-1- AUTOVATI C TEST EQUI PMENT This invention relates generally to the field
of automatic test equipnent and instrunentation useful fo g@éﬁ}?\g nal
and di agnostic testing of electrical and el ectroni€s circtits. resent
application is divided out of our British Patent Application No. 8429657
(Serial No. 2150696) from which our British Patent Applications Nos.

8722958 (Serial No. 2195027) and 8722959 (Serial No. 2195028) are also

di vided. Automatic test equipnent is known which includes a programabl e

unit capabl e under the control of an operator of generating anal og and/ or
digital stimuli and automatically applying such stimuli to a circuit under’
test and of probing nodes of the circlit to ascertain the circuit response
and in consequence provi dgo9oRATLNATERT gQuapMERTWhet her or not-the circuit- -
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and 8722959 (Serial No. 2195028) are also divided.

-/ Automatic test equipment is known which includes a e
programméble unit capable under the control of an Q
operator of generating analog and/or digital stimuli
and automatically applying such'stimuli to a circuit
under test and of probing 'nodes of the circuit to
ascertain the circuit response and in consequence
providing an indication as to whether or not the
c¢ircuit is functioning properly and, if not, diagnosing
wherein the fault or faults lie. Currently available
automatic test equipment comprises relatively low cost
machines which are relatively unsophisticated and
provide relatively few user controllable facilities so

. that once set up to perform a certain test routine they

\/ cannot readily be changed to do something else, and ('
also very expensive and highly sophisticated machines i
utilizing computer technology to provide a high degree
of operational flexibility. However, insofar as we afe
aware, there is not currehtly available any automatic
test equipment which provides operational flexibility
and versatility at a reasonable and relatively low
cost; the present invention aims to provide just such a
machine.




cost; the present invention ainms to provide just such a machine. 2
According to the present invention there is provided autonatic test
equi pnent for the functional test- ing of electronic circuits, said
automati c test equip- nment conpri.sing: a progranmabl e controller conprising -
“a digital computer having keyboard and display facilities; first means for
the connection to sai-d progranm able centroller of a pIuraIity of testing

devices such as power supplies and external specialist instru-
mentation; second MSERTIABE the cBhfecPreserb sHRYPHIRR arfhentol ds

control | er of ﬁ-dﬁeredmdmmwé%ahﬁweafc fld¥Sthe FRfcEe¥haETewd-d second
neans conprlsaﬁé é) allt 3%”C%hs Ig conqgghlon sites provided
in the auto- &4 & @Gﬁ ﬁeﬁ la ea%‘h rautematis k&Y SAWiRes bei ng
capabl e of rs@annlqgmpnysdne:of a plurality of different function nndules
lCJ)fselror ggﬁf e][ [nglrj(ragdtsefeg'?l%%m%;%o?gﬁsgnggf‘mé&g’o%rﬁg gorht pﬁlura |ty of
such nodul es’ [ROMPRLeEcBATANE; Kegeard amd cdisRlancsady %ﬁ%Q§:connect|on
sites, each of sai d‘ifrBItCttdeaﬁlerffdiﬂ %etoeudmaeasﬁmneetd %abﬁl Erdgrimmed by the
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as power supplies and external specialist instru-

~ mentation; | | -
‘second means for the connection to said programm-
able controller of a user configured plurality of test-

) | ing devices said second means comprising a plurality of

' function module connection sites provided in the auto-

" matie test equipment with each of said connection sites

 being capable of receiving any one of a plurality of
different function modules of predetermined type de-
signed to be controlled by the controllér, a user-con-

- figured selection of function modules comprising a
plurality of such modules being received in use in
selected ones of said connection sites, each of said
function modules being adapted to be controlled by the
controller in the performance of predetermined
specific  circuit testing operations and ‘including

o means ‘to enable the function module type, as regards

N - its functional capability, to be determined by the con- -

troller, o
connector means for coupling satd plurality of
function modules to an electronic circuit to be tested;
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nmeans to

capability,

enabl e the function nodule type, as regards its funct

i onal

to be determned by the con- troller; connector neans for

- coupling said plurality of function nodules to an electronic circuit to be
and a bus structure interconnecting said plurality of function

t ested;

nodul e connection sites with

each other and with said programmuable

controller in a shared resource argangenent providing for -direct

nmodul e- tg
conput er

3g?dule communi cation, said bus structure including:

abus for conmunicating con- trol data fromthe controller t o

(i)

a

N

the function modusestruetupnt interagnnretiperaaidnpluraliy fafiction nodul es
a

and for
functi on

i dentify™ ﬁ&l§P&GaPrpgﬁéﬁpéhlﬁnaepérP}ﬁﬁg éﬂdaa§6%¥?%|he¥¢MF¢elocatlons in
sai d pl Uadirahgetlentod Provadingct i for Sidbsectindmoduiésto-modeearchr oni sation’

bus - cogghh%hqgatg Iug kdtngfgééggghrsnpgg}Fgﬁ enabl i ng direct nDduIe-.

t 0- modul € —commmnrcarion’
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Si n|f|c vant.age of .the 1nvention |S seen to reside. in
9 %%r controf%ing the operatlon of the function modules

and for passing digltal data to and from the function
modules; : : . o _
(i1) a function module identifioation bus . for

enabllng the controller to . “identify individual-

functlon module types ‘and. ascertain their 1ooations in
said plurality of module.connection sites; and.

(i)

er to

%f events’ occurring

om
a
t he

(iil)f _a.d synchronisation . bus- . comprising .a .
plurality of signal lines for enabling direct module-

events occurring within the. automatic: test equipment.

_to-r_nodule communication for cross-synchronisation of

As will be appreciated from consideration of the
follouing explanations and description, a significant ..
advantage of the invention 1s seen to reside in the .

concept of a modular. approaoh in whioh optional
function modules seleeted._to suit the  particular
requlrements of a user are assembled into a programm-
able _unit wherein ‘software programmable hardware
modules configured according to requirements provide a

_oomprehensive range of. test 81gnal types. and control

features.; _ - _ . _ L

In an exemplary embodiment' of the present
invention which will ©be described more fully
hereinafter a programmable controllef, configured as a
microcomputer and advantageously provided with full

‘keyboard and high resolution colour or black and white

graphies facilities, co-operates with a number of fixed

-
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concept of a nodular approach in which optional function nodules
selected to suit the particular requirenents of a user are assenbl ed
into a programm able wunit. wherein software programmble. hardware
modul es configured according to requirenments provide a conprehensive range
of test signal types and control features.. In an exenplary enbodi nent
of the present invendion which wll be described nore  fully
herei nafter a programmabl e controller, configured as a m croconputer and
advafft ageousl y provided with full keyboar qgand hi'gh resol uti on col our or
‘bl achks#id white graphics facilities, co-opérates with a nunber of fixed

[ hterfac](cas, such i?ﬁteWEssumﬁdmaﬁrpéaefl suppiiésr orheapdligdieisorfaro t he
system of extern speci.al iS¢ jnstr nt asJ OLeC rol.Sn f '
confi gured nurrberq;hgf %ﬁ'l?éoéh%ilm{l n?ér?’g%es%% énf %?ttlgg%‘g‘%xa cgiailiﬁ'c tude -
mul ti-bit input/des$runesdatdonwier eiconénelshi talhgy aheupalli eenfdauregdser
configurable as %’&nib!%ﬁ-urofobg%%oﬁalo!ih&%??faces' @lidhethigh®Jifor AR
providing multiple.isolated logic inputs programable to accept or AC
as input states ¢ o-i sol ated from

- multi-bit input/output modules wherein each bit
may be individually user configurable as an input
Y ' ~ or as an output; '
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the remainder of the test system and nmultiple isolated relay swtch
out puts wunder djirect programcontrol with the option of changing state on-*
the occurrence of a SYNC, relay matrix nodules providing an X-Y rel ay

switching matrix of X lines to Y lines for general pur pose use wth
indi vidual |y controllable relay switches at crossover nodes between the X°
and Y lines enabling any conbg?ation of connections to be set up and
enabling the lines to be used for=>fan-in or fan-out applications; prob
-interface nodul es providing electrical interfaces for probing arrange ts

wherein prohes 3mrdiadel VeloPfc PASSLYEs | p@oviABYngbe maplipyed for
stimulus and/ or nmeasurenent at circuit nodes and via stimulus and

nmeasur enent- busegscdagledg logsd i impushsr gamgrsmmabodubeacceptiser
controllable as to signal levels, frequencies, etc.; analog function
gener at or nmodulD€sor AGragehsputi atatesranidfomxbt sadatsdfroahapes;
signature anal ysis and frequency neasurenment nodul es including phase
measur enent f aci Ithej #gmainders &fydihGe testhuIsidrem nGRd SIS yse in
ni§r0-lprocessorigglgégdgngg'a&onswgg%hgrguggaggaiééﬁgr direct
program control with the option of changing
state on the occurrence of a SYNC;
- relay matrix modules providing an X-Y relay
switching matrix of X lines to Y lines for W
general purpose  use .with individually:_
controllable.relay switches at crossover nodes
between the X and Y lines enabling any
combination.of connections to be set up and'
enabling' the lines to be used for fan-in or
fan-out applications; . .
- probe interfaée modules providing eiectrical
interfaces for probing arrangeﬁents wherein
probes and active or passive jigs may be ,g)
eﬁployed for stimulus and/or measurement at N\
© eireuit nodes and via stimulus and measurement
H.buses;' |
- aﬁalog. stimulus/besﬁonse_l modules = user
controllable as ﬁo signal levels, frequencies,
ete.;
- " analog function generator modules_ for

generating user definable waveform shapes;



| ogi c state analysis and testing; and other nodules as will be descri bed

hereinafter or as the user may care to connect to the system The system
advant ageously is arranged to interrogate the nodul es connected at any tine
into the systemw th the nodul es provided with unique code indications as

to their type

and function, whereby - the system can determ ne for

Itsel f what nodul es are present and where they are located in the system

structure and w
her gfnaf t er
syn | sation

|1 organize its internal rdutines correspondlngly The

descri bed embodi ment i ncl udes a
bus conprising a plurality of signal |ines

desi gnated to be used for the synchronisation of measurenents and/or  other

events within the systsalgndttdret haﬁwﬂﬂwniaﬂd | of réxpieney deméa(smreziélﬁm t he
system conputer, It als r The
enbodi nent further |nc E¥E§F%h$ﬁzn§n§ﬂ%§ %ﬁék?m%ﬁgeggg}

respectively, to-all owemx,ermegnmudamnm uyoﬂuheSt ofor suse chial@i mqma-
common stinulus line %ﬂ%é&s@ﬂ QW' aﬂSIS'e&%thtiGnQe ﬂ%%ﬂrﬁdgé&erati&

swi tched onto a commo neasur%g% Li,ne mg g ﬁi types of measur enent
facility provided in iFh@ PPHER®7 have access. By

provision of suclarsysitdrer maheles taaa wilds e odasssczdfbed Meerelmfiar can  be

advant ageousl y
self -test facili

%& '()#ﬁ?ﬁgslg? E‘E?.X JH#Bb BSVaBhAGS, 89%9tne GYIRERNCNSING
system advantageously is arranged to interrogate the
modules connected at any time into the system with the
'modules provided with unique code indications as to
their type and function, whereby the system can

determine for itself what modules are present and where

they are located' in the system structure and will

organize its internal routines correspondingly.
'~ 'The  ~hereinafter 'described  embodiment

.inoludes _ a synchronisatlon. : bus

comprising a plurality of signal lines designated to be
used for the synchronisation of measurements and/or

'~ other events within the system with the synchronisation

being derived from the system computer, from any

digital input line, via a probe, etc. The embodiment

further includes stimulus and measurement buses

- arranged, respectively, to allow any signal stimulus
- line. to be switched onto a common stimulus line and to

al;ow any'signal to be measured to



i mpl ement ed. The system could further conprise special signal injector ,
and/ or measurenent probes which in conjunction with the. remainder:.of the -~
~system may be used to neasure voltages (both AC and DC), current,
frequency, digital levels and digital signatures, and which nrght also
I nol ude an- al phanuneric or graphic display for indicating to an operator:
~information such as a designation of the next point to ‘beprobed in a

- sequence controlled by the system doftware. - - - The probe advant ageously—

m ght also incorporate a high speed analog to digital converter enabli!

the probe to act as a drgrtal storage oscillo-.scope with meviiornrdrsplay

on the QPaﬁH1&§h§FeﬁEWP FHRMOR\ AFSFHremSAY offne Lo which Bl ve )
th b t t b d
Such L n3vPaR Gfebegnredents tkRLE ﬁﬁt ﬁpr@ﬂ%@d&eﬁréﬁéf afsoliaked®r dec o a
t | | bed
Sequence,; gan dﬁ CH lggugy {g;o%a% Lt NByMEARH 1 ofl 4i8S s@nPr obe

signal s "are disp r voc stored.” An X-Y pinjig

arrangegggteﬁnahhaag a maabepeeoneegaveefautaaatsgahbw cahor pkesting a
series circui t nddes under software control also m ght be provided,

and addigvhaBalkleyusely autenizedvelty maxiaoet advantpgebi agd facility m ght
be provided with a robot arm holding a probe to be noved-automatically

under Cebnprehenedwemselfetemmtfanhlytprmﬁ'gtbﬂnsdsssquenne be speed fully
aut omati ¢ di agnosi s. The probe coul d further be arranged for use in aSelf
t est implemented. _ .

The system ‘could further comprise special signal \ J
inJector and/or measurement probes whioh in conjunction | "/
with the_remainder;of_the system.may be used to measure
voltages (both AC and DC), current frequency, digital
levels and digital szgnatures, and. which might also
inolude an alphanumeric or graphic display for in dioating : -
to an operatcr information such as a designation of the . |
next point to be probed in a sequence controlled by the
system software.: The probe advantageously might also
incorporate a high speed analoé to digital converter
enabling the.probelto act as a digital storage oscillo-
scope with waveform display on the graphics ‘'element’ of
the - overall system. Irrespective_'of the- probe
configuration, | the system advantageously _will be
arranged such that an operator is instructed to probe
designated circuit nodes in a sequence controlled by the
‘'software and the measured values or probed signals'are
displayed and/or_vocalized and/or stored. An X-Y pin jig

arrangement enabling a probe to be moved automatically

-
3



and di agnosis node of the automatic test equipnent for injecting signals
I-pto or receiving signals fromany point withi*n the automatic testing

equi pnent itself and up to and including external .connections. Software for
.the system descri bed m ght enploy a standard operating system such as CP/ M
permtting access to a wi de range of alterﬁgte support software and

enpl oying its own test program execution a editing facilities. The
software desirably will be configured as an interfacing aid conprising a

sequance of instrctit@BeiAR a 4EBLLAN Ndcapsuet hasdes alHdedv adragapes! v
wi th colour pronpting for special function keys with the key functions:

determ ned and cépritrdl edlly theghof tbwar roaided,| | ahe dedd poashdXiy eo¢t a
user sinply through the stages required to create an interface with a unit
under test and taltefnaEtivelsyst enobot adrmr matdbimesi dazlilisyel Bigheind bei | |
also initialize data for the test sequence adapting itself to the

optional nodul Prebitedurbthod FRb9Fe@nth hqkdinger MIOLR:r&P ybeorgardne

each S1anal by aSoHB AR LS ol YR ! (CRERe3oThO, SR BTt e Lt e
T o e AR At b IHRCE L e S el oY B,
e ora * Tho CopiaSh L6348, BUFRAUR B RN 1 G000ME LR LBEz LGy oo
baseboard/| oom 4&ftd{8gnédfls mode of the automatic test equipment for
W, injecting signals into or receiving signals from any
i./ point within the automatic testing equipmént itself'and
up to and including external connections.-

Software_fof the system described might employla
standard operating system such “as CP/M permitting acce#s
to a wide. range of alternate support softﬁare éﬁd
employing its own test: program execution and editing
.faciiities. The software desirably will be configured as
an interfacihg aid comprising_a‘seqhence of instructions
on a:question and anéwer basis and advantageously with

N ..-colduh prompting-for'special function keys with the key
functions determined and controlled by the software, and
w;ll'be designed to lead a user simply through the stages

'redhibed to create an interface with a uhit.under'test
and to- adapt the-system for alternative signal levels,
and will also initialize data for the test sequence
~adapting -itself. to the .optionai module éonfiguration

plugged in. The user has merely tb.define‘eaéh.signal by



signature analysis, logic analyser display of signal lines, versatile

i nput/ out put handl er configurable for | EEE 488 instruments, and data
l ogging facilities to a printer, serial channel or disc. Al so described
herein is a manufacturing defects anal yser (MDA) nodul e which can be

associated with the automatic test equi pnent. Wher eas 't he automati-c test

equi pnent per se is designed to effect functional testing of a. circuit
board or the |like under test, thatQ|s to say the testing of the circuit.-.
board by application to |nputs of t'he. powered-up printed. circuit boands/
test signals and sequences thereof fornulated to enable the functional
operation of the assenbly to be nonitored by nonitoring of correspondi ng

of

signal s obtained fromoutputs and other test nodes of the assenbly, the MDA

nodul e i%RRIgRCedhgosOSSWATCh WidL LhARBt RBRABR RRETPRF HALe Havt@reral | circu
board assenbly as for the determ na f nanufacturln fects such as

short ](c:lffafﬁﬁlt ines, apd; Ry ¢atf&n rérléggr a??lsé'rlf'éd ja{"f'}'d'/or‘?'mldil rSing ang/
o't outt PRI GGG 1 B, AL Hhely e HefnedI Ve

it

or

| nexpenge YBe_pbfE! bPda téQEﬁSﬁBE?emf Oéhég' é&hvgéydééépw& R cation .

desi gne 'e-the maj o ove fault categories to be
Identlflﬁmf&rérorbbo *@Faw-l Jitﬁhct taealawstdmgaofu%sﬁﬁ bgd 2id nt ed v

circuit boards. - It has been found, primarily as a result of analysis

fault t)@Kﬁphﬂdﬁaﬁabﬁlﬁ&ﬁebhand the software will encode them for.
' the test program. The software may further accommodate
self-learn algorithms for baseboard/loom testing: and
eignature' analysis,; logic analyser display of signal
lines,_versatile inpﬁt/output handler cbnfigurable.for
-IEEE.HSS_instruments, and data logging facilities to a
printen; seriel_channel or disc.

Also_ described herein is a manuf_ac-tur-in'g-'defects .
analyser (MDA) module which can be associated with the
automatie test equipment _ Whereas the automatic-test
equipment per se is designed to effect functlonal testing
of a.cireuit-board or the like under test, thet_is to say
the teSt;ng;of'the—eircuit board by application to inputs

_of.the.é@hered-uﬁ.pr;nted.circuit board ef'test signals
and eeduences'thereof formulated to énatle the_fuﬁctionai
operetion of the assembly_to be-ﬁonitored by monitoring
ef correeponding.signals obtained from outputs eﬁd'other
test nodes of the assembly, the MDA module is'adpated not
so much.for,functional.testing of the;pveral; éifedit.

 boafd aesembly as for the'determinatioh of manufacturing

defects such as short circuits, tracking faults, mis-

.\/



majority of functi onal faults originate at manufacturing defects
sych as those aforenentioned, and that an acceptance rate in excess of 90%
can be obtained on full functional testing if "a prelimnary rudi nentary
fault Jlocation is effected based upon |ocation-of manufacturing
tdefects. The manuf act uri ng defects anal yser nodul e hereinafter
described is for testing the viability of conponents on 'a printed circuit
board or the like and conprises a matrix array of bidirectionally current

.condx%ying anal og swi tchi ng networks each defining a test point for
conn&ctfon to a node of a board under test ¥and connectable by control of
the switching network either to a stimulus source or to a reference (e.g.
ground) potentiohapertiad 3ndPranBéasing tanddoror pPupordi nFolepancet a

eoai caoss ot plonentEeamaqhac ibktoBebecumatiaiss imddes o

v u u i | u [

sti mul ug sour%:/es £ rsgi§§p2§§ﬁ=Ve| yTY&%a‘ﬂi“ct“é‘%Fa"tqt?t ig,fg%; e_sﬁyefgh'rfﬁﬁ
netmorks, therebyaehatéla@;tnﬁjj A@neuﬁeﬁﬁivarrehestimgl\M#ﬁganauuercef to
be utilised to de}@iﬁhﬂ@éﬁgriﬂhi'ﬁ%a&g #0d FP&POHEQE ﬁé’?d%' Eﬁgble thae
anal og sw tching networ each pr Pera% y conprlge our brdirectiona

anal og transni ssi BAJgritE ohitie adove Harultbrtatpeenies t@ e ddentifded
effect transistorppibpUlifs Rime PEELEr afiinetichdln LBEEUAR! ek Clasgemblelior m

The Nour b'd're%%ERQSé efpg$99 boards. It has been found, primarily

as a result 6f analysis of fault types, that by far the

\ / majbrity'- of functional faults originate at

Y ' . manufacturing defects such as those afofementioned,

and that an acceptance rate in excess of 90% can be

"obtained on full functional testing if a prelimiﬁary

rudimentary fault location 1is effected based upoﬁ

location of manufacturing defects. : ' :

The manufacturing defects analyser module
hereinafter described is for testing the viability of
components on a printed circuit board or the like and
comprises ‘a matrix array of bidirectionally current
conducting analog switching networks each defining a

. test point for connection to a node of a board under
test - and:_cohnectable- by control of the switching

N ) network either to a stimulus source or- to a reference
~ ~ (e.g. ground)' potentional  and ‘simultaneously to a
'  eorresponding input of a measurement facility. The

';mahnfaeturing defects analyser module advantageously
further 'comprises means enabling a plurality of
stimulus sources to be selectively connected to the
array of switching‘networks,xthereby enabling both AC
and DC*eurrent'and?voltage sources to be utilised'to
determine- eircuit ‘board and component'eonditions.



transm ssion gates are commonly connected at one side to define the test
poi nt of the respective switching networ.k and at their other sides define .~
four termnals which constitute the input/output termnals of the '
net wor K. Furthernore, the control termnals of the four anal og

transm ssi on gates are preferably connected together to define two
control termnals for the network so that by application of an appropriate
input to a respective one of the two network control termnals a respective
‘two of the bidirectional anal og transmission gates will be sw tched i nka/
conduction so as to connect the té@t poi nt of the network firstly to the

-stimulus sour and cond| ares ur ement .

facility. fﬁ th%n%f 3¥itt \ﬂ%&%t‘j%gntg%% ter%#%a Y is addressed
with. acomppiser faue bdpdrectﬁenaioaneigslwrﬁm@mu@§ﬂqnﬂ8atQﬁ t he network

w il be ﬁﬁpegct&u@ gsto thiey ereosgerdﬁw&e' #8180 d¥irddy the

measur enen stem an i nput of measur enent facility. -
The smnPBﬂPﬁQStﬂétﬁérﬁgitéomﬁﬁwﬁﬂﬁfﬁr%ﬁ Y {308 Bﬂm#QQﬁﬁQﬂﬁﬂ anal og

transm sgipBubt eForlius W || {Pheapmote atbidiiretdtiowpramﬂog f our

t I nal h | ect | f B
St1 mul s crapipLaston g kid, racSORABhEY, Sonh8oBel RS JadIE. T T o
a testto deifine the cirstvepginbnabctiel sesipeedivey swiktcehinail us souro~J
and a f'pa&HBPktQﬁdnzesuﬁsfﬁn&tﬂeﬂeﬁ@és tdefiife ARSI WbmaRIIge and a

second o e neasurenment nodes d two network co troI tern1na|s whi ch
detern1nﬁhﬁﬁhchQﬁsﬁ?ﬁpﬁﬁu)the tnput/output termlna& the
_network. Furthermore, the control terminals of the - A
four analog transmission gates are preferably "/

conneoted together to define two control terminals for

the network so that by applioatlon of an appropriate

input to a respective one of the two network control

terminals a respective two of the bidirectional analog

_transmission gates will be switched into conduction so

as to connect the test. p01nt of the network firstly to

the stimulus source and secondly to a respective input

of the measurement faecility. - If the other of the

network control terminals is addressed with an

appropriate input, then conversely the test point of

the network will be connected to ground or any other _

appropriate point in the measurement system and to a v/

dlfferent input of the measurement facility. - ' _ \ﬁ/ -
The switohing networks constructed of four '

b1directiona1 analog transmission gates thus will be

appreoiated to  comprise four terminals each

seleotively connectable to a respective one of a

stimulus source, a reference -potentional and - two

'measurement -nodes, - a test. _point selectively-

connectable either to the stimulus source and a first

of the measurement nodes or to the reference source and

a second of the measurement nodes, and two network

control terminals which determine which of the two



different test point connections available through the network are
realised. In accordance with a preferred feature of the invention, the
graphlcs facility advantageously w |l ‘include a: Ilght pen enabllng a user

"draw in" specific si-gnal sequences or wavef or ns to be
1nterpreted and encoded by means of system software for inclusion as
required into a test program By virtue of this feature, data
representative of Specific signal sequences and/or waveforns can readlly be
entgfed into the automatic test eqU|pnent\bf t he |nvent|on to be

[ ted t t th {

LQSS‘?ﬁsfi‘eio' 18t FERRERET S5t oblnt [ Gortikp (I AW 13RaY) oBeh Efgrsgnal
sequences and/ornahwefbratefm#atﬁﬁnﬁai|ng correspondi ng data inputs to the
conput er . More paghi Géledir %ncteh' witheal Uﬁa?fé’:fré&‘ef'ea‘éﬁ%' 9% eRg! es

the setting up a, test E)I’O gram an electric system 1nstrunent, circuit

or conponent by 4B¥eBEienyighe &nrRbicsorfamitith afYAnERGERMILY ayildcility -

of d; he corm]yter ifctnad! %.thlﬁghse][péro éalaazalibg Sé)ersfdrC Sbgnairaﬁeqwazces
and/ or waveforns_to [. or nclusion in the t t am
ghiLe coribes 8 fam oot

speech synthesis SRS dEou§?9u Pe 6VBV|H§ﬁe
communi cat i on be&menprﬂbe¢mfbrﬁwed tby messs, of amstam@ofwmnfor

advant ageousl y m&iusm hgs PQ&T@H&& fhes driyse sPdefakONt 8P kebtue
t herefor, a prlnt r and other such facilities conmonly aSSOCIated
Wi th n1croconput Eﬁ&ﬁrﬁﬁgﬁure, data representative of specific signal
sequences and/or waveforms can readily be entered into
C/ the automatic test equipment of the invention to be
W, incorporated into the operation of the equipment by use
of a means responsive to the manual representation by a
user of the required signal sequences and/or waveforms
for generating corresponding data inputs to the
computer. More particularly this feature of the
invention enables the setting up a test program for an
electrical system, instrument, circuit or component by
use of a light pen in conjunction with the display
faeility of the computer to enable the user to desecribe
specific signal sequences and/or waveforms to the
computer for inclusion in the test program.
A speech synthesis module advantageously may be
N provided for verbal communication between the system
N ' and- its user, and the system advantageously will
further comprise disc drives and a controller therefor,
a printer port, and other such facilities commonly
‘associated with microcohputer equipment. )
The keyboard advantageously comprises a dual mode
structure comprising a first QWERTY_typewriter-style'
eléetromeChanical keyboard comprising full travel type
keys and matrix drive and sense electronics ;or
capacitive or other sensing of_depressed.keys and with'_
a plurality of special function kéys and, on the



it

The keyboard advant ageously conprises a dual node structure conprising a
first QUERTY typewiter style el ectromechanical keyboard conprising full .
travel type keys and matrix drive and sense electronics for capacitive or
ot her sensing of depressed keys and with a plurality of special function
keys and, on the reverse of the el ectronmechani cal keyboard, a second

- menbrane keyboard sharing with the el ectronechani cal keyboard a comon

encoder circuit which communicates with the systemmcroconputer via- a
bidirectional serial dataline. - As a preferred feature of the
i nvention, the keyboards each- Bave a row of di fferently coloured speci al

functiong %¥§ehaarf n@h%Ofél @rou&@ﬁﬂdﬂbu@dwﬁaon% aé@céﬁ'@ colour - .
gr aphi cs di splay of t

stemls arr
correspéﬁ@ﬁﬁéﬂ? KA E KIRRTIRE civd gegﬁﬁht§1%%EE6T%# ﬁﬁafo a di'spl ayed
menu Orkﬁﬁﬁﬁhaﬂlaﬁleﬁﬁm@m eﬁbbder Ry reituevidfelt hecmmun hegBeent t he speci a

function ys,are of at e Tyt the use of
t he §'ti§; tgsensy§ IEt r?leym?er (rifr‘%rfb qu Obi gl;‘(é?g% %:gs can be
made r dea‘tiraslel gatalimée andAS @sepl"ﬁfﬁéneﬁiy fearwrr%t ofheth@vention wil |

be deSCI’iln%%tq%hel l%ﬁgt ng%hpdgaéabﬁlll ar. I’Pf ef pnm: 10 :nlI nna;_j c test Co--
equi pnent , _

o

s



that is to say equi pnent adapted for the, testing of electrical and
..electronic circuits separate and distinct from the automatic test
eqU|pnent itself, it 1is nonetheless to be appreciated that test
equi pnment accordlng to the present i nvention can be configured for stand
al one use as personalized instrunmentationypr as a personalized

wor kst ati on in -the sense t hat the instrunentation or workstation
is configured by the user to suit his personal requirenents. The present
|nm§91|on t hus he¥teertdgrcal oF ﬁoﬂﬁgﬂ¢n$lwemgdnaWene@pensaduﬁenp&np0nxeys
wor KStation configuration conprising a controller as aforenentioned I n
co-operation NS F?Qﬁﬂar%ndﬁéﬁr@éﬂ’%ﬁ&l fyretieresand e ceadourn

d : h k d. Th huys | d
P earde It Ehaskife, Bhudd of TP SbFeebClFngrRRabttoror IaPRlar £y
d t f
cono doration &% RE FEFrssPYBBLAely, dblour 8F Y LY Wegnhl cach
the invention wmﬂn} it 4Skiapedyka ﬁaﬁua&ﬁqm@gww&eqre@ul%&so%%ﬁ' n: -

Figure 1A is a block agr am of the control I'er section an automatic

test equi pnenBy AAGHUE N tthidaairarddien vVEnd i epecfagurenc&fsonl Reyd
bl ock diagram illustrating the interface organization and data bus
structure of trm'eatdﬁ)rarea:tlsesentmnnemm“)ﬁtzlgonrthéAuser and the use

~ of the system, even in~ the performance of complex
routines, can be made relatively simple ‘and - wyser
'E;; friendly". ._ ._. )

Whilst the invention will beidescribed hereinafter
with particular reference to automatic test equipment,'
that is to say equipment adapted for the testing of
electrical and electronic circuits separate and distinct
from. the automatic -~ test eouipment itself, it is
nonetheless to' be appreoiated .that, test. equipment
according to the present inrention can be odnfigured for
stand alone use as personalized instrumentation or as a

"/ personalized workstatlon _'in _thel sense  that 'the
N instrumentation or workstation is configured by the.user
| _to_snit his personal requirements. The present invention
'tnns.extends also to such a personalized instrumentation

or workstation confiéuration-comprising a eontroller as

aforementioned in co-operation. with fixed and/or

optional interfaces



Figure 2 is a schematic circuit diagram shomﬁhg an éxenplary arrangeﬁeni

for the generation of a SYNC signal; Figure 3 is a circuit diagram .

illustrating a neans of identifying the interface nodul es provided at any
time in the automatic test equipnent and indicating furthernore -
their Jlocation wthin a system backplane; Figure 4 is a block diagram
of an exenpl ary function generator nodule one. or nore of which can
be incorporated as desired i nt o he automatic test eqU|pnent ;
Fi gures 5A,..5B and Cillust ate|r1%; ock di agra fornlalternatlve © N/
- techni que§® 2 hRPLRS nnyRheBERRT ?%ﬁeln e&R%)Ei %p drrent for signal
i denti fi Caheoniﬂwenlsfbmf mwaiermmallwmitmdaermgardm dduent i ng;

2

Fi gures ﬁéefu?ﬁesén? e +éf&t§§tf 1 a.rgferred signature analysis shift’

regi ster. arrangenents angenents of Figures 5A, 5B and

5C, Figure 7 |§uatbencl€e@4ba@eam ord anderaibpEaBy af clhend@resemdunting/ tining |

nmodul e \Mavehtioﬁanwnbe bé@@tﬁ@oré‘pﬁ&éﬁ% O 4 al&d}fﬁtdéréﬁ%n equi pment ;

_ F|gure 8 | tic circuit represe in ary .
practical © g%{‘l Wnﬁ)ﬁesﬁriﬁ%&ﬁ e n3F SRR ”éﬁ(f“’f%"é’%@ﬁﬁy measur enent

nmodul e; Fogutlae iaventioa whidile st illubtnaked diragheracoafimpamy iergenpl ary -
sequence drggyh§§0ﬁhepgnge ' mhlch can be
' Figure 1A is a block diagram of the controller &J
. section of an automatic - test equipment according' |
to the present invention; S . . '
Figure. 1B is a block diagram illustrating
the interface organization and data bus structure
of the automatic test equipment of Figure 14;
_ Figure 2 is a schematic. circuit diagram showing
an exemplary arrangement for _the_ generation_ of
a SYNC signal- . _
' Figure 3 is a ecircuit diagram illustrating
'a means of identifying the interface modules provided
‘at any time in the automatiec test equipment and
indicating furthermore their location _ within - a
system backplane; ' '
- Figure 3 is a block diagram of an exemplary
function generator module one or more of which

~ean be’ incorporated as desired into the automatic i_)

test. equipment-'3



i ncorporated into the automatic test equipnent; Figure 10 is a schematic
representation of the cycle tine of the sequence ®enul ator. nodule of Figure

9; Figures 11A and 11B illustrate nodifications which can be made to the '
sequence enul ator nodule of Figure 9; Figures 12A to 12D show an _
al ternative enul ator subsystem conprising a master enul ator and. a.. nunber
of slave emul ators each conprising a nndule\@f.the system Figure 12A being
a general arrangenent diagramfor the enulator .subsystem Fi gure 12B

illustrating = the structurihg of _data in provided in_the enul ator
subsj?{em Fi gure 12C-1§Yt% %‘}hgsghénﬂa%dgﬂwtaﬁ%‘?e ognt R&ogkp&}aBEAMand

Figure 12D the Sl?é’r% a':i&(‘j{ﬂ%eéﬁé tedn EﬁIEBst ivﬁ'\ircﬁxp:xrna%?{?%teateim%lﬁﬁgfeg?igﬁ&ﬁg-

switching relay natri x no | guré I'S a sche c sho

active jig arranggiediatif &l staRqh8 piedd %Iamgﬁa?%mméﬁ%ﬂg BgEnt:

Figures 15A and 15B are equivalent Circuits | Tustrate some o
operating princi phess Qind tifre2@ina1§ dils0 adld Frawsd thidn Rowmtdngl6 is a

schematic representation of a switching network of a manufacturing’
def ects anal yser nodulRigudesch 6&£an 6Be amded 60V t hlluberated OnprieCertredt
equi prent of Figures 1A -and 1B; Figure 17 is a nore detailed representati-on -
of the switching snaikref afpagysésighift register. arrangements__, usable
" with the arrangements of Figures 54, 5B and 5C;
Figure 7 1is a block -diagram of an exemplary
./ frequency counting/timing ‘module whieh._.can be .
incorporated into the automatic test equipment;

FigurelB is a_schematid circuit diagram_representing'
an ”gXeﬁplary praetical_ rgal;zation of a signature
.anaiysis and frequency measurement_ﬁodule; '

Figure 9 is a .scheﬁatie “block _diag#am_ of  an
‘exemplary sequencg.' emulgtor module which~ can be
uincorpdratéd into the automatic_test_equipment;

Figuré 10 is a schematié'bepresentation'of3the eyéle
time of thg sequehce emulator mbdule o£ Figure_9;. _

_ Figures 11A and 11B illustrate modifications which

' ?ép'&é ﬁé¢e_to'the Sequence-emulator.module_of Figure 9;
a H.?igures 124 to. 12D show an altennative_ emulator
3ﬁbsy$tem boﬁprising a master emglator énd a. . number of
slave emulators each.cbmprising a module of the sjéte@,
FiguréiTZA beiﬁg a_géneral arr§ngemg§t diagram'for the
emu1a£6r  ‘subsystem,_' Eigure - 12B . 1illustrating . the

structuring of ‘data in RAM's provided in ﬁhe'emulator

-
H



Figure 18 is a schematic circuit diagram of an exenplary manufacturing

-def ects anal yser nodul e; and Figure 19 represents how't he manufacturing e
defects analyser nodule - interfaces wth the automatic test. equipnent
system Referring initially to Fiigures. 1A and 1B of the acconpanying
drawi ngs, these show in block diagram formthe general arrangenent -and
organi sati on of an exenplary enboquent of automatic test equi pnent
according to the present invention. The- enbodi ment adopts a nodul.ar
‘approach in that the equipnent is structured to enable .variation of it&y .

conf i guriiy ik dan,S #igeireon 2getingas taatangethof madtestdmnal tormgul es, and
. by this 'neans the equipnent i.s capable of providing a conprehensive

-range oftHeHubdygtan tanee F izutr e orgl dhe edtawess the i ke of which has.
previ ously been avail abl.e only in equi pnment costing orders of magnitude
nore than thd&igune nk3 tE3 deschepadicemgpdiesentation ofhe padiekept
underlying the enbodiment is.one of total interface nodularity with
i ndi vi dulltohing Fedave@trdieMedul®isuit any desired function being

sal1 110 ov selectTop {£om o Santrd Sande o EnLer g ol s andor by
of bt erErarRr ARy, Pl PEn oY SuBESIVETE Ve "BhEomdBIE BRI S e uno
are n@wédhfdﬁééggnpnent'smrftly-to reach a condition of .conpetence in\f/_
| Figures.TSA:ahd 15B are equivélenﬁlcircuiis which -
- illustrate some of fhe operatingiprincibies of'the'aétive ' :“j
jig of Figure 14; o | | ”
Figure 16 is a schematic representation of a
switching network “of a manufacturing defec.ts 'é.ﬁalyser
module which_ can be used with “ﬁhél'autsmatic. ﬁést
equipment of Figures 1A and 1B; | | _
Figure 17 is a more detéiled représentation of the
switching network of Figure 16; | BT .'
" Figure 18 is a schematic circuit diagram of an
exemplary'mandfactﬁfihg défects analyser module; and | } Si)
Figg?éhig'répfesents.EOw the ménufaéturing'defects :
analyser  module interfaces with the automatic test
éQdipmeht system.' | -
' '”LRéferriﬂg initially to Figures 1A and 1B of the
acdoﬁpanyiﬁg'draﬁihgs, these show in bloéﬁlaiégrém form
the génebal"abréngeMént and obganisation:of,an-exempiary
émbodiment of automatic test equipméntiééebrdingnﬁo the
présént 'iﬁveﬁtion}' 'Then éﬁbodiment 'adoptsi a mbdulér

-
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interfacing and test program generation. The hereinafter described

. automatic test equipnent is-structured into controller. and interface

"sections as illustrated respectively in the block diagrams of Figures 1A
and 1B and these will hereinafter be described in general terns before
-nore detailed descriptions are provided pertaining to specific

i nterface nodul es and ot her functional c¢ onents. The controller
conprises a mcroconputer within the functional testing.system which
prQXLdes a centra |I' conputing resource to control and sequence the
operation of tapereacdweire thakrtheesquipmeatunia stckstursd toUEnabiad al so
i ncl udes control and data interfaces to the user _of . the qkéen1 via a

col our graphi d’s'“"1&1""51;9I“ayo ahds RS Lgunakioh Pke@sdgcdionaRettashhar al
terf Th t elf t d t d t put

Sl gnal “types FORESonREc:fane EEash AR RE 3@V%” vheﬁ‘b’r%%%%”o hg >

plurality of 'e'&tuqr &Q‘Wﬂgq lc‘aadérir}njtee{] da%oar d/ﬂé PHHEﬁs%éhrEHE

controller ans ter d ar rangenent &nd

conmmuni cat e W'otfh fde %Péﬁ&?”&?b@rs | iyt OREPYL tréatum% Cmtrpiﬁ&rors
shown in Figuré 1A and generally conprises a m croconputer based for

exanpl e upon. HH4BBAHEST BPEOEBEEDY (RFAINAVLU1db1leP onQyS 18K BYuepmeht
dynam ¢ random access. nenory (RAM designated 2 and up to 32K bytes of

EPROM f or exariséingW ordexss epfarmbgn idppde dineredrtihars tiesi yeacddaBten
paral l el printer port designated 4

described embodiment. The - concept underlying the
N\ | _embod;ment is one of total interface modularity with
~ individual interface requiremeﬁts to suit any desired
function:being-satisfied by selection from a standard
range of interface mddules and/or by the addition of
special module t&pes. In either case, the emphasis in
the embodiment is upon use of software programmable hard-
ware modules and ease of interfacing with standard soft-
ware enabling'engineéns and the like wﬁo-are new to the
equipment swiftly to reach a condition of competence in
interfacing and test program generation.

: ;.The hereinafter described automatic . test equipment
iﬁ%étrueturéd'into controller and interface Sections as
iiiuétrated respeetively in the:block diagrams of Figures
.1A5ahd'1B.énd these will hereinafter be ‘described in
general terms: before- more';detailed descriptions . are
provided'pefﬁaining to specific interface modules -and
other-funetiohal components. The contrbllef comprises'é

micrdcomputer-within the functionél testing éystem which



and RS
controlle

8 and may
I nstructi
whi ch wi |
their con
m croconp

232 and/or 422 serial input/output ports designated

r further conprises a full keyboard. 6 a high resolution.
text and col our graphics display 7 advantageously with a light pen facility

5. The
m xed

further include a speech synthesis nodule 9. for . operator .
ons: and/or other verbalisations. Oher controller conponents

struction and functions beiny standard in a Z80A based

| be nentioned but not descggbed in any detail on account of
n

uter. are a baud rate generator 10, direct nmenory access

control | erPRAVidssdt 2EPREMNBL f GOmMPA 4ing | F&EPBRCE . £Q heoasrpdt eand and

tinmer nod
with a pl
option.id
option 'b
mai n syst
repr esent
be regard

le 13. ‘Parallel. ts 14 and .15 icate.th
PRSP ERE RREIAE IR0 1 THhABTGHARS (11 657 EATS DR 0

UL g 3BT b dBe° TP 1uRaSCBhPrel HAd dag

Mt d dbd N gk feDAGKE) ATty | R / QYSRU DYSaNE Chodd i

e gure_ own al so Ih g_ur
efpapibicN difpEafacCRnECONARIEILruhétdsn | Heyooh3d ,connad

interface controller 17 for the connection to the equipnment of ext
speci al i stpérsgHerENtintetdacing.or TReappterfaspesee uioanpdysides £X her
~"fixed" interface conponents of the system conprise a progranmabl e power
suppl y unitariBighoof inputi gudecutpudnaignaldi divpes oforxeompectaiorn i xed 5°
volt 5 anp power supply, a floatin

to a UUT by virtue. of tge provision of a plurality of

:interchangeable intérface modules<Whi¢h couple with the

controller by means of a motherboard/daughterboard
arrangeﬁent ‘and ‘communicate with -the microcomputer
input/output bus.

- The controller is shown in Figure 1A' and generally

comprisesaa,microéomputer baséd for example upon a Z80A

microprocessor designated 1, up to 512K bytes of dynamic
random access memory (RAM) designated 2 and up to 32K

bytes of EPROM for example; . Winchester and floppy disec

maei n_system bus

or
nes and
es. the

S

t hough nore properly to

i bl e
er nal

\/

drives designated 3, a parallel printer pdrt designated 4

and - RS 232 and/or U422 - serial input/output ports
desisnabed 5,' Thenconﬁkollef.further-comﬁrises_a full
keyboard- 6, a -.high- resolution mix-ed—-' text and colour
graphics hdisplay 7 advantageously with'-é- lightﬁ pen

facility 8, and may further include a speedh=synthesis

.module 9. fore.operator instructions : and/or - other

verbalisations. - Other controllernccmponents'whiéh'will

" be mentioned but not described in any detail on account

-
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progr ammabl e power supply of fromO volts to 50 volts at 0-.5 anp, and two
f{0ating programrabl e power supplies of fromO to 25 volts at 1.0 anp.

Al so. a plurality of relay switches or the |ike nay be included for the
control of external functions. Referring now particularly to Figure 1B, the

showi ng therein is principally of. the "optional" interface nodul es
as opposed to the "fixed" interface nodul esPust nentioned. These
optional interfaces are.configured, in accordance with the present

I nven{i pn, as plug-ig nmodul es whi ch _can be assenbled in the automatic test
equi pnent i n what @G eFhebRpFRAREFBNC B R PP€r§HP°°ﬁB&GIé’§mr$a;$taﬁéa"éeépréd

i h f.th 1B |
m crocomput or | oG0h CRRRRE  ABFACCRRRTer AR o B %Ersgﬁsdgﬁeer?ﬁgﬁt Prer

b option d gg% t I b from
tﬁz cgrrgolnents 16&];1%)%?121%%3?85%%%%5{/%:&’9 %gwc‘:oﬁ?r’o: escdrpl?bi%
reference to Fi %i@iarllﬁatiad’tfi of" tlhfélg'%om%tte'r' | ughd att‘i‘ihe'rt ﬁ{\sddlhé)em.
understood that a facility is provided for cdnnecti on

i cro-conput er i npakd DLE D Worss 14 Grid el STasbiofun idivd fom nﬁbl% ¥PStkd bus

however many of the discrete-switch lines as nmay be appropriate for the
nodul e in questlomtﬁ a plurality aff difserete pkigchn Inbbs emd weith ah
whi ch can be plugged into any of a plurality of available 'nodul e
connesti on | ocaepbinn code on opididrer bdenmbipler abus respectively, - the

said  discrete sSwitch lines and option " bus being

N/ represented in_Figure 1B, eno a buffer 16 couples;the
- main system bus to the mein-backplane 1nput/outpu£ bus
which also is represented in Figure 1B. _' - |
- Shoﬁn also in Figure-lA Ehouéh_more properly to be
regarded . as an interface component is- an IEEE 488
‘compatible in&erface.eontroller 17:fof the connection ﬁo
'the'egoippenﬁ:of externalIspeoielistsinstpumenfs such as
for example a spectrum analyser. ‘Other "fixed" interface
components of the system comprise a programmable power

supply unit__18 shown in Figure 1B and. providing for

e
~

(L . example-a-fixed 5 volt 5 amp power’ supply, a floating
| programmable power supply of from 0 volts to 50 volts at
0. 5 amp, and two floating programmable power supplies of
lfrom 0 to 25 volts at 1. 0 amp. Also. a plurality of relay
switches or the like may be included for the control of
external functions. |
-Referring now particularly to Flgure 1B the showing

therein is principally of the "optional". interface



daught er board arrangenent .

: nDduIe option is located in which connection |location and
its. internal routines accordingly.. An interface connector
schematically illustrated for enabling circuits or equi pment under
test to be appropriately connected to the plug-in nmodul es.

exenplary plug-in nmodule options are schematically represented in

The systemis arranged to identify what type of

to organize

19 is

22 Vari ous

Figure 1B and are designated with the reference nunerals 20 to 29. .
Considered in turn fromleft to right as viewed in the figure the varlbu%

nodul es

providing 32 discrete digital

briefly conprise:- (a) alTT di gi tal-input/output nodul e 20
lines with actlve | evel s characterised for |

K

transi stor-transistor-logic { TTL&gand simlar i C arrangfnents i ncl udi ng

CMOS | ogicslulgsd 38t RPPRSRI0fLQ he

i ndi vid
out put,

dlscretégﬂsﬁgéa%ﬁggt n1ca changwgggeE%€?S%?§%%§m§F§e§§EB & used for

2 "dilxedet e“’b‘? itage | padeles

i ng
The

URldey GReYtmred] e Und.'ﬁ@s%Of top ionaant rnitasfatéslerane input or an

gener at igm inzg-SMNGsoduhestndris:hloan be assqmhled nimat 8hes and out put
states (abiltifosest RRHEHRHLPn SWbEBhef AR IRIEIdY BEOUT ON 2 SYNG

different modules may be desired to suit the

;requirements-of'the user. Showniin Figure 1B is the

micrOcomputer input/output, data bus, the interface
module identifier bus (option ident bus), and the
individual switch lines available from the components

' 16,15 and 14 respectively of the: ccntroller.described
with reference to Figure 14, and although not.

illustrated it will be understood that a facility is

’prov1ded for ccnnection to _the" micro-computer

input/output bus, to the module identifier bus and to
however many of the discrete switch lines as may be

'appropriate for the-module in questicn'of a plurality

of different plug-in modules, each of which can be

plugged into any of a plurality of available module

~ connection  locations . in a ‘motherboard/plural

daughterboard arrangement. The system is arranged to

fidentify what type of module option is located in which

‘connection. location and to organize 1its internal

_routines .accordingly. An interface connector 19 is

sehematically illustrated for enabling circuits or
equipment under test to be appropriately connected to
the plug-in modules. '

v
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(b) a programmebl e waveform generator nodule 21 providing a plurality of
= programabl e wavef orm generator channels wherein the waveform shape is
defined in a digitised form of the normalised instantaneous waveform
4.anp|itude at a sequence of regular step intervals, such sequence of
**anpl i tude val ues being held in RAM 23 (random access -nmenory) and stepped-
through i n sequence with the digital valggs each being converted to a
correspondi ng anal og value.which may addartionally. be anplitude scal ed and

subjected to a DC - offset under software control. Each channel nay
have separate RAMaﬁhbtmunrobxempaabyrypﬂuﬁﬁﬁﬂ@ eadhléo betdenstoare -
different step rates, anplitude scalings and . offsets, and . the

outputs  may a@vemtam yapressanded dol Hiaurei 1B amtam &8 igniated any
output to be routed onto_the anal og stinulus bus or-_the anal og neasurenent
bus shown in F¥ith 1he mafenancs numnenadss 20aFonddi-ncfaralidenednib|tairmy

channel o be BEL! ke RCUlaled (1o ofer Ehanacl ot the e or
iaggng[ogtegen@@n%g%rgqﬁgfﬁg‘%%rp ggbg\/l and/or utilized to reset any
- (a) a TTL digital input/output module 20 providing
~ - ' "32 discrete digital lines with active 1evels
—characterised 'for'_transisﬁor;transistor-logic
\ A s | (TTL) and similar logie arrangements including
CMOS logic, and with each of the 32 discrete
digital lines being individually configurable
under software control as either an input or an
output,'and alse dynamically changeable under
software eontrol. Tne'disenete lines (whether
configuned as'inputaer butput)'ean be used for
generation of SYNCs ‘on transitions or ‘on
pattern matches and output states (and changes
of input/output states) can optionally occur
U . 7 on a SINC; | ' |
B (b)' a programmable wavefonm 'generaton module 21
providing a plurallty of pnoérammable waveform
generator'channels'wherein the waveferm shape
.”is defined  in a diéitléedl form of the
normalised inStanEaneous.waveferm amplitude'at
a sequence of regular step intervals, such

sequence of amplitude values being held in RAM

-
I



of the respective sequence; (c) an anal og - function generator nodule

22 providing a plurality of output channels program selectable bet ween
sine, rectangular, triangular etc. waveforns for generating user- definable
anal og wavef orm  shapes wi th selectable anplitude, frequency and DC

of fset, and with the analog tputs advantageously relay isolated.:
and optionally nodulated fromO to % fromeither the anal og stinulus bus
or from another channel on the nodule itself and optlonally routed onto the

anal og sti nul us bus an gﬁﬁgq%£%§r§ g@@%ggagga 4% M th eache”/

ggagneL preferaﬁl¥ e SIng neratlon of a
a one-sho on er r kRd1 (\P&l @g\ dRalgdling : -
stlnulus/response égﬁg}qﬂ% wggﬁpﬁgid?E DC and A& voF?age neésurenent

capability and a pldgildrited! dPWLurdsrredXondidfoeanaleyelvalumit puts,
wherein vol tage neasurenents may be taken from any of a plurality

of input lines or fywyaH heayaraddir fovesliye tentamplli sudensealddisnd vol t age
wave- forms or DC levels can be routed onto the anal og measurenent and/or

stinulus buses, andsubnjrated! tbgesamaPChe offigsited undersp¥nEleiane a SYNC

input to the nodule. The anal og -

_ ,control. Each channel may have separate RAM |
| and control circuitry enabling each to be set - o/
~to different_ step - rates, amplitude scalings
‘and offsets,. - and  the outputs may A
advantageously be relayiisolated with routing
_ allowing any. output- to be 'routed onto the
-analog stimulus bus or the analog. measurement
bus shown in Fig. 1B. Furthermore, medns may be
_.included to enable any channel to be. amplitude
odulated from.any other channel on the module
or from the analog stimulus bus, and SYNCs may
:optionally'beggenerated on any1step_from the -

waveform generator RAM and/or utilized to

‘reset any channel step member to the beginning \_)

| fof the respective sequence,_ N |
(e)”aan__ analog ' function. generator module 22
| prov1ding a plurality _of output channels
.program seleetable between sine, rectangular,
triangular etc.,waveforms for generating user-
definable ) analog ' waveform nlshapes with

~ selectable amplitude, frequency and DC of fset,



. stinulus/response modul e 23 may further * optionally control
SRLup to  a predeterm ned nunber of anal og stinulus /response extension
- “*nodul'es 23' and provide - stinuli and make neasurehents through them

3 each extension nodule 23" providing a predeterm ned nunber of DC or
¥"AC neasurenent channels and voltage outputs, and can generate SYNCs on
alarmtype functions on any input or out when the respective
i nput/output current/voltage is greater/less than a predetermned. limt.

(el @ signature analysis_a d fregquency neasurenment. modul e 24 providing
for. the neasurenent of 2P eqﬁeheieEhgkﬁaqﬂ}°Q(x°“t§&}s a@vant2gsrRr e

t aki f d. digi - ' t d | Si | jt fl

vari ol o 1ovel and T | EoaY RBTe Epfoahl ABL e RTTTROdAIR F4 et d bt ©

to take i ts f th LAWK ' )t th
©SCTines (the latter proviSokgr SOl FEEhor, SREHRETER) abHATRP 4 ¥R 11°

i nput si gnat ur es) 2remadiabhagceushrel odl The mddule PIt¥d1de andhase-
di fference measurenents, pulse width and pul se counting facilities; (f) a

‘variable threshol d/| evebptiiogaldy roaped/ ontbpthe angdlég sPfmuuwul Ng a
plurality of discrete di gi tal I nput/output. lines each
_ ' and/or onto the -analog. measurement bus, and
\ - . with each channel préferably'including a zero-
crossing detector for generation of a SYNC in a
‘one-shot mode upon a zero-crossing;
(d) an analog . stimulus/response module 23
providing DC and  AC vbltage measurement
‘capability and a plurality of low current DC
" voltage 1level  outputs; wherein voltage o
measurements may be  taken from any of a
plqrality 6f'input-lines or froﬁ the analog
measureﬁent and stimulus buses, voltage waie-
forms: or DC _1evéls=“éah bef:fcuted onto the
analog méasurémeht and/or stimulus'buses, and
\_J ',":, "~ input voltages may be sampled in response to a
| ~SYNC input to ‘the module. N The analog
stfmulus/feSponse" module 23l- may further
opﬁionally ‘control up to a predetermined
number of anaiog'-' sﬁ'imulus—/be'spon'sé extensidn
-mddulés_,23' -and pbovidé - stimuli and make
measurements tbrdugh them;f'éach extension

" module 23' providing a pfedgterminéd number of

- . -



I ndi vidual |y configurable and, dynam cally changeabl e under software
control as an inmput or as an output, threshold levels for logic O or logic
1 inputs and/or outputs being user configurable for all of the lines under
pr ogram control, SYNC generation being enabled on any |ogical transition
fromO to 1 or from1l to O on any dkgcrete_ input/output Iline or on a
~pattern match on the input/output lin In.a one-shot or a retriggered
node, and input/ output lines being selectively routable onto a SYNC line .
to enable a signaturectoghe hekem E5QPrhBgE! | éﬁ% & 9L YLE anal ysig/
; dul e ? above).

“and frequency neasurenment no as descri be . Furthefrore,

I nput data from tbaﬂpmuﬁjtaﬁdnaanIééﬁ@ram@ysyndgaahagggyﬁlxypge-Iatched\

upon the occurrence of a selected SYNC, and updates to output lines (and
the input or output Suaedions nput/anypuingutiesr caatphso wrerpr ggeanmed to
occur on a selected SYNC, (g) an isolated logic digital input/output
modul e 26 provi di ng &espgiekwive t yinpubfwtpehl acedreng/volbages is
programuabl e. to accept DC or. AC input states, such inputs being
readabl e directly un8EP3teEdl&RsdMan@ predefermined: daitg | at ched in
response to a SYQ?, %nd a plurality of sin%!e

: . (e)’. a signature analysis and frequency measurement

module 24 providing for the measurement of ;‘)

frequencies of up to, say, 50 MHi and the
taking of compressed digital data siénatures
énd_comprising.a-plurality.of variable level
and TTL 1level compatible inputs with the
facility further to take inputs from the analbg
stimulus and measurement buses or from the SYNC
lines (the latter providing a direct means of
taking digital input” signatures) and
-advantageously also to- . provide phase
difference ﬁeasurements, pulse width and pulse

counting facilities;

(£) a variable threshold/level digital input/ U

: outpﬁt .module 25 providing a “plurality of
discrete digital input/output. lines each
individually' _cohfigurable_; and dynamically
cnangeablesuhder software,cbntroi~as an input
_6r as an output, threshold leVéiSVfor-logic 0
or logic. 1 inputs and/or .outputs being user

~configurable for all of the lines under program

..
.

-pol e single-throw isol ated -

y



relay switch outputs wunder direct programcontrol with the option of
.SYNC intervention to initiate a change in state.. Input |ines may be .
directly routed onto a SYNC line to enable a ~ signature to be taken from
the line by neans of a signature analysis and frequency neasurenent nodul e
Y(as described above), and SYNCs can be generated in response to any
transition on any input line or pattern maggh on the input |ines.
Furthernore a rectified and digitised inpuf may be routed onto the anal og
measyr ement bus to allow the frequency of an AC input voltage to be
measured; (h) an -enulai%ﬁntr%hbs§§¥%nﬁen€6ﬁﬁﬂPBiﬁglngn§§@@ﬂeémmmﬂ%ﬂ¥:and

sl ave enul at or nodul es, 27, and ' respective - for . provyidin . _high
speed paraliel digital -i}ﬂﬁﬁ9%in n hBthg¥€?%g° g°can§Fn§FP3nqo#°U a
out put and data capture usgful_ for Ln g I at | (o]oT tate alysis
and mcroprocessor enul aﬁt ot ?E%E%g?erfﬂéﬁ%gﬁgw‘;m%ez %%7 8d

conprises the control cirgiu f ' nu ofinslpve
TR, BALH B R PR R O B Re A E

enul at or nodul es and provi ( > sl ave enul ators
whi ch, for their part, CONgiéSehdk Plo ahi dethighdied PaRde ,RAVhd Darit/

digital input/output lines each dynam cally changeabl e between
' ' output lines being selectively routable onto a
o | ' SYNC line to enable a éignature to be taken
- from the 1line uSing a signature analysis and
frequeney measurement module (és deseribed
above). Furthermore, -input data froﬁ the -
input/output. liﬁes ‘may advantageously be
latched upon the occurrence of a selected SYNC,
and updates'to'outputilines.(and the input or
output state of input/output lines) can also be
~ programmed to occur on a selected SYNC;
(85;'an*1solated logic digital input/output module
26 providing a .plurality of opto-isolated
~ logic inputs.programmable.to accept DC or AC 
s .. . input states, such. inputs being readable
| | | directly under program control at any time or
being- latched in response %o a. SYNC, and a
 _p1urality of single-pole single-throw isolated
rélay switech - oqtputs. under direct program
control with the option of SYNC interﬁention to’
. initiate a change in- state. Input_lines may be

directly routed onto a SYNC'line'to.enable a

-
v



I nput and out put

relay switching X-Y matrix for general

controll able rel

establ.ished for exanple for use in fan-in or fan-out applications;

probe and probe i

interfaces for one or nore probes
and/ or measurenent via routings to the anal og stinulus and/or
buses respectivel ysignateraftahe saken e caphecildnedby hmé¢andeoff eat ures and

characteristics

vari ation subst ant? a$ignakung |analipeis RAd [rRAWERRY deeasurREant bed are

merely exenplary.
Also illustrated

accommodat e t he Variety
sharing system r eSO

reasonabl e overa
m cr oconput er dat

interface.nodul es pkH&¥more a rectified and digitised input

st at es; (i) a nmultiplexer switching nodule 28 providing a
pur pose use having individually

ay switches - located at each <crossover node between
the X and the Y lines and enabling any conbi nati on of connections to be

(j) a

nterface nodul e ZQFErovides t he necessary el ectrical
a

/or jig arrangenents enabling stinulus
measur eneQy/

of - the above-nentioned nodules are susceptible of

of ppdul es which are presently considered to be useful
r ERgpd D aReRGI0n

i PR Hur pseghbady 2RENS

e
ateq fn zesponise Uo aay

ou@nsy SINGS Galr Plesi gned. to
ter- face npdul e types above-nenti oned whil st-
ég%ﬁﬁfﬁﬁﬁﬂ BPhance at

BT iod ors iitberd Bateh Bhe ML LR TS aLal

. may.be routed onto the analog-meaSurement bus

(h)

to allow: the freqﬁéncy-of an3AC'input voltage

to be measured;

an emulator 'suSsystem compriSing master
emulator and slave'emulétor modules, 27 and 27'
respectively; for - providing high sbeed '
~parallel digital input/output and giving a

combination of data output and data capture -

useful for pattern generétion,'_logic state
analysis and microprocessor emulation. The
master emulator module 27 coﬁprises the
control cireuitry for up to a predetermined

number of slave emulator modules and provides

'-Jsequencing controls to the slave .emulators

which;’for-their part, éOmprise-a plurality of
high-speed -RAM backed 'digital input/output

- lines ‘each dynamically ”changeablé between

(1)

input and output states;-
a multiplexer switching module 28'prov1ding a

relay switchihg’X-! matrix for general purpose

2
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passing digital data to and fromthe respective interface nodules, the
option identification (option ident) pus enabl i ng nodul e types and
their locations in the system backplane to be signalled to the

m croconputer, anal og stinulus and anal og neasurenent buses which are
central to the sharing of analog resources within the system and a
plurality of -sync/digital common. I|ines. 93The anal og stinulus and
measurement = buses = enable neasurenment resources, such as for voltage and
frequency measur-enent, to access t he angLoq ne&iurenen bgi'fgr measur enent
of AC or DC anal'6g signiS€, PANd 8nanf@ 1¥itghaltLdti ForGEotLaBifceteldth as
the anal og function generghqlaRdul £ Qry dde Qéogre%trgﬁh‘abl&;g@deqjeqjm <g&grator
modul e to provide output signals on designhated test pins and/or proDbes;

al so_the anal og stiml us natieERALHECCRADERES YCANnRS UREdehap1ERL ahPSt
routines by routing predetermned stimuli onto a bus and checkling™ such
stinmuli by means.of a mpombieERion’ eOUE6AnedBEonSY e/ hdi batabTPSREN -
lines, there being no restriction on the total number of such lines that
can as desired be provi dfeér caxaagilant &geoussy bin utfldnded ber fae-out
synchroni sation of events within the systemw thout the direct
‘intervention of the m ePpddspldens; This enables a slower and nore
reasonabl y priced:niqrocongut r to be enployed_ in a node wherein
rather than the cédput 8 PRRBPngRd BEGPE: dntERERGE BPduler 39 aRrebidesnd
event, the conputer is i@ﬁgead inforned,th

necessary elec%gigglegﬁ@%r?gges for one or
: more probes and/or Jjig arrangéments enabling
~ ‘stimulus and/or measurement via routings to
the'analbg stimulus and/br méasurement.buses
respectively.
It is of course to be appreciated that the features and
characteristics of the  above-mentioned modules are
suscepﬁible of variation substantially at will, and that.
the modules as described are merely exemplary of modules
. which are presen#ly considered to be useful.

Also illustrated in Figure 1B is an advantageous bus -

'fStructure designed to_accommodaté the variety of inter-

'mbdulé-types above-mentioned whilst sharing system
l,g§§ﬁﬁcés*lin order- to obtain optimum“'performance' aﬁ
_fé;ésnable”overall cost. 'AS'shOwh,'thé bus structure
. cdmprises the microcomputer databus which serves for
conﬁrolling' the individual interface modules and for
paésihg'digital'data to and from the respective interface

‘modules, the option identification (Optiod'idént)'bus



happened or is happeni ng and proceeds correspondingly. To enabl e any
nodul e to generate SYNCs an open collector type of SYNC line can, for
exanpl e, be used. SYNCs t hensel ves can be used for exanple, to capture
vol tages, data bits, etc. and. to start or stop neasurenents etc. SYNCs can
be generated fromdigital input transitions, data bit conparisons,

attai nment of analog signal thres- holds etc. Figure 2 of the acconpanying
drawi ngs illustrates an exenplary SsyRC generation arrangenent which

may -be utilized in the practice of A*he present invention The
arrangenment shown is adapted for the generation of a pulse on a SYNC
line in. EREPDINAL. mbAude iy tdmh g€l riogat boasyinf thp. systeai xt een

% input. lines, or ITn response to a change in the output froma 16 bit word
: conparatorbaeknngnd tbobaxndgma&lemetetdﬂus @icn@com@UE¢&1eénalﬁsut l.i nes
with a predeterm ned data pattern. A 16. :-1 nultiplexer 120 is

sof t war e. sbonulbﬁl&Bﬂeaﬂ§hﬁseﬂ§a§#ﬁﬁﬁﬁn§tEUS§% Whﬁﬁﬁtarﬁn6§n8§§ﬁgnated
121 and to apply signals. on. the sel ected |i 1 nmulti,pl exer

122 to exckosthe 5R§?Eﬂ§69fiﬁﬁ? O d"eIARES W %&§t53§§egvr§ﬂpt 124 and

o0t Gener &t R B avm/ﬁ%aéﬂéé%\mg”p 3.0 fagadratoBage of @
- * signal ptLon, th t gg pbne detecte
| mat ch. betﬁég Yl¥Re F puts ??gﬁ%%ﬁgﬂF ng% 1 an aP%re etgrnsneg or \‘9

| expect ed. g@E@uP@EEerQuéﬁtéglféﬁeﬂbltage and frequency measurement,
: to access. the analog_measurement bus_for measurement of
#Co or DC analog signals, and-.enable signal stimulus
resources such as the analog.fonetion'generator module or
the'progremmable.waveforo generator module to provide

output signals-on.designated test.pinseénd/or probes; also

the analog stimulus and measurement buses can be used for
_self.test routinesrby_routihg predetermined-stimuli onéo_
a.bus and.ohecking,sueh_stimuli.by means of a measurement
resource. . | _
The syde/d;gital common lines, there being no
.'restriction_oh,the total number of sueh.lines that can as 'LJ
desired:be pbovided, can advantageously be utilized for
. the synchronisation of events within ‘the system without'
the direct interventlon of the mierocomputer. ThlS
 enables a slower and more reasonably pvicedomicrocomputer
'_to be employed in a mode ;wherein,_ rather . than the
_computer hav1ng “absolute  control of every action and
~event, the computer is instead informed that an event has

happened or is happening and proceeds correspondingly.

-
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at the inputs 126 of a 16 bit word conparator 127, the conparator 127
receiving at its other- inputs 128 the signals from the sixteen input

lines 121 masked .
may al so be utilized within the systemas digital

as desired by gating with masking inputs 129. SYNC | i nes
common lines to allow

digital neasurenent resources, for exanple for taking a digital signature,
to be linked to a w de range of inputs in®inilar fashion to the anal og

measur enent and stlnulus buses. By addition, furthernDre of timng

t { SYNC d ' tl ft
iste SRR p PR R elnea&eessecrbﬁ% A R Ry B BEAS
est abl i shed wi t{y the sgﬁtcerrﬂ\hghcggnl n\f | ep#g tgg rgs%rdocorrg%%r

efly H or

“automatic test

eqU|pnent bri descrlbe egoi ng, and t0 D€

The

described- in rinemsidivadd dagy dleNusakteropt ek&ﬁﬁleasté e elird hDIRAERG! pal

features, is
digital printe

useful for the functlona and di agnostic testing o
dladiar i ts poetels and. tysisvant noxegdtép Jnbabupbtennal edc.

printed circuits and systens, analog circuits and systems and
mi croprocessor ﬂﬁﬁ&xﬂamlbeumanenaﬁtdndmmmmdigihaleanpnemransitubhber

useful for in-

be utilized ford

replaces.a mc

- desi\gner's pro

CIFCUIt stimulus and neasurenent applications, and
fodgr compadi sons ,aidtdie inmnenti ofs anadiog isigoallethiresk
roprocessor. The equi pnent is useful- furthernmore as a
tht?g';flﬁﬁaz %00l for- o .

can
y

Eigure 2 of the accompanying drawings illustnates an

. exemplary sync generation arrangement _whiohf.may be

__ntiiized_inithe praotioe of,the_present.in#ention:' The

. arrangement. shown is adapted. for tne generation of a

. pulse: on ‘a SYNC line in- response to a transition

occurring in any of up to. sixteen input lines, or in

response to a change in the.output from.a 16 bit word

'companator _erranged toi.oompare"tne. statns'_of -up to

. sixteen input lines with a pnedetenmined nata pattern.. A

. 16.:" 1 multiplexer 120'isjsoftneregoontroiieble_to.seleot

any of its 16 input lines designated 121 and to apply

- - signals. on the selected. line via a 2 : i.multipleger 122

xclusive OR gate 123, and thence to monostable

;12u and. open-oollector buffer 125. An EDGE

e'select input to gate 123 enables .the. syno generation to

.. be selectable as between positive or negative edge of a

-;signal transition, or as between the beginning or the end

L ofia“deteeteqﬂnatcnsbetween.tneqinputs_fnom the lines 121

. and- a predetermined orﬁexpeoted,data:pattern_established



the evaluation of designs by virtue of the facility provided for
simulating the design conditions and criteria by nmeans, of the

equi pnent. As will hereinafter be described in nore detail, the automatic
test equi pnent according to the invention can interface with a unit under
test (UUT) in a nunber of different ways included anongst which are by

means of versatile test probes and byjuse of bed-of-nails type testing

jigs. These latter can be of conventional passive type, or
alternatively and/or additionally can conprise a special active jig type\o -
and permit atapthle ahdputsi 4Bbe oformett i bihtt wobd ewdw arattmeeri 2JUT theonnect or s
provided in the automatic test equi pment and the UUT via wire_ wap posts

Within i ntGRRRdedbl d2And SRS NE yataddiin o6perat BPULs g 128i x&h# es. |
The passive jig.type provides, a.. straightforward.' ns _of . connecti ng

si gnal s frd?#g.rgﬂ% % Bco Bﬁctsof’ét%?nt %tﬁﬁn"te@ 'aqsgri'ﬂ?f%'ﬂegi r&%it board
or- the |ike [ test, o Ne acty,ve Ji I the rapi d scanning of -
a- nunber odfe%gq *x&aﬁ%lﬁ;%% %’ceéidkuiglg o%pﬁ‘{e?%yﬁés%\ﬁ tches' as an S
al ternative (o idiydmantils Bagbhidcben0¥e312800w1R A EnB%sehady uselul

in achieving rapid | agnoSt i cs The system enables- hanhd | test = -
probes, gygaikaidy dditndyStEINSSf t¥Breallonr  IdigitH P dSsurintdtitty tO

be wused for stimulus and neasurenent of voltages -with routings fromthe
probes to ﬁm.mﬂg i mlau@land‘om‘eaaunageat dbgseal s__ig.natu't'e, to
. be linked to a wide rahge of "inputs in similar fashion to
the analog measurement and stimulus buses. By addition, -
furthebmére, of'timihg mbdules'it.is”pbssibie tosﬁrigger
one SYNC a desired time period after another SYNC has
occurred which eﬁableS' c6hp1ex' time sequences to be
established within the system without involvement of the
microcomputer. ' '
.The'autOmatie.test equipment bbiefly desﬁribed in
the-foregoing; and to be deseribed in more détéil herein-
after at 'lleast as' regards its p’rin'cipal'. featut"es','.is
useful for the ”functibnal and diagnostic’ testing of o
'digital-priﬂtéd circuit boards and3SYStems; mixed'digital '.\-).
and analog printed circuits and systems, analog circuits
and systems and microprocessor based ecircuits and
systemé. The equipmént is furtherﬁuseful for in-circuit
stimulus and measurement apblicétions, “and  can be
utilized for'miéroprqceSéQr emulation functions where it
effectively replaces a microproéessof.' The equipment is

useful furthermore as a designer's prototyping tool for



bei ng provided, and further advantageously enables two probes to be used in
conjunction to performinpedance neasurenent by application of a voltage

stimulus derived fromthe stinmulus bus and neasurenent of the current

response at the neasurenment bus. In operation of the automatic test

equi pnent, system software provides an interfacing aid to the user so as to
| ead hi msinply through the stages FGQUI% d for creating an interface and
for adapting the systen1for the requiredJsignal levels. The. software also
inigialises data for the required test program and adapts to-the
configuration gfe Meddli@a®AonONss RI<WAA, byl thiAfiee USE S elrdchayipg to
define each signal by type and: the so tmare assi gni ng appropriate

interface |ineprewiied eafémg stmubaethgacethénedesign cYhaieispsci hnd .
sequences or waveforns are required to be created, they nay be drawn in by

~ the user with embtantih dfy toeangy ayfhithee diq@plpmerdnd t he |ight pen, “the

software being arranged to interpret and encode the drawn mater.ial .into the

test program The Aﬁar'\tf-vld-réeﬁﬁiﬂﬁé'tg}’sbenﬁlmfb‘ée%omﬂmld@&aﬂ}:athe

“progranm ng | an e which grOV|gh$ two | evel s of granl namely a high

| evel to provi Gl Fedesean ?%F FFBﬁrgﬁﬁga theydnvegtipayrae

| of th |
modul ar i Ly to?is RS AV =Tt o F TR 9335'“’3&gr3anwfn€e¢aﬂ§uage
transiator buigjesdpdd¥ 9&&58119@3.%% UfoPfSd WHIEH N ey MRedds 8ot ual

_versétile test probes and'by use of bed-of-nails tybé
U | testing Jjigs. These latter can be 'bf conventional
passive. type,. or'alternativgly“and/or'additiohally dan
Qomﬁrise a special active jig type, and behmit“fapid and.
reliab1e=connection tc be made between UUT  connectors
prdvidedsin the-autoﬁétic festfequipment{and'the'UUT via
wire' wrap posts within -interchanéeable+ and rgenefally
vacuum operated jig fixtures. - The- pasSive =jig type
provides. a ‘straightforward’ means of“cbhhééting signals
fromflthei ﬁﬁT“ connectors. of - the system-to: a printed
circuit board.or the iike underftest;_and=the:acﬁive jig:

N 'énébiégythe-rapid scanningfofi&“humbéé ofﬂtést nodes

1f£ﬁ dughﬁfhe:use-of-relay'switéhes’asfan“alternative to'
5th_ hmahual probing of nodes ‘and’ ‘thus - is ‘particularly -
useful 1n achieving rapid- diagnostics. " The: system
enables'. hand. heldx test probes;r-guidedv by - the System~
software- via'-the. graphicéﬂ displayitgﬁomfbé' qsed”vfor
stimulus and:measﬁrementabfﬂvoitagésﬂwifh-roptihgs'from
thérprobes:télthe:analog~stimulgs and measurement'buses



operatibns to convert synbols in the source programto code

second part which defines the relationship between source

synbol's and code val ues.

user, or

measurenent facilities added to the

values and a

program

This second part can be nodified by the end-

the systemi s manufacturer, to acconmpdate any new program
i'nstructions which may be required in order to support new stinulus or

ystem by the fitting of a new nodul e

type. Figure 3 illustrates %%nplary means of identifying the
nature of the nodules |ncorporated at any time into the -equipnent a

the. |ocajdions p

“bvidd, r aageinthgrodad esn tag ébes by Seaabhaskvene.

Mul ti pl exed n- b|t code lines. are wused in conjunction wth open
col | ect orpraytady etd i besusted ehwhcoh jangitioal ity perfodul dopedgnce sl ots
|n t he system backpl ane. The nunber of code |ines-required

provi ded

Wi | | . depeweh surenten th inyb @p pdfi aaddlisire afptd dm:l'tacs%eﬂciﬂl&% degiiv

cateri ng

acconmodafinawy thet & tdapdnsopbrenand PPPEE paeB

expanded.

and corréé%?ﬂﬂﬂsrﬁgla;ﬁ dhe mea

ith a-bits

for. (n-1) nodule options., In Fi ure he, arran e nt f-or.
g, %{thh

BhiG4r

for any nunber of Etlons i ncrease of. the nunber of

nodul e. The

slots 31
each.
dlodes D.

eadi ly
code |ines

AR O vde connectlons avallable per S

aré gﬁgﬁw 5@%@ §Feg§§'%ggéggt§9 é §¢§€%£ﬁ e types 32
b Y Ehds ngo)ﬂ\q?%e% o A3 539 961 k88 QEeP”&a dgopr three

of rmodul e

o/

e cat hodes of Wi ch are connected individual |y

lead him simply through the stages required for creating

an interface and for adapting the system for the required

signal.levels, The software also initialises data for

the requiredatest program.and'adapts.to the configuration

of module options provided, with the user menely having:

to define each signal by type and the software assigning

| appropriate interface lines and creatlng an . 1nterface

- line 1list. ’ Where spec1f1c sequences or waveforms are

.required to-be.ereaﬁed, they may be drawn in.by the user

with the aid of the graphiecs dispiay and the light pen,

the software being arranged td interpret and encode the
drawn material into'the test program.  The hardware of

the system may be complemented by a programming language

' whichlbrbvideS;twcnlevels-of program, namely a high level

to provide overall test control flow and a. mid ‘level to

provide control of the system'’ s stlmulus and measurement

hardware. The modularity of the: hardware ‘may - be

supported by a programming language translator bu;lt in

two-parts, namely one part which-berforms‘the actual

-
b



for each nodule to a respective open collector Iine of an open collector
~ decoder unit 33. In operation of the Figure 3 circuit, the nodule slots
are interrogated by virtue of the open collector I'ines of the unit 33 being
driven sequentially to connect the cathodes of the one or nore -diodes of
ta . respective. nodule plugged into 'a respective slot to ground.

This causes forward biassing of the redlfective diodes wth the
result that corresponding ones of the code lines 30 are set to a voltage
of ground plus diode forward voLtag%.drOp rather than +V.. The. system is

arranged to i mRETRAEONS RO vEPRYGE Lo RYMPOd Sonttt hER® oBRUT ¢ R PBOBRAM 4§i ¢

I | s which /i de ¢ i ificati de L, 3

cor respond ng 15 dthe TR O auPecphagoBar Pt 8h4cRos REELRSR  DRuI e
| ot ; he . ' _ |

;S)r g\[/i degt tsl' gtr nu?ooeﬁré | en:o!g?'rggpiegﬁ&g#égﬁt@gt? "l?g'iegﬁ E{s)f%f"'u't:n'io'{rdr egégﬁdi ng

to the respectiyg yalul eThis Bécohldl pdrRNSan SBeHRd raRld Al tlﬁgdghﬁﬁ can -

be plugged into the system backplane i n any configuration and t system

can deternine Wedr ook ehearsy stene®| psh@fdk tiede, t b6y adbenhogatedanpd

adapt its operation correspondingly. \Were interrogation of a slot |ocation
reveal s that aldew qiesgrameinstmucticny obht bafe maf cber reguiredgihoondedi odes.
D1, D2 or D3 being provided, the.systemis arranged to deduce that the
respective sl ottq ssenpant apew hatinvluadore nsegygeaenist Facilitieni gdded 4

Illustrates an . exe Iazy dlglf&|€/
- to the_s sten by the fitting of a new module type.

- ; .__.Eigure-_3 _illqétrates-_an- exemplary means . of

~ identifying the naturg_of the modules ineorboratediat'any~

_timé, into the equipment .éndj the . l§eations of the
respective modules ip.the,system vackplane. Multiplexed
n-bit code l;hes; are use&r.iﬁi conjunction with open
colleetor ehable;linesito;each_oﬂ.a_plurality.of module -
‘plug-in slots provided ih the -system backplane. :The
number of code lipes<required-will«dépend_dn the number

' of.module:options to be catered for, with n-bits catering
fpr (2nf1)jmodu1e optibn#..gInEFigure;3,'the arrangement

L f@nfacg@mh@@ating up. to Seveq-options is,i;lustéated,-but

'-:'thgég;éﬁpﬁﬁﬁhe numbeb qf.code;;;ne;;and,coﬁrespondingly
§f_£h§ hﬁmb§é of diode connecgidnseavailablé:peramoduie;
Ihércode_linesgapeydesngAted 30:in Figure 3 and a pair
of module siots 31_aré,shoﬁm_aecessiﬁle.bx any. of a
plnpality_og:modqle,typgs'32'§a¢h;o£.whichéis_proVided

with:a,uniqge7selgct§on;ot'pqe, twqior_threé'diodgs-pl,

- . R
.



“control | abl e progranmmabl e wavef orm generat or which can constitute the
wavef orm generator 21 of Figure 1B and which is capable of generating both
sinmpl e and conpl ex waveforns at variable frequency and anplitude. As
~shown, the programmable waveform generator is constructed around a
digital function RAM (random access nenory) 40, the data contents whereof

- can be | oaded by the user by use o appropriate data entry neans

which can be conventional and whi Ch have been omtted fromthe figure for
the sake of clarity. - A variable rate clock generator 41 driven froma

basi ¢ hi gipf riegjuehieycaktholdiesi gfalwhiishc amter eldnee ¢ tredd dpeicdddoa lyon a _
digital rate input and the variable clock output is applied.tqQ a counter 42
coupl ed tfpreachomodndeatidr assespgotive oper ROk1lgrEDA Q4020 The data
out put bus of the_function RAM 40 i s caqupl ed .via_Ie¥(ﬂr circuit. 43 to

di gi t al -t@%afe‘%léﬁﬁ%rtdérc%’éﬁ"'aHBIPhéﬁut pdft oPeration tef itaecoupled via
a lowpass, filter circui,t 45.to a multi I ng_di.gi.tal-to- _angl converter:
26 Cino- Bgne Faoitbpiiknetber tadiih Hdthoate) htsrkBated ¥ |
anpl i tude: 0l e Si@nal . .LNn ., OpE O - Hlehgy t hu ' i wavef or m
generaicwffﬁgggcégi#g%'égséfg?%gghg%g ?%ngétogp%Pﬁ Pﬁgtfﬁﬁi?%g%&gAwl4o -

taking ag Yedulsntlidhyf @30kBhiheBLOtnE | ShtRbdés-SPAMY s\ ter 44 in
order accurate %%ﬂy€§§£§%lg; the waveformfor a fixed | evel -output in as,

many SRS P JEs bemegesyaspectife cavahte CpDeggesd tieydb sef via tha’
digital rate value input in order to give the R
' respective slot to ground. This causes' forward biassing

‘of the ' respective diodes with the result that "
correéponding Qnes-of'thé'codé lines 30 are set to a
voltagé of ground plus diode forwﬁbd voltage drbp_ratﬁef
than ;v; ' The system is arranged to intérpfet"such'
voltage éhangés“on:the code line 30 as logic levels which
provide code number identification on the code lines 30

~ ecorresponding fo the nature 6f a module plugged into a
respective module slot; at the same time. the open
collector decoder unit 33 prd?ide$  slot number
identificaticﬁ of the Sackplane slot corresponding to the
.respeétive module. By this means sélgcted optional
modules?éan be plugged into the system backplane in any
coﬁfiguﬁéﬁion“and-the'system~can-detefmine‘what modules
are'asséﬁbled'andawnere they are located and'adapt'its
operation correspondingly. Where idtérrogatfdh-of.a slot
location reveals that allléodes-lineé_are'aﬁ a voltage +V
corresponding to ﬁd diodes D1, D2 or D3 being provided,

' the system is arranged to deduce that the respective slot

-is empty and has no.module plugged into it.



.

desired period/ffequency usi ng the nunmber of steps |oaded in RAM 40 to

descri be the waveform To achteve a given output peak-to-peak voltage,

t he

digital value fed to the nultiplying digital-to-analog converter 46 is
set to scale up or down as required fromthe fixed | evel afore- nentioned
adding'in a fixed DC offset as necessary. %éThe wavef orm generator as

thus described is capable of attaining

a high degree of accuracy .

"regards the periodicity and frequency of the derived waveforns on account
of . {ts operational Wagurd n di giiEldyteietdyedasnt epsxetSidly adigdthable
rate” clock divided by rate nultipliers, and as regards the resolution
and anplitude coomtrallablid sprogranmaibe wazbdoemdamamerntzitbr waiveh ocmm
generator- - could further conprise:- (i) a selectable ROM (read only’

menory) i n° par@Adrgtitiute the wayefioron geeratr gid ofcohigunsg n@Bsaaddard

wavef orm shapes,, for exa

Wieh o m"?mexea Genana ting. ba iy S iaple emsn egeaepator

ei t her anot her
for generating

sine waves, trian ular waveforms etc.

(i)

t ti qnshi ps bet tue of
bl ng bl o 1 0 SVEKCTR, Mo JAraALLe '?Qéﬂvﬁfwxﬁa- i%‘reﬁ%@@ 5ags oo shaBe  on

RAM 40 to hold

N/

around a digital function RAM (random access memory) 40,

the data contents whereof can be loaded by the user by

 use of appropriate data entry .neans which can be

conventional and whioh have been omitted from the figure

'for the sake of clarity._ A variable rate clock generator

M1 driven from a basic high frequency clock signal 1s
controlled in dependence upon a digital rate input and
the variable clock output is applled to a counter 42
coupled to control the address sequence of the function

RAM 40. The data output bus of ‘the function RAM U0 is

_coupled via' latch circuit 43 to_ digital-to-analog

_ converter 4y, and the output of the latter is coupled via

a low-pass filter circuit ns to a multiplying digital—to-

analog .converter 46 the scale factor whereof is

fpdetsrmined by a digital amplitude-control signal

"-_I *'operatlon of the. thus described waveform
generator,'the desired waveform shape is set up in the

function RAM HO taking account of the full resolution of

digital to-analog converter uu in order' accurately t0-'

describe the waveform for a fixed level output in as many

lof counter cl ocﬁ%%nt :ﬁ@oﬁﬂbﬁ%gvﬂ% Pg+x§%%%o PedI g&bl(aégéicﬁanber



(iv) a facility whereby the output of one or nore waveform generators as
described nmay be nodulated by the output of another such,waveform
generator, .or from the analog stimulus bus, so as to achieve
nodul ati on cross-coupling - between sever al wavef orm generators or.

bet ween t he waveform generators and the respective buses. In one exenplary
programmabl e wavef orm generator nod¥J e according to the invention, two
programabl e wavef orm generator channels are provided wth -the

“requi red wavef orm-shapes defined under software control in a digitised fQwm

of the netemsi 286dMRHsPaNRSERDTBT Yy cltg reoumper tekieck s thenseglence of.
regular step_intervals. The se?uenqe of* aggritude values is held in RAM |

and st efdéd the olitdi tal sEbendalugi tiPRMe A1 988 TRy 8bRGerPEd into

| - ich t h be . |t - | ed / jegted to DC
ofrset | Aesikellpee Y sEPaReBE Y AR LR, FBr EBuEEr 8 a¥en® Ip38RE rmaui e has
stop ratdd TRCE R Wadisiih! e FARtaNd, 268 hEn2evech, EluEh 21OV

| sol at ed oliee! Bubkt8o-peBR! VbLEARE, CthECA1ERBATCka 2 DHq 16 el OUt ed ONtO
ei ther the anal og stinulus bus or tﬁe_analog measur enent bus, and -

f urt her maRa ta3Qy iagandeg i E8Y-H6-aR1 b Udormpskt & el 1 08 tdet otber channel
on the nodul e or fromthe anal og stinulus bus. "The .nodul e further ' :
provi des szaflaciupi by down as required from the fixed level afore- o/
mentioﬁed'adding iﬁ-a fixed.DC offset as nécessary; The | |
waveform generétoﬁ"'as. thus described is capable of
'attaining a high degree of .accuraéy: as fegards _the
peﬁiodicity'and frequency'of thé derived wa#efofms'on
account of its oﬁéfatioﬁal'basié-in digitally défived
steps using a variable rate clock ”diviged_-by rate
. multipliérs,'and as hegards'thé'résbiutign and amplitude
control of its output. - h | |
'The above-described waveform generator could
‘further comprise:- | | - |
:'fi) a Selectéblé ROM (réad dnl& mémdr?) iﬁ'barallel |
| iﬁitﬁ ‘the function RAM ‘50 and containing NV
ﬁfstéhdard' wavefornm shapeé, for example sine
wéves;'triahgular waveforms ete.; |
(i1) 'e:ither-' andthei‘ counter "multi.plexe_d' in',' or a
- péraliel. wé@efdfm geherétor, fdr geneﬁatiné
.acéurété phase relationShips. $etwéen $ignais

by virtue of being able to preset the countebs;



wher eby either channel may be reset on a selected SYNC, and either output.

- channel may' Be routed onto the analog stimulus bus or onto the anal og
measurenent bus. The TTL digital input/output nodule 20 and the
anal og stinulus/response nodule 23 have been briefly described in the

v foregoing and nmay take any convenient form For exanple, the anal og

~stimulus/response nodul e 23 which has theagrlncipal function of setting up
DC and AC voltage levels for testing circuits nay conprise an appropriate
arrgy ,of anal og-to-digital and digital-to- anal og converters. It is
considered that no (kih) |l @ desmrded owiditht htarcoDdnl eRAM s iDecessabyd f or
a full understanding of the invention. However, in an exenplary. practical
enbodi nent  of the TTL dlgpthOl|¢§ﬁﬂ/%&ﬁ?ﬂﬁn8nihsk¥en:1§V5i dor dlee heilgi t al
lines with active |evels characterised for TTL | ogi c and simlar
| ogi ¢ arrangenents (|nclu69%gaCREBbPBQP€)Qﬂ&ﬂ?ﬁﬂwﬂhQﬁ&icyq;%§he@ﬁbﬂH@832

T XL? e Yactail g < A Deltod WA HRRENA Y changed
or a5 out puts. coul dBD) G e59#§f£§% rhelSin %, Ef?%pém”féﬁ"g{aﬁé’o?roﬁ%a's??é??,
2?? SESZG ?gdoggbfugnsgag%m%anggﬁsg%fggtggu fﬁaejés ‘fsrt ﬁgrm)re couI d be
routied 'onto a SYNC |ine dhgfigtdded O gyabhgea ghggaturgftoaggthgkenshbgnlthe_
respective |ine by nmeans _ _
weveform generator, or from the analog
stimulus bus; so as to achieve modulation
eross-coupling beﬁween' several ' waveform
generators or between the waveform generators
. and the respective ‘buses.

i In one exemplary programmable waveform generator
-module according to ‘the inventiOn, two 'programmable
waveform generappf_ channels,_ere provided' with the
reeuired waveform shapes defined under software control
in a 'digitised form of the. nordalized instantaneous
waveform amplitude at a sequenée of" regular,'step
) ' .1nterve1s. The sequence of amplitude values is held in

| Rknienéastepped through 1n“seQuence, with the values
-beipg’-converted into analog values which ﬁay then be
ampiitpde‘SQaled“and/or subjected“te DC’offset in' each
case under program control. Each channel of the medule
has separate RAM and control circuitfy enabling each to 
be set t6 different step rates, amplitude SCa;ings and DC

offsets. The outputs are relay isolated with rout;ng

~ *
:



of a signature anal ysis and frequency neasurenent nodule installed in the
system Li kewi se, in an exenplary practical enbodi nent of the anal og
stinmulus and response nodul e 23, a DC and AC vol tage neasurenent capability

“was provided enabling voltage neasurenments to be taken fromany of eight

I nput lines or fromthe anal og neasurenent and/or stinulus buses. This
anal og stinulus and response nodul eX¥23 was al so capabl e of optionally
controllilng up to four analog stinulus and response extension nodules 23"
and- maki ng neasuyrenents through them The extension nodules 23" m ght\,/
f or exaﬁﬁF@ltﬁéﬁﬁrFééheI6¢EEgBF1A€PH%ﬂEuF%ﬁ%%tPQRﬁﬁﬁu9Q§° gh8herpc vol t age

out put s. perﬁgions on ghe extqpsion s 23 _are aﬁranged to be
S

h Al | d i @Pdule
per f or ned e : _%Qﬂ&?%l_us.SF- alliche %% PB3SEr PHER b F8sponse
UDdU|e Zgnht%ﬂﬂé?éﬁdgﬁfﬂééhh éﬁ&hngfrﬁ§$|5e'Egpiigﬁhg/hgégi tghg'tal
i nput/output ~ nodul e 5, I'h “an exenplary p actircal er oalnent, ]
prOV'deSfréﬁ tHleS Ot Ple® dﬂéﬁﬂéﬂ qd!ﬂH§5mdﬁdfbV@f'PP$£ Eﬁé'&ﬁah@&?'S- Each
of. the 16 discrete lines may individually be configured as an input or as
an 41 sgmpALsUeY. Pr qiiedNhod@lé M €urthabd gy ide LyHarhedl i yychanged
fromone to another under programcontrol. .\Wen progranmed as an input, .-
t he t hr eshelrddyf @ithler ichannelesmaynbebaresdt tan gaveedeated nBENCGol t age | evel

for alogic 1 and a maxi nrumvoltage |level for a logic 0, to establish test,:

criteriaahdr eifvden rmssputPoehannel |nay cbe srastedednto the analog o/

stimulus bus.or onto the analog measuremeht bus.

 The TTL digital input/output module. 20 and the . o

analog' stimulus/response module 23 have been briefly
~described in the foregoing and m;y také-any'convenient '
form. For example, the analog.stimglus/response module
23 which has_;pe_pring;pa1 function'9f_setting-up DC and
AC voltage levéls qu.te;ting ¢ircuits may comprise an
appropriate afray:of.analog-to-digital ahq.digital-to_
analog converters.'. it is considened_that_no'detéiled
description of these moduies i_s. .necessa,_r.‘y-. for ﬁ full
understanding of the invention. However, innan exemplary
practical embodiment of the TTL digital input/output \/
module, 32 discrete digital lines with active. levels |
chafactgriged'_-for TTL logic and Similar logic’
arréngements (including CMOS logiq)luere provided. Each
of the 32 digital lines was individually configurable
under software control either as an input or as an
oﬁtpgt; ‘and could alsb' be dynami¢a11y_uchghged ‘under

program egntroi. The discrete lines, whether configured



'

t hroughout, with the restriction that the mnimumlogic 1 input voltage is
al ways nore positive than the maxi mumlogic 0 input voltage, and the logic
1 output voltage is always nore positive than the | ogic 0 output voltage.:
When progranmmed as an output the voltage levels for logic 1 output and for
| ogic O output may be. set under programcontrol for all the lines. Any
SYNC may be generated on a 0 to 1 or a 1. to O transition on any discrete

- 1/Oline (irrespective of whether the i 4 is set up as an input or an-:
output, therefore output transitions as well as input transitions can

cause a SYNQ), terg#esp teLn @ﬁé&@sonaéhfdlég ég&du%lgeb'mtﬁaﬁ%at%@#ahas a

separate ENABL I ve antl ar v sked
in or masked ogj. trac'H]E'tﬂtg@HS’r@regnSng@%e?ﬁy mat. B! B Pt Yt 4R Shot

or retriggered, one-s node generating a SYN only. the next pattern
match or transahdoBhafiges’ SFr iagatydutpue %Qiaﬂfefg Idlﬂllai DANGrRANRR ko
pattern match or input transition. . 1/Olines may = 42 also be routed onte

a SYNC line dioectury dno £nSYNE.a srrgeat mwtpo-b@makaﬂnbsomdMénme usi ng
.a frequency and Signature analysis nodule if installed in the system As .
W th t he aeaidg bestriontleds/ombpoasSYNoLine dif8chbpvéoeenabieda t he
vari abl e threshol d/| evel digital input/output nodul e mght conprise
appropri ate arﬁé&%abﬂrﬂlgﬁtbﬁ tahﬁnl6goeoﬁgérresseeéayeedinpthy means

thneshold/level deternlnln arators in_alogical structure enabling
a signature a lysis and frequ ney measurement module _

installed in the systemn. Likewise, in an exemplary
\J, 'practioal embodlment of the analog stimulus and response
‘module 23, a DC and AC voltage measurement.oapablllty was
| provided'enabling.voltage.measurements to be taken'from
'anj of eight input lines or'from the analog.measurement_
and/or’stimulus-buses. This analog stimulus and response
module 23'was'also capable of Optionally oontrollilng'up
to four analog stimulus and'response extenSlonlmodules
23' and making measurements througn'them, Tne extension'
modules 23' might for example 'comprlse 16 DC or AC
measurement channels and. 8 DC voltage outputs. ' All
Operations on the extension modules 23 are arranged to
'be“" performed under ' control of the i analog
stimulus/response module 23 itself. | o
Similarly,' the variable':tnreshold/level. digital
2input/output module 25, in':anl exemplary practical
'embodxment, provxdes 16 dlserete digital lines with
variable active levels. Each of the 16 discrete lines

may ' individually be configured as an input or as an

-
.



the relationship of an input signal relative to upper and lower limts to

be positiv
i nput/outp
measur e di

frequency

particul ar
princi pal

checki ng t
and timng
recognitio
and subje
alternativ
Si gnature

pseudo-ran

ely determ ned. The variabl.e threshol d/| evel di gi tal

ut nodule mght utilize wi ndow conparator techniques to
gital levels as true logic levels to their full specification
e.g. logic 1 defined as above X volts logic O defined as below Y volts,

wi th the wi ndow conparator set to X agfl Y volts indicating a leve
~X.and Y as a poor or indeterminate |evel. The. signature analysis and .
measur ement nodule 24 will now be described in general and wtiy

PRFPHEL MRS PRCENEF FPEREESLSA anf s@aysbe 0 dg0amigadls.

bet

ween

The -

functigns of this nodul reside in waveformrecognition for
RB2pgefatr E d

2BBEFafFOM B8R &P ARCCEDESIHRGETePEOBTAR AN P,

queHB§ncounting’

RrOpeRHERY 28 bRCLAPLD (83, ThsRamora® Fok Rai ek Th8eRyct orm

mhiNfe 5BE €bogivecd Hi9ARHun %atag Nalyes 203! xsgggga. 1

ely to a transrtion counting type recogni ti.on

ni que.

anal ¥simh xdae Sicl g 1&péDagkr SR Lbgiedbst €5 QE@SE?&EHQ a

dom sequence-that is.a function of thé - input signa

initialize the shift register and a -stop 'signal 'to capture

i nst ant anetbsopghoukn withathewreatnichiéoshthat ety stisvimumefegtiablie

patterns

are produced for _identical data . - :
input voltage is always more positive than the maximum

logic O input voltage, and the logic 1 output voltage is
always_more-positive than the logic O_OQtput voltage.

When proérammed as_an optpdt the_&oltage,leveis forhlogie

1 dutput and for logic 0 output may be set under progranm

control.fqr éll the lines. Any SYNC may be genérated on
2 0to1orailtod transition on any discrete I/0 line
(irfespeeﬁive_of-whéthgf the line is sét.up as an inpdt
6r an outéut,stherEfbre output tﬁénsitioné as well-as
j.nput .trahs_itions_i_.can. céuse a SY_NC),“ Qr".o.n a pattef-n

match on the I/0 lines. This pattern has'a separate

'ENABLE term, active High, and allows individual bits to

be maskéé;in orumasked_odt, Such generated SYNCs may be
operatediasVeither one-shot or_retriggereq, oné-shot mode

generating 'a» S!qq on only the- next pattern match or

transition and retri_ggered mode _ge_rief‘ating_ a SYNC on

every pattern match or input transitidn. I/O:lihes may

~

t he

| _ ( sequence
at specifitestchotkediat fow ithecrMitles. Mysibivg DogidrisshgBahelo



streans enabling recognition of incomng data streans to be effected with
data conpression. Transition counting uses a digital counter clocked on
each transition of an incomng data stream to assenble a count which
is repeatable for identical data streans and thus provides a neans of data
st ream recogni tion which again uses data cQgpression. However, both
signature analysis and transition counti techni ques for data
recogni ti on have di sadvantages in.that signature anal ysis does not detect

glitches (transignts) wNdedd@dsi bhed Caou§i!lll@9?fi§'é0d&‘fre§c6’ Yebi Ehhgder gSul t

val ues that provide no distinction between di rent wavetorns having the
sane nunmber of tsagAaatupsstoTOeOtAKRATES rdnELROY Endel UGiBRCIAC S Adifuency

i nventi on proposes to enploy a conposite arrangenent for waveform
recogniti on wherend Signature anwmlysis mothlier difsiinistaldedninnthé exjutiemies
are logically conbined so as 'to obtain a nore distinctive signature for
any particular sAgnalwitlseqtbrce.analoghe stimplas/inespomsgposaedulere@3

alternative ways of Iogically conbi nin si gnature anal ysi s and
transition coufPprguenf °ne¢iILﬁﬂ?aI%%P%ébkﬁmu?h%ﬁ$§01¢fkﬁfﬁkex#ﬂEAPaQB

Concat enati on whaRBAR PREPYh BRAHES Jh{EIEI SRS 35 RRRF TN OGN ot

signature anal ysy3 L1t . " &0 P4E" oG AEE AP dAl 148 L b UYL /13 3™
o determihing comparators in a logical structure-enabling
the rélationship of an input signal relative to upper and

_lower limits to be positively_determine¢.- The variable
threshold/level digital ‘input/output module - might .
utilize window comparator techniques to measure digital
levels as true logic'levels to their full specification,

- e.g. logid 1 defined as above X volts, logic Oldefined

- as be;ow Y volts, with_the windoﬁ_compabator'set to ¥ and
Y volts indicating a level between X and Y as a poor or
indeterminate level. '

| The signature analysis and frequency measurement

.. module 24 will now be described in general and with
'p;fticﬁlari#y with reference to Figubes 54 to 5C, 6A to

'véé;?j}aﬁd_S; The principai functions of - this ‘module
réside iﬁ waveform recognition for chgcking the operation
_of.circuit_modules etc.,éhd_ip.freguency counting and
timing for checking the operation of .oscillators ete.

::wavefqrm recognition is coﬁmoply .effected by

digitising the signal.lwavéfgrm and_-éub}ectihg_'the
digitised signal to a.signature analysis or alternatively

ot -

to a transition counting type of recognition technique.



outputs of these two together constitute the signature proper of the data
stream  this technique provides the highest degree of signature:-
distinctiveness but with the need for double length. signal processing
and storage; (2) Figure 5B illustrates a bit-by-bit exclusive OR t echni que
wherein the outputs of the shift register 50 and of the counter 51
are individually tested; . this probdes a conpact systembut with a | esser
degree of signature distinctiveness; and (3) Figure 5C illustrates a

bi nary addition techniquyé wherein the _output. t.h hi. f [
- and of ;ﬁ@ﬁgé&ﬁ?éra§§152é5a88ééiﬁhsbpﬁa%yIgégggcgzggl%fﬁfgg%PES?gggsgeﬁhdo
conprom se between the degre odi sdingchiyangss & & s t gat si ur.
and the &?&?ﬁ‘tatd'lr‘.gs?(j?iﬁ'ég?'égﬁﬁ%%@.é lg&%dféf(angene%g 0 né?g'gquegElSA,SI. gggt ;:13'

5C coul d Re u .al o I NeSANRLRAL I i s @l O ok eld€Skiggui pnent in
accordanégﬁVAﬁﬁgﬁﬁe g?ggé%p ?%ggﬁ??gn.QeTﬁﬂgﬁgggﬂixgﬁ%%gegif?é?gntpchannels'
coul d be ;jyNiaded i Byaudigigatalr stanel ¥iighalodts einlt baheze t bhper f orm

signature analysis to different degrees of distinctiveness. . Such a
S|gnatur%ﬁﬂﬁﬂ3uﬁggﬂ§nﬁﬁe:anundaévsbobncbﬂdaa&haNnélsappéramegein
accordance wth the conventional signature analysis
instantaneous pattern of data within the shift register,
repeatable ﬁatternS‘-are"pfoduced “for"'identidal'.data W,
'stfeams*enabling recognition of'incoming-data streams to
be effected with data’ compression. 'TrahSition ¢oun£in§
uses a digital coﬁhter"clocked on each transition of an
inéoming data ‘stream to aséeﬁble- a count which - is
repeatable for identical data streams and thus p?oVidés a
means ‘of data strgam-reéogﬁitibn which again uses data
compression., - However, both signature 'analjsis7 and
transition counting techniques for data recognition have
disadvantages in that signaturé analysis does not detect
glitches (transients) and tranqition'éounting brdduces
yery limited result values'that“providé'no”distinctiOn
.betweén different waveforms having'thé~same number of N
_transitions¢_  | ) - |
""'T&fOQEfcbmé the'abové_deficienéies thé’invéntioﬁ
'probdsés td'empldy'é compoéite~érfangeméﬁt‘for waveform
‘recognition wherein signature 7Ana1ysis and transition
.counting: techniques” are logically combined so as to
obtain a more distinctive signature for any ‘particular

signal sequence: ' The invention proposes three

.y



and/ or transition counting nethods nentioned above. In order to provide the
sgreatest degree of signature distinctiveness, the feedback shift registenrs
'50 in the arrangenents of Figures 5A, 5B and 5C need to provide a maxi nal
~ length sequence for steady one or zero data inputs. For an n-bit
*shift register, the nmaxinmal sequence length for a linear shift register
is [err] Thus for a 16-bit shift register, a sequence Iength of 65535 is

preferably used. 51t8pn¥thlebe aRRr ecoat edoBYchge ROWHTISG Ofsﬂg{iﬁture
appropriate skills, there are nunerous feedback arrangenments that can

provide this sequaamgshsngtémcand tiagigried oA, GBuamdngC i4s ustinahs tiraneq

m ni mal conpl exity arrangenents which can be used; the operation of .these
arrangements wi | schemgtégaliwt houtf igvewst @A, fﬂBtbad &%plodn athieordravingisei ng
seen that the incomng bits of the data streamare exclusive OR gated with
the output of a BaB8A¥:excl usive OR gate having inputs from selected
shift register posi res 6A, 68 and 6C the shift register

i s designated 60, theEFSrsglé‘iﬁ?ugﬁv% et e Hégpgnzi’tfed—'%’f%?@at en
d | usi OR gat d ' N t

Zigﬁg|a$§carf;xgenen?afgrl %ﬁ%ﬁ% 3hedﬁqﬁ9mﬁﬁ§ é%?%nStaﬁ?ﬁﬁ ﬁﬁg%VIQGd

conveni.ently be included i, Egetgglgq%th red qﬁ%@l %ﬁﬂfthﬁgH§Q8¥

counter/tinmer nodule 24 of H gure I'n any o hown, a
counter 70 is used to COU”éOtHSdHQHpefhéfchHSKtEbﬁm%dddUEE Sfoénde%ﬁgple

of a clock
outputs Qf these two together constitute the
signature éropeh of the data stream: this
technique pfovides -the highest degree of
signature distinctiveness but with the need
fof double_'length signal ppoeessing and
stofage; '_ L
(2) F_igure 5B "illustrates a bit;by-bit exeiusive
OR techniQue'wherein the outputs of the shiftt
iregister 56__and of the'-counter 51 are
individually tested; tnis prevides:a compact
~ system but with_a.lesser degree of signature
o _ | o 'if- distinctiveness; and - . T .
| .“t“(3) Figure 5C iiiustrates a binary addition
- ._technique wherein tte:'optputs of the shift
register 50 and of the counter 51 are added in
.bihary adder 52: this_provises'a{cbmﬁromise
tetﬁeen the degree'of_distihctiveness.of'the
resultant signature-andnthe amount of stofage
| required.' |
- : The arrangements of Figures SA,.SB'and 5C could be used

alone or in combination in an automatic test equipment in



frequency wunder test, occurring .in a predetermned tinebase w ndow.
The counter output is then stored progressively in latch circuits 71
and 72 every N neasurenent wi ndow periods (N being a nunber dependent
upon the percentage change in frequency to be regarded as a frequency
drift), and the counts stored in |atghes 71 and 72 are conpared in '
~conparator 73. The conparator 73 provides a true or false indication of
drift, wth a small tolerance acceptable due to jitter in the counts since
the frequetmgrdaniss with té | phrsany nohrerHoien wi tThushefan mxampd emeasur et
wi ndow. The sane hardware arrangenent as is-shown in Figure 7 may al so be
enpl oyed dofferent nghemned sqeeeBiforPen PrAHEed r dguehcyS 18 dre test . .

' ' I d by .a high f .l ock_and_the.tinepba i nd
" opl aced WA txee mandie i anesd (B GPatath, s Taba il HRLEE 15 cqua

ity, the, t il 1 pdi | h ¥ how _
gihhgrenci‘sfg%p%{ﬁs é%%mf)%ﬁ a‘b?oh?g&?ﬁégéeeggggg aﬁgcegnm%%ﬁ%r%uist o ng S

di agram o e nract i : ' Lo e o ncy and
si gnat ur eargﬁﬁ%f]?/g%(swn%%%ec ?‘ghé‘ggélsjir{s@% a%%ﬁlt?%aﬁgiiﬁfrgéﬁiqfs t hat can

The t ask e e A B e L e ol T one: (1) requency and

wavef or M HedJ@Fl ERss1 eISNt coudbing i metheds snewbd onpd axbdwe L he system |

- processor such that the clock 1nput nultiplexer 180 .

' 'In order to provide the greatest degree of signature

" distinctiveness, the feedback shift ‘registers 50 in the

' arrangements of Figures 5A, 5B and 5C need to provide a (o
maximal léngth seqﬁence for steédjﬂ one. or zero data '
inputs. - For an'.n-bit shift regiéter; the maximal
sequence length for a linear shift register is (27-1).
Thus for a 16-bit shift register, a'8¢quenee length of

__65535 is preferably used. As will be'appreéiéted by
those  possessed' of the appropriate skills, there are
numerous._feedback arrangements that"can provide this
sequence length and Figures 6A, 6B and 6C illustrate
fthree minimal cOmplexity afrangements which can be uséd;
the.opéraﬁion df these arrangedents wiil-ﬁé CIear'without
neéi.géc*rhrtheﬁ explanation, it being seen that the
inéodiﬂé bits 6f.£he daﬁa stream are'excldéivé.OR gated
with the odtput.of“a second éxéiﬁsivé OR gate having
inputs ffrom'"selééted shift register..positions. " In
Figures 6A, 6B and 6C the shift register is designated
60; the first exclusive OR gate is'deéignated 61 and the

second exclusive OR gate is designated 62.

.
e
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selects a pul sed input of sufficient frequency to give an acceptable

accuracy and resolution to the nmeasurenent to be “perforned. The set and

reset input nultiplexers 181 and 182 respectively are configured to

route the required signal to the set and reset termnals of the single

peri od detector 183.  The set and reset (gedge polarity signals applied

to ‘exclusive OR gates 184 and 185 nust be 't he sane. After an initial

reset to the single period detector 183 and initialising of the
gramabl e count eFig8BeviTa Sdfustaratesonamokxelnpatyr drradgemehtt hsi gnal
e neasured (via.the set I/P) will cause- the output of the single

per| od det ect §FequgBeyt odr bfitibldetadtd qn oyhdeimbhay comnemientn;SG benhi.ch

will be decrenpente y ‘the clock input. Wen the second" t he
signal to be? ﬁ@igg? d &Ecur*she V|%li$%t'1"‘e%et apapysist handut pﬁgtequettd}'e

cccor on ' SAPREE pmi et BF. G M. S8 TR B
Do TR o cRUBREE, 1Y LhofB3o%, LUNILE 70 WAL polSRiEaThe |
' 1/frequency nﬁbgéraQﬁuréﬁdck transitions, for example of a eclock
o frequency under- test, occurring in a predetermined
~ timebase window. The counter output is then stored
progressively in latch circuits 71 and 72 every N
% | measurement window periods (N being a number dependent
upon the percentage change in frequency to be regarded as
a frequency drift), and the counts stored in latches 71
and 72 are compared in comparator 73. The comparator 73
provzdes a true or false indicatlon of drift, with a
small tolerance acceptable due to Jitter in the counts
.since the frequency under test will be asynchronous with
'the timebase measurement w1ndow._
| The same hardware arrangement as is shown in Figure
7 may also be employed for missing pulse detection with
the frequency under test input replaced by a high
Tfrequency clock and the timebase window replaced by the
input pulse train divided by two. With N set to equal
unity,'the comparator will-indicate if,a“pulse has been
missed by shouing differences in pulse separation;.
| Figure' 8 is a 'schematic circuith diagram of an

exemplary practical realisation of a frequency and



‘frequency neasurenent can be achi eved by the technique of neasuring the
_period of a nunber of cycles accurately, allowing an optinml trade-off
between accuracy and speed of neasurenent. (2) Phase difference - the
circuit is configured as for frequency/ period neasurement but with the set
i nput nul tiplexer 181 -and the reset input nultiplexer 182 selected for
different inputs. The resulting count (M|l be proportional to the
difference in tirme (and hence phase) between the - selected edges of
both ,waveforns. Alternatively the signal period interval .and the intervgl)
bet ween rep%‘eﬁlil%"éu&%r@a:lmb?v rrg-’sdldfe ktl’hes!h siogisdiss s ofintwbeiderepiagied, the
phase dlfferfnce bet ween - th Wwo gnal s~ being calculated fromthe
ratio of tHeIEGIHIE3HRRE. °?B)bePGP§§iﬁPHFﬁ int Re vard@lt ofs weyi® itwured as -

f 1) but t t the t f th t ed
pglra$| %y, p .&E&éfﬁg '%‘gﬁgé&g | g@/a}r{qf;t{"?ﬁgﬁt ?STBSnP agisﬁ%ga?%r ‘%i‘eer;sgl ng 9
d t o f d f fall .
cige tri 88§§°ﬂ€%“coun PR PAl 4y AP gont ) ured for a fal ting

high and the resyy arﬁr%ﬁcy""add b viRIr QR Pb?.'i@h h8aBithSfient d-t rl‘he( 4)

Counter (or. transient signatudre analysis)
_ circuit 1s configured by the system processor

such that the clock input multiplexer 180 N\
.selects a pulsed input of sufficient frequency |
'tc give an acceptable accuracy and resolution.

to the measurement to be performed.. The set

and reset input multiplexers 181 and 182
-respectively 'are configured to route the

required signal to the set and reset terminals

.of the single period detector 183 The set and

reset edge polarity signals applied to
| exclusive OR gates 184 and 185.must be the

same. After an initial reset to the single
.period detector 183 and 1nitialising of the
:lprogrammable ccunter 186 via software control
"pthe first edge of the s13nal to be measured
'i'(via the set I/P) will cause the output of the
single 'period detector 183 to enable the

.programmable counter- 186l which willg be

decremented by the clock 1nput..-When the o

'second edge of the- 31gnal to be measured

occurs, via the reset input, the output of the



circuit is configured so--that the clock input nultiplexer 180 routes the
signal line to be nonitored .to t he cl ock I nput of t he
programmuabl e counter 186, and so that the "set" and "reset" becone the
start and stop control signals for the counter 186: @ The resulting count
wi || equal the nunber of pulses on the nonitored input between the start
and stop si‘gnals. If the start and stop signals were the sane as for the
state signature anal ysis descri bed .beIomL“%then' the count could- be
regarded as a transition- signature (as descri bed herei nbefore). (5)

State signature analysis- singhen pERi68t tdtRyet 19! tinhexgss 11Rl, add2
are-set to provide an enable pulse to the counter 186 the-enable w.ll

si mul t aneously enabl e a lpelatinf enstbapkgahilessegirstwiat 8éctarshanaciesi se

- the data stream presented to it-s- input. 'S0 (6) M ssing pul se
detection - this can be asekitévredeitn inputwmys Ondey thendbugpotndasasgome
counter and conparing successive readings; and b) by setting a frequency, -
|l ess than or equal to thelpwl,she apnogonammabbsi conagerord dbhavidilockeasae to

the 16 bit feed back
. counting and the resqltant count is

proportional to the period and therefore
proportional to 1/frequency. High accuracy
frequency measurement'éan be achieved by the
U _ o utechniquelof,measuring the period of a number
of cycles accurately, allowing an optimal
trade-off - between accuracy and speed of_
measurement;
(2) Phase difference -~ the cirddit is configured as
for'frequeﬁcy/periqd measurement but with the
_set.iﬁput multiplexer 181 and. the reset input
‘multiplexer 182 selected for different inputs.
The resulting-count_will be proportional to the
_difference in time (and hence phase) between
N\ S the selected edges of both wavefornms.
. Alternatively the signal period interval and
the interval between_repgctive_zero eroséings
of the signais can be measured, the phase
difference between the: two signals being
_ calculatgd froﬁ the_ratiq of the,ﬁwo results.
- (3) Pulse width - the circuit is configured as for
" (1) but with reset edge polarity set to the

- . -
. . «



shift register 187 and applying the pulse train to be nonitored to the data
i nput, the output of the binary counter 188 will go high indi.cating a

m ssing (or nunber of m ssing) pul ses. 7) Short termdrift - by

conpari son of successive results for any particular function, drift, be it-
short termor otherw se, can be nonitored. Wen such a nodule is provided
in the automatic test equipnent, the inclusion of sync lines and the anal og
measur enent bus al |l ows cascadi ng of- W mi ng function, for exanple the timng
of four consecutive wave periods for very short tern1drift or jitter . o/

I t I cul arl gt th boyv '
322c¥?bf|on re:Zteg ?goggéé;égp?é?§s?ggggé"§8gﬁﬁingn3t§$elg §?§S|s nDduIe'
d that di ff t I 4 fs1 t
it orent fact |11 ceetoskp BOLEFLEPTANBISH SRS ORERELLLRO £ktIls DOTE 01

obt ai ned by the harﬂr@iﬁgdeagélb@ﬂggw%@ecwt@s@%deEgensaﬂﬁppé sof twar e
control . The automatiC test equrpment can further conprise a sequence s

emul at or nodul e proyhgubg confligudeidt yror &i Falldingnideoutpikgdr|s . .
i ndi vidual | y configurable as inputs or outputs capable of bursts of

real -time activity. theTheupbepo&&Goﬁllhebeequbmce enliyavbilss tweprovide - ..

patterns of data at real-tine and to capture data froma circuit under
test. The enul atorshkgualeisahighsandethecnegylhant count will be

proportional to pulse width. - ~
(4) Counter (Cr'transientVSignature anelysis) -the
;circuitzis configured so-that the clock input N -/
"mu1t1p1exer 180 routes the signal line to be B
' monitored to the . clock input of the
programmable counter 186, and so that the "set" -
and "reset" become the start and etOp control .
 signals for the counter 186. The resulting
eount will equal the number of pulses on the
monitored input between the start and stop
'signals. If the start-andfstop-signals were _
‘the ééme as for the state signature analysis i
described below,- then - the count could be
regarded as ‘a transition signature (as
‘described hereinbefore). ' '
.(5) State signature analysis "'When the set and.
."reset multiplexers 181 182 are set to provide .
an enable pulse to the counter 186 the-enable |
'will simultaneously enable a 16 bit feedback -
“ehifﬁ register. 187 to characterise the data |

stream presented to iEs—input. -



| ogi c state anal yser or programmabl e pattern generator. Figure 9 shows a
«sinplified block diagram of an exenplary enul ator according to the
invention with the nmeans of loading and retrieving data into and fromthe
JAMonmitted for clarity. In operation of the illustrated
arrangenment, the sequence controller. 80 provides RAM addresses in the
order required. for a given sequence, the Ms are then read and their data
held in latches 81,..82 and 83. Data fpem the control RAM 85 is used
to determi ne whether ‘the respective data line. is to be used as an input

or as an output. |frghhe |, i fig ap,o bot h
of the tri-state bu# grsug%kgﬁg §§l§§e%§ﬁ§§ﬁggﬂandgpﬁg gg?ag?rgégf% % 83
appears on the data linegn khot haydata line is to be configured as an

i nput, only buffer 88 is enabled.” At the end of a cycle a "wite" _
operation is perfornmed on theajabg RAMMGguingd capt uaes éimtdr oradde
data line if the line is an input and otherwise rewites its previous .
contents via .a wap- around cbmpheidgt saubcesslizeche88ingsihasdw ap-around .
feature can provide the advantages of a reduction in RAM requirenment as the
same RAM may be used for bot hbdnpyt sefting put foeguenansd pessi ddeina arel f
test of the system Additionally it allows for any data line to be an

i nput,, .an output, or both as 8dBRdi fecthenarlppntraip garke 1moRr}tRYdat es

0 g e ST BRARHE it RSB hRS " B0E oM Lot e

' shift register 187 and applying the pulse

N\ o - train. to be monitored to ﬁhe data input,
~the output of the binary counter 188 will
go high'ind;cating a misSing (or number of.

 missing) pulses. '

7) Short term drift - by coﬁparison of successivé
results for any particular function, drift, be
it short term or otherwise, can be monitored.

When such a module is provided in the automatic test

equipmént,-the inclusion of sync lines and the analog
measurement bus allows cascading of timing function, for
exﬁmple~the timing'of four consecutive wave periods for
very short term drift or jitter &nalysis;- It is to be
pafticularly understood that the above _description
relates to an'exempléry frequéncy and signature analysis
" module and that many different. and varied configurations
prOViding -the same or different facilites could be
provided and that the sa@e - functions obtained by the
hardware described could be obtained by means of software

-
by

~control.



The sequence controller 80 in Figure 9 can be either sinple or conplex. In
Its sinplest formit mght consist of a counter preoducing sequenti al
addresses and sone logic to indicate start and finish of sequences, and
need not include a sequence RAM In a nore conplex formthe sequence
controller mght for exanple be structured as a mcroprogram controller
provi di ng for exanple, subroutines of test sequences, conditional
testing and | ooping test sequences$ and/ or variable Ilength cycle
periods, all powerful and useful test facilities. Figure 11A illustrates\a

modi fication ofpddey i d ﬁgtar@fjme@@caﬁimrwem&bm% expect ed

data froman input may be | oaded-into the data RAM 86 to be read out into,

| atch 83 agghwerglicamhleitidr WbaQTengroeiaing adpaureXctysod o (el e 89.
The out put | evel of gate 89 then wll be indicative of whether or not a

gi ven st atingwts/ daepu b aviche dimat i idud ¥t gasSigurattle tas sidputd avere to be
fed into the sequence controller ‘as a junp condition, it would then be :
possi bl e tautmits f capabbe oofurburrats 06f a realgibiare caebivitniterTig i vely, if
this level were arranged as in Figure 11B to be fed back to data RAM 86,
then the RHEPIIRV QbuFlecsnaupncs smydadore ifathq prgtide Raftemife s -

I ndi cat i tests which h failed. Treati the trol -and, dat RAM
contant s ok Fafa 1 borenfT hiad chN o] RabkBAbStaR THPA SHPHAN addr egs,

- gg?r ;g;g;éﬁﬁ%etrot ggaﬁ\/l ?#gjt[)l\e/l ! g.sag:%g[ in\lloeéﬁlle aggnwé&goa be‘l uisrédu\a/l.s_ a

' logic state analyser or programmable pattern generator. -
Figure 9 shows a simplified block diagram of an exehplary ' *QJ )
emulator accbrding to the invention with the means of
1oading and fetrieving data_into and from ihe RAM omitted
for eclarity. In operation of the illustrated
‘arrangement, ihe séquence controller 80 “pfovides RAM
addresses in the order required for a gi#en-séquence, the -
RAMs.ére'thenzread and.their data held”inllatches 81, 82

“and 83.. Data from the control RAM 85 is used to
'determine whether: the respective data line is to be used
as an input or as an: output. If-the'daﬁa'line is to be
eonfigured as an output,. both of the tri-state buffers 87
and as:;fe enabled.éﬁdfthe data from latch 83 appears on
‘the datéﬁliﬁéQ‘-If-the.data 1inezisﬂt6.be;configured as an
input, only buffer 88 is-eﬁableds,wAt theaend»of a cycle.a

- "write® operation-is-performed on the.data.RAM'BE-which
caﬁtures'data-from'the-data line if the'line'is_an input
and otherwise rewrites-its previous contents-vié=a,wrap-

‘around of the data from latch 83.: This: wrap-around

-
I



correspondi ng to an -output, then if R is the corresponding matrix
of expected data, the signature matrix S may be defined as:- S

(CM AND. DM . XOR. R where. AND.. and XOR. represent.respectively the bit-by-
bit | ogical AND and excl usive-OR of corresponding matrix elenents. |If the

% -arrangenment of Figure 11B is used, then the data RAM 86 will contain the

signature nmatrix at the end of an operatigg sequence. If Sis a NULL
matri x, the sequence of tests has been p ed; otherwise it will contain.
conpl ete information as to the failures that have occurred for use in

di agnostic progessupg. cRaf provNgeneret 8dThabages d2Aal Ré@U@iod 2 AAMpSse
illustrate an enmulator sub-system constituting the nodules 27 and 28
in Figure 1B. Fequiesmkatoas thle smicerRAMImay dbe uliedh forpdathpaimidtel
digital input/output and gives a conbination of data output and data
capture. Thi endagubputisddtaprand pnevédes ageedfatesh, of thegiwstemstate

anal ysi s and m croprocessor enul ation. For Eattgrn eneration the
enul ator acts Adddhipnaldnl bt abhevatifep avyudacdslire pkf e &0 pdiRudins.

In a logic state anal ysis node the enul ator, acts in_an.input only node
capturing_paraFPePugaﬁi’aénh ‘Uﬂbt?Enaogiﬁﬁﬁﬁc&ﬁ°§§@e#ﬁéﬁ'cl3@¥Pre 10 a

m cr opr ocessor a_copbi nati on _ of

i nput and out5&$Hgg?%hg$a2@%§s”iéiigfLafB%_gghsa%igern? v%hdﬁbethe'
between i npuhes@Ptne@Ut fPhp-around feature, separate data-in and
data-out RAM's may be provided. | | |

The sequence controller 80 in Figﬁre.g can be either
simple or'coﬁplex.  In its ;impleéﬁ.féfm it might consist
of a counﬁer pfoduéing sequential addreéées. and some
logic to indicate staft and.finish of sequenées, and need
not include a sequence RAM. In a more cémplex form the

sequence contfoller might fo; examéle be.étructured'as a'.

microbfogram cbntroller- providiﬁg for | example,

sﬁbroutines of tést sequeneés, conditional testing and .

lodpiné test séquences, and/or Qariablé :length eycie

periods,:all powerful and uséfﬁl tésﬁ-f#éilities.

Ky/ S _.'.Figuﬁe 11A illustrateé a mo&ifieatibn of thé_Figure
9 ar§éngementlaceording to whigh the exﬁecﬁed data from_
an.input-may be loaded into théjdéta RAM 86 to be reéd'éut
into latch 83 and compared with incoming data using an
exclusive OR gate 89; The outﬁut ievél of'géte 89_£hen
wili be indieative 6f whethef-br.not a“given state has
ﬂeen reached or the ﬁest'pagsed;: If.thié'lgveljwere_tp
be.fed into the sequence contholléE as a jump condition,

it would then.be possible to wait_for the occurrence of a .



_dynami cal |l y. The actual " m-croprocessor enulation sequence is based
on the enulation of the following primtive mcroprocessor bus cycles:
Menory Read Menmory Wite /O Read 1/O Wite Opcode Fetch Interrupt

Acknow edge.or any other type of cycle required. These cycles may be
i'ndividually actioned; giving bursts of real-tine bus activity, or strung
‘together to give | engthy sequences of real-time activity. The emnul ator

itself, as shown in Figure 12A J%Pllt into two interface nodule
types, a -"Master Enmulator" for seq nce control and a "Slave Enul ator" o/
for data lines, . and.a separate -"Pod" for mcroprocessor - si gha

buf fering @&deﬁl QvRnltl enaAneeadtividy, @t dBY Slevdl vl J¥pduwged( Figure .
12C) may control. up to four Sl ave Enulators (Figure 12D), via a daisy

chai ned ri h@oAncaliigarer qB rtion®eS|fade basil aicorda tap R 86t dlhend tadj acent to
their controlling Master Enul ator. -Mre than one Mister Enul ator may be -

i nst al | ed, dadachRAM t woufidi reasbatnataeds Bgpabufeuimatorik  #hth Misogde Emul at or -
nodul e (flgure 12C) provi des the control circuitry for up to four Slave
Enul at or nvaeVesiaddcaslyuCWemﬂs/whishOM@ws fé&dledwput line for an

Treating the control and data RAM contents as
matrices,:w1th elements indexed by bit number and RAM- Q)
'address and referred to as CM and DM respectively, and
:with a _1 in cM corresponding to an input and a O
'corresponding to an output then if | R is the
'corresponding matrix of expected data, the signature
'matrix S may be defined as.-. o

| (CM AND DM) XOR.R -
'where.AND. and .XOR. represent respectively the bit -by-
bit logical AND and excluszve-OR of_corresponding matrix
elements. If the'arrangement of Figure'IIB is used,_then
the data RAM 86 w'ill contain the signature matrix at the
end of an operating sequence. If S.is a'NULL.matrix, the
'sequence of tests has been passed, otherwise it will
contain complete 1nformation as to the failures that have

.occurred for use in diagnostic processing.
Referring ‘now to Figures 12A through 12D these
) illustrate .an .emulator subesystem constituting 'the

modules 27 and 28' in ?igure 13' | | -

| The emulator ub-system provides high Speed
parallel digital input/output and gives a combination of

data output and_data capture. This may be used for

- -
L



external clock. The nodul e provi des sequencing of the pattern steps to

. the Slave Enul ators and responds to the detection of conparisons or

"stuck-at" faults on the Slave Enul ators. The -step rate between
patterns is determned by the Master Emulator as - either 8vHz or 10MHz,
or "by an external clock of up to 10MHz' which all ows synchronisation with
the unit under test QUUT). The follomkng:gpntrol operations are provided:
1. Run enul ator fromone step to another. 2. Start run on SYNC, Trigger -
Pat\tern (fromword conparators on the Slave Enul ators) or under direct
program cont roPatgern. i @EenanatoiPiSYNC, L9gigger spateer n, andkytch oindJUT
states, any step nunber or under_ direct programcontrol.  The nodul e

al so records t RECECBFORBRBAF AMWAL At ARs BAHLETRoBANSTARiOn othe

m smat ches a mean of _chegki a UJUT response. A total of 2048
i :mat ch gt e; %ﬁkgg%gpna@éstbse_ gForoé'g")pl.uEh%n avéeéﬁﬁﬁiﬂaﬁ Eﬁﬁﬂﬁ‘\eé’e(ef—si g‘lrg e
12D id | b digiLtal LLQII . | b
changed " 11 onpir sy BaELeRaY, NP GLIE) shatel MaTysiitubdd (RGN DO

contai ns RAM sghlingtept ab®is 20482 pat hph8s oLy erH&B&A&EhP{hfag&%im and
may be stepped between patterns using a mnifhumpattern step of 100ns.- Each
1/0 line is prahegt ek agaifdgle tTonUSEE DY ideSVr €8xt BPAEL SicQlock . Addint ipnal
features include self-checking - _

~ microprocessor emulation mode the emulator acts as a

combination of input and output simultaneously,"wiﬁh

lines able ¢to éhange between  input and output

-dynamically, The adctual _microprbcessqr .emulation
_sgqﬁenee is based on the lémulation of fhe fblioﬁing
primitiVe microprocessor Sus éycles: “ | |

ﬁemory'Read |

'_ Memory Write
'1/0 Read’
 I1/0 Write
Opcode Fetch -
Inﬁe?rupt Ackngwledgej _
o - . . __ - or any other type of cyéle.required.*

T@ésé cycles may be individually actioned, giving bursts
-'qf feal—timé bus activity, or struhg ﬁoééﬁher to give
_iéngthy sequences of réai-tiﬁe_éctivif&, | |

' The emulator:itself,iaé_shown_in Figure 12a, is
split into two :interfacé module _ﬁypes; a '"Master

Emulat@r" for sequence control aﬁd a-"élave Eﬁulator“ for’

data lines, and a separate "Pod" for micropfdcessor

“
v



of the output lines to detect "stuck-at" faults and a word conparat or
allowi ng each line tosbe conpared with a stored word which may be
selecti.vely, bit masked.. The emnul ator subsystemthus brings together two

t echni ques, nanely bus cycle emnul ati on and RAM behind the pins function
testing. Bus cycle enulation enul atess§he relatively few types of data
transfer instructions that a processor perforns and functional testing with

RAM behi nd _t.h [ ' | i.njecti tt i,nt b d f

of RV, ASEBROWTUTASELE: AMoE 1008 dGLaTRRCENS IRADE | SOBEr HEBEPEA | n sudl
t hat ' t ad A at | tt

Sor r 2sponcEiiporouBeEHTEEI4GPE' fad) M) MO o RRbE SRavEee:

program (spbigabel (FegLFes128hi,Chiaoh ad SO T1ob3nCULBYL depend) ng

on which data transfer-"it is desired to emil ate he pattern seqlience to
emul ate a g¢agairiagsiSravdISERULALERs Y b&e infs®aladd fdP{lceht S€b Of
mcro- instructions-in the emulator RAMs, such codes defining the states -
of individtaeisi goaltrbili¢agi MasbersEgutater:.eqMored thanNbAbCMaSCer '

m croprocessor being enul at ed. Referring to Figure 12D (the slave)

wher ei n onEgpudaéotti giayal be/ Orisitad. led] osacki widh cthelsi t agsoeisbedn, it can-
be seen that each enulator line is backed by three 2K RAMs 221, 222 and

223.  RAMSR2YepEBWla&srele stinulus patterns, RAM 222 collects the

esbonso snd R 225, ggnL s, e dincel L on ol the Bl fecs 22d Lon the 113/
'éontroi éircuitfy for up to four Slave Emulator ﬁdduies ' '
and'_as ‘such only has one direct input line for an U
-external clock. The mpduie provides'séquencing of thé'
pattern steps to the Slave Emulators and responds'ththe
detection of comparisons or. "stﬁCkQét"' faults on the
Slave Emulators. The step rate between patterns is
determined 'bj the Master 'Emulatof ‘as either 8MHz or
10MHz, or by an external clock of up to. 10MHz which
allows synchronisation with.the unit under test (UUT).
The following eontrbl_operations'afe-providédi
1. Run emulator from one steplto another.
2,:_'Stant'fun on SINC, Trigger Péﬁtebn (from word
.  §om§éra£ors'on the Slave Emdiators) or under
m diéect program control.. o ' N
3. Stop run on SYNC, Trigger Pattern, mismatch of
UUT'states; any step numbér'qf under direct

program control.



shoul d be reading or witing. The address lines of the RAMs are driven in
—‘parallel from.a counter which in turn is normally clocked by the UJT (unit
under test) el ock. This provides the possibility of a new pattern-
for each clock state of the unit under test (UUT). Conparators 225 are
“provided to detect differences between data fromthe UUT and data fromthe
stinmulus. RAM 221. .This can be used for (a) checking for stuck faults on
the UUT when in a wite state and (b) - cofibari ng received data from the
UUT\ W th expected data stored in the stinulus RAM 221 when in a read state.
A conparator 226 is _also provided -to conpare patterns on the
enul ator |ines vilteh MRdylesadsRoraCaRd st haer 8kept nwnben;af jany @dspatrhes t he
MASTER for contrqld par psRe 8odntf aif Siiiematenesdt i 889, 20r A9t Ideahlsi ngror

stopping the run, Figure 13..Jlustrates a Batc W tchi rela ri

ar r angenent 'mhé?%‘§g%§_apﬁH?LFFF§°nEF"cﬁﬂc&PRa & e%oa% aggpéﬁgﬁeaéep

1.....N rmay beumnberacmayehbg s&oredQed for measurement and/or stinulus :
pruposes. Fach node g fouyes Wi dieSmd Ly’ e akli¥e92851 BREP ML NIET DY

means of respective change-over swtches - as snown, .an I rst and

second sel ect or hgih-epesd1 RAMgpacked sHgiited 110 ol ings et yEagh chinRcBabns
to the nodes. Swd Chclddges Stowm en2lpas a gBasvuepat! ar aviespessiye
node, selected by aR3031197 %tné ASEERS dortalis Hart Sulr 1%l entOrokC26f ™ 9°
' patterns of information on'éach line and may be stepped
between patterns using a minimum pattern step of 100ns.
. ] Bach I/0 1line is protected against misuse by a series
- thermistor. Additional features include self-checking
‘of the output lines to detect "stuck-at" faults and a
word comparator allowing each line to be compared with a
stored word which may be selectively, bit masked..

The emulator subsystem thus brings together two
techpiques, namely bus cycle emulation and'RAM.behind the
pins funetion'tésting. Bus hycle emulation emulates the
relatively few types of data transfer instructions that a
_processor performs and functional testing with RAM behind
the_pihs involves injecting patterns into a board from an
array of RAMs. As shown in Figure 12B the data in the
'RAMs 'is structured in such a way that there is a segment

. containing the pattern or pattern sequence corresponding
to each of the data transfer instructions, and the test
- program (software) decides which of the segments to
 ou£puﬁ depending on which data transfer it is desired to :
emﬁlate. The pattern sequence to emulate a data transfer
~ instruction may be - formed from _af set of micro-
instructions in the emulator RAMs, such codes defining
" the states of individual signal lines in the sequence
required to mimic the microprocessor being emulated.



relative to ground, to stinulus line 3, to stinmulus Iine 4 or to isolated
line 2. Switch 1.12 provides for the |l oading of conponents or

i nterconnection - of signal sources, to nane but two exenplary
possibilities. . The arrangenent shown by utilizing threaded through chains
of switches 110 in the lines 1 to 4 provides safety against shorting of
test nodes one to another, provides §he possibility of utilizing - floating
| oads and floating neasurenents - and enabl es | oads and/or si.gnal stimli to
be applied acr t he nodes line 2 could he omtted if

measur enent B%f?vﬁlté 0l ?t%?ﬁfehz?lékb?s§#ﬁﬂe dHeredd® ONLX QPBractical

2 Tnes 1418 is#diéo L ARG s SpR e Bl sIWLTRLN0 PLshR! 20 LT neS Lo
and 10 o é>@§%n'ﬁﬂ§§ égh ddifLa tBY M the iAol %ht¥ EBP&QYbﬁd relay
switches are Tocated at: each crossover no e bet ween X nes

enabli ng ppys CoBRI, naﬁt 20rhr§li ééanectnmszb@ Brovaldedd $1d VEEInatysX  |ines
or lines, and any Y | ne, l'i'nes. As :relays are .used as the sw tching

el ements pactérnes @AM beznsedoiméctan the Orelsponoel 2P| RAM i 223. Two
types of bed-of-nail jigs can be. used:- to conplement the function
test systesmtrebsdthg. udrbbmﬂqmunﬂ|theahdffersneﬁmequnthanﬂlyél|able
connection to printed circuit board assenblies. A first type.of jigis a
"paSS|ve"f??gemmhcﬁlg¢hp$?ab¢o&hdéGPQHQGBQPgﬁpﬁarWheﬁhﬁEahbeollcennect|nb‘%

prlnted circuit board or other unlg
should be reading or writ ng.

The address lines of the RAMs are driven in parallel
. from a counter ‘which in turn is normally clocked by ‘the
UUT (unit_;under1 test) clock. | This proyides the
possihiliti,of,a newupattern for each clock state-of the
unit under test (UUT). |
Comparators 225 are provided to detect differences
| between data from the UUT and data from the stimulus RAM
221. This can be used for (a) checking for stuck faults
Ion the UUT when in a write state and (b) comparing
received data from: the UUT with expected data stored. in
the stimulus RAM: 221 when in a read state. " o : N
A comparator. 226 is also provided to .compare
patterns on the emulator lines with a preset word and the
result of this is fed back to the MASTER for control
purposes, e.gt for SYNC generation, or_for starting_or
.stopping.the run. . . .
Figure 13 illustrates a'patch:switching'relay_marix

arrangement _whereby- a plurality of circuit nodes



under test (UUT) to the interface connectors of the test system the
passive jig conprising a vacuum operated device for probing predeterm ned
circuit nodes of the UUT by neans of pin arrays which are interchangeabl e
to suit the partlcular unit .under test, the respective pins of the array

> being coupled via one-to-one conductors to the test system Such passive

type bed-of-nails jigs are known |r|trma§§: The invention contenpl ates
the use also of a second jig type, "active" jig, which provides
‘al| of the functions of the passive jig and in addition provi-des an
automatic  pdesiggatefiaciility.¥quinxpl ebé tselaptivaBpuahcPEoPedd, £&+ US A
limted in- circuit measurenent capability. Figure 14 of . the i
;acconpanyi ng meagdpgeinagé sndwnmustxuususIdnuﬂQSsts -Eaehsnpdehhag Hmer ati ons
whi ch can be perfornmed by the active jig, and Figures 15A and 15B show :
equi val ent cﬁwéﬁpbéineﬁo#ndéxsﬂaaAlMgassnslatepnwuﬁqnts by meansiavte and

resi stance neasurenent- by neans of the active jig The active
i1 lustrated eﬁSBPEgt&BetShEBGenaYPg Pﬁééﬁhﬁénﬂé@HQﬁ;%PQﬂqxnﬁﬂdr&kﬁﬁ%f a

UUT) to b d || tched t h ft

con%rolO ° Inggél slé?:gg c%vr#t?ﬁ °rne§ @gﬁeﬁﬁgmgpd q’%\rﬁf%"lsd%q \r,'\F@qf g"hre 14
, d f

our poses respiat ey o coqiRRHY snd Boled T sus e8I 11 CRESHIGHT g
framthe anal eaasiéguhuseasarehehte aa-ytaerpéypéé@iv@ ot d S he RAUK&F 55%10

provided within the
operation of a respective one of swztches 110, to be made

U relative to ground, to stimulus line 3,:to stimulus.line _'
4 or to isolated line 2. Switeh 112 provides'for the
loading 'of eOmponents_ or 1nterconnection "of signal
sonrces, to ‘name but two exemplary possibilities. The
arrangement shown by utilizing_threaded through_chains of

~ switches 110 in the lines 1 to 4 provides safety against
snorting of test nodes one to another, provides the
.possibility of utilizing floating loads and floating.-
measurements, and enables loads and/or signal stimuli to
be applied across the nodes.' Ir desired, line 2 eould be

_ ) omitted if measurement relative to an isolated line is
not_required.‘ In a practical embodiment of relay matrix
module,_a relay ‘switching matrix of 10 lines to 4 lines

'is provided for general purpose use. There are 4_'Y'
type lines and 10 Xt type lines in the matrix;
Individually eonrolled relay switches are located at eaoh

crossover node between the X and Y 1ines enabling any

combination of oonnections to be set up between any X



active jig itself
The current source 140 provides a neans for

I n dependence upon the condition of a relay switch 141.
limted in-circuit conponent

measurenent. Conmon line |l conprises a reference |ine for neasurenent and

may be utilized to enable differenti al _
nodes or to enabl e single ended neasurenent with the line |
ground,

si-gnal

- control

under

B vol t age
within the overall syst em

when naklH@epnascFPEUPFifﬁﬁggﬁeﬁéﬁpéﬁgﬁt§Leciﬁ@e§u9P8nPelHPE

‘vol tage s

measur ed

i n-ci h b '
A %pgyaeaﬁgggggnaft BefSbbufalld FRYs DG4t Chd Nugag ofo! o ways.
resul ting

i ne

connected to
the.relay switch 142 enabling sel ection under software
between the two nodes. The ngsurenent line IIl enables voltage
measurenent and includes a potential divider/variable gain stage 143
software control to enable a wide voltage nmeasurenent range,

t he

gtédnge ABaddped. BBAnGYodt ddngnt 8Tt A “&ﬁaloésn€8§EV§nén§ bus

E8Twhen a

urce is._b g use timulus input on line | can also be
% ?Ptﬁg g?“tﬁ& g89ﬁ§F8§18PsreS|stance 144. \VWhen used for

can be app fied 0ss nodes and

cbﬁﬁ:'l@ﬂ n'te AU e‘i"gh@tg.'ohe £dst

ovi ding guar

printed circuit board assemblies. A first type of jig is

a "passive" jig which s1mply provides a straightforward

means of connecting a printed c1rcuit board or other unit
under test (UUT) to the interface connectors of the test
system, the pa531ve Jig comprising 'a vacuum operated

device for probing predetermined circuit nodes of the UuT

by means of pin arrays which are 1nterchangeable to suit

the_partiCular unit under test; the respective pins of
the array being coupled via one~to-one conductors'to.the
test'system.' Such passiwe type bed-of-nails jigs are
known in the ‘art. The invention contemplates the use
also of a second jig type, an mactive® jig, which
provides.all of'the"functions of the passive jig and in
addition."provides”_'an' automatic | probing facility
equivalent to rapid manual probing, plus a limited in-
circuit measurement capability.

Figure ', 14: 'of : the'. accompanying 'drawings

schematically illustrates the switching operations which_
can be performed by the active jig, and Figures 15A_and

15B show equivalent circuits for explaining the

-
b

gBasHE ERENttoM EheCOMMON
Ing.  The equi'valent circuit of this node is

shown in EhQEhtibﬁAandStGOEdhblearapﬂatahh Peleablentonnsebeohnkect ed as
illustrated in Figure 15B.. to . allow straightforward resistance

vol t age -neasur enent between circuit

\;)

al so be. used g .a guard Ilne'“

o/

o



measur enment . Bet ween t hese met hods resistors, capacitors,
-_inductors and diode or transktstor junctions may be. checked requiring the
"Analog |/0O and Sine Function Generator Interface nodules to be present in
‘the systemfor full capability. The routings provided within the system
“ bet ween such an active jig and the anal og %binulus'and measur enent buses
can further enable the use of inpedance neasurenent over a range of
frequencies, or frequency sweep, to characterize a parallel circuit

el eqent and t huspeiedi gl el f ber efipgidridd eandl eF@df Stikodenanshi¥efént by
accordi ng to their di f f.erent frequency responses. . Al so techniques

can be used invoheamy bdlife Hepazative fig.npedaecescihtesujed villugtositiedve
and with negative current flow to identify  junctions in such parallel
circuit elenentenables upThe 169enadils feewdr lcontatdeing @ iode caligomiodens
to represent the charact%rlzatlon may al so _be used. Hereinafter described

in a manufacturi®g def¥dds tdhab?sélndr?ﬂéﬂil"él(lﬂotsﬂmmq akedthregi gomaonp)
det o nat i on of L{nfr 48 u PP REVAER b8 tradn o rfé‘%%%?%??eﬁi?@% Hifedy
the function 2??%#%%@%@@&%@@”3& 2H; Fhae 1By R RERE g
functional testiggffy &§1e CIn{ r;‘é}ﬁad'?unct | ona%l ‘lanst | R € meld ?‘eﬁghton :

to t\here being a reqU|renent ng of circurt board
assenbl ires etc.,purposes respectively. Stimulus (line I) is derived,

through buffering, from the analog stimulus bus of the
— | sytem or.from.aicurrent souree'140 provided withinhthe
aetive.jig itself in:dependenee upon the conditionaof a
relay switch i41. The current source 140 provides a
'means for limited in-eirouit component measurement,
.Common line II comprises a reference line for measurement
 and may be utilized to enable differential voltage
measurement between circuit nodes or to enable single
 ended measurement with the line ll'oonneeted to signal
- ground, the relay switeh 142 enabling selection under
.software control between . the two nodes. The measurement
.line III enables voltage measurement and ineludes a
'fpotential divider/variable gain stage 143 under software
eontrol to enable a wlde voltage measurement range, the
B voltage to be measured ‘being routed onto the analog'
measurement bus within the overall system, Common line
III can also be used as a guard line when making in-

eirecuit type measurements. The current 1nJected when a



which is the principal function of the' automatic test equi pnent :

her ei nbefore described, there also exists a need for relatively . ' W
i nexpensive testing apparatus designed to enable manufacturing defects to
be identified prior to full functional testing. This need stens fromthe
fact that it has been found that by far the majority of functional faults *
originate as manufacturing defects sggh as those nentioned above. An )
acceptance rate of 90%and above can”be obtained on full functional testing

~if a prelinmnary rudinentary fault location is effected based upon |ocatign

of manuf aglbuthpe elPeks 1sTHR IMEO\isEiORO & yBAHAC tiWHud oﬁefi%fes anal yser
nodul e can thus usefully conpl ement and-enhance the utrlity o .

aut onat i c It eRin egUsPMBRI MELHEFed] blyo ¢ hethwavert ithe proveseshi g to

. Figure 16 which . schematically illustrates a bidirectional swtching
net wor k utrelsiisédnice tIHY.manuf acturing defects anal yser (MDS) nodul e, the
network wll be seen to conprise four  bidirectional swtches

desi gnat ed 231WhgBoused3fapginsgirauétcbyipeceeasurenentvins aetdxeh ot her

and with source '+, source -, test%80|nt (node) and two separat e_measur enent
term nal s éSsPQMaP@d@Eﬁ?t@?:&E? pE%?lVéY?v fiCﬁﬁiYoF“téFnPﬁaP§ 240 and-

~ 241 al'so t provi ' gfgﬁctlvel% for tern1 the erat|on of
the switci8s*28¢ SAB ézaaﬂ aghPeEnk °2§§ e?éﬁn §@FB PGS of

control LRUILARY HGedills UCTBhGe S {AlISSSN, 20 ikonan: DRtRNIer e

conductive-so-as to connect
~ common line III providing guarding. The equivalent

ﬂ.circuit of this mode 1s shown in Figure 15A. Secondly, a “\)
constant DC current can be injected as illustrated in |
Figure | 158 to allow straightforward _ resistance
measurement | _ Between these methods ' resistors,
capacitors, inductors and diode or tran31stcr junctions

may'be checked requiring the Analog I/O and Sine Function'

Generator Interface modules to be present in the system

for full capability. The rcutings provided within the

system between such an. active jig and the analog stimulus

and measurement buses- can further enable the use of

impedance measurement over a range of frequencies, or ' .
frequency sweep, to characterize a parallel circuit

element and thus enable different parallel elements to be

analysed according to their _ different frequency
responses. Also techniques can be used mvolving the
.separation of 1mpedances measured with positive and with

.negative current flow to identify juncticns in such

parallel circuit elements. The use of network



stinul ation source.+ termnal 235 and to the "positive" neasurenent

- term nal 238. If control termnal 241 is selected, then sw tches 233

and 234 are enabled to connect the test "point (node) 237 to the
source - termnals 236. and to the "negative" neasurenent term nal 239.
* The. network shown in Figure 16 is but one.ﬁf a | arge nunber of

paral | el -connected networks each individudrly addressable via its control
to connect its respective test point (node) either to the stinulus.

SowW ce + term ridserddt s dlgorEanieeNtrdpidlehtl thed charketkhez80¥66€ -
(reference.) termnal 236 and to neasurenent term nal 239. A conponent on
a printed circuitdaypedrssh be used.exanple a resistor whose resistance.is to
~be verified as being within specified tolerances of its nomnal value,
can be contacted at :deredmafiterendesbyibednsinf aa mubfacturingi deféctae

af orenenti oned active or passive jigs coupled to the test point

(node) of any aARLYSEN dadiendingr ki biiskratet tonFiguee 3B)designed end:
other st t chi nd wEaRdA 1Pl Tatdnguatc i g FedE.BORES. RASCRBRY i on
Chat one test pach SerRBIPRRBRE ¥ Haiatty¥ire Rt edR plipni 89 AT Eq "o
e b e R P, TR, I AP AL
equi pment)- and and/or out of tolerance components, and the function of
individual integraﬁed'circuits, ete. raﬁher than for
A ' .functional testing of the circuit board assembly as a
"~ whole. 1In addition to there being a requirémehi-for full
functional testing of circuit board assemblies eté;,
- .which is the prihcipal fuhction-of the agtomaﬁic test
equipment hereinbefore described, there also exists a
need for relatively: inexpensive. testing apparétus
designéd'to enable manufacturing defects to be identified
prior to full functional te;iing, This need stems from
thé fact that it has been;found-that by far the majority
. of- functional faults originate as manufacturing defects
sdchﬁas thpse.mentioned'above. An adceptance rate of 90%
'.aﬁd §bove can be obtained on full functional testing if a
. preliminary rudimehtary fault location is effected based
. upon loecation of manufactdring defects. -The:provision of
a'mahufacturing défects énalyser ﬁodule'can thus uaefﬁlly.
complement and enhahce'the utility of the automatic test

équipment-according-to the invention.



to one terminal of a voltage neasurenent device provided in the MDA nodul e
or coupled to the anal og neasurenent bus, and the other test point (node)
coupled to the other end of the resistor is coupled to ground and to
another terminal of the voltage nmeasurenent device. A current pulse
supplied fromthe stinulus source to ground via the resistor will set up a
correspondi ng voltage across the resistor which can be neasured by the

.vol tage neasurenent. device to enablegghe resi stance value of the resistor -
to be conputed and, .as desired, conpared with -its nomnal value to enabkg/
a decision to be taken as to-whether or not is resistance value is within
an accept abl e tRelferaviog  toangfigurehe nénm nehighl ueschematiddilye wel | |
under st ood, the addressing of the control termnals of the switching

networ ks, 11dMstraitsge Rid ineed ioaals eswbkch g stiebuork appliised ons and
of the measurenments nay advant ageoqusly be under control of the conmputer in
the auton&f’i:é"f(ees@a Aphening dekgety ﬁﬂ?tliyﬁlei"ci(t%ps_:)ofm%%ﬁﬁ)néh% ina
Do o i, BT ph e TR SoofBing” G5, SRR Lo
ot he. swit e, RN QAR P08 DA v 4 IR dhld e 0"
Lo S S LeRtabhe ol pfal ot soReR et 0
el ectrodegedft point (node) and two separate measurement terminals
. designated 235 to 239 respectively.  Control -terminals
240 and 2#1--a1$o- are .provided ‘respectively for
fdetermining the Qperatipn Of'the-switChes;231 and 232-and
the switches 233 ;23H..-By selection of-cdntroi'terminal
240, for example, switche$ 231.and“232 can.be'rendéred
eonductive;so as to connect test point (node) 23T't6 the
-.stimulatiqn.source.+ terminal 235 and té the "pdsitive"
- measurement terminal 238. . If contrél'terminal-auilis'
_seleeted;--then switches 233 and 234 are enabied to
connect the tést,ﬂpoint -(nodei.'237 to .ﬁhev source -
tevminals3236_and to the "negative™ measurement terminal _-g;)
239. 7 < | |
| Thé;hetﬁork shown ‘in Figure.16;i$jbut one of a large
number”of*parallei—connected,networks_each individually
addressabléivia~itsﬁcontrol-towconneat its:hespedtive
test point,;(ndde) either to the -stimuluS,‘Soufce'.f
-Qefmina1-235'and.to mgasuremént'tehminal:238-ovitontﬁe
source . (referengé) terminal 236-=and. to measurement

terminal 239. A° component on a printed cirquit board,



respective pairs of the gates 231, 232, 233, 234. Wth the arrangenent
shown in Figure 17 and with a resistor, for exanple, to be tested coupl ed
"between test points TP1 and TP2, the application .of an input to
control termnal 240 of the switching network associated with tes.t point
TP1 such as to render switches 231 and 232 of that network bidirectionally
conductive, and the application of a corresponding input to control

term nal 241 of the switching network ass ciated with test point TP2 such
as{tlp render switches 233 and 234 of network bidirectionally
conductive, will enable a current pulse to be passed through the

resistor and therC@xagprend Besyshbagﬁhssaewsfsltéﬁééﬁ?sttfk? bree§b§r1?5.eﬁo be

nmeasured between neasurenent nodes 238 and In simlar manner,

ot her conponentas sbtelings witein t @pec iifnddct Obieradbedesoft rigasi ﬁbﬁ'iﬁalet C.
can be tested by application of sel ected current/vol t age/ frequency
stimuli and/or vadmei,nzanobhe cloatacftedndtobner oft it eakist bg mearnkt afta
current/vol tage response of ‘the respective conponents. Figure 18 shows the
gener al C|rCU|mnmh%yqnﬂﬁnnlmfOﬁnthsx@m&nﬁqpnﬂﬂbnednnnﬁEﬁeaccopdsagveto
the present invention. rence numer al 251 desi gnat es a

mul tipl exer com@S sPRYPLEdp GPaI Ehe Bestyeoinb, t(:‘l*ﬁ’% né&fvoRRY deBeri bed

cbgve, Ll ¢ of SRR Fallioth, M0 Nhel e G RbiAP SECTe £ AuMEY] B

conput er by means of a probe or jig pin coupled to the test point
: (node) of any other switching network, and ﬁhe two
— switching networks in qugstidn can be coﬁtrolled by
appropriate addréssing of their control terminals so that
one test point (node) coupléd to_one_énd of the resistor
is coupled to the stimulus source (for example a constant
current generator provided in the MDA modulé,’or_ the
,analog stimulus bus of the automatic_test eQuipment) énd
to one terminal of ﬁ voltage measuremenﬁ'dgvice provided
in the MDA module or cogp;gd tq_the analog measurement
bus, and the other test point (node) coupled to the other
end of the resistor is coupled to ground and to another
téymipal of the voltage measurement device. A current
pﬁisé supplied from the stimulus source to_grouﬁd via the
rééistor will set up-a corresponding voltage across the
pesistor'which can be measured by the voltage meaéurement
device to enable the resistance_?alue of the resistquto
be computed and; as desired,,éompared with-ips[nominal

value to ehable a decision to be takén_as'tb whether or

not is resistance valué is within an acceptable tolerance

“
I



controll ed addressing of the control termnals 240 and 241 of the
sw.tching networks and further having termnals 235, 236', 238",

and 239" corresponding respectively to the source + term nal 235, the-
source - (reference) termnal 236, and the respective neasurenent termnals
238 and 239 of the switching networks. The source terninals 235" is

sel ectively connectable via a switchigg device 252 controllable from

the central processing unit (not shown) 'of the. automatic test .
equi pment systemwith voltage, current and 'frequency sources .253., 2%4)
and- 255 re§éé8?|9§lﬁhalp°@bﬁéil§aﬁgelntégrauléaﬁﬁsw@ﬂltmgdnmambedor deri ved
fromthe ang% gpstlnulus ggst-o t he automati.c.test equi pnent -.system and

with an ext dresFing) ¢ E?sFHHBég& P§§P§P6532§€ 0 Pﬁétﬁﬁﬂﬂége source )
[ bl |
e, enabl gephbaRey 2! it T SR b Pbn ”E?‘% 2{‘}6"3 8§up?*éedasé¥36"§

i nst t I 5 hi gh -

| mpedance BRPREsEtBahs Ehe, %Z‘“e%%eﬂn Gt 3 aed by S TRG hgﬁat put of
the instrugBNu@akesn.ccBNdY I6F 2RE 'c%nﬁ)%b‘elredifl' tnd hup iﬁ@ﬁ;é 266 to a
wi ndow conpar ator arrangenent 260 for conparison Wt ﬁ Iomf -

reference eh@¥phént| & | thakd a Vmulviplacisy be eéﬁybﬂenegrrﬁspandl ng
inputs to logical circuitry 261 providing "high', -"in" or  "low' outputs

represent aprinted t led realidt | bR d ofobheemamymﬂthawlueeoftébeeaonponen&J
in question to. a predetermned tol erance range associated.
. automatically 1n accordance with a preprogrammed
routine. | |
~ Figure 17 shows the ac‘tual'makeéub of the switching
network of Figure 16. As shown in Figurei17'eaeh of the
switéhes*231; 232, 233, 234 combrises a bidirectional
analég transmission gate, and the - four 'gates are
connected as shown to define two control terminals 240
and 241 coupled via inverters to the gate electrodes of
respective pairs of the gates 231, 232, 233, 234.
~ With the.arrangement shown in Figure 17 and with a
resistor, for example, to be tested_eoapied'betﬁeen'ﬁest.
peints“ TP1 and TP2, the application of an input to s.i
controiiterminal12HO of the SWitcﬁihg network associated |
 with test point TP1 such as to render switches 231 and
232 of that network bidire’etiona_uy'é_o'nduét.ive,“:a_nd the .
applicatioh of ajcorhesponding input to'control7termina1
241 of the switching netwdfk associated with test point
' TP2 such as £0 'render switches 233 and 234 of that

‘network bidirectionally eondﬁctive, 'will enable a



W th an acceptable. conponent. The output of the instrunentation anplifier
-,257 is also applied to a display databus 262 via an anal og-to- digital
converter 263 fred via a switching device 264 controllable fromthe central
processing unit with either the direct output of the instrunentation
“anplifier 257 or with the output.of an RV5B-DC converter 265.. The switch
264 is also connnected to receive a.signg¥ representative of the voltage
[err] derived across test resistor 256 af dPe- nentioned in order to neasure
sougce currents. A digital-to-analog converter 267 enables  a

negafive referegagreak! pags¥- tho e fiadd | abouaPPin@dryi Ssfdy ARy eydtch
268 to the reference termnal 236" of nultiplexer 251, the. D-A converter:
267 and the sw tcokrg§fohding voltage | dd el dpainaddrossetheakepistesstaicbeaini t
of the automatic test equi pnent apparatus. Figure 19 is a general )
represent ati on Beasueedontsiwaemnmeasare@at noddés @3%h andaw@3ghati cInt est
equi pnent “system according to the present invention and. is useful.for
under st andi ng t BémdhAF oML IndOthgrngeceRroneR Bt isuch ca/bi ¢rRa@ktors,

The rmultipl exe abovgid scribed i, s shown providing a plurality of

measuyr enent nodggl‘i%g%‘,’S?’. 1835 Wansigtange €5RtrofaRef nhessededy on
two measur emoABPL AR 2350 230 SSF i 238 FER B el r e EtkauensY
measurenent syskefhu IeShaRbrd b 1At RS BRLALSH! GhkY ARVASYn of
- the resultant eurreht/voltage résponse of the respective
‘eomponents. - |
Figure 18 shows the general circuit arrangement of
an - exemplary MDA module according to the present
invention. ~ Reference - numeral 251 dééignatés a
' mﬁltipiéxer' comprising a plurality of the switchiné
‘networks described above with referenéé'ﬁd-?igures 16 and
17, theé multiplexer 251 having associated therewith
‘address buses designated 240' and 241' for computer
controlled addressing of the control terminals 240 and
241 of the switching networks an& further having
N - “terminals 235', 236', 238', and-239'" corfesponding
"bésﬁéctively to the source + terminal 235,:the source -
“(feferénéé)'terminal 236, and.the respective measurement
terminals 238 and 239 of the switching networks. The
'sourcé'termihals 235' is selectively cbnnectable via a
switching device 252"¢ontrollable from the‘;centralf
‘processing unit . (not shown) of the - automatie teét. 

‘equipment system with voltage, current and frequenecy



with reference to Figure 18 responds to input data fromthe central
processing unit (not shown) of *the systemregardi ng the neasurenent type
(e.g. voltage stinmulus, current stimulus, frequency stimulus), the duration
of any stimulus pulse to be enployed, the tinme at which any nmeasurenent is
-to - be effected, and high and.low thresholds to be conpared wth '
-measured val ues; and as the result ¢fl a measurenent effected upon a
conponent is capable of providing neasured value outputs and a :
. conmponent status indication. Whi | st various specific arrangements \J
" have be@ouess i BBd,he?®H nangnd255| Ingsperteiveinh ehd mwrmmpiadngg drawi ngs
it will be clear to the reader possessed of relev%nt Skl||S that such

speci fi ¢ 1nd@editdeRAR'S  f LR cRPRELG °5n9$r1§ﬁ8 he, nalos
dif ti al t | d. b hout, de t - th
Gener a - SRR B (4 e G rtee S E pabigRene SRNER Sadonti o0
testing weﬂgxt pa{?”éxt%%f tQP 5.5‘.9 faf'etéxdépdegﬂgli t? pUSRls 4G, configure -
pre 0 e

t he equi BRcal ar purpose cti'on “of the

appropri g vﬂﬂgécs?wpéw@ fnef eREba e3eth 1% s}awr&srm&es For cases

where a standard interface nodule is not "avallable :or 1Is not sui table-
for the pel@idastiiedP! ITHR inhsurfendrt BN hli nPL S DIYPj 281 y@rghe i Nterface

~nodul’'e may be provided with a limted amount of already installed circuitry
enabl i ng Ml ig9@xdro d@@%1 gnaped buubde5|shmM1anxhﬂnsﬁﬁumemt&nﬁﬁﬂlng poi N/

of easy application
amplifier generally ~designated 257 comprising_ high

-

impedance buffers 258 and_a.differential amplifier 259, -
and the output of the instrumehtation1ampiifier.257 is
ceqpled'via a two way switeh 266 ;o.a:wiﬁdow comparator
arrangement . 260  for _'_c'omp_ar_ison with _._“high",' ard_ "low"
reference levels 'VH ard VL in order to provide
eorresponding,inputs to_logical.circuitry_zﬁj providing'
| "high'", "inﬁ;.or;_?low? outputs. repreeentayive of the
relatiqnship-of-theimeaSured value of the component in
question to-a predetermined tolerance range associated
with an acceptable.eomponent. _ L _
| -the,eutput_of the instruﬁentetion amplifier 257 is N\
also:epﬁiied;;q.a;display databus_ZGZ via en_analog-to—.
digital ‘converter 263 fed via a switching device 264
coeﬁrol;able:frqm~the central proceesing_unit;witp either
:the direct output of_the instrumentation amplifier 257 or
with the output. of an RMS-DC converter 265; The switch
264 is also connnected to receive a signal representative
of the voltage Vi derived across test resistor 256 afore-

mentioned in order,to measure source currents.



design into the system backpl ane signal structure. The system could further
be nodified for exanple so as. to include a facility for handling out of
range sensed variables such as by nmeans of software controlled
potential dividers of preset scaling facjor being called into operation as -
and when appropriate; such a facility c d be provided in association with
both direct and opto-isol ated input/output i nes. CLAI M5: 1. Aut omati c-

' ' f he f I - f el d
;izgrr:?:‘tp{"éé‘t cquith. A ORI erRg % pTHDr TR € 28dnt (T EA Sondr i i ng
fgital co %Jtﬂ?é“ P&f&y@@@r fopbeedi 0! BY bRCIdelebRively! 3bpiigg? for

t he connection o sald progranm ont rol a plura testing

~devices such agiPopwes weipPdw B EEE SR redifrieldeStteritiinald- 238Nt gl on;
second means ‘for the connection to said progranm able controller of a user

configured pl uialtipleder 51, ithe DeRi 6oaventerseéPprahdresins stditiehi 2689 a
plurality of function nodule connection sites . provided in the auto- matic’
t est' equi prentbeing) eavbrollsbie dromecthieoncentrsl bprogessjpmdl endt of
receiving any one of a plurality of different function nodul es. of
predeterm ned thpecaukonalimesto equinmentolappanatushe control ler, a

user -con-. flgured sel ection of function nodul es conpr|5|n%
Figure ,19. is a general representation of the

~ .combinatiqn of an _MDA- module with an automatic test
equipment system according to the present invention and
\ l is useful for understanding the philosophy underlying the
inventive coﬁbination. The multiplexer 251 above
.described is shown providing a plurality of measurement
nodes 1,2,3, ....N, as well as the control terminal

seiection input Dbuses 2#0',241',-,and-.the source,:
reference (ground) and two  measurement nodes
235',236',238' and 239' aforementioned. The.measurement
'_system, designated 260,'és,more particularlx described
with reference to Figﬁre 18'responds to input data from

the central processing unit (not shown) of the system _
N\ : '.regarq1§g the méasurement'type (e.g. voltage stimulus,
| c@?feﬁt}stimulus,.frequency'stimulus),_the duration of
léﬁy-Séimulus pulse to be employed, the-timenat wﬁiéh any

measﬁremént is to_ be 'effec;ed, and high and 'lqw'
thresholds to be compared.with_measured values, and as
tﬁe resﬁlt of a measurement. effected upon a.cbmpoﬁent is
cap#ble of providing measﬁred - value Outputs énd. a

component status indication.

~
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plurality of such nodul es being. received in use in selected ones of said
rconnection.sites, each of said function nodul es being adapted to be
controlled by the controller . in the performance of predeterm ned
specific circuit testing operations and including neans to enable the
function nodule type, as regards its functional capability, to be
determ ned by the con- troller; connector neans for coupling said plurality
of function nodules to an eIeCtronic'ﬁQrcuit to be tested; and a bus
structure interconnecting said plurality of function nodul e connection

sites with each other and with sai d programmabl.e controller in a shared
resource arr angé’%&ﬁ? 't VERIAURy - SRECLIESG e ATTIRARNK tD- RANS e Deen

i cation, id b truct di.ncludi na: . (i conput.er. .daf abus f
Communi cat 4RForaned PHRrRLhs Fod; LSRG ( gh | gne D SIS AR NS
f troldy tyinONw OF - Jhe f upgt i ing.
Ly Lo uodraiinglt P0OANIONE i BT kAl RERUES BRAsEASLRONY NG

i dentificatigqRviant f Qk18n8b! tRAL t88cnCOSBEQLEEE drranglidddy driadi vi dual
function nodul e types and ascertain their locations in said plurality of

modul e:' coReiplarysi tefly andhdi | that avapiosalr omocwifiieatilns  am@mrising -
a plurality of signal lines for enabling direct nodule- = _
: alteratigns couldw'be_ made- without_ departure from the Qu/
general ambit-dffﬁhe invention which is to provide a
modular automatic teSting"eqdipment which has the
facility to enable a user to configure'ﬁhe'equipment to
'suit his particular purpose .by selection of the
.appropriate intérface modules from a _s'e:t. of s'tand'a.rgl
 modules. For cases where a standard interface module is
_not " available or: is not suitable for the desired
application,  a 'Standafd' prototyping board interface
module may be pro#ided with a limited amount of already
instailed ciréuitry enabling the user to deSign and build
his own module from'a starting point of easy application
désign into thé.system backplane signél structure. g)
'.The-System éould'further be modified for exémpie so
asntq'inpludé a facility for handling out bfirange éenSed
variables ‘such as' by means . of softwafe qoﬁtroiled
potential dividérs of preset scaling factor being called
':intO'operatidn'as'and khen appropbiatet-suéh a facility
could be provided in association with both direct and

opto-isolated input/output lines.



t o- nodul e communi cati on for cross- synchronlsatlon of events occurring
_'mﬁthln the autonmatic test equipnent. 2. Aut t as

“claimed in claim1 wherein for enabling the c n1ne the -
type of function nodul e associated with any ofm iﬂmgmj!(i ection sites
~«type identifying code nmeans are associated wit nDduies and
means in said controller are arranged for. interrogating said nodule
connectlon sites to ascertain the natureff the code neans associated with
Hﬁgs received therein whereby to assenble in said controller.a map
I ndiTati ng what 2 l.le type is received in which connection site. 3.
Aut omati c test ggg'gﬁént as. clainmed in any of the preceding clains adapted
and arranged such that, in operation of the equipnent, the equipnent

provi des a 73 usejy, Qg Lbeo Egél% g@g{%ﬂé‘%ﬁ@ e S e%%lc%&&na th‘r!:{ucégl ons

derived on a question and-ans designe
through the opdngt pSnelectnonie ¢breuttw; isaid autqmatde itessrequép-with a -
unit under testpapd ggﬁbp;ggn he reqU|red test program 4. Aut omati c test
equi pnent as clainmed_in ae/ ttgeprec clainms i.n_ conbination with one

or nore signal measufenthfiErammy Fﬁf‘ eLter poopRrising @i A48isal |
i nt egr al displapompntendhaainmgkexbaam$eandﬁdﬂdpiaymﬂacilﬁtﬂbsLnfornation

such as, for exanpl egiﬁséeﬁégﬁét P8R The! RRnRE%LiBA b §81RCpREEREHNL" 2

sequepnce control
able controller of a plurality of testing devices such

as power supplies and external specialist instru-
mentation,

— ' second means for the connection to said programm-
'able controller of a user configured plurality of test--
1pg devices said second means comprising a plurality of
Ifunction'modulc connection sites. provided in the auto-
' matic test equipment with each of said connection sites
being capable of receiving any one of a plurality of
different function modules of predetermincd type de-
signed to be controlled by the controller, a user-con-
figurcd selection of function modules comprising a
_ plurality of such modules being received in use in
selected ones of said connection sites, each of said
function modules being adapted to be controlled by the
controller ~in the performance of predetermined
specific_ circuit testing operatiohs and including
means to enable the function module type, .as regards
-its functional capability, to be determined by the con-

troller- . .
connector means for coupling said plurality of
function modules to an electronic circuit to be tested;




the systemsoftware. 5. Automatic test—eguipment as claimed in any of the
preceding clains wherein the keyboard .includes a plurality of e

n
~ special function keys the operations mmﬁwu m"m eabl e under ’
software control and the display facilit cary A rovide to a user = -
an indication as to the curfent functions of said special function keys. 6. . -
Autonmatic test equipment as claimed in claim5 wherein sai d speci al
;unpfloand keys are each distinctively coloured and the. display h;’
acility is artang l,.a¢l dj y. 1fadiciaint
I ndi cation pPo@ﬁaegqfégghggeEggﬁgﬁﬁgﬁégg?ggté?%%c?%%##%#ﬁgé% - speci al
functi ofubegiof. modleorannectinn cgiteseni ths eachi midem andy of the .
precedi pg tnClsali 45 proeafinAbleacdntBbiRerYinf aCshafed i Fésoulese a | i ght pen.
and the. conputer Is arranged to_enable a user to.draw in,sjgnal sequences
and vaversangenestapravd Po&sekPn n HRethst PAYULE- ?F%ﬁ%ii?onic circuit.
3}. Autcoifiiund h ,egtlsibnequaﬁae-busastehaiwed incanging:the preceding clains
erein sai ul es i t ope 1] - Di i Qi t | nput / out put
nodul e mhereﬁﬁga_pIuFa?%b?g%egfdgﬁgﬁgﬁa?Srnp#%%ggié%gggé ééﬁﬁvidually
~conf i gurtatelle data dirom rhhe contrwlderhquthenfungelen Bedet#sy changeabl e™
through sRErdr 319/ g & HY Cop&b 24Tt | 6f CERE " Ph&tion modules o

*

~

and for passing digital data to and from the function W/

modules;. AR 1 SRR o -
(i1) a function module identification bus for

enabling the controller to identify individual . 'i_)

function module types'andVascertaiﬁ theih lbcations in
said plurality_of.modu1e€connect10ﬁ'sitéé; and _ -

(iii) a . éyhchronisaticn  bus ‘cbmbriSing a
plurality of signal lines for enabling direct module-
to-module communication for cross-synchronisation of
events occurring within the automatic test equipment; "

2. Automatic ‘test equipment as claimed in claim 1

wherein for enabling the'controllen'to'deterhine'the*

type of function module associated with any of said

module connection sites type identifying code means are

associated with each of said modules, and means in said

controller are arranged for- interrogating said module YR
connection sites to ascertain the nature of the code

means associated with modules received therein whereby

to assemblg'in said controller a map’indidatingﬁwhat

module type is received in which connection site.

3. Automatic-test”equipment'as'claimed 1n"aﬁy of the
preceding claims adapted and arranged such that, in.
operatidn of the equipment, the equipment provides a



9. Aut omati c
digital ‘input/

s programm abl e

and | ogic zero
. in any of the
I solated | ogic
. opto-isol ated

t est equi pnent " as’

bit

or | ogic one

out put nodul e i s user conflgurable throuEE %ﬁEratlon of the

control l er for deternmning t m"cl H
i nputs and- out puts. 10. Aut t

precedi ng clains wherein said nDduIes I nclude at | east one

digi-tal input/output nodule pro- viding a plurality of
logic inputs and a pluralify of si.ngle-pole single-throw

i sql ated rel ay 881 cPf obR@uequinment \wibhpd i Bequende of phastraetions ned in

any~df the pref@é&*i‘ﬁ@'&ir Oras dm%ftg.:oﬁ aaudagedekesasmfgg@ @ési@ﬁ’éd e
rf%% it?p m%’M ?‘Fﬁ esh %!éatr n%sé'eﬁéufﬁficu{?rtestl ng

digitally cont
generating use
i nputs.. 12.
digitally cont
random access
~user through o

.controllable i r#.depetrwlmmilqoms& uqaﬁpdeher Ehndhhemdﬂgiﬁaénﬁlﬂﬂaihe a

counter driven
providing a co
circuit couple

a mulitiplying

nment. as cl ai ned

/hnezﬁﬁng:ateeQuqudphnberﬂacelaithdalmnﬂﬁmunmﬂrvwﬁsbln sai d
réﬂd£ﬁ%€?ﬂ¥ﬁgﬂ q§1W%ﬁeteEeerﬁgpgﬁat0r modul e conpri ses a

menory device t e a contents

reof can be | oaded by a

peration of the controller, a variable rate clock generator
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an%ﬁumemn puandforai dnjantiom aredes rmmdudingviare,.

integral display for indicating'to a user of the equip- -

ment information such as, for example, a designation of

the next point to be probed in a sequence controlled by

the system software.

5. Automatic test equipment as claimed in any of the
preceding claims wherein the_ikeyboard includes a
plurality of special function keys the operations
whereof are changeable under software control and the
display facility is arranged to provide to .a user an
indieation as to the current functions of said special
function keys.. '

6. Automatic test equipment as claimed in claim 5
wherein said special function keys are each

‘distinctively coloured and the  display facility is

arraqged to include a correspondinglyfcoloured indiecia

in. the indication provided to a user of the current
function of each special function key.

7. | Autdﬁétic fest équipment as claimed in any of the
preceding claims wherein said  display ) facility

ineludes a light pen-and.theicomputer is arranged to -
enable a user to draw in-signal_sequences.and waveform

and



digital -to-anal og converter coupled to the output of said Iatch circuit and
having a nmultiplying factor which is controllable I n dependence upon a user
deter- mnable digital signal. 13. Aut ment as clainmed in
claim 12 wherein a user-selectable read w "'m ce is provided in

parall el with said random access nenory ¢e-c vicesand i& preprogramed with

a plurality of predeter- mned stg&dard wavef orm shapes. 14. Automatic test
equi pnent  as - claimed in claim 12 13 wherein first and second counters

are prosharesin§oedkh usedaphn| sher temfeinrmideft 13n ceherbronhg t he oper atian

of a saighs@ppm access menory device, the arrangenent being such as to
enabl e the generation of first and second signals having a phase
interrelation- ship determ ned according to the user controllable set- tlng

of said 8irstAubuwhatecoridstowgdpmentSas Albdnedi ¢nteay equthgent as claimed

2y Qed e becad an halin Mg Boadhd iR 06! ydgaet | cact one

anal og onse equirpnent as clained *
in clai rﬁ% mﬁétérhitsaﬁicgit@ﬁal bepusfoutputs/ medp&asewhenniui ea is arranged

to be‘mpﬂdﬁﬂlﬂtjxﬁﬂéﬁ|'thgnﬁi a . Y3Plest N1 03D iﬁ&?ﬁ@&h&ﬂl?f sai d .

control l'er q@blses a plurallté of di |taI-to anal og and - -

anal og- t% "bﬁa’&‘{fa n@&r 1R ARkl O Rut% WERYe A& &58i prent as

cl ai med dynaatieaiflyt hehangeable through operation of the pro- )
grammable controller. ' '

- "Automatie'test'eQUipment as’ claimed in claim 8

wherein said multi-bit digital input/output'modulesis" S

user configurable through operation of the programm-.
able controller for determining- threshold levels for
logic one and. logic zero inputs and outputs.

10. Automatic test equipment as claimed in. any “of the_
preceding claims wherein said modules. inelude at least'f
one isolated logic digital input/output module pro-'
viding a plurality of opto-isolated logic inputs and a
plurality of single-pole single-throw isolated relay
switch outputs. y
11.. Automatic test. equipment'as claimed in any oflthe
preceding claims wherein said modules include at least
~ one . digitally controllable programmable waveform gen-~
erator module for generating user definable analog”
waveform shapes for use as circuit testing inputs.

12. Automatic ‘test equipment as claimed'in'claim'TT
wherein said- digitally controllable prcgrammable wave-7'
form generator module comprises a random access memory_"
device: the data contents whereof can be loaded by a

&



precedi ng cl ains wherein said nodul es include at |east one nodul e adapted
for waveform anal ysis and signal sequence recognition: 18. -Agt omati c test
equi pment as clained in claim17 wherein sa
sequence rec- ognition nodule is adapted to

sis and si gnal
, H one of a
signature analysis technique, a transition and a '

“logically conbined signature analysis a gd tranS|t|on countlng-technlque

19. Automatic test e ment_as .cl ai n cla wherein ncom ng
data stream t BSBE ﬁgﬁé eﬂP?ﬁ#ﬁﬁﬂ ﬂg E$% antgéii?ﬁd Povérgégéﬁack shift
ster adapbhgdet eleenegaherawﬁe&@k@tﬂ@!ﬂbwqquefmddreabel apenf anction of

the I nput dat str S | intery nd i s.al so
supplied to a e§|t§ efgﬁﬂggﬁ gﬁsﬁhg@ e? &q38% drﬁvepegﬁonse to
transitions ohe toukputnadisaid dewariable emt.e aihdckt benenapor'sandf said

f eedback Sh'bPov&@ghétQrcoﬁﬂpolsfhﬁhéhéBtéﬂid rEH U a0 c¥ls’ mef@By! Ned o

constitute recognizabl e signature. 20, _Autonmtic test equiprent as
clained in CF&VﬁFEQ fhdréch FH€°B&PpBP§P%?dsﬁ?thBeBHEERtsH f f248gi st er

and of said dirghtelh e a:t@mmm&w, ongnd®f a pPmALipl9ing ;
concatenatlon cess X \Y; g n a
rocess of  BiBIERIEER aRAT Ok o oRverLeR onipdRdl e The “BhbRER.RE 5
cl ai ned |n cl 8pdd 1Pateh circuit and having a multiplying factor
o/ which is controllable in dependence upon a user deter-
minable digital signal.

\“/._- | 13. Automatic test equipment as claimed in claimn12
wherein a user-selectable read only memory device is.
provided in parallel with said random access memory de-
vice and is preprogrammed with a plurality of predeter-
mined standard waveform shapes. |

14, Automatic test equipment as claimed in claim 12_cr

13 wherein first and second counters are provided and

.each- is capable of indepehdentIY” controiling the

operation of a said random access memory deVice, the
arrangement"being'such as to enable the generaticn of

first and second: Sigﬁals having a phase interrelation-

_ ship determined according to the user controllable set-

W : ting of said first and second counters. '

15, Automatic test equipment as claimed in any of the
preceding claims wherein said modules include at least
one analog stimulus/response module.

16. Automatic test eduipmentlas claimed”in.ciaim'iS
wherein said  analog ' stimulus/response module is.
arranged to be digitally controllable by a usep-through



or 20 wherein said feedback shift regiS—ET_T§—§TTanged~fe~ﬁrovide a maxi mal

| engt h sequence for steady one or zero a
equi pnent as clainmed in any of the prec mﬂm@' ’ m

i nclude at |east one frequency measur enertt o

Aut onati c test
in said nodul es
utonatic t est

equi pment as claimed in claim22 wherein the frequency neasurenent nmodul e
i ncl udes a frequency shift detectorqgonpr|5|ng a counter arranged to

nbl ft f
Sosel © 2o5auak gh b R R in ELefYel End Bl e T

fre uency signal. -
nd | atches&./

serially coﬁneﬁmabumm eanabub.paﬂ.og%aﬁslitchtaﬂ.r awriverntery t he count
accunulateg ggkd counter to said first latch and-for transferring the
sai

contents o

rst latch into said second |atch once every N

nmeasurenent periods; N being an integer of at |east one,- and a com parator

for conpariimg thatemateot test édqeipméstessortaiméd imeam her tﬁml providi ng

an output LAdLSRthECoPLsHE! ELECL LLEE SERT o2 hna QT oot eaui prrent -

as cl ai ned erern sal meve or m ana

sequence

rec- ognltPBﬁlﬂnﬂnkﬁc%@%?t%%szPMW§¥ﬂﬂanoanﬂbrai$npuﬂsS#snakxxl|nput

mul ti pl exegeqaenbé kaeygnnyiéﬁplexer ~and a RESET i nput

mul ti pl exer coupl ed”

to said data inputs; a single period detector having a SET input coupled to

the output of the SET input nultiplexer and a RESET i n-

put- coupled to the

out put of fiRe RESEEmabputtthquumpmenti4soglaﬁmadléncmmmnr taving a
| CLOCK in- pHbrePHPLEd L Jd ¥t BRidh y3ii st BRa b Ekkal NPsdudiitd Rldwer

"ognition module is adapted to perform at least one of a

signature analysis._technique, a transition counting

technique, and a_legically combined signature analysis:

and transition counting technique.

19. Automatic test equipment as claimed in claim 18
wherein an incoming data stream to be recognised by
saidemodule is supplied to a feedback shift register
adapted to generate a pseudo-random sequence that is a
function of the input data stream at specific clocked
time intérvals; and 1is also supplied to a digital
counter arfaﬁged to- be -cioeked in response to

transitions of the incoming data stream,

-and the

outputs of said feedback shift register and  said -

digital eounter are . combined ¢to  constitute a \v/

- recognizable signature.

20. 'Aﬁtehétic test equipment asgclaimed-injelai¢ 19
wherein the 6utputs of said feedback Shift'register.ane-
of said digital cOunter' are combined by one of a
process of coneatenation, a process of bit-by-bit ex-
clusive OR gatlng, and  a proegésqlbf' bit-by-bit

addition.

Y



77 and havi ng an ENABLE i nput coupled to the output of Fngl e period
detector; and a feedback shift register coupféﬁ‘fﬁﬂTﬁg—gﬁfﬂﬁt of the
programmabl e count er_and havi ng an ENABLE | mm‘)m‘i\t he ENABLE i nput
of the progranmmabl.e counter; a CLOCK i nput \M“ﬂw

i nput. 25.
* Automatic test equipnent as clained in clai mheréinsedbe;polarity

determ ni ng gating neans are coupl ed berpeen the outputs of the SET and
'RESET multi- plexers and the SET. and RESET inputs of the single period
‘detector. 26. 2Aut ofFPBabEet beghi pREAPRERt cREi fRAIPA AR mBAmE, 135
wherfig a binabr'QOUﬁhefeD%OHé#dn@bédbéékﬂ§$¥ﬂﬁﬂﬁﬁ%ﬂi&b@cﬁboagﬁuhﬁuﬁ s ]
coupl ed to receiyVv | t ramthe sin eriod.detector, the
CLOCK i nput to%'%) hgr{)gg%gggkkﬁ#wr%%é%@%rs,eqa%d’_caeg é’éﬁﬁtfﬁg& °88uBf‘ ed to
t he TEST DATA kepat datat feputdback shift register. 27. Automatic test
equi pnent as clainmed in any of the preceding clains wherein said nodul es

I ncl ude at | easgt, on eal ti sequence enul at or dul e providing a.
plurality of b?%s ogug?ﬂ?P%?nFﬁiﬁt?Qﬂﬁﬂﬂﬁn'rﬁﬂwﬁ%ﬂgéqdyiBoﬁFVngagPE as
i nputs or. out pprecedpndl elainduwisérseid sxid modwleactinelude 28. ledAstomatic
test equi pnent ,3s fggﬁﬁg§g¥4ﬁbégﬁgéﬁéghﬁ@ﬁ% I n sai d sequence enul at or

- 0 _ .

nodul e conprises a ra accCess Yy * .structure for . storage
of ' . .
N 23. Automatic test equipment as claimed in claim 22

wherein the frequency measurement module inciudes  a
frequency shift detector comprising a counter arrangéd

L _ to assemble a count of the number of cyeles of an in-
coming frequency signai oceurring within a set measure-
ment period, first and second' latches serially
connected to the counter output, means fob'transferring
the cdupt'accumulated in said counter to said first
lateh and for transferring the contents of said first
latch into said second latch once every N measurement
periods, N being an integer of at least one, and a com~
parator for comparing the contents of the'latehes one
with the other and pfoviding_én output indicative of
detected differences. ' ' '

24. MAutomatic test equipment as claimed in claim 17

o/ _ wherein said waveform analysis and signai séquence'fec-
ognition module comprises a plurality of data inputs; a

CLOCK input multiplexer, a SET input multiplexer, and a

RESET'inpUt multiplexer coupled to said data inputs; a

single period detector héving'a SET input coupled to

the output of the SET input multiplexer and a RESET in-

put Goupled to ‘the output of the RESET input

. multiplexef;'a programmable-éounter having a CLOCK_iha

- put coupled to the output of the CLOCK input muliplexer



m croprocessor enulation data and n1cro instruction codes are stored

in said random access nenory structur fining Ihe .
data transfer instructions of the mcro | at ed. 29. '
Automatic test equipnent as clainmed in cﬂ:ﬂ'ﬂiﬁmmﬂﬂ ﬁgud random access
menory structure conprises stlnulus response n control RAMs.
and said mcro-instruction codes cd rlse sequences of patterns stored in
said RAMnd fnarviégefalnnEMBLEhenpatabeupD'édlwlmdtmit;ﬁAitgml thenes in the W,
sequence r re r.t ecti a ut o ic test

equi pnentS Liﬁ ?ﬁi?q qﬁ? ir%nﬂegék ?eﬁgiFFn€e§gaggﬁce enul at or
nndule(unqnpbm$ todtgetautpequeﬂceheoprogrhmmable eeqnteneanandonlaccess -
menory d C y th with said
sequenceqﬁ%ﬂ%%%%gﬁiﬁo%%@r an om%&c@sgﬁéﬁeﬁ%@ e\l/{t’jgée‘él 8:fldata random
access et yPReGFaENaRia nsoMgteroadh nGLARK rléﬁ’tuitewaﬁtﬂ dat 8ESBto and from
sai d ranmmnguxnyutnmnnry devices, a second latch associated wth said-

control random access nenory deV|ce athird latch associated with said

data random access nenory device; .a first gating device operable to
condi ti orRan Antmmatdfc stést f equﬁ.pmgnbhaas claimgduint elaimall |ine, a ~

second ga,%é%ﬂevbggt apﬁéf%l.ftio ﬁ%ﬁn‘i@:? égeghéalu%aqga abhbne to be

witten o sald om-access nenor vice and 1nto said third
latch, artPuRIedhefivessthe onsgnést f the SET and RESET multi- A

plexers and the SET and RESET inputs of the single
period detector.

26. Automatic test equipment as claimed in claim 24 or

25 wherein a binary counter providing a missing pulse_ :
detection output is coupled to receive the ENABLE. input.
from the single period detector, the CLOCK input to the
f‘eedback_ shift reg:_.s__ter, and a__C_LEAR_ input coupled to
the TEST DATA input of the feedback shift register. )

27. Automatic test equipment as claimed in _any of the__
preceding claims wherein said modules include at least
one real time sequence emulator module providing a

plurality of bits of digital input/output individually
configurable as inputs or outputs capable of bursts of

real time activity.. . | . _ . -/

28. Automatic test equipment as claimed in claim 27
wherein said sequence emulator module comprises a ran-
dom access ' memory .structure __-for : storage : of
microprocessor emulation data and micro-instruction.
cod__es are .stored. in said .random- access - memory
structure, said codes d_efining the data transfer
instruc_ticn's_ of the-mi_cropro‘cessor_to b.e_-'emul_ated., |

- €)



determ ning the condition of said gating devi CGW an
. output fromsaid second |atch, said sequence. c r being arranged to
:*provi de random access geriory devi cé -addr ésses to, said ' dat a
_random access. nenory devi-ces. for - determ ni nﬂiﬂ‘ﬁ&l\mﬂmﬂ t her eof .
“-31. " Automatic test ‘equi pnent as clainmed in clai ¢ WNer e n sneans -are
provi ded for conparing data outputted byl&aid third latch with data. .

incomng fromsgid 79 line, apge [ Siﬁh o data
cor é_e§pond- [ n;f%’o ?ﬁiattaomeaf&ecctieédﬂfr%ﬁgﬁm%%u?gmgggggg?og%e I N n% e data
random access rhereiniesdick ranflatheacedessn nenery hetrieture acompr ges

conmpari son W t hsgghwials, Medpondedaha, diRéc PLO® Worirc32 RAMCSNRAY | &1 dreans
t her eby being indicatjve of the relationshi Esget ween the agtu

and .
expect ed data. Bbero-dnshriictd on. godes PORRRLSEs SEAUPREES AL PRFHEPAS wher ei n
t he out put of -ssfiaresbnpin i nspidankAMs cHopl edefbnimg i nthe- totste d et a

random access ngimy. i C K. |k ng.therg) I I b X
i ndi cati ng success yoir \6{1'1 I%ir%rf%]f ](?:?r?%%)l #‘Ht' gé?s .s%'gglle?aciut o) |r€e‘{rgfs§*
equi pment as' cthe rapreetdve empiajienein said enulator nodul e

conprises a master emulator and a plurality of slave enulators controlled
py the master eql alllvondlG SIS USSR COP ISR YN 'Haskl TS 1Y
— - wherein said real time sequence emulator module’
' comprises a digital. sequence controller, a sequence
random access memory device and an associated latch in
\ a circulatory data path with said Sequence'controller,
a control random access memory-device, a daté random
access. memory device, means for loading and retrieving
data into and from said random access memory devices, a
second latch associated with said control random access
‘memory device, a third latch associated with said data
random access memory device, a first gating device
operable to condition an output of said first latch as -
an output to a data 1line, a second gating device -
operable to enable data from said data line to be
written into said data random access memory device and
into said third latch, and direction control logic for
determining the'condition of said gating devices in
° \vj . dépendence;upon'aﬁ output from said second latch, said
sequenée.gontroller being arranged to provide random
access memory device addresses to said control and data
~ random - access memory devices for.  determining the
operation thereof. | |

31. Automatic test equipment as cléimed ‘in eclaim 30
wherein means are provided for comparing data outputted
by said third latch with-data incoming from said data



sl ave enul ators and the slave enul at ors—eactrconprising a plurality of RAM
backed digital input/output |ines each ) cal abl e between i nput
and output states. 34.. ‘Automatic test %M!Hﬂmmg@ed in claim33

wherein each digital input/output |ine ofs MEITH- tor. is backed by

a stimulus RAM for providing:test stinmulus data patterns, a response RAM
for collecting responses froma umgt under test, and a direction con- tro

o' dhher ehecBrERReRRERE "SathE Pheh MR R SrldRaREIIC (S O

emul at or imgd®oedhatr eixpectedpfiron an dopusr sagr def droagfedectnty at | east .
one of dehgChheg Fé%&§§e£&@§s§“ﬂéﬁ3¥b‘HQVic%e?ﬁhvggfﬂégﬁp iid under test .

and data transmtte om a- respective stinulus | and conparing data
patt er ns the tHind alatehyuifarorconpanisan puithi astugilt ingomMidi&t one |
predet er datad dhaeaonsdpuer of 838id AvhpaPing meshs cthers®Ntbetng! ai med in any

modul o oABBLCRYLEs Be Bhb FedateoRahiE SRk P R use e "0 Sletcea”

sel ect i veéxpepgedndasarenent and stinulus purposes. 37. Automatic test

equi prent as clained in any of the preceding clainms wherein said nodules =
Pnelude g 1 eg5hoRa8130'dast I ochidiend 26 TRAtRSa" T WAl 1O 2

-whereih the output of said comparing means is coupled - _ \f/
as an input to said data random access memory device
for assembling therein a signature matrix indicating

success or failure of circuit tests. - ;_J

33.  Automatic test equipment as’ claimed in elaim 27
wherein said emulator module comprises a master
emulator and a plurality of slave emulators cohtrolled"
by the master emulator, the master emulator COmprising
control.circuitry for up to a predetermined’number of
siave'emulatcrs and the siave emulatbrs-each comprising-
a plurality of RAM backed digital input/output 1lines
each dynamically changeable between input and output
states. - ' ' | ' -

34, Automatic«test;equipment as claimed in claim 33

wherein.each:digital input/output line of a slave emu- -/

lator is backed by a stimulus RAM for providing test

. stimulus data patterns, a response RAM for collecting
responses from a unit under test, and & direction con-
trol RAM for determining the reading and writing states
of the respective line.

'35.-“Automatic~teét-equipment as élaimed-in-claim 34
wherein the slave emulator modules further comprise’

¥
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unit under test by neans of a bed-of-nails type of testing jig,  said
active jig interface nodule conprising a plurality of controllable
swi t ches for coupling, circuit nodes of a uni espective ones
of neasurenent, stinulus and reference Ilnesﬂlmﬂmmnamltﬂmtest eqw prent
as clainmed in any of the preceding clains whefeih &t [*east bne of said
-nmodul es conprises a manufacturing def ec8@ anal yser nodule for testing the

VI ability of C&W&-é)nférpréﬂte‘é‘tiﬁFy attUldasPOBhE, ofsaaéte@%

cI uding an._array of bjdirecti-ona current conducting swt

. rks each Hefferenpes ( ketween ndatar nespiged JArem a r\’@d-é" o‘Fn%e‘brl nt ed

_ CI rcuit board wwterahcsaaaad tranzaditaklde mnp@tf@épé&tim é@ﬁm&s ve

swi t chi ng netgﬁhk er to stl |_us t?ourc g -e fb

pot ent i al » S omrg o, St patEgFhSCop, kupotinty SRHERESST o
measur enent faxnputéputnyt lAmesnuitd absleiﬁﬁuqmmepredsterained dmt&IaJn138
wherein said sydg«dpqg networks each conprise four bi- directionally
current conducting anal og switches each conprising a control electrode to

which an input nmay be applied  -for determining the current conduction
condi tion of t3fe. r fapemiabie bastc lequd phienst aef claiﬂedvvihcm oVt its

current conduc c a u e | and
t he respecti veﬂt.ee‘g?d%g] %&glﬁ% :-wt?%r% E'l[\l\/{rgglqd }n %ef%ggﬁée%t e%iégg@
W, one switching module enabling selected eircuit nodes of
"a unit under test to be accessed selectively for
measurement . and stimulus purposes.

37. Automatic test equipment as claimed in any of the
preceding claims wherein said modules include at least
one active jig interface module for connection to a.
unit under test by means of a bed-of-nails type of
testing jie, said active Jjig interface module
comprising a plurality of controllable switches for
:coupling circuit nodes of a unit under test to .
respective ones of measurement, stimulus and reference
lines.

38. Automatic test equipment as claimed in any of the
preceding claims wherein at least one of said modules
comprises a manufacturing defects analyser module for
testing the viability of components on a printed cir-
cuit board, said module including an array of
bidirectionally current conducting switching networks
‘each defining a test p01nt for connection to a node of
a printed circuit board under test and connectable by
control of tne respective switching network either to a
stimulus source or to ;a _reference_ potential  and.



first selection terninal, a second of sai d—swi-t-ches-having its current -

conduction path connected bet ween sai d- testﬂﬁ0|nt and a reference potentlal

terminal and its control el ectrode connect ﬂ Mﬂ"i ﬂnl ection
termnal, a third of said switches having i t|on pat h

connected bet ween said test point and a first neasurenent terminal and its
control electrode' connected to a tRhird selection termnal, and a fourth of
said 'switches. having its current. Tonduction'. path connected bet ween sai d
t est p0|nPiEHdt§n§€E§gU

connect edmeasarémenthfasidgétyon termnal. 40. Automatic test equi pnent as
clainmed in claim39 wherein: said first..and said third selection termnal
are commonly connected, and said second and said fourth selection termnal
are conmAPBy cAuhematic ¢Bst/&quﬁnnentt&stckqﬂmedemh @ admai3®ed in claim

39 I e |d|rect|onal
anaIO(r)gCt ?hggﬁnégnl gﬁf& éaitéﬁiﬂ% ﬁ%‘:tomat I C terslf %nesﬁ as cI aimed in
claim1 a drﬁﬁEiQFﬁ 1{¥e cuprepterondiesipg: anadogymititoles math es

subst ant i abhpresingr#idonaesT idledtrode tef fheBRCah 1PNt Hayilires 2 to 19

of the acggupagy! Nde gl aW'dQQZrmining the current conduction
condition of the respective switch, a first of said
switches having its current conduction path connected
between a stimulus source terminal and the respective__
test point and its control electrode connected to a
first selection terminal, a second of said switches'
having its current conduction path connected between
said test point and a reference potential terminal and
its control electrode connected to a second selection
~ terminal, a third of said switches having its current
conduction path connected between said test point and a
first measurement terminal and its control electrodef
connected to a - third selection terminal, and a fourthj
of said switches having its current conduction’ path
connected between said test point and a second measure-
ment terminal and its control electrode connected to a
fourth selection terminal. _ |

40. Automatic teSt'equipment as claimed in claim 39
wherein said first and said’ third selection terminal

~are commonly'connected and said second and said fourth
selection terminal are commonly connected.

41, Automatic test equipment as claimed in claim 39 or

claim 40 wherein ‘said switches each comprise a
bidirectional analog transmission gate.

nabsQr &0 nénthlerwmdm iimputonofola el ectrode W/

o

@
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42. Automatic test equipment as cléi%éﬂ_ih.claim 1 and

- wherein the equipment incorporates functional moduleg
substantially as herein described with reference to any

of Figures 2 to 19 of the accompanying drawings.




