h'ig! th'is problem no longer occurred. The remedy is recommended

in the MCS-85 User's Manualtl20l but, surprisingly, is not

'impl emented i n the standard S DK-85 ki t .

¡r¡jth the except'ion of the installation of the expansion RAM and

buffers, none of these alterations was considered to be s'ignificant

for the purposes of evaìuating signature analys'is on the SDK-85.

3.3 The Siqnature AnalYser

Prinrarily because of problems with the availability of the

commercial unjt (the HP5004A), a s'ignature analyser was designed and

constructed. for the purposes of imp'lement'ing SA on the SDK-85. A

locally built unjt offered the add'itional advantages that modifìca-

tions to the function of the unjt could be easily ach'ieved if they

proved to be desirable, and that the limitat'ions of the un'it could

be better understood.

For example, wjth an intjmate knowledge of the operation of the
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instrument, the reason for an incorrect or unstable sjgnature With a

particular control line setup could be more eas'ily appreciated and

an alternative setuP found.

3.3.1 Siqnatur.e analyser design

The objective in designing the signature analyser was to achieve

a level of performance as near as poss'ible to that of the HP5004At94l

subject to the constraint that readily available components must be

used. Thus, the analyser was designed to accept a maximum clock fre-

quency of 10N1Hz, requìre data and control signa'l setup times of about

15ns, and have h'igh impedance'inputs wjth standard TTL input'logic

I evel s.

The des'ign uses predominantly Schottky and low power Schottky

TTL devices. It is based on four 4 bit shift registers with feedback

(from bits 7,9,12 and 16, as in the HP5004A) through exclusive-or

gates. The remaining logic'is associated rv'ith the START and STOP

gating controls, the display, and the unstable-sìgnature detector.

A b'ipol ar PROM, programmed to produce the mod j f ied hexadec'imal charac-

ter set of the 11P50044, is used as the d'isplay decoder. The four

input signals (DATA, CLQCK, START and STQP) are buffered by 1M360

h'i.gh speed conrparators r^rith feedback to produce the nominal 0.8V and

2.0V input threshold levels. Input to the buffers'is through a 51Kf¿

resistor, shunted by a capac'itance of approximately 3pF.

A sìmp'le self test facil ity vras prov'ided 'in the form of a

"divide by forty" counter clocked by the dispìay multip'lex'ing c1ock.

The clock and "clock + 40" sjgna]s are brought out to a connector on

the front panel of the instrument, to wh'ich the CLQCK, START and

ST0P leads can be connected, with the DATA probe connected to a con-
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stant'L'ìnput. If the correct s'ignature is then displayed, the in-

strument is assumed to be operating correct'ly.

The logjc probe feature of the HP5004A was not imp'lemented

because it was considered to be unnecessary for the purposes of this

study. S jm'il arly, the HOLD mode of operatjon was not impl entented,

although'if it had proven to be desjrable, only m'inor changes to the

hardware would have been.requ'ired to 'implement 'it'

Figure 3.2 is a block diagram of the s'ignature analyser

3.3.2 Sìqnature analyser performance

It was possible to meet the des'iqn goals for the signature

analyser using readi'ly available components onl,v by assuming that the

propagation delays of the foulinput sìgnal s through their respect'ive

buffers would be equal, In pract'ice these delays varied by up to

l5ns, which meant that it could not be guaranteed that the instrument

would perform satisfactorily at frequencies up to 10MHz with the

specified input sêtup times. The unjt vras tested on various circuits

and jt was found that it performed satisfactori'ly ìn aì1 cases at

clock frequenc'ies up to approx'imately 5l4Hz, but at higher frequencies

unstable signatures were obta'ined in some cases.

Although the performance of the un'it is certainly inferior to

that of the HP50044, it vlas considered to be adequate for use on the

SDK-85,'in which the h'ighest clock frequency is 3MHz, and the shortest

valid pulse w'idth is greater than 100ns. In practice the unit did

perform satisfacto¡ily on the SDK-85, with unstable sjgnatures be'ing

Very rare. Certainly, 'its performance was adequate for the purposes
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of this investigation.

The correctness of the signatures produced by the analyser was

verified by two methods. A computer program was written to simulate

the operation of the analyser, and thiS was used to confirm s'igna-

tures obtained from varjous counting circujts. This program, written

in Pascal to run on a Cyber I73 computer, is l.isted jn Append'ix B.

Second'ly, the signatures observed on the B0B5 address bus during free-

run were checked aga'inst the expected s'ignatures, tabulated by

stefanski t101l.

3.4 Development of the SA Procedure

3.4.1 Desiqn philosophy

As d'iscussed at the beginn'ing of th'is chapter, because the trial

implementat'íon of SA must be a "typical" one, the standard approach

to the applìcaton of SA must be followed. The standard procedure des-

cribed in the introductory literature on SAt53lt54lt95l consists of

the free-run and software driven stages of SA, in which the major

components of the system (CPU, ROM and RÄl'4) are tested'in a prescribed

manner. Hov¡ever, the methodsof test'ing other components in the system

are not prescnibed (presumab'ly because there is so much variatjon in

minor con'ìponents from system to system) and the designer ìs left with

no rig'id guidelines on how to proceed in designing a test for these

other components. Some suggestions are made in the appl'ication notes

on sAt95lt114lt115l but, cleariy, much must be left to the discretion

of the jndividual desìgner.
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A fundamental decision which must be made at the outset concerns

the degree of fault resolution wh'ich will be attempted vrith the sA

procedure. If on'ly the basic steps of testing CPU, ROM, RAI'I and I/0

aS prescrjbed in the literature were carried out, faults in the

system could be isolated to one of these major system components' or

to the remain'ing (untested) mjnor components as a group. If, on the

other hand, the test procedures were to be extended to expiicit]y test

all components then, ideal'ly, any fault could be resolved down to a

single component, wh'ich could then be replaced. The penalty which

must be pa'id for the greater fault resolution would be that the test

procedure must be lorrger and more compleX, and the documentation of

the procedure must be more detajled.

For the SDK-85 implementation of SA it was dec'ided to attempt

fault resolution down to a single repìaceable component, aS this was

expected to allow a fuller assessment of the capab'ilities of SA' Any

inherent lirnÍtations on the ability of SA to isolate faults would

only be fully revealed if comp'lete fault isolat'ion with the technìque

were attempted. If a less amb'itious goai had been set, the capabil'ities

of SA would not have been tested as ful1y'

Gjven this decision to test each component in the system'it re-

mained to be decided holv, and in what sequence, m'inor components Were

to be tested. In thìs respect the on'ly guidance prov'ided by the SA

literature is in the form of a suggested overalì approach to test'ing

components. The under'lying ph'ilosophy of the prescribed tests for

major components appears to be that they should be exercised jn sonle

way. Th'is j s referred to by Gordon and Nadi n 
t54l and i n Hewl ett

packard,s ,,Des.igner's guide to s'ignature analysir"[95ì ¿5 "node-

wi ggl ing" . The emphasi s i s not on test'ing collponents exhaust'ively
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So much as on stimulatìng them to perform Some operation which might

indicate whether they are working correctly. The tests for minor

components in the SDK-85 were in general developed to be consistent

wjth this approach and hence, with the tests performed on major com-

ponents.

In fact, the details of exactly how and when each component

was to be tested were determined by an evolutjonary, or iterative

process, rather than by a firm decisìon at any stage in the deveìop-

ment of the procedure. The procedure was gradual'ly developed from

the basic presc¡ibed sequence of testing major system components, to

include tests for as many minor components as poss'ible,'in the most

efficjent sequence possible. The iterat'ive approach was found to be

necessary to develop an efficient testing sequence, wh'ich involves the

smallest possible number of signature ana'lyser control line changes'

but which also tests components in the order dictated by the'ir input

and output signal interdependence.

In its final form the procedure consists of three stages. The

first stage is the tradjtional free-run stage of SA in which the CPU'

data and address busses, address decoder, R0l4 and buffers are tested.

The second stage is the software driven stage jn which the CPU executes

a program to test MM and the paral 1 el ports. The test program for the

second stage is stored in a 2K byte EPROM,'installed as the expansion

ROM (415) jn the SDK-85. The third and fjnal stage of the procedure

js a self-test stage in which the CPU executes a second program (also

stored in 415) wh'ich was designed to exercise the more complex

facilitjes of the SDK-85, which are not tested in the first two stages.

In the following sect'ions the sequence of tests performed 'in
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each stage w'i'll be djscussed so that the problems encountered in

the implementation and the factors which determined the degree of

success of SA in the app'lìcatjon might U. uppreciated.

3.4 .2 Stage I

The Stage I test sequence closely foilows the standard free-run

test procedure described in the SA literature. At the first step the

system hardware must be reconfigured to cause the CPU to free run.

The 8085 microprocessor has a multiplexed address and data (AD)

bus[120]. ln each mernory cycle the eight I east s'ignjficant bits of

the address are placed on the AD bus early in the cycle, and data js

transferred over the AD bus late in the cycle. Therefore, if the pro-

cessoris to be free-run with all sixteen b'its of each address propa-

gating throughout the system, it is not sufficient to simply open-

circuit the AD bus and force the NOP instruction code onto these

l.ines. Stefans¡i [101] describes a free-run adapter for the B0B5 which

'incorporates buffers whose function is to isolate the eìght address

bits output on the AD bus from the NOP instructjon code read in on the

same lines. The B0B5 must be phys'ically removed from its socket'in

the system under test and placed in a socket on the adapter, while a

forty p'in plug from the adapter is jnserted into the socket'in the

system under test. The socket on the adapter ties all CPU ìnputs

(except the data bus and RESET) to inactive levels so that there'is

no feedback to the CPU from the rest of the system.

An adapter almost identical to the one described by Stefanski

was constructed. The only change made was that a 741504 inverter was

included to buffer the RD/output of the.B0B5 which has up to three

Schottky TTL loads to drive on the SDK-85 board, and would otherwise
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have had another four low power Schottky loads to drjve on the

adapter. A circuit dìagram of the adapter is contained in Append'ix e.

Before the Stage I test procedure js commenced, the various

ljnks on the SDK-85 board must be inserted to t'ie external inputs

to inactive levels and to confìgure the data bus buffers so that ex-

ternal memory lies in the address range 8000H to FFFFHI117I. For

the first test'in Stage I, the 8085 ìs placed jn its socket on the

free-run adapter and the signature analyser START and STOP leads are

connected to the most sign'ificant address line (ArU)t and the CLOCK

lead to the, adclress latch enable (ALE) ljne. After the power supp'lies,

RESET and othelinputs to the CPU have been verified as be'ing at their

correct levels, the signature on the s'ixteen address lines are ob-

served, to verify that the 8085 is free-runn'ing correct'ly.

It should be noted that the signatures of the eight least sìg-

nificant address l'ines are observed at the outputs of the buffers on

the adapter, u/hich indicates an underlying assumption that the adapter

'itsel f i s faul t free. Thj s assumptìon appl i es throughout a'ì1 stages

of the SA procedure to all external test hardvrare (including, of

course, the si gnature ana'lyser) .

A seconcl 'important po'int whjch should be noted wjth regard to

the free-run test of the CPU is that it js possible for an'incorrect

signature to be observed on one or more address ljnes as the result

1-, In InteL cír,cuit diagrams and Líterature, integtated eincuíts
on tlp sDK-85 aTe derloted AL to A17, uLrLLe address Lines are
símiLarly d.ønoted. AB to A1-5. To auoid confusion, in any 4¿"-
cussion "of the SDK-85 the ínl;egrated circuits uiLL be refez'retJ
to as A1 to A17, as ín the InteL Líterature, but referert'ces to
addv,ess Lines uiLL be subscripteÅ'(as A, to All ,
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of a fault on the address bus, rather than a faulty CPU. Such a

fault may occur at the input of any other device connected to the

address bus, or on the printed circuit board as a bridging fault

betWeen cOnductors and,unless a current tracer Were used,would be in-

distinguìshabl e from a fault 'in the CPU. Therefore, 'if an jncorrect

signature is observed on the CPU address lines and replacement of

the CpU does not correct the probl enì, a current tracer must be used

to isolate the fault on t.he bus. The same procedure must apply in

all cases in which the output signature of a device iS observed to

be incorrect.

¡¡hile the CPU 'is free-running and incrementing its address values,

it provides an excellent stimulus by which the continu'ity of the

address bus may be checked. Signatures are observed at the address

'inputs of all devices connected to the address bus. Since it has al-

ready been verified that the CPU'is placing correct addresses on the

address bus, an incorrect signature at any point must be the result

of a faulty connect'ion from the cPU socket to that point.

It may be not'iced that this practice of very'ifying only the

address'inputs to all devices on the address l¡us at one time differs

from the practice recommended in much of the SA literature of checking

all inputs and outputs of a single device at one time. It was nec-

essary to use th'is approach to keep the number of times that the control

lines of the sìgnature analyser had to be changed during Stage I down

to a reasonabl e val ue.

For most devices'in the SDK-85, all input and output data cannot

be observed with a single controì line setup for the s'ignature analyser.

In fact, th'is is true of many components in microprocessor systems'
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particularly those in systems which use multìplexed busses. There-

fore,'if all ìnputs and outputs of a device were to be checked at

once, it lvould be necessary to change the signature ana'lyser START,

STQP and CLQCK'inputs at least once for most devices, urlt'ich would

result in an unacceptably s'low test procedure. In order that the

number of control line changes would be minimised, 'it was decided'

'instead, to plan the procedure so that for a given control line setup'

aìl possible signaìs would be verifjed before the setup was changed.

Thus, all address line inputs are verified together.

The 820,5 address decoder (410) ìs somewhat exceptional jn that'

because i t i s a pureì ¡r comb'i nati onal devi ce, 'i ts i nputs and outputs

can be observed on the same clock. Tlre outputs of the 8205 are ob-

served fjrst and then, if any of the output signatures are incorrecb,

its inputs are checked. If all outputs are correct'its ìnputs are

assumed to be also correct. In the rnost likely case that the 8205

'is fault-free and its input data is correct, 'it w'ill only be necessary

to observe the outputs of the device to check it, so th'is pract'ice

reduces the number of siqnatures which must be observed.

This technìque of "half-splittìng''[95] was used in the tests for

all of the few devjces jn the SDK-85 which have inputs and outputs

which can all be observed w'ith a sing]e setup for the s'ignature

anaìyser control l'ines. It was also used in some tests designed to

verify device interconnect'ions and connections to output connectors.

It was not more widely used because of the many different signature

analyser setups which are required for the observation of the various

signals jn the SDK-85. For example it was decided not to verify the

the outputs of the 8355 RQM before it5 inputs because, if an error

had been observed, it would have been necessary to change control
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lines to observe its inputs. Sjmilarìy, half-spf itting was not em-

ployed on a system-wide scale (as recommended in the "Designer's Guide

to Signature Ana'lysis"[95]) because th'is vrould'have virtually required

a new control lìne setup for each set of signatures observed. Thus

the Stage I test procedure evolved as an expanding kernel test in which

(in most cases) al'l device inputs are verified before their outputs.

After the address decoder is tested the chip select inputs to the

varjous dev'ices on the data bus are checked, which verifies the connec-

t'ions from the address decoder to those devices. This is the last test

to be performed wjth ALE as the signature analyser clock.

The signature ana'lyser CLQCK input'is next connected to the RD/

output of the 80E5, with data being sampled on the trailing (positjve-

going) edge of the RD/ pu1se. Th'is edge occurs late in every mernory

read cycìe, at a time when all status and control outputs from the

cpu (s0, s1, INTA/ 10/14, HLDA ancl wR/) are val id. with

RD/ as clock, these signals are checked at the processor output p'ins

and at the correspond'ing inputs of all devices to which they should

be connected,'in a sjmilar manner to that in which the address lines

were tested. For reasons which will be expìained in the discussion of

Stage II, S0 and 51 are not included in th'is test'

llhjle the processor is free-running, it is continually execut'ing

an "instruct'ion fetch" memory cycle, so the status and control outputs

(as observed on the trai'lìng edge of RD/) should be static and produce

stuck-at-one or stuck-at-zero sìgnatures (0001 or 0000 respectìve1y).

Therefore, this part of the test procedure serves more to verify that

the status and control inputs to the varjous devices in the SDK-85 are

at the correct levels than to verÍfy that the lines are not stuck-at or
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open. Each of these lines must be tested at a later stage to ensure

that it can assume either logic level.

The path of the RD/ signal throughout the system cannot be fully

checked simply by the observation of signatures at RD/ nodes, clocked

in the pos'itive dge of RD/. If there were no faults on the RD/ line,

this would result in a stuck-at-zero signature in all cases, which

(naturaììy) wou'ld also result if the node were stuck-at-zero. It is

therefore necessary to verify that the signal at each po'int which

should be connected to RD/ is high when RD/ ìs h'igh and low when RD/

js low. If a Hp5004A signature analyser were being used its inbuilt

log'ic probe would be used to verify that each node is not stuck-at,

which, together with the correct sjgnature,would be sufficient to

verify that the signaì is correct. As the signature analyser being

used on the SDK-85 d'id not have an inbuilt'log'ic probe, the RD/ line

.is instead verified by the observation of two signatures at each point -

one wjth the pos'itive edge of RD/ used as the clock, and one with the

negative edge of RD/ used as the clock. These signatures should res-

pective'ly be the stuck-at-zero and the stuck-at-one signatures'

The RD/ clock js also used to check the small ar'¡ount of comb'in-

ational logìc which enables the external data bus input buffers, A4

and 47. This section of the c'ircuit has RD/ as one of its inputs so

it is again necessary to observe two s'ignatures at each node, one

clocked on the positive edge of RD/ and one on the negative edge'

The system clock signal, cLK, and the small amount of logic

associated with it must be tested wjth CLK itself usecl as the signature

analyser CLSCK'input because CLK is the hìghest frequency signal present

in the system. Qnce again s'igna'bures must be observed at each point
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with both positive and negat'ive CLQCK edges. For the purpose of

verifying the CLK signal path the START and STOP inputs of the sig-

nature analyser are connected to RD/, which produces a sjgnature

gate interval of four clockperiods (tfre time taken by the B0B5 to

execute a NQP 'instruct'ion) . RD/ is used for the START and STQP in-

puts rather than the most significant address line (A15) because the

8085 data sheettl16l does not spec'ify an absolute tim'ing relationship

between CLK and ArU, and signature instability proved to be a problem

when ArU was used. There was much less difficulty with signature'in-

stab'i1 i ty when RD/ was used .

The CLK signa'l is traced from its source (ttre gOgS) to each device

to which jt is an input, and from the output of buffer A5 (whìch, by

this stage has had all of its'inputs verified) to the external connector

J1. CLK is also an'input to the hold acknow'ledge synchronìzation fì'ip-

flop (49), and signatures are taken at its outputs to verify that they

are at the correct (static) levels.

In the next step of the Stage I procedure the path of ALE through

the system is checked. As in the cases of RD/ and CLK, there is no

signal in the SDK-85 which could be used as the s'ignature analyser

CL0CK input for the purpose of verifyìng the ALE sìgnal. Therefore,

it is once aga'in necessary to use the signal itself as the CLOCK

input, w'ith.signatures observed on both clock edges. Address line

Ais is again used as the sTART and STOP'input to the signature

analyser. Although AtS is not guaranteed to be val'id on the 'lead'ing

edge of ALE it was found that stable s'ignatures are obtained on

either edge of ALE if the gate'interval ìs started on the pos'itive

edge of ArU, and stopped on the negative edge.
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After the ALE input to address latch A6 has been verifjed' all

of the inputs to all buffers to the external connectors have been

verified, so the outputs to the connectors can be checked. The out-

puts of the data bus buffers (44 and A7) are observed to see that

they contajn the eìght most significant address bits durjng the

ear'ly part of each mach'ine cyc'le (that is, on the negat'ive edge of

ALE). The address buffers are tested by the observations of their

outputs later in each cyc.le (on the pos'it'ive edge of RD/), r'¡hich also

verifjes that the latch,46, retains the data placed on the data bus

while ALE is active.

For some of these buffers, as for the 8205 address decoder,410,

it proved to be possible to observe both inputs and outputs with a

s'ing'le signature analyser controì ìine setup. In such cases s'ignatures

are observed at the buffer outputs first, and input s'ignatures are

only observed if an error is detected. For this reason address inputs

to buffer A1 are not verjfied earlier in Stage I when address inputs

to all other devjces are verif ied. In the more l'ike'ly cases that the

buffer is not fau'lty it will not be necessary to observe its inputs'

so the total nur¡ber of signatures wh'ich must be observed'is reduced.

At the final step'in Stage I, the contents of the two RQM's (nt+

and 415) are checked. By this time all control and address inputs to

the two dev'ices have been verified, so any errors observed at the ROM

outputs must jndjcate a faulty R0I'4. llllhile the CPU js free-runn'ing, it

strobes data sequentially from a'I1 locations in each ROÌ''l onto the data

bus, as explained'in Chapter II. For each R014, the signature analyser

START and STQP lines are connected to the chip select line of the ROM

(start'ing on the lead'ing, or negative, edge and stopping on the trail-
.ing, or positive, edge) with the trail'ing edge of RD/ used as the
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clock. Signatures can then be taken on the data bus to verify the

data read from the ROM. Because data is sampled only while the chip

select line of one RQM is activated, on'ly data from that ROM is in-

cluded in the s'ignature[97], So an incorrect s'ignature can only be

caused by Íncorrect data placed on the data bus by the selected ROM.

At the end of Stage I, all data and address bus connectjons have

been verified, and the various control anrl status l'ines have been

partially tested. It has been verified that the CPU can fetch in-

structions and execute at least one. Just as importantly,'it has been

veri f .ied that both RQM's can pl ace the correct data from any of the'ir

2K locations onto the data bus when properìy addressed. It can there-

fore be reasonably assumed that a test program stored in R0l4 will be

correctly executed by the CPU, which means that the software clriven

stage of s'ignature anaìys'is can be started.

3.4.3 Stage II
l,J'ith the kernel having been verified in Stage I, the system 'is

reconfigured'in Stage II to allol the CPU to execute a test program

wh.ich stimulates the system so that the remaining major components

(RAM and I/0 devices) may be tested. The CPU is therefore removed

from its free-run adapter and'is replaced'into its socket (ntt¡ in

the SDl..-85.

Clearly, some change to the SDK-85 hardware is required to force

the CpU to execute the stimulus program jnstead of its normal "applica-

tion program" - the sDK-85 mon'itor. The simplest approach would be to

remove the SDK-85 monitor ROM from the 414 socket and replace it tryith

the RgM containing the test program. However, thjs was cons'idered to

be an unsat'isfactory approach because it would involve the removal of
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a major section of the system, signìficantly chang'ing ìts normal

operatjng configuration. If the monitor RQM were to be removed, ôñV

faults in the operation of its I/0 ports obviously could not be

detected during Stage II.

The approach adopted was to store the stjmulus program in the

expansion RgM (415) in the SDK-85, and, for the duration of Stage II'

swap the chip seìect lines (CSQ/ and CSl/) to the two RQMs, 414 and

415. Thus, throughout Stage II, 414 occupìes the address range

0800H to OFFFH, tn,hile AiS occupies 0000H to 07FFH, so the first in-

struction fetched by the CPU after reset 'is read from 415. In addition

to the changes to the chip select lines, the address line AtO input

to 415 is tied high during Stage II, so the first jnstruction fetch

cycle after reset (from address 0000H) actually addresses location

400H in 415. In fact, the Stage II test program occupies locations

400H to 522H 1n 415, most of the remaining space being occupÍed by

the Stage III program.

To implement.these address'ing changes, the CSO/' CS1/ and AtO

lines on the SDK-85 board were cut, and connect'ions were made to a

socket on the w'ire-urrap area of the board. For normal operat'ion of

the system, (and durì ng Stage I ) a jumper pl ug 'is j nserted wh'ich

simp'ly restores the broken connections. For execution of the Stage

II program, a second plug, which changes the connections as described

above, is inserted. A circuit diagram showing details of this address-

ing scheme is contained 'in Appendix C.

The Stage II test program stored jn 415 (and listed in Apoendix

E) is desjgned to stimulate the syste* SM, the parallel ports, and

the 8279 keyboard/d'isplay controller. The para'lì el ports are first
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initialised as output ports, and a1l output ljnes are set to zero.

The 8279 is then initjalised and a "v¡alkìng ones and zeroes" pattern

is written to'its d'isplay RAl4, to stimulate the d'ispìay mult'iplexing

and drivìng circuits. A loop is then entered in wh'ich three tests

are performed repetitively. The first test writes a sìmp1e "walking

bit" to each of the parallel ports in the system, to enable the

connectjons from the ports to the I/0 connectors (¡g, ¿+ and J5) to

be checked. The other two tests are independent tests on each of

the 256 byte RAM's in the sYstem.

Each of these tests is constructed in such a Way that it requìres

that a set of s'ignatures be observed over a gating interva'l which

lasts for the duration of that test on'ly. Thus in each pass through

the test'loop there are three separate gat'ing intervals during which

signatures are taken to test the output ports, the basic 256 byte RAtnl,

and the expansion 256 byte RAM. The START and ST0P pu'lses which

delimit these three gat'ing intervals are produced at the unused out-

puts of the 8205 address decoder by the execution of dummy input and

output instruct'ions wh'ich act'ivate these outputs as approprìate at

the beg'inn'ing and end of each test. Thus, the output port test is

perforned between jnstructions which act'ivate the CS2/ and CS7/ out-

puts, the first RAI'{ test between CS7/ and CS6/, and the second RAM

test betrveen CS6/ and CS2l. In each case the decoder output is ac-

tivatecl by both input and output instructjons so that either RD/ or

l,rlR/ nray be used as clock for the signature analyser' aS convenient'

At the first step ìn Stage II all inputs to the B0B5 (except

the data bus) are checked to ensure that they are'inactive, and the

reset'input and output lines of the CPU are tested wjth a 1og'ic probe.

l'lhjl e the CPU is executinq the Stage II test program its activ'ity ìs
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much more Varied than in Stage I, in which al1 memory cycles are in-

struction fetches. During execution of the Stage II program, the

processor performs input/output and memory ..u¿, and writes,

"wiggìing" the t^lR/, S0, 51 and IO/M- lìnes whìch are static throughout

Stage I. Although some of these lines are checked during Stage I'

this is only done to verify that al'l 'inputs to devices which are

tested during Stage I (the R0Ms 'in particular) are correct. S0 and

S1 are not used as inputs to any dev'ices other than buffers, and

therefore need not be, and are not, tested'in Stage I. All of these

lines are therefore testecl early ìn Stage II to verify that none of

them is stuck at either log'ic ì evel .

The lllR/ signal path 'is checked f irst of all, with l^lR/ 'itself

be'ing used as the signature analyser clock, and signatures being ob-

served on both clock edges. The negat'ive edge of ALE is used as the

clock to trace the other status outputs, With the negative edge of

CS7/ being used as the START edge, and the positive edge of CS6/ as

the STSP edge (that is, the status lines are monitored during execution

of the fjrst RAM test). The START and ST0P edges were selected so that

the state of the status lines during execution of the input and output

'instructions which generate the START and STOP pulses would be sampled,

so that a'logic '1' level would be observed on the lO/fr- line (which is

otherw'i s e al ways '0 ' duri ng the RAM test) .

The tests performed so far in Stage II are, jn effect, leftovers

from Stage I - those tests of system busses wh'ich could not be effec-

tively perforrned whilethe CPU was only free-running. At the next step'

the results of the fjrst test performed explic'itly by the Stage II

program (tne nRN test) are observed.
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The RAM test consists of a s'imp]e read/w¡ite test which is per-

formed independent'ly on each of the two RAM's in the system, with

data read from the RAM's being verjfied by the signature analyser.

For th'is purpose, the signature analyser is clocked on the pos'itìve

edge of RD/, wjth its START and STQP'inputs connected to the 8205

CS7/ and CS6/ outputs (respectively) for the first RAIiI test, and to

CS6/ and CS2l for the second RAM test. l,lith the s'ignature analyser

set up in this manner, sìgnatures observed on the data bus depend on

the data read from RAt'1 during the RAM test. In fact, signatures ob-

served reflect clata read from ROM during the RAM test as well as data

read from RAf1, but since the ROM contents have been already verified'

an incorrect s'ignature must be the result of incorrect data being read

back from RAM. It should also be noted that the signature analyse|is

configured to start samp'l'ing on the posit'ive edge of the START pulse,

and stop on the negat'ive edge of the STOP pulse. Thus the (undefined)

data present on the bus during executjon of the jnput ìnstruct'ions

which create the START ancl ST0P pu'lses is not included in the s'ignatures.

The RAM test is constructed such that each 256 byte RAl4 chip is

tested separate]y and, because all temporary variables are maintained

in CPU regìsters throughout the test, will execute correctly even if

neither RAM chip is present. The test was not intended to be exhaustive

nor to detect any part'icul ar fortn of pattern sensi ti vity. It was des-

igned to that verify each 8155 RAM ch'ip contains 2048 un'ique storage

bits, organised as 256 eight bit bytes. As the first part of the al-

gorìthm a "marching ones and zeroes" testtTlt47l is performed on the

RAM, which verifies that there are 256 addressable locat'ions, that

writing to any one location does not overwrite any other, and that none

of the RA¡,I bits is "stuc -at'l In the second part of the algorithm, the

data sequence 55H,33H,QFH is written to, then read from each RAI'I
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location, to verify that each bit in each byte is unique, and not

stuck together w'ith any other bit in the byte. It would have been

possjble to perform a more elaborate RAM test, based on a better

defined fault model, but this algorjthm performs a reasonable func-

tional test on the two RAMs; occup'ies little RQM space and has an

acceptably short execution time.

After the two RAMs have been tested, signatures are observed

at the output lines of all para11el ports to verify that they are

responding correctly to the walk'ing bit test. The signature analyser

gating jnterval for the paral'le'l port test is delimited by a start

pulse at the 8205 CSz/ output and a stop pulse at the cs7/ output'

The stimulus program'initialìy sets the outputs of all ports (there

are ejght in a fully expanded SDK-85) to zero and then walks a'l-'b'it

across each port ìn turn. The output data sequence at each of the

port ìines (there are up to 76) is initia'lly observed with the signature

ana'lyser at the external port connectors (J3, J4 and J5)' If the sig-

naturæfor a g'iven port are correct, both the port itself and the con-

nectìons between the chip and the port connector are assumed to be

fault free. If an incorrect s'ignature is observed at the connector,

the sjgnature at the corresponding output p'in of the RAM or ROM device

is observed to determine whether the fault is in the device or in the

connectìon to the external port connector'

The cl0cK input to the signature analyser for the paralleì port

test was connected to the RD/ line, with data being sampìed on the

positive edge. The propagat'ion delay through the 8755 and 8L55 ports'

from the trailing edge of the l^lR/ pulse which strobes data'into the

ports to the change of data at the output l'ines, can be up to 400ns'

However, the trailing edge of the first RD/ puìse after data is written
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to the ports (generated durjng the fetch of the instruct'ion immediately

followjng the QUT instruction to the port) occurs no less than 790ns

after the tra'iling edge of the l/JR/ pulse, so data on the port output

l'ines must be stabìe on the positive edge of RD/'

Finally in Stage II, a preìiminary test is performed on the 8279

keyboard/display controller and its associated key scann'ing and dispiay

driv.ing circujts. At the start of the stage II test program the 8279

is initjal.ised to disp]ay sixteen dìgits, with encoded scanning of the

disp'lay and keyboard. Data'is also vrritten into the d'isplay RAM of the

device, tO generate a "walking One" and "Walking zero" pattern on'its

e'ight segment latch output I ines as the dispìay 'is multipl exed. when

the controller is operat'ing in its sixteen dig'it encoded scan mode, a

binary count from 0000 to 1111 should be produced at its scan line

outputs (sLO - sL3). During thjs count the display and keyboard are

each scanned twice because the most s'ignificatlt scan l'ine (SL3) is

not connected to the 7415156 demultipìexer. This should result jn the

top e'ight bytes and the bottom eight bytes of data in the display RAM

be'ing effecti veìy superimposed when d'ispl ayed on the seven segment di s-

p'lays. Thus, since the top eight bytes and bottom eight bytes of the dis-

play RAM are injt'ialised to contain complementary data, all segments of

each of the sjx display clìgits shoulcl be uniformly 'l;it during Stage II.

The f.irst step in testìng the 8279 1s verificatjon of the scan

'l'ine outputs. For thìs purpose, SL3 is used as the START and STOP

inputs to the s'ignature ana'lyser, wíth both edges of SLO used as the

clock. Signatures are observed on each of the scan line outputs' The

same control setup is used to check the outputs of the 7415156 demul-

tip'lexer, AI2. However, because they are open collector outputs, 'it

is necessary to connect a 10kf¿ resjstor between the signature ana'lyser
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data probe and the +5V supply rail to pull the outputs up to a logic

'1' level when they are inactive.

The same set of control 'inputs to the signature analyse¡is

also used to test the keyboard. Signatures are observed at each of

the eight return ljne (RL) inputs to the 8279, whjle each key 'is pressed

in turn. At each return line if no key connected to that line is

pressed, the s'ignature shoulcl be the stuck-at-one signature because of

the jnternal pullup res'istor at each of the 8279 RL inputs. If a key

connected to the ljne is pressed, the signature observed should be that

of the corresponcling scan output of the denrultiplexer, AI2. If an

incorrect s'ignature'is observed at one of the RL inputs wh'ile a key'is

pressed the connection from the output of A12, through the switch, to

the RL input, must be checked with an ohm-meter or similar instrument.

It was found to be impossible to check the segment outputs of

the 8279 by s'ignature ana'lysis. Aìthough the segment output data 'is

synchronous with the scan line count, a blanking mechanism in the 8279

places the digit blank'ing code (ffH) on the segment outputs while the

scan ljnes are changing. Therefore data sanrpled at any segment output

on either edge of SLO w'ill always be '1', so if SLO is used as the

clock, the signature observed at the segment output will be the stuck-

at-one s'ignature,irrespective of the data appearing at the output

between scan l'ine changes.

The timing of a'l'l of the 8279 outputs is derjved from the CLK

'input and so, in principle, it should be poss'ible to use CLK as the

CL6CK input to the s'ignature anaìyser for the observation of any 8279

output. However, 'it was found'in practice that when CLK was used as

the sìgnature analyser clock, signatures observed at the scan line and
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segment outputs were all unstable. Changes in the scan l'ine outputs

(tnat is, on the SLO output) occur at a frequency which is frof the

CLK frequency, where n is the value of the programmble prescale factor

and is usual'ly set to 31 in the SDK-85 to g'ive the recommended 5.1

millisecond keyboard scan tjme. However, the 8279 data sheettl16l

does not specify an absolute time relationship between CLK and SLO.

The signature instability is therefore attribut,ed to an accumulatjon

of propagatjon delays (possibly exceeding one period of CLK) withjn

the 8279 clock djvider chain result'ing 'in indeterminate values of the

output lines on the clock edges. Observation of the CLK and SLO sìg-

nals on an oscilloscope confìrmed that changes in the SLO outputs did

not occur at any cons jstent point with'in the CLK cyc'le.

Because there is no suitable clock signa'l whjch may be used to

observe the 8279 seginent outputs in particular, the data appearing at

these outputs could not be verified djrectly. However, 'in spite of

this l'imitation it is poss'ible to detect some faults in the display

driving c'ircu'itry (jncluding the segment outputs of the 8279) by ob-

servation of the disp'lay. A disp'lay other than one in which al1 seg-

ments are uniformly lit indicates a fault'in either the driving tran-

sistor and associated hardware or the 8279 itself. If an incorrect

display pattern is observed, conventional methods (such as d'iagnosis

of the d'isplay circuit wjth an oscilloscope) must be used to isolate

the fault. Even'if the 8279 segment outputs could be observed wjth

the signature analyser, it would still be necessary to use an oscillos-

cope to isolate any faults in the display driv'ing c'ircuits because the

voìtage levels around the driver transistors are not standard TTL

levels and could not be observed with the signature analyser. Never-

theless, the inability to directly verify the 8279 segment output data

does complicate the process of isolating fau'lts in the djsplay circujt
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considerably.

If no faults are apparent in either the keyboard or the display

circu'its after these preliminary tests it may be reasonably assumed

that there are no serious faults in these sections of the circuit. If

the 8279 is also free of serious faults, it is now possibje to use the

keyboard and dispìay to interact with a program runn'ing'in the SDK-85

which perfornls a series of more complex, autonratjc tests 'in Stage III.

3.4 .4 Stase I I I

The punpose of Stage III of the signature analysis procedure is

to test those facilitjes in the system which could not be convenientìy

tested in Stages I and II. These include facil'ities which cannot be

tested repetetively or in such a way that they can be verified by

signature analysis; which require human intervention during the test;

or which can be more qu'ick'ly and completely tested entirely under the

control of a self-test program. The feature which distingu'ishes Stage

III from the earlier stages is that it jnvolves extensive interaction

(through the keyboard and dìsp1ay) with the operator - the person con-

ducting the test. Instead of a few simp'le tests being performed

repetitìveìy to allow observation of activity w'ithin the system with

a signature ana'ìyser (as 'in Stage II), in Stage III several compl ex

tests are performed once only, with the response to each test beinq

monjtored by the CPU'itself under the control of the self-test program.

The outcome of each test is indicated to the operator on the display'

The',standard approach" to sA, as described in the early sA

I 'iterature, cloes not j ncl ude the equi val ent of Stage I I I . In fact '

Stage III was only included 'in the SDK-85. SA procedure to test the

system more thoroughly than a straightforward app]'icat'ion of the
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,'standard approach" would have done, in an attempt to achieve the goal of

fault resolution to a single component. The SDK-85 is a somewhat

unique system in as much as it has fac'ilities for human interaction and

it is a general purpose system with many general purpose facilities

(I/0 ports, 'interrupts etc.) which should all be tested' Most mjcro-

computer systems would not have all of these fac'ilitjes, so the need

for a final, automatic, interactive test stage would not be aS great'

Indeed, if a system does not have some means of human interaction' a

series of tests such as performed in Stage III would not be possible'

The Stage III test program,whjch 'is I jsted 'in Appendix E' is

stored in the 2K byte expansion RQM (415) together with the Stage II

program. It is much'lönger than the Stage II program and occupìes

locations 000H to 331H and 640H to 73FH in A15. Execution of the Stage

IiI program on reset is arranged by the insertion of a third jumper

pìug into the address selection socket on the wire wrap area of the

board. This plug interchanges the cSO/ and cS1/ l'ine to ROMs 414 and

A15, but leaves the ArO address l'ine connection to 415 intact' Thus'

on reset the CPU starts executing from location 000H in A15'

At the start of the Stage III program further tests are performed

on the 8279 keyboard/display controller. It is initialjsed and then

data is wrÍtten to its display RAM so that a sequence of 24 characters

should appear to be continually shifted across the s'ix djg'it display.

If any errors are observed in the display sequence the fault is assumed

to lie in the 8279 since the djsp]ay driving circuitry is assumed to

be fault free after Stage II. When the operator is satisfied that the

d.ispìay sequence is correct he must press one of the keys on the key-

board and the test w'ill be stopped.
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hlhile performing the dispìay test the 8085 monitors the 8279

input buffer status and'its interrupt line to determine whether any

characters have been entered into the buffer (tfrat is, whether any

keys have been pressed). If the display sequence does not stop when

the operator presses a key, this procedure for detecting a key closure

has cìearly failed and the 8279 is assumed to be fauìty because the

keyboard and all address data and control bus connections to the 8279

are assumed to be fault free.

When a key closure is detected the 8085 starts executing a routjne

which is desjgned to test both the 8279 interrupt generation 1og'ic and

the operation of the 8085 RSTS.5 'interrupt. Tests are performed to

veri fy that:

(a) the RST 5.5 interrupt of the 8085 is asserted if, and only if'

the 8279 input buffer is not emPtY;

(b) when the RST 5.5 ìnput is asserted,8085 interrupts are enabled

and RST 5.5 is unmasked, a RST 5.5 interrupt does occur; and

(c) the 8279 keyboard buffer becomes empty after one character is

read from it.

If an error is detected in any of these tests the message "Err ln"

is written to the d'ispiay, where "n" is a number wh'ich indicates which

of the tests failed. If the first test fails the logic levels of the

8279 Il,lT output pin and the B0B5 RST 5.5 input pin must be examined to

determjne which of the two devices (or the 'interconnection between

them) js at fault. If the second test fails the fault clearly ììes

in the 8085, which is rep'laced. If the thjrd test fajls a mult'ipìe

key entry has occurred and the test ìs repeated to determ'ine whether

the error is persistent. If it does occur aga'in the 8279'is assumed
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to be fau'l ty.

If all of these tests are executed without error a character'

which corresponds to the key orig'inally pressed, is djsplayed on the

rìght hand digìt of the display. Any key except "NEXT" may then be

pressed and i ts corresponding character wi I I be wrÍ tten to the disp'lay.

The operator is requìred to press each key on the SDK-85 keyboard (ex-

cept,,RESET" and "VECT INTR")'in turn and verify that the correct charac-

ter appears on the display. The test is intended to check the key en-

codìng logic of the 8279 to ensure that each of the 22 keys'in the key-

board matrix qan be uniqueìy ident'ified by the controller. The "NEXT"

key should be the last one to be pressed, as 'it will terminate the

test and start execution of the next test in Stage III. If both the

dispìay and the keyboard tests have run without error it is assumed

that the 8279 is fault free and may be confidently used in subsequent

tests as a medium of commun'icat'ion between the Stage III test program

and the operator.

It should be noted at this point that development of these first

two tests in stage III took far longer than any of the other tests in

the entjre procedure. Thjs was princ'ipally because a number of diffi-

culties were experiences in attemptìng to use the 8279 keyboard/display

control I er. In part'i cul ar, 'i t was found that i f commands are wri tten

to the 8279 command register in arbitrary order a garbìed djsplay can

result. It was found, for example, that a "clear keyboard FIF0" command

could not be issued after data had been written to the display RAM with-

out the display being corrupted. While this, in jtself''is not an

unreasonable restriction, it is one whjch'is not documented in the 8279

data sheet[116]. Consequently, it was oni.y by trial and error that the

correct command sequence was found wh'ich would cause the 8279 to operate
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as desired.

The third test to be performed'in Stage III is the serial input/

output test, for which a test plug must be inserted into the serial

I/0 socket (J7) to loop the serial output data back to the serial

input. The test program first sets the 8085 serial output data lìne

(S0D) then, after a short delay to allow the input filter capacitor

(C5) to charge, checks that the serial input data line (Sl0) is high.

SgD is then set to'0'and SID is read again to verjfy that'it follows.

If the test fails an error message is displayed and a loop is entered

in which SOD,is togg'led every milljsecond to allow an oscilìoscope to

be used to isolate the fault in the serial I/0 circuit. If a square

wave js not present at SOD or is present at both SID and SOD the B0B5

itself is assumed to be fau'lty. When the "NEXT" key is pressed exe-

cutjon of the test loop stops and the next test is started.

Two tests are performed next on the I/0 facjljtjes of the 8355/

8755 and Bi55 devices. The first of these is a s'impìe write/read test

on the paraì1e1 I/0 ports whjch requires that test connectors be in-

serted into the sockets J3, J4 and J5 to connect correspond'ing b'its

of the A, B and C ports on each device together. Thus data written

to port A of any of the chj ps can be read back through port B (and

port C'in the case of the 8155s) of the same chip. The test program

writes a walk'ing bìt pattern to port A of each device, reading back

through port B (and C), and then writes the walk'ing bit pattern to

the B ports, reading back through the A ports. Thus the'input cap-

abilities of each port are checked. If any errors are detected they

must be due to a fault in the port because connections from the ports

to J3, J4 and J5 were verjfied during Stage II, and the test connectors

are assumed to be fault free.
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The second of the two tests is for the counter/timer on the

basic 8155 (ntO¡ and the 8085 TRAP input, which is connected to the

timer output of 416 on the SDK-85 printed circuit board. The tjmer

is'initial'ised to produce a pulse at'its output after a short delay'

then a deìay routine'is executed. If a TRAP interrupt has not

occurred on exit from the delay rout'ine an error flag'is set.

If any errors are detected in ejther of the paralle'l I/0 or

TRAP tests an appropriate error message is displayed and both tests

are repeated at one mi j l'isecond i nterval s. Repetit'ion of the tests

allows the timer output of 416 to be traced, to determine whether the

cause of the TRAP fajlure was the timer in 416 or the 8085. As before'

repet'ition of the tests stops when the "NEXT" key is pressed. The

parallel I/0 and TRAP tests are performed together, w'ith results of

both bejng disp'layed at once, so that 416 is "fulìy" tested at one

time and the tests for its I/0 ports and counter/timer are not sep-

arated unnecessari'l y.

After the paralìe'l port and TRAP tests the second part of the

Stage III procedure, in which the SDK-85 external interrupt and ho'ld

facilities are tested, commences. Up to this po'int in the SA proced-

ure links 3-4,7-8 and 20-2I on the SDK-85 board must have been jn

place, tying the RST 6.5, INTR and HQLD inputs to their jnactjve (low)

levels. In the second part of Stage IIi the l'inks are to be removed

and these inputs are to be connected to an output port, so that they

may be assertecl under software control. These 'input lines are con-

nected to ìnputs of an 8216 buffer which, being TTL compatibie, float

to the "h'igh" State. Therefore if , 'in the process of removing the

ljnks and connect'ing the jnputs to the appropriate output port, the

'inputs were allowed to float, the RST 6.5, INTR and HOLD Inputs to
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the CPU would all be asserted and the SDK-85 would hang until the

inputs were taken low again. In order that this does not occur the

following procedure is adoPted:

As port A of A15 is the one whjch is to be used to control the

RST 6.5, INTR and HOLD inputs, at the end of the TRAP test the rele-

vant output bits of th'is port are set to zero. A message'is then

written to the d'isp'lay'informing the operator that the next test is

about to be performed and prompt'ing h'im to change the test connectors.

He must first remove the connectors currently in sockets J3, J4 and

J5, then'inqert a1ì connectors for the renrain'ing tests ìn Stage III

(and, ìn particular, the one whjch connects the RST 6.5, INTR and

H0LD ìnputs to Port A of 415) and final'ly remove ljnks 3-4, 7-8 and

2O-2I. He must do this without removing povrer from the system or

pressing "RESET". Qn'ly in this way wi'11 a continuous "low" level at

the RST 6.5, INTR and HOLD jnputs be maintained.

It may be noted that these precautjons would not have been

necessary if the three inputs concerned had been active low inputs'

which would float to the inactive state when left disconnected.

The first test to be performed'in the second part of Staqe III

is on the RST 6.5 facil'ity and consjsts of the followíng steps:

(j) The RST 6.5 input to the B0B5 is read to check that it js

init'ia'lly 1ow.

Data is written to port A of Ai5 to take the external RST 6.5

input hìgh and the RST 6.5'input to the B0B5 is agajn read to

verify that jt then goes hìgh.

(ii)
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(iii) B0B5 interrupts are enabled and RST 6.5 is unmasked. A

fìag in RAM is then read to verify that a RST 6.5'interrupt

has occurred.

If any of these tests fajl an error message is disp]ayed and

the test is repeated contjnually unt'il the "NEXT" key ìs pressed'

Repetit'ion of the test allows the pulse train generated at the ex-

ternal RST 6.5 input to be traced (with a CRQ or ìogic probe) through

to the 8085, so that the fault may be'isolated to the 6085, the

input buffer (45), or an interconnection.

After the RST 6.5 test a message is written to the display which

indicates the start of the vectored jnterrupt (RST 7.5) test. In

response to this prompt the operator must press the "VECT INTR" kty,

which should produce an active transition at the B0B5 RST 7.5'input'

The test program checks for a transition at this input and, when one

is detected, unmasks the RST 7.5 interrupt and enables 8085'interrupts.

If a RST 7.5 lnterrupt cloes not then occur the B0B5 must be faulty

so an error message'is dìsplayed. If the active transition on RST 7.5

.is not detected (that'is,'if nothing appears to happen when the

"VECT INTR" key'is pressed) the operator must press the "NEXT" key'

An error message is then wrjtten to the d'isp'lay to emphasize that

the test was iì'lega'lly terminated, probably due to failure of the

test. An oscilloscope or ìogic probe can then be used to determine

whether the fault is jn the "VECT I,NTR" key and its assoc'iated com-

ponents or, fajling that, in the 8085. ÌnJhen the "NEXT" key 'is pressed

again the next test routine ìs entered.

The next test in Stage III'is the Il,lTR test. When the B0B5 re-

ce.ives an INTR interrupt 'it issues the interrupt acknowl edge strobe
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(INTA/) and expects to read an instruction code (usually a restart

instruction) back from the data bus. For the INTR test, â Short in-

terrupt servjce routine is stored'in the test ilOtt at location 0018H.

Therefore external buffers whjch place the RST 3 instruction code

(DFH) onto the data bus when INTA/ is issued are requ'ired for thjs

test. Append'ix C contai ns the ci rcu j t di agram of a su'itabl e adapter

which is connected to the SDK-85 data bus at connector J1 and to INTA/

at connector J2. These connections are made to the board at the

beginn.ing of the second part of the Stage III procedure. If the RST 3

buffers are not available the "NEXT" key can be pressed'in response

to the disp'lqy which marks the start of the test and the test will be

s kì pped .

Execution of the INTR test commences when the "EXEC" key is

pressed. Data js written to port A of 415 to take the INTR'input

high and 8085 jnterrupts are enabled. If a RST 3'interrupt does not

then occur an error message is displayed and the test is repeated

until the "NEXT" key ìs pressed. If a fault were to prevent the RST 3

instruct'ion being placed on the data bus ìn response to INTA/'the most

ìikely occurrence is that the B0B5 would read all ones (FFH) from the

bus and execute a RST 7 instruction. As a precaution against thjs

causjng the test program to fail, a RET instruction is stored in the

test RQM as a RST 7 service routine, to allow an orderly recovery

from failure of the test.

There is a relatively large amount of untested ìogic - including

the data bus jnput buffers -jnvolved 'in passing INTR to the 8085'

INTA/ to the external connector and the RST 3 jnstruction back to

the 8085. If the INTR test fa'ils all of .th'is 
logic must be tested

with an osc'illoscope while the test is being repeated so that the
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fau'lt may be i sol ated.

The INTR test is followed by a test for the counter/timer on

the expansion RAM chip,417. As 417 is an opt'ional component the

operator has the option of skipping the test by pressing the "NEXT"

key in response to the message on the display which rnarks the start

of the test. For this test a plug must be inserted into connector

J5 to connect the timer output of 417 to bit 7 of its A port. Link

17-18, which connects CLK to the timerinput of A17 must also be in

p'l ace.

The test corlfnences when the "EXEC" key is pressed, and cons'ists

of the following stePs:

(i)

(ii)

(iii)

The tjmer output is read (through port A of 417) and tested

to veri fy that i t i s i ni t'ial ly hi gh.

The counte¡is ìnitialised and a short delay routine is en-

tered, during the execution of which the timer output must

go low.

A second deìay routjne 'is entered, during which the timer

output must return to the high level.

If any of these tests fajl an error message is dìsplayed and the

test is repeated at one mill'isecond intervals until the "NEXT" key is

pressed. A log'ic probe or oscilìoscope may be used to trace the

pu'lse train which should appear at the timer output. If the pu'lse

train does not appear at the timer output 417'is assumed to be

faul ty.
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The next step in the Stage III procedure is not so much a

specific test as a routine desìgned to stimulate any external memory

connected to the SDK-85 through the data and address buffers. l'lith

link 25-27 in pìace on the SDK-85 board the data bus ínput buffers

are enabled whenever the CPU performs a read operatjon from memory

addresses 8000H to FFFFH, or from I/0 addresses 80H to FFH. Thus

any memory or I/0 devices in thìs address range are assumed to be

external to the SDK-85. . S'ince the nature of any such external mem-

ory or I/O will vary from system to system, rìo specjfjc test could

be performed to check it. Instead a general purpose stimulus rout'ine

is executedi in which the data bytes 00H and FFH are repetet'ive'ly

written to, then read back from each memory location in the range

BOOOH to FFFFH.

The response of external memory (if any) to this stimulus wil1,

of course, depend on what type of memory it js, so the stimulus

routine 'ignores the data read back. Some other means of verifying

the response of the memory (such as signature analysis) must be used,

and for this reason START and STOP pu'lses for the s'ignature anaìyser

are generated at unused outputs of the 8205 address decoder (RtO)

each time the routìne is executed. No stjmulus is provided exp'lìcitly

for external I/0 devices s'ince stimulus data for I/0 devices generally

must be quite specifjc to elìcit any nleaningful response. A generaì

purpose stÍmulus would therefore be unl'ikely to be very useful.

In an SDK-85 wjth no attachments this test can be'ignored. It

is stopped when the "NEXT" key ìs pressed.

The last test performed in Stage III is the HOLD test. A

message which indicates that the test is about to be performed'is
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written to the display, then data is written to port A of 415 to

assert the external HQLD Input. If the hold mechanism works correctly

the 8085 should then enter a HOLD state from which it cannot exit.

tllìth the system hung in this way jt is possible to test the logìc

assoc.iated with the hold acknow'ledge status ljne (HLDA) while'it is

in its active state. Th'is section of the circuit is tested in Stage

I, but on'ly wh'ile HLDA is inactive so it is neçessary to test it

again wh'ile HLDA is active to ensure that there are no stuck-at-zero

faults present (particularly around the HLDA synchron'ization flip-

flop, A9).

If the hold mechanism fails and the system does not hang, exe-

cution of the test program continues and an error message is written

to the display to'indjcate a HOLD fault. The CPU then halts' Once

aga'in a logic probe or oscilloscope may be used to trace the path of

the HOLD input sìgnal so that the source of the fault may be found.

If the HOLD input pjn of the 8085 ìs found to be asserted then the

fault must l'ie in the B0B5 itself .

This test completes the signature analys'is procedure for the

SDK-85.

3.4 .5 Documentati on

The documentation of a sìgnature analysis test procedure for any

system w.i1ì clearly have a critical effect on the success with which

the procedure is appìied to the system. The SA literature presents

several alternatjve methods of documentation which the designer may

choose to uset92l t951.
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In the simplest method of documentation the "correct" signatures

whjch are expected at each node in the system are printed adiacent to

their respect'ive nodes on the circuit diagram. It is then the task

of the field service technician, while servjc'ing the system, to observe

signatures at vrhichever nodes he consjders appropriate based on his

knowledge of the system, and to,identify the faulty component as the

one wÍth good input signatures and bad output s'ignatures. This ob-

viousìy requ'ires Some knowledge at ieast of the operation of each

component in the system. Thus, to some extent it nullifies one of

the major advantages claimed for s'ignature ana'lys'is - that the serv'ice

technician Çoes not need to be high'ly tra'ined or very fam'iliar with

the system to apply SA to it.

In complex systems, jn which many signatures must be taken,

poss'ibly with many djfferent control line setups, the method becomes

impracti.ul[92]t951. In such cases there is simply too much informa-

ti on to be I egjbìy ìnc:l uded on the ci rcui t d'iagrams. Furthermore, i t

would be virtually'impossjble for a technicjan to approach the diag-

nosis of a large system systematical'ly and efficjentìy without sonre

overalì gu'ideljnes on the order in which signatures should be taken.

Therefore some more extensive for¡n of documentation is requ'ired'

In a second method of documentation s'ignatures are tah¡ulated

'in the servjce manual of the system, whìle signals paths within the

system are Shown as arrows printed on the printed circu'it board. In

servic'ing the system the technician must follow the arrows, verifying

s'ignatures al ong the s'ignal paths unt j I the f aul ty devi ce i s f ound '

This method also'is not well suited to application ìn large compìex

systems because onìy a limited amount of information can be intell-
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igibly printed on a printed circuit board. It is certainly not

sujtable as a means of documenting a retrofitted SA procedure because

of the difficuoty of printing the requ'ired infórmation on the printed

ci rcui t board .

In the third method of documentation a flow-chart is constructed

whjch gives explicit directions to the service technician, spec'ify'ing

which signatures should be observed, how the signature analyser should

be set up to observe them, and what actìon should be taken when an

i ncorrect s'ignature 'i s observed. Thi s method al I ows the des i gner to

include much more detail 'in the documentation of the SA procedure than

either of the other two methods. He can thus, with the benefit of an

overview of the system, plan the sA procedure in detajl so that diag-

nosjs of the system will, in each case, proceed as quickly and effic-

.iently as possible with little demand on the d'iagnostìc skills of the

service technjcjan. Indeed,'if the flow-chart is sufficiently detailed

the diagnosis of a quite comp'lex system can, in principle, be performed

by a technjcian with absolutely no knowledge of the system. It must be

acknowledged, however, that a flow-chart containing such detailed in-

struct'ions must be quite complex. It is also clear that such a rigidly

defjned test procedure cannot be expected to deal with al1 possible

fault conditions and will, in some cases, fajl to correct'ly isolate

the fault. Thus Sharritt[92] remarks that the flow-chart approach

can be "risky and cumbersome" when a too rig'id spec'ification of the

test procedure 'is attemPted .

Nevertheless,inthecaseofthesDK-BStheflow-chartmethod

of documentation is the only practicaì alternative. Because the pro-

cedure was desìgned to isolate faults to a single component and con-

sequently involves the observation of a large number of signatures
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with varjous controi line setups, the documentation of the procedure

must be quite detailed. In severa'l places jn the procedure it was

necessary to include unconventjonal directions (such as to observe

signatures with certain keys pressed) which could not easi'ly be

documented by one of the other methods. In Stage III, because the

tests are so complex and varied,a flow-chart form of documentation js

virtually mandatory. All of these constraints were evident at the

start of the development of the SA procedure and it was therefore dev'

e'loped with the intention of document'ing the procedure in flow-chart

form.

The final form of documentation for the SDK-85 SA procedure is,

in fact, based on an adaptat'ion of the flow-chart method. The docu-

mentatíon consists of a numbered sequence of exp'licit'instructjons

for each step of the procedure, listed jn the generai order in which

the tests are to be performed. The instruct'ions are generally

followed in númericaìsequence although depend'ing on the outcome of

the tests, the technic'ian may be instructed to skip one or more steps

or to replace a component and start the procedure again. This format

was adopted in preference to the more conventjonal flow-chart because

it allowed greater flex'ib'iìity in the descript'ion of each step of the

procedure, particularly in Stage III, in wh'ich the instructions for

some tests are qu'ite 1ong. The princip'le disadvantage of this format

is that it results in a very long set of ìnstructions which a service

technjcian may be reluctant to follow in detail from beginning to end.

Nevertheless it was considered to be necessary, gjven that the test

procedure itself, being'intended to isolate faults to a single compon-

ent , i s qu'i te 1 ong and deta i I ed .
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The main section of the documentat'ion is divided into three

sections corresponding to Stages I, II and III. This is preceded by

a set of general notes which must be read before diagnos'is of the

system is started. These notes give general instructions on how

the technjcian should proceed and how he should interpret the instruc-

tjons for each of the three Stages. They also contain specific notes

concern'ing unstabl e s'ignatures; the observat'ion of si gnatures at

device outputs and the possibi'lity of bus faults; the need to observe

signatures on both edges of some clock signals; and the fact that the

procedure is not infallìble.

The complete set of instructions for the procedure is contained

in Appendix F.

3.5 Testinq the SA Procedure

3.5. 1 Veri fi cati on

It was verified that each of the three stages in the SA procedure

do test the systems as they were intended to during the development

of the various indiv'iclual tests, primari'ly w'ith the aid of a'logic

ana'lyser and an oscilloscope. For Stages Ii and III in particular

the log'ic analyser was used to monitor activ'ity in the system at

critical sectjons of the test programs to ensure that the test soft-

ware was correct.

During development of the three stages, and when the fjnal set

of "good" s'ignatures was recorded, the procedure was performed several

tjmes, with particular attent'ion be'ing paid to s'ignature consistency
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and stabj'lity. As alì signatures were found to be repeatab'le and

(except in one case) stable, it was concluded that all instructions

for the observation of signatures are valid. The one case of sig-

nature instability was attributed to violation of the data setup and

hold times of the signature anaìyser due to propagation delays through

a buffer. No suitable alternative method could be found for the ob-

servation of the signature at the node jn question.

It was found that it initially took approx'imately 90 minutes to

perform the entire SA procedure on the fault-free system. As might

be expected,,as famiIiarity with the procedure 'increased the time

taken to perform the procedure decreased. However, it was not found

to be possible to reduce the total time taken to less than 80 minutes -

comprising 45 minutes for Stage I,30 minutes for Stage II' and 5

minutes for Stage III (with no test performed at step 9 - the external

memory test).

3.5.2 Apolication of the nrocedure to faultv systems

The only way'in whìch a method of isolating faults in a system

can be assessed in practice is by appl'ication of the method to a

faulty system to see how qu'ick]y it does'isolate the fault (if at

all). Thus the effectiveness of the SDK-85 SA procedure was assessed

by tria'l app'l'icat'ion to systems which were known to be fauìty.

After the modjfications described in Section 3.2.2.2 had been

made to all ava'ilable SDK-85's, only one faulty system was available.

Therefore, so that the SA procedure could be more fulìy tested,'it

Was necessary to introduce varjous faults jnto a working system and

then apply the SA procedure to that. The procedure was designed ex-

p'ìic.itìy to detect almost all possible stuck-at and open-cìrcuit faults
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faults on the SDK-85 board and, for any given fault in this class,

it could be easily predicted whether the procedure would isolate the

fault and, ìf so, at what stage. Therefore'it was not considered to

be worthwhile to jntroduce stuck-at and open-circuit faults into the

system to test the effectiveness of the SA procedure.

The approach adopted instead was to selectively replace good

components in the system with components which were known to be

faulty (a'lthough the nature of the faults were not known) and then

apply the SA procedure to try to'iso1ate the faulty devices.

The results of the various trials of the SA procedure are des-

cri bed i n the fol I owi ng sect'ions .

3.5 .2. 1 Fau'ì ty SDK-85

The first trial appì'ication of the SA procedure l¡ras to an SDK-85

which contained an unknown fault. In normal operat'ion the system was

found to run satisfactorily for short periods but it v¡as observed that

the rnon'itor would displa-v its error message at apparently random times

in response to valid key sequences.

Exam'ination of the faulty system revealed that jt was different

from the one on which the SA procedure was developed. In particular,

the display scanning logìc was obvjously d'ifferent, employing an 8205

one-of-e'ight decoder instead of a 7415156. Some of the other minor

components were also different. The fact that these differences

between the systems exjsted meant that the extent to which the devel'

oped SA procedure could be appl'ied to the faulty system vlas limited.

The procedure is obvìously very specifìc to a particular circuit and

even minor changes in the circuit may mean that a large part of the



99

SA procedure must be changed for it to be applicable. It was there-

fore considered to be impract'ica'l to rev'iSe the procedure to suit

the faulty system. In any case, a circuit diagram for the system was

not available so a revjsion of the procedure would have been virtualìy

i mpossi bì e.

It was possible, however, to perform the free-run test on the

B0B5 CPU because it only involves the CPU and is independent of

system configuration. At step 3 in Stage I, pin 3 of the 8085 was

found to be puls'ing and, when monitored on an oscilloscope, proved

to be producing a 3MHz square wave whereas it was expected to produce

the static RESET OUT signal. Closer examination of the behavjour of

the ch'ip, ônd the printed circuit board, reveal ed that this part'icular

B0B5 had its CLK output at pin 3 and its RESET OUT output on p'in 37

(that js, pins 3 and 37 were swapped around from the usual p'in con-

fìguration for an B0B5). The printed c'ircuit board had obv'iously

been designed to accept this particular vers'ion of the 8085. It can

on'ly be assumecl that the B0B5 was an early vers'ion of the device,

whil e the system was a correspond'ing'ly ear'ly version of the SDK-85.

No information could be found in the available Intel literature about

a version of the 8085 with the funct'ions of p'ins 3 and 37 interchanged.

The printed cjrcuit board was modified to accept a "standard"

8085 and the system then appeared to work faultlessly. Because of

the circuit differences betleen thjs and the orig'inal SDK-85 it was

only possible to run the free-run test on the CPU and Stage III of the

SA procedure. None of the tests showed any errors, although during

the external memory test in Stage III the dìsplay flashed on and off,

presumabìy as a result of the differences in the display scann'ing

log'ic whjch were mentioned above. It appeared, then, that the fault
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in the system was cured when the "old" 8085 was replaced with a "new"

one, which suggests that the fault either was due to the ìayout of

the printed circuit board (which was changed sl'ightly for the nqv

8085) or was in the old 8085.

l^lhile this fautty SDK-85 proved to be a rather unsatisfactory

test case for the SA procedure, it did serve to illustrate two im-

portant points. The first is that the SA procedure can detect "faults"

in the system (jn this case, a quite drastic "fault" in the CPU). The

second is that the procedure, as developed, can only be applied to the

exact SyStem, for which it was developed; even m'inor changes to the

cjrcuit may mean that the SA procedure must be completely revjsed. At

the very least jt would be necessary to revise the documentatjon and

record an updated set of "good" signatures after a circuit change.

3.5 .2.2 Faul t 8085

For the second trial appìicatjon of the SA procedure, the CPU

chip in the original SDK-85 (the one on which the procedure had been

developed) WaS replaced with one which was known to contajn a fau'lt,

aìthough the nature of the fault was unknown. The on'ly error then

apparent in the operation of the system was that when it was first

turned on the display Was garbl ed, 'instead o'l= showing the expected

"- 8085" fltonitor sign-on message. After the RESET key was pressed

once,the display would be correct and the system would operate

norma'l I y.

It was observed that the problem was not overcome by hold'ing

the RESET key down as the system was powered up' so it appeared that

the fault was not related to the length of time for whjch RESET was

active. It was also observed that, although the disp'lay was'inìtiaìiy
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garbled, the monitor was apparently running correct'ly as RAM I o t 1 0ns

could be modified by the usual key sequences.

App'lication of Stages I and II of the SA procedure to the system

revealed no errors at all. At the start of Stage III the display was

again garbled immediately after power-up' instead of showing charac-

ters shjftjng across the d'isplay. If the instructions were to be

folìowed at that po'int (step 2 of Stage III) tne aZZS keyboard/display

controller would be replaced because the d'isplay was incorrect. How-

ever, the fault was known to lie in the B0B5 and not the 8279, so the

SA procedure,clearly failed to isolate the fault. If the 8279 had been

repìaced according to the instructions the fault would not have been

cured and there would have been no indication of any likely alternat'ive

source of the fault.

After the RESET key was pressed the correct display sequence was

produced and all remaining tests in Stage III executed wjthout error.

It was decided to attempt to determine the nature of the fault in

the 8085 so that the reason for the failure of the SA procedure to

isolate the fault might be discovered. A log'ic state analyser was

used to monitor the behaviour of the CPU (ttrat is, to trace the sequ-

ence of addresses referenced by the CPU) imnlediateìy after power-on'

This revealed that the CPU started executjng code at address 0024H in

the monitor before the'instruct'ion at address 0000H was fetched and

executed. The TRAP interrupt of the 8085 forces the CPU to execute

from address 0024H onwards, so it was apparent that the B0B5 was ser-

v.icing a TRAP interrupt as soon as it commenced executjon after being

reset at power-on. In the course of exec.ution of the TRAP routine in

the monitor,data is written to the 8279 control and data registers, so
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in this case data was being written to the 8279 before it was proper'ly

initialjsed. This premature writìng of data to the 8279 apparently

caused the garbled djsplay when the device waé properìy injtialised

and data was placed jn its d'isplay RAM, after execution of the TRAP

routine had been completed.

It was therefore concluded that the nature of the fault in the

B0B5 was that it was sensing a TRAP'interrupt immediately after power-

on reset. The fault was clear'ly not due to the timer in 416 because

'its TItrlER OUT p'in was observed to go high while RESET was active, and

stay high while the 8085 was comìng out of reset. It should be noted

that, apart from the problem at power-on reset, the TRAP mechanism

appeared to be functioning correctlYr âS implied by the error-free

execution of the TRAP test at step 7 of Stage III, and by the correct

operation of the monitor single-step function.

A possible interpretation of th'is fault is evjdent from the cir-

cujt diagram of the TRAP logjc g'iven in the B0B5 data sheet and re-

produced here as F'igure 3.3. If the connection from the 8085 RESET

input to the TRAP flip-f1op clear input were open-circuited the fl'ip-

flop would not be cleared on reset and may, in fact, be set after

power is first applied to the 8085. A TRAP interrupt would then be

sensed by the CPU and serviced as soon as poss'ible after reset,

thereby clearing the TRAP flip-flop. A second reset would result in

the correct execution sequence by the CPU, as the TRAP fl'ip-f1op

tryou'l d be cl ear.

It is interesting to note that this fault would only result in

incorrect behaviour by the CPU immediately after power-up, or during

normal execution if a reset were to occur in the short interval
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between the TRAP flip-flop being set and the CPU servicing the ìn-

terrupt. This explanation of the fault accounts for the observed

behaviour of the system during Stage III of the SA procedure and' in

particular, for the inabjlity of the procedure to correctly ìsolate

the fault. It is sign'ificant that a physical explanation of the

fault could only be postulated because the circuit diagram of the

relevant section of the 8085 happened to be avêilable.

3.5.2.3 Faul tv 8355

The second "known faulty" device to be used to test the SA pro-

cedure was an 8355 RQM conta'ining versjon 1,2 of the SDK-85 monitor'

Once again the nature of the fault was not known. The device was

placed in socket 414 in the SDK-85, and no errors were observed in

normal system operat'ion .

The SA procedure was app'lied to the system with the result that

no errors were found'in any of the three stages of the procedure.

It was therefore assumed both that the contents of each location in

the R0l4 were correct and that the operat'ion of the two I/0 ports in

both input and output nrodes was correct. However, jt iS possible

that the device did contajn a fault which only occurred when the I/0

ports were configured in a particular way' or after a particular

sequence of input data to the chjp. If the device was jndeed fau'lty,

the fault was most ljkely to have been some such form of pattern

sensitìvity rather than a simple stuck-at, bridging' or open-c'ircuit

fault of the type tested folin Stages II and III. A second' seem-

ingly less l'ikeìy, possjbjlity ìs that an error occurred during the

tests but was not detected by the signature analyser because'it pro-

duced the "good" sìgnature. The probabil'ity of such an occurrence

( I ess than .002%t961) j s smal I enough to be negl i gi b'l e.
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3.5.2.4 Faul ty 8155

An 8155 RAM device - also assumed to be fau'lty, but with the

nature of the fault unknown - was placed in socket 416 on the SDK-85

board, ìn pìace of the "basic" RAM chip, with no apparent errors during

normal system operation. The SA procedure v,,as once again appl ied, with

no errors being detected.

Like the 8355, then, if the 8155 was faulty, the fault was most

l'ike'ly to have been one which only occurred in a mode jn which the

8155 was not tested, or which was some form of RAM pattern sens'itivity.

It should be noted that the 8155 is functionally more complex than the

8355, hav'ing several possible operating modes for its I/0 ports and

counters and yet its I/0 section is no more thorough'ly tested than that

of the 8355. The possib'ility of the SA procedure not detecting a fault

in an 8155 is correspondingly greater than for an 8355.

3 .5.2 .5 Faul t.y 8279

A faul ty 8279 was 'inserted in place of the good 8279, w'ith no

errors evident during normal operation of the system. TheSA procedure

was appljed, with only one error bejng observed. This occurred at step

2 of Stage III, in which characters are shifted from right to'left

across the dispìay. It was observecl that the bottom ("d") segment of

the left-most dispìay d'ig'it was turned on at certain times when it

Should not have been, So that a rr4rr, for example, would appear aS a "y".

The error did not appear on any other dìg'it and there was no obvious

correlatjon between the occurrence of the error on this digit and the

turning on of any other segment ìn any of the dìg'its.

The SA procedure requires that the 8279 be repìaced when an in-

correct d'isplay is observed, so in this case the faulty dev'ice was

correctly identified.
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3.5.2.6 P.C.B. bri 1n faul t
It'is appropriate to consider at this po'int a fault which was not

deliberately'introduced to test the SA procedure, but wh'ich was dis-

covered durìng development of the procedure. The effects of the fault

were first observed during deve'lopment of the Stage III test program

(which was developed before the Stage II program)' as unexpected be-

haviour of the system afÙer the serial I/0 test had been performed.

A ìogic state anaìyser was used to trace the activìty of the CPU,

monitoring the sequence of addresses pìaced on its address bus, w'ith

the negative edge of ALE used as clock. It was found that after port A

of 415 was enabled as an output port for the first time (at the start

of the paral'lel I/0 test) the sequence of addresses output by the B0B5

bore no relatjonship to the following 'instruction sequence. This im-

plied that the 8085 had stopped executing instructions out of the ROM.

After some experirnentation it was found that the cause of this be-

haviour was a short circu'it on the printed circuit board between the ALE

line and b'it 6 of port A on 415. In the presence of the short circujt,

with thjs bjt of the port acting as an output, the B0B5 could not drive

its ALE output to valìd'log'ic levels and therefore could not fetch in-

structions from the R0M. The fault had no effect before the paraì'le]

I/0 test because until that po'int jn the test port A of 415 had only

been enabled as an input port and bit 6 therefore would not have affected

the ALE signal.

It is interestjng to consider the effects wh'ich the fault would have

had during normal executjon of the SA procedure. Stage I would have re-

vealed no errors because all ports remain in their initjal (input) nlode

throughout Stage I. In Stage II, however, all ports are enabled as

output ports by the first few'instruct'ions executed after reset, after

which the system would start to mjsbehave. Sjnce none of the Stage II

test program would be correct'ly executed, START and STOP puìses for the
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signature analyser would not be generated and no s'ignatures could be

observed. This would first be not'iced at step 4 of Stage II, with a

consequent direction to replace the 8085

The SA procedure would therefore have failed to correct'ly isolate

the fault and it would then be necessary to use conventional tech-

niques to try to isolate it. This procedure would be made more diffi-

cult by the facts that the error only occurs when the port is pro-

grammed as an output port, and that the fault involves the ALE l'ine'

which was not directly invoìved in the observation of signatures at

step 4 in Stage II. A technicjan would need a log'ic state analyser

and some familiarity with the program be'ing executed when the error

first appeaÉed (the Stage II test program) to isolate the fault.

3.6 Summar.y

The implementatìon of signature analys'is on the SDK-85 described

in this chapter was a task whjch required a great deal of attention

to detajl and many decisions and compromises. Some of this was fore-

shadowed in the SA literature, but much of it could only be apprec'iated

after perform'ing a detailed impìementation. The compromises, which

were mostly made necessary by pract'ica'l cons'iderations of the I ength

of test programs and test execut'ion time, clearly affected the effec-

tiveness of the final procedure and tests carried out on the procedure

have shown that there is some room for ìmprovement.

The implications of the observations made jn this chapter about

the implementation and effectiveness of SA on the SDK-85 will be dis-

cussed'in Chapter IV. In part'icular, the extent to which SA is seen

to be the complete field service solut'ion and the more serious areas

of def i ci ency w'i I 1 be di scussed .
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CHAPTER IV

ASSESSI4ENT OF SIGNATURE ANALYSIs

4.I Unique Properti es of the SDK-85 Implementation

Before the effectiveness of signature analysis (SA) can be

assessed on the basis of the'impìementation descrjbed jn Chapter III,

it is necessary to jdent'ify any unique characterjstics of that im-

plementation which nray influence the assessment. In particular, the

effects of any peculjarities of the target system and the approach

to the impl ementatìon must be cons'idered.

4.1.1 Peculiarities of the SDK-85

Although the SDK-85 was chosen as the target system for the ìm''

plementation of SA ìargely because it was considered to be a typica'l

microprocessor system, it does have the distinction of being a genera'l

purpose system with a wìde range of I/0 and'interrupt facilit'ies. A

complete test for the system should test all of these facilitjes in

alI poss'ible operating modes. In a dedicated system there would

typ'icaìly be fewer facilities, which would only ever be used in a

restricted set of operating modes and r¡¡hich, thenefore, wouìd only

need to be tested in those modes.

The need to test the va¡ious I/0 facjlities of the SDK-85 com-

pficated the SA procedure to the extent of requi¡ing a third stage in

the procedure. However, Stage III and the various tests it contajns

have only served to jllustrate,in one imp]ementation' many of the

problems which may be variousìy encountered jn attempting to test the

I/0 facilities of a range of different systems.

A second unique characteristic of the SDK-85 is its cost. Being
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a "bare-boneS" system, supplied without power supply, elaborate pack-

agìng or front paneì controls, it js somewhat cheaper than a fuì'ly

packaged system of equivalent functionality would be. The SA deveìop-

ment costs, extra hardware costs and overall repair costs will be a

greater proportion of the value of the SDK-85 than of an equÍvalent

packaged system. Therefore, the fact that the various pieces of test

hardware required for the sìgnature analys'is of.the SDK-85 are worth

about twenty per cent of its total value (approx'imately $SSO¡ should

not be taken as being signìficant. For a packaged system the propor-

tìonate cost woul d be s'ign'ificantly I ess.

4.t.2 Peculiarities of the SA Procedure

Apart from the inclusion of Stage III the most important un'ique

characterjstic of the SDK-85 SA procedure is that jt was designed to

.isol ate faul ts dovrn to a s'ingl e repl aceabl e component. Thi s resul ted

in a procedure which is qu'ite long (particularìy Stages I and II) be-

cause jt involves a tot of signa'l tracing from clrip to ch'ip. If a less

ambjtious goal for fault resolution had been set'it would not have

been necessary to test each component separate'ly and the procedure

could have been sign'ificantly shorter. Therefore jt'is fair to say

that the SDK-85 implementatjon must exaggerate the problenrs and tediutn

of tracing s'ignals from chip to chip and the slowness of the procedure.

The ajm to ach'ieve fault resolution to a sjng'le component also

had the effect of reducing the extent to which half-spl'itting could be

used, as discussed'in Chapter III. Once again this resulted in a pro-

cedure whjch'is lonqer than jt would othervlise be. It can be said,

however, that the restricted use of half-splitt'ing in favour of an

"expand'ing kernel" approach made the organisation of the documentation

for the procedure much sjmp]er. if ha]f-spl'itting had been more ex-
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tensjvely used there would have been many more branches, or decis'ion

points,'in the documented procedure' whjch may have meant that the

a'lready lengthy documentation lvould have become unmanageably complex.

It is likely that half-splìtting could have been used to greater

advantage on the SDK-85 than it is in the procedure described jn

Chapter III, but it is not expected that this would have sign'ificantly

reduced the total tjme taken for the procedure.

A third characteristic of the procedure is that the thoroughness

of the tests performed on ind'ividual devices in the system varies con-

si derabl y . ,Whereas al most al I nodes 'i n the system are "wi ggl ed " to

test for stuck-at and bridging faults and are thereby tested quite

thoroughly, some devices recejve only a cursory test. It proved to

be qu'ite easy to test most nodes in this way, part'icular'ly during the

free-run stage in which most system nodes are "wiggled" b.y the CPU,

and yet the technìque provides qu'ite a substantial fault coverage.

Node-wiggf ing also provides a very convenient and effective stimulus

by which some devjces, including the 8205 address decoder and the two

R0Ms, can be tested.

In contrast,jt proved to be very dìfficult to fit a thorough

test for the 8085 CPU and 8279 keyboard/display controller jnto the

context of node-wigg'ling and, in the case of the 8279, jt was necessary

to devise an exp'l'ic'it test. Even more extensive tests for the 8085,

8279 and other devices could have been jncluded in the procedure, but

th j s woul d have been 'incons'istent wi th the "node-w j gg'l i ng" approach

to stimulat'ing devices, and the suggestion in the "Designer's Guide

to Signature Anaìysir"[95] thut to test LSI dev'ices one should simp'ly

"apply whatever stimulus js required to exercise them". The in:portant

point to note is that the "node-wigg'ling" form of stjnrulus advocated
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in the SA literature does test some dev'ices very thoroughly' but is

completely unsuitable for others and therefore results in device tests

which are not unifornrìy thorough

It is clear, then, that there are several characteristics of the

SDK-85 SA Implementation 'in respect of which it differs from what

might be considered a truly typical imp'lementation. However, it js

not considered that any of these would prevent a fair assessment of

SA in genera'l based on the SDK-85 implementatjon, provided that their

effects on the procedure are kept in mind.

4.2 Imp lications of the SDK-85 Implementation

It is now possìble to consider the developments and tests des-

cribed in Chapter III and their implications about SA and its general

effectiveness as a fjeld service technique for m'icroprocessor systems.

To do this, three aspects of the SDK-85 procedure wi'11 be considered.

They are the problems'involved jn the imp'lementation of the procedure

on the SDK-85; the ease with which the procedure is app'lied; and

the effectjveness of the procedure in isolating faults in the system.

4.2.I Impl ementation problems

The outstand'ing feature of the process of design'ing the SA pro-

cedure was that'it proved to be a much longer and more demanding task

than expected. As d'iscussed ìn Chapter IIi, it was necessary to per-

form several refinements of the procedure, resequencing tests to en-

sure that each device was tested as easily and efficiently as possibìe.

A great deal of attention to detail (particularly s'ignal tim'ing) was

requ'ired and in many cases it was necessary to exercise a degree of
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inventiveness, to devise sujtable tests for devices or to find

suitable control signals for the siqnature analyser. In short, the

design process was not straightforward.

However, in the more usual day-to-day implementation of SA two

factors would act to make the design process faster and eas'ier:

(i) Experience. As a designer gains experience in the app'l ication

of SA he will be able to ant'icjpate, to some extent, the best

time and method for testing each component in the system. He

will therefore create, at the first attempt, a sA procedure

which is close to the opt'imum in terms of the use of half-

sp'litting, the number of control line changes, and the number

of signatures which must be observed. Thjs "learning curve

pri nc'i pl e" i s noted j n t95I 
.

(ii) Init'ial des'ign. l,lhen SA is'incorporated into a new system it'is

the system designer who is most likely to plan the SA procedure.

His knowledge of system operat'ion is 1ike1y to make it much

easier for him to determine when and how each component should

be tested. Secondly, in design'ing the system, he can incorporate

features which will make the implementation of SA easier than it

was for the SDK-85.

Because of these two factors and the unusual economics of the

SDK-85 noted earlìer in this chapter, the SDK-85 implementation of SA

provides no reason to d'isagree with clairns by Hevr'lett-Packard[54] t99l

that jncorporation of SA into a product increases its development

costs by only one per cent.

The second problem whjch was encountered dui^ing development of
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the SA procedure was that there are several features of the SDK-85

des.ign and archjtecture which made the use of SA to test some devices

difficult or imposs'ib'le. The first of these, and one which the

SDK-85 shares will all mìcrocomputers is the use of busses, as dis-

cussed in earl'ier chapters. Unless some form of current tracing is

used it js impossible to jsolate a bus fault to a s'ingle component on

the bus. Thjs is an jnherent lìmitation on the abj'ljty of SA, or any

other vo]tage sensing techn'ique, to'isolate faults. It means that if

an incorrect signature is observed on a device output as the result

of a fault elsewhere on the bus, the field service techn'ician must use

some other means of isolating the fault. To do this he needs a rela-

tively high level of technical knowledge and some familiarity with the

system under test. This problem therefore represents a significant

restrjction on the abil'ity of SA to quìckly and cheaply isoìate fauìts,

albeit one whjch is shared by most other techniques and 'is v'irtua'lly

'inevitable.

The second feature of the SDK-85 des'ign which made the implemen-

tation of SA diffjcult was the inclusjon of circuitry wh'ich exhib'its

non-standard (that is, non-TTL) log'ic levels. Voltage levels present

in the serial interface and dispìay driving circuits are incompatibì e

with the input log'ic levels of the signature analyser, so sìgnatures

sìmply cannot be observed in those sections of the circuit. An os-

cil'loscope must be used to trace any faults which may occur there'

Aìthough the cjrcuits involved are quite simple and can be satisfac-

torììy (perhaps even more easiìy) dìagnosed wjth an oscilloscope, it

does mean that once again a skilled technician v¿ith some knowledge of

the system must use an alternatjve method to SA.



114.

If these sections of the circuit had contained any sequential

logic or feedback, then diagnosjs wjth an oscilloscope would be much

less straightforward and sìgnature ana'lysis may have offered some

advantages. The implicat'ion for system design is clear: for the

most straightforward appljcation of SA to a system, ôll system nodes

should exhjbit standard logic levejs and, in interface cjrcuits, 'in

which this is not possible, feedback should be avojded.

An obv'ious basic requirement for the appl'icat'ion of SA to any

system is that there be suitable START, STOP and CL0CK s'ignals avail-

able for thg observatjon of the signatures of all signaìs in the

system. These control s'ignals proved to be quite easy to fjnd for

most of the sjgnaìs present in the SDK-85, most data jn the system

being synchronous with ALE, RD/ or WR/. However for some lines (notab'ly

ALE and CLK) there was no suitable signal of higher frequency avajl-

able which could be used as a clock. In these cases 'it was necessary

to use the signal be'ing observed as clock, and observe signatures on

both positive and negat'ive edges of the clock - an inconvenient but

satisfactory method. The need to use several different clock signals

at various times and the consequent need to change signature analyser

control lines a'lso proved to be inconven'ient and both slowed down the

procedure and res tri cted the use of hal f -spl i tti ng , as d'iscussed 'in

Chapter III. Clearly, the multipl'icìty of clocks, or strobe sjgnals,

'in the SDK-85 was, in itself , a prob'lem.

Ideally, a]1 sìgnatures in a system would be observable wjth

just one clock signal so that few control line changes would be re-

quired. Signatures could then be observed throughout the system 'in

any convenient order ancl a faster SA procedure would result. Although
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the SDK-85 is a synchronous system, with all signals being derived

ultimately from the 6.144MH2 oscillator, the relevent data sheetstl16l

do not specify a fixed t'ime relationsh'ip between this clock (or its

derivative, CLK) and other signals in the system. Therefore, while

the 6.144MH2 clock could, in principle, be used to sample data at all

nodes in the System, it is not possible in practice and several

different clocks must be used.

A related problem was the inabil'ity to observe signatures at the

segment outputs of the 8279 keyboard/djsplay controller because a

suitable clock signal was not avajlable. Again,'in principìe, CLK

coul d have been used for thi s purpose, but 'in pract'ice unstabl e si g-

natures resulted. The segment latch outputs change synchronous'ly

with the SLO scan'line output, whjch'is derived from CLK, but the

sìgnature instab'i1ity would suggest that there is a long and somewhat

variabl e propagation delay 'in the clock d'iv'ider chain. In fact, the

"Designer's Guide to Signature Ana'lys'ir" [95] remarks specificalìy on

the difficulties of observin,o signatures around I.C. keyboard encoders

(such as the 8279) and the possibì1ity of signature instab'i1ity when

testing long ripple counter chains. The inabilìty to observe all

outputs of the 8279 meant that the device could not be directly tested

as fully as it should have been. This type of restrict'ion clearly

compromises the effectiveness of SA although in this case there is

Some compensat'ion in the fact that the display can be examined to

detect errors in the segnrent output data of the 8279,

F'inalìy, two features of the SDK-85 desìgn created minor prob-

lems which could easiìy have been avoided and would have, had the

system been designed with SA'in lnjnd. When observìng the outputs of
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the 7415156 demultipìexer it js necessary to use a pull-up resistor

on the data probe of the signature analyser, so that the open collec-

tor outputs appear to be in the high state wh'en not active. This is

on'ly a minor inconvenjence, but it is one which would have been

eas'i'ly overcome by the inclusion of pull-up resÍstors on the 7415156

outputs in the originaì design.

Second'ly, the fact that the external RST 6.5, Il,lTR and HQLD'in-

puts to the system are actjve high proved to be very inconvenjent

when it was necessary to change test connectors during Stage III.

Had these'inputs been active low they would have floated to their

inactive (high) level when disconnected and there would have been no

need for specia'l precautjons when the connectors were changed. Indeed,

if the inputs were active low there would have been no need for the

links on the board which tje the inputs to their inactive level when

not 'in use.

These last two points serve to illustrate that for successful,

trouble-free'implementabion of SA in a system the design of the system

to accommoclate SA must be considered in great detail. This is part-

icular'ly so if fault resolutjon to a sìng1e cgmponent is to be

attempted. Certainly it is necessary to consjder design of the system

for SA in greater detail than isjmplied jn the SA app'licatÍon

I i terature.

4,2,2 Ease of use of the SA Procedure

The most striking aspect of the actual use of the SA procedure

is the time taken to cotrplete it. Appfication of the procedure to a

fault-free SDK-85 takes at least B0 minutes, of which 45 minutes 'is

occupìed by Stage I,30 minutes by Stage II and 5 minutes by Stage III.
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If a fault were to be found in the system th'is time would obv'ious'ly

increase, particularly if it were one whjch had to be'isolated w'ith

an oscilloscope or current probe.

The 'impressi on whi ch was gaì ned wh j 1 e performi ng Stages I and

II of the procedure was that it involves a lot of slow, tedious trac-

ing of signals from one chip to another, wÍth a lot of time be'ing

spent s'imply I ocatj ng spec'ifi c devi ce pins. There seemed to be few

cl-ranges in signature unuìyr., control l'ine setups, and these did not

seem to occupy a s'ignificant amount of time overall. The amount of

device-to-device prob'ing could be reduced e'ither by redesign of the

procedure so that all s'ignatures for each device are observed at once

or by the greater use of half-spìitt'ing. However, as d'iscussed

earlier, either of these changes to the procedure would dramaticalìy

increase the number of control line changes required and, consequently,

the tjme taken for the procedure would not be reduced sign'ificant'ly,

if at all. 0n1y if most signatures in the system could be observed

with a single control line setup would either of these changes offer

any s'ignificant improvement over the existing "expanding kernel " pro-

cedure. Hal f-spl'ittìng, as noted 'in [95], is most suitabl e for systems

in which there is a clear signal propagat'ion path, with little feed-

back, which is certainly not the case in the SDK-85.

It should be noted, once again, that the slowness of the pro-

cedure and the amount of devi ce-to-dev'ice probi ng 'invoì ved are I arge'ly

a result of the fact that the procedure was desìgned to jsolate faults

to a s'ingle component. In other implementations they may be less of

a probl em.
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It is s'ignificant that Stage III, jn which several relativeìy

complex tests are conducted, takes much less t'ime to perform than

either of the other two stages. This is entire'ly a result of the

fact that in Stage III the response to each test is monitored under

software control by the system itself. This is, of course, much

faster than manual observation of the test results by signature

analys'is (or any other method). It 'is clear, then, that as a general

practice as much of the system as possible should be tested by se'lf-

diagnosìs, lvith signature anaìysìs used on'ly to test those sections

of the system (CPU, ROM, RAM, I/0) whjch must be tested before self-

diagnosis can take over. Th'is means that if a system does not have

some form of output disp'lay or input sw'itches which can be used for

interaction vl'ith the operator during self-diagnosis, they should be

desi gned i nto the systern s pec'if i cal 1y for thì s purpose '

Because Stage IIi executes so quickly it mìght be considered

worthwhile to use it as a quick (t¡ut not conc'lusive) system verifica-

tion routjne. However if any errors were to be detected during Stage

III it would then be necessary to apply the full sA procedure, start-

ing with Stage I, to isolate the fault because the results of the

Stage III tests depend on the error-free execution of Stages I and iI.

That is, an error during stsge III may be the result of a fault which

would be detected in one of the earl'ier stages. Therefore' while

Stage III may be used as a convenient self-check rout'ine it provides

little useful d'iagnost'ic informat'ion jf executed alone.

The ejghty minutes taken for the executjon of the SA procedure,

while seeming to be a long tìme, should be considered jn the context

of almost complete fault resolution. During those eighty minutes al-

most every component andnode in the system is tested in some way' So
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that if no errors are detected the level of confidence in the system

under test should be quite high. If a less thorough test were to be

performed (for example, only a maior system components) the time

taken for the test would be much less, but at the cost of reduced

faul t resol uti on .

It is unlikely that the SDK-85 could be tested by traditional

field service technìques as thoroughìy as by the SA procedure in

less than eighty minutes. For examp'le, 'it would probab'ly take we1ì

in excess of eighty m'inutes (not includjng the time taken to become

familiar wi!h the system) to use a'logic stage analyser to isolate

an obscure but commonplace fault such aS a stuck-at bit in a RAM.

In such a case the time actually taken to isolate the fault would

depend on several factors, including luck. However it would certa'inly

take a very long time to test the system such that all faults which

the SA procedure can detect, would be detected. Thìs speed advan-

tage of s'ignature analys'is'is due to the fact that the compression

of data and extensjve documentation of "good" signatures make veri-

ficatjon of even complex data sequences very easy and fast.

A second aspect of the ease wjth which the SA procedure may be

used'is the degree of technical skill and system familiarity required.

One of the major advantages claimed for SA js that the operator does

not need a h'igh level of technical knowl edge or famil'iarìty with the

System under test to diagnose faults jn the system. In fact, because

the documentation for the SDK-85 SA procedure is quìte detailed'

virtually no knowledge of the system'is required to apply the proced-

ure ìn most cases. Generaìly ìt is only necessary to be able to

locate the various devices and connectors on the board and identìfy

which p1¡ must be probed to observe a signature. This clearly requires
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very little technical knowledge.

However, 'if a fault exists in the system which the SA procedure

cannot isolate then the demands made upon the field service tech-

nicjan are somewhat greater. If jt becomes necessary to use a

current probe to isolate a bus fault, or to use an oscilìoscope to

trace a fault jn the serjal 'interface or displäy circuits, or if the

procedure identifjes a wrong component as being fauìty, then the

technician must use some technical skill to isolate the fault. Only

in the last case - the comp'lete failure of the SA procedure to correct-

l.v isolate the fault - js a signifìcant degree of famjljarity w'ith

the system requ'ired, becau se the techn'ic'ian must then use tradi ti onal

techniques to jsolate the fault "from scratch". In such a case jt

¡ìô¡lr in fact, prove to be more economjcal to simply rep'lace the board

and have jt repa'ired at a central site - that is, employ board-

swapp'ing on a limited scale for cases in which the SA procedure fails.

For the most part, then, it'is true that neither technical skìll

nor familiarity w'ith the system are requìred to apply the SA proced-

ure to the SDK-85. For some faults a degree of technical knowledge

is necessary, and in extreme (and hopefully rare) cases familìarity

with the detajls of operation of the system may be requjred. It is

significant that an understancling of system software would only be

necessary 'if the SA procedure f ail ed comp'l etely.

It can be concluded, then, that a'lthough the app'l'ication of SA

to the SDK-85 is not a fast process, it will 'in general isolate

faul ts faster than trad'it'ional methods. Furthernlore, SA general ly

requ'ires that much less tirne be spent becoming fanril'iar with the

system and can be used by 1ess skiIIed personnel than tradit'ional
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methods. HoweVer, it is still a labour-intensive and therefore

expensi ve process.

Effectiveness of the SA Procedure

t?L.

only be

faul ts

tri al s

any

The effectiveness of the SA procedure in the sDK-85 can

assessed in terms of the abjljty of the procedure to isolate

in the system. This assessment can only be based on the few

of the procedure which were described'in Chapter III, and on

general difficulties or lìmitations which may be foreseen.

The difficulties presented by the bus oriented architecture of

the SDK-85, the use of discrete components, and the'inabjl'ity to

observe s'ignatures at certai n nodes , were al I discussed j n Secti on

4.2.I. These problems obviousìy place a lim'itatjon on the ab'if ity

of SA to isolate faults to the component'level and, in that sense'

limit the effectiveness of SA jn the sDK-85. However, the limita-

tions of the procedure are probably better illustrated by the trial

applications of the Procedure.

In the case of the B0B5 in whjch the TMP mechanjsm appeared to

be faulty it'is apparent that if the conclusion reached about the

exact nature of the fault (Ürat the TMP fìip-f'lop 'is not cl eared on

reset) is correct,the fault would only ever be evident after the CPU

is reset. Thìs fault, or any other fault only evìdent at reset, could

not be directly detected by the SA procedure because the procedure

on]y tests devices 'in what might be called "steady state" operation.

Sìgnature ana'ìysis is usually, and most convenient'ly, appl'ied to

ot¡serve the results of tests which are performed repetitivelyt95l and

therefore would not detect errors which only occur during transient

or ',once-only', act'ivity of the system, such as at reset.
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It is possible to observe signatures of once only events usjng

the "HOLD" fac'ility of the signature ana'lyser, and activity at all

nodes in the system intmedjately after reset could be mon'itored'if

the SA procedure were so designed. The problem with this approach

is that there are countless faults which could take effect at reset,

and durjng other special states of the system and jt would be extreme'ly

djffjcult to arrange the SA procedure to try to test for them all.

Furthermore, it may be noted that the behaviour of the B0B5 immediate'ly

after reset was found to be somewhat erratic and, 'in any case' is not

fully documented by the manufacturers. Therefore whil e in princ'ip1 e

it is possib,le to verify systenr behaviour after reset by signature

analys'is, it is not so in practice because the behavjour of the B0B5

must be regarded as being variable from device to devjce and from

time to time. The 8085 TRAP fault is therefore one whjch, by its very

nature, could not be d'irectly isolated by s'ignature analysis.

|l|ith the faulty 8085 in the system the SA procedure ultimately

identified the 8279 as being the faulty component. Th'is constituted

a comp'lete failure of the SA procedure and, to isolate the fault, the

onìy alternat'ive left would have been to resort to trad'itional methods.

This situation could have been avo'ided if for the gÍVen error,as well

as ident'ifying the component whjch was most l'ike1y to be faulty (the

B27g), the documentation specjfied an alternative device which could

be faulty and cause the error. Then, when replacement of the 8279 did

not cure the fault, the alternatjve dev'ice (most likely to be the 8085

in this case) would have been replaced and the procedure vrould have

then correct'ly isolated the fault. It seems desirable, then, that the

documentation for a SA procedure include at least one alternative when-

ever a faulty devìce is identified after an error is observed, particu-

lar'ìy when the reasons for selectÍng that device as the faulty one ìn
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the first p'lace are not very strong.

The fact that the 8279, rather than the 8085, was identified

as being the faulty component reflects the assumpt'ion that, at that

stage ìn the procedune (eariy in Stage III), the 8085 has been tested

satisfactorily and is fault-free. The assumpt'ion that the CPU is

fault-free after it has passed the free-run test is basic to the

whole SA procedure, as described'in the'introductory ìjterature. All

tests performed after the free-run stage are software driven and

therefore re'ly upon the integrity of the CPU. In the case in point

the test fori the 8279 failed simply because the B0B5 did not init-

ialise the device properly when it was assumed that it would. It is

therefore very important that the CPU (a1ong with other kernel com-

ponents) is adequately tested before the software driven test stages.

Any fault in the CPU wh'ich goes undetected may welì prevent ìt from

correctly performing software driven tests, 'in lvhich case the SA pro-

cedure is likely to fajl by identifying the worng component. In vjew

of this conclusion it is doubtful whether the simple free-run test

performed on the CPU, being the on'ly exp'ljcit CPU test, is thorough

enough.

In the SDK-85 SA procedure the free-run test js supplemented by

several quick tests performed during Stage II. Wh'ile the CPU is ex-

ecut'ing the.loop to perform the RAM and output port tests the s'ignatures

which are taken to verify the blR/, S0 and 51 outputs also verify that

the CPU is executìng the test program correctly - that is, peforming

the correct nunlber of the correct type of machine cycl es. Similar'ly,

when the stuck-at-one signature with RD/ as clock'is observed during

each RAl4 test, it is verìfied that the CPU'is executing the correct

number of read cycles during the test. In the sense that the CPU is
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performing a varjety of operat'ions during these tests, they con-

stitute a much better (although certajnly not compìete) test of the

CPU than the free-run test. These simpl e tests therefore reduce

the likelihood of a fault in the CPU go'ing undetected. They do

not, however, test the CPU jn well defined or Systematic way, so jt

is difficult to say by how much they reduce this ljkelihood.

The failure of the SA procedure to detect any faults in the 8155

and 8355 dev'ices which were assumed to be faulty illustrates that the

results obta'ined from the procedure can be inconclusive. hJhile jt is

likely that,neìther of these dev'ices was, in fact, faulty, there re-

mains the possjbility that one (or both) contaìned a fault was simply

not detected by the tests performed. Faults which may not have been

detected include:

(i)

(ii)

faults onìy evjdent in operatjng modes of the I/0 ports which

were not tested;

faults only evident under transient conditions (such as

reset) ;

MIvl pattern sensitiv'ity (in the case of the 8155);

internrittent faults;

a.c. or d.c. parametric faults.

(jii)
('iv)

(v)

There is the further possìbilìty, that the only reason no faults

were detected in the devices was that the faults happened to produce

comect signatures. The important pojnts arising out of this dis-

cussion are that neither the 8155 nor the 8355 is comp'letely tested

and that faults do exist whjch would not be detected by the SA pro-

cedure.
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Although the 8155 and 8355 tests are 'incompìete and arguably

unsatisfactory,'it is'important to real'ise that tests on the I/0

sections of these devices, and I/0 devices in genera'l' are not as

important as thorough tests on the CPU. As we have seen, the Success-

ful execut'ion of tests jn the later stages of the SA procedure dep-

ends on the integrìty of the CPU, and any undetected faults in the

CPU may cause the procedure to fail. Input/output devices, however,

are not as important to the procedure. A'lthough some tests in Stage

III make use of I/0 ports, there are only a few of these tests and

they are documented jn such a way that if any of them fails because

an I/0 port,'is faulty,the fault can be traced back to that port.

Theref ore, whi ì e 'incompl ete test'ing of an I/0 dev j ce may resul t i n

a fault in that device go'ing undetected, it is unlikely that another

device will be judged to be faulty because of it.

The one successful app'lication of the SA procedure utas in the

case of the faulty 8279, which lit the bottonl segment of the left-

most display dig'it at the wrong times. Although the procedure did

correctly isolate the fault the success in this case was not particu-

1arly reassurjng. The fault was cìear'ly one which was pattern sensi-

tive in some way, because it only occurred when certain characters

were bejng displayed and did not show up at all during normal opera-

tion of the system. It must therefore be cons'idered very fortunate

that the fault happened to show up with the part'icular display se-

quence used for the test. If another sequence had been chosen the

fault may not have been detected. If it had been possible to observe

the segment outputs of the 8279 during Stage II the fault may have

been detected then, but again there ìs no guarantee that the data in

the display RAM duning that test would h.ave shown the fault up. Thjs

case once again suggests that thorough devìce tests, rather than
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simple device exercise rout'ines which might by chance show up a

faul t, are des i rabl e.

The bridg'ing fault between ALE and bit 6 of port A of the expan-

sion R014, described in Chapter III, js an example of a type of fault

with which signature analysis cannot deal in practice. The fault

woulcl have caused compìete failure of the SA procedure (if it had

been appìied) because it created a feedback path from port A to the

CpU which eventually caused the CPU to stop executìng the test program.

It has,been noted several tjmes that the successful application

of SA to a system requires that all feedback paths from untested

log.ic to a device under test be opened. For this reason all tests

performed in Stages I, II and III were carefully sequenced so that

no device is tested before devices which affect its 'inputs. However'

in the des.ign of a SA procedure it is not possible to allow for the

existence of extra feedback paths, such as the one created by th'is

bridgjng fault, sinrpìy because there are so many poss'ibilities. þJhen

such faults occur it is therefore l jkely that they wjl'l jnvalidate

the procedure. The property of bridging faults that they can create

feedback paths is well knov¡n in the theory of testing combinational

ci rcu i ts , 'in whi c h they can cause sequent'iaì behavi our and compl i cate

test procedures considerablytTltl2I). The principle 'is the same Ín

the case of the bridging fauìt 'in the SDK-85.

The failure of the SA procedure in the presence of this fault

would be compìicated by the fact that'it would first be noticed while

performing a test wh'ich is nomjnally for the 8085 l^lR/ output. Replace-

ment of the 8085, in accordance with the instructjons for the proced-

ure, Would not cure the fault so it would be necessary to use tradit-
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ional techniques to isolate the fault from that point. The fact

that the fault would only be evjdent when port A of AiS was pro-

grammed as an output port wou'ld make this process much more difficult.

Indeed, unless the technicjan was familiar with the Stage II test

program he may even be unable to reproduce the error. Any fault

like this, which would prevent the test procedure from being exe-

cuted correctly and which therefore would produce mjsleading symp-

toms when the procedure was appì 'i ed , woul d be parti cul arl y d'i ff i cuì t

to di agnose.

Thjs fault illustrates that the on'ly way to ensure that all

possible faults in a system are detected and correctly d'iagnosed js

to test the system in each of its possible operating states. If
port A of 415 had been enabled as an output port during Stage I

the fault would have been detected when the ALE s'ignal path was

checked, and could have been isolated with a current trac'ing too'l .

However, it is sìmply not practical to repeat a1ì of the Stage I tests

vrith the system in each of its poss'ible operating configurations so

that faults such as thjs would be detected. As discussed in Chapters I

and II, it is not pract'ical to test any LSI based system'in all of its

possible operat'ing states, so faults such as thjs bridging fault, which

cannot be allowed for in the design of the SA procedure, must be

accepted as threats to the effect'iveness of the procedure.

4.3 'The Importance of the Defi ci enci es of SA

The strengths and shortcomings of SA observed in the SDK-85

implementatjon were discussed in the preced'ing sectìon. Some of the

observed deficjencies (such as the apparent tedium of performìng



128.

Stage I of the procedure) are not of great consequence, whereas

others are more serious and significantly reduce the overall effec-

tiveness of the technique. In this section thL more serious defic-

iencies of SA which were evident from the SDK-85 implementation and

their significance will be d'iscussed, together with possible develop-

ments which may overcome the deficiencies.

, IX must be stressed that the properties which wjll be discussed

are more concerned with the means of implementing SA than with SAper

se, It is clear that SA will only be fu1ìy effective in a system if

all implementation prob'lems can be overcome, and it'is apparent from

the discussion jn the first part of this chapter that'impìementation

problems provide greatest lim'itatjon on the effectiveness of SA.

4.3.1 The observabili tv of s'iqnatures at all nodes

The ability to observe signatures at all nodes in a system'is an

obvious requirement for the successful app'lication of SA to the system'

particularly when it is desired to test each component indivjdually

and thereby achieve complete fault resolutjon. It was apparent during

development of the SDK-85 SA procedure that to achieve this it js

necessary to pay a great deal of attention to details of system design

and the characterjstics of system components - more so than had been

expected after reading the ear'ly SA application literature.

In the SDK-85 implementation two propertìes were found to ljmit

the observabilìty of signatures: voltage levels and timing. If sìg-

natures are to be observed at all nodes, logìc levels at the nodes

must be compatible wjth signature analyser input levels, so all nodes

'in a system should ideally exhibit standard TTL or CMOS 
'logic I evels.
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l,lhile the new HP5005A s'ignature multimetertl13l does have adiustable

'input threshold I evels, ìt is obviously not practica'l to adiust the

threshold to suit each node. For the ..uron, discussed in Section

4 .2.1 the use of d j screte components shoul d be avoi ded, parti cul ar]y

in sections of a cjrcuit whìch 'incl ude feedback. G'iven the ongoing

trend away from the use of discrete components, it seems likely that

problems ofthis sort rvill become less common as a matter of course,

rather than as a result of any trend towards design for testability'

The issue of tim'ing and synchronizat'ion in systems is more com-

plex. The basic requirement is that there be sujtable start, stop

ancl clock sjgnals for the observation of data at every node in the

system. In addition, it has been seen that it is desirable that there

be as few different control line setups for the signature ana'lyser as

possible. In fact there would ideally be iust one clock s'ignal which

could be used for the observat'ion of all s'ignatures in a system. In

the SDK-85, as we have seen, this is possible in principle but not in

practìce because timing specifjcations for the system are not suffic-

iently prec'ise. Thus it was necessary to use several different clock

s'ignaìs at various times, including CLK, ALE, RD/, ['JR/ and SL0'

Ideally, in every system there would be one signal which js twice

the frequency of the highest-frequency signa'l of interest jn the sys-

tem. This could then be usecl as the s'ignature ana'lyser clock and

ejther edge of that clock could be used to observe each s'igna1 on the

board. Because its frequency js twice that of the highest-frequency

s'ignaì of interest, either clock edge can be used to sampìe that

s'ignaì in both logic states, renroving the need to observe signatures

on both clock edges, aS was necessary fo.r CLK, ALE, RD/ and i,lJR/ in

the SDK-85. Thus, in the SDK-85 the 6.144Mllz clock would jdealìy be
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used to observe all signatures in the system (ir the timìng relatjon-

sh.ip between it and the other signaìs in the system were well enough

defjned and propagation delays were not large enough to cause sìgna-

ture instabil ity) .

As an jllustration of thjs princìple, consider the segment out-

puts of the 8279 keyboard/d'ispìay controller, which could not be ob-

served because no su'itabl,e clock was available. These outputs change

synchronous'ly wìth the SLO output, which is derived from the CLK in-

put by djvjsion by the programmable clock presca'le factor (whjch is

normally set to 31), then by a further factor of 128. The most suit-

able clock for the observation of both the segment and the scan line

outputs would be one which js twice the frequency of SLO (or CLK +

(presca'le factor) + 64) as discussed above.

To verify that the availability of such a clock would enable the

BZ79 to be more easily tested, the clock prescaìer for the 8279 during

Stage II was changed to 16 (the nearest possible power of two to 31)

as in the l'istìng in Append'ix E. Thus SLO became the CLK 'input div-

ided by a factor of ZI7. A 4040 CMOS dìvider ch'ip was connected to

the system to prov'ide a "CLK : 210" clock s'ignaì, which was twice the

frequency of SLQ, but with a varjabìe phase relationsh'ip to'it, as

shown in F'igure 4.1. lJith thjs signal used as the signature analyser

clock, and with SL3 used for the START and STQP'inputs, it was found

that stable siç¡natures were observed at all scan line outputs' seg-

ment outputs, outputs of the 7415156 and return line inputs to the

8279 wtth eithel clock edge (although it was sometimes necessary to

reset the system to adjust the phase relationship between the clock

and SLO). Thus it became much easjer to test the keyboard and d'ispìay

scanning circuit, because it was only necessary to observe s'ignatures
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on one clock edge and the 8279 segment outputs could be verified

di rect'ly.

Aìthough the extra hardware requ'ired to achieve this jmprove-

ment jn the testab'ility of the system was quite simpìe, the princi-

ple it demonstrates is 'important. The existence of precisely

defined synchronism in all sections of a system w'i1ì consjderably

improve its testab'ility by sìgnature anaìysis. It'is obviously pre-

ferable to be able to use a single clock for the observation of s'ig-

natures at all nodes jn the system, but in sections of the system'in

which prepagat'ion delays may make this impractical, a "local" clock

should be provided - with extra hardlvare jf necessary. In the case

of the SDK-85 this would involve the addition of one component (the

4040 divider - 'itself easi'ly tested) to allow the 8279 to be more

easily tested.

A much better genera'l solution to the probìems of testing the

8279 would be the prov'ision by the manufacturer of the requ'ired clock

signal at an output pin of the device itself. Then an 8279 in any

system could be tested by s'ignature analysis without any externa'l

hardware. However, I/0 p'ins on LSI and VLSI devjces are a precious

¡^.rgu...[25] and manufacturers are understandably re'luctant to dedi-

cate any to improvìng the testabifity of the device, particular'ly if

it only improves the testability for one specific method such as SA.

Neverthel ess, compl ete synchron'ism withi n a system j s essent'ial

jf SA is to be easily app'lied and fu1ly effective. The better the

synchronism is defined (that'is, the more complete the t'imìng speci-

fications are) the easier it will be to impl ement SA. l^lh'ile this

would ideally be considered by devi.u tunrfucturers, Who would pro-



133

duce devices and specifications accordingly, it would be unrealistic

to expect this to become common practice in the foreseeable future.

The system desjgner will therefore be constraìned to use devjces

which do present problems for SA and he must be prepared to include

extra hardware'in the system to overcome specific problems. This

will require that he cons'ider the problems of timing and synchroniza-

tion in detail, and even (as was necessary wjth the 8279) experiment

with devices to fjnd suitable s'ignature analyser setups with which

they can be tested.

The problem of signature observability at all nodes in the sys-

tem is therefore one which can be largely overconre with suffjcient

attentjon to design of the system ìn the first p'lace. However, it
is apparent that in some cases an inordinate amount of effort will

be requìred to overcome specific problems. Certajn'ly it is clear

that the desìgn of a system to include SA jnvolves a good deal more

than the provision of test programs and means of free-running.

4 .3.2 Indi vi dual devi ce tests

Perhaps the most outstand'ing result to come from the SDK-85 im-

plementation of SA is that the tests performed during the SA pro-

cedure on individual LSI devices (tfre gOgS,8155,8355 and 8279) are

not thorough enough. The trials wh'ich were performed rvith the fau'lty

B0B5, 8155 and 8355 al I demonstrate that the tests performed on these

devices during the SA procedure are inadequate.

It was noted ìn Chapter III that the ajm in developing the tests

for each of these devices (except the 8085, for which the method of

test'ing is prescribed in the SA literature) was to exercise or stimu-

late the device 'in some manner, consistent with the "nocle-wiggl íng"
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philosophy underlying the approach to SA 'implementation. For sìmple

SSI and MSI devices in the system, such as the 8205 address decoder,

this produced a virtual'ly complete test. It á'lso proved to be possible

to easily and thoroughìy test the ROM sectjon of the 8355/8755 and

the RAt'l sectÍon of the 8155. However, the 8085 and 8279., being func-

tionalìy more complex devices, were much less thoroughly tested. In

other words, the "reasonably convenient" tests performed during the

SA procedure tend to test devices up to a certain fixed level of

functionafity. Thjs is a result of the fact that the effort wh'ich

was put into deriving tests for each device was deliberately lim'ited.

It is clear,, then, that node-wigg'l'ing" is an excellent stimulus for

s'imp'le (espec'ia1'ly combinational) devices, but is a poor stimulus for

compì ex LSI devices.

As we have seen, it is partjcularly important that the CPU be

adequately tested early in the SA procedure because later tests depend

on it and assume that it is fault free. Thjs was illustrated by the

effect of the TRAP fault in the 8085. However, SA guidelines only

provide for a very simple test of the CPU. The free-run test only

tests the CPU during esecution of one instruction (tlOp), which is

probably the s'imp'l est instruction in 'its reperto'ire. Even if the

free-run signatures are correc.ü there is no guarantee that execution

of the NOP instruct'ion does not have any s'ide effects wjthin the CPU.

There are countless possible CPU faults which would not be detected

by the free-run test, of which the TRAP fault described earlier is

just one. The suppl ementary tests performed on the CPU durjng Stage

I I woul d detect ntany of these faul ts, but st'il I only const j tute a

partial test of the CPU. There'is a clear need for a specific, system-

atic and thorough CPU test early in the SA procedure, whjch would

test all or most of the CPU facjl'itjes in a uniform manner. On'ly
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then could subsequent tests be performed with a high level of con-

fi dence.

The 8155 and 8355/8755 tests are certainly more comp'lete than

the free-run test for the 8085. Ignoring the possibifity of an error

going undetected because of the data compression performed by the

signature analyser, the RQM section of each 8355/8755 is fully tested,

and the 8155 RAM test is reasonabìy thorough. The I/0 facilities of

the devices are also tested qu'ite extensive'ly. However, the tests

are not sufficiently thorough that it is not possible to postulate

plausible faults whjch would not be detected by the tests. Here

again there'is a need for systematic and thorough tests for these

devices wh'ich would test all of the facilities of the dev'ices for

the presence of any plausible fault.

Ihe BZ79 is functionally much more complex than ejther the 8155

or the 8355/8755 and the tests performed on it are the most extensjve

in the sDK-85 SA procedure. However the 8279 test'is much less com-

plete than the tests for the 8155 and 8355/8755. Although several

tests are performed on the 8279 durìng Stages II and IIi, it ìs on'ly

operated in two of its several poss'ible modes and many of jts fac'ili-

t.ies are not tested at all. It is exercised, but by no means thoroughly.

The mode in which jt is tested nrost extens'iveìy is the one in whìch

it is operated by the SDK-85 monitor and is therefore the only one

in which it js ljkely to operate in this system. Thus, if the device

were to be fulìy tested in that one mode it might be considered to be

acceptably tested. This type of limited function testjng has been

used in the ATE environment to keep device tests down to a reasonable

lengtht30l t411. Ideal'ly, however, the device should be tested in all

poss'ib1 e operati ng modes o parti cul arl y i n a genera'l purpose system
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such as the SDK-85.

As noted in chapter III the 8279 is a member of a rapidly

grow'ing fami 1y of i ntel I i gent mjcroprocessor peri pheral devi ces .

In fact it is one of the simpler devices of this type. All of these

devices must be pre-programmed, or jnjtial'ised (with quite lengthy

data sequences in some cases) before they w'i'11 perform any mean'ing-

ful function and therefore cannot be tested by a s'impl e "node-

wi ggl i ng" sti mul us . An exp'l i c'i t programmed test for each devi ce i s

necessary. The difficulty of testing these devjces by s'imp'le node-

w'iggl i ng may be compared w'i th the di ff i cul ti es ' noted by l¡cleod [63]

of testing LSI dev'ices with random test sets. As these dev'ices be-

come more popu'lar, and it becomes common to find several jn one

system, it will become essentjal to adequately test each device so

that the system as a whole can be effectively dìagnosed. Therefore'

once again, guidelines for developing systemat'ic and thorough pro-

granuned tests for peripheral devices are necessary.

The conclus'ion to be drawn from this discussion is clear. The

effectiveness of SA ín any system depends'largeìy on the thoroughness

of tests performed on individual devices and jn this respect current

SA guidelines are 'inadequate. The generaì node-wiggìing approach to

stimulat'ing the system js satisfactory for s'imple devjces, but not

for complex programmable LSi devjces. For these it js necessary to

devel op systemat'ic programmed test routi nes whi ch wil I test the

devjces thoroughly and uniformly. As yet, no guidelines for the

development of such tests in the context of signature analys'is exist.
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4.3.3 Input/output device tests

The issue of how I/0 dev'ices and facilities ìn a microprocessor

System can be tested is closely related to, Uut separate from, that

of LSI device tests, discussed in the preceding sêct'ion. The parti-

cular d'ifficulty in testing I/0 facilities is that a suitable exter-

nal st'i¡ulus must be applied to the devjce under test, and its external

outputs must be verified.

In the case of the SDK-85 it proved to be quite a simpìe matter

to test most of the I/0 facifities. For the parallel and serial I/0

port tests external connectors are used to loop outputs back to inputs

and it'is simpìy verified that data written to the output ports can

be read back correctly through the 'input ports. The paralleì ports

are tested in one mode only with a "walking bit" pattern but there is

no reason (apart from test execution times and R0l'1 space requirements)

why the tests could not be more extensive. Even the more comp'lex I/0

faciljt'ies of the SDK-85, jncludjng timers and jnterrupts' are easjly

tested, with para'l'lel ports used to simulate'input s'ignaìs and verify

outputs. It should be noted, however, that each of these tests re-

quires some external hardware, 9êîerally consisting of a simpìe loop-

back connector, although external buffers are required for the INTR

test. Ihe 8279 test js an except'ion in that it does not require any

external hardware. The "'loop-back" of output data (the display) to

inputs (tfre keyboard) is performed by the operator.

The ease w'ith which tests were developed for the sDK-85 I/0

facilities is largely a resu'lt of the fact that the CPU has sìmp'le'

almost d'irect, control over the outputs and can almost djrectly ob-

serve'inputs. The paraìleì and serial I/0 ports in the SDK-85 do
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not process the data passed between the CPU and the external world'

so that data appearing at output l'ines is essentially identìcal to

that written to the port by the CPU, and data read by the CPU js

identical to that appearing at ìnput lines. It'is therefore a simple

matter for the CPU to set output lines to specific log'ic levels and,

with the aid of a loop-back plug to an input port, examine and verify

the data present on those lines. The principle also app'lies to the

8279, although this device does perform some code conversion and

multip'lexing. The human element in the loop-back path helps over-

come thi s d'iff i cu'lty by performì ng 'intel I'igent i nterpretati on of the

8279 output data (that i s , the di sp'l ays ) .

Anothe¡important characteristjc of the I/0 facil ities on the

SDK-85 is that output line changes only occur when initiated by the

CPU, and similar'ly, the CPU can observe alf input line changes as

they occur. Aga'in, the multiplex'ing action of the 8279 is an exception

to thi s rul e.

These characteristics may be contrasted with those of I/0 devices

which more extensjvely process data passed between the CPU and the

external world. Examples of such dev'ices which have become avajlable

from several manufacturers in recent years are cathode ray tube (CRT)

controllers, floppy d'isk controllers, serial communjcation controllers,

and GPIB controllers[116] t11Bl t1191. These "intelf igent" peripheraì

controllers have the common characterist'ic that data read from the

device by the CPU depends not only on the current, instantaneous input

Value, but also on the past sequence of values over some per"iod of

t'ime. Simi I arly, output I i nes nlay adopt an extended sequence of

values in response to a sjngle write operation by the CPU. Further-

more, the logica'l relat'ionship between da'La written and read by the
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CPU, and data appearing at output and input p'ins can be sjmpìe (as in

the case of a serial line controlìer) or complex (as in the case of a

f'loppy di sk control'l er) .

consequently, for many I/0 devjces it would not be a s'imple

matter to simulate realjstic ìnput data in real t'ime with programmed

wri tes by the CPU to a paraì'l e] output port. N.ei ther woul d j t be

simp'le to monitor dev'ice outputs through an input port and check them

under software control . Apart from the fact that the i nput and output

data sequences may be at a high frequency, the CPU rnust simulate the

encod'ing and, decod'ing behaviour of the device under test, to provide

it wjth realistic inputs and to check 'its outputs. Th'is means that

in the case of devices I'ike a floppy djsk controller, for wh'ich input

and output data sequences are time critical, the CPU could not s'imu-

late jnputs and monitor outputs in real tjme so it'is simply not poss-

ible to test the device by this techn'ique. An alternative to the self-

test (ìoop-back) method used in the SDK-85 must be found.

gne possible solution to th'is problem is the use of an external

I/0 emulator whjch would provide input stimulus data and check output

data for a gìven devjce. Instruments which perform this function for

serial I/0 controllers have been ava'ilable for some tjmet122l. Stand-

ard test sequences for each device could be defined so that the emu-

lator would apply a standard ìnput sequence to the device, and the cPU

woulcl then check its response. Similarly, the CPU would program the

device to perform a standard sequence of operat'ions and the emulator

would check the data sequence produced at the device's output pins'

The princ'ipaì disadvantage of this approach js its 1ikely cost. 0ne

emulator would be requ'ired for each different type of I/0 device to

be tested in this way, dfl.d in many cases the emulator itself would



140.

be a very comp'lex instrument. I,lhile there is no doubt that the

technology is avajlable to achjeve the required complex'ity and speed,

and it would be possible to iustify the cost of such an instrument

for hi gh voì ume testi ng appl j cati ons ( some ATE provi de such faci I j -

ties), jt is a much'less practical proposition for low volume, field

servi ce test'i ng.

Another possible approach'is to test I/0 devices in what has

been called their "natural enyi.onment"[12] - that is, wjth the nor-

mal external I/0 hardware connected. Thus a floppy disk controller

could be tested by writ'ing data to and reading data from a floppy

disk, so there would be no need to provjde "artific'ial" input/output.

The diffjculty with this approach is that unless the external hard-

ware (the interface electronjcs, the fìoppy disk drive and the disk)

is known to be fault-free, failure of the test would be inconclusjve

because the fault may lie in any of this hardware, rather than the

device under test. l,lhile other I/0 controllers have less complex I/0

environments, the princip'le st'iì1 appl'ies that unless the external

hardware is known to be completely fault free, it only serves to com-

licate the diagnos'is of the fault if an error occurs.

A varjation of "natural envjronment testing" may provide a

practìca1 solution to thjs problem. If a "known good" device of the

same type as the device under test is connected jn paraì1el with jt

(so that the two dev'ices receive identical 'inputs, but only the D.U.T.

outputs are connected back into the system) a comparator may be used

to detect any d'i ff erences i n thei r behavi our. Th'i s arrangement 'is

illustrated jn Figure 4.2. l,Jjth su jtabl e allowances for vary'ing

propagation del ays and cri ti cal t'im'ing events , i f the comparator

detects any differences between the responses of the two devices to
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external input and CPU writes then the D.U.T. is assumed to be fau'lty.

This method is similar to that of comparison testing d'iscussed

in Chapters I and II, the difference being that the stimulus for the

known good device and the D.U.T. is provided by the natural environ-

ment of the D.U.T. instead of a pseudo-random vector generator.

gisset[65] describes the use of thjs technique 'in commercial ATE,

rvhjle in I12l Bluestone describes the similar use of "Conditioned

Natural Envjronment" testing to perform parametric tests on LSI

devices. It is interest'ing to observe that ch'ips jn the recently

announced Intel iAPX 432 microprocessor ch'ip sett1231 have a "checker

mode" which can be used jn a Very simjlar form of comparison testing.

The method suffers the disadvantage that it does requ'ire device-

specjfic hardware. For each different type of device to be tested by

th'is method a known-good devjce, the means to connect'it jn parallel

wjth the D.U.T. and the comparator are required. Furthermore the

design of the comparator may need to be quite complex to allow for

variations'in propagatjon delays and the response to crjt'ical timing

events. There is no doubt that this hardware would be less expensive

than the I/O emulator discussed above, but it may still prove to be

an economically less attract'ive method for fault isolation than simp'le

chip substitution.

Whichever rnethod js used to provide the I/0 stjmulus to test an

I/0 device - and it is clear that simulatjon by the CPU is not always

a pract'ica'l approach * the probì ems , di scussed i n the precedi ng sec-

tjon, of develop'ing an effective test for the device remajn. The onìy

way in which I/0 devices differ from other LSI peripherals'in th'is res-

pect is that it is necessary to determine a suitable external stimulus
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to test the device, as well as the st'imulus which the CPU should

apply. However, the test procedure which is developed for an I/0

device must, to some extent, be determined by the means which are

available of applying external stimulus to the dev'ice. The means of

applying externaì st'itnulus will therefore have an effect upon the

effectiveness with which the device is tested.

4.3.4 Fai I ure of the SA orocedure 'in the Dresence of certain faults

In the case of two faults described jn Chapter III - the 8085

TRAP fault and the bridgìng fault on the prìnted c'ircuit board - the

SA Procedure, fajled completely, jdentifyìng the wrong contponent as

be'ing faulty, with no means of recovery. As discussed in Section

4.2.3 total failure of the procedure jn the event of an incorrect

identification could be avojded in many cases if an alternative device

to be replaced were specified in the documentatjon, and this practice

is recommended for future SA implementat'ions.

The failure of the method to isolate these two faults is due to

the fact that each fault v'iolated an assumptjon made in early in the

SA procedure. The TRAP fault violated the assumption that the CPU is

fault-free after the free-run test, and the bridg'ing fault violated

the'impficit assumption that no feedback from the output ports exists

which could affect the behaviour of the CPU.

lle have already seen that no reasonable provjsjon (o'bher than

the one noted above) cou'ld have been made'in the design of the SA pro-

cedure wh'ich would have allowed ejther of these faults to be correctly

isolated. For the TRAP fault to be isolated correct'ly it would be

necessary to test the CPU during reset, for whjch SA js not part'icuìar1y
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suitable, and for the bridg'ing fault it would be necessary to per-

form the Stage I tests with the system in each of its possible op-

erating configurations, which 'is a practica'l impossìb'ility.

It js clear, then, that in any SA procedure there will exist

the possibi'lity that a fault wjll occur which v'iolates some assump-

tion made on the basis of an incomplete test, and cause the procedure

to fa'il. This must apply to any "automatic" test method which re-

quires little interpretation of test results by the person applying

the method. All such methods must re'ìy on the executjon of individual

tests ìn a l,ogica1 sequence, with later tests in the procedure being

based on assumptions made about the system after the execution of

earlier tests. If any assumption made on the basjs of one of these

tests ìs wrong the procedure must be expected to fail at a later

stage. This is the reason that it is so important to conduct thorough'

effectìve and conclusive indjvidual tests during the SA procedure. It

must be recognìzed, however, that simply because of dev'ice compl ex'ity

'it wjll never be possible to comp'letely test every component in a

system, so the possibfity of failure of the procedure will always

exi st.

The fact that these two partìcular faults caused the failure

of the SA procedure is a consequence of the properties of the SA

method. That there will aiways be faults which could cause any auto-

mat'ic test method to fail js an'inevitable consequence of device and

system complexity. In implement'ing SA or any other test method in a

system, the des'igner can only try to min'im'ise the likel'ihood that a

commqq fault wjll invalidate the procedure'
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4 .4 Concl usi ons

It is apparent from the discussjons in thjs chapter that, as

far as can be assessed on the basis of the SDK-85'implementation, SA

does offer many advantages as a method of field servìce for micro-

processor systerns, most of which are hjghlighted in the SA literature.

The prìce which nlust be pa'id to obtain these advantages couìd not be

accurately assessed from the SDK-85 implementation, for reasons dis-

cussed earl j er in thjs chapter. It is worth not'ing, however, that

the attempt to achieve fault resolution to a sìng1e component with SA

involved a greater design effort and nrore attention to detail than

'indi cated by, the SA I i terature.

A number of deficienc'ies of SA were also observed. These are

characteristics of the technjque, or its recommended method of imple-

mentation, vlhich I jm'it its effectiveness, preventing'it from being

the (fictitious)'ideal field service method. These deficjencies can

be cl ass'i f i ed i nto three groL¡PS :

(i) Those whjch are inherent to the method. Problems in this

category'include failure of the method in the presence of cer-

tai n faul ts and the j nab'il'ity to i sol ate bus faul ts. when

these problems occur they can general'ly be overcome by resort-

ìng to traditional methods and they occur suffic'iently infre-

quently that they do not detract greatly from the attractive-

ness of SA.

('ii) Those whjch can be avoided by suffic'iently careful design of

the system. This category inclLldes the probiems of inabi1ìty

to observe signatures at some nodeS, and minjmization of the

number of different control line setups for the signature

ana'lyser.
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('iii) Qthers - problems which don't fit jnto either of the above

categories and which, therefore, represent areas jn which

further development of the SA method is ¿esirable. These i:n-

clucle the development of effective tests for LSI devices and

the provis'ion of I/0 stjmul'i for testìng compl ex I/0 devices.

The two problems c'ited as examples in this last category con-

stjtute a serious defjciency of SA as discussed earlier in the chap-

ter. As the number of LSI devices used in m'icroprocessor systems in-

creases and as integrat'ion levels increase, SA will only be effective

if individua,l devices (inc]uding I/0 devices) can be thoroughly and

effectìve]y tested. Bennetts[1] s'imjlarly concludes that the success-

ful testing of systems depends on the ability to effectively test LSI

devjces, but for somewhat different reasons.

Since the probìem of testing LSI devjces is neither inherent to

SA nor easily overcome by measures adopted during des'ign of a system'

it is a problem which could, but need not,limit the effectiveness of

SA in the future. If it is not to do so, some development of tech-

nìques for testing LSI devices dur'ing SA is necessary.

The issue of testing I/0 devjces encompasses that of developing

thorough tests for ind'ividual LSI devices, as noted earlier. In fact'

the part'icul ar probl ems whi ch I/0 devi ces present on'ly become s'ig-

nificant after systematic test strateg'ies for the devjces have been

developed. For thjs reason it is considered that the problem of devel-

oping systernatic, thorough dev'ice tests'is of more immedjate concern

than that of develop'ing methods of providìng real time I/0 for testing

I/0 dev'ices. Indeed, it is cons'idered that th'is is the greatest single

problem ljmiting the effectiveness of SA.
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It was decided, therefore, to further jnvest'igate the problem

of testing LSI devices ín the context of SA. The aim of the jnvesti-

gation was to determine whether a generaì systematic approach 'is

feasible and, if so, whether suitable methods exist and could be

adapted for use in the context of SA. If a systematic approach were

found to be infeasible, it was hoped to identify the particular

characteristics of devices or systems which make it so. The results

of this investigation are. presented in Chapters V and VI.
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CHAPTER V.

TESTS FOR COMPLEX LSI DEVICES

5. 1 Method of Impl ementatì on

The abiiity to effectiveiy test individual LSI devices, such as

microprocessors and their peripherals, has been seen jn earlier

chapters to be crucial to the successful testing of LSI based d'igìtal

systems. This is true for both h'igh volume automatic testìng and 1ow

volume field testÍng, but in Chapter IV'it was seen to be so for

signature analys'is'in partjcular. It is the probìem of effectively

testing LSI devices durjng the SA procedure whjch will be considered

in this Chapter.

No one s'ingle technique has been applied universal'ly to test LSI

devices. The pseudo-random and comparison testing methods discussed

in Chapter II, combined wjth in-circuit testing where necessary' are

used w'ith some success by ATE, but jt js clear from the ljterature

discussed in Chapter II that they are not cornplete solutions. ATE

methods for testi ng LSI dev'ices tend (natura'l1y) to take advantage

of the speed and computing power of the test equipment, whjch'is be-

com'ing ì arger, fas ter and more powerf ul as LSI dev'i ces become more

comp'lex. These methods are therefore not directly applicable to the

testing of LSI devices in a fjeld service environment. Ideally, a

method of testing LSI devices during field servjce would requ'ire

little external test equipment and could be appl'ied by an unskjlled

serviceman in very little time. It should, in other words, share the

characteristics of signature analysis. Therefore, in attenìpting to

fjnd a more effective method of test'ing.LSi dev'ices during the SA

procedure, i t i s 'important to not depart s'igni fi cantly .From the gen-
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eral SA approach as i t now stands.

Because the device tests must fit within the context of SA it is

clear that each devÍce'in the system must be tested in the circuit,

preferably without the use of any device or system spec'ific test

equi pment. The I ogi ca'l approach, then, 'is to stimul ate each devi ce

from within the system - that is, implement the device tests as a

self-test routine executed by the CPU on 'itself and its perìphera1s.

The alternative would be to stimulate the devices with an external

tester of Some sort, wh'ich would be expensive and would be unl'ikely

to offer any,more power and fl exib'if ity than test routines execut'ing

within the system itself. Several authors discuss the advantages of

self-testingt3lì tBBl t93l which takes advantage of the flexìbiìity of

the microprocessor and the modularity of microprocessor systems to in-

dividually stintulate and test each maior dev'ice jn the system.

In a self-test the set of test vectors applied to the device under

test'is the program stored jn RQM (in the case of the CPU) or the data

written to the device by the CPU as it executes the self-test routine

(in the case of other devices). The response of each devjce to this

stimulus can be observed in one of two ways. Ëither the test program

can include routines to monitor the response of the device and give a

pass/fail indjcat'ion at the end of the test or the outputs of the

dev'ice can be observed directly (in which case the signature ana'lyser

would be the log'ica1 instrument to use). Subject to the abiljty to

observe signatures at all device outputs of interest, the latter method

allows more direct verifjcation of devjce behaviour and may therefore

be preferred.

It should be noted that self tests of the type described above,
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with both forms of observation of device response'are performed ex-

tens'ively'in Stages II and III of the SDK-85 SA procedure. However,

a'll of these tests were developed on an ad hoc basÌs and the aim now

is to find a more systematic approach to the development of such

tes ts.

¡¡hjle device testjng through the execution'of a self-test program

does minimise external hardware requ'irements, which is important in

the field service environment, it also imposes several restrictions.

The most obvious of these'is that because the self-test program'is

stored in RQM, and there are pract'ical limitations on the amount of

ROM storage whjch can be provìded in a system, the size of the self-

test program is restricted. Srini t91l describes an extensive self-

test scheme in which large diagnost'ic routines are held'in on-line

secondary storage and are loaded into RAM and executed as required.

However, ín general, microprocessor systems will not be equipped with

secondary storage fac'il i ti es, So test rout'ines must be resi dent and

therefore cannot be made arbitrarily large. As the cost of primary

storage for m'icroprocessors decreases the size of resident test routines

will become less sign'ifìcant although in some app'lications it will con-

tinue to be ìmportant to mjnìmise the amount of ROM storage requ'ired.

The second restrictjon is that the stimulus app'lied to devices

can only be in the form of valid bus operations. The only way in which

a CPU can be stimulated is by readìng data from ROM through the data

bus, whjle stimulus for a peripheral device is restricted to CPU "write"

operatìons (together with any external ìnput which may be appfied to

an I/0 device). For exam¡r1e, it is not possible'in a self-test routine

to stimulate a peripheral device by sett'ing its RD/ and hlR/ inputs 1ow,

as this is not a valicl bus operation. Thus the set of input vectors
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which may be applied to a device js restricted. However, as these

devices will almost invariably have been designed to operate on a

bus and only respond sens'ibly to valid bus operationso stimul'i whjch

are not valid bus operatÍons would be of questionable value. There-

fore this restriction is not considered to be a serious one.

The final restriction,as noted in Chapter II, is that before a

self-test routine can be executed, the system kernel must be tested

and verifjed to be work'ing - at least to some extent. A self-test

routine for the CPU can be written in such a way that only the RQM'

address decoding and busses are required to be fault-free. Peripheraì

tests, however, w'i1l in general use some RAM and therefore requ'ire

that both the CPU and the system RAM be fault-free as well. In the

context of the SA procedure these requirements are satisfied if the

CPU test 'is conducted after Stage I, 'in which the system kernel js

tested, and the pe¡iphera'l tests are conducted after Stage II' in

which the RAM is tested.

Finally, it may be noted that although the emphasis of this investi-

gat'ion is on develop'ing device tests in the context of SA, because

they are to be'impìemented as seìf-tests, any results obtained will

have w'ider applicatjon to all forms of self-testing in mìcroprocessor

systems.

5,2 The Generation of Practical Devi ce Tests

The discussion so far in this chapter has been concerned wjth the

most suitable means of implementjng LSI device tests (that is, of

appìying the test stjmulus and observing dev'ice response) during sig-
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nature analysjs of a m'icroprocessor system. The process of generating

the tests (tnat is, of devis'ing the nrost suitable test stimulus for

each device) will now be considered.

Ideal'ly a dev'ice would be tested by the application of all possible

input vectors in alì possible sequences. However, as has been noted

many tjmes already, this approach is simpìy not practicaì and some

form of compromise is necgssary, in wh'ich a restricted set of test

vectors is appìied to each device. The process of generatìng a device

test is one of findíng the most suitable and effective compromjse for

a given test,errvjronment (tfre tield service/signature analysis envjron-

ment in this case). The ad hoc device tests developed as part of the

SDK-85 SA procedure are attempts at such comprom'ises, but are clearly

not the best ones possible. Those tests p'laced more emphasis on ex-

erc'is'ing the devices in some convenient manner than on testìng the

devjces thoroughly, and in consequence were not as effective as desir-

able. A more systematic approach to the development of thorough, but

reasonably sized, tests is requ'ired.

5 ,2 .I Functi onal tests

Up to the present time the approach to the development of system-

atic tests for LSI devjces (particulat^ly microprocessors) which has

been adopted almost universally has been to develop the test based on

the devicds internal archjtectur.[8]. The princip'le under'lying thìs

approach is sjmjlar to that involved jn the difference between func-

tional and 'in-c'ircuit testinq of systems at the board level .

To briefly repeat the discussion of these two methods presented

in Chapter I, funct'ional testjng ìnvolves the exercising and observa-

t'ion of a board from its external inputs and outputs, with the aim of
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detecting, and possibly isolat'ing, faults in the board. Thus tests

are developed for the board as a whole, and can be very complex for

boards contai n'ing many devi ces . In-c j rcu'i t teiti ng , on the other hand,

tests dev1ces on the board indi vidual lVr orì the assumption that'

because the devices are independent, if each device is tested and

found to be fault-free then the board as a whole will functjon correctìy.

Because devices are tested indiv'idually, jn-circuit tests consist of a

sequence of several relativeìy simp'le device tests, rather than a

single complex test for al'l log'ic on the board. In-circuit tests are

therefore easier to develop than functional board tests.

At the level of LSI device tests the development of a test for

the device as a whole is analogous to the development of a funct'ional

board test. The length and conrplexìty of the test can be reduced if
the LSI device js considered as a set of independent modules (analogous

to'individual devices on a board) which are tested indivjdua'|1y. Then

the device test wjll consist of a sequence of relatively s'imple tests

for each of its modules, on the assumption that if each module is

tested and found to be fault-free then the dev'ice as a whole will be

fault-free. This approach takes advantage of the fact that most LSI

devices are modular in design and are physically composed of ìndependant

modules or "functional units" (FU's) which can often be jdentified'in

a photomi crograph of the devi ce l42l . Indj vi dual modul es perform wel I

defined and often sínrple functions independently of other modules.

Tests may therefore be constructed to exercise the function of one

module w'ithout greatly affecting others.

The fact that tests based on this approach seek to verify that

each module, or FU, functions correctly h.as led to the unfortunate use

of the term "functjonal tests" to describe the approach, even though
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the princip'le followed is more in tjne with in-cjrcuit board test'ing

than functi onal board test'ing. The term " funct j onal testi ng" w'iì'l

henceforth be used only to refer to the modular tests performed on

LSI devi ces.

Aìthough functìonal testing shares a common princip'le with in-

circuit board testing, there are two important.differences between

the techniques. The first, and most obvious js that whereas individ-

ual devices on a board can be accessed d'irectly in in-c'ircuit test'ing'

with a bed-of-nails or I.C. cìip, this is not poss'ible for the functional

units w'ithin,LSI devìces. The internal FU's must be exercised by the

application of test vectors to the external device p'ins. Th'is means

that it js not poss'ible to exercise one FU in isolat'ion. Any opera-

tion performed by the device ìn response to an input stimulus will' in

general , i nvoì ve several FU 's .

The second cl'ifference 'is that the aim in performing LSI device

tests is s'imp'ly to detect faults of any kind in the device. The iden-

tity of any FU which contains a fault is of no concern because jf a

fault is detected the vrhole dev'ice is repìaced. This is to be con-

trasted with'in-circuit board testing in which the device tested is

repìaced jf founc.l to be faulty, rather than the entire board. The

diagnostìc requìrements in functional device tests are therefore less

demanding, w.h'ich is some compensation for the fact that FU's cannot

be accessed directiy.

5.2.2 Li terature on functional test'inq

Several authors have proposed methods for generating tests for

LSI devices based on consideration of device architecture. Up to the

present tjme these have al I been deve'loped spec'if i cal ly for mi cropro-
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cessors rather than LSI peripheral devices.

Chiang and McCaskill t42l describe a method for generat'ing tests

for mjcroprocessors which they ca]I "module sensorialization". To

apply thi s method the m'icroprocessor i s conceptua'l1y d j vi ded up 'into

modules, including the arjthmetic ìog'ic limit (ALU), register array,

program counter, instruction decoder and timing. logic. A series of

short 'instruct'ion sequences is appl jed to the device, each designed

to exercise and verify the correct operation of one of these modules.

For example, the first stage of the test'is to continually force a

,'no-operati or1" 'instructi on onto t.he data bus of the mi croprocessor ' (as

in the free-run Stage of signature analysis), to test the program

counter as it'is incremented through its ful'l range of poss'ible values.

The test for each module is designecl to be a "worst case" test ill some

sense. The register array, for exanpìe, is tested with a ga'l1op'ing ones

and zeros pattern, while the instructjon decoder js tested by the exe-

cution of all instructions 'in the device's instruction set.

The authors propose the technique of "algorithm'ic pattern genera-

ti on,, (ApG) to app'ly the test vectors (tfrat i s , the i nstruct j on sequence)

to the device under test. A microprogrammed control unjt generates

the requ'ired instruction sequence to be app'lied to the DUT, using a

small control store, thereby avo'iding the need for a large on-line

store to holfl long test instructjon sequences. It is 'important to

notice that the test instructions generated by APG are app'l'ied to the

microprocessor, rather than fetched by the microprocessor in the normal

sequence of executjon. Thus there are no limitations imposed by the

need to fetch instructions from cont'iguous memory locations, and tests

which manìpulate the program counter can be performed freely.
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Crichton[64] also discusses module sensorialization, noting that

because of dev'i ce compì exi ty and the unavai I abi I i ty of gate-l eve'l

logic dìagrams for dev'ices, it is not practical to test devices as a

whole us j ng conventi onal methods. He g'i ves a I i ttl e more detai'l on

the derivation of test instruction sequences, considering the "data

log'ic" and "control 1og'ic" of the microprocessor separately, and states

that each module should be tested "with as much data as can be pract'ic-

ally tolerated". It is noted that although the control and data logic

sections of the microprocessor are conceptual'ly tested separately, it

is not possìble to exercise one without involving the other, and that

it is therefore'imposs'ible to test modules in isolation. However, if

the dev'ice is fault-free all tests wjll be passed irrespective of

whether modules are exercised in isolation.

The APG implementation of module sensorialization is criticised

by Smìthllz4l on the grounds that, in testing modules with'in the micro-

processor, it cloes not test for interaction between the modules -

between reg'isters in the reg'ister array, for examp'le. He proposes

that the existence and unìqueness of each module wjthin the micropro-

cessor should be verified. An exampìe instruct'ion sequence which would

verify the existence and uniqueness of the registers in an Intel 8080

microprocessoris given. Sìgnificantly, this test sequence, be'ing more

thorough than those given by C¡ichtont64l and Chiang and McCaskill [42],

i s al so I onger.

Although moclul e sensorial ization and APG were orig'ina]'ly proposed

for the ATE envjronment, module sensorial'ization could be applied in

the form of a self-test routine, with the test'instruction sequences

stored'in ROM. However, this would pìace. some restrictions on the tests

which could be performed because the instructions must all be fetched
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from the RQM. Tests which modify the program counter, for example,

would be restricted. The response of the microprocessor to the test

sequences could be readi'ly observed with a sjgnature analyser.

None of the papers discussed above g'ives any specìfic directions

on how test instruct'ion Sequences for modules in the DUT should be

developed, or defines wh'ich faults are detected by the method. That

is, the method of module sensorialization js not based on a specific

fault model. Chiang and McCaskill t421, Crichton[64] and Barraclough

et al.[47] all state'in general terms that the aim of the procedure'is

to verify the function of each module 'in the DUT with as much data as

possible, or under worst case conditjons, but g'ive no guidefines for

the generat'ion of ìnstruction sequences beyond that. Indjvidual test

Sequences must therefore be developed on an ad hoc basis.

Robach and Gobbi [125].onrider the testjng of microprocessor sys-

tems in several envjronments, including that of the device manufacturer,

who can use knowledge of the mask layout of the device to generate

tests forit. For the system manufacturer' an external teste¡is

recomnrended, to exercise subsystems wjthin the microprocessor system'

performing simple RAM, ROM, CPU and peripheral tests of the type per-

for:med in Stages II and III of the SDK-85 SA procedure. A method of

testing a m'icroprocessor systenr in the field through the execution of

itS "appficatjon program" is also presented. It is based on a method

of testing computer control units presented'in an earlier paper by

Robach and Saucier[126]. The entire mìcroprocessor system is con-

si dered as a set of f unct'ional uni ts , compri s'i ng the "operati Ve part" ,

whjle the application program is the "control part". To test the system,

the set of inputs app'l'ied to the control part (that is, the'input data,

or parameters app'lied to the system) are manjpulated so that, during
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executi on of the app'l 'icati on program, al I f uncti onal uni ts i n the

operat'ive part are exercì sed and subsequentìy observed. A'lgorithms

are presented by which a suitable sequence of execution within the

applìcation program may be determined, such that all funct'ional units

are eventualiy exersised and all possible execut'ion paths within the

appf i cati on program are tested.

Al though thi s method coul d, 'in princ'i pl e, be app'l i ed to LSi devi ce

test'ing w'ith'in a m'icroprocessor system, for several reasons jt is not

particular'ly su'itabl e for appl ication jn the context cons'idered in

this chapter,. The extent of the tests performed on FU's wjthin the

system appears to be somewhat arb'itrary. There 'is the impì ication in

the approach that a FU is fault-free if it is involved jn some opera-

tjon which y.ields a correct result. certainly the approach would not

produce the thorough tests for LSI clevices which are the subiect of

this chapter. The means by vrhich the results of operations should be

observed are not made clear. Thatte and Abrahu*[36] state that diffi-

cultjes may be experienced ìn applying the method to testjng micropro-

cessors because of the ljmited accessibility of CPU regìsters and the

consequent impossibility of observing the results of operatíons

di rectl y.

Clear'ìy, the method can on'ìy test those FU's used by the applica-

tìon program. Th'is may be satisfactory in a dedicated system, but is

not so for a general purpose system such as the SDK-85. The applica-

tion program of the SDK-85 (the moni'bor) does not use some of the

facilities jn the system, so these facilities could not be tested by

executjon of the application program; a spec'ific test routine is re-

quired. Fina11y, the method does not appear to be particularly suìt-

able for isola'Led devjce tests because it requ'ires that the entjre
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system be divided up into (presumably sma'ì1) FU's. The procedure

for applying the method to a system which contains several comp'lex

LSI dev'ices and a large appljcation program would therefore be very

comp'l ex and ti me consumi ng .

The testing of mjcroprocessors js considered by Ba]tur¿[93] in

the context of fault detection in mjcroprocessor systems. He djs-

cusses, among other methods, the execution of a self-test routine by

the microprocessor to detect any faults. w'ithin the dev'ice. In part-

icular, he considers thd problem of "fault mask'ing" - the mechan'isln

whereby a fault in the dev'ice is not detected by the test procedure

because of the existence of a second fault which "masks" the first.

llljth a vjew to reducing the l'ikelihood of this occurring'in a mìcro-

processor self-test he proposes a method for determjning the most

rel iabl e, or simpl est, instruction and the most rel iabl e functional

unit of a mìcroprocessor. Srini t91l presents a sim'ilar method. The

simplicity of an'instruction'is assessed by countÍng the number of

attributes or FU's involved jn the execution of the instruction, while

the reljab'ility of a FU'is determined by the number of gate leveìs,

feedback paths, 'instructions and clocks used by the FU. The test

routine is constructed so that it first exercises the most rel'iable

FU using the s'imp'lest ìnstructions (thereby minimisìng the probability

that fault masking will occur). This FU js then used to test the

second most reliable FU and instructjons and so on, until all FU's

are tested, A'ilton[35] describes a similar bootstrapping technique

for testing microprocessors.

The purpose of performing th'is bootstrapping procedure 'is not ex-

p'laì necl vrel ì by Baì I ard and needs some cl ari f j cat'ion. The ul t'imate

aim in performing a self-test on a microprocessor (or any other devjce)
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is to determjne whether the device functions correctly - that is'

whether 1t contains any faults. In the field service environment the

nature of any fau'lt detected is of no concern'b..uutu a faulty device

will simply be replaced and djscarded. Functional tests of the type

described in this chapter aim to detect faults in the DUT by indiv'id-

ual 1y exerci s'ing the var j ous 'independent FU's wi thi n the devi ce as

thoroughly as possible, on the assumption that if all FU's are found

to function correctly then the device as a whole will function

correctì y.

The only means of exercising a FU withjn a m'icroprocessor is to

force the mjcroprocessor to execute an 'instruction sequence devised

for that purpose. However, this must also involve several other

(untested) FU's w'ithin the CPU, such as the program counter, data

input buffers and jnstructjon decoder. As noted earlier, 'it is there-

fore impossible to test any FU in isolation; the test for any FU

must be supported by other FU's. Thus, a fault in the accumulator,

for examp'le, may go undetec'bed because the data input buffers exh'ibit

a complementary fault which g'ives rise to the correct results from a

test devised for the accumulator. The l'ikelihood of this type of

fault masking occurt"ing between FU's is reduced by min jmisjng the 'in-

volvement of extra FU's in the test for a gÍven FU (unleSS the extra

FU's have already been tested). For this reason the test for a FU

should be constructed from the simpìest possible 'instructions - those

which use fewest other FU's.

In pract'ice it 'is generally not possibl e to construct a test for

a FU with only the s'imp'lest ìnstruct'ions of the CPU. As noted by

Bilton[35], instructjons 'in test sequences are often chosen for

reasons of conveni ence rather than s'impl i cìty al otre, al though the
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s'implest ìnstructjons should always be used when there is any choice.

After a FU has been tested with simple instructions, it rnay be used

to support tests for other FU's, which employ'less simpìe in-

structions. That is, instructions whjch use the tested FU may be used

in tests for other FU's. It should be noted, however, that while

tests should be conceptua'lìy bootstrapped 'in this manner, the actual

order of execution is irrelevant. It doesn't matter which of the FU

tests js executed first jf the results of all FU tests are observed,

and the DUT is only passed if they are all correct.

It is apparent, then, that Ballard's proposition that "using the

most reliable instruction and functjonal unit, the CPU may be exercised

from the most to the least reliable of its elements" need not be

followed lìtera'lìy. To determine whjch FU js the most reliable based

on the criteria proposed by Baìlard would require a gate level log'ic

diagram of the CPU, whjch is generalìy not available. Furthermore,

there appears to be no reason that the simplest or most reliable FU

should be tested before any other. The FU to be tested "first" should

be the one whjch can be tested by the s'impìest instructions - those

vrh'ich use fev¡est other FU's. The log'ical conrplexìty of a FU is there-

fore a I ess 'important considerat'ion than the way in which it fits 'into

the device's arch'itecture, and the degree to vrhjch it can be tested in

isolation. The compìexity of a FU will be reflected in the number and

type of jnstructions which are required to exercise it, but its com-

plexity w'ill not determine its position in the test order so much as

the availabilìty of s'imple instructions to exerc'ise it.

The final architecture based method to be cons'idered is that dev-

elopecl by Thatte and Abrahur[36]. Information which can be read'i1y

obtained from the instructìon set descriptìon of the m'icroprocessor is
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used to construct a register-transfer level graph-theoretic model

of the device, in whjch nodes represent CPU registers and data flow

between the registers 'is represented by l'inks between the nodes

S'imp1e fault models are proposed in terms of the register decoding'

instruction decoding and data transfer functions w'ithin the CPU. The

device is tested by executing instructjon sequences devjsed to move

data between registers aìong the various data paths and out to the

external world for observation. Several algorithrns are presented by

which instruction sequences can be devised to detect all faults in

the fault model. However, the aìgorithms require ad hoc decisions

about which data and instructions should be used at various stages'

It is clear that the method, as presented, is specific to micro-

piocessors, with the'ir data path oriented architectures and would not

be readily applicable to general LSI devices. The fault model is also

very specific to m'icroprocessors and woulcl be irrelevant for many LSI

peripherals, for which it would be necessary to propose and justify

new faul t model s.

5.2.3 Di scussi on

The methods for developing microprocessor device tests discussed

above all rely on considerat'ion of the architecture of the device and

the clivis'ion of the device into'independent functional units as a

means of dev'ising a test program of reasonable length. The differences

between the techniques arìse fronr the different nethods of d'ivìding

the device'into FU's and the djfferent intended applications of the

test routine. They are alì (with the exception of the method of

Robert and Gobbi, wh'ich js appì'ied at the system level ) spec'ifically

concerned w'ith test'ing mi croprocessors.
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None of the methods discussed defines an algorithm in sufficient

detail to allow a test sequence to be derived without some iudgement

or inventiveness being exerc'ised by the author of the test program.

This fact is reflected by B'ilton's statement[35] thut test eng'ineer-

ìng'is still "someth'ing of an art". None of the methods, wjth the

exception of Ballard, is partìcularly well suited to the signature

analys'is self-test environment, for the reasons discussed in the pre-

ceding sect'ion. However, all of the methods do have their merits and

there is scope for variations upon the methods (themselves variations

on the modul ar or functi onal testi ng pri nc'i pl e) to sui t the part'i cul ar

test app'lication and environment. Certa'inly the functional testing

approach Seems to be a suitable, practical approach to the generation

of thorough LSI device tests. Indeed, in the absence of any documented

alternatiVe approach or any serious disadvantages apparent from the

foregoing d'iscussjon, it is the most suitable approach.

As discussed at the beginning of th'is chapter, the requ'irement in the

s.ignature analysis context is for a test method for general LSI devices

whjch is s.vstemat'ic and thorough, but a'lso practical . The des'irabil ìty

of the self-test impl ementation has al ready been establ'ished and 'it is

now apparent that functional testing'is the most suitable approach to

developtnent of the tests. It was decided, therefore, to attonpt to

extend the SDK-85 SA Procedure by the inclusion of tests, deveìoped

by th'is approach, for the two most complex devices jn the system (the

B0B5 and the 8279). It was anticipated that in so doing any ljmitations

of functional testing in this environment would become apparent. In

particular, âry problems peculiar to peripheral devices as opposed

to microprocessors would be jdentified. A descript'ion of the develop-

ment and evaluation of a functjonal test for the B0B5 follows, while

the B27g test and overal I concl usions about f utrctional test j ng wj1'l
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be presented in Chapter VI.

5.3 B0B5 Functional Test

5.3. 1 The approach to development of the test

In developing a funct'ional test for the B0B5 the intention was

to form the basjs for a systemat'ic test approach for comp'lex LSI

devjces 'in general . It was therefore 'important that the approach

adopted not be too specific to microprocessors. It was also clear

from the outset that the extent to which a systematic procedure can

be appìied will be determined by the architecture of the device being

considered. Therefore the test was not developed to detect a pre-

defined set of faults. Rather, the goal adopted was to develop a

test which would detect the most generaì set of faults possible'g'iven

the limitations imposed by the devjce arch'itecture. 0n1y thus would

the true I jmjtatjons of functional test'ing in th'is appf icat'ion become

apparent. It WaS clear, however, that it would be necessary to assume

that any faults existing in the DUT were "hard" faults - that is'

neither intermittent nor pattern sens'itive. The in'itial fault model

adopted for the 8085 (ancl subsequently the 8279) was simply the set of

al I hard faul ts.

Given this very general fault nrodel, and the need to adopt a

generaì'ly app'licable approach, the functional test was developed

broadly along the ljnes desc¡ibed by Ballardtg3l and Srini t911. A

functional model of the CPU was adopted and its functional units were

iclent1fi ed. A test sequence was devel oped usi ng the simpl est possi b'le

instructìons to test each FU as thorough'ly as possibl e wjthout creat'ing
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an unduly long test. That is, the functjon of each FU was tested

with as much data as practìcally possib'le. It was then ìntended to

adopt an'identjcal approach to the development of the 8279 functional

test.

It was decided that the s'ignature analyser would be used to ob-

serve the data appearing on the CPU data and address busses during

the test, thereby monitoring 'its response to the test. This method

of observation allows the behaviour of the CPU to be monitored more

d'irectly, as discussed earl'ier in th'is chapter.

5.3.2 The B0B5 functional model

The first step in the development of the 8085 functional test

was to adopt a functional model of the device, in effect breaking it

up into FU's. Clearly, the more detajled the model 'is - that js, the

smaller and s'impler the FU's are, subject to the conditjon that all

FU's should functjon'independently - the nrore effective the functional

test procedure can be. The most detailed information about the B0B5

which is readiìy available is conta'ined jn the MCS-85 User's Manual I1201

whjch defjnes jts architecture and jnterfacjng characteristics. In a

manner whi ch i s typi ca'l for mi croprocessors of its c1ass, the operat'ion

of the 8085'is described in terms of the effects which its various in-

structions have on'its attributes. S'ince the device can only be tested

by executing val jd 'instructions, it is clear that the functional un'its

should correspond to the entities manipulated by the instruction set -

the registers, accumulator, ALU, program counter etc. These functional

units are shown'in the "functional block djagram" of the B0B5 gìven'in

its data sheettll6l t1201.

The operation of the Intel B0B0A mjcroprocessor, to which the 8085
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is architecturally very simìl url2?l, is described in more detail in

the Intel 8080 Microcomputer Systems User's Manual tI27l than the

operat'ion of the 8085 is in the tqCS-85 User's Manual . The functional

block d'iagram of the B0B0A which'it contains includes more deta'il

than that of the 8085, and a state transition table ìs provided (on

pp 2.16 - 2.20) wh'ich gives details of the clock cycle by clock cycle

activity of the CPU in terms of the entities shown in its functional

bjock diagram. Because a state transition table, or information

equivalent to it,'is required to develop a functional test at the

level of the FU's shown in the functional block diagram, it was dec-

ided to deri,ve the functional model of the B0B5 from that of the 80804.

Assuming that actjvity with'in the 8085 is s'imilar to that within the

80804 during instruction execut'ion, the derived state transition table

would then represent what physically occurs withjn the 8085. Thus the

B0B5 functional model would be phys'ically meaningfu'l . l,lithout the

state transition table only a logicaì model of activity within the

8085,which may or may not be physically accurate, could be developed.

The functional block dìagram used to develop the 8085 functional

test is shown in F'igure 5.1. It was adapted from the 80804 functional

bl ock d'iagram to al I ow for obv'ious archi tectural and impì ementati onal

differences between the processors as follows:

(i) The.80B0A Data Bus Buffer/Latch was modified to include inputs

from the ejght least signifjcant bits of the address latch,

prov'iding for the nrultìplexed data/address bus of the 8085.

Accordingly, the Address Bufferis now only eight bits wide.

A serial I/0 module was included to allovr for the serial

Ínput/output facilities of the 8085. A bidjrectional connec-

tjon to the'internal data bus was provided to allow data

(ii)
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transfer between the accumulator and the serial I/0 pjns

during execution of the 8085's RIM and SIM instructions.

The interrupt logic and control lines were separated from

the T'imj ng and Control modul e . A bi di reðti onal connecti on to

the internal data bus was provided to allow 'interrupt status

to be read and the interrupt masks to be set by the RIl4 and

SIM instructions.

The external control and status l'ines enlanating from the

T'iming and Control module were changed to those of the 8085.

The internal crystal oscillator was included in the Timìng

and ,Control modul e.

The -12 volt and -5 volt power supply'inputs were elinlinated.

Some of these revisjons were ìnfluenced by the functional block

diagram gÍven in the 8085 data sheet and the modified functional block

d'iagram (Fjgure 5.1) 'is consequently very similar to it. However,

Figure 5.L does show a little more detail, including the accumulator

I atch, regi ster mul ti pì exer, regi ster sel ect modul e and the decimal

adjust module. Although some of these modules may not exist as such

in the B0B5 it was necessary to include them from the B0B0A functional

model because the B0B0A state transition table, which was to be adapted

for the 8085, conta'ins references to them.- If these modules had been

omitted (as in the block diagrarn'in the B0B5 data sheet) sign'ificant

changes to the state transjtion table would have been necessary'

large'ly defeating the purpose of us'ing it. The changes whjch urere

made to the 80804 funct'ional block diagram do not confl'ict v¡ith any

activity defined in the state transjt'ion table.

The state transition tabl e for the B0B0AÍI271 was mod'ifiecl for

the B0B5 to acconlmodate the known differences between the two devices
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which could determined fromtheir respective User's Manuals[120] lL27l 
.

In so doing it was assumed that, because of the architectural simi-

ìarity between the devices, onìy mjnimal differences exist in their

state-by-state actìvity. The follow'ing changes were made to the state

transitjon table:

(j) RIM and SIM instructions were included. for the 8085. The

assumed state-by-state activ'ity during execution of these two

i nstructl'ons , whi ch 'i s based on the M1 cycl e acti vi ty for

other instructions, is shown ín Table 5.1'.

The,numbers of clock cycles (states) occupìed by some instruc-

tions were changed. The number of machine cycles used try the

B0B5 for each instruction is the same as for the B0B0A but the

number of states occupied is djfferent in several instances.

The lvlCS-85 User's Manual t1201 states that, with the exceptìon

of M1 (opcode fetch) machjne cycles, all mach'ine cycles occupy

three states. M1 cycles occupy ejther four or six states.

Thus to account for the documented 8085 state times, the Ml

cycles of the foliow'ing instructions were assumed to be one

state longer than in the 80804:

(ii)

INX rp;

Rcond;

DCX np; SPHL; CALL addr;

RST n; PCHL; PUSH rp;

Ceond addr;

PUSH PSI,I.

0n the other hand, the followìng 'instructions were assunled

to have M1 cyc'les which are shorter by one state:

MOV nf, rzi INR r; DCR r; Jcond addr'
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Tabl e 5.1. State Transition Table Entries for the B0B5 RIM and SIM

Instructi ons

(A) * INTERRUPT'

SERIAL I/O

INST +TMP/IRPC=PC + 1PC OUT

STATUS

SIM

( INTERRUPT,

SERIAL I/0) +4.

INST + TMP/ IRPC=PC + LPC OUT

, 
STATUS

RIM

T4T3T2T1

M1Mnemoni c
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During the execution of conditional jump and calI jnstruct'ions

the 8085 does not read the second byte of the destination

address if the conditjon specified is not satisfied. In such

cases the Jcond adÅ.r and Ceond adãr instructions are one

machjne cycle (three states) shorter. These instructions

were assumed to be otherwise identical to the 80804 instruc-

tjons, except that the program counter tntas assumed to be in-

cremented twjce d.u¡ing the second machine cycle and, as noted

above, the Ml state times are different. Thjs behaviour im-

p'l'ies a greater complexity in the Timìng and Control logic of

the 8085, but i s o'bherwi se i ncol'ìsequenti al .

The only 80804 instruction which has a tnachine cycle (other

than an Ml cycìe) of more than three states is XTHL, which

has an M5 cycle of fjve states. The 145 cycle of the 8085 XTHL

instructjon must be on'ly three states long, although it is not

clear how the necessary activity durìng M5 can occur in on'ly

three states. Tiris anomoly nlay ind'icate that a feature was

omitted from the functional block diagram which would allow

greater paral I el 'i sm duri ng th'i s cycì e. However, 'in the absence

of furtherinformatjon this tvas assumed not to be the case and

the involvement of FU's in the lr{5 cycle of XTHL was assumed to

be as for the B0B0A.

It should be noted that the B0B0A state transition table

appears to be in error because it does not show that the

stack pointer is decremented durìng the M4 cycle of XTHL' as

must be the case.

(i v)
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The assumpt'ions made with regard to the functjona'l model of the

8085 were based largely on the degree o't architectural similarÍty

between 'it and the B0B0A. It was assumed that the differences

between the implementations of the two devices were as few aS poss-

ible, given the documented differences between the devices. The

validity of these assumptions is, of course, open to question but

in the absence of further informatjon no other reasonabl e assumptions

could be made. Any inaccuracjes in the assumed functional model

could be expected to give rise to a less effective functional test

because the model used would then be a logical onee rather than one

wh'ich represents the phys'ical imp'lementat'ion of the device. Neverthe-

less the model serves to illustrate the process of develop'ing a func-

tional test for a m'icroprocessor as well as any, and in this respect

can at least be expected to be reasonably representative of the 80804'

if not the 8085.

5.3.3 Development of the 8085 test

5.3.3.1 Instruction complexity

To determine which instruct'ions of the B0B5 are the least complex

and therefore are most suitable to be used in test sequences for FU's,

a table sjmilar to that suggested by Ballur¿[93] and Srinit9ll *u,

constructed. It was derived from jnforrnatjon obtained djrectly from

the state transitjon table and showed, for each instruction of the

8085, which funct'ional units or attributes of the devjce are used

during execution of the'instruction, and how many tjmes they are used.

For each instruction two measures of the complexity of the jnstruct'ion

were calculated, and these are listed jn Ta.ble 5.2. The fjrst of these

measures - denoted 'F'- is simply the number of FU's affected or used

during execution of the jnstructjon, v'therein each flag fìip-f1op



2t
24
26
23
26
32
39
46
46
62
62
22
22
28
29
33
35
30
34
36
29
33
35
30
34
36
26
35
26
35
24
24
47
25
?9
33
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11
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10
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MOV i"f, 2,2
l40V r, M

MOV M, r
S PHL

MVI r, dnta
MVI M, data
LXI zp, data
LDA adtu,
SIA addr
LI|LD addr
SIILD addr
LDAX rp
STAX rp
XCHG

ADD i"
ADD M

ADI data
ADC r
ADC M

ACI dnta
SUB r
SUB M

SUÍ data
SBB r
SBB M

SBI data
INR r
INR M

DCR i"
DCR M

INX ry
DCX rp
DAD r"p
DAA
ANA ir
ANA M

ANI data
XRA i"
XRA M

XRI data
ORA r
ORA M

}RI data
CMP r
CMP M

CPI data
RLC

RRC

RAL
RAR

Compl exi tY
c

Number of functional
uni ts, F

In struct'i on
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Tabl e 5.2 Complexitv Values for B0B5 Instructions

(Tabl e 5.? continued on Page 174.)
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Table 5.2 (continued)

CMA

cMc
STC
JNIP addr
Jcond aãån
CALL adÅ.r
Ceond addr
RET
Reond

POP rp
POP PSl^l

XTHL
IN port
0UT poz't
EI
DI
HLT
NOP

RIM
SIM

vp
PSl^l

RST n
PCHL

PUSH

PUSH

11
10
10
11
t2
t2
13
t2
13
t2
10
L2
15
t2
15
15
t2
12

9
9
B
I

15
11

17
16
15
3B
39
65
66
38
39
46
22
43
43
3B
3B
64
36
33
15
15
20
14
2T
17

Instructi on
onau

uni ts
er unc

F

EXp
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is counted as a separate FU, as suggested by Ballard. The second

measure - the complex'ity, or 'C' - Was intended to provide a finer

ind'ication of instructjon compl exity. It was ca]culated aS the Sum

of the number of ind'ividual operations on each FU (where, for example'

each tvrìting of the program counter to the address latch would be

counted separately) and the maximum number of states occupjed by a

machi ne cycl e of the i nstructi on.

The tabulated C and F values were derived from the assumed func-

tional model of the 8085. The method of calculating these measures

of complexìty was based on that proposed by Ballurdtg3l and Srinitgil

and was considerecl to be a reasonable approach to the task. However'

it is clear that many varrjatìons of this method of calculat'ing'in-

struct j on comp'l exi ty are poss'i bl e and equal 1y reasonabl e. The part-

icular values calculated are not accurate measures of any particular

property of the 8085, and were not intendecl to be. They were jntended,

s.implV, to provìde a broad indication of which ìnstructions are least

compl ex. Because many other equa'l 1y val i d cal cul ations of i nstruc-

t.ion complexity could have been performed the details of the calcu-

lation of C and F are not presented here. It is expected that any

calculations performed along the l'ines described above would provjde

an adequate indication of instruction complexìty.

It may be noticed from examination of Table 5.2 that there is

an obvjous correlatÌon between the sequences of F values and C values.

Given that these values are not to be taken aS accurate jn any sense'

it is apparent that either F or C could be used to cotnpare the suit-

abiljty of two instructìons for use in a FLl test sequence. However'

C does provìde a finer ind'ication of instruction compl ex'ity and con-

firms, for example, the'intuit'ive results that a DCR M instruction
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(r = 15, C = 37) ìs more complex than a DCR n (F = 15, C = 26) and

that a DXC rp (F = 10, C = 24) 'is more complex than a STC

(F = 10, C = 15). Therefore,to choose between two alternative in-

struction sequences for testing a given FU, the sums of the C

Values for instructjons in the two sequences were compared and, in

genera'|, the Sequence with the lower total C was used. However, it

could be argued that the more eas'ily ca'lculated F values for in-

structions could have been used without significant penalty.

Finally, it should be noted that while the C values were used

to choose between FU test instruct'ion sequences, it was often necessary

to use instructions with quìte high C values for reasons of conven-

ience - as mentioned by Bilton[35]. In some cases, particularly when

choosing between instructions of simìlar complexity, it was also

found to be necessary to apply other criterja - specificalìy, which-

extra FU's are affected by an instruction.

5.3.3.2 The accumul ator test

D'isregard'ing, for the present, the free-run test performed on

the B0U5 during Stage I of the SA procedure, the first FU of the B0B5

for whjch a test was generated was the accumulator (ACC). It was

clear that it could be tested more easjly (that is, involving fewer

extra FU's) than any other FU, because of its direct connection to

the internal data bus and the consequent ease with whjch data could

be moved between it and the external data bus. ACC functions simply

as a register, so given that the fault model includes only hard

faults, the most general test for it as an independent FU would be

one wh'ich verifies jts abifity to store all 256 possible data values

and reproduce those values on the internal data bus. The functional

block diagram (Fjgure 5.i) sho¡s a data path from ACC to the accumu-
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lator latch (ACT) but, for reasons which will be explained in the

discussion of the ALU test, it'is not necessary to test this path

as part of the ACC test.

Given that the ACC test should consist of wrjting and reading

256 distjnct bytes of data, an instruction sequence to store the

data in ACC and read it out again must be chosen. The simplest such

sequence (the one involvìng fewest extra FU's) would consjst of 256

MVI A instructions to store the data and OUT instructions to read it

back aga'in. (ffre SfR and MOV M, A instructions could also be used

to place the,contents of ACC onto the external data bus, but neither

was seriously considered because STA has a Very high C value and

MOV M, A moves the data through the temporary reg'ister (TMP).) How-

ever, such a test would requ'ire four bytes of RQM storage for every

byte of test data, yjeld'ing a lK byte test sequence iust for ACC.

Wh1le this in jtself is tolerabl.e, tests of this'length could not be

tolerated for each FU in the 8085 because the amount of available ROM

storage is limited'in practìce. A test for a sixteen bit regìster

equivalent to that proposed for ACC would occupy 256K bytes of storage

whjch is clearìy out of the question. It is'interesting to note that

Chiang and McCaski¡1421 report that only six micro-instructions are re-

qu'ired to generate this 256K byte test st'imulus by APG'

Because of the storage ljmitatjons imposed by the self-test

implementation, it was necessary to use a method of generat'ing the

test data for: ACC wh'ich is more economical than storìng the test data

exp'licit'ly in ROM. This meant that the test data must be generated

internally to the B0B5 which, in turn, meant that the ALU or the six-

teen bit incrementer/decrementer must be.'involved jn the test, and a

conditjonal jump 'instructjon must be used. There are many possibìe



178.

instruction sequences which would generate the 256 bytes of data for

the ACC test but the one chosen, for reasons of simpììcity (lowest

total C value) was

LOOP

where the output address 00H was chosen arbitrarÍ1y'

A'lthough this loop constitutes the simp'lest test of its type' it

does make use of several FU's apart from ACC, and the input buffers,

instruction register and instruction decoder which must be involved

in the fetching and execution of instructions. The extra FU's in-

volved are the TMP register (which is used by INR A), the ALU (by

INR A), the data output buffer (by OuT 00H), the Z flag (by INR A and

JNZ), and the I^l and Z registers (by JNZ). In general each of these

FU's could contain a fault which would mask a fault in ACC. That is,

even if the data observed on the data bus during execution of the OUT

instruction Were correct, it could be that this resulted from two

complementary faults - one in ACC and one in another FU. Indeed' it

is easy to postulate possible (if physica]1y unl jkely) fault pairs 'in

ACC and almost any one of the other FU's'involved jn the test which

would still yie'ld the correct output data. It'is complications o'F th'is

type wh1ch make the generation of complete, conclusive tests for FU's

difficuìt, even jn the case of an FU as simple as the accumulator.

If the set of allowed faults jn the device'is restricted (that js,

.if the fault model is made less general) then the ACC test gìven above

MVI

INR

OUT

JNZ

A, 00H

A

00H

LOOP
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is compl ete and conclusive. If , for examp'le, it is assumed that on'ly

one FU in the DUT can be faulty at a time - which, given the physicaì

modularity of LSI devices noted earljer,' js not an unreasonable

assumption - then incorrect ACC operation could not be masked by a

second fault. Correct output data would then unambiguously ìnd'icate

that the accumulator is fault-free. In practìce, however, it 'is

difficult to just'ify the assumpt'ion that on'ly one FU can be faulty

and the probabifity of complementary faults in two FU's, however small,

is not zeYo.

A second restricted fault model which may be considered js one

which includes only stuck-at faults. If any bit of ACC were stuck at

one or zero, ACC could only store 128 d'istinct bytes of data. in that

case no simple stuck-at fault in any of the other FU's'involved in

the ACC test could result in the correct 256 byte data sequence appear-

ing at the output buffers. Once agaìn the ACC test given above would

be compl ete and concl us'i ve.

Aìthough the test was constructed spec'ifically for the accumu-

lator, it may be ot¡served that during the test 256 distinct bytes of

data are passed through the data output buffers. Therefore, app'lying

the sanle reasoning aS for the accumulator, under either of the two

restricted fault models described above, the data output buffers are

fully tested. The same is also true of the TMP reg'ister whjch, during

the test, stores and passes on to the ALU 256 distinct bytes of data.

Note, however, that the data path from TMP back to the jnternal data

bus'is not tested. It should also be noted that the other FU's in-

volved jn the ACC test cannot be considered to be fully tested under

either fault model because they are not fu'l1y exerc'ised during the

test. The data input buffers, for examp'le, only pass seven distjnct



180.

bytes of data.

The two restricted fault models discussed above are two for which

it happens that the ACC test is a complete test for the accumulator

(and two other FU's). These models cover many poss'ible faults in the

8085, but certain'ly not aìl of them, and there is no guarantee that

they cover the maiori ty of faul ts whi ch occurin practì ce. The val j d-

'ity of the stuck-at faul t model for LSI dev'ices , i n parti cul ar, has

been questioned by Galiay et al[60]. In fact, in the absence of ex-

tensjve information on the nature of faults whjch do occur in practice,

the only way to assess the effectjveness of this particular test is

by trial on a large nurnber of B0B5's whjch are known to contain accumu-

lator faults. The effectiveness of a test such as this can therefore

only be determined in the course of time.

It would have been possjble to conduct a less extensive teSt on

ACC which involved fewer extraneous FU's. For example, it would have

been practical to perform a walk'ing b'it test on ACC' consisting of

eight MVI A and OUT Instructions, which would not have involved the

TMP reg'ister, ALU, Z flag or |,rl and Z registers. Because fewer FU's

would be involved in the test, mask'ing faults would be much less likely

to occur in the first p'lace, and i'b would have been easier to account

for all possible mask'ing fault pairs in analys'is of the test. However,

'in s'implifying the test so that jt is eas'ier to allow for generaì

faults in nrultiple FU's and so that it is therefore not necessary to

adopt a restricted fault model, the set of ACC faults tested for would

be reduced consjderably (which ìmplicitly restricts the fault model)!

That is, if a walking bìt test were to be performed on ACC, it would

onìy be tes'bed for stuck-at and some bridgjng faults whjch would then

be the extent of the fault model. Therefore, it was cons'idered to be
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preferable to test each FU as fully as possib'le, with the mjnimisa-

tion of involvement of other FU's as an important, but secondary,

consi derat'ion.

Ideally the fault model under which the ACC test is complete

would not be restricted at all. The test should detect the most

general set of 8085 faults which include a fault'in ACC. However,

the g'iven ACC test is, in practÍcal terms, the best one which could

be constructed. Therefore the possibilìty that a fault in ACC is

masked can only be discounted if the other FU's involved in the test

are shown to,be fault-free by subsequent tests. If all of these FU's

can be shown to be free of an unrestricùed set of faults then ACC can

be guaranteed to also be free of an unrestrjcted set of faults. In

that sense the effectiveness of the ACC test depends on the effective-

ness of the tests for the data input buffers, data output buffers, ALU,

7 flag, and TMP, þJ and Z registers. However, 'in attempting to con-

struct tests for these FU's the same difficu'lty arises as in the ACC

test - namely, that no FU can be tested ín'isolation and therefore

fault masking between FU's can occurif the most generaì class of

faults is to be considered.

5 . 3 . 3. 3 Vari ati on of FU qroup'i ng

Qne approach which can be adopted in an attempt to overcome this

di f fi cuì ty i s to 'l ogi cal 'ly 'i so1 ate FU' s by performi n g several al most

'ident'ical tests in wh'ich iust one of the FU's involved is varied.

For example, to test the Tl4P register and ALU increment operatìon

(which may be considered aS a sÍng1e FU for present purposes because

they are always used together in the ACC test) a similar test to the

ACC test, but using another regìster, could be performed. Thus' 'if

no errors are detected duri ng execution of the fol'low'ing test:
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MVI

L00P: i NR

STAX

JNZ

B, 00H

B

B

LO()P

after the ACC test has been successful'ly executed'then it may be

assumed that the TMP/ALU increment functjon works correctly for data

from the B reg'ister, as well as for data from ACC. Therefore, if a

fault in ACC had been masked during the ACC test by a complementary

fault in TMP/ALU, the same fault jn TMP/ALU must also be masked by

a fault in B. Thus if a fault did exist'in ACC, it could only be

masked by a fau'lt in TMP/ALU'if an equivalent fault (to that jn ACC)

existed in B. Such an occurrence must be considered to be extremely

unlikely - much more so than the occurrence of a complementary pair

of faults in ACC and TMP/ALU.

Inevitably, however" the B register test given above involves

FU's other than B and TMP/ALU. In part'icular, it uses the reg'ister

multjplexer (MUX), the reg'ister select logìc, the address latch and

the address buffers. The last two of these are used by the STAX B

instruction to pass the contents of B out to the external address bus

for observation. The STAX B instruct'ion was used as a means of observ-

jng the contents of B to avoid pass'ing the test data through the

accumul ator.

None of the four FU's menti oned above 'is d'irectly i nvol ved j n

the ACC test and each could mask a fault in B. The l'ikelihood of

this occurrence is reduced cons'iderab'ly by repeating the test for

each of the other reg'isters jn the register array. Thus if the multj-

p'lexer, for exampl e, vJere to mask a fault i'n B, its fault must be
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masked by equivalent faults in the five other registers in the array.

However, there remai n several other potent'iaì faul t maski ng pa'irs

which could not be eliminated in this way, including the nultiplexer

and the address latch, and TMP/ALU and the input buffer. These

possibilities must be eljminated by subsequent tests before the reg-

ister tests could be considered to be conclusive.

It may be appreciated from the foregoing discussion that the

task of systematical'ly elirninating all fault masking possibilities in

this manner is extremely complex, even when only a few simple FU's

are ìnvolved.and fault mask'ing between only two FU's is considered.

Attempts to generate conclus'ive tests for all FU's in the B0B5 by

do'ing this were unsuccessful for several reasons:

('i)

(ii)

(iii)

The large number of FU's necessarily involved in each test

meant that a very large number of possible fault masking

paìrs existed for each FU test.

The 8085 contains very few FU's which are equ'ivalent to the

extent that one could be simply replaced in a given operation

by another. Thus, with the except'ion of the reg'isters in

the register array,no two FU's could be tested by exact'ly

equÍva'lent jnstructjon sequences using the same set of ex-

traneous FU's. El imi nation of faul t mask'i ng pai rs by vary-

ing FU groupìngs in this way therefore proved to be less than

straightforward. It is expected that the task would be much

eas'ier in a device with a more regular architecture, and more

"equivalent" FU's.

The fault model was too generaì. Because no restrictions

were placed on the faul ts which were allovred 'in the DUT it

was not poss'ible to elimjnate fault pairs on the grounds that
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they were unreasonabl e or extremely unl'ike'ly, even though

this may well have been so.

It is apparent, then, that a systematic approach to the genera-

tion of complete and conclusive FU tests in a device such as the 8085,

for a general set of faults, is too complex to be tractable. This

d'ifficu'lty arises princìpaìly from the fact that it is imposs'ible to

gain access to FU's and test them without'involving many other FU's.

However, a self-test routine for the B0B5 was developed by

app'l'ication,of the princ'ip1es of functional test'ing and, as far as

possìble, of variatjon of FU group'ing to eliminate possjble fault

masking pairs. There is no doubt that the resultant test procedure

is far more thorough than any test performed on the CPU during the

SDK-85 SA Procedure (partìcularly the free-run test). The failure of

this exercjse lay'in the inability to develop a test which could be

guaranteed to detect a very general set of faul ts.

5.3.3.4 Remajning tests

The details of development of test sequences for the remaining

FU's in the B0B5 are'in many cases qu'ite involved and will not be given

here. The ACC and regìster tests described above illustrate the

principles wh'ich were appl'ied jn developing each of the FU tests. As

noted above the systematjc approach to development of these tests was

not entirely successful and most of the tests are inconclusive. Many

of the FU tests jnclude features whjch are a legacy of the attempts

to develop the tests systemat'ica11y. These features were left in the

tests because it was felt that although they did not make the tests

conclusive, they did at least make them more effective. The final

version of the B0B5 funct'ional test procedure is l'isted in Appendix G.
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Some generaì notes on the varìous FU tests are listed below.

The emphasis in ìmp'lementat'ion of many of the tests proved to

be on verìfying data paths. The ACC test for example, con-

sists in principle of verification that 256 distinct bytes

of data can be stored in ACC. In 'implementation the test

verifies that the data can be written from the internal data

bus to ACC, then.read from ACC back onto the data bus. Simi-

larly the B regìster test verifies that data can be read from

B, through the multip]exer, onto the data bus, written back

thro,ugh the mult'iplexer to B, then read from B to the address

latch. In the course of the test procedure 'it was attempted

to verify each such data path within the CPU, using as much

data as practìcable. For most data paths this could be

achieved in the process of performing tests on the various

FU's but a few test sequences were included spec'ifically to

test data paths wh'ich were not otherwise tested. Examp'les

of such tests (referring to Appenclix G) are "l,JZ reg'ister test",

"BC and DE access from incrementer/decrementer", "Read'ing SP

through MUX" and "Writing SP through MUX".

The self-test program'is intended to be run as part of the

SDK-85 SA procedure and must be preceded by the B0B5 free-run

test. This test exercises both the program counter and the

sixteen bit incrementer, so no other tests were included

spec'if ical'ly for these FU's.

The register array test differs slightly from that described

in the preceding section. The six regìsters are inìtial ised

to different values so that the test also verifies the unique-

ness of the registers, as suggested by Smithl124l. An instruc-

tion which moves the register to jtself immedìately after the
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(i v)

register is incremented was included in each reg'ister test.

The instruction was included as part of an inconclusive

series of tests whjch were designed to eliminate the possi-

bility of any faults in the multiplexer and its transferral

of data from reg'isters to the internal data bus.

The temporary reg'ister (TMP) test was des'igned to verify that

data written to TMP from the data bus can be correctly read

back onto the da.ta bus. The data path from the data bus

through TMP to the ALU is tested during the ALU test.

In lhe ALU test all possible ALU operations are performed on

all possible input data combinations, including both values

of the carry f'lag where appropriate. The result of each ALU

operation (tnat'is, the contents of ACC and the flag regìster)

can be observed on the data bus during executjon of a POP PSbl

instruction after each operation. The data paths from TMP to

the ALU and from ACC through ACT to the ALU each pass 256

d'istinct bytes of data during this test and are therefore com-

p]eteìy tested by ìt. These paths are only ever used jn the

course of performing an ALU operation, so there is no need

to test them separately from the ALU. In fact, it would be

impossible to do so.

The DAA instruct'ion is tested with ali possible initial data

values in the accumulator and the carry (CY) and auxi'liary

carry (AC) flags, with the result once aga'in being observed

during execut'i on of a PUSH PSì¡l Instructi on .

There are two possible means of writing data to the flag

register, and three possible means of reading it back. Data

can be written to the flags as the result of an ALU operation,

(v)
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( vi )

(vi i )

or loaded from the data bus during a POP PShl instructjon.

Data in the fìag regìster can be read by the ALU (CY and AC

flags only) , read onto the data bus during a PUSH PSÌ,J or

tested during execut'ion of condjtional jump, call and return

instructions. During the ALU test each of these three methods

of read'ing the flags is tested and conditìonal jump instruc-

tions were jnserted jnto the test for that purpose. The

i'F'lag/jump/calI/return test" tests each of the three methods

of reading the flag register afterit has been loaded from

the data bus. Thus all sjx possible read/write conrbinatÍons

for,the flag register are tested.

In the test for the conditional junrp, cail and return jnstruc-

tions each flag flip-flop ìs set in turn and a sequence of all

possible conditional instructions'is executed. The execution

path through the conditional instructjons can be monitored by

observing the address sequence appearing on the address bus.

The flags are initialised by the execution of a POP PSW in-

struction, which retrieves the appropriate data from a table

stored in ROM. A table is also stored in ROM which contains

a sequence of return addresses for the conditional return in-

structions. If a conditional return is successful an address

is popped from the table so that execut'ion contjnues at the

next conditional return 'instruction. 0therwise the stack

pointer is incremented twice, wh'ich in effect a'lso pops the

entry from the tabl e

The temporary registers trl and Z could not be tested by the

usual method of vrriting and reading back 256 distinct bytes

of data because there is no means of storjng internally gene-

rated test data in W or Z. The onìy way ìn rvhjch data can be

written to these regìsters from the internal data bus is by
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execution of an jnstruction containìng'immediate data or an

absolute address. As discussed earlier, jt is sÍmp'ly not

pract'ical to store 256 such instruct'ions in the test ROM.

Therefore a sjmple "wal k'ing bit" test is performed on these

regi sters .

Sixteen SHLD and LHLD instructions are executed, which load

the spec'ified address into W and Z and then transfer the con-

tents of W and Z to the address bus for observation. The

eight addresses used for the LHLD instructions were chosen so

that , they ref er to RQM I ocat'ions , so predi ctabl e data w'i I I

appear on the data bus durìng execution of those instructions.

Eight OUT instructions are also executed to verify that W and

Z are both correctly loaded with the specìfied eisht bjt I/0

address during execut'ion of I/0 lnstructions.

A walk'ing bjt test js also performed on the data path from the

ìnternal data bus, through MUX to the stack pointer (SP) be-

cause this path is only exerc'ised by the LXI SP instructjon,

whjch specifies immed'iate data.

On'ìy a very brief test is performed on the jnterrupt logìc of

the 8085 during the self-test program because a more extensive

test would ìnvolve external hardware which is not tested

until a later stage of the SA procedure. Sjmilarly, the serial

I/O 1ogìc is not tested because it would also require external

hardware. The tests for these facilities are deferred until

Stage III of the SA procedure"

The on'ly tests on the ìnterrupt logjc which could be performed

within the CPU were simpìe wrjte/read tests on the interrupt
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mask, the mask enable b'it and the interrupt enable flag.

Thìs limitation on the test of the interrupt logic illustrates

that the extent of the test performed on any FU is limited by

the accessibilìty of that FU to the devicê's instruction set.

Thus, even though the'interrupt logic is quite a complex FU

it can onìy be tested in a rather cursory manner at this stage

because there ìs no way in whjch'it can be exercised more ex-

tensively by the B0B5 instruction set.

(ix) The final test in the 8085 self-test program'is the instruction

decoder test, in which all jnstructjons not used 'in other

testt are executed. By this stage of the test routine all FU's

in the 8085 (except the instruction decoder) have been tested.

Therefore the onl y purpose i n execut'ing a1 I untri ed 'instructi ons

is to ve¡ify that the instruction decoder and the tinling and

controì log'ic function correct]y for each'instruction.

In the first part of this test unused arithmetic and logica'l

instructions are tested. For each class of arithmetic or

logìca1 instructions the reg'isters are jnitialised from a

table stored in ROM, then a series of instructjons involvìng

each of the reg'isters js executed. The data injtial'ly loaded

into the registers was chosen so that each operation performed

would influence the final result produced by the jnstruct'ion

sequence. Thi s resul t i s pl aced onto the external data bus

for observat'ion durìng execution of a PQP PSI^J 'instruction' To

test the memory addressing mode (the 'M reg'ister') the H and L

reg'isters are in'itjal ised wjth data such that the address con-

tained in H and L refers to a ROM location. The data read from

that address is therefore predìctable'



190.

The second part of the instruction decoder test consists of

the execution of eìght "jmmediate" arithmetìc and 'logical in-

structions. The eight bytes of ìmmediate data used by these

instructions are unused opcodes of the B0B5 which would other-

wise not be read 'in through the data input buffers. Thus,

remembering that almost all 8085 instruct'ions are fetched

and executed during the self-test program, all of the 256

poss'ible data bytes are read'in through the data input buffers

during execution of the program. The buffers are therefore

compl ete'ly tested.

The many MOV instructjons of the B0B5 are tested next. The

MOV instructions are executed in groups of seven which pass

data around each of the registers. DCR instructions are 'in-

serted between the MOV instructions so that at the end of the

Seven MQV instructions, the registers contajn d'ifferent data.

Thus the Seven DCR'instructions are tested as well. The con-

tents of the regÍsters are pushed at the end of each group so

that they may be observed on the data bus. The H and L regis-

ters are initialised before every MQV r, M instruction so that

the data read from memory comes from ROM.

Finally, several miscellaneous instructions are executed jn a

sequence such that the data appea¡ing on the data and address

busses depends upon the effect of each instructjon. The sequ-

ence finishes in a chain of restart instruct'ions, from RST 7

to RST 0 (stored in approp¡iate RQM locatjons), which causes

execution to return to the start of the progranl.

Only two instruct'ions (HLT and IN) are not executed during
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the self-test program. The HLT 'instructjon could not be

tested because it would prevent the program from being exe-

cuted repet'it'ively, whjch in turn would prevent the observa-

tion of data with the s'ignature analyser. The IN instruction

could not be fu1ìy tested because data appearìng on the data

bus du¡ing its execution would depend on external ' untested

hardware. However, all FU's involved in the execution of an

IN instruction are tested, and an IN jnstructjon is executed

during the routine, as expla'ined below. Therefore, the level

of confidence in the jnstructìon should be quite hìgh'

5.3.4 Impl ementation of the 8085 sel f-test Program

As d'iscussed earlier in th'is chapter the 8085 self-test program

was intended to be run during, and as an extension of, the SDK-85 SA

procedure. It must be executed after Stage I, in which the system

kernel is verjfied, and before Stage II, in which the CPU is used to

test other system components. It was therefore implemented as Stage

IA of the procedure. An overall flowchart of the SA procedure, in-

cluding Stage IA, 'is contained in Append'ix D.

The two test programs for Stages II and III occupy most of the

2K byte expans'ion EPRQÌnl (415) , so it was necessary to store the 900

byte B0B5 self-test program in the external 2708 EPR0M. This EPR0M

had been added to the wire-wrap area of the SDK-85 at address 8000H'as

noted in Chapter III, and had been ignored up unt'il this time. To

force execut'ion of the self-test program after reset a fourth iumper

plug was wired for the address selectjon socket (aìso described ìn

Chapter III). This p'lug interchanges the CSQ/ and CS1/ chip seìect

l'ines and t'ies the A, and ArO address'inputs to the expans'ion EPROM

(415) h-igh. Thus, on reset execut'iot'ì commences at location 600Ïl 'in
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in 415, which contains a jump to the self-test program proper at 8000H

415 also contajns the chajn of RST instructions (stored at 608H,610H,

,638H) whjch'is executed at the end of the self-test program' It

may be recalled that the subroutines for the Stage III test program

are stored from location 640H up, while the Stage II test program is

located from 400H to 522H. The final arrangement of code in 415 is

shown in the memory map' Figure 5.2.

It should be noted that the fact that the self-test program was

stored .in external EPROM 'is regarded as being incidental and of no

real consequence to the ìnvestigat'ions discussed jn thjs chapter' The

code was stored external'ly simply because there was not enough'internal

RQM space to accommodate it, and in other implementations the code

would certain'ly be stored ìn the same ROM area as the stage II and

III test programs. Therefore, while the Stage I procedure should have

been modified to test the data bus'input buffers and the external ROM

to fully.integrate Stage IA'into the SA procedure, this lvas cons'idered

to be neither necessary nor useful for present purposes.

As implied in the design of the self-test program the response

of the CpU to the test'is verified by the observation of signatures

on the data bus (us'ing both RD/ and lr\lR/ as clocks) and on the address

bus (using ALE as clock). In this way al1 data input to and output

from the CpU, as weì'l as all addresses referenced during the test are

verif.ied. In fact it'is not necessary to verify'input data (that is'

sample data on the data bus with RD/) because all relevant input data

comes from RgM wlrjch (in princ'ip'le) will have been tested during St'age

I. However, verification of input data does provide an extra level of

checking in the system and results in a more explicit test on the CPU

alone. It also serves to verify that the cPu is not being affected
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Address

7tF

740
73F

640
63F

600
5FF

523
522

400
3FF

000

2
1

33
33

STAGE III
TEST PROGRAM

Vacant

STAGE II
TEST PROGRAM

Vacant

JUMP AND RST INSTRUCTIONS
FOR BOB5 SELF TEST PROGRAM

SUBROUTINTS FOR

STAGE III
TEST PROGRAM

Vacant

Fi qure 5.2. Fi nal Memor.y Map of the Test EPROM, 415.
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by unwanted feedback from devices whjch may be stimulated by CPU

activity during the test.

To provide START and STOP puìses for the s'ignature analyser w'ith

each of the three clocks used, IN and OUT instructions to addresses

30H and 38H (which activate the CS6/ and CS7l outputs of the address

decoder) are executed at the start of every pass through the program.

The chip select pulses are gated wìth the IQ/-M- status line by exter-

nal logic to generate START (IOCSO) and STOP (I0CS7) pulses, as shown

in Figure 5.3. The signature analyser is configured to start samplìng

on the negative (tra'iljng) edge of START and to stop on the pos'itive

(leading) edge of STQP, so that data present on the data bus during

execution of the IN jnstructjons is not samp'led. Thus, whjle the ll'l

instruct'ion is executed during the test program, its effects are not

tested exp'l i ci tl y.

5.3.5 Evaluation of the 8085 self-test program

In the first instance the self-test program was verified by

tracing execution through critical sec'b.jons of the program wìth a

logic state ana'ìyser, to verify that a1l tests were performed as in-

tended. During th'is process it was observed that the ALU test and the

sixteen bìt register tests occupy by far the greatest part of the total

t es t t'ime .

Each pass through the test loop takes approximately ten seconds,

wh1ch meant that it took thirty to forty seconds to observe each signa-

ture and ensure that it was stable. Therefore the total test time, for

the observation of 27 sìgnatures,was approx'imately fifteen minutes,

which increased the total length of the SDK-85 SA procedure to I 3/4

hours. Once again the process seemed to be very tedìous, because it
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rocs6 (srART)

cs7 / rocs7 (sroP)(from 410-7)

IO/M
(from All- 4)

741S02

Fiqure 5.3. START and STOP Pu I se qeneration for the 8085 Functional Test.

cs6
(from A1

/
0 -e)
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Was necessary to wait thirty seconds for each signature. It might be

argued that a test for any sìngle component in a system should not

take as long as fifteen m'inutes because the extra information obtained

from the test is unlìke'ly to be suffjc'ient to iustjfy the time spent.

Ideally, then, the B0B5 test should be sign'ificantly shorter.

It has been noted by hlìlkinson[34] and Bilton[35] thut the effec-

tiveness of any self-test program jn detecting faults'in a device is

very difficult to assess. Applicat'ion of the test to known-good

devjces merely verìfies that the test yjelds consistent results on

good dev'ices, without giving any indicat'ion of its ab'il'ity to detect

faults. As discussed in the context of the ACC test the only way to

fu'l'ly assess the effectìveness of such a test is to run it on a very

ìarge number of faulty CPU's and observe whether or not it does detect

the faults. Unfortunately, only a limited number of 8085's vrere

available, onìy one of which was known to be faulty' so Such a full

assessment was not possibl e.

The test was run on s'ix different B0B5 devices" The first three

of these were current Intel B0B5A ch'ips, which all produced the same

set of data and address bus signatures, which are assumed to be the

correct ones. These s'ignatures are I isted ìn Append'ix H. The fourth

device which was tested was the one which exhibited the TRAP fault

described jn Chapter III. It was also an B0B5A and produced the same

set of signatures as the other three B0B5A's, whjch'Ínrplied that it

was fault-free. Thus the self-test program clearly fa'iled to reiect

a device which was known to be fauity. Hovrever, this failure was ex-

pected. As dìscussed in Chapter IV, the nature of the TRAP fault is

such that it could not be detected by signature analysis, irrespec-

tive of the tests performed by the self-test program, or the accuracy
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of the device model on which it is based. There was no test for the

TRAP log'ic ìncluded jn the test program because no test could be.

This failure was therefore not significant as far as assessment of

the effectiveness of the test 'is concerned. Indeed, because the

device produced correct s'ignatures it can on'ly be assumed that apart

from the TRAP fault it was fault-free.

The tast two devìces to which the test was applied were Intel

8085 chips. These two chjps produced the set of data bus signatures

listed in Append'ix H, but they both produced a set of address bus

signatures which differed from that in Appendix H. 0rdjnarily th'is

would 'imp'ly that the two devices were faulty. However, because they

produced the same address bus s'ignatures and the data bus signatures

Were correct, it was assumed that the "incorrect" address bus signa-

tures were observed because they were 8085, rather than B0B5A dev'ices,

not because they were faulty. The fact that both sets of data bus

signatures (with RD/ and WR/ clocks), jnclud'ing the V.. signatures,

were correct inrp'l'ied that the B0B5's performed the same number of

data bus operatìons as the B0B5A's, and that the data transferred dur-

ing each operation was also the same. This must be the case if the

8085 and the 80854 are operatjonally equ'ivalent devjces. Simiìar1y'

the different V.. tignatures obtained wjth ALE used as the clock jm-

pfied that the 8085's issued a different number of ALE puìses during

execution of the test program than the B0B5A's did.

The conclusion which was drawn from these observat'ions was that

during the execution of some ìnstruction, or instructions, both ver-

sions of the device execute machine cycles without issujng RD/ or

WR/, during whìch one of the versions does jssue an ALE pu1se, and the

other does not. This mus'b be the case because on'ly one ALE pulse



198.

can be jssued'in each machine cycle, and RD/ and l,'lR/ cannot be'issued

during a machine cycle wjthout ALE.

Inspect'ion of ttre (assumed) B0B5 state trans jtion tabl e reveal ed

that machine cyc'les M2 and M3 of the DAD rp instructjon are the only

ones ìn the entire instructjon set which do not involve a data bus

transaction. It was concluded, then, that the.djfference (or one of

the differences) between the 8085 and the 80854 is that one generates

ALE during the last two machine cyc'les of the DAD i'p instruction,

whereas the other does not. A logic state analyser was used to monjtor

the execut'iop of the DAD rp'instruction by both versions of the pro-

cessor. This showed that the B0B5 strobes the address of the follow-

ing'instruct'ion onto the address bus with ALE durjng both l'12 and M3

of the DAD rp instruction, whereas the B0B5A does not issue ALE durÍng

ei ther cycì e.

Th'is difference between the two versjons'is not documented explic-

itly in the available Intel literature. However, the fact that the

80854 does not issue ALE during M2 or M3 of DAD rp 1s documented in

the form of a footnote to Table 3 of its data sheett116l. The only

reference to the 8085 (as opposed to the 80854) whjch could be found

was'in the MCS-85 User's Manualtl20l in which the behaviour of the

8085 during DAD y,p is impl ìed by the statement on page 2.3 that "ALE

is present d.urìng Iclock cycìe] T, of every machine cycle".

This matter.of the two versions of the B0B5 illustrates that even

minor differences between versions of a device, of little operational

consequence, can be very'important when deveìoping a test for the

device at the level of detail of the test deve'loped for the 8085. The

existing documentation of the difference between 8085 vers'ions 'in exe-
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cution of DAD tp-ts appropriate for its low level of importance to

the genera'l operat'ion of the 8085. However, if devices are to be

tested in any detail, it is necessary that there be readily avail-

able, detailed and rigorous documentation of each version of the

device, at least at a level comparable to the state transitíon table

provided for the B0B0AÍ1'271. If state transition tables for the 8085

and the S0B5A had been available the DAD zp disçrepancy could have

been allowed for from the outset.

Apart from highf ighting the need for detailed documentation, the

8085/80854 incident demonstrated the abif ity of the self-test program

to detect a discrepancy in device bahavÍour which mjght be'interpreted

as a fault. However, the absence of any 8085(A)'s with obvious func-

tional faults has meant that the overall assessment of the effective-

ness of the test program was very inconclusive. Certainly there are

some sections of the 8085(A) (such as the t'iming and control logÍc)

which are not explic'itly tested by the procedure, but the signifìcance

of these omissions is not evident.

Nevertheless'it is clear that the test developed for the 8085(A)

is more thorough and effective than the free-run test and the "inci-

dental" tests performed ìn Stage II of the SDK-85 SA Procedure (none

of which detected the difference between the B0B5 and the B0B5A).

There is no doubt that, wjth the knowledge of the type of tests per-

formed du¡ing the functional test routine, a much higher'level of con-

fjdence would be held'in a device which had passed it than in one

wh'ich had only passed the free-run test.
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CHAPTER VI.

FUNCTIONAL TESTING OF A PERIPHERAL DEVICI

6.1 Aim of Development of the 8279 Test

As for the 8085, the prìmary aim of develop'ing a functional

test for the 8279, as an exampìe of a peripheral device, was to

produce a test routine which would be more thorough and effective

than the one originally incìuded in the SDK-85 SA Procedure. Al-

though the earlier d'iscussion of methods of developing systematic

tests for LS,I devices was directed part'icu1arly towards micropro-

cessors, the prìnciples jnvolved and the virtues of functional

testing apply equaìly to peripheral devices.

As a general class, however, peripherals are architectura'l'ly

quìte different from CPU's and have a very different mode of opera-

tion. They are generally des'igned to serve as slaves to a CPU and

recejve jnstructions under program control from the CPU. They are

also commonly designed to interact wjth the world external to the

microprocessor system. These differences meant that in attempt'ing

to apply the principìes of functional testing to peripherals,

djfferent problems and ljmitations to those of microprocessors would

be encountered. Thus a secondary a'im of deveìopment of the 8279

functional test was to detern'ine some of the particular problems

whì ch perì pheral s present.
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6.2 f he 8279 Functjonal Test

6.2.I The approach to development of the test

It was'intended from the outset to use the same approach to

development of the 8279 functional test as was adopted for the 8085 -

namely, to attempt to test each identifiable FU of the device as

fu1'ly as poss'ible without restrict'ing attention to a part'icular

fault model. The reasons for adopting th'is approach were djscussed

at the start of the descrjptìon of the 8085 functional test. It has

been seen that the approach was not entireìy successful in the case

of the 8085, but certain'ly did lead to a more effectjve test for the

device. There was no reason to expect that the approach v¡ould be any

more successful for the 8279, but it was expected that it would pro-

duce a more thorough test for the device than the ad hoc test orìgin-

a'l1y deve'loped as part of the SA procedure.

6.2.2 The 8279 functional model

It is a noticeable trend tha'b the documentat'ion supp'lied by

device manufacturers for their peripheral devices is much less exten-

sive than for their microprocessors, despite the fact that many peri-

phera'l control I ers are as compl ex as some mi croprocessors. Thus, wh'il e

Intel give a fifty page descript'ion of the 80804 and'its operation in

the B0B0 Microcomputer System User's Manual ÍI271, formal documentation

of the 8279 consjsts of a twelve page data sheet[116]. As we have

seen , the B0B0A documentat j on i ncl udes a f unct'ional bl ock d'iagram of

the device and a clock-cycle by clock-cycl e descript'ion of act'iv'ity

within the device in terms of the block dìagram. In contrast, the

8279 data sheet briefly (and incompletely) describes the overall

effects of each device conlmand, as loosely related to its functional

block diagram. Certa'inly no jnformat'ion as deta jl ed as the B0B0A
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state transition table ìs g'iven. In the absence of this type of

detailed jnformation about dev'ice operation it was only possible to

base the functjonal model of the 8279 on its functional block diagram,

which is shown in Figure 6.1. It may be observed that the functional

block diagram does not contajn a lot of detail. However in comparison

wìth those supp'ljed for many other periphera'ls (such as the 8271

floppy disk controllertl16l) it is qujte inforrnative.

As noted above, one characteristic which djst'inguishes peripheral

devìces from CPU's is that they are intended to function as slaves -

to act on commands receíved from a control'ling device (the CpU) rather

than fetch and execute instruct'ions of their own accord. They must

therefore be stimulated under program control by the CPU. The stimulus

data will consist of a series of valid commands and test data, selected

to exercise the various functions of the device. The 8279 has only

eight valid commands to which it responds. These are:

Set keyboard/display mode;

Program clock prescaier;

Read FIF0/sensor RAM;

Read display RAM;

Write display RAM;

Set d'ispì ay write inhjbjt/blanking;

Cl ear;

End interrupt/set error mode.

In addition, it is possible to read the status register, to read

data fronl the FlFO/sensor RAM, and to write data to or read from the

display RAM. These commands are the basic tools which may be used

to stimulate the device and exercise the funcbional un'its w'it'hin it.
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It is immedjatâ1y clear that thìs set of commands is much less ex-

tensive than the 8085'instruction set and must therefore provide much

less flexib'il'ity in stimulat'ing the device under test.

Examination of the 8279 functional block d'iagram and the des-

cription of each of the commands given in the data sheet also reveals

the following s'ignifìcant differences between the 8279 functional

model and the 8085 functional model discussed earlier in this chapter:

(i) the 8279 functional block diagram contains less detail than

that, of the 8085. For exampìe, in the d'iagram of the 8085

all CPU registers are shown, as are all internal data paths.

In the 8279 diagram, however,'individual regìsters and the

data paths between them are not shown, but are included within

larger, more compìex modules. Because of their greater com-

plexity these modules must be harder to test than the 8085

FU's, many of which were single registers. The exact func-

tions of the modules 'in the 8279 are also not as well defined

as the funct'ions of the B0B5 FU's.

Since the effect of each 8279 command'is broadly specifjed in

terms of these modules, and no finer detail was availabìe, it

was apparent that the FU's of the 8279 coul d be no smal I er

than the modules shown in the functional block d'iagram. The

individual FU tests for the 8279 would therefore be more conl-

pl ex and I ess effecti ve than those of the 8085.

Access paths to the 8279 rnodules.are less direct than those

to B0B5 FU's. Whereas nlost FU's in the 8085 could be accessed

almost directly from the internal data bus, data paths in the

8279 are fewer and less djrect. Consequently, whìle data can

(ii)
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(iii)

be qujte easi]y wrìtten to and read from some 8279 modules

(such as the display RAM), others are not directly connected

to the internal data bus and can only be indirectly exercised

through several other modules. This, once aga'in' meant that

Some modules would be more difficult to stimulate and hence,

test than the 8085 FU's.

It was seen ìn the case of the B0B5 that the inability to

test FU's in isolation WaS, to some extent' compensated for

by the ability to test FU's in various groups, thereby re-

ducing the probabilÍty that a fault in one FU would mask a

fault in another. This variation in grouping was on]y poss-

ible because of the flexibility of the 8085 architecture and

the abifity of the device to perform many operat'ions on several

distìnct, but simjlar FU's. This flexibi'lìty of the device is

reflected in the size of jts instruction set. However' as

noted above, the 8279 'instruction Set" ìs very much smaller

than that of the 8085. This means that when the dev'ice per-

forms an operation in response to a g'iven command its modules

tend to be used jn fixed groups. Thus the return latches'

keyboard debounce and control 1ogic, and the FIF0/sensor RAM

all tend to be involved in any keyboard operat'ion and there

is no test which could be performed on any one without ìnvolv-

jng the others . The dì spì ay RAM 'i s somethi ng of an except'ion

to th'is "fjxed group'ing" property because data can be vrritten

into and read from it without extensively jnvolving other FU's,

so it can be tested as a separate and'largely independent FU.

The consequence of these three properties of lhe 8279 - the com-

p'lexìty of its modules, the poor accessi.bi'lity of some modules' and

the inflexibi'lity of its architecture - js that the functional un'its
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of the clevice are effect'ively much larger than the modules shown in

its functional block diagram. It is not possible with the available

set of commands to individualìy exercise these modules or use them

outsjde of their "fixed groups". In other words, these modules cannot

be treated as FU's because they are not sufficiently independent. In

fact, with the exception of the display RAM, the 8279 consists of

only two FU's - one which performs the dìspìay'control functjon, and

one which performs the keyboard input function. It'is only at this

relative]y high level that the FU's are sufficiently independent and

can be jndividually exercised and tested.

6.2.3 DeveloPment of the 8279 test

tor the sake of consistency with the approach adopted for the

8085, and in spite of the observations discussed above, a table was

constructed which showed each 8279 command and each module or attribute

of the dev'ice, with the intention of finding'its s'impìest commands or

instructions. Not surprìsingìy, this proved to be of very little

value. It mereìy showed (as far as coulcl be determjned from the brief

description of each jnstruction g'iven in the data sheet) that each

command acts on a specific, fixed set of modules, and that indivìdual

modules are affected by very few commands. Therefore, in seeking to

exerc.ise a g.iven module there would be very little (if any) choice of

whjch command or commands to use. Thus, while the consideration of

which command 'is simpl est,and hence least 'likely to g'ive rise to

fault mask'ing, is rel evant 'in princip'le, 'in pract'ica'l terms jt is

compì ete'ly i rrel evant.

This result simply confjrmed that to test the 8279 it would be

necessary to cons'iderit as cons'isting of iust two 'independent FU's,

both of which have several operat'ing ntodes. The functjonal test must
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therefore cons'ist of a sequence of commands which exercise both FU's

in each of their modes as fully as possible. That is, the test

sequence must be composed of a series of normal commands to the 8279

which instruct jt to perform'its usual tasks of keyboard scanning and

display mult'iplexing. The only fìex'ibility allowed in the construc-

tion of the test is in the selection of the test data used for the

keyboard and disp'lay RAM's. Thus the development of the 8279 test

degenerated into an exerc'ise in operating the device in each of its

possi bl e modes.

Ideally, the 8279 test would be a self conta'ined, automatic

test performed very early in the SA procedure, as the CPU, ROM and

RAM tests are. However, because the 8279 is an I/0 device' any

thorough test for it must include the appìjcation of external input

data (at the keyboard return ljne inputs) and the observation of out-

put data (at the scan line and segment outputs). If the test were to

be fully automatic it would be necessary to stimulate the return line

'inputs under program control (probably by loopìng para1le1 output

ports back to the 8279 RL inputs), attempt'ing to s'imulate operation

of the key matrÍx. In view of the fact that the RL inputs are sampled

synclrronously with the scan I'ine outputs, the simulatjon of real'istic

key closures (including key bouncìng) in software would be quite diffi-

cult. In an automatjc test of the type performed on the B0B5 it would

also be necessary to observe data appearing on the scan line and seg-

ment outputs during the test wj th the signature ana'lyser. l^lhìle this

is poss'ible ìn prìnc'ip'le, in the course of the test the keyboard and

d'ispiay modes must be changed frequent'ly, w'ith unspec'ifjed effects on

the scan I'ine and segment outputs, so probl ems vli th si gnature 'instab-

i'l i ty coul d be expected .
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It was therefore considered to be better to test the 8279'in

its "natural environment" - that is, with manual keyboard input and

di sp'l ay veri f i cati on . This meant that the test shoul d be j ncl uded

in Stage III of the SDK-85 SA procedure, together with other tests

for wh'ich operator interaction is required. In fact, it could djr-

ect'ly replace the existing tests 0 and 1 of Stage III, which comprise

the origÍnal test for the 8279. In this form the test would not be

as self-contained and independent as the CPU test, but no test for

an I/0 device could be. The important point is that the test'is con-

ducted at the start of Stage III, so the 8279 js tested before'it is

used in tests for other SDK-85 facilities.

In development of the 8279 functional test the a'im, as for the

8085, Was to test each FU as thoroughìy as possible. In practìce' as

discussed above, this amounted to aim'ing to test each attribute and

operat'ing mode of the two 8279 FU's as fu1ìy as possible. In a sense

th'is was a regressjon to the approach which was adopted to the develop-

ment of the orig'ina1 device tests jn the SA procedure,of testing device

operation as thoroughly as reasonably convenient. Consequently, the

8279 functjonal test turned out to be simìlar in many respects to the

orig'inal 8279 test (tests 0 and 1 of Stage III). The reason for thjs

sjmilarity is that the two F:U's considered in the functjonal test are

not much sìmp1er than the devìce as a whole, which the original test

addressed. . However, because the functional test was des'igned to test

each attribute and mode of operatjon of each FU, it must be more

systematic and thorough than the original.

During development of the test diffjcultjes were once aga'in ex-

perienced in attempting to use the 8279 in some of its modes. itt

addition to those ment'ioned in Chapter III, several other undocumented
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characteristics of the dev'ice were dìscovered. They jncluded: that

when the operating mode of the disp'lay is changed the keyboard FIF0

character count is set to zero; that in sensor matrix mode a key

closure 'is represented by a 'f in the sensor RAM, not a '0' as

would be expected; and that the sensor closure fìag'is latched when

a key is closed, and reset only when the correspond'ing ìnterrupt'is

cleared. None of these characterìstics const'i!utes unreasonable

behavìour by the device, but they aì1 should be documented - part'icu-

'lar'ly the effective'inversion of sensor matrix data. This once aga'in

illustrates the general'ly inadequate level of documentation of peri-

phera'ì control I ers .

The final test routjne, wh'ich is l'isted in Appendix I, is nearly

900 bytes long. For the purposes of evaluation jt was stored'in the

external 2708 EPR0M at address 8000H, temporarìly replacìng the 8085

self-test program. The Stage III program was temporarily patched to

include a jump to location 8000H'immed'iateìy after injtjalisation'

and at the end of the 8279 test the Stage III routine'is entered aga'in

at the start of test 2 (the serial I/0 test). The'instructjons for

running the test are presented'in Appendix J. If the test were to be

included as part of the final SA procedure these instructions would

replace those for tests 0 and L jn the Stage III procedure (contained

in Appendix F).

6.2.4 Outl i ne of the 8279 test

A brief description of each of the steps of the 8279 functional

test fol I ows:

(ì) A "clear all " conlmand 'is written to the 8279 and tests are

conducted to verify that the "disp]ay unavai'labl e" flag (0u)
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i n the status regi ster i s cl eared wi th'in the spec'if i ed 160ps,

that the keyboard input FIFO is empty and that the FIFQ under-

run flag.is set if the FIFO is then read. A subroutine is

then entered which waits for a character to be entered into

the FIF0, which'is taken as an indication from the operator

that the display (which should consist of all segments being

uniformly lit) is correct.

The dìsp]ay is then cleared aga'in, but with 20H used as the

cl ear code, so ' b' d.ispl ay segments shoul d turn off . Du 'is

checked again and the FIFQ status is read, to ve¡ify that the

prev'iously entered character was not lost durjng the dìsp1ay

clear operation. After a second keyboard entry (jndjcatìng

approval of the display) the same sequence of tests'is repeated,

but with FFH used as the display clear code. After the third

keyboard entry the next step of the test is commenced.

If an error is detected'in any of these tests an error display

routine is entered, which wrjtes a unique error number to the

display for each possible error. It is poss'ible, of course,

that an error message would not be disp'layed correct'ly be-

cause of a fault in the 8279, but any variatjon from the ex-

pected display sequence is sufficient to jndicate that the

device is faulty. Unìque error numbers were used pnimarily as

an aid in debugg'ing the program, and also to jdentjfy particular

errors (associated with interrupt operation) for which further

action'is requ'ired to determine whether the 8279 or the 8085 is

at faul t.
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(iv)

(v)

(vi )
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The second test in the sequence is a read/write test on the

dì sp'lay RAM whi ch i s i ntended to veri fy that al I RAM I oca-

tjons are unique and contain no stuck'at b'its. The test

also exercjses the disp'lay RAM address auto-increment and

direct select mechanisms. It should be noted that the dis-

pìay RAM test is an unusual'ly simp'le and complete one, large'ly

because of the good access'ibiììty of this particular module

( noted earl i er) .

The operation of the dispìay blanking and write inh'ibit con-

trols is tested, w'ith input from the keyboard to confirm that

the 
,res 

ul ti ng d'i spl ays are correct .

The status of the FIFO is read to confirm that it has been

unaffected by the preced'ing tests and still contains all

characters entered from the keyboard so far. A "clear FIF0"

command is written to the 8279 and the status flags are read

to see that they have all been cleared. The display RAM is

also read to verjfy that it was not affected by the FIFQ clear

operati on .

A walk'ing b'it test 'is performed on the display output buffers.

Each of the eight disp'lay segments is turned on in all display

digits for approx'imately half of a second. An entry from the

keyboard is taken as confirmation that the d'ispìay sequence

was correct.

In the next test the four encoded scan display modes - e'ight

and si xteen d ì g'i ts , l eft and ri ght entry - are tested. In

each mode the si xteen hexadeci mal d'i g'i ts form '0' to '9 ' and

'A' to 'F' are shifted across the display. The djsplay

scannjng cìrcuit'in the SDK-85 does not decode the most sig-

nificant scan line, SL3, so in the sixteen digit display modes

the e'ight most s'ignificant d'igits ('8' to 'F') are supert'm-
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posed on the eight least significant digits ('0' to '7').

In the eight dig'it rìght entry mode the entry of characters

from the middle of the d1splay is tesied. In each case a

keyboard entry is taken as an indication that the d'isplay

sequence was correct.

The display is finaìly tested in the decoded scan mode. Again

because of the part'icul ar d'i spì ay scanni ng ci rcu j t used i n

the SDK-85, only djg'its three and f i ve are scanned i n the

decoded scan mode, while none of the keyboard rows are scanned.

The disp'lay should therefore show onìy two characters, which

were, left in the dìsplay RAM after the prev'ious test. Th'is

dispìay is maintained for a fixed perìod of fjve seconds be-

cause the keyboard cannot be used to'indicate that the display

i s correct.

The keyboard controller test commences with a "clear all"

command to the 8279. The FIF0 status is read to ensure that

the FIFO is empty, and the state of the RST 5.5 interrupt in-

put to the B0B5 is read. If it is asserted an error message

is d'isplayed and the operator must then use a logìc probe to

trace the line from the B?79 IRQ output to the B0B5 RST 5.5

'input, to determi ne whi ch devi ce i s at faul t.

The next test checks the operation of t'he 8279 interrupt 1og'ic

together wjth the B0B5 RST 5.5 interrupt, which could not be

tested during the 8085 test because it involves the 8279. The

rout'ine waits until a character is entered at the keyboard

(as ind'icated by the FIF0 character count in the status byte)

and then checks that only one character has been entered. The

state of the 8085 RST 5.5 jnput'is read and' if an'interrupt

is pending (as should be the case) RST 5.5 js unmasked and

interrupts are enabled. A test is conducted to ve¡ify that
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the interrupt does then occur. The FIF0 is then read and

the RST 5.5 input status is checked to see that'it is no

longer asserted. Final'ly, FIF0 status is read to verify

that the FIF0 is empty aga'in.

An error detected in the'interrupt tests could be due to a

fault in either the 8279 or the 8085, so once aga'in a logic

probe must be used to isolate the faulty device if one of

these errors occurs.

The FIFO overrun mechanism is tested next. A routine 'is

entered which wajts until eight characters have been entered

jnto the FIFQ, and then waits until the overrun flag is set

by the entry of one more character. An error is jndicated

by the djsplay remaÍn'ing blank after nine key entries.

The digit'0' is djsplayed in the right-most digjt of the

di sp1 ay, prompti ng the operator to press the '0 ' key . l'Jhen

the correct key code is read from the FIFO the display is

updated to '1' and the operator must enter '1'. ThiS process

is repeated unt'il all 22 keys have been entered 'in sequence.

The keyboard controller is re-initial'ised to operate'in sen-

sor matrix mode and to read the sensor RAM'in auto-increment

mode. Up to 64 "end 'interrupt" commands are written to the

device to remove any 'interrupts resuìting from the change in

operating mode. All sensor RAM locatjons are then read to

verify that they al1 contain 00H, ind'icating that no keys

are pressed. The sensor closure flag (sc) is also read to

verify that jt is clear.

0nce again '0'is displayed, promptìng entry of the'0' key.

when a key is pressed, as ind'icated by SC be'ing set, the pres-
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ence of a pending RST 5.5 interrupt is verjfied, an "end

interrupt" command is written to the 8279, and the RST 5.5

input to the 8085 is checked again to see that the interrupt

request has been removed. Row zero of the sensor RAM is

then read and the data is subsequently checked to see that

the key pressed was the correct one. The routine waits until

the key is released (sc is cleared) an.d then clears the

associated interrupt. If the key entered was not '0' the

process is repeated untjl the correct key cìosure js detected.

After the '0, key closure has been detected and processed,

'L' is djsplayed and the procedure described above is repeated

for the '1, key. In this case, however, the auto-increment

read mode of the sensor RAM is disabled and the key closure

interrupts are removed by reading the sensor RAM. Once again

the routine is repeated until the correct key 'is pressed.

After '1.' is entered the auto-increment read mode is enabled

agaìn and each of the remain'ing twenty keys'is prompted in

turn. For each character d'ispìayed, whenever a key is entered

the sensor RAM is scanned to verify that the correct key was

pressed.

Finalìy, the "N-key rollover" and "Z-key lockout" modes of

the keyboard controller are tested. The device is re-

Ínitialised to operate in the N-key rollover, scanned keyboard

mode and a'loop,is entered in which the display shows a charac-

ter corresponding to the last key character entered into the

FIF0. To test N-key rollover operation the operator must

verify that the dispìay is updated as each new key is pressed,

whether or not any other keys are aì ready pressed.



2t5.

When the 'NEXT' key 'is pressed the "Z-key lockout" mode js

selected and a similar display loop is entered. The operator

should then ver.ify that if a key is pressed a second key

closure is not recogn'ized unt'il the first key ìs rel eased.

When the'NEXT'key is detected aga'in the 8279 test has been

completed and the Stage III test program js re-entered at the

start of the serial I/0 test.

6 .2.5 Limitations of the 8279 test

The test descrjbed above does test lhe 8279 jn most of its operat-

ing modes, exercìs'ing most of the attributes of each functional unit.

However some sectjons of the device, ìncluding the clock prescaìer,

the keyboard (in the decoded scan and strobed input modes), the special

error f'lag and the sensor RAM' are not fully tested'

For the clock presca'ler to be fully tested it would be necessary

to program each value of the clock prescaler in turn, and for each

one verify that the correct frequency rat'io then existecl between CLK

and SLO. Thjs would require the use of an oscilloscope or (preferably)

a signature anaìyser, which would be inconvenjent and would not fjt

in with the context of the test. It is also doubtful whether a s'ig-

nature ana'lyser could be used successfully, in view of the difficultjes

which were experienced (and discussed in Chapter III) in attempting

to obtain stable sjgnatures on the scan fine outputs with CLK as clock.

Furthermore, the use of very small clock prescaìer values would have

created problems with key debouncing and made sequencing of the tests

(which is ach.ieved through keyboard input by the operator) very dìff i-

cult.

The omission of tests on the keyboard'in decoded scan and strobed
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input modes was necessary because of lim'itations imposed by hardware

provided on the SDK-85. The partìcular arrangement of the keyboard

scanning circuitry means that, with onl y 22 out of a poss'ible 64 keys

present in the matrix, no keys are scanned in the decoded scan mode,

so keyboard ìnput could not be tested in that mode. The fact that

only 22 keys are provided in the matrix also means that a comp'lete

test of the sensor RAM (one which tests ali 64 bits) is not possìb1e.

There is simp'ly no hardware which would allow the strobed input mode

to be convenient'ly tested.

The "spec'ia] error" mode flag of the 8279 could only be tested

by the appl'ication of two simultaneous key closures in the N-key roll-

over mode, whjch is virtually'impossible to achieve manual'ly. This

could have been done if the 'input st'imulus had been appl ied from a

para'l'le1 output port rather than manually, but, as discussed earlier,

there were good reasons for not adopting th'is approach.

It may be seen, then, that these l'imjtatjons on the coverage of

the 8279 test were 'imposed by external hardware restrictions of one

type or another. It may also be noted that the dispìay scanning hard-

ware is responsible for difficulty in verifying disp'lays ìn the sixteetl

dìg'it dispìay modes, because it causes characters to be superimposed.

6 ,2.6 Eval uati on and di scuss'ion

gnce aga'in,'in seeking to assess the effectiveness of the test

developed, the prob'lem arises that the only way to do th'is is to apply

the test to a large number of faulty 8279's. W'ithout such a range of

known-faulty devìces it is not possible to determine whether a particular

step of the test, or the test as a whole, is effective.
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Qnìy one 8279 which was known to be fau'lty was available for

evaluat'ion of the test - the one discussed in Chapter III which

incorrect'ly turned on the bottom segment of the left-most dìsplay

digit. The fault was detected by the functional test procedure,

which was to be expected because it contajns the same "character

shifting" test whjch detected the fault 'in the originaì procedure

(that is, test 0 of Stage III). No other errors were detected durìng

the functional test. While the test did detect the known fault in

the devjce, this Success'is once agajn not Very reassuring because

none o't the other Steps of the test procedure detected the fault'

which only a,ppears with certain d'isplay patterns. One cannot hel p

but feel that if a different character sequence had been used to

test the four disp'lay modes then the fault would not have been detected.

Thus the fault appears to have been detected more through good luck

than good p1 annì ng, whi ch imp'l ì es that the test i s not suf f i ci ent'ly

thorough or systematic. Qther 8279' s which were tested showed no

errors duri ng the f unct'ional test.

Therefore, as in the case of the 8085 functional test, the ìimited

evaluatjon of the 8279 test which could be performed was very incon-

clus'ive. Ljke the 8085 test, holever, it is clear that the new 8279

test is a more thorough and systematjc test than the one orig'ina'l1y

performed jn the sDK-85 SA procedure, and would instil a hjgher'level

of confidence jn an 8279 wh'ich passes it. However, because the princi-

ples of functional testing were app'lied less successfu'l'ly to the 8279

than to the 8085, the 8279 functjonal test would appear to be less of

an.improvement over the origìnaì 8279 test than the 8085 functional

test.is over the orjgjnal test for it (the free-run test).

Some of the difficult'ies which might be expected'in the develop-

ment of tests for perìpherals in genera'l d'id not prove to be signìfì-
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cant in the case of the 8279. Testexecution timewas nota probìem be-

cause applicatjon of input stimulus and verification of output was

performed manually, wh'ich meant that the actual CPU execution time

for the test was insign'ificant in comparison with the t'ime taken by

the operator to perform his share of the test. In fact, the test can

be completed in less than firve r¡inutes, so the updated Stage III can

be comp'leted in less than ten nrinutes. This is still much shorter

than the earlier stages of the SA procedure, so the more thorough

8279 test does not jnvolve a sign'ificant penalty'in test execution

time. In general this would not be the case. If signature ana'lysis

were to be used to verify output data in tests for other periphera'l

controlìers,test times approaching the fifteen minutes taken by the

8085 test could be expected. In fact, because the stjmulus data is

applied to peripherals under program control, at a lower data rate

than a CPU can fetch its own st'imulus from ROM, peripheral tests

might welì be expected to take longer than CPU tests.

The probìem of provid'ing external I/0 stimulus and verjfication

was also not very significant for the 8279 because of the particular

nature of the interfacing task which it performs. As discussed above,

some limitations were imposed on the test by the lack of suitable

hardware which could be used to test some operating modes and features.

It shoul d be noted, however, that those modes and features of the 8279

not tested could not be meanjngfully used in the SDK-85 during normal

operation because of this lack of hardware. Therefore, as far as

app'lication of the dev'ice in the SDK-85 is concerned, these omissions

from the test procedure are of no consequence.

In generaì, however, when developìng a functional test it can be

useful to cause a device to perform an operation which is not normal'ly
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meaningful, just to exercise a particular FU. Therefore, if a hard-

ware limjtation in a system restricts the set of operat'ions which a

device can perform (whether meaningfu'l ìn a particular app'lication

or not), it limits the flexib'ility available jn developing the func-

tional test - and it has been seen that flexibility can be very im-

portant in the development of functional tests. Thus mirror I/0 hard-

ware limitations of the type observed in the SDK-85 can have an

indirectly, but s'ign'ificantìy, detrimental effect on the development

of functjonal tests. This is a possìble further disadvantage of the

"natural envjronment" method of testjng I/0 devices discussed in

Chapter IV.,

It may be seen, then, that in some respects the 8279 Was easier

to test than generaì peripheral controllers might be exepected to be.

This is a result of its simplic'ity relative to many other peripherals

and of the fact that it is intended to prov'ide the'interface between

the microprocessor and an operator. Ihe 8279 is not, however, the

simpìest of all peripheral controllers available. The Intel 8259 in-

terrupt controll.r[116], for example, performs a relat'ive'ly simple

function and has greater accessjbjlity to internal registers than

the 8279, so it would be even easier to generate a functional test

for it. The 8279 'is therefore not an atypical peripheral controller,

and does share most of the characteristics of such devices, includ'ing:

be'ing essentially dedicated to a sjngle task; being a slave device

for a CPU; having a fixed, inflexible arch'itecture; having a fixed

I/0 environment; and be'ing incompletely documented. To that extent,

the experjences with the 8279 described in th'is chapter are relevant

to peripheraì controllers in generaì.



220.

6.3 Conclusions on Functional Testinq

It has been seen that in the case of neither the 8085 nor the

8279 was it poss'ibl e to achieve the 'ideal of functjonal test'ing -

to test the device by comp'letely testing all 'independent functional

units wjthin the devjce jndjviduaì'ly. It proved to be poss'ib'le only

to follow the general princìple of the method (to a greater or lesser

extent) to develop tests which were undoubtably more thorough and

compìete than the orjgina'l tests for the devices, but which could

not be proved to be more effectjve. In fact, in the limjted trjals

performed, the two functional tests were no more successful 'in

detectjng dev'ice faults than the originaì tests. During development

of the tests it was found to be necessary to use ad hoc technìques

extensively, but thjs appears to be the case for all of the functional

testing methods discussed in Chapter V.

The basic limjtatìon on the success wjth which functional testìng

can be applied to a dev'ice js the accessjb'il ity (that is, controlla-

bility and observabil'ity) of its functional units. Thjs, in turn,

depends upon the architecture of the device, whÍch determines whether

it is possìble to exercise and observe sufficiently simple FU's with-

out involv'ing nlany other FU's. In the case of the B0B5 jt was possib'le

to compensate to some extent for accessibility problems by takÍng ad-

vantage of the flexib'i1ity of its architecture to exercjse FU's jn

different groups, thereby minimiz'ing the likelihood of fault maskìng.

This was not possible in the case of the 8279 because its architecture,

characteristically of peripheral controllers, 'is very inflexjble.

Clear1y, the pri nci pì es of funct'ional testi ng 1aoul d be most eas'i1y

applied to a device w'ith a very regular and flexible architecture.

The cal cul ati on of j nstruct j on conrpl exi ti es, to determj ne wh'ich
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instructjons are most suitable for use in functional test routines,

proved to be of some use for the B0B5 test, but much less for the

8279 test because there was l'ittl e cho'ice of wf¡ich commands should

be used to exerc'ise a given FU. Even in the case of the 8085 test,

considerations of instruction simpìicity were often overridden by

the need to produce efficient test code, and in later sectjons of

the test were substantjally ignored. There is no doubt that the

princip'le of involving the fewest extraneous FU's in the test for

any FU is important. However, in the absence of any specific fault

model , it is not clear just how important it 'is.

It js .implìed in the reasoning of Ballard[93] und srinj [91] that

there is a reasonable lìkel'ihood that a fault in one FU will be

masked by a fauìt in one other FU, but that the ljkelihood of fault

masking between three or more FU's is negligible. The proposit'ion

js certainly logical, but the point at which the likelihood of fault

masking becomes negìig'ib'le may be questioned. In fact, there is no

evidence to support this propos'ition or any other such proposition

concerned with such loosely defined faults and functional units. In

view of the questjonable degree of importance of minjmis'ing the number

of FU's involved in tests, and the l'imited use which can be made'in

pract'ice of assessments of i nstructi on comp'l exì ty 'i n any case ' 
'it may

be that such quantitative assessments are not necessary and that an

i ntu'iti ve assessment of i nstructi on compl exi ty woul d be suf f i c'ient

for generating sìmp1e test sequences.

It was found that the time taken to perform the 8085 functional

test was unacceptable. Most of the fifteen minutes requ'ired for the

test is spent on the ALU test, so 'it ìs 
.expected 

that equival ent

tests for other e'ight bit microprocessors would take approxirnately
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the same time. Equiva'lent tests for very compìex peripherals might

take even longer, for the reasons discussed in the preceding sect'ion.

it may be that the benefits obtained by performing such a long device

test are not worth the fifteen minutes of techn'ic'ian's time wh'ich

they cost. In fact, it may prove,to be more economical to simpìy

replace the device every time than to spend the time testing it,

given that the test'is not conclusive. Certajnly such long devìce

tests will become less attractive as labour costs rise and device

costs fal I .

For thç cPU test to be useful, then,'its length should be re-

duced, ejther by reduc'ing the thoroughness of the tests for some FU's

(particularly the ALU) or by finding an even more effjc'ient means of

veri fyi ng 'input and output data than conventi onal si gnature ana'lysi s .

If any FU test sequences were shortened the overall effectiveness of

the CPU test must be reduced, which leads to the traditional tradeoff

between test speed and test effectiveness. In this type of functional

test'in partìcularit would be very difficult to determine what the

best compromise would be. As a more effjcient means of observ'ing

data on the CPU busses during the test, a data serialìsing fac'iì'ity'

such as provided on the HP5001A microprocessor exerciser[111]t1121 or

the generation of signatures for parallel data, Such aS perfornred by

the Paratronics 532 logìc analyserl83l, may be considered.

Final'ly, the invest'igations described in thjs, and earlier chap-

ters showed the great importance of comprehensive documentation from

dev j ce manufacturers for al I types of LSI dev'ices. Most obv'iousìy

this must ìnclude a complete descrìpt'ion of the behav'iour of the

devjce as observed at its output p'ins, so that ìt may be designed

jnto and used'in a system without requiring (as the 8279 did) experi-
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mentati on to determi ne exactl y what ì t does . Ni chol son t 
1281 bri ef'ly

discusses this need for more complete documentation of device behav-

iour, together vrith some of the reasons that it'is diffjcult to

achieve. Nevertheless, the omiss'ion of important detail s of operation

fronr clata sheets such as was observed in the case of the 8279 should

not occur. Secondly, dev'ice documenta'bjon must 'include a detailed

clescrjption of internal device activity (equivalent to the state

transit'ion table of the 80804) if any form of functional test is to

be developed for the device. It is also itnportant that, while there

is any possibììity of different versions of a device be'ing encountered

in the f ie'lÇ, dev'ice manufacturers cl early document all differences

betleen the versions, even though they may not be operationally sig-

ni f i cant. In the course of thi s study t.hree di f f erent versi ons of

the B0B5 were encountered, and current Intel literature only acknow-

ledges the exjstence of one. The existence and nature of earlier

versions of the clevice should at least be mentioned in data sheets

for the current vers'ion.

In summary, it has been seen that the principles of functional

testing serve as useful gu'idelines for the developnent of thorough

tests for LSI devices in the context of signature analys'is. The ex-

tent of the succcss achieved in developing a systemat'ic device test

depends very much on the architecture of the device'in quest'ion. in

this respect, and others, it is harder to generate systematic tests

for i ntel I i gent pe¡i pheral control I ers than mi croprocessors.

The ability to generate an effective functional test for a device

relies ultimately on good access'ibif ity to sjmple internal functional

units and compr.ehens'ive documentation of the device. Therefore there
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is litt'le that a system designer can do to jncrease the ease with

wh'ich a given dev'ice can be thoroughìy tested. This is the respon-

sibility of the device manufacturers and it is'clear that unless they

improve the level of documentatjon and make provision for device

testabiìity, as more compìex devjces are introduced it witl become

impossible to effectively test devices in the field' even to the

limited extent to which the 8085 and 8279 were tested.
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CHAPTER VI I .

CONCLUS I ONS

7 .I The Compl et eness of the "SA Solut'ion"

The aims of this study were to investigate the problems of fie'ld-

servi ci ng mi croprocessor based di g'ita] systems I to assess the ef f ec-

tiveness of current methods, and to determine what further develop-

ments are required in this area. The literature survey revealed that

signature analysis appeared to be the most promis'ing so'lution to the

prob'lems of,field servicing. Consequeñtly, a trial implementation of

SA was performed on the SDK-85 with a view to determjn'ing how complete

the "SA solution" to the problems of field servic'ing ìs. It is now

poss'ible to present an overall assessment of the effectjveness of SA

based on thi s 'imp'l ementat j on .

In practìce SA showed all of the advantages claimed fo¡it' in-

cluding: being an inexpens'ive, fast method of resolving faults down to

the component level; being very thorough (g'iven sufficient effort at

the design stage); and requiring little skilì on the part of serv'ice

personnel. However, Several limitations were also apparent. It was

found that fault resolution to component level could onìy be achieved

by a great deal of attention to detajls of testabi'lity during the design

of the system. The techn'ique proved to be unable, in pract'ice, to ccpe

with certain faults. Most seriousiy, the provision for systenlatÍca1'ly

testing LSI devices proved to be ìnadequate, and this appeared to be

the greatest s'ingle I imitation on the ab'if ity of the technique to 'iso-

late faults in microprocessor systems.

0n the basis of th'is conclus'ion it was decided to investigate
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means of providing more thorough tests for LSI devices during a SA

procedure. Architecture-based methods of testing, and in particular

functional testing,appeared to be the most popular approaches to the

generation of thorough, efficient tests for microprocessors and were

therefore considered to be most su'itable for development in the SA

context. Attempts were made to apply the principles of functional test-

1ng to generate tests for the B0B5 and the 8279, the conclusjons from

which can be summarìsed as follows:

The extent to which a thorough test can be developed for a device

is limited primarily by its architecture, and in particular' by the

accessib'ility of simple functional units with'in the device. There is

no doubt that the two tests developed under the functional testing

guìde'lines were more thorough than the ad hoc tests used initially in

the SA procedure but, wjthout a fully systemat'ic approach, the general

success of the method in developing an effective test cannot be guaran-

teed. It is clear that'if LSI dev'ices are to be efficiently and effec-

tively tested, some form of on-chip provision for easier access to in-

ternal functjonal units is required as a means of improving device

testabif ity. This is certain'ly true for funct'ional testjng, and it is

difficult to see how any other devìce test method could be both effec-

tjve and efficient on LSI devices unless some provision is made for on-

ch'ip testability to componsate for device complexity. The study of

functional testing also showed that devjce documentat'ion is generally

'inadequate and in some cases'insufficient to allow the device to be

used without experimentation

It must be noted that these conclusions have been formed on the

basis of only one trjal 'impìønentation. Efforts were made to ensure

that the impìementatjon would be re¡lresentative of a wide range of
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microprocessor Systems and, to that extent, the results obtained are

considered to be representative. However, there is certainìy a need

for confjrmation of these conclusions about Uôtfr signature anaìysis

and LSI device testing, based on further tria'l 'imp'lementatjons.

Subiect to this qualification it can be concluded that g'iven

sufficiently detailed attentjon to testability during system des'ign

and means of adequateìy testing ìndjv'idual complex devjces, SA is very

nearly the complete field service solut'ion for current eight bit micro-

processor systems. Unfortunately, satisfactory means of testing com-

plex devices in general are not available and th'is, being the most

severe limitat'ion on the effectiveness of SA' now appears to be the

most serious prob'lem of field serv'icing microprocessor systems.

7 ,2 Future Pros Dec ts of Siqnature Analvsis

It is characteristic of the microelectronics industry that the

"State of the art" changes very rapidly, with device integration

levels doubìing every eìghteen months to two yearst6l t23l lI29). There-

fore conclusions which may be drawn about eight bit microprocessor

systems, which represented state-of-the-art technology jn the late

1970's, may not be relevant to state-of-the'art systems'in the ear'ly

1980 's .

The above discussion of the effectiveness of SA was concerned

speci fi cal'ly wjth ei ght b j t mi croprocessor systems whi ch are, and wi I l

be for some tjme, very widely used desp'ite the current availability of

more soph'ist'icated and powerful s'ixteen 
.bì 

t mì croprocesrur, [22 ]124) t1301

Therefore the conclusjons discussed above will be d'irectly relevant for



228.

several years to come. However, it js appropriate to briefly cons'ider

current trends in the development of microprocessor systems, and the

effects which these w'ill have on the effectiväness and applicabiìity

of signature analysis and funct'ional testing.

7 .2.1 Trends in microprocessor s.ystem development

In recent years the most obvious development has been the steady

increase in device complexity, as measured by the number of transistors

integrated onto a sing'le chipt23l. This increase in integration levels

has allowed the development of a new generatjon of microprocessors, with

the current,state of the art being represented by the Motorola M68000

sjxteen bit microprocessor which contains approximately seventy thousand

active devicest129l. Over the next year or two the first 32 bit micro-

processor wiìì be introdu..d[24] t1231.

It is possible to discern certa'in trends in the architecture of

these new microprocessors. General'ly their architectures are more

regular and orthogonal than the'ir eight bit predecessorsl24lll30l.

They contai n several essenti al 'ly gen eral -pu rpose reg'i s ters wh j ch can

be used as operands in most CPU operat'ions. Most instructions can

access operands us'ing a wide range of addressing modes, with very few

"spec'ia1 case"'instructions and addressìng modes which only act on

spec'ific reg'isters. The new devices include several more complex in-

struct'ions whjch provìde support for h'igh'leve1 (and often structured)

programming'languages, one example being the instructions of the Motorola

lu,l68000 whi ch I i nk and unl'i nk procedure stack frames t1301 t1311 . The

Intel ïAPX 432 32-bit processor was designed spec'ifically to support

the high 1evel ìanguage Adat123l. Most of the new devices are m'icro-

programmed, although the Zilog 28000 is .a notable except'ion[130].

Final'ìy, the new devices variously jnclude a range of capabilit'ies
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designed to a'llow the development of very 1arge, complex systems.

These capabilities, which 'increase the conrplexity of the behaviour of

the devices, include memory management, instruction pre-fetch'ing, and

system and user modes of operation[130] t1311 t1321 t1331.

As LSI devjces have become cheaper and as peripheral devices have

become more powerful and intelligent, there has been a trend'in system

design towards distributed processing (or distributed 'intell'igence) t1301.

Apart from the more common use of intelligent perìphera'l controllers,

this trend has also seen the increasÍng use of multi-processor systems

(to the extent that the new microprocessors include 'instructions and

hardware features intended to make the implementation of multi-processor

_ -r- ,^.^[130]t1311 t1321[133]\sysfems easrer - ).

W'ith regard to future developments, it has been predicted that it

will be poss'ible to ìntegrate one million transistors onto a s'ing'l e

chip by the mid-1980's. Patterson and Séquìn[129] discuss the mjcro-

processor of the mid-1980's (which they refer to as "P1985"), Poìnt'ing

out that system des'igners do not have the des'ign tools or the'imagina-

tion to fu1ly explo'it the capabilit'ies which a one mill ion transistor

microprocessor could possess. This presents a problem of VLSI product

definition, as predìcted by Moo..[6]. Patterson and Séquin pred'ict

that P1985, instead of being a very much more powerful CPU with an

enormous and extremeìy powerfu'l instruction set, wjll contain vast

quant'itjes of on-chip memory. Thus the greatest part of the chip wil'l

consjst of a regu'lar memory array, thereby making the most efficient

use of the available chip area, at the same time taking advantage of

the process'ing speed 'improvements whi ch are poss'ibl e wi th on-ch'ip

memory. The memory wi 1 1 be arranged 'in a mul ti p'l e I evel heì rarchy,

rang'i n g f rom rel ati vel y s'l ow, dense pri nrary memory to smal 1 er quanti ti es
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of much faster memory used in various caches. The memory he'irarchy

w'il1 include error detectjon and correction and, significantly' will

allow for extensive microdiagnost'ic routines. Thus it may be expected

that devices of the mid-1980's will be desìgned with a view to inte-

grating'large portions of a system onto a chjp, rather than simply

produc'ing CPU's which are many times more powerful than current sixteen

bit devi ces.

Finally, trends in the economics of field testing should be con-

sidered. Device costs, system costs and labour costs can all be ex-

pected to change durìng the next few years, in a way which may make

component level repaÍr of microprocessor systems less attractive- It
.is beyond the scope of th'is discussion to predict whether component

'level repairin the field witl become uneconomical , but as skjlled

labour rapidly becomes more expensive, the economics of field service

must be continually reassessed to see whether an effective component

I evel f i el d serv'ice method i s even wanted.

7 .2.2 The appl i cabi I i tvof SA to future systems

The trends and architectural changes discussed above will clearly

affect the ability of the combination of SA and functional testing to

isolate faults in state-of-the-art systems to the component level

(assuming that this continues to be desirable). Different device

arch'itectures and greater devi ce compl exjty w'i1l present d'if ferent

problems to those encountered in the SDK-85, so it is necessary to con-

sjder the relevance of the conclusions drawn from the SDK-85 implementa-

tion to future systems.

It has been seen that the two greatest l'imitations on the effec-

tiveness of SA in the SDK-85 were the inabiìity to observe signatures
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at certain nodes and the'inadequacy of device tests performed during

the procedure. There appears to be no reason to expect that these would

not also be the greatest limitat'ions in more recent and future systems.

The first of these two probìems can be overcome' aS for eight bit

systems, by sufficjently careful design of the system in the fjrst

instance to ensure that data at all nodes ìn the system can be observed

with a s'ignature ana'lyser. It may be expected.that this w'ill incur a

penaìty e'ither jn system performance or in system cost because of

add'itional hardware requirements. However, there js once again no

reason to expect that these penal ti es wi l l be si gn'i f ì cant'ly greater

than for a system such as the SDK-85.

Multiprocessor systems have the potential to create serious prob-

lems for sìgnature analysìs because they typ'ica'lìy consist of several

asynchronous subsystems, with no well defined control heirarchy. How-

ever,'it js very dìfficult to generalise because there is no sìngle

established system architecture and particular difficulties will vary

from system to system. The best approach for ìooseìy coup'led systems

would be, as suggested'in the "Designer's Guide to Signature Analysir"I95ì,

to take advantage of the relative independence of each processor and

test each subsystem separately, ensurjng that 'its inter-processor

communicatjon mechanism in part'icular is fulìy tested. For this reason

the mul tì processolinterface shoul d be as simpl e and wel l def i ned as

possib'le. l4ore ti ghtly coupl ed systems wj I j exhi bi t a greater degree

of synchronism so the applìcation of SA on a system-w'ide basis should

be more feasible. Again, it is difficult to generafise, but it should

be possìble to avoìd most prob'lems by sufficient attention to detail

duning des'ign of the system.

It would appear, then, that as for ejght bìt systems like the
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SDK-85, the applicabilìty of SA to more advanced systems can be en-

sured by suffi ci entìy carefu'l desi gn for testab'iì'ity. The primary

aim i s sti I I to ach'ieve compl ete'ly synchronous and pred'ictabl e be-

haviour within the system but, because these systems w'il1 generalìy

be. more complex, this is expected to involve more design effort and

time than for simple ejght bit systems.

The issue of device testing represents a far greater problem,

sÍmply because devices will be very much more compìex. For example,

it would be impractical to perform a functjonal test equivalent to

that of the,8085 on a sixteen b'it processor, because the ALU is sixteen

bjts wide and has 23? possible input combinatjons (not counting'initial

flag settings), compared with 216 fo, the 8085. The difficult'ies pres-

ented by much greater dev'ice complex'ity are offset to some extent by

the more regular and flexible architectures of the devices which must

make functional testing easier, but they are still overwhelming.

It would appear, in fact, that functional testing as appì'ied to

the 8085 and the 8279 (with l'imited success) may not be a feas'ible

propos'ition for more recent and future devices. The greater comp'lex'ity

of these devices must mean that accessible FU's within the devices are

more complex and therefore, harder to test. It is only necessary to

examine the literature currently available for the Intel 8086 sixteen

bit microprocesro.[116] t1321 to see that the functional block dìagram

and informatjon about internal actjvjty wh'ich are provided are much less

complete than the information whìch is available for the B0B0A. Indeed'

as devices become more complex 'it wjll become impract'ical to supp'ly as

much infor¡ation about their jnternal behaviour as'is suppìied for the

B0B0A. It should also be noted that as CPU ínstruct'ions become more

comp'lex and oriented toward the support of high 1evel Iung,ugt'[24]
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they become removed from the ínternal hardware - effective'ly buffered

from it by the mjcrocode for the device. Thus, in processors such as

the Intel jAPX 432 it will not be possible to exercise jnternal FU's

with the device's instruction set because the instruct'ions will not be

defined in terms of their effects on ìnternal FU's, but rather,'in

terms of their effects on hjgh'leve1 data "objects" and processor

resourcestl23l. Details of impiementation of the processor may be

obscured comp'l etely.

It is also to be expected that the algorithmic test methods, such

as those of Robach and Gobb'ill25l and Thatte and Abrahamt36l will be-

come ineffective for much more complex devices, either because the al-

gorithms wiì'l become computationally infeasible or because the ad hoc

decisions requ'ired during execution of the algorithms will be too

complex to be dealt with. This is a direct result of the exponent'ial

increase in device comp'lexity. The method of Thatte and Abraham faces

the additional problem that it is based on a RTL model of the CPU and

relies upon an jnstruction set descriptìon at that level. It would

appear that CPU architecture will cease to be defjned at that leve1,

so the information requ'ired by the method wíll no longer be avajlable.

Therefore it is once again clear that if devices are to be tested

effectiveìy there must be some prov'ision made on-chip for testability.

This is important for dev'ices of equ'ivalent compìex'ity to the B0B5'

but js absolute'ly essential for devices of significantly greater com-

plexity. None of the current test generation technìques can be expec-

ted to generate an effectjve and efficient test for such devices if

they must be tested only from thejr external I/0 pins.
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Fi nal 1y, the di f f i cul ti es of testi ng I/0 devi ces 'in part'i cul ar

will on'ly increase aS the comp'lex'ity of the devices increases and

they becorne able to handle much more complex i/O envjronments. There

is no accepted current method of testing the I/0 behaviour of these

devìces'in the fjeld in real time. The technique of "natural environ-

ment" test'ing discussed in Chapter IV is one method which may be

developed, but without further investigation 'it is difficult to assess

its potential. This whole aspect of dev'ice testing is very open.

7 .3 Ch j p-Level Des'i qn for Testabi I i t.y

It may be seen, then, that signature analysis should be applic-

able to microprocessor systems of the future iust as it is to small

eight bìt systems, but that its effectiveness will, more than ever'

be I im'ited by the prob'l ems of testi ng i nd'ivi dual devices. Unl ess

these prob'lems are overcome nejther signature anaìysÍs nor any other

method will be successful 'in the field service environment.

The j nevi tabl e concl us'ion , and one wh'ich has been echoed many

times in the course of this study and in the literature, is that some

form of on-chip provision for testabi'l'ity ìs essential . This will ob-

viously involve a penalty in the form dedicating some portion of chip

area and possib'ly some I/0 pjns for testing purposes. However, given

that device manufacturers are able to integrate more log'ic onto a

chìp than they can often use[6], th. extfa logic requirement for test-

'ing purposes is not consìdered to be a severe penaìty. Input/output

p'ins are a more precìous resource, so no more than one or two (possibly

multj p'ìexed) p'ins could be used for testing.
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There are many possible approaches to improv'ing device testa-

bility. At the simplest level extra registers could be jncluded on

a chjp to provìde greater accessibility to internal FU'S, and allow

the external inputs and outputs of the device to be manipuìated and

observed. Such facilities could have improved the testabì'lity of the

8279 considerably but the approach may be I ess useful for devices of

Very much greater comp'lexjty, because they woul.d requ'ire Very many

such test regi sters to prov'ide adequate access'i bi I i ty to i nternal FU 's .

The functional conversjon method described by Könemann, Mucha and

Zwiehoff [78],, in which on-chip logic is converted to funct'ion as a

feedback sh'ift reg'ister which takes signatures of FU outputs, thereby

improving their observab'i1 ity, would agajn be suitabl e for relatively

simple LSI devices. However, the diffìcu1ty of stimulat'ing FU's so

that they are meaningfully tested would appear to limit its suitab'ility

for more comp'lex devices. Level Sensitive Scan Des'ign, d jscussed

briefly'in Chapter II, is a third method of enhancing device testability'

and is one which has the potent'ia'l to prov'ide the most compl ete fault

coverage. It has the disadvantage that it requires that the device

be considered at the gate ìevel during both desjgn and testìng, which

may not be practi cal for a devi ce conta'i n'ing one mi I I i on trans'istors

or more. For such a devjce, test times would also be very large be-

cause of the need to shift data serially through each storage element

in the d.vicu[78].

A fourth method of prov'iding on-chjp testabì1ìty is that used in

the Motorola M6805 sing'l e-chip m'icrocomputertl34l, which executes an

internal ly stored test rout'ine whenever the appropriate input p'in 'is

raised to eight voìts. The outcome of the test is'indicated on two

lines of one of jts output ports. The tests performed are sjmilar to
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the type conducted in the SDK-85 SA procedure, but there is no reason

why 'in general more elaborate tests could not be performed. Perhaps

the most complete solution to the problems of field servicing would

be for all devices (or at least all comp'lex devices) in a system to

independently and simultaneously perform a seìf-contained test on them-

selves, givìng a simple pass/fail ind'ication at the end of the test,

sjmílarìy to the M6805. These tests could convenjently be performed

whenever the system is first powered up. It would then be unnecessary

to test devices by forcìng the CPU to execute a system-wide self-test

program of any sort.

The most thorough and effective means of impìementing these on

ch'ip test routines would be'in the form of microdiognost'ics, as pro-

posed by Patterson and Séquint129l. It is possible to more effect'ively

test each FU w'ithin a device by microprogram, simpìy because pro-

grammìng in mjcrocode allows much greater accessib'ility to FU's. !,lith

the direct control over each FU provided by m'icroprogramming the'issue

of device complex'ity becomes less important. As in the'ideal func-

tional test, each s'imple FU can be tested fuì'ly and independently' so

the dev'ice tests would consist of a sequence of simple m'icroprogrammed

FU tests. The degree of accessibil'ity allowed by the device's (macro)

jnstruction set would no'longer be a problem. If suìtable provìs'ion

were made in the des'ign of the chÍp, all internal ìogic right up to

the dev'ice I/0 pìns could be tested by the microdiagnost'ics. This may

mean that it would not be necessary to test the external I/0 behav'iour

of the dev'ice, so a1l of the difficulties of doìng that would no longer

be important.

A comp'l etely sel f-contai ned mi crod'i.agnosti c test of each devi ce

has the additjonal advantage that the test routine for each device
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need only be developed once, by the chip desìgner. The effort re-

quired of the system des'igner to ensure system testabi'lity would

therefore be very little - ideally, consisting on'ly of ensuring that

device interconnections can be verified.

Clearly, such extensive self-contained tests will require very

I arge di agnost'ic routi nes , and unti I the techno'l ogy to i ntegrate one

mill'lon transistors on a.single chip becomes available, they nay be

impractìca1. Nevertheless, some form of on-chip provision for test-

ab'll i ty 'is requ'ired, even for current devi ces, and the sooner sel f -

contained tests of thjs type can be ìmplemented, the sooner will com-

plete system testabif ity be ensured. In the meantjme, device manu-

facturers should consider some of the simp'ler methods of enhancìng

devi ce testabi'l ì ty.

The principìe of design for testab'ility is one which has been

advocated for several years and is now well known. It must be concluded

from this study that if current and future digìtal systems are to be

effect'ively and econornically tested 'in the fleld (and elsewhere) then

the principìe of design for testabjlity must be consjdered at all

levels of des'ign. Furthermore, as technology allows an ever-increas'ing

portion of complete systems to be'integrated onto a s'ing1e chip, the

des'ign for testabiìity increasingly becomes the responsibility of the

chìp designer and manufacturer.
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APPENDIX A

SDK.85 CIRCUIT DIAGRAMS

(Reprjnted by permission of Intel Corporation, Copyright 1981.)
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v

{-,LI IN

€v

5S

oo65

\t
ffiT 0-r

r.5

AO
Õ¿o:

IL

--+

g øl-+
;tt

ALE
I C/ú

br55

Q¿P

4,5
6?55

'1.-

c



23
^

5ó7E

D
D

c
c

I

A
f\)ÞA

23.15ó7s

D

D. 13 V/

¿z_*
Brry

e Êl tÌ
3 LLH
a'rl
ê-'rø

Ð(ò
4& +5V

Jr
a 63

l' ?,

¿5
òCø
B Or

aD3
eo43Ò5
e-ca

?&
BA3
¿ af

6Ag

:r
HOLO .5v

_1"

¿Z-b

f5v -S

Þ-^À
þ'A9

rzp3

Þ ArO
ô-ail
Ê'^'¿e-ar3
È -A¡5

¿-Zñ

n

DaL

QO

O8

I

uÉñ r6

coø

DB
D-ìl

2

=,¿

DB
Ð{3 Þ

c5
A-¡

ôz t(3 14c-æ
È63
Co3

oìø

lr Êrl

aa A-l
ô¿1('

Þ CB

3 À6

(5

De/
DOì

OIEN
A3
ð¿16 Þ DB

DO2

74t5-ì4 i5r' oÉ!
c5

A9"l4L5l<r s
A4

ò?tQ, æ

RI?
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APPENDIX B

LISTING OF THE SIGNATURE ANALYSTR SIMULAI ION PROGRAM
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úo0006
0OOa5¡t
000a6{
o00a6a
000ô6a
000{G{
0úoaGr
000464
00046¡
000^64
000464
000a64
00048{
ooo46ó
oo048{
000a66
000a6{
o00464
000464
000464
000464
ooô464
oô0.6(
0004ó(
OD¿ì464
000aô4
000a6?
000{?1
000512
00053?
0009!3
000â3r
000t35
000t!6
0004!6

PfrO0RA¡l sA I IñPUl rOtrTP9¡ ¡,

I' THIS PROGFAII 9:HULAI
^NALYS¡R. 

llrl: IrUYB¡:f{
8I.CK O¡IS CF ìHF sIITFI

Ê5 ltrL OPLfìATtOñ trF A 16 B¡T -"¡GNAfuRf
OF D^TÀ SAt'rPLrS lcLOcK PtiLSi-!lr THE FÉlO-

RtG!5ff:F ¡ AND fHc sA14PLtc LAI^ Atii- Rt 
^oftlâ lì¿5ULT^Nì S¡GN^lUfi€ lS ¡aì¡1TÈ.at 1O THÊ

t{f-Ul FILf l{USl cUNIAIN Aì t¿Â:l TUO
FY¡tìG lHf NtJl¡ttí-n OÉ CL¡CF ltÌ'L5È';t ANO

I,Ut¡utfi CjF FttfrtJACK B¡lS FFOtl fdt ShlFl
k!t, l.r:R ts t¡ :'6¡T¡vt r THL 4 hlls IJsED
[ì 16t 

^FÈ 
À1!U]1cDr IF'lh! NUrrBcÊ I5

?t lril-. huþBcÉ5 0F AIL Fttott^cK 0Ils
OLL0r/.
llra I¡,PUl F¡Lg lÌUS¡ CCr.TÄI¡' ONLY 11S
PIJT DAI^ 5ÂMPTÉS. IF IhI INPUT þAfA

FRÙÞI THF ¡NPUT FILÉ.
OUIPUT F]It.

fHr F lFSf t-1¡rl oF T
Ir.rlEGfÉsr Thr. FlFsf 5
ffli 5¿Ccaro sf'LClI Y1N{ii

HÉ r
ÞECI

I ùlr
otrt)
2 Atì
<t

ST F

f(t.G¡slÊR. IF'lll¡. 5ÉC
CY 1H¡: HPsOO(A (?,9,1
PO5¡TrVf , (Il HUST 6É
letTUr¡r. 1 

^ND 
l6l hu

TIlE FLFAIN'f\G L¡I!T5 OF
O'I 015¡ 5Pi,C¡fYING THÉ ItI
NUIiS OUI EfFCRE THF
B¡T VAIUL fTEâO I5 U5

5PÈClF ¡ED ñtJMûfR OF CLOct( CYct í\
iD AS T'ÁIA FOR AIL FEMÂ¡ÀIÑG CL(/

I lH: L^sl
CK CYCLÉ S! .l

fYP6 8ll¡00¡11
HdXl¡UliDrF=Go
ZIFioTUl ù=O..

v A R C L C C X , N O ts tr B h , N C P ¡ ¡ t'r I E G f R ¡
l.J¡7EROTO16;
n¡AßÉ^YIZ¿fi(JlOldl CF ôIT¡
FET OFACK¡ AßFÂY tTIL XIUI,IBLT¡ ] OF
cH: otlÂ R ¡Ntlrfxhut{8EF¡
DATArð¡l¡
ßlìkOfi:B0OLEåt¡¡

PFOCaOURÉ rNrl¡AL¡5Ê¡
O( GT¡¿
Ftìrù0fr t-F^L
FCn I!:1 f
F!AO INCP,
IT ¡¡UFÞBK<

zF.FOf O16 ¡

YHTN OEG¡N

tìArA Âf CLocX FUL5€ e.CLOCx¡41

r1ã;
t6 ¡

0
0
0
o
0
0
0
o
ô

û^cK
n 

^chðACX
B ACI<
tlK¡-00003¡

ooo033
000034
000055
00003õ
0000ã2
00005!
00005a
00006a
00006?
00006!

sc ¡
ú t6 0ú
hofD0xl
O IHt N
t1)¡¡ll
t2l¡ã¡;(t)l=12
fal¡=16

F ÉI O

ft(t)
F¡l C

frt0
Ñ{JFD
L t¡O

PFOC-
BCGT
¡F t
IF N
ÊND ¡

0000!
oo60!
0000r
ooo20
00026
00030
0ôo!1
000t¿
000!2

0000?1
00001r
o00003

Dttl r- o¡
I
BLGIN

¡

€LSF
f 0k l!=l lO îiOFOBX

5¡f-AÞ IFù€DAACK[¡)
Rt AfrLh;
¡F f OF IH¿À åT.O]N

,lrlTÉLN lr Nù DATA Ot\ It{PUl FlLer¡¡
FFfrOt¡ ¡'lt¿U6-
fhD

EITD ¡
tr¡¡/¡t¡Àt tgÊ.1

É DUFE GEYCH ¡
t\
OLN AND NOT ¿ÜF'IH[.N ÊEAOI.Ñ;
oÌ toF lHEr'l rifAD lclrl

l.GÉTCH.l

PRCCTOUKF GEl¡NPUT¡
8E CIN
0¡lA:=G¡
Gt I crr i
¡F ICH<>¡OÈl AND lCti<>¡1rl

Ê.tìfìof¡¡=TFUË;
lkllÉ--LN a¡ ¡NVr'LID llrPUì'
t ltÕ

EL:T
O^TA¡¡OROICH=r1dl ¡

f)O
r¡

000003
000010
000016

000021
0ô0021
00000.!
0ú00ô5
00000?
000010
000015
000016
000021
00ó 0J0
0000!1
000036
000036
000040
000056
0000t6
000071
0000?1
00000s
o00 00!
ooo00?
000016

FOR li=1 TO NOFt¡8K DO
u¡lA:=lCÀTAtDIFÉLfrSAcKt¡¡]l HoO 2;

Df 0l¡ ¡DÀT^
É ND ¡ (¡GÊTII.IFU'T'¡

PROCÉDUFI SH¡FIR¡ GH'I ¡
8€O¡ñ
FOtr ll- t6 Dovl¡lo 1 Do

of¡)¡=Otl-1)
ENrr ¡ (.sH¡FTR¡cHtú¡
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000026
000026
o0000!

PRO CËDUå€ YF ttES ¡GttA tUñe ¡
BFGIfi
YTI¡TF I¡ S'GN¡TUûE AFT¿F.rHCPI.rT CLOCX
foR t !Êa 0CrNlO 1 DO gEG¡1.¿

Jt=trl ¡
N :=D( J-3lr¿.Dß J-2 )+{.O I J-1 ] t ¡.Ot Jl ¡

ooooo
o0002
ooo0s
o0005
00005
0000å
000ú6
oo0 06
oo005

o00193
co01å!
0001tt
0000¿t
000026
0000!e

3 F ULSE S ¡s ¡l¡

cASg
(r:
1l
2a

tú ot
CHI=FC¡
CH!=¡1r
CHI=¡2.

ICH¡=r3¡
¡CÌ.t¡=¡4-
¡Cll:t5tt
ICH¡=r6¡
¡CHiÊr7-
lCHlr¡ôr
lCHlErgr
lCHl-.A¡
:CH:=-C¡

o0006?
0000?1
0000?l
o00ú?5
o000?t
000101
00010t
00010{
000106
000110
oo0 112
00011!
o00113
oo0135
oool¿,1
0001{3
00014t

!
I
5
I
I
t
I

10
l1
telcH¡ÊrFô
lltCHt=¡Ht
l5lChlÊ-Ut
I tto ¡

UR¡TF ICHI
E¡¡DI

YFllEtr¡
ÊtiD ¡

I'IRIlESIGNATUR€' ¡

8tc¡tr l.H¡IN PROGR¡{r'r.l
lr¿Il
cLoc
YtI¡L

GÍ.
5lt
CL
E'N

¡F N
txD.

IlLrsEl
Kt=1¡
ra lcLo(F<.NcPt Aho Not eFFoR oo SEGIN
l¡nrPUl¡
¡FIFtGHT¡
OCXI¡CLOCX+1

000033
0000t4
0000r{
ooo056
0000!7

D¡
ol ¿.RRO¡r I Hêar rF¡lES¡GNAIUnE

âIOÑATUFE AFIER 4O CLOCK PULSES IS 
'158
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APPENDiX C

SDK-85 EXTTRNAL TEST HARDWART



rÞ J,I-1

!_ll
1g

lÈr
I

tL,
I 184

v I

I4 t7

16-1

B2
rÞ

15a
t-J rl

l_
rf.

t44
.-J rl

l-
134

>j rl
¡

I

32

I

I 9
I

7

39

10

x1

X2

RST OUT

SOD

SID

INTA/

SO

t^IR/

S1

I0/M

RESET IN

CLK

HLDA

AB

A9

410

All
AT2

Ai3
414

415

ALE

5

5

6

0

V
7

4

3

2

1

EADY

Vcc

RST6

OLD

INTR

T5

246.
40

0

741S04

o39

o35
1

2

3

4

5

11

1

2

3

4

5

11

29

31

33

34

36

37

38

2T

22

23

24

25

26

8

12r

T4

16

1B

v_

36

37

t4 23
Test pi ns

2

3

4

5

7

oU
27

28

30

6

7

o(J

20

9

0

o

o
L JB1

2x

74LS24T
0

o10

32

19

18

77

16

15

I4

13

12

(a) B0B5 Free-run Adapter

40 pin DIP plug -J



(i) Address selection socket (on the SDK-85 wire-wrap area.)

To 414
To 415
To A15

247 .

Stage IA

From 410-15 (cSO/)
From ALO-14 (CS1/)
From A1t-23 (AtO)

+5V

From A1t-22 (Ag)

El)
E/)
Aro

-1 (c
-1 (c
-23 (

1k

To 415-22 (A9)

The following connections on the SDK-85 printed circuit board
must be broken:

410-15 to 414-1

410-14 to 415-1

All-23 to 415-23

AII-22 to Al5-22

( i i ) Jumper pl ugs .

È-o

H

oo

X
4ê

O+

X
G4

aa

4

o ô

-
Normal

operat'ion
(l,lHrTr)

Stage II Stage III

( oRANGE) ( BLUE)

( b) Addressinq Chanses.

( cREEN )



(i) Ser.ial I/0 test connector (P7).

248.

# P7-25 pin ma'le 'D'
connector

+P3-24 pìn femaìe
Scotchfl ex connector.

'26- P4, P5-26 p'in female
o25 Scotchfl ex connectors.

" 26+- p6-z¡ p1n femal e
o 25 Scotchflex connector.

13 12

(iv) 8155 t'imer loopback connector (p0).

7

390

(i i )

a)JJ

(iii¡ 8155 port 'loopback connectors (p+ and P5).

8755 port ìoopback connector (pg).

34
o2

1

2

1

o

o

2o o o gooö o o o o

ooo000oo 000

II

tttt
ttttt

III

1

(c) Stas e III Test Connectors and Hardware.
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(v) H0LD, RST6.5 and INTR test connectors (pt and P2).

1 2

2

o

o

o

o

o

o

o

o

0

o

o

o

o

0

o

0

o

o

o

i ,r-ro pln femat e

o Scotchfl ex

o connector

+5V ( f 'lyi ng t ead )

o

o

o

o

o

330 0 34

1o

o

-E-

o

o

o

o

o

o

o

o

o

øø

oo
o0

0

o

P1-40 p'in female
Scotchfl ex
conn ector

r-- -]

0

o

0

o

o

o

o

J

390 40

2x74LSI25

_t

t_

__r I

I

k

(c) Staqe III Test Connectors and Hardware ( cont'i nu ed ) .
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APPENDIX D

OVERALL FLOWCHART FOR THE SDK-85 SIGNATURT ANALYSIS PROCEDURI



25r.

Approxi mate
du rati on

45 minutes

( 15 minutes)

30 minutes

5 minutes
(10 minutes if the 8279
functional test is per-
formed. )

80 minutes
(100 minutes wjth
opt'ions. )

STOP

STAGE III:
8279 test;
I/0, interrupt and hold

facilities tests.

STAGE II:
RAM tests;
paral I el port tests;
display scannìng logic

test.

STAGE IA:
B0B5 functional test
(Opti ona'l )

STAGE I:
B0B5 free-run test;
ROM test;
bus tests.

START

0veral I Fl owcha rt of the SDK-85 Siqnature Analvsis Procedure
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APPENDIX E

LISTING OF THE SDK-85 SIGNATURT ANALYSIS PROCEDURE

SOFTWARE, STAGES II AND III
( sDK85S . v34 )



esr,B0 iflisdh85s,vS4 ¡'0d85 m¡mofile paseuidlh(110)

ISIS-II 8080/g0e5 HACRO ASSEHDLERT V3,0 HOIìULE FllGI T

LOC OBJ LI}IE SOURCE STATEilTNT

; ++g*+*t+*#++++$t++$+*+++t$*++++t+l'tt+*lî+++*+*t*++e+É++t+*++
,

I TITLE('SnK-85 Self 0i¿snostic V34')
,

; *+?t++++r*+t+**f ++++?$+8***+#*++*t*rå$+{$+*+l+tt+9+å**tt**}+
,

ì
,

; SIIK 85 ttIAGll0STIC S0FftlARt
l-t-

i
I

; C{]FYRIGHT (T) I9BO

,

; H. J. LITBELT

; EI.EËTRICAL TN5INEIRING IIEFART}ÍËNÏ

; UHIUEF{SITT OF ATIELÍ\TIIE

i I 4/04/80

i
; THIS 9CFTIIARE FOR THE SIGNATUftE iìI{ALYSIS AllD SELF

; I|Il\(jÌj0SIS 0F THt SIIK-8S IS ST0REIT lll All 8755 2K tFRtli't

i IIIitI IS IIIUIIìED IHiO T[IO SËPARATE tJRÜORllI1S. THE FIRST

; IS STIìFTTTI FROH 4()OH Ttl SFFH IdITHiIi ÏHË EPROII ANN IS

25 ; IXTCUTEN III STAGE II OF TiII SIGIIËìTUIìE r\I{ALYSIS RüIJIIIIË.

THT sTCÛNN IS STORTI FROII OOOII TO SFFH AI{lj IS ËXETUTEII

Il{ SIATE IIi 0F TtÌE SIGllrlTUiìE Al'il\l.YSIS Â0UTIi\iE, USING

SUÚIiÐUTINES SIÛRTD TIITH ó4OH TO TFFH'

TIiT 8755 EFROII OOIITT1II{IIIG T!1IS TIST SOFTHARE IS ]O

BE PLUGGETI INTO A SLICKTT AT A15 ÜI{ THE SIIK-8s BOARTI,

¡ç¡¡ fl¡ìiii.fAL OFERA'IItjiì OF THE SII}í-85 (I,Ë, TO EXECUTË

THE Ií|)N]TCR Oii RE$TT) TIIË IIHITE PLU(] }IUST BE IHSERTËD

III T}1ç" l\IIISTSS SILTCTIOH SOl]IiET.

THf $TAG[ I1 FFl0GFiiì¡l IS EXECUTEIT Ul-'0il RESET lJHtÌl THE

0t:p,tiüE PLu6 IS Il{5ÊFìTtn IltT0 Tl.lE AtitrRËej$ SELECTI0N

SDCI(IT, THIS tXCHAilûtS I}]E CSo/ Ë,Ìll) CSl/ CI]IP STLECT

I.]NËS IIJ 414 ANtI A15I HAPF'It{tj 415 II{TO THT ATIIIRESS

RAilGE 000CH 
't0 07FF'ri, Tll[- p¡¡O {ìLED TIES AirIrRtSS I}iPUT

410 Tû 415 HIGHr S0 t)itCUTI0i{ STrltlTS FIiOl1 ADIìRESS 400H,

TIIT STAGË III F'ÍiOGftI.il IS IXECUTII] O}I RESTT HHEII IHE

TILUT PLIIS IS IIISIRTTiì II{TI] THT ÍlI)tìflISS $[.LEOÏIO}I

SirCL[T, Tlll$ AI.S0 IliTI[iCIiANGtS CS0/ Alll] CSt/r EUT

LtAUiS THt CONHEITlL]ll T0 Éì10 INIIlCï, S0 EÏECUTI0]t

STÊ'IìTS AT 0C0l"i CN lìitS[T,
lltlf, THtFtFlRt, TIirlT IH THE FûLL0UiÌrG PR0(ìRrì¡lS 8755 +1

P0[iTS (00H - 03H) lirìt THIì$E 0]l AlSr illlilE 8755 +2 PURTS

(08ft - 0$t) ARt lH09E 0ll TllE i{0lrIT0r'( ttoì'lr Ai4,

253.

I
n&
't

4

5

ó

7

B

9

10

1l
l2
13

t4
15

t6
li
1B

l9
20

t1
1,}!É

t4

2,5
,11

¿'J

2?

l0
lt

72
lt

34
T<

3ó

t7
?Ò

39

40

4t
4?

43

44

4l
4ó

47

48

4?

50 TJE CT
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ISIS-II 8030,'8085 tlACÊ0 ASSÊllfiLtßr U3,0

SDK-85 $eIf [tÍagnostic V34

LOC OBJ L I I'IE SOURCË STATEIlEIIT

HODULE PAGE 2

0000

000r

000?

0003

0008

0009

0004

0008

0020

0021
0022

002J

0024

0025

0028

0029

002A

0028

00?c

00?D

0010

0030

0038

1800

1900

EfIU

Et)U

EOU

EOU

E(¡U

E0u

EtlU

EOU

EQU

EOU

EtlU

Erlu

EOU

E0u

E0u

EOU

EIIU

EOU

t0u
EtlU

t0u
EOU

E0u

EOU

tau

EOU

EOU

EAU

Ef)U

E(lU

+t
+l
It
tt
+2

t2
+2

l2
*1

*t
ll
+1

tl
+1

*2

+2

+2

*2
+2

f2

5t R0itlA

52 ñ01118

53 trtrRlA

54 tr¡Rta
55 R0t't2A

5ó R0r12B

5i TIDR?A

58 trlrn2B

59 CTRL1

ó0 RAHTA

61 RAllrB

ó2 RAlliC

ó3 TI¡IILO
ó4 TI},I1HI

ó5 CTRL2

ó¿ RAH2A

ó7 RflIÍ?B

óB Rí\tl2C

ó9 Tllr2lo
70 TIII2HI
7L
'tî FCl

73 CS6

74 CS7
aqI,J

7ó KIICI|

i7 KtrCC

7E

79 RAH1

80 RAi{2

gl
82 TOPST

83

84 E)(EC

85 iltXT
B6

87 IEJECT

00H ;9755
01H ;8755

02H ;8755

03H ;8755

oBH i8755
09H i8i55
oAH i8755
oBH i8755
20H ;8155

21H ;9155
?2H i8155
23H ;8155

24H i8155
TII{110+l i8155
28H ;8155

29H ;8155

?AH ;815í
?trH ;8155

2CH i8155

T Iil?10+l;8155

PORÏ A

PORT B

IIIìR A

IìtìR B

PORT A

PORT 8

TITIR A

DNR B

CO}'ITROL RE(i,

P[)RT A

PORT B

FORT C

TII1IR LOU EYTE

TIHER HIGH BÏTE

CONTROL RE6.

PORT A

PORT B

PORT C

TI}iTR LOU BYTE

TI}IER HIGH BYTE

10H i8205 CS3/ AITITRESS

3OH ;8205 CS6/ ADTIRESS

3BH ;8205 CS7/ AITITRESS

IBOOt.|

1900H

;8279 TIATA REOISTER

;827? C0i'llR0L/STATIJS ñEG.

2000

2800

2100

0050

0051

2000H

2800H

i25ó BYTT RAH +I ADNRESS

i256 BYTE RAI{ 12 ADTIRESS

21OOH ;TOP OF STACK

50H

5lH

;,EXIC' KEY COIIE

;,NEXT'KËY CODE



255.

ISIS-II 8080/8085 I'ACR0 AS9EIIFLERT V3,0
SDK-85 Self ûiagnostic U34

LflC OEJ LINE

BB

89

90

91

92

93

94
ñc7J

9ó

97

9B

99

100

1010000

HOTIULI PAGE 3

SOURCE STATIHE}IT

f$lt$+*t*t?t+t++r++rt++t++++*r+*t++t**t$+*+**t*++t+++*f*+l+$ttt**t*t++l

STAGE III

THIS PR06RAH IS A SELF DIAGII0STIC, DESIGNEÐ T0 BE RUN

AT THE LAST 9TAËE OF SIONATUI.ìE AIIALYSIS OF TI.IT SIIK-B5, IT

II{TERACTS UI'IH THE IiEYÍIOARIì AIIII IIISPLrìY TO TTSI HOST OF

THT ËACILITIES ON THE BOAÑII I{OT TESTED IN SIAGTS I flIlD

II.

0R0 0000H

II.IITIAL ISAT IOII

102 ;

103 ;
104 ;

0000

0001

000J
c004

0007

0009

0008

0000

000F

001 1

0013

0015

F3

JTDF

30

3100?1

3E00

0320

D328

Ir302

!303
[30A

DJOB

c33F00

105

t0ó
107

108

109

110

111

l1?
1r3
114

115

Itó
\t7
118

l1?
120

r2l
t22
123

124

125

1?ó

t27
128

t?9
130

131

13?

l3l
1t.l
135

136
t37
l.lo¡J9

r39
140

l4l
142

trI

HVI

SII{
LXI

HVI

OUT

OUT

OUT

tlUÏ

OUT

OUT

JHP

ArOtrFH iSET ALL tlASKSr CLEAR ftST7,5r S0[t=l

SP r T0PST

A r 00ll

CTÑ11

CTRL2

IIIIRIA

ntrRln

trnR?A

DIrR2ir

PASTI R

; INITIALISE STACK T.OII,ITER

iPROGfiAII RAI',Í F(]RTS FOR I}IPUT

;PROGRAI1 ROI{ PORTS FOR INFUT

iLEAUE ROO}Í FOR I}ITERRUPT

i ROUTINTS (THIS IHSTRUEÏIO}t

i IS IH 15H,1óHrl7H)
;NOTI - TO EXËCUTE THE 8279 TTST

i ÑOUTINE (I(ÛCTST.U9) IHIS IIISTR-

; UCIION IIUST BE CHAI{GED TOi

i JI{P BOOOH

0018

0018

0019

0018

00tE
001F

F5

3E01

J?0120

FI
c9

ORG

FUSH

HVI

sïA
POP

RET

0018H

F5H

Ar0lH

I}ITFLG

PSU

INTERRUI'T R(]UTIIIES

;RST 3 (I}{T) ROUTIIIE

;SET'INT'FLAE

;RST 4,5 (TÑlìP) RI)UTINE0R6

FUSH

tltJ I
STA

POP

RET

0024

0024

0025

00?7

002A

00?B

F5

3E01

320320

F1

c9

0024H

FSU

Ar0lH
TRPFLG

PSIJ

iSTT'TRAF'FLAG
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ISIS-II 8080/B0BS l'tACR0 ASS[HBLERr U3,0
StK-85 Self Diagnostie V34

LOC ()BJ

ilONULE I'rlGE 4

iPROGRAII 827Ì FOR 8 CHAR' RIGIIT ENTRY

; nC0ntD SCA!{, 2 KtY LOCi(ûUÏ.

;CL0CI{ FñISüALER = 31,
;l¡IRITE Di;SFLAY RAHr AUT(]-lll0R'

;REATI FIFO.

;CLEAR FIF[] T NIgPLAY ftAI.I.

iUAIT lns t0R DISPLAY CLEltR,

,

î (llL) = lB00H = I(DCD

;HO, OF CIJARS. IN TI.IE TAB!-E'

iNNTIRESS OF CHAR. TABLT.

;URITT CHAR, TO DISPLAY RAH.

;UAIT I/? SE[](]}ITI,

iC}IECK FOIì KEYIOIlRD ENTRY,

;TEST RESULT.

iEXIT IF A}IY TI{TI{Y

;TTST FOR ENII OT TABLË.

;START AGAIN IF SO.

;EIST P(]iI{T TO NTXT CHAR

002c
002c

0020

002F

0032

0033

F5

tE0t
320220

FI
c9

LINE SOURCE STATEI,IENT

143

144 oRG 002CH ;RST 5,5
I45 RSTIRi PUSH PSU

146 H\lI ArOlH

T47 STA RS'IFLO ;SET 'RESTART' FLAG

148 POP PSI¡I

149 RtT

150

l5l oRG 0034H ;RST ó,5

I52 JI{P RSÏ I ft

153

154 ORG OOSB}I ;RST 7 -. TI{I5 UECTOR IS ]}ICLUIìTD

155 RET i IN CASE THE BOBS RESPOilI]$ T()

156 ; FFH (RST 7) IF IT IS NOT tjIUEN

I57 ; AN INTERRTIPT VECTOR iN TTSÏ 7.

158

159 oRG 003[H ;RSï 7,5
IóO JI{P ÑSTIÑ

1ó1 i
162 ;
tó3 i------- -------:----
164

1ó5

Ió6 F.ASTIRI LXi

0034

00J4 c32C00

0038

0038 c9

003c

003c c32c00

00JF 210019

0042 3ó10

0044 lô3F
004ó 3690

0048 3ó40

004A 3óCD

004c 3E0l
004E cD400ó

Iti,I
HUI

ÌttJI

HtJI

lluI
lf\, I
CALL

Ìl r 0CItH

A r 0lll
NELAY

H r KDûC

Ì'h l0H

lfuIFH
l{ r 90H

l{ r 40H

t67
ló8
tå9

170

lil
172

t7t
t74
175

176

t77
178

179

tB0

t81

182

i83
¡84

185

TEST O

THIS TEST V€RIFITS IjORRECT DISPLfìY OPERATION BY

S}IIFTII{G CHARACTEFiS ACTiOSS THI IIISPLAY. THE IEST

IS TERIII}{ATTN DY E}ITTRÍIIG ANY CHAIìATTTR AT TI.IE

KEYBOAÑD, AN ERROR CONE IS DISPLrìYTD IF AI{Y TRROR

IS IIEIECTED III ACCTI''TING THI CHltftllCTER FROH THT

KEYT'()ARTI.

0051

0052

0054

0057

0098

0059

005r

005F

00ó0

00ó3

0064

00ó7

25

0El I
1 12s07

IA

77

cn4D0ó

ctt5B0ó

Bi
c2ó800

OD

c45200

13

tlIR
I'IUI

txl
LTIAX

ií0u

CALL

CALL

ORA

JNZ

TICR

JZ

INX

H

Cr?4!

TI I CIIÑTllÚ

D

l{rA

IlLYSOO

TSTK!iI

A

ENTìO

c
RPTCH

B

IBó TESÏOi

I87 RF.TCHi

188

189 NXTC}II

190

r91

192

193

t?4
195

l9ó
197
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0068

0068

00óc

006E

00óF

007?

0073

0074

00i5
Q077

007A

c35700

24

3ó00

E7

F2iÞ00

2F

3C

4l
0t0 I
cü9F0ó

76

JHP

II.IR

lrtJl

t)RA

JP

illA
INß
l{0(J

HtJI

CALL

HLT

il0u

CALL

tluI
trCR

Ì,10v

ANI

TÊlLL

Ìr0u

CALL

CALL

ORA

JZ

CPI

JIIZ

NXTOH

H

ll r 00H

A

TESTl

A

BrA

Cr0lll
EÑRNSP

IgIS-iI 0080/e095 HACñO ASSEÌIBLERr V3.0
SDK-BS Self Di¿gnostic VJ4

Lt}C OBJ SOURCE STAÏTilENT

I{OOULE PAGE 5

i AI{D TIISPLAY IT.
i (HL) = h,lCC'

;I'ROORAII KIIC FOR LEFT ENTRY.

;TEST IiEYBtlARD ENTRY.

;NEXT TTSI IF UI\LID EIITRY

iTAIiE ?'5 (]t]HP, t)F ERROR COTIE

t
íSAUE ERROR COTIE II{ B.

;PUT TTST NO. Il{ C.

;DISPL|ìY tRftOR HTSSAGE

;,.ANN STOP (KEYBOAR! E|ìRûR

iIS FATAL).

;SAUE EIITTRTII CHAR III C,

;CLEAR THE ¡ISPLAY,

;IIÑIÏT t¡ISPLAY Rf\}I LOC. 5
i(HL) = KDtjII

iRETRIEIJT CHAR,

iCLR'OIIAR PRESEI{Ï' FLAG.

;COHUERT TO I|ISPLAY CI)IIT,

iURITË TO IIISPLAY,

ildAIT 500c,s,

;TEST FOR KTYBOARD E}ITRY.

t,

;UAIT IF IIO EiiÏRY.

;NEXT TEST IF 'HEXT'
;TLSE IIISPLAY TIIE CHAR,

;PUT TTST }{0. IN Ê.

istT tlsË IN t,
;sEï sOI|,

EI{DO

LINE

l9B
199

200

?01

202

203

204
?05

20ó

207

?08

209

210

2Lt
2t2
213

214

, 215

216
217

?18

?19

230

231

?32

233

?34

?35
.t't L

2t7
'tf oapu

239

?40

241

242

243

?44

245

246
247

t4g
249

IEST I

THIS TTST \,ERIFITS KEYBOARD OPERATIOìI BY TIISFLrlYIIIIJ THE

COTIT FOR UHICHEUTR KEY IS PRESSEI.I, I}IITIALLY THE TJISPLAY

UiLt SHOU THT COIìI FOR THE IiEY USEII TO E}tD TEST O. THIS

TEST lS EI{DED UHEN THE 'NEXT r' KEY lS PRESSEI,

0078 4F

007c ctrn80Á

007F 3ó65

00Bl 25

0092 79

0083 E6JF

0085 crtE20ú

0088 77

0089 CIr4tro6

008c c[rtF0ó

OOBF É7

00?0 cA,cc.o0

0093 Ft51

0095 c28300

?20 TESï1i
?2r

222
223
2?4

235 DISFCHi
N'TLLU

2?7

228

??9 IIFIFi

CrA

CLRTISP

l{r BSH

H

ArC

OiFH

COIIURÏ

HrA

IrLY500

RIIKID

A

¡'IF IP

IIEXT

DISPCH

TEST 2

TIlIS TESI UERIFIES CF.ERATIt|II OF TI{E STRIAL T/O LIIITS.
SIITI IS SETI THEN RESET AIITJ SID IS TESTED II{ EACH CAgE ÏO

[Htttí THAT IT FOLL0[]S S0D, IF NtlT, AN ERROR iIISSAGE IS
USPLAYED AND A LODP IS ENTEREII T0 T0G0LE S0Ir EtJtFiY 1¡rsr

TIJ ASSIST IN THACI}{G TIIE FAULT (E,G.IJITH A CRO), THIS

LIìOP |¡ILL TÌE LEFT IO f.ROCËDE TO TIIE NTXT TEST IJitTN ÏHE

'l'{tXT ,' l(tY IS PRESSE0,

IF N0 tRRtrR 0[[Uiì:$, TtSl ] IS Et{TtEtn I¡íiltÛIATELY'

THE TEST REOUIRËS T}IE 25 P]I{ CflI{ilON TEST PLUG IO BT

I}iSTRTED INTÛ J7 TO LOOP SEÑIAL OUTT'UT BACK II{ÏO sIRIAL
IIIF'UI.

0099 0E02

00?A tE80

0090 3Ec0

T5O TES'I?I

¡.rl
?q1

HUI

}1VI

tl\|l

Cr02H

ErBOH

A,0C0H
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009E

00?F

00A0

00A2

00A3

OOAó

00A7

00A8

00A9

00Ac

00Au

OOAE

00Bl
0084

0087

0089
00Bc

OOBD

00úE

OOBF

00c0

00c2

00c5

00c8

0ocA

00cD

0000

0003

OODó

00n8

OODA

00Dc

00Di
00E0

30

57

3ËtE

3D

ctAt00
?0

AA

A3

c28400

7A

AB

F2?EOO

c3cD00

CDFFOó

0ó01

cD9F0ó
7A

AB

37

30

3r01

ctr.i00ó

CIIEFOó

FE5 I
c2BC00

ctr0tr07

ctrFF0ó

01 0300

3E01

It3t0
032ô

SEFF

0302

D30f,

LINE

253

254

t55
25ó

257

258

?59

260

261

262
263

?ó4

i.')J

[¡r A

Ar30B

A

ITLYSIDJilZ

RII{

XRA

AIIA

Jllz

lt0v

XRA

-rP

JHP

CALL

HVI

CALL

il0lJ

XRA

t{0u

SIH

lllJl
CALL

CALL

CPI

JHZ

ISIS-II 8080/8085 Ì1ACR0 ASSEIIPLER, U3,0
SDK-85 Self Itiagrrostic l'34

LOC OBJ

IIOI,ULE PAGE 6

;SAUE SIH IÌYTI IN D.

iUAIT 150us FOR SID INPUT

; TO SETTLI.

I

iTEST 5II|
;COIIPARE IJITH DATA URITTEN.

i ìiASK li$It,
iEFROR IF }ISB IIOT O,

;RISTORE SIH BYTE,

;COI1PLEI'IE}IT SOD BIT.
iREPEAT TEST F0R SOD = 0.

;EXIT FROI{ TEST IF BOTH IIOÌIE.

iCLEAR KEYBOARI| FIFO.

iFUT ERROR COIIT IH B.

;DISFLAY TRROR T1TSSAGE,

iL()ATI 5I}I TIYTE.

;COHPLTHTIIT SOD.

iSAVE ÏHI BYTE A$AIN.
l

it{AIT 1ns,
I

;CHECK FOR KEYBOARD ENTRY.

;SEE IF 'NEXT' INTTRED,

iCONTIHUE üJITH TEST IF NOT.

;CLTAR'REPTI|T TIST' FLAG.

iCLEAR KEYBOíìRD FIFO.

;LOAD ÏEST Aì.I[I TRRI]R COIIT.

|SET PORTS A AS OUTPUTT

OTHERS AS II{PUT,

;I¡{ITIALISE TEST BYTE.

;SA(JE THE BYTT IN D.

;OUTPUT TO A PORTS.

SOURCE SÏATE}fEHT

SEROUTi 5II,I

t10|',

t{vl
TILYSItl ! TICR

?70

271
a1a

27J

274
1'tR

276

??7

278

279

280

281

382

')0t

284
roq¿9J

?86

287
.l0(}

289

290

291

292
29J

2óó SERERRI
, l',

269
1ó9 Clls0trt

294 )

r95 ïtsT3i
?9ó

?97

2?8 RPT]4i
299
J0c

J0t
302

303

304

305

3Oó SHFTAi

t07

tl

E

SET(ERR

ArD

E

SEÑOUT

TESTS

CLRI':BTJ

Br0lH

IRRNSP

Ar!
E

IrA

A r 01ll

TIELAY

RtìKBTI

NEXT

CHS0tl

TEST 3

THIS TEST IJTRIFIES THT INf'UT CAPABILITIES OF THE I/O
FORTS, TEST PLUGS lfusl BE IIISERïEII Il'{T0 S0CKETS JJr J4 AND

J5 T0 C0lll{ECT T0GETHER THE A, n AllD C P0RTS 0F EACH PARALLËL

I/O DTVICE, PORTS A fllìE FIRST PNOÛRAHHTD AS ÍIUTPUTS flIID A'1'
IS I¡AIKEIJ ACftOSS EACH F'ORTI IIHILE THE B ($ C) POftTË t\RE READ

TO UERIFY THAT TI]TY CA¡{ READ INPUT DATA. THE A PORTS ARE

THTN STT TO IiiPUT AIIIì B TO OUTF'UT AIt! THE TEST IS REFEATED

ÏO CIITCI: THI INPUT CAPABILITITS OF THT A PORTS.

IF ftNY F0fil FAILS THt REAIr TEST, A BIT IS StT IH THE

EÑRON COI,E TO INIIICATE THE FAILEÛ DTVICE. THI

ERFIOR HTSSAGE IS NOT DISPLAYTI UI{TIL TEST 4 HAS EEEN

PËRFORHTII.

CALL

CALL

LXI

H\,I

OUT

0uT

ll\, I
OUT

OUT

CLRFLG

CLRKBTI

B r 0003H

Ar0lH
CTRLl

CTÑ12

A r OFFll

IJIIR 1 A

IItIR2A

00E2 3E0t

00t4 57

00E5 Ir3?1

}{UI

Ìl0lJ

OUT

Ar0tH
DrA

RAIIIA
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00E7 tr329

00E9 [300
00rB 0308

(]UT RAH?A

OUT FOII1A

OUT ROI1zA

ISIS-II 8030/$085 ÌíACRO ASSEIIBLER, U3.0
SnK-85 Self ltiagnostic V34

LOC OBJ LINE SOURCE STATIIITNT

HOTIULE PAGT 7

;READ B POIìT,

iCOHPARE IIITH DATA IJRITTEN.

iSET ERROR FLlì|j IF NOT SÍII{E,

;READ THT (] FORT,

;COiIPARE I,II'IH I]ATA IIRITTEII.

iIr0TTo¡'t ó BITS 0ilUY,

;SET EHROR FLAG IF NOT sAHI,

iREPEAT FOR RAII 2 PORTS.

;R0t1 I P0RTS,

I

I

iR0tt ? P0RTS,

,

,

iSET RO}I A FO|ITS AS IHPUT,
I

;

;SET ROH B PORTS AS OUTPIJT.

SIHILAftLY FOR THE RA}.I PORTS.

iRE-II{ITIrìLTSË THE TEST TIYTE,

;SAUE THE [YTE.

;üIRITE CUT TO B T,ORTS,

t

i
,

00tD

OOEF

00F0

00F3

00F5

00F6

OOFB

DB22

AA

c41 407

DB23

AA

Eó3F

c41407

DB2A

AA

c41907

D82B

AA

Eó3F

c4r907

308

309

310
?t I

312

313

3t4
ltqo¡ú

316

Jl7
313

3r9

320

321

322
323

324

3?5

32ó

327

i38
329

330

331
T7,t

333

334

335

33ó

337
7to

339

340

341

342

t43

344
t¡E
rl.t J

34ó

t47
348

349

i50
t51
'ts,

35i
354

355

35ó

357

J58

359

3ó0

361
7¿.)

OOFE

00FIl

OOFE

0t0t
0103

0104

010ó

010? DB01

OTC'B AA

0t0c c4lt07

Il{
XRA

cNz

I}l
XRA

ANI

cNz

RAI{ 1B

D

ERRI

RAI,IIC

I'

3FH

EtrRt

RAI.I2B

n

ERR2

RAI{?C

D

3FH

ERR2

ROHIB

D

ERflS

IH ROI,Í?B

XRA I|

cltz ERR4

It{
XRA

cNz

IN

XRA

ANI

CNZ

I}{

XRA

cNz

0l0F IrE09

0il1 AA

0u2 c4?30i

0l15 7A

011ó 07

0117 tr2E400

Ht)(J A,lr ;REST0RE TEST BYTE,

RLC ;SHIFT TEST IIT LTFT.

JIIC SHFTA ;ÑEFTAT IF B BITS NOT NOHE.

IIOII RËFTAT I.'ITH B T'[}RIS AS OUTF'UTi A AS INPUT.

011A 3t00
011C 0302

01lE D30A

0120 SEFF

0122 D303

0124 tl30B
01?ó 3E02

0128 tr320

012A 0328

i'lVI Ar00H

OUÏ IìTIR1A

OUT DTIR2íl

t'M AT0FFH

OUT TìTIRl B

OUT IìDñ?B

HVI Ar0?H

OUT CTRL1

OUT CIRL2

012C

01 tE
01?F

013 I
0133

0iJ5

3E01
ÈlJI

Di22

D32A

!301

IlJO9

HUI

i'lûl|

OUT

OUÏ

t}UT

OUT

Ar0lH

[lrA
RAHI II

RAI{28

ROHIB

R0tf2B

RAIIlA
I
ERRl

RAI{2A

SHFTB

0137 trB?t
0139 All

0134 C41407

0130 D[29

IN

XRA

cilz
llr
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ISIS-lI 8080/8085 HA[R0 ASSElltìLER, V3,0
SDK-85 SeIl ûiagrrostic U34

LOT f]BJ LINE

363

3ó{
365

36ó

367

3ó8

3ó9

370

371
't'ra

373

374

3i5
376
377

378

379

, 380

38l
3B?

38J

384

385

38ó

387

3BB

389

390

391

392
141

39{
395

39ó

397

HONULE PA(ìI 8

I}

ERR2

ß01'1lA

D

IRft3
R0l{24

D

ERR4

Arlt ;RETRIEUT TIIE TEST BYTE,

;SHIFT THE TIST BIT LEFT.

;REPEAT U}{TIL I EITS trt]NE.SHFTE

TEST 4

THIS TEST CHECIiS TIIE OPERATIÛN ÛF THT TIÌIER ON

RAII CHIP T Aì{IJ TllE CFU TÑAP INPUT (TI]Ë TIHEft ÚUÏPUI

IS PËRIIíìNENTLY COiIIITCTED TO ]HI 8065 TRAP lNPUT O}I

THE SIIi'i-85 FOARTI).

THt TIll[ñ IS PR00Rftillltn T0 00 t"t}ti fìFTER 128 CYCLTS

FOR I?E CYCLTS. A TftAP SHOULD OCt;Ufi IIHTH THE TIHER

0UTFUT ËtlES HIGH AD|tIll, ANII IF A TR/rP IS li0T DETTCï-

ETt IIITI.IIII JOOTI CYIILES l\II ERROR FLAÍJ IS SET. IF THTRË

AÑE AÌ{Y TRFIORS FROII II'IHTR TEST 3 OR TEST 4 THE EHROR

COIIË IS IìISPLAYEII rìNTI IOTH TT$TS llRË ßEPEATED AFTER

UAITII\IG ln¡, IHIS i5 Ì{ECÊSSARY l0 tliâllt TRACI¡iG 0F THE

TiIlEft OUTPUT IF THT TRAP TTST FAILS. TIJE TESTS REPTAT

UNTIL ',llËxf r' ls fill'It{[$ AT 't|lt i(ËYLr0Afìtt,

IF THEÑE ART IiO TIìRCRS THË TEST'5 ROUTINE IS E¡ITTRET

IiiHIIIIATTLY.

SOURCE STATIHEI.IT

013F

0140

0143

0145

0146

0149

0l4B
0l4c

0l4F 7A

0150 07

0151 n22E0l

AA

c41907

DEOO

AA

c4 I Eoi
[808
AA

c42307

AF

320320

3E01

n325

3E00

IJ]?4

3EC0

Ir320

3t14
30

c3ó60 I
SEBO

Ir320

340J20
57

3A00?0

87

t?9101

XRA

cNz

IN

XRA

cltz'
IN

XRA

clrz

HOU

RLC

Jlrc

0154

0155
0158

015A

015C

015t
0t ó0

0ró2
0l ó4

0t 6á

0167

01óA

016C

0t éE

0171

0ti2
0175

017ó

XRA

sïA
ilìJI

OUT

l1UI

OUT

HUI

OUÏ

DCR

Jt{z

HUI

OUÏ

LIIA

H0\,

LNA

ORA

JilZ

A

TRPFLG

Ar 0lH
TiÌf lHI
Ar00H

TI HlLO

A r 0C0H

CTRLI

Ar?0t
A

I,'JFTÊP

A r B0ll

CTRLl

IRPFLG

DrA

RPTFLü

A

iTR34

t98 TtSï4:
399

400

401

402
I l^r?

404

405

40ó

407 HFTRPI

408

40?

410

4t l
412

413

414

415

416

417

}iUI

iCLEAR'TRAP'FLAG.

I

iI'RÛGNrìH THE TIiiEfì (128 CYCLES

HIGHI l2B CYCLES L0l'l) '

iSTART IHÉ TIÈITR (A}IN SET ALL

i PORTS ÏO II{PUT),

;IJAIT 3OO CYCLËS.

I

i
iSTOP THE TIIIËR AFÏER

; ITRHIIIAL COUiiT.

;LOAI TftAF' FLI\G,

;SAVE IT I}I D.

;SEE IF THE TE$T TS BEING

; REF.EATED.

ilF S0, SKIP THI TÉST FOR ERR0RS,

0179 7A HO\| ArIt ;RETñIEIJE THt TRAP FLAG,
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ISIg-II 8080/8085 liACR0 rlSSEt,lBLERT V3,0
SDK-BS Self Diasnostic VJ4

LOC (]BJ LINE SOURCE SÍATEIIEHT

HODULE PAGT 9

iTESI IT.
iSKIP IF FLAG gET,

;ELST SET TEST ÌlO. TO 4

i AI{TI IISFLAY ERftÛR }l$0.
;TEST FOR AIIY TÍì|ìORS FROI{

; TIIE IHPUT TE$T (3).
iSKIF TO NEXT TEST IF NO}{E.

;SIT'REPTAT TEST' TLAG.

;TLEAR TIIE IiËYBOrjRTI FIFO.

;TIISFLAY T}IË EilRLIR COIE,

i trr-LAY l ns ( FOR THE TIHTR

i ï0 RtStT),

;TEST FOR I{EYBOARD ENTRY.

;,NEXÏ' T}ITEIìID?

;REPEAT TESTS IF I.I[]T.

iuRITt 0'S T0 Tl'iE n0H rtr t'0RT,

,

iEIIAËIT THE DI']TÏON THRËE SITS

; lls OUTPUTS.

iCLTAR THE IíEYN()r1ftTI BUFFER,

;NISPLAY IIlPEÌ{OII{O TEST }{O.

,

;CLEAÑ'REPEAT TIST' FLAG,

;I¡AIT FOR }íiItI. TNTRY.

0 174

01iÊ
017E

0180

0183

0l84
0185

0188

0tgB

0t8t
0191

0r93

019ó

0199

01?!

019t
01A0

0tA?
0tA4

CIAó

0tfl9
0lAIr
OlAE

0181

¡7
c28301

0E04

c38801

78

Bi
Cfl?EOI

c00707

ttrFF0ó

cIr?F0ó

3E01

0t400ó

CTIEFOó

FE5 I
c2Dó00

3800

tr300

3t07
Ir302

CTIFFc,6

3t05
ctìBF06

ctr0tì0i

ctttF0ó

ORA

JNZ

11tJ I
JHP

H0tJ

ORA

JZ

CALL

CALL

CALL

HUI

CfìLL

CALL

CPI

Jltz

A

IOERT

Cr04H

IOERR

ArB

H

TESTS

SETFLG

CLRT.tìD

EfiRNSP

Ar01H

DILAY

RIrÌíltl

NEXÏ

ftPT34

Ar00H

R0i11A

Ar07H

NDRIA

CLNKFII

Ar05H

TISPTST

CLRFLG

fìtrli¡D

418
4r9
4?0

421

42? IOERTi

423

424

425 IOERRi
A1L't¿u

4?7

428 ITti34 ¡

42?

410

431

43?

433

434

435

43ó

43i
438

43?

440

441

442

443

444

445

44ó

447

448

449

4_50

{51
452

453

454
¡rE,I.JJ

15ó

ÏEST 5

TEST 5 CHËCI(S TIIE OPTR||TION OF TIIE RST 6.5 IHPUT OF

THt 8085' THE I/0 COìi}IECTORS HUSI BE CHANßED, T0 L00P

THE ftOH 1 A F'ORT B]T O (JJ PIN 3I) BÉìCK TO THE RST ¿.5
INI,UT OF THE BOARI| (JI FiI.I 20). THiS CIIN}IECTOR I,IILL ALSD

COHNECT TIIT I OF TI.IE T'ORT (J3l32) TO THE INTT( IIIPUÏ (J1/T8)

FOR USE lll TEST 7r Alln ¡lT 2 0F Tllt F0RT (J3/29) T0 T¡tt

H0LI| ltiFUT (J1l14) F0t( U9Ê IH TEST 10.

AFTTR THt [O]{}IECTûR }l¡1S ltiE}l IÌISERTELì THt THRtt LlÌ{KS
SHIIRIII{G THÉ RSTó,5, IHT Allll HOLII INI'UIS T0 Glì0ull[ ]1U5ï BE

REHOVEIì, NOIE THAT THE T'OIìT OUTI'UT{ì liIìT STT ÏO O NTFORE THE

COHHTCTTR IS IiISTÑTTII 5O TIIAT I¡HËN TI1[ LII{I(S ARE REIIOUII

THI TIIFiET IIIF'UTS AF:Ë HELD [.t|'d' THIS IS PÉ|IìTICULIìRLY

I}IF.ORTAl.iT F|lft THE I.iOLN IIIF,ìJT,

T}IE TTST NUI'IFER 15 FIRST TIISPL|ìYED TO PROI{PT TIIE CHâIiGE

CF CCIINECT0F:S, IJHËH 'IXED' lS tlll[tìt:ü T]lE TEST Pti0[EEDs

UITH IHE INTTRñUFT trlT FIFST 9tT T0 0r THËN l, A t(Il'l

INSTRUCTI|]N IS EXIIJUTTII IìI EACH CASE TO UTUFY THAT THL

RSI ó'5 Iìlt'UT PIÌ{ tS FUìiITICNlllß, ltlitl Tllt]l THt RST é'5
I1ASK IS CLEARTII TO ALLOI,I TI.IE IHTERf'iIJPT TO (JICUR.

IF Ai{Y OF THESE TE5T.5 FAIL rìN EFìRÛR }ÍËSSA6E IS DISP-

LAYETI AIIIì THE TEST IS NIF'ËATEI| UIITIL 'IIIXT' IS TI{TERTD,

IF hT] EÊRÛÑS OCCUR TEST ó CC||'II{TNCTS II1Ì,íTDIfiÏELY,

45t i
458

459

4ó0

4Ål

462

4ó3

4ó4 Tt$Tsi
465

4Ll)

4ói
4ó8

46?

470

471

47? HAITSi

r{ul

OUT

HUI

OUI

ClìLL

l{vI
Crlt.L

CfìLL

CALL
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0184 FE30

0186 c2Bl01

SIìURCE STATEHENT

CPI

Jì{Z

EXTC

lJAI] 5

ISIS-II 8080/BC8S HACRO ASSEiiBT-ER, V3'0
5DK-85 Self Di¿gnostic V3{

LOC OEJ

HOIIULE PAGE IO

i,EXEC' ?

iHAIÏ IF HOI,

;LOAD ERROR A}ID TEST NO.

;UNIIASK RsI 6,5,
,

;TEST RST ó.5 INPIJT.
,

|ERROR IF IIOT O.

;SET THT INTERRUPT TIT.
t

|TEST THE ßST ó.5 II{PUT,

t

;ERROR IF }IOT SET.

;CLEAR'RST' IIIT. FLAG,

,

;ENABLE IilTERRUPT TO I]CCUR.

t

i
;DISABLE INTERRUPTS.

;ÊEHOUE ÏIIE INÏERÑUPT.

I

iSEE IF INÏERRUPT OCCURREIì,

I

;SET TRÑOR FLAG IF NOT.

;SEE IF THT TEST IS BEII{G

; RET.TATIN,

;SKIF, 'fHI TEST FOR ERRORS IF SO.

iTEST THË EFiRi|R FLAß.

I

iNEXT TEST IF NO ERROftS,

;SET THT 'REF'TAT TTST' FLAG,

;CLEAR THT frEYBOARD BUFFIR,

iDISPLAY ËRRt],Î CONE,

;TEST Ft]l{'III)(T'
; ENTEÍ{ED.

iREPEAT THË TEST IF I{OT.

0189

0tBc
0ltE
OlEF
01c0
01c2

0tc5
01c7

01c9

0tcfl
01cc

0lcF
0tD0

0tD3

0104

0lD5
OIIló

01tt7

0ln9
OIDB

OI DE

OlDF

0tE2
0lE5

O1Eó

0tE9
OIEA

0ltB
01Et
01Fl

0lF4
0rF7
OIFA

0tFc

010500

3t0D
30

?0
Eó?O

c41407

3E01

0300

20

E630

cc1907

AF

320220

FB

00

00

F3

3E00

Dt00
3A0220

B7

cc1E07

JA0020

v7

c2F701

i8
B7

CAFFOl

CtJ0707

ctFF06

cn?F0ó

CtrtF0ó

FESI

C2lrF0l

LINI

473

474

475

478

477

478

479
480

481

482

483

484

485

48ó

487

488

489

, 490

491

492

493

494
495

49ó

497

498

499

500

501

s02

503

s04

505

50ó

507

508

50?

510

5tl
5r2
513

514

515

5ló

LXI
r{\,I

sIr,f

RIH
ANI

cNz

HtJI

OUT

Riil
A}{I

cz

XRA

STA

EI
NOP

lr0P

u
ù1\, I
OUT

LÛA

ORA

cz

LDA

ORA

JNZ

H0|J

ORA

JZ

CALL

CALL

CALL

CALL

CPI

JilZ

B r 0005H

A r 0trH

RPÏ5 i

20H

ERR2

A

RSÏFLO

20H

ERß1

Ar0lH
ROHIfl

Ar00H

RilHl A

RSTFLG

A

EFRS

RPTFLG

A

ITÑ5

lìrD

A

IESTó

STTFL6

CLRKiD

tRi{trsP

RIIKBTI

IIEXT

RPÏ5

TR5

Faì .
JII 

'Ël ñ ..Jtð t

519 ;

5?0 ;

5?1 ;

J¿' 
'523 ;

514 ;
JI,J 

'
Jlo t

J¿I 
'

TEST ó

THIS ÏEST CHECI(S OFERATIOI'I OF TIIT RST 7,5 CPU

IHTIRRUPT Ai'lD TI'IE 'UTTT IIITR' KEY, THE TTST l'l0,

IS ÛISPLAYEI| A}{Tì THE RST 7,5 I{ilSK IS CLTARTD. A

LOOP IS THEH THTTRED TO I,JAIT FÚR EITHER A 'IìEXT'
EIITRY AT THT KEYI]OËIRD OR A RST 7,5 INTERRUPT

litFijT.
IF THE I{ST 7,5 IIIPUT IS TIITECTTTII IIITTRRUPTS ART

TNAFLEII ANO A TTST IS ilAIlT TO SEE IF THE RST 7.:i
II{TERUPT OCCIJ$S' IF ll0Tr 0R IF THE KEYAOARD tl{TRY

IS NTTTCTEII EIFOËE Tl|E RST 7.5 I}IPIJT (HHICH TJOULTI

HAPË,T}i IF THE 'UECT IIITR' KEY HllII HO ETFECT AHD TIìE
,h:EXT' KEY IdEfìE PÑTSSED TO STOP THÊ TTST) AII TRI1OR

}1g',-JSAGT IS TìISPLÉìYTTI U}ITIL'IITXT' IS EIITERED A6âIH
(THE TEST IS NOT REPEATEN).
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ISIS-lI 80e0/8085 HíìCR0 |rSSEHITLERT U3,0

sLK-85 Self Di¡gnostic v34

LÍ]C {lBJ LIITE

HI]DULE PAGE T1

;CLEAR KEYE[]AI{I] IUFFER.

;LOAD TTST ANü TRROR }IO.

;IIISF.LAY PIìOI{PT FOR TEST ó.

UììHASK RST 7.5.

CLIAR 'RST' TLAG.

iTEST FOR 'NEXT' EI{ÏRY.

l

;EXIT HITH TRROR IF SO.

;TESI FOR RST 7.5'
t

iCONTII{UE UAITI}IG IF
i I.IOTHII'IC HAS }IAPPEilTTI,

;ALLOI¡ INTERRUPT TO OCCUR.

t

ì

;DISABLT INTERRI]PTS.

;SËE IF INTTRRUPT t]CCIJRTD'

t

iFROCEETI TO TEST 7 IF SO.

;ELSE SIT TIìFI(]R Nt). TO 2'
iUFDATE ERNOR HO.

;CLEAR I(TYIIOAI(TI BUFFER.

iDISFLAY ERROR CODI,

;UAiT F{]R '}.IEXT' .

t

;

SOUROE SIATEIIEIIT

528 
' 

IF NO ERRORS AftE TTTT(ìTED TI'IE TEST 7 ROUTII{E IS

529 ; ENTIRTÜ IIiHTDIATELY.

otFF CfrFF(Jó

0202 010600

0205 i?
0206 cIrEF0ó

020? 3E0E

0208 30

020c AF

0200 320?20

0210 clEFoé

0213 FEs1

0215 cA2B02

0218 20

0?19 Eó40

0218 C41002

02lE F8

021F 00

0220 00

0221 F3

0222 3402?0

022t ß7

0?2ó t23402
0229 0601

0?28 04

0220 ct'FF0ó

022F CD9F0ó

0232 CntFC$

0235 Ft51
023i c23?02

530 ;

53I TESTó:
q11

533

CLRKBTI

É r 000{¡H

ArC

DST.TST

A r O[tH

A

RSTFLO

RIrliIrtr

NEXT

EXITó

5t4
535

536

537

538

53?

540

541

54?

543

544

545
' 54ó

547

548

549

550

s5t
rElJJ¡
EEA
J.J ')
554

CALL

LXI

H0\,

CALL

ttul
siil
XÑA

5TA

CALL

CFI

J7.

RIH

ANI

JZ

UAI'tó i

EXtTt i

EI
il0P

NOP

DI

LDA

ORA

JNZ

I,f tJI

INR

CAt.L

CALL

CALL

CFI

Jtt?

40ll
IJAITó

RSTFLË

A

TISTi
Br0lH
B

CLRKATI

TF,RNSP

R0r(Ëtì

NEXT

I!Tó

UT¿ i

555

55ó

55?
qqo

559

5ó0

5ó1

5ó2

5óJ

5ó4

5ó5

166
só7

5óA

5ó9

5i0
5it
c?,.l!t L

573

57{
ÊìÈJ/ *r

57ó
E 1't

5i8
579

580

581
qo,)

t:::_l

TEST 7 IS AN OPTIOII||L TEST TO EXERCISE THE 'II{T'
FACILITITS OF THE BÛARD" THE TIST NEOUIRES AN

EXTER}IAL BUFFËR COIIÌ{ECTED TO TI,ïE SIII(-85 TIAÏA FUS

FUFFTRS TO SUPPLY TI.IE 'RST 3' (/ECTOR I}I RESPOI{ST

TO INTA/,

THE TIST IIUITI{TR I$ FIRST TIISPLAYTD A}I[I THE KEY-

BOARN IS HOilITORTÜ FOR INPUT' 'TXEC' UILL CflUSE

THE TEST T0 f'ÊOiiEEIrr UIIãREAS 'ì{EXT' HILL ABORT

THIS TEST AND THE NTXT TTST RC|UTINI UILL BE ENTER-

EII I t{}1ETìI AIELY .

THI TTST SiHPLY ASSERTS THE 'IIIT' IIIPUT TO THE

BOARI VIA 8IT 1 OF Rt]Ìl 1 PORT ll (RTFTR TO III)TE

t]H TEST 5), HAUIi.IG ASSERTEII 'IIIT'I II{TERRIJPTS

ARE ENíìELTN A}II A Ti$T IS HAIIE TI] IJETER¡ÍINT

UHilHtfi All RST 3 OCCURS, lF 50r lHt TESÏ I
R0UTI¡{E IS EI{TEñED, IF N0Tr AN EtiRÛR }IESSAGE

IS IISPLAYEN AIITI TI1I TEST IS REPEATEI) U}ITIL THE
,IIEXT' l(EY IS FftE5SED,
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ISIS-II 80B0iB0B5 Ì1ACRO íISSEIIBLERr VJ,0
StrK-8s SeIf lliaEr,ostic V34

LOC OBJ LI}IE St]URCE STATIHE}{T

HODULE PrìfiE 12

iCLEAR'REPEAT ÏEST' FLA6.

;CLEAR KEYBDrìRD BUFFER.

iÛISFLAY TT$T IIIJI{BER,

I

;IJAIT FOR INPUT,

; , III)(T' ?

;SKIP TO }IËXT TEST IF SO.

i,EXTC' ?

;GC BACK A}I[I I,¡AIT IF Nt]T.

;CLEAR KTYFOARII AGAIH.

iHilSK ALL RST TNTERUPTS,

,
iCLTAR 'INT' FLAG,

,

;ASSERT'INT"
t

;ALL0l¡l IIITERRUPT.

,

DISABLE IHTËRRUPTS.

iRTNov¡ THT INTERRIJPT.

I

;SEE IF RET'EAT TEST.

I

;SKIP TEST FOR TRROR IF SO.

iSET IF IIITERRUPT OCCURRTD.

,

;SKIP 'fO TESÏ B IF SO.

iSET 'REPEAT TEST' FLAG.

iCLEAR IiTYIJI]ARD BUFFER,

;LCAN THT ERROR CÛt|E...
i...fìlll| TIISPLAY iT.
iTEST FOR'I{EXT"
I

iREPEAT TEST IF NOT,

0252

0255

0257

0?58

0259

02sc
025E

02ó0

02ó1

02ó2

02ó3

0264

02óó

0268

02óB

02óc

02óF

0212

a27J

027 6

0?79

027C

027F

þ282

0285

0287

ctrFF0ó

SEOF

30

AF

320120

3t02
ij300

FB

00

00

F3

3E00

1r300

tA00?0

B7

c28?02

3A0120

Ei
c28A02

c00707

CDFFOó

010701

CD?FOó

CITEF0ó

FESI

c25902

CALL

CALL

IIU I
CALL

CALL

CPI

JZ

CPI

JilZ

CALL

t4uI

sltl '

XRA

STA

lrtJl

OUT

EI

NOP

ll0P

u
HVI

OUT

LIIA

ORA

Jl'{Z

Ll]A

ORA

JHZ

CALL

CALL

LXi
CALL

CALL

CPI

JNZ

A

INTFLG

Ar02H

R0l,r1A

023ft ctr0D07

023Ir CIFF0ó

0?40 3807

0242 CDBF0ó

0?45 CnEF06

0248 FESl

O24A CABAOz

0240 FE50

024F C24502

583 TESTTi

í84
côcrloJ

586

597 hJAITTi

588
Eñô
.JÈ] 7

590

591
qot

5?3

594

595

596 ftPT7i

597

598

599

600

ó01

ó02

ó03

ó04

ó05

ó0ó

ó07

608

ó09

ó10

ó11

612

613

ó14

ó15

ó16

ó17

ó18

ó19

ó20
l't IaÄ¡

622
ó?3

ó24

ó25

ó?ó

627

ó?8

ó?9

ó30

ó31
t'r.a9JÁ

ó33

ó34

¿35

616

óli

IÏR7i

CLRFLG

CLfiKBT

Ar07H

T SPI 5T

RiIKBII

NEXÏ

TTSTB

I)(EC

UAITT

CLRI(BI)

ArOFH

Ar00H

ñ0HlA

ftPTFLO

A

I TR7

INTFLO

A

TTSTS

STIFLG

CLRKBTI

Br 0107H

IRRIISP

REKED

NEXÌ

RPfT

¡

i TEST B

; ------
t

¡ TTST 8 IS A TEST FOR THE TIHER IN THE SECOI{D BI55
; (IF IT IS PRISEI{T). THI TEST }{UIJBER IS DISPLAYËIII

; AI{it THE TiEYüOARTI IS HO}{iÏOREII FOR IIIPUT. 'NEXT'
i UILL AFORT THE TEST ANI| 'EXEC' I,IILL CAUSE IT TO

;r'RoctEn.
; TllË TIST REOIRES 11 JUHFEÊ F'LUG TO BT IHSIRTËD IIITO

i J9 ÏO LTIOP THE TII1SR OUTPUT OF THT 8155 (PIH 23) BllCK

; TO TI1T HSB OF ITS A PORT (PIN 23).
; THE TItltR IS Ptì0üilAl'fÌit0 T0 G0 L0[J Fi]R l?B CYCLË$

i AFTEFI 1?9 CYCLES. TIIE OUTFUT IS T}IEH I1OHITOËITD TO

; tf{5UFlE ItlåT IT F0LLIIUS THE SEüUE|{CE 1->0->1 TJIIHIN

; THE SF'i{ìIFIED TIIlE, II. ANY IRROR IS TITTECTEN AII

; TRF|OFI IITSSAGE IS TIISPLAYËII AIIII THE TË5T I5 IìTPEATETI

í AT 1ms, Il'lI[R\,ALS UNTIL THE 'llEXl' }iEY IS PRÊSSEII,

t
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ISIS-Il 8080/8085 HACR0 ASSEIIBLERr V3,0
SDK-8S Self tri¡grrosüic V34

Lf)C OBJ LII{E SOURCE STATEIIENT

H()DULE PAGE lJ

iCLTAR KËYFOARD BUFFER.

;[ISPLAY TTST NO.

,

;r,,lAIT F0R INPUT.

;'NEXT'=) }'IEXT TEST,

t

i'EXEC' => PR0CEED.

iOTHERIIISE IdAIT.

iCLEAtl KIYIIOARD AOAII{,

iL{]Í\! TËST AND TRROR IIO,

;REAII TII,{ER OUTPUT STATE,

;TTST I1SB ( TI}1ER OUT/ ) .

;EliROR IF ll0T = 1.
;PROGRA}I TIIiER (HI6}1 1?B

CYCLES¡ L0bl 1?B CYCLES),

STARÏ THE TIIIER,

iTIliiouï c0ljilTtR,
;TTST THT COU¡ITER.

;ERÑOR IF CÛUNT IS UP.

'TIST 
TI}IER OUTPUÏ,

I

'UAIT 
IË NOT O YET.

iTII{EOUT COUNTTR.

;TEST THE COUIITER.

iIRROR IF COUI{T IS UP,

;RËAD TIHEll OIJT/.

t,
;tIAIT U}ITIL I AOAI}I,

iI{O ERÑORS-GO TO TESÏ 9,
iBl=3,
i B !=2,
iBi=1,
iCLEAR THE KEYT'OARTI BUFFER.

iDISI.LAY ERROR CODT,

;I.]AII FOR l}fs ANTI RESTART THE TIHER.

;START THE TIHER.

,

;RTF'TAT THE TEST UNTTL

; ,NEXI' IS ENTTRED,

t

0287

0289

O2IIA

O2BD

02BF

0?c0

t607
l5
CAIIJ0?

DB29

Ir7

FAB902

028A

0?8n

O2BF

Q292

0295

0297

0?94

029C

029t
a2A2

02A5

02A7

0248

O2AB

02AIl

02AF

02Bt

0283

0?85

02c3

02c5

02c6

02c9

02cg

02cc
02cF

0212

0203

02D4

0205

O2TlB

02nB

02Ittr

0?t0
0?82

02E4

02tó
O2EB

O2EA

02Ëc

O?EF

02Fl

cnFF0ó

3E0g

ctr8F0ó

cnEF0Á

FEs1

cllF402

FESO

c2920?

ct|Ft0ó
010800

DB?9

E7

F?0402

JEOO

Iì3?C

3E01

032[

3EC0

fr328

I 60i
1s

cAIr?02

D[29

B7

F2C502

clF402
04

04

04

CTIFFOó

CIJ?F()ó

3E0l

cn100ó

3t00

D3?C

3E0 t
Ir32Il

3EC0

Ir328

cnEF0ó

Ft51

C2IIBO2

CALL

il(Jl
CALt

CALL

CPI

JZ

DPI

JNZ

CALL

LXI

IN

ORA

JP

l{\,r

t]UT

ìt(JI

0uï
n|'JI

OUT

rluI
DCR

J7.

IN

ORA

JP

JI{F

INR

INR

INR

CALL

DflLL

HUI

TALL

t{vI

OUT

tiul
OUT

H\JI

OUT

CALL

CPI

JNZ

CLRKBN

Ar08H

TISPTST

RTIKBTI

NTXT

TEST?

EXEC

II11ITE

CLRKBD

B r 0008ll

t:All2A

A

ER8 I
Ar00H

T I H?LO

Ar0lH
T I I1?H I
A r 0C0H

CÏRL2

lr07H
D

EFBS

RAH2f1

A

ùfl-1
TEST9

D

B

B

CLRKBTì

TRRI|SP

Ar0iH
ITELAT

A¡00H

TII{ZLO

Ar0lH

TIII2HI
A r 0COH

CTRL?

T{IIl(BD

NEXT

ÑPT8

638 TESTEi

ó39

ó40

ó41 tlAITBi
ó42

ó43

644

ó45

ó4ó

647

ó48

ó49

650

651

¿52

ó53

ós4

ó55

ó5ó

ó57

658

ós9

ó¿0 uTFol

óó1

è62

óó3

óó4

ó65

óóó

óé7 btTFl:

óóB

óó9

670

671
672

673 ERB3t

ó74 ER82i

ôi5 ERBIt

676

677

ó78 RPTS:

679

ó80

681

ó82

ó8J

ó84

ó85

óBó

687

688

ó89 ;

ó90 ;

691 ;

ó92 ;

l{UI t r 07H

IICR D

J7. tFrE2

IN RAH?A

ORA A

JH UTFO

TESI 9
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ISIS-II 8080/B0BS |'1ACR0 ASSEIIBLER, V3,0 H0DULE PAGE 14

SDK-85 $elf niasnostic U34

LOC flBJ LINE SOURCE STATEIITNÏ

02F4

0?t7

02F9

02FC

O2FE

0300

0102

0305

030ó

0307

0308

0309

0304

CDFFOó

3t09

ctrÉF0ó

0ó00

TJB3B

H3e
2t 0080

70

7E

23

7C

B5

c20503

F40203

TIB]O

Iì3JO

CDEFO6

FE51

Ë2FE02

ó93
694

ó?s

ó9ó

6?7

698

ó99

700

701

t02
703

704

705

70ó

707

708

709

714

715

716

7fl
718

719

7?0
-r 1l
I Lt

722
-?11

7?4
'r.)ç

726
727

729

7?9

730

7Jl
7t2

'TT
734

735

i36
737

738

739

740

i41
742
743

744

745

146

ClìLL

I'tl| I
CALL

lfu I
IN

OUT

LXI

Ìf0v

H[U

II{X

HOV

ORA

JÌIZ

CLRIiBII

Ar09H

TISPTSÏ

Ir r 00H

cs7

cs7

H,8000H

l'lrB

ArÌl
H

ArH

L

NXTAIì

ArB

THIS TEST IS II{TEI{IIEN TO EXERCISE EXTERi.IAL HE}IORY

(IF llNY) A¡lD THE TIATA TìUIJ FUFFERS. THE TISÏ }IUIIBER

IS TJISPLAYEN AIIN THE TIST STARTS IIII{TIIIÉìTELY.

THT g2(]5 CS7/ OUTPUT I5 FULSED TO SIOI{AL THE

SIART OF IHE TEST (FOR UST IJITII A SIGI{ATURT AIIALYSTR

- IF ftTtlUIREN) ANIJ THE E}iTIRT EXTERIiAL ÞIIHORY SPACE

(BOOOH TO FFFFH) IS U|ìITTTN IJITH COH ANII THEN frEAII'

THE PIìOCTSS IS THE}{ RIF'EATTDI IIRITIIIC FFII, FIì{ALLY

CSó/ IS PULSEII TO S]GIIAL THT E}ID OF THT TEST SEOU-

EHCE.

THE TTST 15 ftEPTATED UNTIL THE '}IEXT' I{EY IS

PIIESSED.

TST9 i ;CLTAR THI I(EYIIOARB BUFFER.

;NISPLAY THE TEST NO.

;DATA Tt} EE HNITTEH.

;FULSE CS7/ IIITH R[/ AHII

i [JR/ TO FLIlG START OF TEST.

;START OF TXTERIIAL HEIiORY.

;IJRITE TO THI ANI|RTSS.

;ftTATI FftOi{ THE ATIIIRTSS.

POIttT TO IITXT LOTATION.

TEST FOR UPPER LII{IT (OOOOH),

iCOI{PLEIIEIIT THE TESÏ BYTE.

I

;

;TEST FOÍI O (SECI-JIID TIHE

; THROUSH TI{E TËST).

;NOT O-I{TF.EAT UITH FFH,

;OO-SIGIIfIL EllTI OF TEST

l

;TES'I FOR KETIIOARD EI{TRY.

;,NËXT' ?

;RTPEAT THT TESÏ IF NOT.

7IO RPT':

7il
7I2 HRFFi

7IJ NXTADI

0300 78

0t0E 2F

030F 47

0310 Bi

tf0v

CHA

H0v

ORA

8rA

A

03tI
031 4

031ó

0318

03lB

031D

JH llJRFF

IN CS6

ouT csó
CALL RI|KBTI

CPI NEXT

JNZ RPT9

TEST IO

THE FI}lflL TEST EXTF(CISES THE HOLTI I}IF'UT OF Tl1E CPU.

THE 'FI}ìAL TTST' iíESSAGT IS NISPLAYETI AIIN THE HOLII

I}IPUT IS ASSERTETT, IF TIìERE IS Nt] FAIJLT ÏHIS IIILL

CAUST THT SYSTEH TO HíING, IF THT IIOLT IS I{OT SUTCËÊS-

FUL, liO[]EV[R¡ EXECUTIúl{ C0NTIIIUES tltltr Ail ERR0R }IESS(rGE

IS I,IRITTE}I TO THE IIISPLAY, THE CI'U THTN HALTS AIID IIIE

HOLN ANTI HLTìA LIIIES HAY P,T TftACED TO FIND ÏHE SOURCË

OF THE F/IULT,

IHIS ÎEST tì-r0UI,îES ttlT 2 0F F0RT A Cll 415 (J3/29) T0

BE çûIIù"ICTED TO THE $IIKS5 HOLIì I}IPUT (J1l14), REFEN TO

Iilt ti0TE til{ Ttsl 5.

0t20 3E1ó :r47 LAST| llVl ArlóH ;ITISPLAY ',. ,, FOR LAST TEST'
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ISIS-II 8090/9095 |1ACR0 ASSEI{IILERr U3,0

SIIK-8S Self Diasnostic U34

Lt)c 08J LI}IE SOUÑCE STATEITENI

}IOIIULE PAGE 15

,

;ASSERT HOLD,

t

,

iTHE CPU SHOULI BE HUNE BY NOU,

;IISPLAY ERR }lESsAOE IF }'IOT.

t

i STOP,

032? CDBFoé

03?5 3E04

0327 tr300

0329 00

0324 00

0328 01t0r0
032E CD9F0ó

0331 7ó

i48
749

730

7sl
tç1

753

754

755

75ó

757 TEJECT

CrlLL ttSPTST

ìt(lI 4,04H
t)UT ROI{IA

NOP

Nt]P

Ll(I Br 1010H

CALL ERRDSP

HLT
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I{OIJULE PAGE 16

L(]C f)BJ LINE SOURDE SÏATEHTIIÏ

758;UrfS$:$*$[$$*tt*t**S*$*f;TtsXl*ÍÍ*f*$$**Íå*tÍSf*lt**lXXXX*tlt8tlt*åt*:.q$tt*ttt
i59 i
760 i
7óI ; SIJBROIJTIIìËS t-OR STAGE III
762 ì

763 i
764 i
7ó5 i THE SUERÛUTII{ES F(]R STI\GE III AIiE STOREI| III THT TCIP 448 BYTËS

7ó6; OF IIII ROI1 EECAUSE THTRT IS ¡IOT E}IOUü}I RI]O}I LEFT IN TIIT EOTTO}I IKI
7t7
7ó8

769

770

77r
772

7?3
774

175 i, 
776 i 1 11ILLISECO}IIì TIELAY ÑIJIJTIIIE,

ttt l
778 ; TIIIS FìOiJTIIIT OEIITRATT$ A IìTLAY OF (A) I'{ILLISTCIÍNItS.

779 ì

780 ITELAY I F'USH n ;

7Bl L00F2i HllI 0,2140 il4*?14=299ó CYCLTS'

7t]2 LOOP1 ! DCR D

JNZ LOÛPI

lCR A

JÌIZ LOOP2

PCP D

RET

HALT SICO}ID NILAÏ ROUTINE.

THIS RûUTIÌ{E GElltRAltS l1 ITELAY 0F 500ns USIll0 THE l¡rs
NELAY ROUTI}{E,

795 IìLYsC('l ti|JI

UHIRT TIiË I'fAIII FRÚGR/ìI'I IS 5TÛRTI]. THE SIC}IATUIìE Aì{ALYSTS NIAIìIICST]C

PROGRIìH (STËIGE II) FITS iN THI 5J2 TIYTES STARTING flT O4OOH,

LOI;ATIOIIS óOOI{ TO é,TFH A!ìT RESERUÉII FO':i THE USE OT THT BOBS SELF

TEST Ptt0stlAilr IJHICH ¡ÍAY Bt ST0REL IÌl IXTERNAL HOH (8000-8]FFH) Al'llr

IXEüUTF.II T:TFORE STÉ16[ II (F(EFER TO'IIIE LISTI116 t}F S[FT5T.U8).

0ft0 0¿40H0ó40

0ó40

0é41

0643

0ó44

0ó47

0ó48

0ó48

0ó4c

D5

I 6!ó
l5
[2430ó
]D

c24 10ó

Irl
c9

783

784

78s

7$ó

787
too

i89
790

7?l
792
793

794

0ó4It

0ó4F

0t52
0654

0ó57

3EFA

Etr400ó

SEFA

cn400ó

c?

CALL

rllJt

O/ìLL

RET

A r 2500

I}ELAY

A r 2500

TIELAY

796

7?7

798

79?

800

s01

802

803

804

805

80ó

807

808

B0î

810

all
812

KEYEÛARII TEST ROUTIIi[.

TH]S TiÜUTII'IT FERFORIIS TI.IË IIIITIAL IEST tliì THE OPÉRATIOI'I

0F Tlit F:ËYIi0fiRD C0ÌlTfì01-L[R, B0TH Tl.lE llti, 0F CIIARADTËRS

IH Tl.lE FIFO I1III ÏHÉ IiS] 5.5 I}IPUT AIìE TTSTEN TO T{ET[-Ri1T}IE

bJIIETH[R l]IIY tiEYBÛARD [¡ITFìIES IIA(JE ltiE|.l I-IAiIE. IF TJOT}I

TTSTS l\RF. l{itiftTlVt IHE RüUTIIìE RETUR|IS LIITH {A) = 00,
IF t)Ii[ TEST SUCCET],IS ËlìIN TIIE OTHTR FAILS TIìT ROUTINI RET-

UI{NS I,IITII AN TftllOR FLÉrlj 5TT (A(O). IF POTH ITSIS SU[-
CTTTI TIJT RST 5,5 INIERRUFT IS ALLO}¡TD TO I]CCUR fl}ID A

CIIECI.i I$ }IiIIE TO IIITTNHINT I,IHETHER I UrlS SUCCESSFULI



269.

ISIS-ll 8080/80e5 illl0R0 frSSEhBL[Ê, V],0
SDK-85 Self ltiaÉrrostic V34

Loc 0B,t

ll(lNULE Plì6E 17

LINT SOURCT SÏATEI1INT

All ËRROR FLAG ItElNG SET IF ll0T, FII{I\LLY, THE CHARíICTER

IS RTAII FFIOI"I THT FIFO ANN ANOTHER TRRI)R IS FLAGGITJ II.
ANY }101I CHARACTERS ARE LEFT II{ T[iË TIFO.

8T7 TSTIiBIIi T'USH H

813 ;

814 t

815 ;

81ó ;

0ó58

c659

0ó5c
0ó50

0ó5F

06ó0

0¿ó1

06ó3

06ó4

0t67
06ó9

0ó6c

E5

?10019

7E

tó07
47

20

Eó10

BO

cA8D06

FElO

CABFOó

F4930ó

BlB

819

8?0

821

B?2
Cr't-tu&ù

B?4
o'}q

o.r r

827

818

829

830

831

B3?
o'¡ì

834

835

Bt6

837

838

839

840

84t
842

843

844

845

B4ó

847

B4B

849 RETUR}{i POP

EsO RET

951 KBIIEI i ÌrUI

85? FOPg¡3 ÊtT

I

;82i9 TONTROL RTG. ADRS.

;READ FTFÛ STTITUS IHT(] A.
i},IASl( NO, OF TH/IRS, IN FIFO.

;SA\JT IN Tt.

;TEST RST 5.5 STAT{JS.

I

;ADÛ IN }IO. TF FIFtl CHARS.

;RETURI{ IF N0 INT'r }10 CHAR$'

;INT, }IITH NO CHARS.?

;ËET TRROR FLrìG IF SO.

i cHA[ìs, ANIr ]10 I],1T, ?

iI}IT, r\ND CHARS.

;CLEAft 'RST' I¡IT, FLAG.

;U¡IHASK RST 5.5,

ALLOU iHT, TO OCTUR.

;DISASL E I}IT[ftIìUPTS.
iStT IF INT. OCCURRED.

I

iTRf{OR IF NOT.

i (HL)= KÛCD.

;RTATI CHAR. IIIT(J B.

i(l'll) = l(DCC,

;RËAII STllTUS NOAII'I,

;IIASK IIO, OF THAÍìS.

;tRñ0R IF Ìr0ï 0,

iPUT CHAR. INTO A...
iSET FLAO FOR THAR. PRESENÏ.

i,.,A}'IIì RETURN.

,

;StT ERRI)R C0Dt=l

I

StT ERROR C0üE=2,

I
;StT ERR0R C0DE=3

,

I

;StT ERR0R C0IIE=4

t

I

LXI HIKT¡CC

l{0U A r l{

ANI O7H

tltu BrA

RI}1

AIII lOH

ADÍI E

J7. RtTUt{t{

CPI lOH

JZ KBIJE1

JII I(BTIE?

A

RSTFLG

ArOEH

Oó6F AF

0ó70 320220

0673 3E0E

0675 30

0óió FB

0ó77 00

0ó78 00

0679 F3

0ó74 3A0220

067[ 87

0é7Ë cA970ó

0ó81 ?5

0ó82 4ó

0ó83 24

0é84 iE
0ó85 tóoi
0ó87 C2980ó

0ógA iB
0óB[ F640

0ú$D Er

oóBE C9

OúBI 3EFF

0ó91 El
0612 C9

Oó?3 ¡EFË

06?5 il
0ó9ó Ê9

0ó?7 SEFn

0ó?9 El
0ó9A t9
0ó9n tEFc

069t| El
0ó9t c9

XRA

STA

I{UI

sttl
TI
NilP

l.r0P

TII

LNA

ORA

JZ

DCR

I'f 0v

INR

lr0u

lì¡II

Jltz

ì'l0\J

0Rt

RSTFLG

A

KBTIE3

H

Br l{

H

Jlrll

07H

KBTIE4

ArB

40H

H

Ar-l
H

A'-2
H

Ar-3
H

Ar-4
H

854 t(Itt¡E2l
ñf,E
OJJ

oJo

857 KBtrESi

O.JÕ

959

8óO KBI|E4 I

IlVI

PùP

RET

HUI

POP

RET

HUI

POP

RET

8ól
ôrn

Bt3

Bó4

Bó5

B6ó

867

TRNOft DISPLAY ROUTINT

THIS ROUTINI DISFL||YS THE 2 1116IT TRROR COIJE PASSETI
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ISIS-II 8080i8085 lllt0R0 ASSEHBLERT V3,0
SIIK-8S Self DiaEnostic U34

LOC OBJ

hOl]ULE PAGT 18

tIt{t SOURCE STATEHENT

868 ; III BC. THI HSI| (Iil C) IS THE Ì.IUÌ1BTR OF THT TEST Iil
869; IIHICH TH.E ERROR I¡AS I]íTECTEIJ A}III THË LsI} (TN 8) IS
B7O ; THE TRROR COTIE.

B7l ;

972 ERRTISP| PUSH0ó9F
0640

0órl1

0ó44

0óA7

06A9

OóAA

0óAc

OóAE

0ó80

0ó12

0683

0ótó
0óBi

0óû8

OóBB

0óBc

0óBn

O6BE

F5

E5

210019

cûIr80ó

3690
1RLJ

3óó8

3óFA

3óFA

JóFF

7?

CtrE20ó

77

78

CDE?Oó

71

E1

FI
c9

Bi3

874

875

87ó
01',

878

879

880

88l
ugÁ

883

Ê84

BB5

8gó

8gi
888

889

890

991

892

8?3

894

899

89ó

e97

898

B?9

900

901

902

903

?04

905

906

90i
909

?09

910

911

912

913

9r4
915

91ó
9t7
918

?1?

920

FUSH

LXI

CALL

HVI

NCR

I'tuI

H\,I

HVI

IfVI

110u

CALL

t{0u

ll0lJ

CALL

lf0\,
FOF'

POP

RET

PSlr

H

H r KICC

CLRTISP

l{, 90ll

H

ùlr ó8H

14 r 0FAH

H r 0FAH

Ì'lr 0FFH

ArC

OOt{VRT

HrA

ArB

CON(.,RT

llr A

H

PSIJ

RTTUR}I.

t
t

ig2i? c0ÌtTR0L REG,

iCLTAR TBE DISPLAY.

;l¡JRITE DISP' Rttrll (AUT0-Ill0, ),
i (HL) = KIrCir,

itlnITt 't' T0 10C, 0,
; ' 'n'
; ' 'r'
; , 

BLA}IK.

iCOIIUERT NUHBIR TO USPLAY

i C0trE,

;IJRITE D]SPLAY CONE.

;ftIPEAI HITIl SECOIID DIGIT.

I

I

;8279 COIITROL REG.

iCLEAR TIIT tìISPLAY.

;URITT DISP. RAi{ (AUTO-INC.),

i (Ht.) = KIrtD,

ic0iiutRT N0, T0 DISP, c0DE,

;cilirE FoR','
iì¡IRITE '.' Ill FIÍìST 5

i LOCftrTIOt{S.

URITE THE }IO. IN THT LAST

LOCATIOII,

,

t

t

t

I

t

t

,

,

,

t

TEST IIUIIBIÑ DISPLi|Y ROUTINE.

THIS ROUTIIIE TìISF.LAYS THT IIUI{ÊER FASSTIÌ IN A TO

IIITIICÍlTE THE IEST ABOUT TO IE F'ERFORIIEII. THE

TIISPLAY UILL S|ìOHi

,,,. ,N

IIHTÑT N IS TI{E NUHÉER

OF THE ÏESÏ.

ITSF TSï iOóEF

0óc0

0óct
0óc4

06c7

06c?

06cA

0ócD

0ócF

06tro

0óD1

0óD2

0ó03

0óD4

Il5

E5

210019

CtrttB06

1690
4a¿J

ctlt20ó
1óF7

72

72

72

72

72

77

PUSH

PUSH

L)(I

CALL

lt\,l
IICR

CALL

H\,I

ilolJ

il0v
l{0\,

li0u

t10u

H0\,

D

H

t| r KITCC

CLRNSP

llr 90H

H

COl{URT

Ir r 0F7H

Ìlr I
l{rD

HrD

l{r0
Hrû

HrA

POP

POP

REÏ

H

D

??l ;

92? i CLEAR NISPLAY ROUTIIIE

06tr5 El
OóDó Dl

0607 C9



27r

ISIS-II 8080/8085 HADR0 ASSEHBLERT V3,0 I{0DULE Pf¡0E 19

SDK-85 SeIf DiagnoEtic V34

L(}C OBJ LINE SOURCT STATEHE}IT

921
9?4

925

926

9?7

?28

929

ÏHIS ROUTI}IE SIRITTS A 'CLTAR DISF.LAY' C[]II}IA}{N TO THE 8279

CONTRIIL REBISTER 
'lNIl 

I¡AITS 1n¡ FtlR THE CLEAR 0PtRATI0ll T0

C0HPLETE (IT SllûULn TAIíE 1ó0us), 0ll E|i{TRY HL I{UST C0NTAIN

THE AIIDRESS OF T};i B?79 CONTÉOL FìTGISTER (19OOH). THIS
iJALUË IS NÛT ÌlODIFIEI!.

0óIrB

0óD9

OóDB

0ótrIr

0óE0

0óEl

OóEF E5

06F0 210019

0áF3 7t
O6F4 EóOF

OóFó CAFÚOó

0¿,F? 25

OóFA 7E

oóFt Fó40

930 CLRDSP! I'USH PSHF5

36rC

3801

ctr400ó

FI

c?

ÌtvI

H(JI

CALL

POP

RET

l{ r 0DCH

Ar0lH
TIËLAY

Þet,

93t

932

9t3
934

9J5

936

937

938

939

940
'941

942

943

944

94s

?4ó

947

?49

949

950

951

95?

951

9",r4
ñrr

'.J 
J

95ó

957

958

959

9ó0

9ó1

?ó2

9ó3

964

965

96â
967

PUS}I

LXI
HVI

110v

DAD

H0v

POP

P0r
REI

I

;IIRITT 'CLTíìR DISPLAY' CÌID TO I(DCC.

iI{AIT FOR 1ss,
I

,

I

)

;ATIRS. OF CI"íTR. CODT TíIBLE,

;PUT Ttlt ti0, l0 Et ItIsP-
i LAYETI I}{TO BC.

iADD OFFSET TO FÉ|SI ANR$,

iFETCH THT (:OI)E,

i REÏURN.

t
i

I

i8?79 C0ilTtì01 REG.

;REAII FIFO STATUS.

;IJASK NO. OF CHARACTERS (FIFO

i FULL =) I CHARS),

;RETUftN UITH A=0 IF l{0NE,

i(HL) = |(it[tt,
iRTAI| A CHARACTER.

;SET FLAÙ FOR CHAR. PRË$EÌ{T,

DISF'LAY IONT ËOIIVERSIOìI ROUTII'iT.

; ÏHIS ftOUTINE CONUERTS THT }IUHIER IH A I|'ITO THE

i COIIE TO BI URIITTII TO THI DISPLAY CONTROLLER TO

i I]ISPLAY THAT NUÌltrtR. IF (A))15r TliE C0DE RET-
i URHEN HILL I'E TI]AT OF THE CüRRTSFOIINIIIG CHARACTER

t Il{ THE ÌAITLE (CHRTAIT), FoR tXAitt't.E, tF (A) = 17tì

; THE COTIE IITTU,ÎIiTIì I,IILL FE 98HI lIHICH IS THE TII$F-
; LAY C0lrE FOR 'H'r THE 17TH CHARACTER IH THE TABLE,

; IF (A)>24t| THT RE$ULT IdILL IIE UNI'F|TTIICTAELE,

t

CONIJRÏI PUSH H ;0óE2

0ôEl
0ó84

0óE7

0óE?

06EA

QáTB

0óEc

0óEtr

0ótE

E5

T,J

?12807

0ó00

4F

09

7E

c1

E1

c9

It

H I t]HÂTAB

Ir I 00H

CrA

B

fìrll
B

H

ÊTAD KEYIOARII ROUTIIIE

THIS ROUTIIIË REAIIS THT FIFO STATUS TO SIË IF AIIY CHAFACTERS

/ìñt IN THt FIF0I RETUñNING UITII (A) = 0 IF l{CT, IF A CHAR-

I1CTER IS AUAILAIiLEI IT IS PLACEII IN A AI{D TÌIT ó I5 SET TO

SII{]E THAT A C}iARACTTR I¡A5 REAII. TIIT ÑST 5.5 I}ITERRUPT IS
}IOT IJSEN.

9ó8 ;

9ó9 tiúKûni

9i0
971

972
973

974

975

975

977

PUSH

LXI

H0v

AHI

H

H ¡ KTICC

Arll
CFH

J7. RTÑI{

IìCR H

HOV ArH

0ftI 40H



272.

ISIS-lI 8080/8085 ltACR0 ASSEI1ELERr V3,0
SDK-85 SeIf tìi;lrrostic V34

LOC (lBJ LINE SOURCE STATEI,IENT

oóFD fl
oóFE C9

978 RTRHI

988 CLRI(BDI FUSH H

I.IODULT FAOE 2A

t

;8279 C0ì{TR0L nEG,

;CLEÊìR FIFO çOHIJAHD.

i RETURII.

I

OóFF

0700

0703

0i05
070ó

0707 Fs

0708 3E01

0704 c30F0i

070D F5

OTOE AF

070t 320020

0712 Fl
0713 c9

0714

0i16
0719

07 1B

07rE

0720

0723

a7n
0726
0727

3E0t

c32507

3r02
c3?507

3E04

03250i

SEOB

BO

47

c9

POP

RET979

980

t81
982

983

984

985

98ó

987

H iRETURN.

,

KEYBOARTI BUFFER CLEltR RTIUTIHE

THIS ROUTII{E I,IRITES A 'CLEAR FIFO' COHIIAND TO TIIE

8279 CONTROL RTG. TO DISCAfttì ALL PREUIOUS l(EYBt,rìRN

E}ITRIES.

,

,

t

,

,

t
I

t

E5

310019

3óC2

EI
c9

LXI HTKIICC

HVI l{,0C2H

POP H

REI

989

990

991

992

993

994

995

996

997

9?8

9?9
1000

,RIT.EAT FLAG' SET ANÛ CLEAR ROUTIIIES.

THESE ROUTIilÊS STT A}{D RESET IHT FLAG RPTFLG IJ|-IITH

tlHEtl SET, ININDICATTS THAT THE CURRENT TEST IS BEING

REPEATEDT F0LL0|,jING DETECTI0N 0F AH ERROR Ill THE TE9T'

1OO1 STTFLG! FUSH PSU i
100? liUI A,0lH ;

1OO3 JIIP STORE ;JUitP TF SÏORE I Iil RPTFLG

1004

1OO5 CLRFLG| PUSH PSII i
IOOó XRA A ;CLTAR A.

1OO7 STORE| STA RPTFLG ;STORE ll'l RPTFLG

IOOE POP PSH ; RETURN.

1009 RET i
r0l0 i
10ll i
1012 ; SET ERROR FLAG ROUTII{ES

l0lt ;

1014 i THE FOLLOI'II¡IG ROUTINES (IRRI - ERft4) SET A BIT IN

1015 ; THE B REGISTER TO INTIICATE THAT A}I TRRI)R HAS üEË}I

1016 i ITETECïED,

l0l7 i
1018 ERRti llVI Ar0lH iSET BIï 0,
lOT? JHP SETBIT i

1020 tRRzi HUI Ar02H igET PIT 1,

IO21 JÌ,fP SETBIT i
1022 ERRJ| ¡'lVI 4,04H ;SET BIT 2,

1O?3 JHP SETBIT ;

l0?4 ERR4i HVI A,OBH ;SET BIï 3,

IO25 SETBIT! ORA B iSET THE PIT IN B.

102ó l{OU BrA ;

1027 ftET ;RETURH.

1028

1029

I 030

l03l
1032;
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ISIS-II 8080/8085 llAER0 ASSEI{BLER, U3,0
SDK-85 Self Di¿Enoslic U34

LflC f]BJ LINT

t{o[uLE PA0t 2t

St]URCE STATEI{ENT J

DISPLAY CHARACTER TABLE

103ó CHRTAEI DB 0CHr9FHr4AHrOBH iOrlr2r3

1033

1otr4

1035

0728 0C

07?f- iF
072A 4A

0728 0B

072C 99

072t 29

0728 28

072F 8F

0730 08

0731 09

0732 88

0733 38

0734 óC

0735 tA
0736 68

0737 E8

0738 98

07t9 7C

0734 C8

07JB lC
073C FA

073D 78

073E F7

O73F FF

2000

2000

2001

2002

200¡
2004

r037

1038

1039

r040

104r

1042

1043

1044

1045

t04ó
1047

1048

1049

t050

t051
TO52 RPTFLG| I|S
1053 IIITFLGt tÌS
1054 RSTFLGi IrS

IO55 TRPFLO! DS

1056 DS

1057

1058 IEJECT

I)B 99Hr29Hr28HrBFH i4rSr6r7

DB 08Hr09Hr88Hr38H iEr9rArb

DB óEHrlAHr6EHr0EBH iCrdrErF

DB 98lh7CHrOCBHrlCH iHrLrPrU

DB OFAHr78Hr0F7HrOFFH í trtr. rSpaee

RAH LOCATI[]}IS

(}RG

-f iSTACK

2000H

I
I
I
I
TOPST
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IfìIS-lI tì080/8085 }1ACRO ASSEIIELI.Rr VJ,0
SIIK-8S SeIf DÍagnostic V34

L()C (}BJ

HOIIULE PAOE 22

LII{E StJURCE STATEHEI{T

105?;$1il++f+*$*i+tü8llt$tl$$$$$*r$$$*tÍt$$+å*útt*t*l*lr+c+*t*++r+tt*$+r$*++1+r+
1060 i
1061 ;
106? i
10óJ ;

l0ó4 i
t0ó5 ;

106ó ;
1067 ;

10.98 

' 
STAGE II

10ó9 ; ==:=î===
1070 ;
l07l i
T|-'12 J THIS PROGRAH TXERCISES THE OII EOARI| RAH AIIN I/O PÛRTS

IOiS ; OF THE SÍìK-85 FÛR VERIFICATIOII USIIIß SIGIIATURE AIIALYSIS.

1074

1075

I 07ó
'1077

1078 ; TSTIO IJACRO TESTS THE <II[|TITTS> UII|E OUTPUT

1079 ; PORT ilT ,INTIÑESS <IOANR} BY IJALI{IIIG A I ACROSS

1(,8O ; THE PORT. EACH TIHT NEhI TìATA IS IJRITTEH TO A

1081 ; F'ORT fY THE 'OUJ' Ii{STRUCTI0I{r THt }lt[J DAïA IS
1OB2 i FIRST TLOCIiIN II'ITO THT 9IGIIATURE ANALYSER BY

1OB3 i ÏHE F.[ISITI\J[ EIIGE OF I(II/ UHTN IHT NTXT II¡5T-
1OB4 ; ftUCTiOIi IS TETCHTII, THIS ALLIJIJS AT I.EI\$T 72ONS

1Og5 ; FOR THE ¡AÌA TO SETÏLE AT ÏHE OUTFUTS.

lOBó;
l08i TSTI0 HA0ti0 I0AttR,ll0BITs
IO$8 LOCÊìL IIXTBIT

10$9

IO9O I'IVI CII'IOIIITS ii}IO, l]F BITS TO TEST.

1091 NXTBiTI (]UT l0r\trR i;URITt TEST PATTËR|'I.

1092 ftLC ;;SHIFT TTST EIT LTFT.

TO93 DCR C ;;STOP IF ALL BiÏS TESTED.

IO94 JNZ NXTBIÏ i;
1095 XRA A iiOLEAR THE PORT A6|ìIN.

1096 OUT IOATIR ìï
IO97 IHR A |;SET TEST BIT ]\GAIN.

1098

1099 EHIIH

1100

1101 $EJECT
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I5I$-ll 8080/8085 llâCRO ASgtl{BLtRr V3,0
SDK-ÊS SeIf Iii¿snostic V34

Loc otJ LIN[ 5OURCE STATEHENT

0400

I{ODULE PÍ\OE 23

iPRO6RÍ1I{ RIìI,I PORTS

; AS OUTPIJTS.

I

;PROGRAH ROH PORTS

AS OUTPUTS.

;ATfiS OF 8279 COI{TROL REO,

iPROGRAil FOR 16 CI|AR, LTFT

; ENTRY DISFLAYT tliC0![D SCAN

¡ 2 KTY LOCKOUT KEYBI]ARD,

isEI cL0cK çTR T0 16,

;uRIlE DïSPLAY Rf¡I{r AUTü-

; INTIìEHTIIT,

iCLE|ìR tlISFLAY RAlf Alit FIt0.
iI,JAIT lns FOR ITISFLIlY T0

i CLIAÊ.

,

í(HL) = 1800H

;CLEAR CARRY.

t

;IIRITE TIATA TO DISP, RAII,
;SHIFT TIiE T{IT LEFT.

;REPEAT UI{ÍIL B BITS

; ARE TESIEII.

;CAÑRY IS SETIREPEAT

i HITH IIALKIN(ì O.

l

0400

0401

0403

0405

0407

0409

0408
'0400

040F

F¡
3Ë0F

Itt30
Ir32B

3EËF

û302

Dt03

TISOA

TISOB

I102
1103

1104

I r05
I 10ó

I t07

1108

I 10?

1110

l11l
1t 12

t 113

1114

1115

uró
ltLT
11 1B

11 19

'1 1?0

1121

It?2
I 123

t 1?4

1125

1 12ó

u27
l 128

1129

I 130

1131

1132

u13
1134

1135

113ó

I 137

1l38
I 139

1140

I t4l
I 142

1143

114.1

114 5

It4ó
11q7

1148

I 149

1150

I 151

1152

1153

I 154

1155

I l5ó

0R0 0400H

0411

041 ?

0414

0{ 1ó

0418

041ß

04lc
041E

0420

0422

0424

AF

IJ321

0322

I)3t3

Ij329

Tì3?A

!328

[J00
nl01
n30B

til09

042ô 210019

04?9 3608

0428 3ú30

042D 3ó90

042F 36C[

04Jl 3tc8
0433 3D

043{ C23304

DI

lluI ArOFH

OUT ETRLl

OUÏ CTRL2

tM A,OFFH

OUT TIDR1A

OUT IIIìRlEI

oUT trnFr?A

OUT IJDR?B

LXI

HUI

l{r KIrtC

Ìi r OBH

HUI ll r 30H

ìltJI H r 90H

SET ALL OUTÊUIS TO O,

XRA A

OUT RAH1A

OUT RAÏ18

OUT RAH1C

OUT RAH2A

OUT RA¡I?B

OUT RAII2C

OUT ROIIIA

OUT ROHIB

OUT ROHSA

OUT RO}12B

INITIALISE 8279 KEYBOARD/ûISPLAY CO}ITROLLER

utcLR i

l,tl)I

t{\Jt

DCR

JHZ

llr 0Cttl|

A r ?001r

H

UTCLR

,

I

t

,

t

,

TEST IHE tIISFLflY CONTROLLER OUTPUTS BY STORINB

IJfILKING 1'S rl}IT O'S IN THE TIISPLAY RA}I. THE

UST'IAY S}IOULI| SHOUi

8,8,8'8, B,B,

0437

04Jg

0439

0438
043C

043tl

4E
TJ

B7

3t01

11

t7
I|?]BO4

IlCR

ORA

HVI

lf 0u

RAL

JNC

lr

A

Ar0lH

HrAIIALKl I

IIALKI

0440 3EFt
0442 77

0443 17

HUI

il0v

RlìL

r'rALK0l

l\ r 0FtH
HrA
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0444 Dfl4204

ISIS-II 8080/8085 HI1CR0 A-qSEtl[LER, U3,0
SDK-85 Self lliagnostic VJ4

I,IODULE PAGE 24

Lf)C ()DJ LIIIE SOURCE SÏATEHEIIT

0447 DBSE

0449 D$e

JC bIllL](O i
t

;

i RAI{ TEST

i --------
t

L00P! Ill CS7 ;PULSE C57/ (tlITH ßIr/ llNü l,lR/)

OUT CSi ; TO SIßtlAL START OF RlìI{ +1

i TEST (ANN END ()F i/O TEST).

; THE RAH TEST 5UIROUTINT IS ACCTSSED BY 
'I 

JIIP

; IIISTRUCTI0È1, tJI'tH THE RETURN AtIlRtSS ST0FitD IN

i ttEr T0 AIJÛIIT USING UI{TESTED RAH FOR SUBR0UTINT

; LII{KflGE,

LXI Ir,RtTl ;SA{JE RITURN AITDftESS.

LXI H,tiAHl iSTART ADIRISS 0F RAH åt.
JI1P FA},ITST ;JUHF TO FAl{ TEST S/R,

IìTTII IH CS6 ;PULSE Csói -ENN OF RAH $1

OUT O5é ; TEST AIID START OF RAI.I

; 12 TEST.

L)(I IIIr{TTZ ;SAVE REIURII ADDRESS.

LXI H,RAH? iSTART AITITRESS 0F RAI'I å2'
JI1P RAilTST ;JUHP TO RAH TEST S/R.

0448

0448

0451

0454

045ó

115404

210020
c3tc04
tr830

0330

I 157

I 158

I 159

1l ó0

1 1ót
I 16?

I 1ó3

I 1ó4

ltó5
I tóó
lló7
I 168

t 1ó?

I 170

t 171

m2
I t73
I 174

'1175

I 17ó

tL77

I t7g
I 179

0{58

0458

04sE

0461

04ó3

l l,Jl04
2100?g

c3tc04

IlBlO

n3l 0

1180 REïzi

1l 81

I 182

1183 i

1184;
llBS i
l186 t

llBT;
1188;
1lB9 i

IN CS2

OUÏ CS2

;PULSE CSz/ -END OF RAH T2

; TEST AND START OF I/t)
; TEST.

TllE 0UTPUT CTIPABILITIES 0F TtlE I/0 P0ftTS fìND TllE

IIITEËRITY 0F Tilt C0NIIECTI0ÌlS T0 THE I/0 C0iì"'l[CT0ñS

ARE TTSIEII BY UÍ\LKIHG A '1' ACROSS ALL 10 PORTS.

OUTPUÏ FORT TEST

04ó5 3E0t

lr90 i
1191

Lti2
l1 93

I 194+

I 195+

119ó+??0001 l
1197+

I r98+

I 199+

1200+

t 201+

120?+

I ?03+

1204

1?05+

HVI Ar0lH

TSTI0 R0lllArB

;I}{ITIALIST THE TEST BIT.

iIlO TEST TÍACRO CALLS.

0467

04ó?

04óB

04óc

046tt

0470

04i I
0473

0E08

D300

07

0Il

c2ó904

AF

Ir300

3C

CrB

RNHIA

1206+ ilVI
1207+??0002r ouT

1208+ RLC

1209+ DCR

1210+ JltZ

1211+ XRA

c

??0001

A

ROHl A

A

TSTI0 R0HlB,8

CrB

ÑOHIB

??0002

HlJI

OUT

RLC

DCR

illz
XRA

OUT

IIIR

0474

047ó

0479

0 479

047A

0470

0t0B

n301

07

0t
c27 604

fìF

c

A



277 .

ISIS-II 8090/8085 HACR0 ASSEHITLERT VJ,0
SDK-85 SeIf Diasnostic U34

LOC OBJ LINE

HOIIULT PA6E 25

0181

0483
0485

O4Bó

0487

048A

0488

O4BI)

0E08

DJOE

07

0!
c28304

AF

D30g

3C

0riE D301

0480 3C

l2l2+
1 213+

1?14+

1215

121 ó+

l2l7+
12lB+??0003 I

1?19+

1220+

l22L+
1222+

1223+

t224+

12?5+

t22â
1227+

SÜURCE STATE}ÍENT

OUT RO}IIB

I}IR A

TSTI0 R0I{ZA r 8

CrB

R0t{24

c

??0003

A

R0tt2A

A

TSÌI0 R0l1?B, B

ËrB

R0l{28

??0004

ROH2B

TSTI0 Rfll{l4,8

CrB

RAHIA

c

??0005

A

RA¡.ITA

A

TSTI0 RAHIB,B

CrB

RAHIB

c
??000ó

A

RAIllB

A

TSTI0 RAI'llCr6

H\,I

OUT

nLc

IlTR

JNZ

XRA

OUT

IHR

04Bt

0490

04?2

04?3

0494

049i
0198

0494

0E08

D30?

07

OD

c29004

AF

tr309

3C

1228+ HUI

,122?+??00041 0uï

04?B 0E08

049tI DJtl
049F 07

04A0 0n

044, C29Ir04

O4A4 AF

04A5 I|32l

04A7 3C

1230+

1231+

1232+

1233+

1234+

1235+

123ó+

1237

1238+

1239+

1240+??0005 i
1241+

1?4?+

1243+

1214+

1245+

1?4ó+

t24t+
1248

1?49+

l?50+

I 251+??000ó !
t?52+

1253+

1254+

1 2s5+

l?5ó+

1257+

I 258+

t259

12ó0+

RLC

DCR

JNZ

XRA

(]UT

INR

HUI

OUT

RLC

TICR

Jl{z

Xl(A

OUT

IHR

c

A

A

HUI

OUT

RLC

tcR

Jl{Z

XRA

0uT

IilR

0448

O4AA

04AC

O4AI)

O4AE

04tt1

0482

0494

0485

0487

0489
O4BA

O4BB

O4 BE

0E08

DJ22

07

OI)

c2AA04

AF
n?'r1

rt

12ó1+ riVI

126?+??00071 OuT

1263+ RLC

12ó4+ DCR

r2ó5+ Jlrz

12óó+ XRrl

Cr6

RAHlC

c
??0007

A

0t0ó
D323

07

OD

c28704

AF



278.

ISIS-II 8080/8005 Ì{ACR0 ASSEI{BLERr V3,0
S[K-85 Self Diagnostic V34

Lt)C OBJ LINË SOURIE STATEI'IENT

ilONULE PrlGE 26

04c2

04c4

04có

04c7

04c8

04cB

04cc

04cE

0t08
D329

07

OD

c2c404

AF

t|329
TN

OUT

I}IR

TSTI O

HVI

0uT

RLC

lcR
JNZ

XRA

0uT

INR

TSTIO

HVI

t)UT

RLC

DCR

JNZ

XRA

OUT

INR

04cF

04irl
04I'3

04t|4

04n5

04Irg

040?

O4DB

OEOB

Di?A

07

OI|

c20104

AF

D32A

3C

04BF n323
04c1 3C

1267+

l?óB+
t2ó?+

t270
1271+

1272+

1273+??0008i

1274+

1275+

t27 6+

t2l7+
12iB+

1279+

1280+

l2B1

1?82+
1283+

,1284+??0009 i
1?85+

128ú+

l2n7+
128B+

1289+

1?90+

1291+

t292
l?93+

t?94+

1295+??0010 I

129ó+

t297+
1298+

I 299+

1300+

l30l+
130?+

1303

1304 ;
1305 i
1306 i
1307 ;
1308 i
1309 ;
l3f0 ;

1311 ì
t3t2 ;

1T1J;
1314 ;

t315;
131ó i
1317 i
l31B ;

13r9;
13?0 i
ß21 ;

RAHIC

A

[{AH?A r B

CrB

Rf\I{24

c

??0009

A

RAH2A

A

RAH2B r B

Cr8

RfqH?B

c

??0009

A

Rf\H2B

A

TSïI0 RAI{ZCr6

04DC

04nE

04t0
04il
04t2
04ts
04t6
O4EB

üE0ó

Ir32B

07

OD

C2I¡E04

AF

D32B
7¡

c
??0010

A

RAH2C

A

HUI

OUI

RLC

DCR

JNZ

XRA

OUT

IHR

Êr6

RÊtH2C

01t9 c34704 JIIP LOOP iRTFTAT TESTS INDEFINITTLY.

RAH TEST SUBR(}UTINT,

THIS ROUTINE TESTS THE 25ó EYTE BL()CK OF RAH

STARTIHG AT (HL) A5 FOLLOIJSI

1. TtlE RA}I IS FILLED UITH OOH.

2, FFH IS I¡IRITTEI{ IN]O IACH LOTATiONI AFTER

REAIìING THE LOt]l\IIOI{ (T(] UIRIFY TT S'IILL COIITAIHS

00H)r FROll THE TOP Iì0IJH'

3, 00H IS AGAIH I'IRITTEN FR0l1 B0TT0ñ UPr AFTER CHECKING

FOR FFH.

4, EACH LOCATIOH IS TESTTIì BY URITI}IG AIID RTAIIINE THREE

BYTES (OFHI33HI55H) TO CHECK THE INTIIFENNE}{CE

OF EACH BIÏ.

IHE IIATA T{EllTI BACI{ IS iJIRIFIED EY THE SIOI{ATURE

Íì}{ALYSTR.



279.

ISIS-lI 8080/8085 ÌÍACR0 ASSEI1ELER, U3'0
SnK-85 Self lliagnoEtic U34

LOC t]BJ LINE SOURCE 5ÏATE}.IIIIT

ll0IrULt FAtt 27

t

RAIITSïl t4\ll C,00H ;INITIALISE BYTE CTR,

}{)(TL0C| tltJl ìlr00H ;URITE 0'S IH ALL

INR C ; LOCATIOì{S.

JZ RTADO ;STOP IF ?5ó TCINE.

INX H ;ELSI INCREIITNT ATIÊS

JIIP },l)(TLtJC ; ANiì CONTINUE.

t

iNO!I fiEAD ÉACK THE DATA AIIII IiRITE FFH.

i
REAIJ0i Ì'tttJ ArH iDUl'{llY REAû,

llVI llT0FFH iSTORE 1'S'
INR C ;STOP AFTER 25ó

JZ REATI1 i LOCATIONS.

DCX H ; TIETREIÍENT ATRS AND

JHP REAI|O i REFEAT,

,
íREAO BACK FF'S ANIì ¡{RITE OO'S AGAIN.

,

tlEADli |l0|J ArH ;[UHllY RtA[,
H|JI llr00H ;ST0RE 0'S.

04EC 0t00
04[t 3ô00

04F0 0c

04F1 CAF804

04F4 ?3

04F5 C3tr04

04F8

04F?

O{FTI

04FC

O4FF

0500

7E

JóFF

0c

c40305

?B

c3F804

ß22
1323

l3?4

lr25
132ó

13?i

1328

1329

t330

t331
1332

lt33
1334

1335

133ó

l3t7
t33B

,1339
1340

134t
1342

1343

1344

lt45
1346

1347

,.348

1349

1350

1351

1352

13s3

1354

1355

135ó

lt57
1358

1359

l3ó0
1tót
136?

1Jó3

13ó4

0503

0504

0506

050i
0504

0508

7E

3ó00

0c

cA0E05
'}.lLJ

c30305

IIIR C

JZ BITCHK

INX H

JI{P REATTI

INCREHENT ATIDRESS.

;IIOI¡ TTST T}IT INIIEPEHDEHCE OF EACH BIT IH Ël\CH BYTE

i8Y URITING A UI{IOUE BINARY SEIIUI}ICE TO I,\CII BIT,
t

BITCHKi050E

0510

051 I
0513

051 4

051¿

0517

051?

05111

0510

051t

360F

7E

3óJ3

7E

3ó55

7E

3ó00

0c

c42105
?tr

Ê30E05

HVI

l{0'J

H\,I

|f0v

HVI

t10lJ

t{lJI

INR

J7

ncx

JI{P

XCHG

PCHL

llr OFH

Arl{

Hr33H

ArH

l'lr 55H

Aril
Hr00H

c

EHÜTST

H

BTfTHK

RETURH BY JUHPI}IG TO THE ATIDRISS SAUËD

]N DE.

;}IRITT f'¡{N READ

i 00001il1,
it,IRlTÉ AI.ITI READ

;001100u,.
;IJRIIT AIII READ

;01010r01,
;CLEAR TIIE BYTE,

i25ó BYTTS Ir0¡¡E?

;EXIT IF S().

iELSË I|ËC[ìE}IE}IT AND

; REPEAT,

i(trE)->(HL)
; (HL)-)(FC)

0521 EB

0522 E9

PUNLIC SYHBOLS

IJós ;

136ó ENIïSTi

13ó7

13óB i
13ó9 ;
I 370

EXTER}IAL SYI{BOLS

END
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ISIS-II 8080/8085 HACR0 ASSEI{BLE|{r U3,0

SDK-85 Sell Diagnostic V34

I1ODULE PAOT 28

USËR SYI1BOLS

DITCHK A OSOE

CONURT A 06T2

IDRIA lì 000?
DLYSOÛ A O64D

tR8? A 02n3

ERRTISP A Oé9F

ITR34 A O19T

l$DE4 ô 0ó98

100P2 A 0ó41

RAr{l A 2000

RAI{28 A O('?A

RETT A 0454

ROHÎB A OOO9

RPTCH A OO52

stRor.tT A 009E

IESTO A OO51

TTST6 A O1FF

TtH2l.rI A 0020

HAITS A O1B1

UFIP A OOBC

UTF1 A O2T5

CLRDSP A

CS7 A

Irtrft2B A

ENDO A

EÑR2 A

IIITFLG ll
KBTIE1 A

LAST A

NXTCH A

RAIIlC A

RIIKBTì A

RtìIÍ 1A A

RPTT A

RSTIR A

SHFIA A

TTST3 A

TIST9 A

TI'ìPFLG A

IIAITB ll
t{T6 A

CLRKBD A

CTRL2 Él

DISPCH A

TRBI A

ERR4 A

IOEftT A

KBTII3 A

LOOFI A

PASTIR A

RAI,Í2A A

REATII A

ROH2A A

RPT9 A

SERTRR A

5TORE A
TESTS A

TIHILO A

TSÏKID A

UALKI ll
IdTFO A

CHfiTAB

cs2

trIUì I B

DLYSID

tR83

EXEC

ITRS

KIICC

I.IEXT

RAHl A

RAt{2C

RËT2

RPT3{

FìFTFLG

SEÏBIT
ÏESTl
TTFTT

ï Il'lt10
IIAITó
UFTRP

07?8

0010

0003
0042

0202

0050

01F7

1900

0051

00?1

0028

04¿t

00nó

2000

0725

0078

0234

002c
0210

016,5

CHSOD

CSó

TINR2A

NSFTST

ËRRI

EXIT6

I'IR7

KDCD

NX'tAtl

RAÌ1I B

ftAHTST

FiTIURI{

nÉ'T5

RSTFLG

SETFLß

TESÏ?

TT$TB

TI}PST

uAlTT
h]RFF

00Bc

0030

0004
OóBF

07 l4
0228

0?8?

I 800

0305

00?2

0 4EC

0ó8D

01nF

2002

0707

0098

O?BFl

? 100

0?45

030?

OóDB

0039

0008
00óB

0719

?00 I
0¿8F

03?0

0057

00?3

O6EF

0000

0258

00?c

00t4
OOCTì

0?F4

2003

0212

0232

CLRFLG

CTRLI

ÚELAY

TNDTST

ERR3

I OTRR

KBDE2

LOiIP

NXTLOC

RAH2

REl{TIO

ROHlI

RPTS

RTRN

SHFTB

IEST4

TII,IIHI

TSTIO

uALt(0

UÏCLR

070Ir

00?0

0ú40
0521

07lt
O lBB

0ó93

044 7

O4EE

?e00

O4FB

0001

0?trB

CéFD

0l2E
0l 54

0025

0000

0442

0433

0ó!:F

0028

00fi:¡

02t|4

0723

0183

0691

0{,43

003F

002?

0503

0008

02F',t

0004

0i0t'
0t9E
0024

0¿t8
0438

0289

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

fì

A

A

A

A

A

fl
A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A
l
tt

A

A

A

A

A

A

A

A

A

A

H

+

A

A

ASSEIIBLY C0IiFLETET N0 ERRORS
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APPENDIX F

SDK-85 SIGNATURE ANALYSIS PROCEDURE OPERATING INSTRUCTIONS
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SDK-85 SIGNATURE ANALYSIS PROCTDURE

(For an SDK-85, using Vl.2 of the SDK-85 monitor, with V34 of the SA

test program (SDKB5S.V34, Appendix E) and V8 of the B0B5 self test

program (SLFTST.VB, Append'ix c) . )

The signature analysis routine for the SDK-85 is djvided into

three stages:

Staqe I is the basic stage, designed to verify the CPU' ROM and

bus integrity while the CPU free-runs through 'its entire

address range.

Staqe I I js an intermedjate stage des'igned to test RAM, output

ports and those bus signals not testable at Stage I.

Staqe I I I is the self-diagnostic stage in which the processor

executes a program stored jn the test ROM to verify some

of its more complex operations, as well as to more ful'ly

test i ts peri pheral ch'ips.

In each stage the procedure must be followed through step by step

{(1), (2), (3) etc.}, performjng the spec'ifjed test or taking the speci-

fied sìgnature at each test. If the result of a test is'incorrect, the

ìikely cause of the fault will be indicated in the procedure. EACH FAULT

MUST BE CORRECTED AS SOON AS IT IS IDENTIFIED AND THE ENTIRE SIGNATURE

ANALYSIS ROUTINE MUST BE STARTED AGAIN - FROM STAGE I STEP (1). ThC

only except'ions to this rule occur ìn Stage III, in wh'ich some errors

may be stepped over to proceed to later tests, as descrjbed in the pro-

cedure for Stage III.
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To acconlmodate signature analysis, the SDK-85 must have been modified

to include an address selectjon DIL socket. The appropriate plug (white,

orange or blue) must be inserted irr this socket at each stage, as speci-

fied'in step (i) of each stage. For normal operation (i.e. execution of

the SDK-85 monitor stored'in the ROM,414) the WIIITE plug should be jn-

serted.

In addition a free-run adapter (holding buffers 81 and 82 and a zero

insertjon force socket for the 8085 (nttl ) is needed for Stage 1.

A number of ,test connectors - P3, P4, P5 and PI/PZ (j ncl ud'ing a

buffer to apply an interrupt vector to the 8085 data bus) - are requ'ired

to execute all tests at Stage III.

IT IS ASSUMED THAT ALL TEST HARDWARE (ADAPTERS AND CONNECTORS) IS

hJORKING CORRECTLY THROUGHoUT THE S.A. ROUTINE. If there'is any doubt this

(s'imple) external hardware should be tested separateìy.

Si gnature ana'lyser connect'ions to the system are general ly speci f i ed

ìn the form

CLOCK (a) to < p'in number >

START (A) to < pjn number >

STOP (:F-) to < pin number >

where (f) or (-t-) indjcates that the given signature analyser ìnput

should trigger on the negative or posìt'ive edge (respective'ly).
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<pin number> will be specified in the form:

IC or connector number - pin number

(e.g. A7-1 is pin 1 of IC A7).

Signature analyser connections to the system may not be changed

while powe¡is appìied to the system (but posìtive/negab'ive edge trigger

swjtches, of course, may be). The power nlust be turned off, new connec-

tions'made, power turned on and RTSET button pressed to proceed wjth the

tes t.

NOTES:

(1) The procedure in some steps may'involve instructions to proceed to

subsequent steps under certajn test conditjons. These must be

obeyed if the g'iven test condition is satisfied. If there is no in-

struct'ion to the contrary, proceed to the folìow'ing step un'less a

fault is identjfied, in which case it must be repa'ired and the routine

recommenc ed .

(2) Where instruction to replace a device is qua'l'ified by an asterisk

(e.g. repiace All*) it should be noted that the faulty behaviour of

the device may be due to a short circuit on one or more of its output

I i nes , rather than an 'internal faul t.

In such cases either use a current tracjng device to isolate any

short c'ircuits before replacìng the device or replace the device and

look for short cjrcuits on the output lines jf the fault occurs

agai n .

(3) Some pins at which s'ignatures are to be taken are marked with a

double aste¡isk (e.g. All-32**). In tlrese cases two signatures are
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to be taken -

one with the CLOCK'input set to trigger on the positive edge

one with the CLOCK input set to trigger on the negative edge

with the START and ST0P inputs as specified in the first jnstance.

The s'ignatures expected are noted in the form

positive edge / negatìve edge

and both must be correct.

After taking these s'ignatures, the CLOCK edge select swjtch must be

returned to the ori gi nal ly speci f ì ed posi t'ion.

(4) It is possible that, due to timing margin differencesand spurious

effects within the system, some signatures will appear a little
unstable. However, if one occurs much more frequently than any

other then it can be taken as a valid sjgnature at that po'int.

(5) The procedure is neither foolproof nor conrpìete, so the conclusions

drawn by following the procedure may be incorrect in some cases.

If, after following the spec'ified procedure,a fault js not cured

then more convent'ional debugging techn'iques must be used - with or

without the help of any information that may have been obtained by

following the signature analysìs procedure up to the po'int of its

fai l ure.
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Li nk Pl acernent

In Stages I and II, and up to step (6) of Stage III, when three

links must be removed, the follow1ng links on the SDK-85 board must be

inserted or removed as specìfied below.

Out if A9 is insta.lled, In otherwise.

In if buffer A5 in installed,Out otherwise.

Out if buffer A5 is 'installed, In otherwjse.

Out if buffer A3 is installed, In otherw'ise.

In if buffer A3 is installed, Out otherwise.

In

In

0ut

0ut

In

0ut

In

In

0ut

0ut

In

In if 414 is 8755, Out if 414 is 87554.

Out if 414 is 8755, In if 414 'is 87554.

In if 415 is 8755, Out if A15 is 87554.

Out if 415 is 8755, In'if 415 is 87554.

r-2

3-4

3-5

6-B

7-B

9- 10

TI-T2

i3-i4

15- 16

17- 18

18-19

20-21

22-23

23-24

25-26

25-27

28-29

29-30

3r-32

32-33

Statu sLink
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SDK-85 SIGNATURE ANALYSIS

S_tage I

( 1) rNrTrALrSATr0N:

Remove 8085 (411) from its socket on the SDK-85 board and place jn

the free-run adapter (Appendix C).

Plug the 40 p'in plug from the adapter into the 8085 socket.

Ensure the I^JHITE plug is inserted in the address selection socket.

Connect the s'ignature analyser I eads as fol I ows:

GROUND

clocK (a)

sTARr (a)

sroP (1_)

to GND (Adapter test pin 1)

to ALE (Adapter test p'in 4)

to Ai5 (Adapter test pin 2)

to 415 (Adapter test pin 3)

(2) Apply power and, us'ing a log'ic probe, voltmeter, or CRO verÍfy that

Pjn A1l - 20 is at cND (0V)

Pin All - 40 is at Vcc (5V)

Pin All - 36 is Hi, and goes Lo when the RESET key 'is

Pressed.

If not, check the connections to the 8085 through the adapter cable

and the socket on the SDK-85 board.

(3) Again using logic probe, CRO a voltmeter, check that p'in All - 3

is Lo, and goes H'i when the RESET button ìs pressed. If not replace

All.
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(4) Verify the following signatures:

If any errors then the free-run adapter is faulty.

(5) Take signaturæ at the fol lowing pins:

If any errors then replace All*.

(6)

NOTE: 81 and 82 are buf'Fers on the test adapter.

If any errors thel go to (7).

else to to (8).

0000
0000
0000
0000
0000
0000
0001
0000

SID
TRAP
RST 7.5
RST 6.5
RST 5.5
I NTR

RDY

HOLD

All - 5

6
7
8
9
10
35
39

S'i gn atu reSi gnaì NamePin

755U
3827
3C96
HAPT
1293
HPPO

2H70
HC89

415
414
413
Atz
All
410
A9
AB

All - 28
_27
-26
-25
_24
_23
-22
-2L

S'ignatureSi gnal NamePin

52 FB
UP FH

OAFA
5H2 1

7F7F
CCCC

555 5

UUUU

BA7
BA6
BA5
BA4
BA3
BA2

BA1
BAø

81-18
-16
-14
-12

82-18
-16
-14
-12

Si gnatu reSignal NameP'in
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(7)

52 FB

UPFH
OAFA
5Hzt
7F7t
CCCC

55 55
UUUU

AD7
AD6
AD5
AD4
AD3
AD2
ADl
ADø

All -19
-18
-17
-16
-15
-t4
-13
-12

Si gnatu reS'ignal NamePin

If any errors then rePlace 41L

else there is a short circuit on the system data bus.

(8) Verìfy the sjgnature at all of the listed pins.

If the signature at any pin is wrong then there is an open circuit

on the address/data bus line to that p'in from All. Trace and repair

the I i ne.

HC89
2H70
HPPO

Ar4-2r, Al5-21, 413-21
Ar4-22, At5-22
AI4-23, 415-23

5258
UPFH
OAFA
5H2 1

7F7t
CCCC

5555
UUUU

413-19,
413- 1B,
413-17,
413-16,
413- 15 ,
413- 14 ,
413-13,
413-12,

414- 19 ,
A14- 18 ,
AL4-I7 ,
414- 16 ,
A14- 15 ,
414-14,
414- 13 ,
At4-r2,

415- 19 ,
415- 18,
415-17,
415-16,
415-15,
A15- 14,
415- 13,
Ar5-t2,

416-19,
416- 18,
AT6-L7 ,
A16- 16 ,
416-15,
416- 14 ,
416- 13,
At6-1,2,

417-19,
417- 18,
Al7-17,
417- 16 ,
417-15,
At7 -14,
417-13,
477 -r2,

A4-!2,
A4-9,
A4-7 ,
A4-4,
A7 -72 ,

^7-9,A7 -4,
A7-7,

A4-14,
A4-11,
A4-5,
A4-2,
A7 -r4,
A7-11,
A7 -2,
A7-5,

A6-22
A6-20
A6- 18
A6- 16
A6-9
A6-7
A6-5
A6-3

Si gnaturePi ns
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A68C
A277
9840
8P4P
5Pi8
282B
02Ä7
3ADF

cs7 /
cs6/
cs5/
CS4/
cs3/
csz/
CS 1/
cs0/

410-7
-9
-10
-11
-L2
-13
-14
-15

Si gnatureS'igna'l NamePin

(e)

(10)

If any errors t_hen go to (10)

e'lse go to ( 11) .

t293
HAPT
3C96
3827
755U
0001
0000
000 1

A1i
AIz
413
414
415
V

G

cc
ND

Vcc

Ai0-1
-2
-3
-4
-5
-6
-B
-10

Sì gnatureS'igna'l NamePin

If any emors then there is an open c'ircuit to the'input pin of 410

else replace 410*.
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( 11)

9840
BP4P
02H7
3AP F
5P18

cs5/
cs4/
cs1/
CSO/
cs3/

AL7 .
416 -
415 -
414 -
413 -

B

I
1

1

22

S'ignatureSi gnal NamePin

If any errors then there is an open circuit in the line to that

pi n from 410.

(12) Change the signature analyser connections:

cLOcK (J-) ro RD/ (411 - 32)

START (a) to 415 (TPz)

sr0P (L) to 415 (TP3)

VerÍfy the following signatures:

If any errors then reP'lace All*

else go to (i3)

0001
000 1

00oo/0001
0000
0000

I NTA/
blR/
RD/_
IO/M
HLDA

All - 11
-31

at**
-JL

-34
-38

Si gnatureSi qnal NamePin
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(13) Chec k al I of the fol I owi ng s'ignatures :

If any errors then the connection to the p'in in error is open

circuited.

0000
000 1

0000/0001
0000
0001
0001
0000

0000/000 1

0000
0000
000 1

0000
000 1

0000
000 1

000 1

0001
0000
0000
0000
0001
0000
755U

0000/0001
0000/000 1

RES ET

CE
RD/
voo
IOR/
l^lR/
IO/M

RD/
GND

GND

vcc

GND

V

G

V

V

V

G

cc
ND

cc
cc
cc
ND

HOLD
HLDA
I NTA/
RST6 .5
Ai5
RD/
RD/

413-9,

413-10,

414-4,
A14.2,
414-9,
414-5,
414-B,
414-10,
AI4-7 ,

A15-4,
A15-2,
415-9,
A1 5-5
415-8
415-10,
415-7,

416-4,

416-9,

Ar7-4, A9-10

417 - 9**

416-10,
AT6-7

A2-7**
A2-B,
A2.I5
A2-!6,

A4-8,

A4- 16 ,

A3-1,

A7-B,

A7 -1,6 ,

A5-1,

A5-8,

Ae-7

A9- 14

Ar-2,
A1-11,
Ar-Lz,
A1-13,
A1-14,
AT-24,

^6-2t

A3-8, A6-12,
A6-13
A6- 14
A6-24,

A8-7

A8-14A3-16,
A3-15,
A3-4,
A3-9,
A3-12,
A5-12

A5-16,
A5- 15 ,

t AB-1

,
t
t

A8-4
A8- 12 **
AB- 13**

S'ignatureS'i gnai
I'lamePi ns
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(i4) Verify the following signatures; :remedy the fault specified if the

signature at any pin is incorrect else go to (t5)

413 faulty - replace*
416 faul ty - rep'lace*
AB faul ty - repl ace*
Open cct from A8-11 to
A8 fau'lty - repl ace*
Open cct from A8-6 to
AB faulty - replace*
Open cct from A8-3 to
Open cct from AB-3 to

A8-5

AB-2

A7- 15
A4-15

0000
000 1

000 i/ 0000
000 1 /0000
755Pl000 1

755Plooo1
7 55U/0000
755Ul0000
755U/0000

413-4
A16-6
A8- I 1**
AB-5**
AB-6**
AB-2**
A8-3**
A7-15**
A4- 15**

Faul t 'i f i ncorrect si gnature(s )S'i gn atu reP'in

(15) Change the signature analyser connections to the following:

cl0cK (Jr) ro cLK (413-3)

srART (a) to RD/ (411-32)

STOP (1_) ro RD/ (411-32)

Take s'ignatu re at All-37**

I1 s'ignature(s) are 0000/000U the.q go to (16)

else replace All* or there is an open

circuit from All-37 to A3-3.

(16)

0000/000u
00oo/000u
0000/o0ou
0o0o/oo0u
0000/000u
0000/000u
00oo/o0ou
0000/000u
0o0o/0oou

CLK
CLK
CLK
CLK
CLK
CLK
CLK
CLK
CLK

A1 3- 3**
Al.4-3**
415-3**
A16 - 3**
417 - 3**
18-9**
AB- 19**
A5-7**
J5 -24**

Si gnatureSi gnal NamePin

If any s'ignature is wrong then there is an open circuit from

All-37 to that pin.



A9 faul ty
Open c'irc
A9 faul ty

A5 faul ty - repì ace*
Open circuit from A5-6 to J1-4
AB faul ty - repl ace*
Open circuit from AB-B to A9-3
Bad connection from Vçç to A9-1
Open circuit from All-38 to A9-2
Bad connect.ion from GND to A9-11
Bad connection from GND to A9-12
Bad connection from GND to A9-13

u-l

repl ace*
t from A9-9 to A9-4

rep'lac
from
from
from
from
from

0pe n
0pen
0pen
0pen
0pen

ci rcui t
ci rcui t
circuit
circuit
circuit

to A1-1
to A2-1
to A4-1
to A6-1
to A7-1

e*
A9
A9
A9
A9
A9

tr

-5
tr

-Ã
-5

0000/000u
0000/000u
0oou /ooo0
000u/0000

000u
0000
0000
0000
0000
000u
000u
0000
0000
0000
0000
0000
0000

A5-6**
J 1 -4**
A8-8**
A9-3**
A9-1
A9-2
A9-1 1

A9-12
A9-13
A9-9
A9-4
A9-s
A1-1
A2-I
A4-1
A6-1
A7 -l

Fault if bad sìgnatureS'ìgnature(s)Pin
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(t7)

If no errors then go to (18).

(18) Change s'ignature ana'lyse connecti ons to:

CLOCK (rtr) to ALE (Adapter TP4)

START (-ji) to A15 (Adapter TPZ)

STOP (A) to A15 (Adapter TP3)

If no errors then go to (19).

t These signatures are prorìe to instab'i1ity.

0pen circuit from All-30 to 414-11
Open circuit from All-30 to 415-11
Open circuit from All-30 to 416-11
0pen circuit from All-30 to 417-11
Open c'ircuit from All-30 to A2-9
Open circuit from All-30 to A6-1i
A2 faul ty - repl ace*
Open circuit from A2-10 to J1-10

0oo0/755u
0ooo/7 5 5u
0000/755u
oo0o/ 7 55u
0000/ 7 55u
00uu / 7 55u
00oo/ 755ut
oooo/ 75 5u f

414- 1 1**
415-11**
416- 1 l*x
417-11**
A2-9**
A6- L 1**
A2 - 10**
J1-10**

Fault jf jncorrect signatureSignature(s)Pjn
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(19) Set signature analyser up as follows:

CLOCK ( 'L) to ALE (Adapter TP4)

START (l) to 415 (Adapter TPZ)

ST0P (-t_) to 415 (Adapter TP3)

If no errors then go to (21)

else go to (20).

52FB
UP FH

OAFA
5H2I
7F7t
CCCC

5555
UUUU

B-D7
B-D6
B-D5
B-D4
B-D3
B-D2
B-D 1

B-Dø

A4- 13
A4-10
a4-6
A4-3
A7-13
A7-10
A7-3
A7 -6

Si gnatureS'ignaì NamePin

If any errors then repìace A7* and/or A4*

else the fault is an open circuit on a line from

A7/A4 to J1.

(20 )

52 F8
UP FH

OAFA
5H2i
7F7t
CCCC

5555
UUUU

B-D7
B-06
B-D5
B-D4
B-D3
B-D2
B-D1
B-DØ

J1
J1
J1
J1
Ji
J1
J1
J1

-26
-28
-30
-3?
-34
-36
-38
-40

Si gnatureS'igna1 NamePin
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(21) Change the sìgnature analyser connectionsto:

cLOcK (lF ) to RD/ (nrr-sz)

START (a) tu 415 (TPz)

STOP (A) to 415 (TP3)

ff no errors then go fo (22).

(22)

If no errors then go to (25)

el se go to (23) .

to Ji-12
to Ji-16

A2
0p
A3
A3
A3
A5

faul
en cj

fau I
faul
faul
faul

ty - repl ace*
rcu'it from A2-6 to J2-6
ty - repl ace*
ty - replace*
ty - repl ace*
ty - repl ace*

Open circuit from A3-10
0pen cìrcuit from A3-13

0000/0001
0000/000 1

0000
0000
000 1

0000
0000
000 1

A2-6**
J2-6**
A3-3
A3- 10
A3-13
A5- 13
JI-T2
J1-16

Fault if incorrect signaturesS'ignature(s)Pin

755U
3827
3C96
HAPT
I293
HPPO

2H70
HCB9

B-415
B-414
B-413
B-412
B-411
B-A1O
B-49
B-AB

J2-IO
J2-12
J2-T4
J2-L6
J2- 18
J2-20
J2-22
J2-24

Si gnaturesSi gnal NamePin
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( 23)

(24)

755U
3827
3C96
HAPT
1293
HPPO

2¡170
HCB9

8.415
B-414
B-413
B.Ai2
B-411
B-A1O
B-49
B-48

AT.2I
A1-19
A1- i7
A1- 15
A1-10
A1-B
A1-6
A1-4

S i gnaturesS'ignaì NamePin

If any errors then to to (24)

elsg there is an open circujt 'in line(s) from

A1 to J2.

755U
3827
3C96
HAPT
r293
HPPO

2H70
HCB9

BA15
BA14
BA13
BA12
BA11
BAlO
BA9

BA8

Al-22
AI-20
A1-18
A1-16
A1-9
AI-7
A1-5
A1-3

SignaturesS'ignal NamePin

If any errors then there is an open circuit on line(s) from

All to A1

el s_e repl ace A1*.
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52 F8
UP FH

OAFA
5H2t
7t7t
CCCC

5555
UUUU

B.A7
B-46
B-45
B-44
B.A3
B.A2
B.A1
B-Aø

J2-26
J2-28
J2'30
J2-32
J2-34
J2-36
J2- 38
J2-40

Si gnatureS'igna1 NamePin

( 25)

(26)

I

If any errors then go to (26)

else go to (27).

52 FB

UPFH
OAFA
5H21
7F7t
CCCC

5555
UUUU

B-47
B-46
B-45
B-44
B-43
B-42
B-41
B.Aø

A6
A6
A6
A6
A6
A6
A6
A6

-2I
-19
-t7
-15
-10
-B
-6
-4

Si gnatureSi gnal NamePin

If any errors then replace A6*

else there is an open cÍrcuit on line(s) from A6

to J2.
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(27) Change the signature analyserconnections to the following:

clocK (Jr) ro RD/ (411-32)

srART (a) 6 cSØ/ (nr+-r¡

sroP (][-) to cSØ/ (A14-i)

PHAC

H75P
3 1CF
F04 1
UAU4
OTUU

FB94
UP74

DØ

D1

D2
D3
D4

D5

D6
D7

Ar4-t2
-13
-14
-15
-16
-17
-18
-19

Si gnatureS'ignal NamePin

If any errors then replace 414.

(28) Change the signature analyser connections to the follow'ing:

cLOcK (J) to RD/ (411-32)

START (a) to cS1/ (410-14)

sr0P (li-) ro cS1/ (A1o-14)

6PF3
2398
P4A5
OAOC

c37 F

HHUS

4FCC
O1 FC

DØ

D1

D2
D3

D4
D5
D6
D7

415- 12
-13
-14
-15
-16
-17
-18
-19

Si gnatureS'ignal NamePin

If any errors then replace 415.
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Staqe II

(1) rNrTIALrSATr0N

Rep'lace the 8085 (All) in its socket on the SDK-85 board.

Insert the ORANGE plug jnto the address se'lection socket.

Connect the si gnature ana'lyser I eads as fol I ows:

cROuND (J:) to r^rR/ (411-31)

START (-l_) to cS7/ (410-7)

sroP (J) ro cS6/ (Alo-e).

(2) Apply power to the SDK-85 and, using logic probe, CRO or volt-

meter verify that

Pin All-20 is at GND (0V)

Pin All-40 is at V.. (5V)

Pin All-36 is 10, and goes HI when the reset

key is pressed.

If not, check the appropriate connection to All from the power

supply and/or the RESET key.
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(3) Check the effect of the RESET key at bhe following pins and if the

effect is not as specified, remedy the fault indicated.

t
t
t
t
t

All faulty - repla
0pen cìrcuit from

ce*
All-3 to 413-9

0pen
0pen
0pen
0pen
0pen
0pen
0pen
0pen
A9 fa
0pen
A9 fa

rcu
rcu
rcu
rcu
rcu
rcu
rcu
rcu
ty

'l

i
i
i
i
j
i
j

l
i
j
i
i
i
i
i
I
i
I
i

c
c
c
c
c
c
c
c
u

c
u

c
c
c
c

All-3 to 414-4
All-3 to 415-4
All-3 to 416-4
All-3 to 417-4

from
from
from
from
from All-3 to AI?-2

t from All-3 to 412-14
t from All-3 to A5-4
t from All-3 to A9-10

repl ace*
rcuit from A9-9 to A9-4
ty - repl ace*

A1-1
A2-t
A4- 1

rf
tfrfrf

0pen
0pen
0pen
0pen

1 rcul
ircui
lrcul

rcu'r rom A9-5 to
rom A9-5 to
rom A9-5 to
rom A9-5 to A6-1

0pen ci rcu'it f rom A9-5 to A7-1
A5 faulty - replace*
Open c'ircuit from A5-3 to Jl-22

HÏ
l{I
HI
LO

LO
HI
HI

HI
HI
HI
HI
HI
HI
HI

HI
HI
HI
HI
HI
HI

LO

LO
LO

LO

LO

LO

LO
LO
LO
LO

HI
HI
LO
LO
LO

LO
LO
LO

LO
LO

A1 1-3
413-9
414-4
415-4
416-4
At7 -4
Atz-2
AT2-14
A5-4
A9-10
A9-9
A9-4
A9-5
A1-1
A?-1
A4- 1

A6- 1

A7 -I
A5-3
Jl-22

Fault if not correctRES EI
pres s ed

RFSET not
pres s ed

Pin

If no errors üen So to (4)

(4) Check the signature at All-40 (V.c)

If signature - 1HCP then go to (5)

else replace All* - I^JR/ output error.
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(5) Check bhe folìowìng signatures

lHCP
lHCP
0000
0000
0000
1HC P
0000

TRAP
RST
RST

RST
I NTR
RDY

HOLD

7.5
6.5
5.5

A1 1-6
A1 1-7
All-B
A1 1-9
A1 1- 10
A11-35
A1 1-39

S i gnatureS'ignal NamePin

If any errors then there is a bad connection to this p'in from

logic elsewhere on the board (which was checked at Stage I).

(6)

If no errors l_[q¡_ go to (7).

0pen circuit from All-3
Open circuit from All-3
Open circuit from All-3
Open circuit from All'3
Open circuit from All-3
Open c'ircuit f rom All-3
A2 faul ty - repl ace*
Open c'ircuit from A2-13

1to
1to
1to
1to
1to
1to

413- 1 1

414 - 10
415- 10
416- 10
417-10
t\2-L2

to J2-4

0000/ lHCP
0000/ lHcP
0000/ 1 Hc P

0000/ lHCP
0000/ lHCP
0000/ lHCP
0000/ 1 HCP

0000/ lHCP

413- 1 1**
414- 10**
415- 10**
416- 10**
417- 10**
A2-I2**
A2-13**
J2-4**

Fault if incorrect signatureS'ignature(s)P'in
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(7) Change the s'ignature analyser connections to the fo]'lowìng

cLOcK (a) ro ALE (A11-30)

START (l) to cS7/ (A1o-7)

sr0P (_f) to cS6/ (Alo-e)

If any errons then replace All*

e'lse go to (B) .

( 8)

If no errors then go to (9).

PH34
61F0
HOAB

Sø
S1
IO/M

Atr-29
A1 1-33
A1 1-34

Si gnatureSignal NamePin

Open ci
Open ci
0pen ci
0pen c
Open c
A2 fau

rcuit from All-34 to AI4-7
rcuit from All-34 to 415-7
rcu'it from All-34 to A16-7
rcuit from All-34 to Al7-7
rcuit from A1I-34 to A2-4
ty - rep'lace*
rcuit from A1I-29 to A3-7
ty - repl ace*
rcuit from All-33 to A5-9
ty - repl ace*
rcu'it from A5-10 to J1-6
rcuit from A3-6 to Jl-B
rcuit from A2-3 to J2-B

1

i
I
i
I
j
I
i
'i

'i

ope
A3
ope
A5
ope

nc
fau
nc
fau
nc
nc
nc

ope
ope

HOAB

HOAB

HOAS

HOAB

HOAB

HOAB

PH34
PH34
61F0
61 F0
61 F0
PH34
HOAB

474-7
A1 5-7
416-7
477 -7
A2-4
A2-3
A3-7
A3-6
A5-9
A5- 10
J 1-6
J 1-B
J2-B

Fault if incorrect signatureSi gnaturePin



304.

(9) Change the signature analyser connections to the followìng:

clocK (rt-) ro RD/ (A11-32)

START (l;-) ro cS7/ (A10-7)

sroP (1_) ro cS6/ (Alo-e)

If 416-40 = SPHH then go to (10)

else replace AL1

( to¡

If any errors then rep'lace 416

else go to (11).

(11) Change the signature analyser connections to the fol'lowing:

clocK (J.) ro RD/ (A11-32)

srART (l[-) ro cS6/ (Alo-e)

sroP (L) to cSZl (A1o-13)

If 417-40 =. SPHH then go to (f2)

el s e rep'l ace Al l .

11F4
2t07
44tP
AU6A
4583
5544
25t5
735t

D7

D6

E5
D4
D3
D2

D1

DØ

416- 19
416-18
416- 17
416-16
416- 15
416- 14
416- 13
AT6-T2

Si gnatureSignal NamePin
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(12)

.JJ any errors then repì ace 41.7

else go to (13).

(13) Change the signature anaìyser connections to the following:

cLOcK (jt-) to RD/ (411-32)

srART (_1 ) to cS2/ (410-1s)

sroP (1_) to cs7/ (A1o-7)

If All-40 = 28P9 then go to (14)

else replace 4L1.

11F4
2r07
PPU9
055 F

37U9
UUTF
25t5
H96A

D7

D6

D5

D4
D3
D2

D1

DØ

417-19
417-18
Ar7 -t7
417- 16
417- 15
417-14
417- 13
Ar7 -12

Si gnatureSi gnal NamePin
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For each of the following output port signatures, first take the

sìgnatures at the spec'ified connector pin (J3, J4, J5).

If this is correct then proceed to the next pin

else check the signatures at the correspond'ing

I/0 port (414, 415, 416, 417).

If this is correct then the fault is an open c'ircu'it between the

I/0 port and the connectors

else th e I/0 port is faulty, replace the ch'ip.*

4 195
2483
6P5B
FAH F

O5UU

2 F0C
H6 F4
UUAH

8044
4500
8H66
2 514
8917
c3t2
PU32
BCHP

056U
2 POA

FP9H
c79H
54H1
4PA9
7440
6BP9
77 43
02PP
F92A
AT92
A6U P

954H
92AA
7U25

A14- 3B
414-39
414-36
Ar4-37
414- 34
414-35
Ar4-32
A14- 33
414-30
414-31
A14-28
Ar4^29
AL4-26
Ar4-27
Ar4-24
Ar4-25
A1 5- 38
415-39
A1 5- 36
415- 37
A15- 34
A1 5-35
415- 32
415-33
A1 5- 30
A1 5-3 1

415-28
Ar5-29
A1 5-26
At|J-27
AI5-24
Ats-25

J3- 1

J3-2
J3-3
J3-4
J3-5
J 3-6
J 3-7
J3-8
J3-9
J3-10
J3-11
J3-12
J3-13
J3-14
J3-15
J3-16
J3- 17
J3- 18
J3- 19
J3-20
J3-21
J3-22
J 3-23
J3-24
J3-25
J3-26
J3-27
J3-28
J3-29
J3-30
J3-31
J3-32

Si gnatureI/0 Port PinConnector Pi n

(cont'inued on next page)
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(14) Continued

376 1

FP6 P

4FP3
c099
FH48
7 tg\
6 F39
82HB
7031
1 FPO

4?6tl
1B84
6258
36 F4
H063
BHAO

F860
3 190
2UH2
30 5U

A7 A2
P94U
USUH
1UU i
7 F8U
7PUg
u c17
47U6
7?75
7PP4
5 FF7
OAC9
HUTH
63CP
5C31
CPC6
9463
7I2B
t962
3192
8480
c1 15
189 F
4031

416-2
416-5
Ai6-39
416- 1

416-37
416- 38
416-35
416- 36
Ai 6- 33
416-34
416- 3 i
A16-32
At6-29
416-30
A16-27
416-28
476-25
41,6-26
A16-23
AL6-24
A16-2 1
A76-22
AI7 -2
417-5
Ai7-39
AI7-L
At7 -37
A1 7-38
417-35
A1 7-36
Ai7-33
417-s4
Ai7- 31
Ar7 -32
Ar7 -29
A1 7- 30
AL7 -27
Ar7 -28
At7 -25
4t7,26
AL7-23
At7 -24
Ar7-27
Ar7 -22

J4- 1

J4-2
J4- 3
J4-4
J4-5
J4-6
J4-7
J4-8
J4-9
J4- 10
J4-11
J4-12
J4-13
J4- 14
J4- 15
J4- 16
J4-17
J4- 1B
J4-19
J4-20
J4-2I
J4-22
J5- 1

J5-?
J5- 3
J5-4
J5-5
J5-6
J5-7
J5-B
J5-9
J5- 10
J5-11
J5-T2
.15- 13
J5- 14
J5- i5
J5- 16
J5- 17
J5- 18
J5- 19
J5-20
J5-2 1

J5-22

Si gnatureI/0 Port P'inConnector Pin

If no errors the.n go to (15).
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(15) Change the signature anaìyser connectjons to the follow'ing:

cLOcK (f) to sLØ (413-32)

srARr (a) ro SL3 (413-35)

sr0P (1_) ro sL3 (413-35)

00uP/00uP
000u/ 000u
0033/0033
0055/0055
0000/ o0u P

Vcc
SL3
SL2
SL1
SLø

413-40**
413- 35**
Ai 3- 34**
Al.3- 33**
A1 3- 32**

Si gnature( s )Si gnal llamePin

If any errors then rep'lace 413*

'e]5-q go to (16).

0033
0055
0000/00u P

0033

SL2
SL1
SLø
SL2

AI2-1,
412- 3

412- 1 3**
412- 15

Si gnatu re ( s )S'ignal NamePin

If any errors then there is an open cìrcuit on line(s) from 413 to AI2

else go to (tz¡.

(16)
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(17) To perform this test on the open collector outputs of 412, it is

necessary to connect a 10K pu'llup resistor from the signature

ana'lyser data probe to V...

00uP/00PU
00PU/00uP
00uP/ooH.F
00H F/00uP
0077/ 00uP
00uP/0077
00cA/0ouP
00uP/oOcA

1Y3
lY2
lYi
IYØ
ZYØ

2Yt
2Y2
2Y3

Al2-4**
412-5**
412-6**
AL2-7**
412-g**
AL2 - 10**
A12 - 11**
Al2-1.2**

Si gnature( s )Signal NamePin

If any errors then rep'ìace A12*

else go to (18).
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l,lith CLOCK connected to SL A1 3-32

JI any errors then there is a fault jn the interconnection from 412

to the keyboard, the keyboard itself 0R from the

keyboard to 413. The appropriate line may be

traced with an ohm-meter

else go to (19).

77

00 77

07

77

0077
0077

77
00

00
0 7

007 7
00

B'
9'
A'
B'
c'
D'
E.
F'

A13-38 413-39 413-1 413-2 413-5 413-6 413-7 413-8

Key
Pres s ed

413 Input Pin



3r2.

(19) Examine the d'isplay, wh'ich should show

B. B. 8. 8. B. B.

c

A

B

D

E

with all segments of approximately equal brilljance.

If one segment of one dìsp1ay only does not light then that

disp'lay is faulty 0R the connection to that segment is bad.

If al1 segments of a dispìay are off then there js a fault in the

corresponding d'igit driver circuit (Q1i - Q15 and associated

resistors).

If one segment is off jn each display then there is

either a fault in the segment drjver circuit (Q3 - Q4 and

associated resistors)

or the segment output from 413 is stuck high.

The cause of the fault can be isolated using a CRO.

If all segments 'in one d'igit are brighter than the others then

the corresponding d'igit driver is stuck on - isolate the fault

with a CRO.

If one segment in each d'isplay is brighter than the others then

either the correspondìng segment drive 'is stuck on

or the segment output from 413 is stuck low.

If two segments'in each digit are brighter than the others then

there is a short circu'it between the two segment drivers or

between two segment outputs of 413.

F
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G If al1 segments of two digits are brighter than the others

then there is a short circuit between the two djg'it drivers.

11. If any other (irregular) pattern is observed then replace 413.
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Staqe III

(1) INI TIALISATI ON

Insert the BLUE plug in the address selection socket.

Insert the 25 pin CANNQN test plug in the serial I/0 socket (J7).

Insert test connector P3 into J3.

Insert test connector P4 into J4.

Insert test connector P5 into J5.

(2) Apply power to the system and press RESET.

The disp'lay sl;¡ould go b'lank and the character sequence

O 1 2 3 4 5 6 7 8 9 A B C D E F H L P U r t <blank>

should shjft from left to right across the disp'lay continuously.

JJ any errors then repl ace 413.
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(3) Press 'NEXT' key.

Repl ace 413.Any other display

Press RESTT and repeat the test.

If the sante error occurs then replace 4L3.

Err 14

Rep'lace AllErr 13

If All-8 i s hi gh th_el rep'lace All

el se

if 413-4 is low then rep'lace 413*

else there is a bad connect'ion from 413-4
ïiolnrr-s.

Err 12

If 413-4 is high then replace 413*

el sg

if All-8 is low then rePlace All

'else there'is a bad connection from 413-4
iñ-Rr i-a .

Err i1

Go to (4)L

Procedu reDi spl ay
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(4) Press each key in the sequence given below and verify that the

correct character is disPìayed.

0
1

2
3
4
5
6
7
I
9
A
B

c
D

E

F

t
p
u
r
H

,ø,
tLt
t2'
'3',4'
'5'.t6'
,7,
,B'
rgt

'At
'B'rc'
rDt
tEt
tF'

'SINGLE STEP'
'G0,

'SUBST MEM'
.EXAM REG'

'EXEC'

Di s p'l ayKey

If any errors then rep'lace 413.
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(5) Press 'NEXT' key

X is any hex dig'it.

Parallel I/0 / timererror.

The second hex djg'it (X) indicates whjch device(s)
failed the para'l'l e] I/0 test with a bit set for each
devìce whi ch fai I ed.

et - repì ace 416
et - rep'lace 417
et - rep'lace 415
et - replace 414.

If no device fa'il ed the I/0 test the second digjt wilì
be 'Ø'. If all failed it w'ill be 'F'.

Bit ø S

Bit 1 s
Bit2s
Bit 3 s

If the first dig'it js 4,_a_TRAP error is'indicatecl as

well. The processor will loop repeating the I/0 and

trap tests, producing a 1ow pulse of duration 43¡rs at
416-6 every 2.4ms.

lI pulses do not appear at A16-6 then replace A16*

el se

if pulses appear at All-6 then repìace All

else there is an open circuit from A16-6 to All-6

In ejther case, to proceed to next tes'b press.'NEXT'
and the display should show .....5. Go to (6).

Err 3X

Err 4X

Serial I/0 error. The processor will loop, produc'ing a

lKHz square wave at SOD (411-4).

If the square wave is not present at A1i-4 thgn replace
A1 1*

el se

if the square wave 'is present at Ai1-5 then
repl ace All

, else there is a fault in the 'interface circuit -
trace with a CRO and fix the fault.

To proceed with tests press 'NEXT' and go to (6).

Err 21

Go to (6).5

Proced ureDisplay
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(6) Renove connectors P3, P4 and P5 from J3, J4 and J5.

Insert connector Pl into Jl and P2 into J3.

Insert connector P6 into J5.

Remove link 2Ø-21 from SDK-85 board

Remove link 4-3 from SDK-85 board.

Remove link 7-8 from SDK-85 board.

I^IITHOUT REMOVING PObIER OR PRESSING RESET.

Press 'EXEC' to execute the RST 6.5 test.

X is 0, I, 2, 3, 4, 5, 6 or 7.

X indicates the type of fajlure detected in the opera-
tion of RST 6.5 as follows:

Bitøset-RS
Bitlset-RS
Bit2set-RS
Bit 3 is always clear.

The processor will enter a 'loop repeating the RST 6.5
test wh'ich wi I I produce a tra'in of hi gh pu'lses at
AI5-24 (tSSus 'in 4.4ms)

If there is no pulse train at 415-24 then replace 415*

el se

if there is a pulse train at All-B then replace
All

el se the s'ignal from 415-24 ts not propogat'ing.
fro¡n 415-24 to All-8. Trace the si gnal with
a CRO to indicate the cause. Replace A5* if
it appears at A5-12 but not A5-13.

To proceed to the next test press 'I'IEXT' . The display
should show .6.

Go to (7).

nput detected as high init'iaì1Y.
nput detected as low after being
et hì gh.
nterrupt did not occur

T 6.5 i
T 6.5 i

S

T 6.5 i

Err 5X

Go to (7).6

ProcedureDi s p'l ay
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(7) Press 'VECT INTR' key.

No active transition at the RST 7.5 input was detected.

Press 'VECT INTR'and observe the log'ic state at All-7.

If All-7 goes low when key is pressed then rep'lace All

älsg the key, or connection to All-7 is fau'lty.

To proceed to the next test press 'NEXT' and display
shows'Err 61'.

Press 'NEXT'again and the disp'lay shows ' . . . . .7'

co to (8).

6

An active transition was detected at the RST 7.5 input'
but the interrupt failed.

Repl ace All.

Err 62

Go to (B).7

Proc ed ureD'ispl ay
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(B) The 'INTR' test 'is optionaì, and need not be executed if the hard-
ware to produce the 'interrupt vector is not present.

If the test'is not to be executed then press 'NEXT' (display should
s how .B)

Go to (9).

else to execute the test press 'EXEC'.

Interrupt failure. The processor will loop, repeating
the jnterrupt test. A train of positive pulses 12us
wide at 67ps'intervals should appear at 415-25 through
connectors Pl and P2 to All-10. All should produce a
t,rain of Il{TAlpulses }-,¡rs wide at 67ps intervals at
All-11 through A3 and Jl to the external interrupt vec-
tor hardware. This should apply a RST 3 vector through
JI, A4/A7, to AL1.

Thi s path 'is too di ffi cul t to debug compì ete'ly but the
fol I owi ng procedure may be fol I owed :

A. If INTA/pulses are produced at All-lL then go to C.

B. It INTR pulses are present at All-10 then replace
A1 1*

else I

if no pu'lses at 415-25 then replace 415*

else there 'is an open c'ircujt from 415-25 to
A1 1-10

C. If lNTA/pulses are present at A3-12 then go to D

else there 'is an open circuit from All-11 to A3-L2.

D. If INTA/pulses are present at J1-16 then go to E

el se

if no pulses present at A3-13 then rep'lace 413*

else there is an open circu'it from A3-13 to
J1-16

E. Replace All and repeat the test(s).

If the same error occurs then replace A4 and 47.

To continue to the next test press 'NEXT' and the displ
wjll show'.... .8' Go to (9).

Go to (9).8

ProcedureDi spì ay
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Test 8 is a test for the t'ime on t,he optimal expans'ion RAM chip 417.

If the test is not to be executed then press 'NËXT'and the dispìay
will show.... .9

Go to (10)

el se press ' EX EC' .

Timer output rema'ined low for too long after the h'igh
to low transition. Proceed as for Err BL.

To proceed to next test press 'NEXT' and the d'isplay
will show .9.

Go to (10).

Em 83

Timer output remained high for too long after the
timer was started. Proceed as for Err 81.

Err 82

Timer output was
cessor will loop
should produce a

at 417-6.

read 'in as j ni ti al 1y ì ow. The pro-
repeating the test every lms, whjch
low pulse of duratjon 40us every lms

If no pu'lse train present at 417-6 then replace 417*

el se

jJ pulse train is present at Al7-28 then replace
At7

else there is an open circuit from 417-6 to
At7 -28 .

Err 81

Go to (10).9

ProcedureDì spl ay
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(10) hlhile the display shows .9 the processor is loop'ing, wrìting to

and reading from each address jn the range 8000H to FFFFH.

The processor wrjtes 00H to each locat'ion, then reads it back for

each of the 32K locations. The process is then repeated, writ'ing

and reading FFH.

The test is designed to exercjse any memory entered to the SDK-85

board, as well as the read logic assocìated with buffers A4 and 47.

A start pulse at 410-7 and a stop pu'lse at 410-9 are prov'ided

(c'locked on RD/ or WR/) to enable the use of a signature analyser

to verify the data read or written.

The test procedure will depend on the logic attached to the board, so

no specific procedure is given.

To proceed to the next test press 'NEXT'.

Go to (11).
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(i1)

then

then

el se

th en

el se

then

el se

then

else

then

Note ( 1) :

A. If
B. If

c. If

D. If

E. if

F. If

All-33 'is high

A3-9 is high

A9-2 is high

Jl-|?. is h'igh

A3-10 is low

A9-5 is high

I,lith the processor in the hold state it
i s poss'ibl e to veri fy the hol d acknowl edge
ì ogi c as fol I ows:

go to B else replace All*.
gotoC

there is an open circuit
from All-39 to A3-9.

gotoD

open c'ircu'it from All-39
to A9-2.

gotoF

go to E.

repl ace A3*

open circuit from A3-10 to
J1.-r2.

gotoG

G

else repìace A9*.

Check that A1-L, A2-7, A4-1, A6-1 and A7-1 are all
high. If any pin is not, there is an open circujt
from A9-5 to that pin.

The attempt to place the processor in a hold state has
faìled and the processor is now halted.

A. If All-39 is high then rep'lace All else to to B.

B. If A3-4 js high then there js an open circuit
from A3-4 to A1i-39

If A3-3 'is high

If 415-26 is low

else go to C.

then repl ace A3*

else go to D.

then rep'lace 4L5*

else there is a

fronr 415-1

C

D

n0
6t

pen ci rcui t
o A3-4.

Err HH

The final test has succeeded and t'he processor has
entered a permanent HOLD state. (See note (1) below.)

Testing of the SDK-85 is complete.

Proced ureDi s p'l ay
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APPENDIX G

LISTING OF THE 8OB5 FUNCTIONAL TEST PROGRAM

( sLrrsr . ve )
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3Errg0 lflislflsf ,vB rrrd05 ç¡.:mofile ¡agewidth(110)

ISIS-II B080/8085 llACR0 ASSEÌ1PLER, V3'0

LOC OBJ LI IIE

1;
?;
3$
¡tt
5;
6;
7i
8i
7?

10;
11 ;
ll t

13 ;

14;
ac .
ItJ 

'1ó;
L7i

HOTIUI.E PAüE 1

SOURCE STATE},lEIIT

ttfÍ*t**1.{rrs****Ítt($*ll*tlrttt*t*$l*ft{X{Èt$t**ü*X***rti$f$*l*f**l${l(i$Í$**

TITLE ('8085 Self-test Prolren VB')

1***tfÍ**t$$***:È*Í*r*$rxt:*tx*f*t**t*s**8Í-.1t*t$*Í**lfr**ft**f**Í*trstt**{*$$t

::::=::::=l::1.:::::::

COPYRIGHT (C} 19BO

H, J. LIEBELT

ILECTft ICAL TNGINiERII'IO DEPT,

UNIUTtlSITY OF /1I¡ELAITIE

tL/a7 /8()

stf Í*1*tTx(**Ë{*1lr#rÍ:tfi*f *f :Í:t*.ru*trst*s**|*xx*Ìt****rrtt*lrtttf t*f t****¡t*Ë*{

SLFTST IS A SEI-F'ÏISÏ PFIOGF|AH FOR ÏI{E BOBS I,IICROFROÊESSO,RI I}IIEN¡ED TO

VERIFY TI]I II{TIORITY OF Tl.lE CIIIP BY EXEÍìCISING ITS FUIICTIOIIAL UIIITS (lilUI
ACCUIIULAI'0ti¡ Rt6I9TËR ftRttAY, ETC,), THt PFi0üRAl'l IS ITIUIIìttr IllT0 A SERItS

0F TE$lSr tACll D[SIGN[[ T0 TEST THt 0PäRôTIO]'| 0Ë 0i'lE FUNCI0IIAL U]'llT,0R A

S}IIìLL ÚftlJtJP OF RELATEü FUìICTI(]l'{AL UNI'IS. THE OPTRATION OF THE FUIICTIOIIAL

; UNITS IS \IERIFIEI IY FLACII'Iß IIATA (IJI1ICH TEFËNIIS ON CORRECT OPIÊATICì}I OF TI]

FUNCTIOl.lAL UII]T) t]I{TO TIIE IIrìTA AIIII AIIiIËi$. ËUSSES. THI9 TIrìTA IS OTTSTRUTTI

USINO A SIOI'iåTURE AIi/iLYSIF| CLOCI{TD TII RII/I IJR/ OR ALE,

THE TTSI.IS TO IIE TXICUTIII ]HhEIIIATELY fIFTTft 9TA6E I OF T}IE SNK.85 SIçiIAT

URE AIIAI-YÊIS RDUTINE. IT iS TXECUTIU OII RISET UHEN THE GREEN F'LUG IS I}I3ER

iNT0 THE rlIrlrFltSS 3tl-tCTI0ll 5t][KtT 0ll TllE StrK-95 B0At(tt, lJHICll INTEFiIHAllGËS

THE CSCi ÊjNTI CSl/ LII'iiS TO TIä\,ICES AI4 AIiIl A15, IT ALS(} TIES ATIIIRES$ LII{E$

A9 Alltr iliç1 0ll TllE EXF'AIISIlìll R¡H (415) tiIGH' UHICH CAUSES TllË F'FIOCES$ûR T0

START tll[CUTiNù AT LOCATIOII ó00H Il,l A15' 'lllt TIRST FEr'l LOCATI0IIS FR0}1 É00l|

C0tlTAIll A.lUllP T0 fHE tXlEñflAL R0H lìT 8000H, UHICH C0NTAlllS ïllt SELF TEST

Pfi0GRlrl'! t'R0FtR,

LOCÉiTiI]Ii$ ót].}H TO ó3FH IIì AI5 ALSÛ COI{TltIII A CHAIN OF ,RST, 
II{STRUCTIOIIS

USTII IiI THT IÙURSE OF EXICUTIIiO THIS FROGRAH.

.to

l9
9n

21

2?

24

?.3
.tL

?7
no

?9

t0
l1
11

ì7

34

3S
1t

l7
:lt

J?

40

4t
.1?

c03c

0038

43 cSó t0U

44 t57 ttlu
45

4 6 $ EJED'I

30H

38H
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ISIS-II g0B0/80'd5 l1ACftO ASSEITBLER, V3'0 ll0trULE

8085 Self-tert t'rosran UB

LOC OBJ LTNE SOURçI STATTI,IEIII

0600 47 0R0 0600H

4B

49

0ó00 F3 50 STARTT tìl
0ó01 c30280 JHP 5LFTST

PAGE 7

;IN A15.

ïJUilP T0 HAII| PR(]oftAil,

iRST 1 LOCATIOII

;RST ? Lt]CATION

;ÑST 3 LOCATTON

;RST 4 LOCATIOII

;RST 5 LOCATIOII

;RST ó LOCATI(]II

;RSt 7 L0CATI0il

0ó08

0ó08 c7

ORG

ftsï

0R6

RST

ORG

RST

oftG

ftsT

0R0

RST

iEJECT

tlJ¡

52

53

54
BT
rrrJ

5ó

37

5B

59

ó0

ól
62

ó3

ó4

ó5

ó6

67

ó8

ó9

70

7L
11

73

74

75

0ftG

ÑST

ORG

RST

START+O8H

0

START+IOH

I

START+1BH
î
ß

START+2OH

3

STAI{T+2BH

4

START+3OH
Ë.t

START+38H

ó

0ó10

0ó10 cF

0ó18

0618 D7

0620

0ó20 ttF

0ó28

0ó28 E7

0630

0ó30 EF

0ó38

0ó38 F7
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ISIS-ll 8000/80t5 llAtiR0 ASSElltLtR, tJ3,0

80BS Self-legt ProãrêB llg

Lf]C ()DJ LINT SI]URCE gTATEI1INÏ

HODULT PAGE 3

8001

8001 40

8012

8014

8016

8018

BOIA

801C

80lE

B0?0

8021

8022

8023

80?{
80r.,

8028

80?9

80?A

8028

BOOlH

40H

76

77

7B

79

80

8t
B?

B3

s4

85

Bó

87

B8

B9

90

?1

92

93

94

93

9ó

97

98

99

100

101
f lì?

; IIATT1 FOR ÍrRITIII,ITTIC TNSTRUCT1OUS

i ltsT.

STI\RT tlIIIì STOF' PULSES FOR THE ËIGI{ATURE A}IALY5Eft ART PROVIIIEII BY

EXETU'ÍIN0 IH Alln ouT IllsTRUcTI0¡15 AT 38H (8?05 C57l) ANU JoH (Ë?Û5 CSó/)

FOR START AHiì STOF' HESF'ECTIIJELY, EXTEÑNAL LOüIC IS REOUIRf:It TO IlECOllE

THE CHIF SELECT Lll{ES HITH Ttr[ I0/tt STATUS LIli¡ T0 PR0DUCE THt STAftT

¿ìIIN STOP PIJLSTS, FOTH II'I A'Í.{II OUT AF|E EXECUTËTI TO ALLOU IITHER RD/ OR

UR/ TO BE USTD FOR THE SIOI{AIUI{Ë I\IIALYSTR CLOCK.

ORG

TB

8OO? DB3E

8004 Ir338

800ó trB30

8008 D330

800Á 3E00

B00c 3c

800D D300

800F c20Ds0

SLFTSTi I}I
()UT

Ill
OUÏ

cs7

0s7

csó

0sú

;STOP F'ULSES,

t

iSTART PULSES.

t

103 Lli
104

105

10ó ;

SIÀR'Í OF THT SELF TEST I'ROGRùII F'ROPER.

ACCUhULATOR TTSÏ

THE ACcUilULAlOt. TEST SI0RES AHn READS 25ó BYTES 0F IIATA FR0H Ar IIRIIIN6

THT DÞ.TA READ FROI{ A TO THE IIATA BUS BUFFERS I,OR \,ERIFICATION.

llVI lt r 00ll

TIIR A

ouT 00il

JilU Ll

REGISTER ARRAY TEST

THE REGISTEÍI ARTIAY TEST STOÑES AI{R READ9 25ó FYTES OF IIATô iII TA|]H OF THE

F|EGISTERS BICIDITIH I L. THT TIATA IS OESER!|EN EY URITING FiIOISTTTI PAIRS TO

THË AIIITftESS B[]S (li0v l{rA i STAX F ; STAX tl),

107;
108 i
l0? ;

110;
111 ;

tL? i
ll3;
1143E00

0ó0 i
0E02

I ó03

tE04

?¿û5

2E0$

77

ú4

77

74

3C

c22090

77

6D

77
1t

115

11ó

tli
tlg
119

1t0

l?1 L?i
l??
l?3
t?4
t?9
1?6

12i L3l
1?B

t29

130

r{uI

llvI
HUI

Hl,I

lrvr
llul
t{ut

t10u

H0u

t10\,

IIIR
tllR
Jt'lz

H0tJ

HOlJ

H0\l

iHR

4, 00H

Er01H

C,0?H

Ir03H
Er04H

}lr05l.|

Lr0éH

Ìlrfl
HrH

ilr 11

H

A

L2

hrfì
LrL
H¡A

L
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ISIS-II B0å0iB0BS HltCR0 ASSEhILER, V3,0
$085 Self-lesl ProÉrarr VB

Lt]c 08J LiNE SOURCE STATF.HEIIT

If OIJULE PAGE 4

;CHANGE COilTEIITS clF THP.

iB -) Ï}IP .> DATA BUS.

80?c

BO2[|

80J0

80il
8033

8033

8034

8035

8038

803?

803A

8038

803Ë
8030

8040

804 I
8042

8043

8044

8045

8048

8049

8044

8048

804C

8040

3C

c22$80

T2
q'l

l2
t4
3C

C23'iå0

t2
$ü

12

1C

?F

c2rEB0

0?

40

07.

04

3C

c240s0

02

49

02

0c
?n

c248$0

8050 0ó00

805? ?5

8053 70

8054 04

8055 C?5280

8059

BOSB

8050

BOSE

805F

B0ó0

B0ó1

310000

3E00

47

[5
2B

3C

c25tB0

131

132

133 L4t
134

135

136

13i
138

139 L5i

140

141

14?

l4J
144

145 Lót
l4ó
r47

, 148

t49

150

151 t.7 !

1óó Lgi

t67
lLo¡UU

1ó9

170 i
lit i
t7? i
l7J ;

IIIR

JHZ

STAX

il0tJ

STAX

II{R

INR

JHZ

STAX

tl0|J

STA)(

I}lR

IIIR
Jlrz
STAX

H0v

STAX

INR

INR

JilZ
STAX

H0u

STA)(

I}IR

TIIR

Jllz

A

L3

n

D¡

D

D

A

L4

D

tr
¡
t
fl
IFLJ

B

Br

B

B

A

tó
B

Cr

B

c

A

L7

D

t

B

Ë15?

153

154
{ËÊIJJ

156

157

158

159

160

1ål
Ic?
163

164

tú5

ïtlF ïESt

IHE TEI{PCRËìRY RTËISTER TE$T I,IRITES 25ó BYTES OF TIATA TO TIIE REGiSTER

AllD REAITS IT BAI¡í tNT0 THE I¡iTtRi'lAL IIATA BUSr TIIEH THR0UûH

THE DATA BUS BUFI-ERS TO THE ËXTTÍ]|NAL DâTA BUS,

HVI

I|CR

r{0u

INR

Jilz

Br00H

H

Hr[t

B

LB

SP ANII TTECFIEI{ËI{TER TTST

174il IHIS TEST IIECIìEI.IEIITS THE SIACI| FOIIITER THROUGH ALL 6553ó UALIJESI AT

175 ; TltT SAHË TIIfE TTSTING THE (]F'TI{iITIOI{ OF T}lE TIECRE}IEI{ÏTR O}I EliCH OF THESE

lió ; Uri!-UTS. STACTi PI)INTER CONTENTS ARE TESTED TiY FEF:FOIi}IIIIG A 'PUsH tl'
t77 ; 0r'ËRATI0r{,

178 ;

179 LXI SP,0000H

lB0 l{Vl A¡00t1

181 l10U [t r A

182 L9i PUSH H

18J NTX H

IB4 II{R A

185 JltZ L9



ISIS-II 80S0/80Ë5 HACR0 ASSËÌ1ELER, V3,0
8085 Self-test Progra¡ U8

LOC OBJ LINT SOURCE STATTIIEIIT

3?9.

HOTIULE PAGE 5

TIIECI( CARRT CAN AE sET.

CHECK CARRY CôN BE RTSET,

; I}IITIALISE FIRST OFTRAIID.

i It{ITIALISE SEC0}lir 0PtRfì}lD,

iSAVE THE FIftsT OF'ËRAHIì I}I C.

iTHESE INSTRUCTIOIIS ARE INCLUDETI HERE TO TEST

; THAT UHEN THE llL[J $ETS FLAGS, THEY AFit

; CORRECTLY ÏTSÏËü BY COI{ÐITIOI{AL JUI{P

; INSTRUTTIOi{S,

,

;

t

,

80ó4 04

80ó5 C2FE80

186

187

lBB

189

190

191

192

l9;1

194

1?5

1?ó ;
197

t98
199

?00

?01
1n'1

?03

?04 L10i
205 Lt0A!
20ô

20?
208

?09

ttO Ll0Bi
2tL
?12 Ll0Ci
213

214 Llo¡i
215

?1ó LloEi
?17

2IB

219

220

?21

???
11ì

2?4
1?5

?2ó

2?7
170

2?9

230

?31
lt')

')7t
n1 

^¿Ja
'ì7q
\1L

t7?
.'?O

.rTo

240

INR B

Jnz L9

i::_l::I

THE ALIJ IS TTSTED BY E)(TCUTIIIG ËACH FOSSIBLE flLU OPERATIiJII UITH ALL

P0SSIBLE VALUES 0F THE THO INFUT 0PERAI{ITS (ANltr LIHERE RELEVAilTT 0F CY),

TIIT EFFECT OF EACH OPERATION clI{ A A}ID Tl1E FLAßS IS EXÍ1HINETI [Y EXTCUTING

11 ',PUSH PS[d',.

80¿B 37

80É9 F5

BOóA 3F

80óB F5

sTc

FUSH

cHc

PUSH

t{l|I
il0tJ

r{0u

Ì10v

ADfJ

PUSH

JZ

NOP

JC

NOP

JH

Ìr0P

JPE

ll0P

t{0\,

SUB

PUSH

ì{0\'

fìNA

PUSH

l{0v
XRA

PUSH

lf0v

ORA

PUSH

tt0u

ctlP

PUSH

sTc

|t0u

flDC

FUSH

sTc

cttc

t10lJ

ADC

FUSH

sTc

Ar00H

BrA

CrA

ArC

B

FSH

LIOB

L10C

Llotl

LlOE

llrC
B

PSU

Ar0

B

P9H

ArC

B

FSU

A¡C

B

PS[J

ArC

E

F9U

llrC
B

ArC

B

P9Ìt

FSH

806C 3800

BoóE 47

80óF 4F

8070 79

8071 80

8072 F5
9073 cA77B0

807ó 00

BO77 TJATBBO

8074 00

8O7B FATFOO

Boit 00

8O7F El\Ë3BO

8082 00

8083 7t
8094 90

8085 F5

BOBó 79

80Bi A0

8088 F5

8089 i9
8O8A AB

SOBB F5

80ec i9
808D ¡0
BOEE F5

80BF 79

8090 [B
8091 F5

8092 37

8093 79
g0?4 8g

8095 F5

809ó t7
80?7 3F

8098 i9
809? 88

809A F5

B09B 37

PSIJ

FSH



ISIS-II 8080/8085 llACñ0 ASSEIÍBLERT V3,0

0085 Self-test ProÉran VË

L0c LINE SOURIE STATEI'IENT

330.

HOTIULE PAGE 6

iINCREIIINÏ OPTRIìND 12'
iRIPEAT ? CPERAND OPERATIO}IS FOR ALL 25ó

; VALUES OF OP, 12,

;SINGLE OF.EI1AIID I}ISTRUCTIOIIS.

B09C

809tl
B09E

809F

00A0

80Al
BOA2

8043 F5

B0A4 04

B0A5 C27090

OBJ

79
9B

F5

37

3F

79

9B

!41
242
?43

244

145

24ó

241

248

?49

250

?51

252

253

254

255

25ó

217
ìço4JU

259

260

2ól
26?
?ó3

264

?65

?6ó

?67
.lro

2ô?

270

211
27?

373

?74

275

?76

277

?7Ð

279

280

29l
?8?

283

294

285

286

287

288

289

?90

291

?92

293

?94

295

HOlJ

sttD

PUSH

slc
cHc

HOU

5EB

FUSH

I}IR

J}IZ

sTc

Ìi0tJ

RAL

PUSH

stc
ctlc

t{0tJ

RAL

PUSH

sTc

Ì,10u

RAR

FUSH

sTc

cHc

Ìt0l,

RAÑ

PUSH

5TC

Ìt0u

RLC

PUSH

STT

0Hc

H0v

RLC

PU$H

sTc

t{0v

RRC

PUSH

STO

crlc

ti0v
RRC

PUsH

Ìi0lJ

CHA

PUSH

l{0tJ

IìCR

PUSH

ll0u

ArC

B

ArC

ârC

B

F'Sll

B

LIOA

FSH

EOAB 37

8049 79

BOrlA 17

SOi1B F5

80AC 37

EOAtl 3F

80At 79

80AF t7
8080 F5

80Bt 37

B0g2 7?
g0B3 lF
8084 F5

8085 J7

80t6 3F

80Bi 79

BOBS lF
8089 F5

80BA t7

80c3 37

80c4 i9
80c5 0F

80c6 F5

80c7 37

80cB 3t
80Ë9 i9
BOCA OF

80cB F5

B()cc i?
80c[ 2F

80cE Fs

BOCF i?
8000 3Ir

BODI F5

8002 79

PSH

ArC

FSH

ArC

PSIJ

e0BB 79

Borc 07

808D F5

B0Bt 37

SOBF 3F

80c0 ir
B0ct 07

80c2 F5

PSU

PSIJ

ArC

ArC

ArC

PSI,I

ArC

PSt¡

ArC

PStl

ArC

PSU

A¡C

A

FSU

ArC



331.

ISIS"li B0B0/B0BS tfll0R0 ASSEIIBLERT V3,0 I'f0nULE PllüE 7

8085 Self-test ProErêrÌ, Vg

LOT OBJ LIllE SOUÑCI STATE¡'IEI{T

BOTIS

80t|4
g0tÌ5

3f:

F5

?96

?97

??B

299 ;

300 i
301 ;

302 ;

303 ;

304 i

INR

FUSH

JNT

A

PSH

110c2óFB0

80tlB

BODA

80IrC

80nll

80Irt
BODF

B0Ë0

80El
80E2

80E3

BOE4

80t5
t]086

80E7

80ËB

e0E9

SOEA

SOEB

8(rEC

BOEI)

80ËE

80tF

BOFO

80F1

80F2

80t 3

80F6

80F9

80FC

EOFF

8102

Bl05
B 10$

81 0E

OEOF

3E00

47

B7

27

F5

B7

17

7B
a1

F5

E7

79
7F

iB
27

F5

79
IF

37

7B

27

F5

78

3C

c2DCB0

},IVI

Il\lI
lr0u

0Rrl

DAA

PUSH

ORA

sïc
lt0u

TIAA

PUSH

ORA

tf 0v

INR

tl0v
DAA

PUSH

t10u

Iilñ
sTc

t{0lJ

IlAA

PUSII

il0l,
I ltñ

JNZ

CrOFH

Ar00H

BrA

A

FSU

ArC

A

FAA TTSÏ

THE DA/ì II{STRUCTIOII IS ËXEDUTEN UITH AI..L P(]9STIILE UALUTS CF AICY AI{II Afì.

THI ALU TTST IdILL HAUE UERIFIEII THAT CY ANII AC ART CORRECTLY SET AS THI

305 ; RISULT OF OTI]TR liLU OPERAI'IOIIS.

30ó

307

308

309

310

311
71,)J¡4

313

314

315

31ó

t17
318

J19

3?0

321
71')

313

324
1rÊ.

3?6
1 'r't

328

J?9
ì1ñ

331
't.I,t

333

334

335

33ó

337
-l -¡O

339

340

t41
342

343

3.t4

345

34Å

347

349

349

350

1L

;ttATA TO TNABLT AC gET.

íCY=0r AC=O

i AC=0

i tY=l

i CY=0

i AC=1

PShI

11

ArB

PSU

A

ArC

A

ArB

i ftC=1

iCY=1

ArB

PStl

ArB

A

Lll

IdZ REGISTIR TEST

A IIALKING BIT TEST IS EXTCUTTD TO (,TRIFY TllAT REGISTERS I'I I Z I,IAY

8E LOATIETI FROH THE IIATA BUS. TIIJHT 'OUT' I}{STRUËTIONS |ìFIE rìLgO EXECUITD

TO CHECK TII'1T IJ & Z ARË CORFIECTLY LOAIITD III PAÍïALLEL I'IITH THE SA|1E NATA.

NOTE ïHAì' THt 'LHLD' I|ISTFIUCTIûlìS FIEFERENCT R0ll L0üÊrTI0llS (Il{ 415) 0}lLYr

SO THE IIA]-A IIEAII lII I5 FRTIIIDTABLI.

240100

2A0200

?f|0400

2A0800

?A I 000

242000

?å4000

?ABO')O

LHLII

LHLTI

LHLII

LHLII

LHLII

LHLTI

LHL II

LIILD

0001 H

0002H

0004H

OOOBH

0c10H

0020H

0040H

00t0H



332.

ISIS-lI 8000/8085 HACI(O ASSEHÊLER, U3,0
8085 Self-test Frograç UB

LOC OBJ

I{ODULE PA6E 8

810E

8l l1
8ll4
81 l7
81lA
8l lll
81?0

8123

81?ó

81?8

8l3A
B12C

8l2E
8130

8132

8134

8144

8147

B14A

814C

8t 4E

8t4F
81:0
8r51
81$2

8r53

8t3å
gt57

LINi

351

J5?
353

354
lqc

J5ó

357

358

359

360

361

3ó2

3ó3

3ó4

3ó5

3ó6
3ó7

3ó8
' 

3ó9

t70
371

172
373

t74
3i5
376

SHLD

SHLN

SHLTI

SHLD

SHLD

SHLN

SIILIì

SHLD

OUT

OUT

OUT

OUT

0uT

OUT

OUT

OUT

0100H

0?00H

0400H

0800H

I 000H

2000H

{000H

8000H

0lH

02ll

04H

08H

r0H

20H

40H

80H

SOURCT STATIHENT

220001

?10004

2?000fì

?200 I 0

224020

2t0040
2?0080

Ii301

Ir302

Ir304

!308
ni10
[320

0340

Ir3g0

813ó 3E00

8138 47

8139 F9

813A 23

StiB t5
813C 3C

BlSD C?398r

B1{0 04

8141 C23981

IHCftEHE}ITER/NECREHENTER NO-OPERATIOI{ TIST

ÏHE ABILITY OF 
.IHE 

IIICREHTIITERiIIECREIIËHTTR TO F.ASS IIATfl UII}IODIFIEfJ

FRNfi THE ADNRESS LATCH IO THE REÛISTER ARRAY IS TTSTED BY EXËIUTII{ü

ó553ó'SPHL' IIISTRUCTIOIIS.

377 Ll2i

r{vI

t{0|',

SPHL

IHX

PUSH

INR

JilZ

INR

JNZ

Ar00H

BrA

;HL -) AL -) 5P.

iOTISERI/E SP.

378

179

t80

381

382
10?

384

385

3gó
70't

388

399

t90
391

393

393

394

395

H

}l

A

Ll2
B

112

[C fII{tI IIE ACCESS FROI{ INCRE}IE}ITER/TIECREIiEIITER

TIJE ABILIIY tìF THE INCREIIENIER/IIECRIIÍT}ITER TO CORRECTLY STORE tìAÏA

IN IIC ANIì IIE IS TESTETì PT EXECUTII{ü ¿5536'INX B'I 'STAX B'AND

'lCX D'r 'STAX [|' 0PtftATI0llS.

010000

110000

3800

2ó00

03

1B

0?

L2

3D

c24E81

c24tB I

3?ó LllAi
lc't
3?B

399

400

40t

401

403

404 ¡

405 ;

LXI

LXI

liut
H\lI

IHX

IICX

STAX

STAX

TICR

JNZ

DCR

JNZ

iINITIALISE BC,

;IIIITIALiSE DE.

;COIJI{TER.

;,
;URITE TO 8C Fft(]H INC,/NEC,

;URITE TO DE FROI1 INC,/[EC.
;PLACE (BC) 0¡l AIrtrt(ESS IIUS,

iPLllCT (TIË) (]II ATITIRESS EUS'

;8EI'EAT ó553ó TIHES.

l

i
,

Br 0000H

It r 000CH

Ar00H

Hr00H

B

D

I4

D

A

LI2A

H

LI2A

RTADING SP THI|OUGH }IIJX



333.

ISlS-ll 8000/8085 llAtR0 A$SË|1ûL[Rr V3,0 tl0tlULE PAGE I
8085 Self-test ProEran VB

LOË OBJ LII{E SOURCE STATEHENT

40ó i
407 ;
408 ;

409 ;
410;
411 ;

41?

4t3
414 LlSt

813A

B15C

8150

B1ó0

8161

8162

81é3

B1ó4

81ú7

8168

THT ABILITY OF THE SP TÛ BT READ OIITO THE INTËRNAL TIñTA BUs IS

TESTËD BY THt EXE0UTI0¡l 0F ó553ó 'tlAl SP' IilSTRUCTI0iIST THE RESULTS

0F HHICH ARE EXAHIlltn lY URITIHG HL 0llT0 THE ADníitSS IIIJS ('tt0tJ l{rA'),

3E00

47

210000

3?

77

3B

3C

c?5D81

04

c?sD81

81óB 310100

816E E5

81óF 310?00

8li2 Es

8ti3 310400

81ió E5

8177 310800

8t7A E5

BITB 311000

BTTE E5

8l7F 312000

818t t5
8183 314000

818ó E5

B1BT 318000

SlBn E5

81BB 310001

B18t Es

B18F 310002

8192 E5

81?3 310004

8196 E5

9197 3tC00B

819A E5

819$ J10010

819E t5
819F 310020

81â2 E5

B1AS 310040

Bll\ó E5

BIAT 310080

SP r 0001H

H

SP r 0002H

H

SF r 0004H

H

SP r 0003H

H

5F r 00l0ll
H

SF r 00?0H

H

SP r0040H

H

SPr 0080H

H

SP,0100H

H

SP,0?00H

H

SF r 0400H

H

SP r 0800H

H

SPr 1000H

H

SP r 2000H

H

SP,4000t1

H

SP r 8000H

415

41ó

417

4t8
419

420

421

422

423

424

425

4?6

427

428

4??

430

431

432

433

434

435

43ó

437

439

439

440

441

44?

443

444

445

44ó

447

449

449

450

451

452

433

454

455

436

457

458

459

4ó0

LXI
PUSH

LXI

PUSH

LXI

FUgH

LXI
PUSH

LXI

PUSH

LXI

PUSH

L)(I

I.USH

LXI

PUSH

LXI

PUSH

LXI
FUSH

LXI

PUSH

L)(I

PUSH

LXI

FUSH

LXI

PUSH

LXI
T.USH

LXI

Ar00H

BrA

H r 0000H

SF

l{r A

SP

A

113

B

Lt3

IIR]TIIIO SP THROUTH IÍUX

THT ABILITY OF THE SP TO BE LOAITN FROIJ THT TIATA IUS IS TESTED BY

A UALKII'IG BIT TEST. TIIE SP CONTENTS ARE EXAI{INEN BY EXECUTIO}I OF A
,PUSH' 

II.ISTRUCTIOII.

I{U I
h0(J

LXI

DAT¡

Ì,10u

IlCX

INR

Jllz
INR

JHZ



ISIS-II 8080/8085 HACR0 ASSEIIELERT U3,0

B0B5 Self-test t'rosraq tJB

LOC OBJ LINE

glAA E5 4ó1

4ó2 i
463 ;

464 i
465 ;

466 i
4ó7 ;

4ó8 ;

4ó9 ;
470 ;
47t
472

IIOIìULE PA6T 10

SOURCE STATEHENT

FUSH H

FLAO/JIJIIF',/CALL/RETURN TEST

THt FLAGS ANn FLAG TESTIIIG HECHAI{IS|{ ARE TESTEIT ITY.L0p|ITIÌIG IHE FLAG

REGISTTR FROH A TABLE (II,ILI(ING I'S) ll¡IÜ TESTIilG THE F|ESPO¡ISE OF ALL

A(/AILAT'LE JUIIPI CiìLL ANII NËTURH II{STFiUCTIOII$I AS INIIICATEN BY THE

SEIIUËNTE OF INSTRUCTION FETCH ADTIRESSES PLACT! OH THE ADI|ÑESS IIUS'

H I FLGTAB

8r (TABENII-FLGTAI)/2

115

116

117

118

119

L?O

L?1

L22

L?3

SP r 0000H

124

334

;TABLE OF PSII'S TO POP.

;N(], (}F TE$TS.

;RESET SP TO NEXT TABLE ENTRY.

iUPTIATI TABLE FOIHTIR.
t

;L[)AN THE FLAGS.

;CIITCK THAT NATA IS RErlII I'ACI( FROH TH

; FLAGS CORRETTI.Y.

81AB

81AE

81t0
81Bl
8182

8183

8ttì4

21i883
0ó05

F9

23

2t
FI
F5

473 L14t
474

475

476

477

, 478

479

490

491 Lts:
482

483

484
¡ñE¡toJ

4BÁ

48t'

4S8

489

490

491

492

493

494

495

49ó

497

49S

4??

500

501

50?

503

504

505

50ó

50i
5Cg

509

510

511

512

513

514

515

LXI

}1V I
SPHL

INX

IN)(

POP

PUSH

JZ

llOP

JllZ

Nt]P

JC

NOP

JNC

NOP

Jll

NOF

JF'

NOF

JPT

NOP

JPO

N0t'

JHP

NOP

LXI
c7

NOP

ct{z

NOP

cc

t{0P

clrc

NOP

clt

HOP

CP

HOP

CPE

NOP

cP0

HOF

CALL

NOP

H

H

PSH

PSU

8185 CAB981

8ltr8 00

81!9 CzBDBl

81ÈC 00

BtI'n nAclEl
81C0 00

Blcl tr2[581
81C4 00

8105 FAD9S1

B1C8 00

81C? F2Cn81

B1CC 00

8lCtJ EAIì18I

81Ir0 00

81Dl E2Ir581

81tr4 00

BtIrS ClIr981

81[8 00

BIIì9 310000

8ltrc ccEoÊt

BlnF 00

8lE0 c4E481

B1E3 00

8TE4 tlCEBBl

BIET 00

81E8 tr4ECBl

BIEB OO

81EC FCF081

EIEF 00

8lF0 F4Flal
81F3 00

8lF4 tCFsBl
81F7 00

BlFB E4FCBl

slFB 00
glFC CD0082

SIFF 00

Ltó:

117 i

LlB I

119 i

L?0 !

121 i

L2?;

L?3 i

L?4 i

125 i

L?ó i

L?7 !

128 I

129 !

130 i

131 I

125

126

L2i

L?8

129

130

131

132



ISI$-II B0S0/8085 llACR0 A$SEIIBLERT V3,0

8085 Self-test Ftognao UB

LOC OBJ LIHE SOURCE STATË}IENT

335 .

iÍrTìNTITSS OF TATA TAFLL,

;IIC. OF DATA TYTE FAIRS.

iGTT IITXT FLAG NATíì FftOH TABLE.

;READ CY ANIJ AC.

iEXAHINE THE RISULT.

iSP POI}ITS TO I{EXT F'AIR OF BYTES I}I T

; ÛATA TABLT.

;TEST FOR E}IN OF TiìTILI.

t

}ÍOT'ULE PAOE 11

s200 318483
8203 CB

8204 33

8205 33

8?0ó c0

8?07 33

s20B 33

B?09 DB

B20A 33

B20B 33

820C n0

B20D 33

B20E 33
g20F F8

8210 33

8211 33
8212 F0

8213 33

0?14 33

8215 E8

B2ló 33

8217 33

8218 E0

82r9 3i
B21A 33

B21B C9

821C 33

821D 33

B?lE 05

82tF C?Ë091

8222 318283

Ð225 0ó04

8227 FL

8228 27

8229 F5

822A 3l
82?B 33

B22C 05

B22tr C22782

51ó L32i LXI
RZ

I}IX

INX

RilZ

I}IX

IIIX

RC

I}IX

I}IX

Rllc

IN)(

INX

Rt{

II{X

II{X
RP

IIIX

IilX
RPE

I}IX

INX

RPO

IIIX

INX

RET

IHX

Ilrx
BCR

JilZ

SP

SP

SP

SP

SP

SP

SP

5P

SP

SP

SP

q9

SP

SP

SP

SP

SP

SP

B

114

541 140¡

342

543

s44 L4l i
545

546

547

549

549
ÊcA

551

s52
EÉ?
.JJ*)

554
ÉÊqJJJ

555

557

559
qF.o

5¿0

561

562

5ól
164

5ú5

5ó5

5¿7
ç/.o,9U

5,(9

570

SF r ÊtTTAB

517

518

s19
t?0 L33i
5?1
ç1nU¿É

5?3 L34i
524
ËôÊ
tJ ¿TJ

<,.l¿ I 7q.JÉU LÙUI

527

528

529 L36i
530

531
53? L37i
533

534

535 LSsi
536

537

538 L39i
539

540

IIOU TEST THAT THE FLAËSI IJHII{ URITTTN FROI'I THE [|ATA BU$ (POP PEII)I IIRE

CORRECTLY REAII BY THE ALU (IIAA). .CY ANTI AO ARE THE OIiLY FLA6S COIICEftIITI]I

AIID UHE}{ THE llllA INSTftUCTIOII IS EXECUTEI] THE rICCU}IULATOR !IILL BE STÏ TO

OOI OóI óO tlR óóI TIEFEIIIJING ON THE IJALUTS OF CY ANl) AT,

1AL4

LXI

ilVI
POP

TìAA

PUSH

INX

iNx
TICR

JilZ

SP r FLGTB2

I ¡ ( TB?EìItr-FLGTP? ) /!
PSU

PSU

cÈl
JI

SP

B

L4 IA

IHTEFIRUF'T iIASI.i A}IN E}IABLE FLAG TTSÏ

THT IIITEFIIIUFÍ CONTROL CIFICUITS ARE TESTEII AS FOLLOI¡ISi

-ALL g POSEIBLE II{TTRRUFT IIASI(.S ARE I¿RITTE}I (I]ITH THI URITE TIIABLE BIÏ

SET) Aì{Il FEAtI tiACi(:;

-AII ATTE}IFT I5 IIAIIE TO IJRITE TO THT HASK REGISTER UTTHOUT THE ENABTE BI

SET AHN A CHECI( IS I4htIE TO SEE THAT IT IS IIOT HODIFIIII;

-Tl1t IIITERRUFT EllABLt trlÏ iS TESTEIT T0 SEË THAT IT CAlt BE SETr RESEÏ All



ISIS-II B0B0/80Ë5 ¡14ûR0 ASSEì'IBLER, V3.0
B0BS Self-test Progr¡m VB

LoC 0ttJ LINE

5it
573

573

57{

575

57ó

577

g?30

o.).l tU¿JI

8?33

8234

8235
8?3ó

8?37

823?

823A

82iC

B23F

8240

8241

8242

824 4

8245

8246
824B

F3

SEOB

30

JL

47

?0

IITOO

78

FEl O

c23382

AF

30
?t1

D300

FB

?0

0300

F3

379

580

58t
sE!
583

584

585
EO¿

587
Fõô
srO O

FñõJOt

590

591

59?

5?3

594

595

596

597

598

599

ó00

60t
ó02

ó03

ó04

É05

å0ó

607

ó08

ó09

ó10

ó11

6t2
613

614

615

ó16

6t7
618

ó19

6?0

ó?1

¿22

ó21

6?4

625

DI

Hl,I
sïll
IÌIR

t10v

ftIr,l

OUT

H0!',l

CPI

Jr{z

XRrl

S]H

RIH

OUT

ET

RI}I

OUT

TJI

824?

824[
g24D

B24E

B24F

8250

8251

821?

82S3

8234

8255

8256

E?57

B25B

8?59

B25A

8258

319C83

FT

cl
D1

E1

BO

8t
82

83

84

85

87

Bó

F5

AF

EB

89

HODULE P,ì6È 1î

SOIJRCE STATTI{ENT

CORRECTLY READ,

INTIRftUPT PROCESSIIIÜ IS NOT TESTED }IERE AS IT REIIUIRES THE USE OF EXTERHA

(STILL UIITESTETI) HAÊ!I.IARE.

336.

;CHECK IE AIID IIASKS

;GTT }IEXT IIASK.

|CHECK FOR LAST.

;CLErìR A.

iATTT}IPT HASI( CLTAR.

;CHTCK IiO EFFTCT . ALL HrlSK$ SHOULD BE SET,

;SET IE.

sig L42i
ArOBH

A

BrA

00H

ArB

10H

L4?

A

00H

00H

INSTRUCIOI{ DECOIìER TEST

ALL I}{STRUTTI(JIIS IilHICH HAI,E HOT BEEN EXECUTEû ALT{TAIìY

ARE ll0l,l EXEIUTED,

(A) - ARITHIIITIC IIISTF(UCTIONS.

T0 TEST THE 0F'ERATI0N 0F THt ARITHi'lElIC IIISTRUCTI0IIS, THE REGISTERS

At(E LOAiIETI (FROI,I A TABLI) I,IITH tlATA IIHI()}I IS IÍIAIIIIIGFUL FOR THE PâRTICULAR

OPERATIDN BEINT TTSIID (8.ß. IIOIIT OF THE RËGISTTRS IS L|]ATiED IIITH FTH FÛR

ïHE ',0R', TtSï),

SPr ITATAI

PSH

B

D

H

B

c

D

E

H

L

A

Ìt

PSU

A

I
c

LXI

P0Í'
FOF

POP

POF

AID

AND

ADI

AI|tl

ADTI

ADD

ÊìDD

AIrD

PUSH

XRA

Anc

Atrc



337.

ISIS-lI 8080/8085 IltlCR0 ASSEIlBLERT tJ3,0

8085 Sell-test Pnogr¡a VB

Loc 0[J

ilOIlULE PAGE T3

825C

825n

825E

825F

8?ó0

82¿1

82ó2

8?ó3

8265

8?66

8267

8?óB

826?

8264
8268

82óC

82óD
' 82óE

8?6F

8270
g27t

8272
8273

8274

LINE

ó26

621

ó28

629

6J0
631

ó32

ó33

634

635

636

637

ó38

639

ó40

ó41

¿,42

,643
644

ú45

ó4ó

647

ó48

649

650

651

ó5?

653

ó54

ó55

ó56

657

å5s

ó59

óó0

ó61

6ô2
óó3

ó¿4

óó5

óóó

667

óóB

669

670

671

672

671

674

ó75

ét6

677

ó78

67?

ó80

ADC

Alc
ATIC

ADC

AIrC

ATIC

PUSH

HVI

ANA

ANA

A}IA

AHA

ANA

AIIA

ANA

flHA

PUSH

XRA

XRA

XRA

)(RA

)(RA

XRA

)(RA

XRA

PUSH

LXI

POP

POP

FOP

SUB

SUB

SUB

SUB

SUI

SIJB

SUB

SUB

PUSH

SBB

s¡B
SI(B

sBt

SBB

sB8

SBB

SBB

PUSH

XRA

ORA

ORA

ORA

ORA

ORA

ORA

SOURCE STATTHEHT

8A

8B

8t
8D
gF

8E

F5

SEFF

AO

At'
A2

ll3

A4

A5

Aó

A7

F5

AF

AE

A9

AA

AB

AC

AI}

8275 AE

8276 Fs

8277 31A493

827A Cl

82iB U
827C El

827n 97

827E 90

82iF 91

8280 92

8281 9J

8282 94

8283 95

8284 96

8?85 Fs

828ó 9F

828i 98

8288 99
g?89 9A

828A 9B

82BB 9C

gzBC îD
g28D 9E

82Br F5

82BF AF

82?0 B0

8291 Bt

0292 82

8293 B3

8294 ß4

8?95 E5

D

E

H

L

rl

H

PSII

Ar

B

c

n

t
H

L

lt

rl

OFFH

PSll

A

t
c
D

E

H

L

tl

FS¡{

SPr IìATA2

B

Il

H

A

B

c

n

E

H

L

tl

PSH

A

E

c

D

E

H

L

H

PSU

A

B

c

D

E

H

L



338.

Lt)C OFJ

829ó Bó

8297 B7

E??8 FS

821.9 78

B29A BF

8298 F5

B29C 79

829n 88

829E F5

829F 7A
g2A0 ¡9

ISI$-II 8080/8085 llACR0 ASSE},IBLERT lJ3,0

8085 Self-test ProEran UB

|'1OTìULE PAOE 1{

LINE

ó81

682

ó83

ó84

685

686

,187
¿ooouu

689

690

ó91

692

ó93

$94

69s

ó96

¿?7

ó?8

'ó9?
700

701

702
703

704

i05
706

707

708

709

710

7u
7t2
7lJ
nq
715

7t6
717

it8
719

i20
721
7?2

7?J

7?4

i25
]2å
727

7?8

729

i30
i3t
11'l
)'r?

734
't? ç

ORA

ORA

T.USH

l,f 0u

cltF

PUSH

HO\,

cllF

PUSH

lr0u

ct{P

PUSH

HOlJ

cfrP

PUSIl

lt0u

OHP

FUSH

ltt}lJ

clrP

PUSH

H0lJ

cltP

FUSH

H0v

CHP

PUSH

ArB

A

PSH

ArC

D

PSU

ArIl
Ë

PS}J

ArE

D

PSl,l

ArH

E

FSH

ArL

H

PSId

Arll
L

PSU

ArA

l,l

PSII

SOURCE STATEIIENT

It

A

PSH

82Ar F5

B2A2 78

B2¡||3 BA

82A4 F5

8245 7C

B2Aó BB

8247 F5

8?AB 7I)

8tA9 BC

82f1A F5

8?AB iE
B2AC BD

82AD F5

B2AE iF
g?AF BE

B2BO F5

8?81

B2B3
o']DC

B2B7

8?F9

Ê2irB

B?8II

82FF

8?Cl
82C3

3E08

có10

Iró28

CESB

FóCB

TIElB

EEIì9

EóEN

FETID

F5

HUI

ADI

SUI

ACI

oftI

SBI
XRI

AI{I

CPI

PUSH

Ar 08H

t0H

28H

3BH

0Ct'H

18H

0tr?H

0tIrH

0trnH

PSI

(B) - ItltlE[ìIATE II{STRUtï10}{9,

THE OFPORTUNITY IS TAI(EH HERT TO USE TIATA LJHICH l]As OTHTRUISE HOT

BEEN READ I}I FROH THE DATA BUs (UNUSED OPCOIIES).

B2C4

B?87

82CB

B2C9

8?CA

82CB

B2CC

B?CIl

3AftB33

3D

47

3D

4F

3û

57

3D

(C) - }iOt|E INSTRUCTIONS.

NATAFD

A

BrA

A

CrA

A

!rA
A

LIIA

ncR

t{0v

DCR

l,t0u

DCR

H0u

TICR

;THIS TIATA IS I{OT REATI ELSELIHTRE.



ISIS-II 8080/8085 l'lA0R0 ASSEI1ELER, V3'0
8085 Self-test Frogra* VB

LOC f}BJ LINE SOURCE STATEHENÏ

339.

I{{}[ìIILE PAGE 15

iTHIS NATA IS I{OT RTAD ELSTIIHTRE (HLT OPCODE)

iTHESE 2 II{STRUCTICI}'IS ARE NCT TXTIUTET ELSE!j}I

; A}{D AftE COII\JTIIIEIITLY TESTËII HERE,

82CE 5F
g?çF 3tr

8?00 ¿7

82Dt 3n

8202 óF

B2!3 3tl

82n4 77

82tr5 t5
820ó Cs

82D7 lts
82D8 E5

8209

8?DC

82IrU

82DE

82DF

82t0
g2E1

8282
82E3

82E4

8285

828ó

8287

82t8
B2E9

8?tA
82tB
82EC

82tI)

73å

737
t70,0u

739

740

741

742
743
744

745

746

747

748

749

750

751

752
753

754

755
756

751
758
759

7êA

76t
7å2

7ó3

764
iÁ5
ió6
767

7ó8

769

770
771

772
773
774
775
776
777

778
779

780

79l
?82

78¡

784

785

786

787

788
789

790

lt0v
DCft

H0u

DCR

H0u

ncR

lf0\,
FUSH

PUSH

PUSH

PUSH

LXI

INR

DCR

t10u

DCR

110u

DCR

l10u

DCR

Ìt0lJ

DCR

l,t0u

DCR

Ìt0u

DCR

It0u

PUSH

PUSH

PUSH

LrA

ErA
A

HrÀ

A

A

lirll
F.$U

E

D

H

2l Art83

J4

35

4¿

05

48

OD

5l
t5
5A

1D

ó3

25

óc

2D

i5
c5

D5

t5

82EE 21l\A83

82F1 4E

Bzt? 00
g?F3 59

82F4 lD
82F5 óB

82Ft 2û

82Fi {5
82FB 05

8?F9 50

82FA t5
82F8 62

82FC ?5

82FD 74

BzFt Cs

82FF lr5

8300 E5

HI TìATA

H

t{

Brli
B

CrB

c
DrC

D

ErD

t
HrE

H

LrH

L

lfuL

B

I|

H

Hr IIATATó

Crñ

c
E¡C

t
LrE
L

BrL

B

DrIl

D

HrD

H

l'l r ll
B

D

H

H r DATATó

DrH

û

Lrl
L

76

2IfìAB3

56

15

6A

2D

LXI

ilou

DCR

H0v

ItCR

tl0|J

ncR

ilotJ

ttcR

It0u

trcR

l,t0v

DCR

l,t0v

PUSH

PUSH

PUSH

LXI

l{0u

T'CR

t{0u

DCR

8301

8304

8305
8J0ó

8307



340

I$IS-II 8080/8085 HACñ0 ASSEÌ1BLERr V3,0

B0B5 Self-test Pragras UB

LINE St]UÊCE STATEI'IEI{T

HOIìULE PAGE 1ó

CrL

LOC (]BJ

BSOB 4D

8309 0D

830A ól
8308 25

B30C 44

c

H

B

E

LrC

L

DrL

D

llr
B

TJ

H

8J0D 05

830E 58

830F lD
83r0 i3
B31l C5

8312 D5

8313 E5

8314 21AAB3

8317 5E

B31B lD
831? 43

B3lA 05

BSIB 60

B31C ?5

831tr 4C

B3IE OI,

831F ô9

8320 2D

8321 55

8322 ls
8323 72

8324 Cs

83?s D5

832ó E5

8327

832A

8328

832C

BJ2D

832r
832F

8330

B33t

B3t2
8333

8334

8335

833ó

8337

8338

833?

2IAAB3

é6

25

54

tã
42

05

ó8

2D

5D

1D

4B

OD

7T

c5

D5

E5

B33A

83JIl
otlEut9L
833F

8340

934 1

?1AAB3

óE

2D

ó5

25

5C

H, tATATó

ErH

E

BrE

B

Hrlt

H

Crl{

c

791
792
i?3
194
795

79â
797

799

799

800

801

802

903

804

805

B0ó

907

808

809

810

811
gt2

8r3
Bt4

815

Bró

817

818

819

020

8?l
822
o.'l

B2{
925

82ó

B2l
B?8

8?9

BJO

831

832

833

834
ÃtEOJJ

836

837

839

e39

840

841

84?

843

844

845

H0\,

úcR

HOt|

TìCR

HolJ

TICR

H0|J

tlcR

HOV

T.USH

PUSH

PUSH

c
Hr

H

Br

B

Er

E

l{r
B

tr

H

LXI
H0lJ

DCR

t10(J

ncft

t{0\,

DCR

lt0v

ncR

lr0u

ncR

tl0lJ

TìCR

Ì10u

FUSH

PUSH

PUSH

LXI
ìt0\,

DCR

ñ0u

DCR

tf0u

IlcR

t10l,

TICR

HOV

ncR

il0u

IlcR

H0\,

FUSH

PUSH

PUSH

LXI

lt0u

DCR

H0|J

TICR

tl0u

Hr I|ATATó

Hrl{

H

DrH

D

ErD

B

LrB

L

ErL

E

C¡E

c

lfuC

I
n

H

H I IIATATó

Lr l{

L

HrL
H

ErH

D



34i

ISIS-II 8080/8085 HACR0 ASSTHBLER, V3.0
8085 Self-tt,st ProEran VB

LOC OBJ LINE SOURCE STATE}ITNT .

}iODULE FAGE T7

8342 lD
8343 53

8344 15

8345 4A

834ó 0D

8347 4l
8348 05

8349 70

8344 C5

8348 D5

834C E5

8340 40

B34t 49

834F 52

8350 58

835r ó4

8352 óIr

8353 C5

8354 D5

8355 E5

835ó

83s9

835A

s35B

8350

B35F

8360

83ó1

8362

83á5

83ó8

83á9

83óA

B3óB

B36C

8l6tl
8370

BJ71

84ó

847

848

849

950

851
ñ<q
OJ¿

853

854

855

85ó

857

858

859

8ó0

BóI

862

963

Bó4

8ó5

86ó

8ó7

8óg

869

870
871

872

873

874

8i5
87ó

877
o?o9/ I

8i9
e80

881

882

883

884
oo(

886
oo't

ooo

889

890

891

8??

893

894

895

i

143 i

IEJECT

!cR
H0u

I|CR

H0\J

TICR

l,|0(J

DCR

H0u

PUSH

PUSH

Pl'lSH

l{0tJ

H0u

Ir0u

H0u

lt0(J

H0lJ

PUSH

PUSH

PUSH

LXI

LTIAX

IrCX

STAX

LXI

LIìAX

I ¡IX

STAX

sïA
LXI

XCHG

TTATI

TIATI

IIAD

IrAn

LXI

XTHL

PUSH

E

DrE

D

c

B

I|

Cr

c

Br

B

Hr

B

Il

H

B r ÛATAI

B

B

B

Il r IIATA?

n

Iì

I

Brl
Crt
Drlt

Ert
HrH

LrL
I
D

H

i
; (II) - I{ISCELLANEOUS.

019CBl

OA

OB

02

I I fl483

IA
l3
t2
320000

217600

IB

29

09
'to

l9
318483

E3

E5

8372 2t7783
8375 E9

8376 00

8377 tF

LXI

FCHL

il0P

RST

H

B

H

l

0000H

H,007óH

SP I RETÏAB

H

HrL43

7 ;EACK TO STARI \,IA RISTART$.



lSlS-ll 8080/8085 HACR0 ASSËHBLER, U3,0

8085 Self-test Progran VB

tf)c oBJ

342.

IIOTIULË PAGE 18

iDATA FOR FLA0 TESTI CY=l,

i P=1.

i AC=1,

iZ=1,

t¡-lr

i CY-0 r AC=0.

iCY=lrAC=0,

iCY-0rAC=1,

i CY=l rAC=1,

;RETUR}I ADNRTSSIS FOR C${NITIONAL RETURN TTST

;TIATA F(]R ARI'ÍHI,IETIC INSTRUCTIOIIS TEST - I'SIJ,

; BC.

ilrE,
iHL - HL IS STT TO A}I ADDRESÍj lli THIS ROII SO

i THAT A FIT.EI ìJALUE CAII TIE LOADEII FFiOll

i THE 'il NEûISTER"

;FC,

; DE.

;HL - SET IIOTE ABOVI.

;NATA II(]T USETI ELSTI,IHERE.

i'

;DrlTA Ff]R ARITHIIETIC INSTRUCTIONS

I ïtsT,

LIIIE

896

897

898

899

9OO FLGTAB| NB

901 DB

902 DB

903 DB

90{ IIB

905 TABEIID¡

90s
907 FLGTB2i DB

SOURCE SIATEHE}IT

NATA TABLES

0lHr00H

04H, 00H

l0Hr00H

401.l,00H

80Hr 00H

8378 0l
8379 00

8J7A 04

8378 00

83iC t0
8370 00

B37E 40
g37F 00

8380 80

8381 00

8382 00

8383 00

838{ 01

8385 00

838ó 10

8387 00

8388 lt
8389 00

8384 0682

838C 098?

838E 0CB2

8390 0F82

83?2 1282

8394 1582

83?ó 1882

8398 1882

839A 1E02

911 TB2ElrDi

912
913

9I4 RTTTABI

915

91ó

917

9ts
919

920

921
n2
923

924
925 nATAli

92ó

927

928

9?9

930

931

932 DATA?I

933

934

935

93É DATATó

9i7 DATAFD

938

939

940

941

00H r 00H

01Hr00H

10ll r 00H

11Hr00H

133

134

135

L3ó

137

138

139

141

0000H

OF7F3ll

OFlFOH

83FFH

908

909

910

DB

TIB

IB

ttu

Dr¿

t|U

NB

I|B

140

NU

DH

DU

Irhl

tlül

Irt{

DU

NH

I)H

DH

TIH

Irl¡

DU

B39C 0000

839E F]FT

83A0 F0F1

83A2 FFBS

8344 2010

83Aú 0804

83A8 0180

BSAA 7ó

83AB FD

83FF

83FF EO

l0?0H

0408H

BOOlH

7óH

OFiIH

BSFFH

OEOH

ORG

IrB



ISIS-II 80g0/8085 t1ll0ftO ASSE|IBLERT V3,0
8085 Self-test ProEra* VB

Lt}C OBJ LI}IE SOURCE STATEHTilT

PUBLIC SYHBOL$

E)(TERIIAL SY}{EOLS

942
943

944 END

I{ODULE PAGE 1?

343.

NATAF! A

L1OB A

Ll?A A

118 A

L?3'A
L2? A

134 A

L4A
L5A
SLFTST A

USTR SYÌlIOLS

cs6 A 0030

FLOTAB A 8378

L10C A U07B

113 A B15D

Lt9 A B1C9

L2{ A 81t0
L3 A 80?8

135 A B?OC

L4O A B?1II

L6 A 8040

STARÍ A 0600

cs7 A

FLOTB2 A

LIOD A

114 A

L2A
125 A

LJO A

L3ó A

L4I A

LiA
ÏABEIID A

DATAT A

Ll A

L1OE A

115 A

L?O A

L?ó A

131 A

137 A

L41A A

LBA
ÏB2ENN A

DATA2 fì

LlO A

111 A

116 A

121 A

L27 fì

132 A

L3g A

142 A

L9A

NATATó A

LIOA A

112 11

LT7 A

L22 A

128 A

133 A

139 A

143 A

RETTAB A

0038
oIo'lI JUÀ

BOTF

8180

80?0

81t4

8lF8
820F

8?1t
8048

8382

83?C

800c
8083
g189

BlCD

B1E8

81FC

8212

8227

8052

8384

83A4

80óF

80trc

BlBD

Stnl
elEc
8200

82ls
8?33

805E

83AA

8070

Bl39

81C1

81t5
8lF0
8?0ó
g?18

Bl77

8384

8]AB

8077

814E

8lc5
81D9

81F4

8?09

8030

8034

8002

ASSEI{BLY COHFLETËI NO ERFIRS
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APPENDIX H

SIGNATURE SET FOR THE BO85A FUNCTIONAL TEST
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Siqnature Set for B0B5A Functional Test Proqram (SLFTST.VS)

Stage IA

(1) Insert the GREEN p'lug into the address selction socket.

Apply power to the system and press RESET.

(2) Verify the following signature sets:

A: With CL0CK (.lF-) = RD/ (411-32)

START (A) = I0CS6 (Refer to Fis. s.3)

STOP (1[-) = I0CS7 (Refer to Fig. 5.3)

5933
47CA
BO3F
3463
1314
39UC
HPA4
AAlC
5644

Vcc
ADO

ADl
ADz
AD3
AD4
AD5
AD6
AD7

All
All
All
All
All
All
All
All
All

-40
-L2
-13
-14
-15
-16
-17
-18
-19

Si gnatureS'igna'l NamePin

B: With CLOCK (3f) = ¡¡R/ (411-31)

START (:L) = roCS6

sr0P (Jl) = r0cS7

7 1AC
P82U
4200
UlUF
HAF9
62t6
U lCU
5459
752H

Vcc
ADO

AD1
AD2
AD3
AD4
AD5
AD6

AD7

All-40
All-12
All-13
A1 1-14
All-15
All-16
A1 1- 17
All-18
All-19

Si gnatureSi gna'l NamePin
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C: hli th CL0CK (-L) = ALE (411-30)

START (L) = I0CS6

ST0P (-61 = I0cs7

151H
8PU3
P78F
HsAC
FTPC
2FU4
ccSc
4390
AOHT
A3FO
869A
25AF
F882
406C
FHAF
H320
5FHF

Vcc
ADO

ADl
ADz
AD3
AD4
AD5
AD6
AD7

A8
A9

410
All
Atz
413
A14
415

All-40
A1 1- 12
All-13
All-14
All-15
A1 1- 16
All-17
All-18
All-19
All-21
Ar1,-22
All-23
Att-24
All-25
A1 1-26
AIT-27
A1 1-28

Si gnatureSi gnal NamePin
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APPTNDIX I

LiSTING OF THE 8279 FUNCTIONAL TEST PROGRAM

( KDCTST. ve )



3sß80 lflikdctst,v9 nod8i na*ofiIe paEeuidth(ll0)

ISIS-II 8080/8085 llACR0 A9SEHELERT V3.0

LOC f)BJ LI}IE

348

}II]DIJLE PAGI I

;B?i9 trATA REGISTIR,

;8?79 COHTROL REGISTER.

;.RST, IHTERRUI'T FI..AG ATINRESS.

;USFLAY CHARACTTR TÉìELE AiIIRESg,

iRt;EllTRY P0IllT ï0 SIIK85S.|J34'

iT }fIILISECOHN IËLAY ROUTINE'

;500¡rr
iI(TYBOARD FIFO ÑIAII ROUTINE.

;FIFO CLEAR ROIJTIIIE.

iDISI.LAY CLEAR TIÚUTIIIE'

;KEY }IUI{BER TO TIISFLAY COiIT COIIVERSIOIi ROUTI}I

;ERROR HESSAGT TII!jI.'LAY ROUTINE.

i , I{EXT 
, KEY CODT ( RTTURI.IEN ÊY RTII(TIIJ ) .

iEx"tERltAL lK RoH,

i8?79 CÛI{TROL REG, ATJRS

; IIIITiAL ERROR l{U}18ËR.

iCL0CK PRESCALER = Jl,
i1ó CHlrR. LEFT EllTRYr E|'IC0DED SCAilr

; TIJO l(EY LOCKOUÏ.

I
2
1

4

SOURCE STATEIIENT

*tt$tr***silu$sxif ti*ttÍr*it8til$1T1il*u*tüsf *x*t**ll$Irrrt$txttilttrt¡

TITLE ('8179 Functional Test ProErèH \l9')

5 ; **ff*8t**l*t$tt**t***ttt[Ìtå*ÍÌ*t*Httff*l*t1*$*8fr*t8**tls8*lflfflx*t*tttttt

8279 TEST FRI]GRAÌ,I

COPYRIGHT (t)) 19BO

Ì{. J. LIEFTLT

ELICTRICAL EIIGINTERING NEPI.

UNIVERSIIY OF ílBILAITIE

30/ó/80

THIS PftOGR¡1H Ig A FUIICTIONAL TEST FOR THE 8?79 KEYBOARTI-IìISPLAY

CO}ITROLLIR ON THT SNK-95 EOARIì. THE PROGRAI{ IS I}{TEIITTI) TO ftUN AT THE

B[GII{I{IH6 OF STAGE IiI OF THE STIK-8s SIEI{ATURT ANALYSIS I'ROCEDURI,

*[*+rÊxrttttiiltüH*ttHfitttttl******t*ttit*****t$Íut*s$rttt*tt*ltf,*tlfft*

EXTERNAL SY}|BOL lEFIIIITIOIIS (AS DEFI}IED T}I STIN8sS.U34)

6

7

B

I
l0
11

12

13

14

15

t6
t7
t8
l9
?0

21

?2
,t-t

24
1q

?6

1400

1900

?002

0723

0098

0ó40

0ó{D

OóEF

OóFF

OóDB

o6E2

0ó9F

0051

?7 KIrCn

28 t\IrCC

?? TISTFLÛ

30 CHI(TAE

31 tE5ï?
3? IIELAY

33 DLY500

34 ñtrllBlj

35 CLRt(Ërtr

36 CLRIISP

37 CüI¡UFT

38 tttîtìsP
39 HEXÏ

40

41

42

43

44

45 TEST0t

1800H

1900H

?00tH

072,qH

OO9BH

0ó40H

0ó4trH

OóEFH

OóFFH

06ir8H

O¿E2H

Oó9FH

51H

t0u
EtlU

EiIU

EOU

ETU

r0u
E0u

EOU

EAU

ENU

t0u
EOU

E0u

ORG

TtI

LXI

l{'JI

8000

8000 F3

8001 210019

8004 0Éc1

800Á 3ó3F

8000 3ó08

BOOOH

H I KDCC

Br0lH

INITIALI$E THE 8279.

4ó

47

48i
49i
50î
5r i
5?
E'
.J.)

54

i'lvl
ltvl

t{ r 3FH

Ìtr OBH



ISIS-lI 8090/8085 llACR0 ASSEHBLTR, Vl,0
8279 Furrctional Test Fro5rau V9

LOC OBJ

B00A 3ó40

g00c

800t
801 t
8012

È013

801ó

80ti
8019

80rc
801D

80tF
8022

8023

802s
8028

8029

802C

80?E

8031

BOJ?

8033

803ó

8037

8039

803A

8031r

803E

8041

8043

8046

8047

8048
g04B

804C

004E

804F

8052

8053

3óCl

cD3F83

7E

B7

FAI783

0{
E¿OF

c21783

04

1E00

340018
7E

E610

cAlisJ
04

ctl3?83

3úDB

ct3F83
7E

B7

FAl?03

04

EóOF

DB

c?1783

04

cD3?83

3óIrC

cD3F83

7E

Bi
F41983

04

EóOF

BB

c2l783

04

cD3?83

LINE SOUFICE STATE¡IEIIÏ

349

HOI|ULE PAGE ?

;READ FIFO.

iCLEAR FIFO AND DISPLAY t{Al{ (ÏO OIS).
illAIT 1ó0us.

iREAII ST,\TUS lll{Il CHTCK THAT ITISPLAY

; UHAUAILÉìBLI IS IIOT SET,

;ERROR +01 IF IT I5.
í(B) = ?,
;CHTCK THAT FIFO IS E}IPTY.

iERROR IO2 IF NOT,

i(It) = 3,
i(t) = * 0F CHARS, Ill FIF0.

;ATTEI{FT TO REAIJ A ËHAR. ANTI CHECK

; FOR UIITIËRRLIN.

;}IASK UIITIERRIJII FLAG.

iERRt)R *03 IF NOT SET.

i(B) = 4,

;UAIT FOR KEY T}ITRY TO COIIFIRH THAT

i ALL DISPLf|Y SEGHENTS ARI OI{.

iCLEAR IìISPLAY RAI{ (TO ?OH).

itdAIT lóOus F0R CLEAR,

;READ SÏAUS Ai'{U CHECK [,U. A6AI}¡.
,

;ERROR TO4 IF II.U. STILL SIT,
i(B) = 5,
iCHTCIí THAT IIO. {}F CHARS. IN THE FIF(]

; IS STILL I (I'E. FIFO UAS }IOT AFFECTTTI).

iERftOR *05 IF H(}T.

i(B) = ó,

;UAIT FOII I(TY THTRY TO COIIFIRI, THAT IHE

; DISPTAY IS CORRECT.

;CLEAR NISPLAY Ttl FF'S,
'llAIT lóOus,
iRTAD STATUS AHD CHECK TI.tI.

t

;ERI{OR fOó IF STILL SEÏ.
i(t) = 7,
;CHECK }IO, OF CHARS, II.I ÏHE FIFO HAS

; NOT CHANËTD.

iERROR +07 IF IÏ HAS.

i(B) = B,
|UAIT FOft NÊY EIITRY TO COIIFIRI{ THAT THE

; DISPLAY IS BLANI(,

HUI

HVI

CALL

lr0u

ORA

J11

II{R

ANI

JNZ

II{R

t{uI

LTIA

H0t|

Ail¡

JZ

INR

CALL

tf , 40H

DI$PLAY TIST

il\,t
CAtL

H0v

ORA

Jll
INR

AHI

ci,ÍF

Jt{z

IHR

CALL

t{uI
CALL

ti0u

ORA

Jlt

INft

AIII

cltP

JilZ

INR

CALL

llr 0Clll

CLRIìLY

11 r Ì'l

A

ERRO

D

OFH

ERRO

B

Er00H

KtrCtì

Ar l'l

10H

ERRO

B

[ITFRCH

l,l, 0IIBH

CLRTILY

Arl{
A

ERROR

B

OFH

E

TRRO

I
¡ITFRCH

H r ODCH

CLRTILY

ArH

A

EÑROR

B

OFH

E

ERRO

B

IITFRCH

IìISPLAY RAII TEST

ÏHE TIISPLAY RAII IS TISTEN I'Y FIRST LJRITI}IG UHIIIUE IIATA IHTO EACH t]F THE

1é LOCAIIOÌ{S AN| REATITIIG THE TIATA EACK {USTNG THE AUTO-IIICREI1ENT AIII|RESS

I'IECHAIIISÌi, Alilr THEN BY IlRiTIhlG (AND RtAItIllG BACIí) OFFH'10 00H IN EACH

105 i
t0ó ;
107;
l0g ;

109 i



ISIS-II BOEO/8085 }1A[ÑO AgSE}1BLEF:' t|3'O IIOTIUL.E PA6E 3

8279 Functional Tesl, Ft'ogrsn U?

L()C TB.I LII.IT SOUROE STATT}ÍENT

350.

AT THE E}IÛ OF THT TEST ALL NISPLf|Y 
"qEßHTIITS 

sI.ICIUI-tI BE Ol.l.

805ó

80sB

805A

BOSB

805n

805F

80ó0

80ót
B0ó2

0063

B0ó6

80ó8

3ó70

3690

21

0t10
3t0l
57

77

3C

OD

c2ó080

0E10

7A

110

111

!,1?

113

114

115

11ó

t17
tlB
119

120

t2r
t2?
123

124

t25
l?ó
t?7

l?8
1?9

130

131
r11

133

134

lJ5
t3ó

137

138

139

140

141

142

143

144

145

1qó

147

148

149

150

151
.r ç't

153

154

155

t5ó
157

t58
159

ló0
lól
1 ¿'l

1ó3

ló4

H r 70ll

Hr90ll

H

Cr l0H

Ar0lH
[|rA

}lrA

A

c

TJRTl

Cr l0H
ArIl

i L0CATIoil,
I

IIUI

r,fui

0cR

}IU I
HVi

lr0u

trRTt I Ìtou

IilR
ncR

JNZ

}IVI

I'l0u

iREittr tìISPLAY Rr\ll, L0CAÌI0ll 0, AUT0-INC,

iI{RITE T0 DISPLIìY RAì'l LOC, 0, ALT0-IHC,

i(HL) = KTICD

;llrl, 0F RAfl L0[ltTIUNS,

iINITIAL IIATA.

;SAUE IT IN D.

;URITI IìATA TO KICD.

;UPTIATE THE TIí1TA.

;TTST FOR LAST LI]CATION.

;RESET THE COUIITTR A}ID REí1TI ttACK THE TìATA.

;RESTORE THE INITIAL ÚATA - I{OTE THAT THT

i AUTO-II{C, IIICHAlNiSI,I HILL IIRrlP AROIINTI 50

; THE FIRST FITAIì UILL T{E FROH LOC, O,

iREAI FROH I{TIIII,

;COHPART I,IITH TXPECTID TIATA (I}I A),
;EFiROR *08 IF I¡OT THE SAilE.

;UFIìATE IXPECTTD IIATA.

iTËST FOR LAST LOTrlTION.

I

i (It) = 9,

i(HL) = K[CC,

iC0l'lHANIt T0 UfiITt ITISP, RAI'lr LOCATI0N l5r
i I{O IIICREHINT,

iURITE THE COHIìANÛ TO KI,CC.

i(HL) = KITCD,

;INITIllL TAÏA FOR EACH LOCATION.

;URITE THE DATA TO KIICTI.

;RTAD IT ttACK.

iCHTCK THAT IT IS HHAÏ [,JAS TÊITITII.

iERR0R t09 IF t{0ï.
;UT'TIATE THE TIAIfl,

I

iTIO}I'T GO FAST cìOH IN EACH LOCATIOII.

t

i(HL) = KDCC,

¡UF'DATE THE URITE COH}ÍAND FÚR IHE }IEXT

; L0!,|ER L0CATI0llr tttjf tr0N'T G0 BEL0U

i LOCATIOIi O.

,

i(B) = A.

;BLAlll( BITS B0-83 (St0l{E}lTS erf ¡f rd,r, ),
;IJAIT FOR KTY E}ITRY TO CTINFIRH TIIAT THE

; TIISPLAY IS CONFIICT.

;ìlCU tlAl{i( A0-43 (SEGHEIITS a-d),
iI/AIT FOR KEY E.IiTRY.

80ó9

80óA

BOóB

80áE

80óF

8070

8073

8077

8078

807?

8078

807C

BOTD

807E

808r
8082

8083

8095

SOBB

8089

EOBA

8088

808D

8090

56

8A
t^ît'to?þÊ¿ / uJ

3C

0n

c2ó980

04

NRT2 I

TIRT3 i

itRT4 i

t10lJ

cl,lF

Jr{z

I}{R

DCR

JNZ

IIIR

I}IR
lluI

Ìf0tJ

TICR

H'JI

HOl|

H0\J

ctlP

Jllz
trcR

H0v

CFI

JNZ

INR

IICR

H0v

CPI

Jt{z
INR

DrH

Il

ERÊO

2

A

c

TfRT

B

8074 24

8075 oEBF

H

CrSFH

H r 0/tlH

[IIFÊCHCALL

7t
at¿J

IóFF

72

7E

BA

c2l7B3
15

iA
FEFF

C?7BBO

24

0t
79

TETF

c27780
04

llr C

H

Il r OFFH

ì1r D

Aril

D

IRRO

n

Arll
-l
NRT4

H

c
ArC

7FH

TIRT3

B

THE {]PETiATIOII OF THE FLAI{KIiIG A}ID IiRITT II.IïIIBIT CONTROLS IS IICU TISTEII.

N0TE TH/rT IHE III$PLAY RAil Sll0ULD ItE FILLED IIITH 00'Sr S0 ALL ITISPLiIY

SEGIÍTìITS SHIIULTJ NOII $E ON.

8091 3óAl

8093 Cir3283

809ó 3óA2

8098 Ctrl?83

tlvl

I'IVI

CALL

lt r 0A2H

UTFRCH
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Lt}C OBJ LINE SOUTCË STATEI{T}IT

351.

itUSABLE BLAI'IKIllEr BUT Il{HIBIT tIRITE T0

i A0-43,
;I,IRITE IIISPLAY Rl\H L(]C. OI AUTO-IIIC.

iDATA T0 Ft t¡iRITTElt T0 ËACH L0CATI0N,

;f¡RITt IìATA T0 ËACH L0CI\TI0ll, EUT OflLY

; THE BOTTOH 4 BITS SHOULIj BI AFFECTED.

;REAII THE TIISFLAY RAH CI]I{TEIITS TO CHETK (UE A

; STILL REAüll{0 FR0ll DISPLôY RAltr ÊUTO-ill[')
;CHECK A0-AJ=0r B0-83=1.

iERROR +OA"IF HÍJT.

t

i(B) = B,

iIIISABLT fIRITT IIIHIBIÏS AIID REFILL THE FIAH

; I,IITH O'S TO TURN ON ALL SETI'IENTS,

,

;IllHIilT UtlITT T0 B0-83r S0 0llLY THt TOP 4 BI

; SHOULD T'E SET T(l 1.
,

;REAII THE DISPLAY RAI.I COIITTITTS Tt} CHECK,

,

;CUECÌ( A0-AJ=1r B0-!t3=0,

iTRÑOR $OB IË ilOT,

t
;

i(B) = C,

;CLTAR FIF() COÌlI1ANTI.

IRTAD STATUS AI{II CHECI{ THAT ALL IS

i CLEAR.

;TRROR *OC IF NOÏ.
i (It) = û.

ìIIO. OF THARS, I}I FIF(],

;REATI DISPLAY Rf\l{ fO SIE TllAT IT IS UiICHA}IGED

t

i
;ERROR TOD IF AHY CHAIIGE.

t

t

i(l) = E,

8098 36A8

Bo?D 3ó90

8O?F OTFF

EOAI CIì4883

80fi4

8()Aó

BOA9

SOAB

80f{t
Ê0Al-

80F2

8083
g0B5

BOFT

E()BA

BOBC

BOBE

B0c1

80cJ
B0cé

80cg

80cB

80cc
80cF

3óA0

0800

cn4ge3

3óA4

OEFF

CIì4 883

0810

t40018
FEFO

c21 7S3

OD

c?c390

04

HUI HT0ABH
1tÊloJ
1óó

lb7

1ó8

tó9
170

171
t71

173

174
{ JfltJ

176

t77
178

179

180

rEl
lot

, ¿94

183

184
{ rlFIÖJ
I Ot

187
loo

189

190

l9l
1??

193

194

195

l9s
197

198

t99
?00

?01

202

?01

?04

?05

?0ó
a^')

?OB

?0?

211

212

2r3
214

2ls
216
2r7
?18

?19

UITl !

iltr')lHI I À T

t{t|I

I'luI

CALL

ÌM
I,Il,I

CALL

ÌtuI

LDrl

ct'r
JNZ

trcR

JNZ

INR

}lVI

t{0u

AIII
JIIZ

INR

}iVI

l'lr 0A0H

Cr00H

I'lftIrRAll

H r 0A4H

t r 0FFH

URNRAH

Cr l0H

KNCD

OFOH

ERRO

c

U IT?
B

Ìrvl

HVI

CALL

t'lr 90H

C r 0FFH

[!RtrRAl't

0tI0
3ri00l8
FEOF

c2 l7B3
OD

C2AóBO

04

I{|jI
LI|ll
CPI

JNZ

IrCft

J}{Z

I t{fi

Cr 10H

KTICD

OFH

ERRO

c

IIITl
B

THE KEYEORTI ËIFO SHOULN N-bJ CONTAIN 5 CHARACTEÊS. THE FIFO CLEAR

COHì{,INT IS TTSTEII TO SEE 
.IHAT 

ITi
-CLEARS TllE FIF0 CHIIRACTER C0UllTtRr t/R fll{tr U/ft FLAG$;

-DOES NOT AFFICT THI IIISF.LfIY RAH.

80tr0

8002

80IrJ

80t5
B0tr8

8009

'tr¡'|

7E

t63F
c2 l783
04

1Ë00

0El0

340018

FËFO

c2 I 783

OD

C?I|IIBO

04

l'tr 0C2H

Ar l{

3FH

ERRO

B

Er00H

BOID

EODD

80E0

80E2

BOES

80E6

80E9

KCTI i

t

Crl0H

KTICIl

OFOH

ERRO

c

KCTI

B

IlVI
I n^Ll,tl

CPI

JHZ

ncR

JNZ

IllR

THE tìISPLAY I'UFFER OUTPUT LIIIES ARI NOU TTSTEII BY IJALKI}IG fl O ACROSS

THT 8 SE|]HI¡{T OUTPUT LINES. THIS IS TIONT AY SHIFTING A O llCROgS TACH

USPLAY LIìIATIÚN. AT THE T}III OF THE TTST OI{LY SEEHEIIT d OF EACH tITOI.f

IIILL BT O}I,

HUI H,0A0}l iTURll (]Ft ùIRITE INHIBIT,80EA 36A0



8OFó

80F7

BOFA

g0F8

SOFE

BOFF

8100

8103

8106

8109

8l0A
BlOD

BlOF

B1 t0
81 l3
8t l6
8117

81 18

OD

C?F3BO

F5

cD4D0ó

FI
07

DAFIBO

CD3?83

cntrB0ó

D5

I I 2S07

0t10
IA

320019

clr4ir0ó

13

OD

c20F81

CALL

PUSH

LXI

IIç|I

LDAX

STA

CALL

INX

tcR
JHZ

CALL

ilUI

c

IIOBT?

PSti

T LYSc}O

PSbJ

tìOET I
HTFF;CH

D

UTFRCH

CLRALL

H¡00H

CLRTISF

iì

Il I CHRTAB

Cr 10H

n

KIICII

trLY500

I
c
IrltÏ I

ISIS-lI 8080/8085 HACñO ASSTHBLER, V3.0
8279 Functional Test Frodrarr V9

LOC OBJ LI}IE SOURCE STATTHE}IT

352,

fiONULE PAGT 5

iCI.TI\R THT TII$FLAY.

;II{ITIAL DATA.

iL(]CATIt]II COUNTER,

;URITI IIATA TO KTìCD (I{OTE THAT UT'RE SIILL
; tJRlTI116 T0 nISFLAY RAllr llUT0-II{CFiEHENT),

i,\LL Ió LOCATIONS,

t

iSA\)E THE DATA IN A,

iUAIT t/2 SECI]HIì,

iRETRIEUE THE TIATA.

;SHIFT THE O.

iUPIIATE DISPLAY RAI'î iF NOT DO}IE 8 TI}IES.

;UAIT FOR APPR(J{/AL,

;TLEAR THE IìISF'LIìY.

iSA|JT E (FIFO CHAR, COUI{T).

iANIjEESS OF fJISFLAY CHAR. TABLE

;IIO. f}F CHARS. TO BË DISPLAYEI|,

iGET [th1R, FR0i{ TAIrLt,

;IJRÏTT OUT TO KNCD.

iUAIT 1/2 SEC. BtftR[ nISPLAYi]lG ]ltXT [Hi1R,

;HE)(T CllAR, Il{ TrlBLË,

iTTST FOÑ Iô CFIËII{S. IJRITTEN.

;FI}IA!. DiSPLAYI 0123 ,I5 SUPERII.IPÛSTII OI{

; B9Ab Cd

iRESTüRE FIFO CHIìR, COUNT TO E.

;UAIT FOR KEY TI{TRY TO COIIFIT(H THAT THE

; IIISPLAY IS CORRICT.

;CL[A* DlSF'LAY flI{TI FIFO.

iCHANËE DISF'LAY IIOI|E TO 8 CHAR, LEFT E}ITRY

; (.IHIS CLËI\RS THT FIF[]).
;ATIIìI{ISS (]F IlISPLl.lY CHAR, TABLE.

;I.IIJ. ûT CHARS. TO BË UftITTEN TO TIISF'LAY RAI{.

iGTT CIIâft, FROH TABLE.

iUKITÊ t]UT ÏO KIICTI.

;UllIT 1/? SECTIID DEFORE DISPLAYINO IIEXT CHAR.

iPÜII{T TO ¡ITXT CI'IflR. IN TÔBLE.

;TESï toR ló CHltrRS. Ir0Nt,
,

;SET FTFO CHAR. COUNI TO O,

;UAIT TOR COHFIRiIATIÛII OF C-FiRECT TIISPLAY.

BçEC CIrtrB06

EOEF 3EFT

80Ft 0Ë10

g0F3 320018

1?tl

22t
2t? tr0trTl i
,)'1'I nnI'fa IÀ40 !ul'IÀa

224

225
11¿

?27

?28
ttoLLI

1t^
,t1 I

a1nÀ!Â

231

234

235
1-ta

?37

238

239

240

241

242
243

244
4¡E¿.tJ

?46

?47

?48

249

250

251
tq1
ãct
JJJ

?54
4CÉ
,I,'JJ

25ó

?57

258

259

260

26t
?62

2ó3

?ó4

2ó5

266

?ó8

269

?70

271
1'11

111

?74

CALL

].rç|I

}IVI

STA

CLÉtìSP

A r 0Ftll
C r l0l'l

KIrCtr

TICR

Jt{z

PUSH

CALL

POP

RLC

JT

CALL

THE I'IFFERE}{T IIISPLAY HOIìES t]F THE CONTROLLIR ARE IIOIJ TESTTII IN THE

FI]LLOU I IiG OR[IEti !
Ió CHARACTTR LEFT TNTRY (THE CURREIIT HOTIE);

B CHARACTER LEFI TIITÑYi

B CHARrìCTTR RIGHT TIITRY'

1ó CHARACTTR I:IOHT E}ITRY.

HOTT THAT OIILY ó I'IGIT5 AfiE AIJÍìILAELE AI{D THAT TI1T HARTIUAIE IS SO

ARF|ANGETI THAT IN 1ô CHARACTER }IÜIIESI TIIGITS O-7 flND 8-15 UILL ItT

SUPT.RIIlFOSTN.

gltB Dl
81lC CtrSzBl

Bl IF CTI25B3

8122 3ó00

I}HTI:

IìhT? i

F,I]P

CALL

8124

EL27

8129

BI2A

8l2D

8130

8131

8132

8135

B13i

1 t?807
0E10

TA

320018

c!4Ir06

IT
OD

c??981

1E00

cn32B3

D I CHRTAB

CrICH

D

KDCD

IlLYsOO

D

D

NHT2

E r 00li

UTFRCH

't 11LAt

LXI
HUI

LNAX

STA

CALL

IIIX

TiCR

JilZ

ÌfuI
CALL

8134 CIrt583 CALL CLRALL ;CLEAfi TIISPLAY AIIII FTFO,



81iD J,å10

B13f: 3693

8141 0E10

t4ljl

t{uI
HVI

Hr l0H

Hr93H

Cr 10H

ISIS-II Ê0$0/8045 HlttRfl AgSIHBLER, U3'0
8271 Funclionil Te-'t Pro4ian V9

LOC OBJ LI}IE SOURCE STATEIIENT

353.

HONULE FAGE 6

;B CHAR,T' RiGHT EHTflY,

iI.IRITE Tt) TIISPLAY RAH FROI1 LOC. 3

;IIO. OF CHflRS. I,IRITTT}I Tt] RA}l (OllLY 8 ARE

i DISI.LAYED).

iIIISFLAY TAFLE i1[UIÑESS.

;FINAL I|ISPLAY SHOULN BEi dIFE 9A

;SET FIFO CIIAR. COUIIT TO O'

;I,JAIT FOR COIIFIIIIIATIO}I OF CORREÍIT tIISPLAY.

iCLEAR TIISPLAY AIID FIFO.

;1¿ CHAR. RIG}iT EIITRY.

;SIART FROH ftIGI.ITIiDSÏ iIIGIÏ (LOC- 6),
;N0TE THAT AFTER '7' APPEARST ALL FITLL0UINB

IHARACTERS IdILL T'E SUPTRI}{F'OSTII O¡I O-7.

;FII{AL DISPLAYI AbCd EF SUFERII{POSTTI ON

; 2345 ó7

;SËT FIFO CHAR, COUIIT Tt] O.

iIIAIT FOR CONFIIÍATION OF CORftECT DISPLAY,

KEYBOARII CONTROLLER ÏEST

?75

276
..t't1

278

279

280

281

t8?
.r01
¿UJ

284
.'0ç

no¿

tB7
t8B
289

290

2?1
1A?

?93

?94

l.tJ

?96

?97

298

299

300

301

302

303

104

305

30ó

30i
308

Irlfl 3i

nÌ'!T4l

LXI

LTìAX

STA

CALL

IÌIX

IICR

JilZ

}l\J I
CALL

It r CHRTAB

tl

ÌiIrcD

IrLY500

ü

c
IrllTJ

Er00H

I'ITFRCH

8143 t1?907

814ó rA
8147 3?0018

8l4A CD4D0ó

8t4tr t3
8t4E 0r
8l4F t24681

9152 tE00

ß154 Étr3?83

El57

SlsA
8t50
815E

81ó0

81ó3

81 ó4

8tó7
8lóA
816t
81ó0

ctr?583

361 B

t¿9ó
0E10

I I 280i
1A

320019

CD4tr0ó

l3
OD

c?ó381

CLFALL

Hr 18H

llr9óH
Cr 10H

Ir r CHRT AB

I|
(IlCt|

tLYs00
D

c

DHÏ4

CALL

HUI

HUI

HUI

LXI

LI|llx
STA

CALL

INX

DCR

-tNz

816F 1r0Ð

8171 Ctr32B3

8174 3ór9
8176 1ú04

B17B Ctr{00ó

8178 15

B17C C?799r

BITF 3ó00

8181 3ó40

Er00H

IITFRCH

IICR TI

JIIZ DST 1

t{uI

CALL

THE Irtc.IEn tto* ooo:-:[ 0FERATI0TT 

';rlil ]tilFl¿r,lif lt;liil 
sH'uln sH'

IT IS IIOT POSSIBLT TO TEST THE KEYBOARIJ OF.INATIOII II{ IIECOIIÊII SCAII I,IOIII

I]ECf|USE THE HAI(IIUËìRE ARIìAIIOTÌIII{T IS SUCll TITAT NOIIE OF THE 3 ROUS OF i{TYS

309; O¡I THT SIIK-8S ÈJI|ULTI BE SILECTEI| [T A}{Y OF THI 4 $CAN LIIIES GOII{G LOIJ.

310 ;

3ll llvl l1,l9tl ;SELECT BEC0IEÛ SCAII H0IIE,

312 HUI D, tCD

313 trsTl i CALL ILY500

UíIIT FOR 5 SECOIITIS.

314
315

3ló
317

318

t19
3?0

321

¡??

323

3?4
1l(

t2ó
'ta1

1,)0

329

r{ul

Hl'l
llr00H

Hr40H

;BACK Tt) 8 CHAR, LEFT E¡{TRY

;SELËCT READ FIFO,

THT I(EYBOARD TIST STARTS UITII A CLEAR AIIIT A CHECK THAT (a) THT FIFO

IS TI'IPTY ANTI (b) THTRE IS IIÜ INTTF|RUPT PENIIIND FROì{ THE 8279.

8183 01010r LXI ß,0l0lH ; INITIAL EFIft(]R COIIE ( 1I ) .



ISIS-lI B0B0/8085 llf\[RO ASSEIIBLIA, V3.0
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LOC OBJ

354

ilONULE PAßE 7

iCLEAR FlFo (Ailt| nISPLAY),

iRIAI) STAÏUS.

iCHECl TIFO IS THPTY.

iERROR *10 IF NOT

i(Il) = l,
iRTAD IIITERRUPÏ STATUS.

iCHECK THAT f(ST 5.5 IS IIOT ËE].
iEÑROR *I1 IF IT I5,
i(B) = 2.

;READ SÏATUS.

;UAIT U}ITIL A CHAR. IS EIITERETì.

I

;CHECK THAT OIILY 1 CHAR, I{AS EHTERED,

;ERROR fI3 IF NOT.

i(B) = 3.
;RST 5.5 SHI)ULD IIOI,I BE SET.

,

iTRROR TI3 IF NOT.

iCLEAR THE RsT INTERRUPT FLAG.

I

;CLEAR THE RST 5.5 }IASK,

I

;âLLÍ)I¡ THE IÌITERRUPT TO OCCUR,

I

i
,

;SET ALL ifASKS ABAIN.

t

;STE IF THE INTERRUPÏ UAS $UCCESSFUL.

I

¡ERROR II4 IF FLAO IIOT SET.

i(B) = 5,
;READ IHË FIFO.

iIHIS SHOULI| HrlUE CLEARED THE I}ITERRUPI

; (ONLY I CHAR IJAS FÊTSE}IT).

;ERRtjR +15 IF NOT CLIARETI.

i(E) = ó,

;REÍìII FIFO STATUS AIITI CHECK THAT IT

i IS E}1PTY.

;ERROR 116 IF NOT.

i(8) = 7,

;REAI| STATUS AHTI CHECK ÏHAT O/R IS CLIAFi.

I'

LINE

330

331

332
r77

3J4
??ri

11t.

?1?

:"7 0

33?

340

J41

342

343

St)UNDT STAÏTIJENT

B1 Bó

8189

B18A

BIBC

81BF

Bl9C

8191

81 93

819Á

clr2583

7E

EóOF

c21983
04

20

ËÁ10

c?1?83

04

IALL
lt0u
AìII

.tNz

IIIR
RIH

AIII

JNZ

iilR

H0u

ANI

JZ

CPI

JNZ

IIIR

RII{

ANI

JL

XRA

STA

t{l|I
sllr
ET

NOP

llúP

DI

tlvI
slH

LtìA

ORA

J7.

INR

LDri

Rtlt

ANI

JNZ

I¡IR

t{0u

AI{I

JNZ

I}IR

CLRALL

Ar l{

OFH

ERROR

B

t0H
ERñTR

B

Arll

OFH

I(IÏ 1

01H

ERftOR

E

l0H

tfrR0R

A

RSTFLG

ArOEH

8197 iE
8198 tóOF

819A CA978l

B19I| Ftol
819F C?l981
8tA2 04

81A3 20

8lA4 E610

81Aó CAl9B3

8149 AF

BlAA 3?02?0

8l AIr 3E0E
gtAF 30

BIBO FD

BlBl 00

8182 00

BIBS F3

8184 3E0F

BlBó 30

8187 3A0220

BTBA Bi
81BB CA198l

Blt'E 04

BlBF JAOOIg

8rc2 20

B1C3 Eú10

8lc5 c21983

81C8 04

81C9 7E

SICA EóOF

slcc c21?83

81CF 04

IIOH TJAIT UNTIL A DHA.qÉICTER iS EHÏEREII' A CHECK IS I{AIIT TO SEE THAT OIILY

ONE CHAftACTER IS Ill THË FIF0 AND THAI fìN INTTRRUPT IS N0U PENIìI}I0. THE

IIITERRUFT IS ALt0UtD AllD A CHECK IS lllìIlE T0 SEE THAT IT [0ESr Itl FA(lïr HAVE

THE TXPECTTIJ F|ESULT (THIS ALSO CHECKS THE BOBS RST 5'5 HECHANISH). THE FIF

344 ; IS ÑTAII AI{TI THE RST 5.5 IHTERRUFT II{PUT fìND THE FIF() AIìT CHECKEII TO SEI

345 i THAT THEY ARE FOTH CLEAR.

346 ;

347 r(iïl r

348

149

350

t5l
7ç')

353

35{
lFaJJJ

35ó

357
lcñ
JJO

359

tó0
3ó1

3ó2

3ó3

3ó4

365

3óó

3ó7

3ôB

3ó9

370

371
'¡ -7 .1

1.1'l

t74
375

37ó

177

378

379 i
380 ;

3Bl ;

382 i
7()7

384

ArOFH

RSTFLO

A

ERROR

B

KTICD .

10H

ERROR

E

Arl{
0FH

TRROR

B

THE FTFO OUERRUìI FLA6 IS TISTED BY ALLOI'II|{O T[lI FIFO TO FILL UP AIID

VERIFYI}IO THAT THE FLAG IS SET HHEN A HINTH CHARACTTR IS ENTEREN.

8lD0 7t
81Ir1 Eó20

ff0u

A}II

llrll
20H
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LOC OBJ LIHE SOURCT SÏATIIiTIIT

355.

;ERROR +17 IF IIOT.

i(B) = L
;IIO. OF CHARS. IN FIFO,

;HO. OF CHARS. I,IAIITEII,

;HAIT FOÑ ENTRY.

;8 CIIARS, YET ?

;GO FrlCK IF NOT.

;I{III'I HAIT UIITIL OUERRUII 15 SET (AFTER NEXT

i KTY IS PRESSED) I

t,

iCLEAR THT FIFO,

;IIRITE TO DISPLAY LOCATIOH 5.
;FIRST IiEY IIUHEER.

iSÉìUT IÏ IN D,

;COI{|JËRT TO DISPL,IY COIE.

iDISPLAY Tl.lT CHARACTER,

;I¿AIT FOR INPUÏ FROI1 IiEYBOARTJ.

I

i
;HASK OUT 'CHAR, FRESEHT' FLAG,

;IS IT THT RIGHT I(EY ?

;IONORE IÏ IF HOT,

;NEXT CHARACTER COIE.

iPUI IT IN A,

i?? ir0ilt ?

iREPEAT IF IIOT,

;SELECT 9E}I5OR TÍATRIX I,IOIIË.

;OLEAR TIISPLAY (AI.IÐ FIFO).

iT|TAII SENSOR RAH IìUTO-I}ICRE}IEIIT.

;r;lRITt tTISPLAY RAI{ L0C, 5r Ì10 AUT0-IlìC,

;UAIT 1/2 SEC, - TO EIISIJRE THAT THE LAST KEY

; IS RELEASED AHD TO ALLOI'' IIIITIALISATIO}{ OF

; THE STI{SOR RAI{.

;}IAX. I{0. OF INITIAL IHTERRUPTS ALLOIIED,

;SEND A 'ÍILEAR INTËRRUPT COHHAHD"

itlAII 20ns T0 ALL0tl RISCAH 0F THE ¡(EYBOARD.

a

isEE IF IilTtRRUPï f,Et{trttlG,

Bltt3
Slfió
8ltr7
BID9

8I DB

BlDE
glDF

I tË2

BIES

81E5

glES

BlEE

81ED

81EF

I tF0

B1F3

8 IFó

BIF9

BlFA

BlFN

81FF

B?00

8203

8204

B?05

B?07

C?I9BJ
04

lE00

3EOB

cn32B3

BB

C2t'DBl

7E

Eó20

c2t?81

tD25B3

3ó85

3E00

57

cIìE20ó

3200 I I
cDrF0ó

B7

CAFóAI

Eó3F

I{A

czFó8 I
14

7A

FEló
c2F0Br

1ó4 0

36E0

3E 14

clr400t

20

385

3Aó

J87
ïttoUU9

389

390

391

39?
70?

194

395

39ó

397

398

t99
400

401

402
' 403

404

405

40ó

407

408

409

410

411

412

413

414

415

116

417

418

419

420

421

42?

433

4?4

435

426

427

438

429

430

431

432

433

434

-435

ORTl i

ORT2 i

JNZ

IItR

tllJl

H\,I

CAtL

cllP

JNZ

il0\,

ANI

JilZ

CALL

itul
HUI

Ìl0u

CALL

sïA

CALL

ORA

JZ

ANI

cllP

JNZ

IIIR
110u

CPI

JNZ

ERROR

B

Er00H

Ar08H

UTFftCH

E

ORTl

ArH

?OH

ORT2

CLRALL

11r ESH

Ar00H

ûrA

c0ilvrìT

KIrCn

RntíBn

A

NFTIT2

3FH

D

KBDT2

D

Ar Il

!?tr
KBTIT I

THE KEYIT0ARD IS TtSTtn UITH THt ts279 IN EllC0trEt SCAII - IíEYB0ARDT ? KEY

LI]IKIIUT }1DIIE. A CHAR. IS TIISFLAYED IN Tt{E R]GIIT-I,IOST NIGIT OF THT DISFLAY

IIISFLAY TO FfiOIfPT TIII ENTRY OF TACH CHrìRACTER FROII THE IiEYTIOARII, ALL 22 IiE

ART TESTÊÛ.

tiBtrTl i

IíEDT? i

,

SEHSCR HATRIX HOIIE IS HOU TTSTTII, AFTER PROORA}IHING THE 8179 TO

SiIiSOR I1ATRIX HOTIE 
,INII 

I}ITTRÊIJPT,TOI'IIIANDS ART SEIIT UNTIL }IONE ARE

Ft¡{irIllß (THE B27t i{ßlY GENERATE I'IULTIfLE INTERRUPTS 0ll RE.cËT). tr

CIIAftACTER IS THE}I ftEAN IN AND IIITERRUPI (}PERATION TESTED I,IITH THE

g?i9 FR0ljFIAl1HEn T0 RtAIr THE SENS0R RltrHr AUT0-INCREHENT, THE H0trE IS
THEN CliAllGEIl T0 REI1II SENS0R RAH, H0 Il.lCREHEllTr tll{tr A}l0THtR KEY IS REA!

IH ANTI IIITERRUF'T TESTTN. FINALLYI THE IlOTIE IS CHAIIGËII BACK TO AUTO-

INCREI{EHT A}{tr THË RTHÉrINI}IÛ 20 NEYS ÉrñE READ INr ftFTER A t'ROltPT 0N THt

TIISPLAY.

8?0A

820C

B?OF

821 I
8213

3ó04

cD?583

3650

3ót5
cD4troó

ll r 04H

CLÊALL

11r 50}l

tl r 05H

TtLYSOO

HilI

CALL

HVI

ruI
CALL

¡,f\, I
i{v I
lrtJl

CALL

RIH

Dr É4tl

l{ r 0E0ll

Ar!0D
iIELAY

B?16

B2l8
B?14

821C

EitF

4Jó CLRIIITi

437

43e

439
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LOC ODJ LIìIT 50URCË STrITËHil{l

356.

HOTIULT PA6E 9

;

;PF|ODITIE I]ITH TEST iF NONE.

iIIECREHEI{T COU}{TER,

;TftY AIìAI}I IF NOT TIOIIE 64 TIHES.

íERROR *T8 IF TJOI{I ó4 TIHES.

í(B) = 9,
iIIOU CHECK THAT ALL sEI{sOR RAI{ LOCAÏIüHS

i ËlRE STÏ TO OOH (NO KEYS F'RTSSETI).

t

|ERAOR +I9 IF HOT.

I

,

i(B) = A,

iREAD STATUS AI.ID IIST THAT THT 'STIISOR

i CL0SURE' FLÉìG IS NOT SET,

;TFIROR |lfl IF IT IS.

i(B) = B,

;ftEAIl SEllS0R Rfill LDC, 0, N0 AUT[]-IHC,

iDISPLAY 'O' TO PROI,IPT ENTÂY OF KEY '0"
I

;IJAIT TOR A KEY CLOSURE,

iTEST IÌ{TERRUPT STATUS.

,

iEI{ROR +IB IF IHTTR|(UPT NOT FEIt!IN$.
i([t) = C,

;EI{D IIITEftRUPT COI{I{AIIIJ.

iÏEST Iì{Ï, STr1TUS AGAIH.

;ER,qOR }IC IF IT'S STILL THEÊE.

i(B) = D'

;TIEAD ROt¿ O OF sEI{SOR RAH.

iSflVT THË DATA.

iI.JAIT UilTIL KEY IS RELEASEII.

;CLEAR TIIE'KTY ftELEASE' II'ITIRRUPT.

iRETRITVE ROU O DATfl.
|TEST FOR KTY O.

;GC BACK FOR AilOTHER KIY EllTRY IF I{OT.

;UAIT FOR KTY CLOSURE,

iTEST INTERRUPT STATUS.

t

;ERROR +ID IF IIOI{E PEI{TII116,

i(B) = E,

iREÉ'D FIRST ROIJ (THIS SHOULD CLEAR IIIT.)
;SAUT THE DATA III D.

;CHECK Il{TEÑRUI'T IS NOI,J CLEAF:.

,

8220

8222

B??5

822é
822?

E610

cA2CB2
aeIJ

c2188?

c31rg3

04

I ú08

3A0018

FEOO

c2l ?83

15

C?2F82

04

3t9F

J2001 e

CIrSTBJ

20

E610

cAl9gJ
04

3A0018
ç1

?n

EóIO

440

441

442

443

444

445

44ó silTli
447

448 SHT2I

449

450

451

452

453

434

455

45ó

457

458

459

4ó0

4ól
462

463

4ó4

465

4óó

46t
468

1ó9

4i0
471

472

473

4i4
475

476

477

478

479

480

481

482

483

484

495

S}IT]:

10H

sr11'l

tl

CLRIIIÏ
ERROR

B

I|, 08ll

Nnctl

00H

tRt(0R

Il

sÌ,lT2

B

Hr 40H

A r Otl{

KBCTI

SËSET

10H

ERROR

B

H r 0t0H

AI{ I
JZ

DCR

JilZ

J}tP

B23C 7E

B23D t640
823F C21983

8242 04

ArH

40H

ERROR

t

82?C
g22n

E22F

8212
8234

B?Jl
82TB

8?38

8243

8245
8247

824A

824D

824E

8250

8253

8254

8256

8237

B219

825C

8250

8260

82Ér

8264

82óó

8267

82ó9

82ÉC

82óE

B27t
82t4
827i
8277

827A

8278
B27E

B27F

8290

INR

l,luI

LtIA

CPI

JNZ

IICR

JNZ

IHR

t{0u

ANI

Jllz

INR

3ó40

3E0C

320018

ctr57s3

20

[¿'10

cA1983

04

3ó80

20

Eó10

c21983

04

3A0018
cì¿t
ctril83
3óE0

iA
FEO 1

f,"r, 
^.o'l

Ì{VT

Ìrul
STA

CALL

RIII

ANI

JI
I}IR

ltur
FII{
AI{I

JHZ

INR

LTIA

Èt0lJ

CALL

H\,I
H0(J

CPI

Jtiu

CALL

Rll{

fiÌ{ I
JZ

IIIR

LTIA

t{0u

RI},I

ANI

10H

ERROR

B

l(trCD

DrA

sccLn

H r 0t0H
ArD

0lH

SHTS

THE TEST IS ll0tJ RtPEATtIt, l;IITH l{0}l AUT0-Il{CtiEl'fEl{T CÌl REAfililû THE StllS0R

RAH. IHTEFiftIIPTS l\RE IITIJ CLEAREÛ TIY REAIING THE RA}II }IOT BY ,TNII 
INTERRUPT,

c0l{i{ANir,

l{UI Ar9Fll ;ITISPLAY '1'.
STll KI|CN ;

SC9ET

l0H
Etü0Á

B

KDCiI

DrA

10H

48ó 3r.rT5i

487

488

4Ê9

490

491

492

493

494
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ISIS-II 8080/8085 lll\CR0 ASSTHÐLERr V3,0
B?79 Functional Test Prslras V9

}IOIIULE Pl\(jI 10

Lt)C OBJ LINE SOURCE STAÏEI{TI{T

4?5 JNZ ERROR ;EF|RON *18 IF STILL SEf,
49å INft B ;(ll)=F,
497 TALL SCCLR ;UAIT UIITIL KEY RELEASTII.

498 LTIA IiNCD ;CLT/\R THI 'KEY RELEA$T' II{TERRUPT.

+99 HOV A,D ;RETñIE|JE THE R0tl 0 IJATA,

5OO CF,I O?H ;TEST FIIR KEY 'I"
501 JIIZ S}1T5 ;60 BÉ\CK FOR AIIOTHTR KEY IF NOT

502 ;
503 ; IIOU RETUI{H TO AUTO-II{CFiEIITI{T HOIìE AI{iì F'ROHPT ANTI REAT II{ THE 20

504 ; REI1AIIII}IG KEYS.

505 HVI 4,0?H iNEXT CHIIR, T0 EE IrlSPLAYttr'

506 Sill7l li0U DrA ;SAIJE CHARACTER IN D.

507 CALL COìIURT ;COIIVEftT TO DISPLAY COIJE AND

508 STA KIrCtr ; IISFLAY IT,
509 SltTBi ll\JI l{r50H ;READ SENS0R RAlfr L0C.0r AIJTO-lllC,

510 CALL STSET iI,'AIT FOR KEY EiiTRY.

511 ÌlUI ìi,OE0lt ;Cl,.EAtì TllE II'ITERRUPT,

512 l,lvl Er0BH ;L0An f(01,J co|JNT IllT0 E,

513 SIfT9i LIIA KTICTI iREAI] }{EXT ROU OF SEIISOR RAH.

5I4 CPT OOH ;TTST FOR A CLOSURE IN Ï}IiS ROH.

515 JIIZ FOUNII iJUI,fP OUT IF SO.

516 DCR T ;TIECRËIÍTNT ROIJ COUHTIR.

5I7 JNZ SHT9 ;LOtlI{ AÏ }ITXT FOU IF NOT O YIT.
518 ll\/i CrOlH ;FUT TEST ll0, iN C,

519 JIÍP ERÑOR ;IFRCR *TF IF IIO CLOSURË IN ANY FOU,

B?8?
8295

8286

8289

B2BC
g28t|

B?8F

c21983
04

cIt618J

3400 I I
7à

FEO2

c27r82

8292

8294

8295

8?99

B29B

B29D

8240

8242

8244

82A7

8249

8?AC

B?I\D

8280

8282

3E02

37

cDt20ó

320018
3650

cD578J

36t0
1E08

3Êl0018

Ft00
c28582

1tì

c?A48?

0E01

c3l9g3

0807

07

IIABFB2

OD

c3878?
3t08
93

87

87

E7

8t
4F

cnó183

3óE0

7A

B9

c29882
?n

FETó

c29482

8285

8?87

8?BB

82BB

B2EC

8?BF

82C1

8?C2

82Cl
82C4

B2C5

8?Có

B2E7

B2CA

82CC

82CD

82Ct

82t|t
B2tr2

82û4

520

521

532
çD?

J¿'I
r4c.lI tJ

ç1¿

5?i
528

5?9

5t0
531
E?.ì

533

s34
Éaa
.JJJ

53¿

537
q10

53?

540

541

F0ut{ú i

silTt0 r

sHTI I I

slrTt2i

,

HVI

RLC

JC

TICR

JHP

¡,1U I
SUI

ATIl

ATITJ

A0n

AIITI

H0tJ

CALL

IfV I
tl0(J

cllP

Jr{z

IIIR

CPI

JNZ

Cr07H

stlT t I
c

silT10
ArOBH

E

A

A

A

c

CrA

SCCLR

H r 0Ë0H

ArD

c

slrTE

A

2?tì

sHfT

iSHIFT COUNTTR.

;SHITT NTXT BIT TO CY.

;JUHF OUT IF FOU}III,

;DECRtrtil{T C0LUr{}l C0Ul{TtR,

;LOOIi AT IITXÏ FIT.
iCALCULr|TE ftOU I{0. FROH E

t.

iIIULTIPLY IÏ 8Y 8,
,

;

;ADN THE COLUI{N NUI,IBER TO GIVE THE CHAR. l{O.

;SAUE IT IN C.

;!¡AIÏ U¡ITIL KEY RTLEASEIì.

iCLEAR THË 'KTY RELEASI' INTERRUPT.

;T|ETRIEVË NO. OF THE I|TSPLAYED CHAN.

;COHPARE UITH THE INPUT CHÍ1R,

;GO BACK FOÍì AI{OTHER CHAR, IF ì{OT THE SAHI.

;I.IEXT CHARACTER,

;SEE IF ALL ?2 TIOI{E.

;RTPEAT FOfì IITXT CHAR. IF I,[OT.

FII{ALLY TIIE II KEY ROLLO¡JTR ANt| ?-TiEY L(]CKOUT ìIOIIES ART TESTED. THE

8?7? IS FIFiST PROGRAlfl'iEt F0R N Ì,íEY IIOLLOUER H0DE, AllD THIN AllY 0HAtiAüTER

EIìTEtiIll INTO Tl"lE FIFO IS TIISFLAYEII. THE ROLLOUTR CNI{ THUS BË UTRIFItN

HÍII{UALLY' UI]EH ,I'iEXT, IS ENTEÉEIJ THE B?79 IS SIT TO 2 t(EY LOCKOUT }ISIIE

AI{N AIIY CHARACTERS EIITTRETI IIIT[] THE FIFO ART AGAIN TIISPLAYED, IIHTN
,IIEXT'15 IIITTIIETI THE TIST IS FIi|ISHEN A¡|II TEST 2 (TIF SNK8sS,U34) IS

STARTEN.

542 i
543 ;

544 ;
t ¡E .
rJ.tJ t

J'to t

547 i
J.to t

549 i



B?II9

82DC

82!E

8280

82E3

82E4

B2E7

82E9

B2EC

B2EE

B2FI

82F4

TALL

}IUI

}IV I
CALL

ORA

J7.

CPI

J7

flNI

CALL

STA

JHP

ISI$-II SOEO/80Ú5 I1ACRO ASSIi,IBLËRI U3,O
8279 Functicn¿I TeEt ProEr.rã V?

tt]c f]BJ LINE SOURCE STATIHE}IT

8207 3ó02 HIJI l{,02H

358.

ll0trULE PAEÊ 11

;tND0tltù'SCAN, N l(EY R0LL0UERr I CHAR,

i LTFT ENTRY.

;CLEI}R TIISPLAY ANII FIF'0.
;ÑEAi| FTFO.

;üJRITE IO DISPLAY RA}I LO(;. 5.
;UAIT FOR KEY TIITRY,

t

;

iltsl FoR ,Ì|EXT'.

iGO TO I{IXT STAGE IF SO.

;HASK OUT'CHAR. PRESTIIT' FLA6.

;CO}IVTRT TO DISPLAY CODE,

i..,AI{D IIISPLAY IT,
;60 TÍ|CK Ë(]R ilETT CHAR.

iSELECT TIJO }íEY L(]CI{OUT,

;CLEAR UTSPLAY A}II| FIFO.
;READ FIFO.

i}JRITT TO TIISPLAY RAI{ LOC. 5.
iHAIT Ft}R KEY TilTRY.

l

i
;STE IF 'NEXT',
;GO TO NEXT TTST IF SO,

;ELgE }IASK OFF 'THAÑ FRESENT'

;CI}NUERT TfI DISPLAY COIIË,

itIISPLAY IT.
i6O IATK FOR ANOTHER TH/IR.

FLAG.

;SEf IEST NO. FOR TEST O,

|DISPLAY THT ERROR COIIE III BC.

iSTOPi 8?79 ERRORS ART F'ATAL.

cD25g3

3ó40

3ó85

cnËF0ó

B7

CAEOB2

FtSl
cAF782

Eó3F

cDE206

3200 I B

c3t0B2

3ó00

CD?583

3ó40

3685

tnEF06

Bi

cA00B3

FE5 I
cA9B00

Eó3F

CIrE?0ó

320018

c30093

550

551
EEA
rJJ¿
ÊEt
.JJ *I

554

555

556

557
ÊEñJ,J''

559

5ó0

5ól
5ó2

só3

564

5ó5

56¿

}IKRÏ1I

5ó8

5ó9 TKLT2:

570

571

572

s73

574
rlEJIJ

576

577

578

579

580
râa
.JOI

582 ERRO!

sBJ ERRORI

584

585

5Bó TEJECT

CLRALL

llr40H

l'lr B5H

RTIKBD

A

IIKRTl

NTXT

TKLTl

3FH

c0Nl,Rt

KNCD

HKRT 1

8?t7
82F9

B2FC

82FE

8300

8303

8304

8307

8309

BJOC

830E

831 I
83t4

T1:TKL }lUI

ClìLL

HUI

Ì,tt/I

CALL

ORA

J7.

CPI

J1

ANI
CALL

STA

J}1P

l{ r 00H

CLRALL

l{,40H

l'lr 85H

RIKBD

A

TKLT2

NEXT

TEST?

3FH

c0ilvRT

KDCD

TKLT2

Cr00H

ERRTJSP

, 567

8317 0E00

8319 CD9F0ó

B3tC i6

HUI

CllLL

HLT
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ISIS-II 8080/8095 |1llCR0 ASSftltrLER, V3,0
8279 Fur¡ctionsl Test Frocr¡n V9

LOC OBJ LINE

EñI
.JO/

589
589

590

591

5?2

593

Í94
595

59ó

397

598

5?9

ó00

601

ó02
ó03

, ó04

É05

É0ó

ó07

ó08

ó09

ó10

8325

83?6

83?8

B32B

B32D

8330

8331

F5

SECIl

320019

3E0 I
cD400ó

FI

c9

ltul
STA

l{vI
CALL

POP

RET

8332 F5

8333 lC
8334 3A0019

8337 EóoF

8339 BB

833A C33483

B33D FI
833t C9

527 I¡TFRCHI PUSH

ó28 INR

6?9 UFCI i LTIA

;SA|JE A.

t

ilns IIELAY,

,

t

iSAVE A.

'CLEAR 
ALL COI.IHANN,

;SEHI TO 8279,

illAIT lns BEF0RE RETURNIIIG,

t

,

t

i
;IIICRTI1EI{T CHARAITER COUNIEÑ.

;REAN FIFO STATUS,

iHASK IIO. OF CHARg. IN FIFB.

iËOUAL TO (E) YET ?

;GO BACK AHD IJAIT IF IIOT.

t

;

HOIIULE F/ìGE T2

SOURCE STATTI1ENT

üt{***t{*tt*ÍtffiÍÈrxflrttïrf t****f ****xÍ8üüt8r**$il*tltÍlt**tf*xrf*ttf *t*$t

SUBÍTOUTIIIES FOR TESTS O [ 1

IOO HILLISECOIID TIELAY ROUTIHE

IILY100 CREATTS A DELAY 0F l00qEr USIHG THE lqs ttELAY R0uTIl{E, T0 ALL0U

TIHE FOfi KEY IJEBOUI{CE UliE}I THE 8279 IS OPERATIIIË II{ $EN$OR I{ATRIX }lOIlT.

IÌLYIOOi PUSH PSU

A r l00tl
DTLAY

PSU

DISÊLAY AI{D FIFO/SENSOR RAII CLIAR F:OUTTHE

CLÂllLL SEHIS A 'CLEAR ALL' C0HIIAND T0 THE 8279r THEII üIAITS lqrs FOR

THT TIISPLAY T(] BE CLEARTD,

ó11 CLRALLi PUSH

t

,

t

,

,

,

,

,

t

l

t

t

B31D F5

831E 3Eó4

8320 Ctr400ó

83?3 Fr
83?4 C9

lll)l
CALL

POF

Rtï

ó12

ó13

ó14

ót5
ó1ó

617

ó18

ó19

ó30

621

ô2?

ó23

624

ó25

626

6J0

ó31

ô32

ó33

634

ó35
ó36

ó37

ó38

ó39

ó40

641

PStd

A r 0CIrH

KTICC

Ar0tH

I'ELAY

PSr't

HAIT FOR FIFO EHTÊY ROUTIIIE

},TFRCH HOIIITORS THE FIFO STATUS U}ITIL ANOTHTR CHARACTER IS TNTERED.

; E IS ASSU}IEIì TO COIITAIN THE NUHDTR OF CHARíICTERS II{ THE FIFO OII EHTRY.

f)II EXIÏ IT CCNTAIIIS THE HEII NO. OF CHARS, II{ THE FIFT (1 HORE).

ANI

cl,tP

JNZ

POP

RTT

PSI'l

E

l(ncc

OFH

E

IJFCI

P5U

DISPLAY CLEAfi DELAY ROU'[IIIT

CLRIìLY IS A 17ôUS (16OUS I TOT) TIELAY ROUTIHE USTD TO UAIT

UHTIL A TìISPLAY CLTAR OPEÑATION IS COHPLËTED.
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ISIS-II 8080/8085 ilACR0 ASSEIÍDLER, V3,0
827? Functionãl Test ProEr¿a V9

LOC OBJ LINE SOURCE STATTHEIIT

}ÍOTIULE PAGE 13

;SAUE HL.

iSA|JE D,

I

;LOCATION COUIITER,

;URITE DATA TO BISFLAY ËAI,f.

iIJECRTHEHT COUNTEÑ.

;REPT/ìT 16 TII{ES.
,

i
t

i|IASK 5C,

'UAIT 
UNTIL SET.

;IEFOUI.{CE BEFORE RETURIIIIIG TO CLEAÑ

; THE INTTRRUPT.

;RTAD STATUS.

;HASK SC.

;lIAIT UI{TIL CLEAR.

;TIËtsCU}ICE BEFORE RETURIIINÊ TO CLEAR

; THE IHTTRRUPT.

8348

Bi49
834A

834I}

834F

8350

8351

8354

8355

83só

833F
8340

8342

0343

834ó

B3{7

8361

9362

B3ó{

e367

836A

F5
lqz6
JD

c?4283

FI
c9

E5

B5

210018

1ó 10

7t
.FTJ

c24F83

D1

EI

c9

7E

EÁ40

cA57Ê3

ctrlnS3

c9

7E

Eó40

c2ó183

cttltrSJ
c9

I.USH

FUSH

LXI

HUI

t{0v

IlCft

JilZ

POP

FOP

f(Et

PSU

ArJB!
A

cnl
PSH

H

I
H I KIICII

tl¡ 10H

HrC

D

HI|RI

tt

H

ó42 CLRDIYi PUSH

ctì1

ó43

ó44

645

ó46

647

ó48

ó49

6s0

ó51

ó52

ó5J

ó54
, EC
OJJ

ß58

HVI

TICR

JilZ

POP

Rrï

DISPLAY RIi¡{ IIRITT ROUTINT

IIRTìRAIí IdRITES (T) TO THE NISPLAY RâH Ió TIHES. IÏ ASSUHTS THAT

THE ITISPLAY RAÌ1 IS CUFTRENTLY sELtCTtn FOR URITIIIGT AUTO-IN0REl'iEllT

SO THAT OH EXIT ÊLL 16 TIISPLAY RAH LOCATIO}IS I,IILL FE SET Tt) (C)I

UIILESS ANY IJRITT IHHITTII BITS AF]E CIJRRENILY STT.

óó9 i SENSOR CI..OSURE gET ROUTIIIE

ói0 i
611 ì SCSET ¡lOtllT0RS Tllt 'StllSûR CL0SURE' FLAG IN THE STATUS [l0tiDr IdAITIHG

672 i FOR A l\EY CL0SURE, UHEN SC 00ES HIGH A l00ns ITELAY IS CALLED (F0R

ó73 ; trEB0Ur{CE),

674 ì
ó75 SCSET: lT0U A,l{ iÊEAIr STATUS,

ó57 URnÊAHi

ó59

ó59

óó0

óó1 UtrRl i
ô62
tL1

6ó4

óó5

óóó

167 ì
óóB t

ó98 SCCLRi

ó89

ó90

691

ó9!
ó93

6?4

ó95

ó9ó

ANI 4OH

JZ SCSTT

CALL IILY1OO

RET

9357

8358

B35rl

8J5n

8360

676

677
¿10

679

ó80

ógl
ó82

¿83

ó84

ó85

ó8ó

ó87

SEIISOR TLOSURE CLEAR RTUTINE

SCCLR l{0NIT0RS THE 'St}lS0R CL0SURE' FLAG Il{ THE STAIUS lJ0RIrr UAITIIIG

UNTIL A KEY IS fiELEASttr, l,lHEll SC G0ES LOH A l00qs IELAY IS CALLEIT (F0R

Irtlr0UliCE ) ,

ArH

40H

SCCLR

DLYl()O

t10tJ

AHI

JHZ

CALL

Rtï



ISIS-II BOBO/8085 }1AC[iO ASSEI{BLERI l,3.O
8279 Functional Test PPoErsB V9

LOC OBJ LII'IE

á?7

CHRTAB

CONIJRT

Ir¡iT3

TIRT3

FOUND

l(ITl
RSI FLG

SHÏI2

SHT9

HFCt

0i28
06E?

814ó

8077

8?85

8197

2A02

82Ci

8244

8334

CLRALL A

TIELAY A

IIHT4 A

TIRT4 A

KBDT1 A

NIXT A

SCCLR A

sltï3 A

TISÏO A

HIT1 A

8325

0é40

8163

8078

81F0

0051

8Jó1

8?tF

8000

8OAó

CLRIILY

DLY I OO

TIOBTl

NST 1

KBIIT2

ft(RïI
SCSIT
cI¡f 1

TEST2

UIÏ?

833F

83TII

80t1
8178
g IFó

82E0

8357

824A

0098

80c3

CLRDSP

IrLY500

TIOBT2

ERRO

KCTl

ORTl

sHï1

SI{T5

ÏKLÏI
üIRDRAII

0óIrB

0ó4tl

80F3

831 7

BOIITJ

8t FS

82?C

8271

82F7

B34B

361 .

CLRINT A

TJI,IÏI A

NRT1 A

ERRDSP A

KI|CC A

ORTz A

sHT10 A

9Ìf T7 A

IKLT2 A

IITFRCII A

}f TITIULE PAGE 14

SOURTE STATE}lEI{T

END

PUBLIC SYIIIOLS

E)(TERUAL SYIÍBOLS

USER SYI1BOLS

cDl A 8342

CLRKBD A OóFF

$TT? A BI?9

DFIT? A EOó9

ETROR A 8319

KDCD A 18OO

RDIiEû fì OóEF

stlTtl A 82BF

5il't8 A 82eB

HTfiI A B34F

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

h

A

A

A

A

A

fl
A

8218

BlOF

8060

0ó9F

1900

BIES

82Bi
8294

8300

8332

ASSEIíBLï COHPLETE, N0 ERR0RS
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APPENDIX J

8279 FUNCTIONAL TEST ROUTINE OPERATING INSTRUCTIONS
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8279 FU N CTIONAL TEST ROUTINE

The 8279 self (or "functional") test routine is ìntended to be run

as part of Stage III of the SDK-85 signature anaìysis procedure.

To run the test, the 8279 self test program (KOCtSt.Vg, listed'in

Appendjx I) must be stored in the external lK ROM, located at address

8000H. The Stage III test program (Appendix E) must be patched to jump

to 8000H immedjateìy after initjalisation. The 8279 test will then re-

place tests 0 and 1 of Stage III, and the following operat'ing 'instruc-

t'ions will replace steps (2) to (4) inclusive of the Stage III operating

instructions (Appendix F).

(2) A. Apply power to the system and press RESET.

Repl ace 413Err 01
Err 02
Err 03

Any other d'ispl ay

Go to B.8.8.8.8. 8.8.

ProcedureDi spl ay

B. Press any key (except RESET or VECT INTR)

Repì ace 413Err 04
trr 05

Any other dispìay

GotoC6.6.6.6. 6.6

Procedu reD'i s p'l ay
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D

C. Press any key.

Replace 413Err 06
Err 07

Any other display

Go to D.Blank

Procedu reDi spl ay

Press any key.

This should produce some brief_activ'ity on the d'isplays,
with al1 digits finaì1y showing J
If dispìay shows Err 08, 09 or any other display

then rep'lace 413.

Press any key.

Al I di gi ts shoul ¿ strow l-,

If any other d'isplay resu'lts then replace 413.

Press any key.

The segments of each display digit will be lit for !-, second
in the sequence shown: 

5

E

F

6

I '4
and the bottom segment wi'l'l be left on.

If display shows Err 04, Err 0b, Err 0C, Err 0d, any other
d'isplay or if the d'isplay sequence is not correct

then replace 413.

Press any key.

The characters 0, I,2,3, 4 and 5 appear from left to right
across the display, and are then superimposed on characters
8, 9, A, b, C and d.

The disp'lay should fjnally be:

2

1 t,

G

If the display sequence is not correct then replace 413.
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H. Press any key.

The characters 0, I, 2, 3, 4 and 5 a pear from I eft to ri ght
across the disPlay, and are then rep aced by characters 8, 9,
A, b, C, and d

If the disp'lay sequence is incorrect then replace 413.

Press any key.

The disp'lay w'i1'l go blank and the characters will be shifted
from right to left across the display, starting at the third
dì gi t from the I eft as fol I ows:

dEFBgA (finaldisPlaY)

where * repres ents a bl an k dì g'¡ t.

If the dispìay seque ce is incorrect then replace 413.

Press any key.

The display will go blank, and the characters 0 ... 7 will be

s hj fted' fróm ri gh[ t ¡ I eft ( starti ng at the ri ghtmost di gi t)
across the display. Then a series of su ,erimposed characters
will be shifted across the d'isplay (it is not'important to
verify these characters) .

If the dìsp'lay seque ce'is incorrect then replace 413.

Press any key.

The dispìay wì11 show

***c*b
(where * represents a blank djgit)

for five seconds.

If the dispìay 'is incorrect theL replace 413.

p

I

I

**.0***
*01¡k**
01,2***
723***
234***
345**0
456*01
567012
678123

J

K
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L. The display should go b'lank.

M. Press any key.

Examine p'in 413-4 w'ith a 1og'ic probe.

If A13-4 is h'igh then rePlace 413*

el se

exam j ne pi n Al l-9 wi th a 1 og'i c probe.

If All-9 ìs low then rep'lace All

else the connection from 413-4 to All-9
is faulty.

Err 11

Repl ace 413Err 10

GotoMBlank

Procedu reD'i s pl ay

Repl ace All.Err 14

Examine p'in 413-4 with a ìogic probe.

If 413-4 ìs low then repìace 413*

el se

examj ne pi n All-9 wi th a I og'i c probe.

If Ai1-9 ìs high then rePlace All
else the connection from 413-4 to All-9

is faul ty.

Err 13

Rep'l ace 413.Erc I?
Err 15
Err 16
Err 17

Go to N.Bl ank

ProcedureD'isp1 ay



N

0

367 .

Press any key e'ight times.

After the eighth key entry, the character'0' should be dis-
p'layed in the rightmost disp'lay d'ig'it.

I f the d'i spl ay i s i ncorrect then rep'ì ace 413.

Press the'0' key and the disp'lay should be updated to show
'1'.
A sequence of 22 characters wjll be displayed in this manner
As each character is displayed, the corresponding key should
be pressed, and the display w'i'11 be updated to the next
character. An out-of-sequence key entry will be 'ignored.

H

EX EC

C

N EXT

PU
GO SUBST MEM

r
EXAM REG

t
SINGLE

STEP

C haracter

Key

0123456 7

7

B

B

9

9

AbcdE F

F012345 6 AbCd E

Character

Key

l,Jhen the l ast key i s pressed, the d'isp'lay wi I I go bl ank bri ef1y.

Jl any error is observed then repìace 413.

The displ ay w'iì 1 show one of the fol l owing:

Rep'lace 413Err 18
Err 19
Err 1A

Any other di sp1 ay

GotoQ0

ProcedureD'isplay

a. Press the'0'key.

P

Repì ace 413Err lb
Err 1C

Any other dìsplay

GotoR1

Procedu reÐ'ispl ay



R. Press the '1' key

Repl ace 413Err 1d
Err lE

Any other display

GotoS2

P roc edu reDisplay

368.

he key correspond'ing to each
ast key is pressed, the dis-

Proceed as in step 0., pressin
character displayed. After th
p'l ay wi'l 'l go b l an k.

gt
el

S

T

U

If any error is observed, or the dispìay shows 'Err lF'

then replace 413.

Press any key except 'NEXT' and its correspondìng character.
will Ue äispiayed in the rightmost display digit. Verify that,
if any key (except 'NEXT') 'is pressed and held down, the dis-
play is updated when a second key is pressed.

If this does not happen then replace 413.

Press 'NEXT' and the display should go blank.

Verify that if any key (except'NEXT') is pressed, its corres-
pondiñg code is dìsp'layed, but if a second key is pressed while
tfre tiist is held dôwn-, the disp'lay is not updated until the
f i rs t key 'i s rel eased .

If th'is does not happen then repìace 413.

Go to step (5) of Stage III (Append'ix F) .V
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AC

ACC

ACT

ALE

ALU

APG

ATE

C

CLK

CPU

cR0

csO/ - cs7/

CY

Du

DUT

EPROM

F

FI FO

FU

GPIB

H

I-ILDA

ICE

INTA/

INTR

r/0

IO/M

IRQ

K

LIST OF ABBREVIATIONS

8085 Aux i I 'i ary Carry f ì ag .

Accumul ator (8085 funct'ional uni t) .

Accumulator latch (8085 functional un'it).

Address Latch Enabl e (8085 strobe output) .

ArithmetÍc Logic Unit (8085 functional unit).

A1 gori thmic Pattern Generation.

Automati c Test Equ'i pment.

A measure of instruction compìexity.

Clock (8085 output).

Central Processing Unit; microprocessor.

Cathode Ray 0sc'i 1 I oscope .

Chip Se'lect outputs of the 8205 address decoder.

8085 Carry fì ag.

Display unavailable (8279 status flag).

Device Under Test.

Erasable Programmable Read 0n1y Memory.

A measure of j ns tructi on comp'l ex i ty .

First-In First-Out buffer (8279 functional unit).

Functional Unit.

General Purpose Interface Bus.

Suffix to denote hexadecimal numbers.

Hold Acknowledge (8085 status output).

I n Ci rcu i t Emul ati on/ Enlul ator .

Interrupt Acknowledge (8085 output).

Interrupt (8085 'input) .

Input/0utput.

Input-0utput/Memory (8085 status output).

Interrupt Request (8279 output).

Mul t j p'l'ier of 1024.
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LSI

LSSD

MSI

MUX

NOP

PROM

RAM

RD/

RLO-RL7

ROM

RTL

SO

S1

s-a

SA

SC

SID

SLO-SL3

SOD

SSI

TMP

TTL

UUT

VLS I

l.lR/

Large Scal e Integrat'ion .

Level Sensitive Scan Design.

Mediurn Scal e Integrat'ion.

Reg'i ster mul ti p1 exer ( 8085 functi onal uni t) .

No-operation instruction mnemonic.

Programmable Read 0n'ly Memory.

Random Access (read/write) Memory.

Read (8085 strobe output).

Return Line inputs of the 8279.

Read Only I'lemory.

Register-Transfer Level .

8085 status output.

8085 Status output.

Stuck-at.

Signature Ana'lysis.

Sensor Closure (8279 status flag).

Serial Input Data (8085 input).

Scan L'ine outputs of the 8279.

Serial 0utput Data (8085 output).

Smal I Scal e Integrati on.

Temporary register (8085 functional unit).

Transi stor-Transj stor Logic.

Unit Under Test.

Very Large Scale Integration.

t^Jrite (eOeS strobe output).




