2195028 AUTQOVATI C TEST EQUI PMENT Thi s i nvention rel ates generally to the
field of automatic test equipnment and instrunmentati o,ﬁ \qu@IOf,&ré

functional and diagnostic testing of electrical and el ectronics CIrCUItS.

The present 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 8722960 (Serial No. 2195029) are also *
di vided. Automatic test equipnment is known which includes a programuabl e

uni t capabl e under the control of an operator of generating anal og and/ or
.digital stinuli and automatically ‘ﬁglying such stimuli to a circuit under
~test and of probing nodes of the ci¥ctuit to ascertain the circuit

'[ﬁsponse ?nq }n fonsgmp@mgplgrpgsglgqunggn¢|catlon as to mhethertﬁr nop
e circuit i unct i ont.ng an ] no, rein the

fault or faul §i§|én(ﬁH€%ﬂ I?ggﬁgg?agﬁgeﬁﬁ}gﬁaﬁ éﬁg Eiéﬁh nt conprises
rel ati veaptbmatdiest test hiewps paencth and réhatrune;xtahiophltsseﬁaled and !
provi de E’%E'afth\éek’}ini:‘ﬁ‘f’oﬂéiraﬁ&”&%&éh@?k?cf 8ebihkesrseLdbalignpe sot up Lo

performa certa cannot rea to do

sonet hi ngnd| sdecirendics, alaanidgensthe &ﬁ&sﬁnﬁﬂiPE%ﬂQﬁEQQQmé%d machi nes -
utilizi ngigadedt ebutechHnolagy BriYidH deazehitghAgplieat2bnoes ati onal

avar | abl eEReoT: e ial (B8 "2 fose " Brtth hisdaebro it da o Y
f1 exi bi | Pageatd Appldatatiiions MNos. r 82888581 & Serd alelMNa V219502 :
and 8722960 (Serial No. 2195029) are also divided. —
o/ Automatic test equipment is known which includes a Qﬁ
programméble unit capable under the ‘econtrol of an
operator'of generating analog and/or digital stimuli
and automatically applying such stimuli to_a'circuit
under test and of probing nodes of the ecircuit to ¢
ascertain the c¢ircuit 'response- and in ‘consequence
providing an indication as to whether or not the
circuit 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
utilizing computer technology to provide a high degree
of operational flexibility. However, insofar as we are
aware, there is not currently available any automatic
test equipment which provides operational flexibility
and versatiiity at a reasonable and :relatively low
cost; the present invention aims to provide just such a
machine.




cost; the present invention ains to provide just such a machine. 2
According to the present invention there is provided automatic test
.equi prent for the functional testing of electronic circuits, said automatic
test equi pnent conprising: a. programuabl e controller conprising a dlgltal
conput er- havi ng keyboard and display facilities; first means = for t he
-¢connecti on to said progrannable conteoller of a plurality of testing

de- vices such as'p [ a sp | ir tion;
second nmeans for th(e%%onngglg %% @ﬁg bg%g%gmﬁﬁ{éﬁéf%%n{]%%’rg?% a user
confi gured plwpmqwaﬂ&ﬁ au&nmauiq;thwtceauiamdnbeéondﬁhﬁuﬁunnﬁﬁnnalng a

plurality of fundseik nosULAeaeREATE! AL Rl Pr ouL e dutBublle odlidyt ™t i ©

test equi pment with €ach sai d connection sites being capabl
recei ving any &t#¥ %&tpPGPQPﬂﬁﬁngf different function nodul es of.

predeterm ned type de- psbgﬁedmablbecbuﬁﬁuﬂﬂaﬁi&bmﬁﬁﬁsnﬂﬂtwﬂdfﬁitél' '
such modul es bARPSTNaYd i, ks ¥BoRra  aHECHAEBIKE PG ELIRLARE 1T 1 )
sites each of said filnadti omeansul efobei Miheadagosnectibs coberolsadd by t he
controller impddia mmﬁfeofd@f%%n%fr o' QHIRFHINYY TVIeAddtingidelli t
testing operatqﬁg% such egcpower supplies and external specialist
instrumentation,
second means for the connection to said programm-
able controller of a user configured plurality of test-
N ' - ing devices said second means comprising a plurality of
' function module connection sites provided in the auto-
matic test equipment with each of said connection sites
beingecapable of receiving any onenof_a plurality of
- different function modules of'predetermined'type de-
signed to be controlled-by the controller, a user-con-
figured selection of 'funetion'_moduies *eemprising 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 eireuit-ftesting ‘operations 'and ‘including
i ' means to enable the function module type, as'regards
~ . its functional eapability, to be determined by the con~
' troller* '
p conneetor means for coupling said plurality of
funetion modules'to an electronic circuit to be tested;
and:_-- . . ' R ' :
| a:bUS strueture interconnecting said plurality of
'functien module connection sites with each other and
with said programmable controller in a shared resource



means to enabl e the function nodul e type,
capability, tao be determ ned by the con- troller; connector neans for
coupling said plurality of function nodules to an electronic circuit to be
tested; and. a bus structure interconnecting said plurality of function
modul e connection sites wi-th each other and with.said. programabl e
controller in a shared resource - .32arrangenent providing for
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‘enabling the . controller  to identify - individual

foll ow
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domwun iooa b @ﬁdmbmr&wqﬁw imelnddngsi on of t he'

function'module-types and ascertain their.locations in

said plurality of module connection sites; and -

- (11i1) analog stimulus and ‘analog measurement
buses enabling the sharing of analog resources. within
the automatio test equipment by direot communication.
between funetion modules received in -said connection~

sites of analog stimulus and response signals. L

As . will be seen from. consideration of the follow-
.ing;explanations_and.description,.a signifieant advan- -

tage of the invention is seen to reside-in-theﬂeoneept

of a modular approach in which funetion'modules”Seleot-

ed to. suit the particular requirements of- a-user are,l
assembled into- a programmable unit wherein softwara' .
programmable. hardware modules - oonfigured acoording to -
requirements provide a eomprehensive range of test sig- :

nal types and control features. _ -
: r‘Inaran; exemplary embodiment . of . the present

invention:i'whieh will ©be described more  fully. .

hereinafter ar programmable controller; eonfigured.as a

mierooomputer and. . advantageously provided with full -
keyboard and high resolution colour or black and white

graphics faoilities, co-operates with a number of fixed

as regards its.functional
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i ng explanations and. description, a significant advan- tage of.the
invention is seen to reside in the concept of a nodul ar approach in which
f.unction nodul es select- ed to suit the particular requirenents of a user
are. assenbled - into. a programmable unit wherein :software programuabl e
har dwar e nodul es configured according . to requirenents provide a -
eonprehensi ve range of test sig- nal types and control features.. In an
-exegpl ary enbodinment of the present invention. which wll be .
descrtbed nmore - fully hereinafter a prograkmable controller configured as
a m"fr oconput e ﬂﬂﬁeﬂ%&l/@@iﬁgegdm ﬁsperﬁ¢uw!¥1f¢?fuf| fakieybeaes goe hi gE -
resol ution col oug, or ack. an it e graphics ilities.,,co-operates wt
a. nunmber of fix %e c°PﬁF§Ff88e§£>s % EQSSSWeﬁﬁguﬁﬁﬁ?%%a%rng iF?%Pgs for
the connection tbnstreussstapiol ert ecoatrebeci @ndt ai nssemineondiiguredr
controls, and a Hﬁﬁs (oJar Y ' i i a L |l ght
for exanpl e include ?F 8fn§#¥?€%?¥”?ﬁ%3€ %ﬁ?%u?ﬂggﬁuﬁ%gﬁ&hgﬁgLﬁﬁggg glbit :
may_be i ndi vi duabP§r@&®r configurable as an input or as an output: _
isolated |ogic -nmoduhgbti4ii dhpgt/sutpupl modudleat efhdragiir eaPNt Bit

progrannable to acceg&ay be_ihdividually user configurable as an input
' or as an outputj '




system and nultiple isolated relay switch outputs under di

program control with the option of changing state on the occurrence of a
SYNC, .relay matrix nodules providing an X-Y relay switching matrix of X

lines to Y |lines for general pur pose use wth i ndi vi dual

controllable relay switches at crossover nodes between the X ‘and .Y _
.lines enabling any conbination of cofnections to be set up and enabling
‘the lines to be used for fan-in or fan~out appllcatlons

nmodul es providi ng:
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wherein probes - and. active or " passive- jigs my. e enpl oyed
stinmulus and/or m&mniogtccwrmuﬁs npdegramdama o na ¢ep and

measur enent . buses;

anal og stimul'us/response modul es - use

DC or AC as input states and opto-isolated fromthe remainder of the test

rect

ly .

probe interface

nts
for

r

controllable as thCélqgnaQIC laesy dinputf iséqiescaad, opto-isabated frdmincti on

generator modul es:

si gnature anal ysi's %@Q@%ﬂ:y" freblker tedhit sysbiem esandicpuklt il o

uence epulator nodul es- for use. in

measur enent facili}
m cr o-

i ated rela switc

outputs under direct
program control with the option of changing
state on the occurrence of a SYINC;

relay matrix modules providing an'-X-Y’Irelay
switching matrix of X lines to Y _'_lines for
general purpose' use' ﬁith : individually:

eontrollable_relay switches at crossover nodes

for generatlng user. definabl e wavef or m shapes;

hase

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 interface modules providing electrical

interfeees for probing arrangements wherein:

'probes and ective or 'passive jigs mey be

',“_employed' for stimulus and/or-:meaeurement at

”icireuit nodes and via stimulus and measurement

. busesy

anaiog : stimulus/respdnse. - modules user
eonﬁroliable as to signal levels; frequencies,
ete.; | |

ahelog function .generator' mbdules;' for

generatihg user definable waveform shapes;

o/



processor or LSI enulation, pattern generation, |logic state analysis and
testing.; and other nodules as will be described 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 tinme into the systemwth the
nodul es provided with unique code indications as to their type and
function, whereby the systemcan determne fqgr itself what nodul es are
present and wher e they are located in the sy$temstructure and wil |

organi ze its inter ”a|slrg‘?1létt'di%s Cé?{arl@%q@d'ﬂgi y. fﬂ'élﬂxency heg&h s@Féfént
descri bed : enbodi nen advan

; 9 Y al-so ncl u Y hr oni sati on
"bus conprising one. o™ SsitgeAH ﬁpﬁeg ﬁéglﬁﬁa?ﬂﬂe?ﬁnbefﬁg%ﬁ ?g?sthe
synchr oni sat i.on -of nma@mmmmentemaﬂdtor ombdnlesenferwi tden ihe mistem with

the‘synchronisation ?@J@lé&gl%ﬁﬁ %gfﬁ1h$ﬁa%¥§gg?ﬂgyg% L”% ﬁé;@@

digital input line, ment inct lides
stimulus and- neasuﬂ@mém:Stﬂ@@egn&iW§ﬁgeéndr§§§bénsyely to aIIow any

si gnal stinul us dridn @ gHerbacoMllem S il %&Odemﬁsédnﬁweinmaﬂdoi 0
al | ow any si gnal to be neasured to 4 be switch
(0)

Teasur ement 11 n@% GHIGHRERT AT, e o0 Eolistiore FE! SISFBrovithE in o
associ at ed mAthsMszammaqrnntagEnuskxxissarra&ge¢rmml@nmenﬂbgand1tbsten1
buses,. - the rgIHHNGES cothedtBd atY3h$M128"1nb6 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

advantageously also ‘includes a synchronisation bus

~ comprising one or more signal lines deeignated to be

‘used for the synchronisa.ti'on of measurements and/or
| other events within the systeﬁ 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
\_ -~ allow any signal to be measured to -




advant ageously wutilized to nmaxinum advantage and a conprehensive
self-test facility of the system can be_i mpl emrented. The system coul d
further conprise special  signal |njector and/ or measurenent probes which
in.conjunction with the remainder of the system.nmay be used. to neasure
voltages (both AC and DC), current, frequency, digital levels and- digital
signatures, and which m ght also include-an al phanuneric or graphic -
display for indicating to an operator™/nformation such as a desi gnation of
the next point to be probed in a sequence controlled by the system:

sof t war e. The’ pr.obe advant ageously ni ght also incorporate a high speed
anal og tBedPYitanedoRRECt & QARAAD ripaItrenepbeliveate wBiahdagltal storage

~oscillo-_sco wi t h-- wavef dls ay.-on e graphics element of the
overal | §9§$eﬂf meas“rFPFégpgl Wﬁp”QWﬁA]%wb%e°rc6ﬁFP§6P59¢on t he

et ruct 2968 ﬂgec’é@a%mmteavgea%r oo B i BBl 2 CBRERGI 1 o by

I nstructe pr obe Sl gha Cl I’C

the soft and?ndbaggs Eﬂéfd§¥$bﬂﬁée9r ngbgﬂe5|gg?kgmarg?ﬁlsglayed and/bfl-

vocal i ze or storé |1 g arrangene enab probe to be.

‘moved auj@vEhta@bousl fQﬁ ng S f od unger soft war-e
control . also: n?é ts %e p%%gfggd taangékggg?tlgﬁgﬁphagg gﬁ?er%atlvely a

robot asomprehéngivé a‘slelllﬂ-)telsltghfad)ﬁlptﬁvbd'edth&tbyétéﬂb@anarﬂéhm ding a
_ probe to be noved. autonatlcally under conputer control in an optimally pro-
implemented. _ : _ _

A

' The:system could further comprise special signal fg;/
injectcr andlor measurement probes which in. conjunction. | |
with the remainder of the system may be used to measure

__voltages (both AC and DC), current,_frequency,_digital
levels and digital signatures,_ and .which: might-'also'
include an alphanumeric or graphic display for indfcating - -
to an operator 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 analog to digital converter'
enabling the probe to act as a digital storage ‘oscillo- \—j
scope with waveform display on the graphics element of |
.the. overall system. Irrespective of the, probe.
configuration, ;"theﬁ system | advantageously will. be
'arranged such.that an.operator_isfinstructed to probe
designated_circuit nodes in-a sequence controlled by the'
softuare 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 -



granmed sequence to speed fully automatic diagnosis. The probe could
further be arranged for use in a self test and diagnosis node of the
automatic test equipnment for injecting signals into or receiving signals
fromany point within the automatic testing equipnment itself and up to and
i ncl udi ng external connections. Software for the system described m ght
‘enpl oy a standard operating system such as Cﬁghﬂpernitting access to a
wide range. of alternate 'support software .and enploying its own test

program execut! ¢granc &idd nd Taalidd | 89, oite SOT hYBES dRRIADLYedhdde D
configured as an Interfacihg aid conprising a sequence of 1nstructions on a
question and angwRktrBasi $196'd ;AEKHANT BECOYSOYided ) GlPURJRERTBhENEY W
speci al function keys with the Key functions determ ned and controlled by
the software, aadterhhtheelgsi gnabict | arth apneblingi NPyiligpughghlie 54 ages
required to create an interface wwth a unit under.test and to adapt the.
-system for altepmavidedsiwjthl 4 evebdsty and hiodldimgsc i probal itoe tbatmovddr
the— 't est sequence.adaptrng.,itself to . the optional - nodul e ,
confi guration pPY§geatiigallynhunder,compuber tonirplidn 3@ eREANILYVaPray
9 type and the software will then assign appropriate inter- face |lines and
create an inter BE@BARA, deApence tQMﬁR%?4nﬁg; i@“&&?étégqﬁéﬁéegst' orm-
shapes are required to be part _.qf a test _progr t hey can as descrij bed
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_here- inafter b&7%°8 o - |
and diagnoéis'mode of the automatic test equipment for

injecting"signals into or recei?ing sfgnals from any

~

'point'within thé-éutomatié tésting'eduipment itself and
up to aﬁd indluding'extehﬁal connections. o

Software fdrlﬁhe"éysteﬁ described might employ.a
' standard oﬁebating:system such as CP/M permitting'aéeéss
to a wide range of alternate :support software and
employing its own test program execution and editing
facilitieé.” The software desirably will be configured as
an'inteﬁfading_aid COmﬁrising'a;seQuQQCe of instructions
on a question and answer basis and advantageoﬁsly wiﬁh
. ' 'éoloﬁr“prbmbting for special fﬁnctidh keyérwith £he key
| :funétidné'deteimihed and controlled Sy'ﬁhe'softwafe, and
" ﬁi1ifbe:designed to lead a user simp1y through the stages
reqﬁibed to_crééte an_iﬁterfacé.with a unit under test
aﬂd"to'adapﬁ the'sjstem for alﬁerqatiVe signal levéls,
and wi;l;'aiéoi'inifialize"daté for the ‘test Séquence-
adabting' i£seif;'t6 'tﬁé '6ptiona1' module con}iguration

plugged in.- The user has'mereiy to define each signal by



graphics facilities and the software will encode themfor the test program
The software may further, accormodate self-learn algorithnms for
baseboard/l oom testing and signature analysis, logic analyser display -
of signal 'lines, versatile input/output handler configurable for | EEE 488
~instrunments, and data logging facilities to a printer, serial channel or

di sc.. Al so described herein is a manufacturing defects anal yser (NDA) *
_nDduIe whi ch can be associated with the automatic test equi pment. Wher eas
the automatic test equi pnment per se is' designed to ef fect functional-

testing of a circuit board or the like under test, that is to-say the
testing of the circuit-board by application to |nputs of .the powered-up

inted ¢i boar d e e L
Dr Dt GLbshRPRRE SogkebeRh 31 90°dReR Kb P SRR chihl o e 10
moni tor i Qgﬁgf 19H¢. %SQRESWQ%‘% iR R M.P@ Quigtut s smerat her t est

nodes of € asse ule I's adpated not so-nmuch for functlom‘J

‘testing QBeEH?ieV%h%H 1\ etldedogk dwageesbhy shaped ariee rdgudrednat i on of
manuf acturing defects such as-short -circuits, tracking faults, ms-

i nser t ed tangk OpaRt S6f N EE8H Opr ogrran] tmésermeasmmmm@, hame-t he
function of individual integrated circuits, .etc. The MDA nodul e. sati sfies
t he needihaftar ri¢attdrelwn” Mrié-hpehbeveaid t oft i &g Lighgpapen uand of

relatively limted ap gllcatlon desi gned to enabl & the najollty of the above '
fault cagegohies fachbitdent apfehhe software will encode 't |

-

the test program. lThe sof-twar'e_ may_f‘u__r-the__r accommodate' . \../
self-learn alg_or-i.thm_s__-'_' for basebo_ar_d/l_oom . te'sting ~and '
'.signature' analysis, lo'g,i_c._ analyser,_ _ciisplay of si’gnal

lines, .-v'er'jsatile i.n_put/_'output' handler :co_nfigur_ahle--'for _

IEEE 1488 instruments, and data'lo:g_ging_ facilities to a &
:printer, serial channel or disc. | |

Also described herein is a manufacturing def’ects

analyser (MDA) mooule which can be associated w:.th the
'automatic test equipment. Wher-eas the automatic test

.equipment per se. is des:.gned to effect functional testing

of a circuit board or the like under' test that is to say \J
the testing of the circuit board by application to inputs '

of - the powered-up printed circuit boar'd of test signals

and sequences thereof f‘or'mulated to enable the functional

operation of‘ the assembly to be monitored by monitoring

_of corresponding signals obtained fr-om outputs and other

test nodes of the assembly, the MDA module is adpated not

80 much for functional testing of the overall circuit

board assembly as for the determination of man_ufacturing

defects such as short circuits, tracking faults, mis-



prior to the full functional testing of assenbled printed circuit
boards. It has. been found, primarily as a result of analysis of fault
types, that by far the mgjority of functi onal faults originate at
manuf acturing’ defects such as those aforenentioned, and that an accept ance
rate -in excess of 90% can be obtained on full functi onal testing if a
pPeI|n1nary rudimentary fault |ocation is effected based upon | ocation of

uf.acturing defects. The = manufacturing def ect s anal-yser nodul e

ergi nafter described is for testing the V|§bility of conponents on a
prlnted circuit board or the like and conprises a matrix- array of
b|d|rect|onally current conducting anal og switching. networks each defining.
a test point foinsentedtiandf/or amisdéngf angdard ouder ofesttodedrance

connectabl e , bioﬁ?ﬂﬁéﬁfso‘c ah&etﬁw tf'ﬁhb'ﬂgoﬂeb‘forilfldq'vtilaﬁ'élt q it eriaBddus
source. or to a re

I I
correspondi ng |ﬁﬁﬁ?ggggceﬁé%3ure rb%uéﬁ#éiglé) Inué%%#f%ggbgf;gt2'
alna#/gls_e{ m(;](cjul e adweld tiwesls! y ihexpleasiveonpréesemg ne?@damtaiﬂ [ ng:rfrg of

u i s u
_gmntchlné netmo%bﬂgkgﬁefgbiiﬁgﬁé | §EEL§E£§% hgﬂigﬁggu?§enb % vgﬁ y

sources to be. @eipriby ob 'rda @M@Nﬁe ahltucategerieaufr &ﬂrﬂ@mﬁlfie

fC'ondi L i gns | Ebiﬁoranlli’d 0GheSWehighi nﬂmé@idﬁlks te88¢hg N6l AsddmbiEA™r i se
our- bt |rect|ongm eg Ogr f@s §r§ gaft?%as been found, primar11y_

as a result of analy31s of fault types, that by far the
'\\/  majority. of  functional - faults  originate at
manufacturing defects such as those aforementioned,’
and that an acceptance rate in excess of 90% can be
obtained on full functional testing if a preliminary
' rudimentary fault location .is effected based upon
% location of manufacturing defects. '
| : The manufacturing '~ defects -~ analyser module
hereinafter described is for testing the viability of
components on a printed eircuit board or the like and
comprises a matrix array of bidirectionall‘y current
conducting analog switching networks each defining a
'test point for connection 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
(gtg} ground) potentional and . simultaneously to a
cﬁrresponding input of a-measurement'faeiiity. The
3ménufacturing defects analyser module advantageously
further .comprises means enabling .a plurality of
stimulus sources to be selectively connected to -the
array of switching networks, thereby enabling both AC
'and-DC current and voltage sources to be utilised to
determine circuit board and component.conditions;'7



respectiv

whi ch could be. configured as discrete field effect transistor circuits
but preferably are in integrated circuit form The four _
bidirectional analog transm ssion gates are conmonly connected. at one
side to define the test point of the respective switching network and at
their other'sides define four termnals which constitute the input/output
terminals of the network. . Furthernore, the control ternminals of the
four - anal og transm ssion gates ,, are pref erably connected together

to define two control terminals for the network so that by application of .

- an appropri at erhdPUnd A IGARGH N o AREuBrik] Ceach A IR PO T O

termnals a respec i'rect!onal - ana si on gates
will be sQﬂtEﬁbﬂeuﬁ?@rcbﬁdéeepéﬁogelagnaéOSOmnansmﬁs;ncnngakesn of the

net wor k. FUBS6hY cduld NgeSiddnl tiuretr 88 Ak dlereld Bfgsppct ive input

f th f the netmork control :
| ?ertnﬁalmz ure{rggeﬁ 358“%& r?“tarP%i%'E?g‘?f t%'q?nd&t intpgratatersely the.

test poi neirméuitie flermork wil|The cdonect dddireptdwndlor fialag her ‘J

appropri ag a i‘gr jfghtg%t@ %GEB%‘DEQEE%EQ&CW dlgfeez?efﬁ&oﬁlnput of t._he_

neasurenen tru f our

bi di r ect |B‘P|aﬁef&ﬁal 6§et rffﬂﬁé'm peinh gﬁt &bet mespectiiviee syifiahding ed to

. conpri se nefwdk an®'4f NEHSir SEHr S&l B8 | d&¥ dhe CRIE Wt ihralld 2 '
a reference_  potentional. and two

‘measur emefie n&?&stl%u%t nﬂ‘ﬁstinp'wcfﬂtp“%eltgéﬂ B33 cBhnddt®ibl e eit her

to the stnetworksour Furdiramoner,stthd ctmtnehsteemtn&lsodfs the to the
referencefgﬁuw(xanéygk ‘transmission ' gates = are - preferably
connected togetherﬂto define'two-control-terminals for
the network so that by application 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 point of the network firstly to
the stimulus source and. secondly to:a- respective input*
of the measurement facility. - 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
different input of the: measurement facility. ; -
.Th switching networkS' constructed of four
bidirectional analog transmission:.gates thus- will be
appreciated_= to. - comprise ~ four -terminals ® each
selectively' connectable ‘to a respective one of a
stimulus source,- a: reference potentional and two
measurement . nodes, _za- 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



a second of the nmeasurenent nodes, and two network control term nals which
determ ne which of the two different test point connections avail able
through the network are realised. In accordance with a preferred feature of
the invention, the graphics facility advantageously will include a lLight
pen' enabling a user to "draw in" specific signal -sequences or

wavef or nms to be interpreted and encoded means of system software for
inclusion as required into. a test program "By virtue of this feature, data

‘repyesentative g e fo can readily be
entered into thgﬁgggg%g? Eeggsﬁggnﬁlé#§§§5¥iéﬂgiéUﬁ%%?ﬁi %% the
i ncor por at ed |nPQtUhEk09E¢ar¢%hi%$dthe equi pment. by use of a means . :

responsi ve to the mamyaladdypidusRiy ahioR Y BroBerrod faatuequi £d tyeanal
sequences and/ or. waveforns for generatlng? corresgondln ata inputs to

the conputer. 1DBVRBF&OBar tifeuI&HARNLAT staelhtt¥ c28VankageraydtYi i ldnabl es-
the setting up &nt@atepragildghitorpém dn&(buﬁugalasyﬁm tonstdrawntinnci r cui t

e oo oy sBEEsRLa" e spRusRBbY s 0 UbBebEa T Y Y picT LY
and/ or wavef or ipterpretad andneoddd by meaasi of system aqefstwqme)guoa:m A
speech synt hesi §nemdshsnaaxa%&a§9&&' Ynt8Yabgest Oybsgﬂaﬁor By" %&-tue
communi cation between the systemand 1ts user st.em
advantageously ofi this feat re, data representative of specifi signal
sequences and/or waveforms can readily be entered into
the automatic test equipment of the invention to be
./ 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. Moré 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 ¢onjunction with ‘the display
facility of the computer to enable the user to describe
‘specific signal sequences and/or waveforms to the
computer for inclusion in the test program.

A speech syntheéis module advantageously may be
provided for verbal communication between the system
and . its user, and the system advantageousiy will
.further comprise disc drives and a controller therefor,
a printer port, and other such facilities commonly
'assoeiated with microcomputer equlpment.

The keyboard advantageously comprises a dual mode
structure comprising a first QWERTY typewriter style
e;ectrOméchanieal keyboard cdmprising full travel type
keys and matrix drive ~and Sensef electronics for
capacitive or other sensing of depressed ‘keys and with
a. plurality of special function keys and, ;on the’



further conprise disc drives and a controll er theref or, a pri nt-er port, and
ot her such facilities commonly associated with m.croconmputer equipnent. The

keyboard advant ageously conprises a dual node structure conprising a first g
QNERTY typewriter style el ectronmechani cal keyboard conprising full travel

type keys and .matrix drive and sense el ectronics for capacitive or other .ﬁ’
sensing of depressed keys and with a. plurality of special function '
keys and, -on the" 13 reverse of ttk el ectronechani cal keyboard, a

second rrerrbr ane keyboard sharing with the el ectronechani.cal keyboard a -
conmmon engedersel el ‘thehi glhecyroneshaliealn kayboaed, siast sezondr oconput er

Vi  Dhdhechonel el SR Bl 151 théﬁ\segeggsaﬁsﬁg fgaure of the K

i nvention™ r ow of eren our ed speci al
function Ikeybohadl regy smﬁmmr endederniciziend t fuhiieh oﬁ@mﬁhﬂ eakegol our

gr aphi cs %B' ayngf éf N StETB e cpeed viia daSpbay1Re£OY6RAL :
correspon %aﬁa coI ou ey Indicil-a. seggents each t_[el at i rréﬁ a displ ayeq.K
menu or F@g s@?E%H%?l opti o8 By BFEEREred (4RatuRs, 39 ® the specia
function kewentiengf tﬂée&hbfﬁoahbsneedhbene-h-t—t-g—tfhe—us-e{—aﬁd—t-he use of
the system -even-in.the performance. of conpl ex: _



routines, can be nmade relatively sinple and "user friendly". Wil st
the invention will be described hereinafter with particular reference to
~awtomatic test equipnent, that is to say equi pnent adapted for. the
tasting of electrical and electronic circuits separate and distinct from
the - automatic test equipnment itself, it, is nonetheless to be
appreC|ated that test equipnent accordlng‘fo the present invention can
be: conflgured for stand al one use as personalized instrunentation or as a _
personal i zed haorekst atdworof diffdrentlysetidurddapecilale f‘luln%ttﬁ'élﬁewe%l on -
or workstation is configured by the-user to. suit hi.s personal :
‘requirenents. NAYENE esefitwangendst@rninad lext Eunst &bs9 an&uMheacolour
personal i zed instrunentatjon or workstation configuration conprising a
control l er as &GPHHER | DRLaY | @f &BeoﬁﬁPhﬁmohs aprensefli teddisapayoer
optlonal I nterfaces ordance the task in hand.

The Toventi oo B8 eotfufbefiirel SISy tidtolnRomitln slons™
will becong' g%agfgn ¥ rén?&gégéygg g?ﬂ Bn oféhqﬁf??nqéid%ﬁjQEegef BRiron of
b eeerl Y capodmety e s AR chd bR
controller sectir@n ofofgrédtlpuémdieéd sé‘ﬁéfi@%'bpﬁﬁat usaPCQﬁé' Bfle use
of the system, . even in the performance of complex
routines, can be made relatively simple and TM"user
frlendly" | | |

Whilst the inventlon Wwill be described herelnafterﬂ
with particular reference to automatic test equipment

_that is to say equipment adapted for, the testlng_ of
electrical and electronic circuits separate and distinect
from the . automatic test - equipment itself, it is
nenetnelessp to be _appreciate& thatt testn equipment
aecording to the present invention can be configured for
stand alone use as personalized-instrumentation'or as a

~— _ f persqnelized :werkstatiqn .in ._the _ sense | that the

-jnstruuentation orlworkstation'is.configured bf the-user
tufsuit his personal requirements.' The present invention.
tﬁus extends also to such a personalized instrumentation
or.workstation configuration eoﬁprising a controller as
aforementioned in co-operation with fixed and/or

-optional interfaces
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gener at ol
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enpl oyed

resent invention; Figure 1B is a block diagram illustrating

erface organization and data bus structure of the automatic
test equi pnent of Figure 1A, Figure 2 is a schematic circuit diagram
an exenplary arrangenent for the generation of a SYNC signal;

3 is a circuit diagram illustrating a neans of |dent|fy|ng_the

e nodul es provided at any tifre in the automatic test

t and |nd|cat|ng furthernmore their location wthin

a system

function
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Gl
|n au onmatt ¢ test. equi pment

d“g? Q'3 5ﬁye t echni ques whi ch nay be

or signal identification by use

of signature eﬁm‘rtalmrs ﬁﬁaturaasandonadmmtag\ga Bfguths poasentB and 6C .
i 11 ust ratﬁﬂverﬂfﬁ;rﬁr r@ﬂls' BEHdMe ApPareht ok gbﬁg'iﬁfe%tiéhr angemen;s o/

usable wt e arran ts o r 5A, 5B an
bl ock di %fefl Loyne, sﬁsrgpy éhﬁa?cfxemp&em ﬁeppﬂ?fwﬁa modul e - |
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whi ch
s a sch

cxfh thebinventt pondtiah istil Ivstraitedahi €hé ﬁ&boﬁﬁﬂhpﬁ'ﬁ@t

ed"@&,,}fné‘g it de 1 : qgram representl ng

'Figure. 1A is a block diagram ‘of the eontroller

section of an automatic test equipment according-

to the present invention;.

Figure 1B 'is a Dbloek diagram illustrating'

the interface organization and data bus structure

- of the automatio ‘test equipment of Figure 1A;

. Figurerz,is_a sohematic cirouit.diagram showing

.an exemplary arrangement for the ‘generation of

a SYNC signalj;

Figure 3 “is an_oirouit diagram 111ustrat1ng;
a means of . identifying the interface modules provided

at_ any time in the automatic test_ equipment and
indicating furthermore their looa'tionl ‘within a

system backplane; -

Figure U4 is a block diagram of an exemplary_'

funotion generator module one or more of whioh-
can be incorporated as desired into’ 'the automatic
test equipment°'

&



an'exenplary. practical realization of a signature analysis and frequency
measur énent nmodul e; Figure 9 is a schematic bl ock diagram of an exenpl ary
sequence enulator nodule. which can be incorporated into the

aut omatic test equi pment; Figure 10 .is a schematic representation of the
cycle tine of the sequence enul ator nDduIe of Figure 9; Figures 11A and 11B°
4+l lust.rate nodi fi cat.i ons which can be nade t¢/the sequence enul ator nodul e
of F|gure 9; Figures 12A to 12D show an alternatlve enul at or subsystem
conprising a naster nulator e nmul at or.s each
conprising a nodul e g* Yﬁ%gs é? éF %iB§¥ﬁ§gﬁ d@n@PQCkaH%%ﬁﬁ%knt
dlagran1for t he Y, | t he
structuring of 8§1 a ﬁe{ﬁﬁéwerso?/él%mdl?u% %%chn%l ator be él}iﬁ;ﬁsﬁﬁd{s the
Figure 12Cill usaﬁaﬁ.wgcté”@smﬁ R 3o sQEnE'ieiEFHEX?ESQ’E?@HI @ e 12D

the slave; Figure 13 is a schenatlc representation of a patc |ng

relay matrix nogpl &ighi BuFe aifalPs B SCAE Brid s SHDM r@a&itﬂfg-actlve Jlg

arvangenent which can be used with the automatic test equi pment; Figures
15A and 1SB_are_equlwhgwweSC|GAu|t§BMnaﬁd|I50stﬁamas$@ﬁmeaf1jraﬁqﬁﬁam|ng
principles of the active jig of Figure 14; Figure 16 :is a schematic
representati on sbgnature analysis shift register arrangements usable
with the arrangements of Figures 54, SB and 5C;
Figure 7 is a block diagram of an_.exemplery
W | frequency  counting/timing module - which can  be
incorporated into the automatie test'equipment;
Figure 8 is a schematic circuit diagram representing

an exemplary practical. realization of a _signeture

~ analysis and frequency measurement module;
Figure ' ¢ is_-a schematic block diagram of an
exemplary sequence .emulator, module - which can be .
incorporated imto,the automatic test equipment;
Figure 10 is a schematie representation qf the cycle
' : time of-the sequenee emulator module of Figure 9; |
L

_ Figures 11A and 11B 1llustrate modifications which =
can be made to the sequence emulator module of Figure 9;

i Figures 124 to 12D show an alternative emulator
.subsystem eomprlsing a master emulator and .a number of
slave emulators each_comprising a module of the systenm,

'Figure 12A being a gemera; aprangemenf diagram for the
emuiator subsystem,_ Figure .123 1llustrat1ng the

structuring of data in RAM's provided 1n the emulator



swi tching network of- a manufacturing defects anal yser nodule which can
be used with the automatic test equipnment of Figures | A and 1B; Figure
17 is a nore detailed representation of the swtching network of Figure RS
16; Flgure 18 is a schematic circuit diagramof an. exenplary
manuf act uri ng defects anal yser nodul e; and Figure 19 represents how the
manuf acturing, defects analyser nodule. .4 nterfaces -with the autonmatic
test equi pnment system - Referring |n|t|a\Iy to Figures 1A and 1B of -the
acconpanyi ng draw ngs, .t hese .show i n-bl.ock. diagram form t.he general
ar r angenesdb sk et g gfnte o‘rzcofilenruﬂcemﬂrfg yherhaditeenemaiaborodRti C test
equi pnent. according to the present ‘invention. . .The enbodinent adopts a
nmodul ar  thepprosystem andiF {gereqli2Dinthe sdavesuct ured to enabl e variation
of its conflguratlon bg sel ection between a range of functional nodules,
h

and by this %&%F% se&uﬂ&hﬁﬂaﬁtpcﬁﬂﬁﬂﬁ%ﬁ%ﬁa?ﬁQWWQWHQ B?E%hprehen5|ve
range of te n es and.con features the like of  which has
preV|ousI§"§kﬁniék/ ém5HT€x|ﬂ°éﬁﬁ?pnent costing orders of magnitude o
TR Sr R i el S
S L B O S L T
by t he ad@ﬁﬁigﬁbﬁg
| Figures 15A and 158 are equivalent circuits which
illustrate some: of the operating principles of the active
jig of Figure 145 - ' |
| Figure ‘16 is' a Schematio'frepresentation of an
switching network - of 'a manufacturing def‘ects analyser _' _ U
module which can_”be used with tne- automatic test_
:equipment.of'Figuree 1A”and 1B;” | . |
B Figure 1T is a ‘more detailed representation of the
switching network of Figure 163 . _ | ' -
Figure 18 is a schematic cirouit diagram.of an.
.exemplary manufacturing_defects analyser module, and ' \;)__
Figurey19hrépre5ent5'how:the manu?aCturingwdefects
analYEeE%'moduléﬁ”iﬁterfaces' uith'”the- automatic test
equiptent system. - | B
Referring initially to Figures 1A and 1B of‘ the
accompanying drawings, these show in block diagram ‘form
"the'general7arrangement'and-organisation of an exemplary
'embodiment of" automatio test equipment according to the

present invention.' The embodiment adopts a modular



speci al nodul e types. In either case, the enphasis in the enbodlnent S
upon use of software programmabl e hard- ware nodul es and ease of
lnterfacing with standard soft- ware enabling engi neers and the |ike who.
are new to the equi pnent swiftly to reach a condition of conpetence in
interfacing and.test programgeneration. The_ hereinafter described
@utomatic test equi pnent is structured |nto'ébntroller and interface
sections as illustrated respectively in the block diagrams of Figures 1A

and 1B and thegg g%ahah%eimfé efndee gﬁgggbhed SN SR @lred &4 e lggifgfe

nore detailed escrrptions are provi pertaining to specl erface

nodul es and ot hgribunehi Grel i 9MROMINguratidnC oy I ket tE6APYeIRER a
m croconputer within the functional testing system which provi des a

- central conpurange refouturetionabnmodules] segdensy tiesopaeahisontié the
hardware interfaces to the unit under test (UUT), and al'so includes control
and data interequépmend isheapabdbde off unﬂyldﬂngeﬁnchBrehﬁniiNQUraggaphlcs
d|3ﬁ1ay and multi-function keyboard, and peripheral interfacing. The

i nterface sectPénﬁ&&hn%kﬁﬂ%lvﬁypéﬁyaﬂd|¢Rﬁﬁ?%hdf§%tba?ssﬁ@ﬁmlﬁKﬁm@ffor

connection to a UUT by virtue, of ihe provi sion of a 8 grallt of
|nterchangeablHhFﬁFeﬂFﬁkepﬁ%ﬁﬁ?%§ théﬁWxﬁMﬂt;ﬁﬁi?l R chﬁir%ﬂ?t9m3%9

means a motherboard/d gh}erboa rran n ! iyl
the micr ocorrpﬁ?gglflﬁp tspu? b &8 “ﬁi Eort? o?l ék'af‘srkg’r? V\ﬁeﬁ.% g%ﬁe 1A
And generally geseribed embodiment. The concept underlying th
W embodiment is one of _total'.interface modularity with

.individuaiginterface requirements to suit any desired

~ function being satisfiednby selection from a”standard;
range of interface modules and/or'by-the addition_of
special module types. In either case, the emphasiS'in
the embodiment is upon use of software programmable hard;
warelmodules and ease-of interfacing with standard soft-
ware enabling engineers and the like who are new to the
equipment swiftly to reach a condition of competence in

_1nterfacing and test program generation.

N S _j' The hereinafter described automatic test equipment
.is structured into controller and interfaoe sections as
;illustrated respectively in the block diagrams of Figures

1A - and 1B and these will hereinafter be described in
generain terns?_before more detailed desoriptions are
provided pertaining to specifichinterface modules and
other functional components.u The controller comprises a

microcomputer within the functional testing system whioh



conprises a mcroconputer based for exanple upon a Z80A m croprocessor
designated 1, up to 512K bytes of dynam ¢ random access nenory (RAM
designated 2' and up to 32K bytes of ‘EPROM for exanple; Wnchester and = g
"floppy disc drives designated 3, a parallel printer port designated 4 and

RS 232 and/or . 422 serial input/output ~ports designated 5. " The .
controller further conprises a full kegboard 6, a high resolution m xed .
text and col our graphics' display 7 advantageously wth a light. pen
facility 8, and' may: further include- a speech synthesis nodule 9 -for
oper at orpronsdesicta opgntaal/ crommt g veelsauirest i bas.cortitasy aodtrol | er
conmponent s which will be nentioned but not described in any detail on
account sequgngéethe coperatiten opf akie f hardvans BEFﬁ§f§P&ﬁngdthﬁ a Z80A
based m croconmputer are ud- rat e .generator. .10, direct access

- control |'epit lﬁﬂd%o’ieﬁpr\@\”tﬁ)z?f a9 dineludes con e éagﬁggé . and’
timer nodule _13. Parallel ports 14.a 15 ¢co I cate the.main.system bu
with a pfﬁ%%ﬁ'f??e%f %ﬂ sc?’?'& eU3Rft C?If| in'%ées aWd‘mv%ﬁ]h%gr?’ o%t i Sﬁgégﬁe_ or opt i_}#'
“identifi espackiiuel v, e sahd: _GL,S0kelke  Syd rd i Negngand option-
bus beiﬁéa e%?éeseﬁgggl?éﬁ] Fi%’h‘?e %E?'@énghgetﬁ??er -wg%ﬂﬁ’es taﬁg mai n B

SyStem byge o4 bE1 B Kl DACKBLEANC TrapYufbiraids BUS LYoRC prabigesar epr esent ed
. oNO0

in Figure 1B. Shown also in Figure 1A though nore properly to be regarded
as an. yabesEpcer Gapneneitid dwtpud) sididl YPPesorpat cbheecttionf ace
controller 17 for the connection to _ .- - L
to a UUT by virtue of the provision of_a-plurality of
ihterchaﬁgeéble intérface:modules whidh'couple:wi£h the'
controller by ~means of[”é'“méthebbéard/daughterbOahd
arrangement ~ and ‘communicate :#ith the ﬁibroéoﬁpufer
input/output bus. o | v
The controller is shown iﬂ“Figure'1A and generally |
compriSes'a-microcompﬁﬁer:based'foh éxamplé'ﬁpoﬁlé 2804
micboproeeésdr designatéd;1,-up to 512K'bytes:of'dynamfc
random access memory (RAM) designatéd 2 and up to 32K
bytes of EPROM for 'exa"n’xi:le{ Winchester and floppy disc
drives designated 3}fa bérallel_printer-pbrt'désignéféd Y
and RS 232 and/or 422 serial ‘input/output ports
desighéﬁé&'ﬁ;'-The controller fuftheh'éompriSés a full
kedeéfdf_G;j*a]:high* resqlutibﬁ mixed text and'icolgqr
graﬁhiéé"diSpiay 7 advantageously 7with_ a iight; pen
facility 8,'éhd:maf'fubthér includé'a”SpéécﬁthhfhéSis
module 9 for ' operator instructions and/or Bﬁher
verbalisations. Other ééntroller components ﬁhich will

be mentioned but not described in any detail on account



t he equi pment of external specialist i nstrunments such as for exanple a
spectrum anal yser. Qher "fixed" interface conponents of the system
canprise a programabl e power supply unit 18 shown ‘in Figure |B and
providi ng-f or exanple a fixed 5-vol't 5 anp power supply, a floating
programmabl e power supply of fromO volts to 50 volts at 0.5 anp, and two
f¥oating programmabl e power supplies of from# to 25 volts at 1.0 anp.
Also a plurality of relay switches or the |ike may be i ncl uded for t he

control “of ' exterggl tieﬂptbeastpﬁ’eﬁ%ﬁlQﬁdnewnee&bheu'b%ﬁ'%tsft Hagwke (B, the

showi ng therein 1s pr|n0|pa y of opti onal ace 3u|es
as opposed to the8dfipgsedi Rierbacnpiedrl arel Wstba@nrhe8e@eneratorhasg

optional' interfaces are configured, in accordance with the present :
invention, as pdigedt medarps acweissh caomtrobbemsddnblesbt | EPROM 20t et | c
test equi pnent in whatever conbination of different nodules may be
desired- to suiinitializafiorenefit the echapuser, Jdwtimerr gedwldBli3s t he
m crgconput er input/output data bus, the interface nodule identifier
bus (option id@#RabkaY Porty 141@’%41&’5\”%“’*51\&3{% theh daa iy fVIsdieme bsom

“the conponents 16,15 and_. 14 r spec of the roIIer described with
reference to PIHth e pAura&ﬁ H%ﬁﬁ%”eﬁ%tsw r%ﬁQ&Fli FEthean

mcroscomputer. 1 SpHETbuERYe’ *‘pr°°PV'4 CRUEET T EAT ‘F‘*.g? rBboggizaatyc ene
said discrete switch lines and option bus: being
represented in Figure 1B, and a buffer 16 couples the
main system bus to the main backplane input/output bus
-which also is represented in Figure 1B._” '

.' Shown also in Figure 1A though more properly to be
regarded as an. interface component is an IEEE 488
compatible interface controller 1? for the éonnection to
the equipment of external specialist 1nstruments such as

' for example a spectrum analyser. Other "fixed" interface
eonponents of the system_comprise a'progranmable power
supply unit 18 shown in Figure 1B and providing for

\,/ - enample a.fixed 5 volt § amp'powernsupply, a floating---

| programmable power supply of from O volts to 50 volts at

0 5 amp, and two floating programmable power supplies of

from 0 to 25 volts at 1.0 amp.’ Also a plurality of relay

switches or the like may be ineluded for the control of
external functions o _

_ Referring now particularly to Figure 1B, the showing

therein is principally of the '“pptional“ ‘interface



.however many of the discrete switch lines as nmay be appropriate for the
nodul e in question of a plurality of different plug-in nodules, each of
whi ch can be plugged into any of a plurality of available- nodule - Pa
connecti on | ocations . in . a nmot her boar d/ pl ural daught er board
arrangenent. The systemis arranged to identify what type of nodul e option
Is located in which connection. -location and. to ‘organize 1its internal

routines. accordingly.. An interface connector 19 is schematically’
* illustrated for. enabling C|rCU|t§ or equi pnent. under test: to be
-approprlately connected to the pIu94|n nodul es Various exenplary

plug-in nodul e options are schematically represented in Figure 1B and _

are desi qRgderedv bl td‘:ﬁpdﬁ@rEBCQmefﬁkédQOith39aceCQﬁb°dﬂ9er din turn

fromleft, to right, as viewed i e fi arioys nodul es briefly
conpri se: U3l ﬁe?fE°HFSFtaI ihﬁﬁ?ou?gg °Hﬁ uI DIGTHRGERI AFR2 discrete

digital leoetiguréd acinvacterdancehaisht chesqirdsent invention, \UJ

transistogztr [ T, i r e ts includi
B | oo 48 | AN oaes il o8 habl Tl b BBhbagh! MR S
i ndi vi duawt}romﬁ)ﬁ‘r! gkestl ceuntrmentof ﬂ-ﬂar’é‘&:"cﬂﬁfbl cagbinahiéengef] nput or an-’

out put, a@ﬂr?éﬁ&dynmuaehhy Q{k?jngeﬁ@ ed%'Q(i?%dSOfﬁdNar Sutgntiigle The
discrete Il nos bt D0 CRRE Udesd 2SshoRy 18" rPHLRY! h5°31 Qeised Tor
mlcrocomputer zinput/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 controller described .
with reference_ to Figure 1A, and although not
1llustrated it will be understood that a facility is ,
provided  for connection to"'the micro-computer-" o
- - 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 Question of a plurality
‘of different plug-in:modules,'each of which can be
_plugged -into any of a'pluralityjoffavailable’module
.connection . locations. . in 'a motherboard/plural
'daughterboard arrangement. ~The system is arranged to S
1dent1fy what type of module option ‘is located in which L;)
- connection - location and to organize its ' internal
routines accordingly. “An interface connector 19 is'
o schematically illustrated for enabling circuits or
'equipment under test to be’ appropriately connected to“
the plug-in modules._ : ' '



generation of SYNCs on transitions or on pattern nmatches and output
states (and changes of input/output states) can optiorally occur on a SYNGC,
(:b) a programmabl e waveform generator nodule 21 providing a plurality of
progr ammabl e wavef orm generator channels wherein the waveform shape is
-defined -in a .digitised form of the normalised instantaneous waveform
anplitude at a sequence of regular step i ferval s, such sequence- of
anplitude val ues being held in RAM (random access nenory) and stepped

t hrough in sequence with the digital values each being converted to a
correspondi ng anal diarieusie eneonleny addiug-oiml | povlanplaptidesscaanal and
.Ssubjected to a DC offset wunder software control Each channel may.
have separat e FOREBH QY dleRnesanted iéhgt}lgluﬁ'g dBcAnd cape %%-?’-E’tﬁte |
di fferent step [

oUt pUt S h@ﬁ%g@%ﬁﬁﬁ w&c%iﬂ'%“éﬁ 2020 nCPBEEREA TR any
output to. ,ﬁ ggu%{; p&agg SJAM&%R&S& b4 Y Bon

nmeasgur enent bu ernDre
enabl e any ch 149 dmﬁrﬂgguiated fronlany ot her channel on the
nmodul e or fromthe anal og stlnulus bus., and SYNCs may

(a) a TTL digital.input/output module'ZO providing
32 diserete'digital'lines with active levels
characterised for 'traneistor-transistor-logic
o/ . ' .~ "(TTL) and similar loéic arransements including
| CMOS logic, and with each of the 32 discrete
digital lines}beipg'inleidually'ccnfigurable-
‘under software control as either an input or an
outpuf, and alsb:dynamically.changeable underl
 software control. - The discrete lines (whether
| configured as input or output) can be used'for
generation of 'SYNCS”“on transitiens or on
pattern matches and’ output states*(and_ehanges
of 1nput/qutput.staﬁesy can ‘optionally oceur
. on a SYNC; - | |
~fi“;(6)* a prograhmable waveform generator module 21
i ~ providing a plurality of programmable waveform
H_ generator channels wherein the wavefornm shape'
' is defined in a - digitised form of the
ndrmalisea'instantaneoustaVeform-amplitude at
Cal sequenee of regular step intervals, such

: sequence of amplitude values being held in RAM



optionally be generated. on any step fromthe waveform generator

and/or utilized

providing ‘a plur
si ne, rectangul ar,
anal og. waveform
of f set, and wit

RAM

. to reset any channel step menber to the beginning of the
respecti ve sequence;. (a) an analog function generator nodule 22
ality of. output. channels program selectable between

triangul ar etc. waveforins for generating user-

definable
shapes with sel @dtabl e anplitude, frequency and DC
h the -analog outputs advantageously rel ay isol ated

and optlonally nodul ated fromO to 100% ron1e|ther thﬁﬁVPa%%g stimulus bus
I

or- from anot her chdfi?d%h 3REFHIRFBOTY LefP aﬁ&eQBtlo

anal og stimul us bus and/ or_ ont angl. a 8 WM th each |
channel preferably 949 %@ éggero- g3 89;&? P o

SYNC i n a one-shot
st.i mul us/ response
nmeasur enent - capabi
out put s, ‘wherein

¥

cf 08SI'ng detector

o uIe ' 23 providing DC and AC voltage
it Do hy? dldN B drdal B BmpT I ande Heamdd agri

| evel

vol tage neasurenents my be.. taken from any of

~plurality of. inputddypsetd froon t ae DOal of fimedsunerdert osuf tadamail us buses
voltage wave- forms or DC levels. can be routed onto the. .

control. Each ‘channel may. have separate RAM |

 and cqntrql clrcuitry enabling_each to be set

.advantageouslyzbe_relay 1sg1ated'with routing -

to differentq stép' rates,-famplituda scalings

and offsets, and .. the  outputs may

ailbwing any:'output,,ﬁp._be routed onto the

,analqg stimulus bus or”thaaanalcg:measuremant

~ bus shown. in Fig. 1B. Furtheriiore, means may be

. included  to enable any-chahnel tb-be-amplitude

_modulated from any. other channel on the module

-or from the analog st1mu1us bus, and SYNCs may

optionally be generate@_on:any step from the
waveform'_generator';RAM and/or _utilized to

reset any channel step member to the beginning

- of the respective sequence;. ..

;ana~-analqg function. - generator. module 22
pﬁoyiding a plurality off*outﬁut. channels
.program;selectable betwéaﬁj#ine,'pectangular,

triangular'etc. waveforms for'gehepating-user-

_deflnable _ analog 'anefobm" shapes with

selectable amplltude, frequency and DC - offset

dttd onto the

or generatlon of a

ForP- AT Sibndind" an¥GH O%alue.

a

L

w

o



anal og nmeasurenent and/or stimnulus buses, and input voltages may be sanpl ed
In response to a SYNC input to the nodule. The anal og

stimul us/ response nodul e 23 may further optionally control up. to
a predeterm ned nunber of anal og. 'stinmulus/response extension nodules 23
and provide stinmuli and nmake neasure s through. them each

ext ensi on- nodul e 23" providing a predeternthed nunber of DC or AC
measurenent channels and voltage outputs, and can generate SYNCs on

alarmtype functions on gy JigW! ¥ QWb WBEBputhe dARIAGIdetRs1y
I nput/output current/voltage is greater/less than a predetermined Iirmt.

(e) a signature anal ysi sréndly f { SSLELDEY AR Soi EIEME 1 1P Chd i L4t 6l PHod 119 _
for the neasurenent of frequencies of up to, say,' 50 MHz and the taking
of conpressed digital dattosi@ifatires ebthennthe samyleg pstdmilivusy tafs or
variable level 'and TTL Ilevel <conpatible inputs wth the facility
further to take inputs froneshenebengchannel usnafbendeduwlendiisedlsandor
fremithe SYNC lines (the lajter ovidigg%a di rect means of - takin

di gi t al input  si gnat?R ekInalln okt REd LS anateg Stlt‘%‘l“%r SHsde
phase difference measurenpnt 3, PYnge "Ll "a329 8 Réa SMMdAY £8S! ! 1akeeS:
. wWith e;ph channel_pbéferably including a zero-
crossing detector for generation of a SYNC in a

one-shot mode upon'a~zéro—crossigg;

(d) .an ~analog stimulus/response - module 23
providing nC. and AC. voltage measurement
~capability and & plurality of. low current DC
~voltage - level dﬁtputs, wherein voltage
mea;urements may be --taken fréﬁ- any .of a
plurality of input;linés or fr@m-the ahalog
.measufement and stimulus buses, voltage wave-

forms or DC leyélsh can-_be;urouﬁed onto the
analog measufemeéﬁ and/or_stimuius buses, aﬁd

g/’ o S input voltages may be sampled in response tola

L SYNC input to the ' module. The analog
';AM.Stimulﬁs/rqsponsel_.quule 23 may further
".-bétidnally__éontrolﬂ up. -to a -predetérmined.
. numﬁer of-analog.stim@lus[respgnée extension
;_mgdules 23' and provide stimuli and 'make
measﬁrements _throug@.lthem,3leach extension

_ modulé_23"providihg_a predetermiﬁéd number of



(f) ~a variable threshol d/ 1 evel digital ihput/ out put nodule 25
providing a plurality of discrete. digital I nput/output I|ines each
i ndi-vidual ly configurable ~and dynam cally changeabl e under software -}

v

control"as an input 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
program = control, SYNC generationﬁgéing enabl ed on any logical transition
fromO to 1 or froml to O on any discrete input/output line or on a

- pattern match on the LQPut/ ines in a,one-shot _or ar gered

| | >h '
‘mode, and input/ olut®Ti A gt g’gitar‘?@"?&eé’& i \98?9"?@5& aBid o‘fl?géagé%YNC line

to enable a signature to be take romeiing eli RS ' anal ysi s .
and frequency neas%‘irateén%l%j’ %@%u?ga ?%Epgg'gc;sﬁgg? ar]%,o%e]%ma“éfﬁt herm%res'

input data from. ghg.¢{g4 _%/-C&le&tn- l'iAgat NBY by agrens! she be | atched
upon the occurrencelgﬁza sel ected S¥NC, gnd updates.to output |ines (and

the input or outputrédpderdfei NRHbLBVOREHULI NeA)reart Alcitage prigramed tQ
~occur on a selected SYNC, (g) an isolated logic digital input/output
nmodul e 26. provi di nggregpter Alesy thampsopredéberdihedi timbput s progranmabl e
to.accept DC or AC input states; such inputs being readable -
' - _(e) _a-signatﬁre”analysis-and'frequency measurement
. module 24 providing for the 'ﬁeasurémenﬁ of
frequencies ofiiup- td,: say, 50 MHz and the
taking bf'éompre53ed digital'déta.signatqres - 'QJ
“and compriéidg'a'piuralfﬁy'of variable levél |
and TTL 1level compatible inputs with the
'faéility further té-take inphts;from the analog “‘;_
‘stimulus and measurement buseés or from the SINC -
lines (the:léttér pfdvi&ing-é.direct means of
taking  digital input  signatures) ° and
‘advantageously = also td_: provide - phase
_differénce méasufementé;_pulse width and pulse
_ counting facilitieS} : o
(£) - a variable threshéld/level digital  inpﬁt/
- “.fdutpﬁt ‘module 25 providing._a' pluraiity of
- ‘discrete "digital input/output ‘lines each
1nd'1y1au511y- | ¢onf'1gur_vab1é and dynamically
'changeablé7bndér-sbftwére-control”as an input
or~aslah:output, threshold leQelslfdr.logic 0
“or logiec 1 inputs and/bh'outbﬁts'beihg user

configurable for all of the lines under program



directly under programcontrol at. any time or being latched in response
-to a SYNC, and a plurality of single-pole single-throwisolated. relay
swtch outputs wunder direct programcontrol with the option of SYNC
ihtervention to initiate a change in state. Input lines may be directly
routed onto a SYNC line to enable a signature to be taken fromthe-line
by means of a signature analysis and freq@¢ncy neasurenent nodul e (as
descri bed above), "and SYNCs can be generated in response.to any transition

t | tt th t Li Furt
Toctilied and digitised SHDUC hayS GiC BAPRRREAPD PRA"ENAPAG RRact: St
bus to allow the frequency'éqcéylég;dgp?£oﬂob; eotgob gFa§ggﬁdq th) an
S .

enul at or subsystem conpfIsing at or ave enul ator

modul es, 27 and 27' respegdi W@y, diskpete piﬁ’f{ﬂxé?@ﬁtput" dine SBgedoparal | el
digital input/output and giving a conbination of data output and data

capture useful for pattejattgenen@té®non |t CingdBtau et ysigesndn a
nﬂswoprocessor ‘enul ati on. The master enulator nodule 27 conprises

the control circuitry forongp-shota predet eretmiggensdemode,s| ané amputi/or
nDduIes and prOV|des sequenC|ng controls to the slave enulators
output lines being selectively routable onto a
SINC line to enable a signature to be taken
~ from the line using a signatﬁre analysis and
S .frequency méasﬁrement'"module.,(as described
| above).l :_Furthermore; _input data from the
- input/output | lines: may' advantageously be
~ latched upon the occurrence of a'selécted-SYNC,
and_updates to output lines (and the input or
output state of input/output lines) can also be
programmed to occunnon-a'selected SYNC;
(g)' an_isolated logic digital input/output module
| _26. providing' a plurality of opto-isolated
logic inputs programmable to accept DC or_AC
finput atates,. such inputs ,being. readable
directly under prograﬁ control at any time or
_.'bemg latched in response to a SIYINC, and a
~ plurality of single-pole single-throw isolated-
.relay switch .outputs under _direct program
-coﬁtrol with the option of SYNC intarvention to
B initiate a change 1n state. Input lines may be

directly routed onto a. SYNC 1ine to enable a



which, for their part, conprise a plurality of high-speed RAM backed -
digital input/output Tines each dynamically changeable between input
and output states; (i) a multiplexer'switching nodule 28 providing a.relay ;-
swtching X-Y matrix for general purpose use having individually

- controllable relay switches located at —each crossover node between -
~the X and the Y lines and enablingpRy conbination of connections to be °
established for exanmple ‘for wuse 7iln fan-in .or fan-out appllcatlons
(j) a probe and probe interface nodule 29 provides the necessary

el ectrical interfagggnhoureneoose nualeenriioes e/ bing ity meamsgefents
enabl.i ng: stinulus and/or neasurenent via .routings to the analog stinulus
and/ or neasurenentabasgsabespeanaiﬁsys andl§P9ﬂ0909Vs@eﬁ§uBém§BﬁreC|ated

-

that the features.and. characterlstlcs ~of the- above-nenti oned nodul es
are susceptibl e of medriati(es §ﬁ§ﬂﬁ%ﬂﬁ¢ﬂ4§P%ﬂ)um$$d ANNCEngRNt B8 nodul es as
descri bed are nerely exenp Iarﬁ of ~nmod ich,are presently considered Q_/
be useful. Also il Bgegrated i FP@BPESTB a M &H&&ﬁ%§§88u§°b&§ structure

dest e {o cccomudals | beovar BLy ko RS AW TS HRSS L
.optlnun1 perfornan%ﬁrtﬁ&rmore a rectified and digitised input
| o may be routed onto the analog measurement bus
to allow the frequency of an AC input voltage
to be measured;. |
“(h) anf'.emulator_: subsystem conprising .master
emulator'andlslaVe emulator modules, 27 and 27'.
respectively, for :providingvt.high speed [
parallelf digital'_input/output- and giving a o
conbination'of data output and data capture
.'useful“ for pattern 'generation,' logic state
_analysis' and” microprocessor emulation. The
master .emulator; module ' 27 comprises the
'control "circuitry' for up to a'..predetermined ' \J
g:number of slave emulator: modules and provides
:ﬂgtsequencing controls to the: slave emulators
Tuiwhich, for their part, comprise a plurality of
"'high-speed RAM backed ~digital input/output
“lines each dynamically changeable between
'input and output states; S |

”(I)' a multiplexer switching module 28 providing a

relay switching X-Y matrix for general purpose



reasonabl e overal |l cost. As shown, the bus structure conprises the

m croconputer databus which serves for controlling- the individual
i.nterface nodul es and for passing digital data to and fromthe respective
i*nterface nodules, the option identification (option ident) bus

enabl i ng nodul e. types and their |ocati Ons/réhﬂ the system backpl ane to be:

- gignalled to the m.croconputer, anal og st | us and anal og neasur enment

buses :whi.ch are central to the sharing of analog resources within the

.system and a plurality afsesyrmavding t dlnddorinima lliynexontroldadnel ogesaiynul us
and neasurenent buses enable neasurenent resources, such as for voltage
and frequency neasur enentsSwittehesceskoeakedinakég refgiur eeppssover f opode '

measur enent of AC or DC anal og 'signals, . and enabl e signal stinulus _
resources such as the and&yeemdti®oof d@eteor Hddese asd epabpisgr anwabl e

f t o dule t i d t put._si | [ t test pi
ndior probes: also the SRACAPAAGRI O BRANASALAPENIR DoceoteRRtBBeRcod

f or—sel f test routines by Joutj redegternj.ped [ | ontqg.a
checki ng such stinuli by.-fnog'an's?%%pg'erregégr ghrrggt ?%s_on}lugrﬁc'el.rpT%é' ?;y}ﬁaggfd'g. t al
conmon lines, ‘there -b?mid&q:iroggt.ri ction on the total nunmber of such -
| ines that can as desired be provi ded, can advant ageously be utilized for

the synchronisation (of) evefrobd talidn priedes nitePaicleh aidlduliiae 24 bgshdes

intervention of the mcroconputer. = This enables a slower and nore

reasonably priced m crocameutcessary electrical interfaces for one or
o | ﬁore probes and/or jig arrangements ehabling'
~ _-stimulus and/or measurement via routings to
7the.analog-stimﬁlus and/or méasufement buSes.
respectively. |
/ _. It is of course to be appreciated that the features and
chahactebistics of the abéve-méntioned'_mddules are
susceptible of';afiation substantially at will, and that
the moduleé aé described are-merely exemplary ofﬁmoduleS-
-ﬁhich are preséntly considered to be useful. _ ' |
. Also illustrated in Figqre 1Bﬁis én-édvantageous bus -
kvg L ﬂstructung_designed'to accommodate the variety of inter-
-3féé§&m§dﬁle types above-mentioned whilst shéfing system
r;;Sptces:Lin. order’ to obtain optimum - performanée at
ré§36;$biéﬁOVerall-eost. As shown, the bus structure
comprises - the mierocomputér§ databus which serves fof
contfélling“ the individual interface modules and for
p;ssing.digital data toland from"thewrespectivé interface-

mo’d_ule's, ‘the option- _ide'ntificatiori (opt_i’on"‘--'ide-n.t) bus



to be. enployed in a node wherein, rather than the conputer having

absolute control of every action and event, the conputer is instead

informed that an event has happened or is happening and proceeds

“correspondi ngly. To enabl e any nodul e to generate SYNCs an open

collector type of SYNC'line can, for exanple, be used. S. YNCs .

t hensel ves can be used, for exanple, to capture voltages, data bits, etc.

and to start or stop neasurenents et SYNCs can be generated fromdigital "

i nput transitions, data bit comparisdnts, attai nnment of anal og signal thres-

hol ds. etc. Figure 2 of the acconpanying drawings illustrates an exenplary

- Sync gengrablohAg abdalgetHipes vindhthety lbeatlibhszéd ithet sgspeactice. of

‘the present invention. The arrangenent shown is adapted for the generation

of a pul seackplaneSYNCbd i signahledes$porfe mbcnocemputer; oAn8de8rring in

any of up to sixteen input lines,. or in response to a change in the output

from a 16sbimulnsdasdnsmedios measungesnt tbugespyhdcht pee seatndlor up tQ

sixteen input lines with a predeterm ned dat ttern. A,16 :.1

mul i pl extp B SBABEIE RF ANFHAE J9IBITCYD WA ChY WEYER B84 npur

| i nes desi gnat ed 1 ang to appl.y..signals on the selected |i laa?2: 1 -

mul ti-pl ex@r PO 2"’é’x'c? sis\}'é’cp/g:%gia;zf[%e cqgzon (5’etSHenc§H_et Sg(rgnl)'\régst abl e

circuit 124 and_open-col 0L o er ' n I bRpRUt tO gate
1-{quugy n%@'ndc Ihgé:glgi'e@%;l% bqjs?erbct ab?ﬁ‘QbeGE. med/stremeRR! €

123 enablé generation e sele € as between positive. or
negative pgggupgeg, such as for voltage and frequency measurement, ’

ey
t

2

: td access the analog measurement bus for measurement of - g;
" AC or DC analog 'signals, and enable signal stimulus
'resdurqes_such as:the*ahalog functionfgenerator mgdule or
- the programmable wéveform geﬁeratdi mbdule to provide
output signals'on.dgsignated teStkbins and/or probes; also
 the analog stiﬁuluS-ahd'measurement.buSes cén:be used for
_seif tesé routines?by:rodting predetermined stimuli onto
; a_busfénd checking such stimuli.by.means.df a measurement
resource. | R
The sync/digital common lines, ﬁhere being no | -
restriction on the total number of such lines that can as
deéire&,bg provi&éd, can adv#ﬁtageously be'utilized'for'
‘the sfncnpdﬁisajtion of events within the system without
£he; diﬁeet“ intervention of the microcomputef;'-'Thi;
| enables'a'slowér and'mbre.reasonably priced microgomputer
té be.:employed in a mode hhéréin,.lréther; ﬁhan- the
Tcomputér -ha§£ng~'ab501ute ‘control of. every action fand
':efent, the computer is instead informed that én ev;nt-has.

“happened or is happening and proceeds correspondinglyﬂ



si.gnal transition, or as between the beginning or the end of a detected
mat ch between the inputs fromthe lines '121 and a predeterm ned or
expected data pattern established 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 as.desired by gating
wi th masking inputs 129. SYNC |ines may al®dy be utilized within the system
as digital cormmon lines to ‘allow digital neasurenent resources, for

exanpl e for takirggdedadigi hay &bRALUES, gkAePEthi BKREst Anaokbdech BNgEL OF
inputs in simlar fashion to" the anal og neasurenment and sti nmul us buses.

By addition, futiyber ot eSYNE tliimengcangulfsr i examppessSidd eusediri ggeNcsone
SYNC a desired tinme -period after another SYNC has occurred which enabl es
.conplex time 4¢bemeatves tanbee cssed) i Stecexamgle), ttvecapiuem wltages,

I nvol venent of the m croconputer. The automatic. test equipnent briefly
described in thdatarbdé&sngetend ansl beo desartbed istamrreagurgments cehe.
af'tér at |east §§ regards its rincigal'features,' is useful for the S
functional and -HFégﬁ&&iQ?'@gg?Tﬁﬁ dofromyidigita s ninRlti FransibbeRds and
systens, m xed digital,Land anal o rinted,circuits and,systens,. analo -
ol feurts and sgataofit GRePaRi SPels cabEashnept ok SRRHGY 3 LERanolhreS-
systens. The eq i geg%cis further useful for in-circuit stinulus and
measur ement applicatrons, -and can be utilized for microprocessor

Qnulation functions Mghpei of the accodpanying drawings illustrates an
U exemplary' sync generation _arréngement :which' ma?- be
utilized in ﬁhe'praetice’of.the present invention. The
-arrangement shown is adapted for the gengration of a
pulse on 'a SYNC -lihe in response to_'é transitidn
”occurring_in any_of-up tq-sixteen input 1lines, or in.
response to a change in the output from a 16 bit word
comparator afranged' to compare thei-étatus' of.'up to
,sixteeh-input linés with a predetermined data pattern. A
.16 ;t1gﬁultiple$er 120 is software controllable to select
‘any of its.jélinput line;zdgsigngted_121 and to apply
kvf. _.  - . s;gqals-pn_the selected line via a 2 : 1 multiplexer 122‘
| | _Qténgkclusive 03 gate 123, and thence to monostable
circuit 124 and open-collector buffer 125. . An EDGE
séleét iﬁpgt to gate f23 ehables the. sync generation to
be”selectable as between pdsitive p#fnégative edge of a
'signal ttansition; or as between the bgginning'or the-end
of a.detqéted'match betwéeﬁﬁthéﬂinputs from the lines 121

-and a predetermined or expected data patterh'established' '



: effectively replaces a m croprocessor. The equi pnent is useful furthernore
as a designer's prototyping tool for the. evaluation of designs by"

virtue of the facility provided for simulating the. design conditions

and criteri-a by means of the equipnment. As will hereinafter be described in

more detail,
interface with.a unit under test (@SS: 1)

i ncl uded

bed- of -nai |l s type testin

passi ve 't fi¥e,* QNlQRtFﬁnggﬁjéﬁiéa@ﬁcﬁ %dﬁ?f oﬁSPPﬁréﬁﬁrcgﬁgﬂls ®a speci al

an I -
SrubBRaefn P Keogiqink 0 e "Bbfer AR OR2b0 cifp TR
via wire %gﬁhaligsggp%t Nige IJEAIAIANGEHRIE 294eaeneD]! | ip sosaiugoper ated

assive J1g type provides a straightforward neans of

-active ji
bet ween

jig fixtur

~the automatic test- equi pment according to the .invention can
in a nunber of different ways

anmongst whi ch are by neans of versatile t est probes and'by use of

tter

connectlngeggg@al% f@gmuh@ewqwﬁ'quwyﬁgnghgﬁtstfggsysten1to a pri

circuit boar
rapi d scanni ngsyiic ainesbaayohlsesbenadedizbdowgbhihetheesydtemias,

-sw tches-

enabl es

the. graphiesourgiesnl £pr. eﬂémplsefOQséékiﬂSras@iﬁﬁFﬁ% 2hana ety

or t l'i ke-“under test, and the .active jig: enabl es
as an alternative to the. manual probing of nodes and t

hand held test probes-, guided by the system software

voltages with routings from

be linked to a w1de range of inputs in similar ‘fashion to’

the-analog'measurement_and stimuluStbuses, By addition,'

* furthermore, of timing modules it istpOSSible to trigger

- one SYNC a desired time period after another SYNC has

‘occurred which' enables complek"_timeirseduences to be

establistied within the System without involvement of the

mierocomputer.

The automatic. test equipment briefly described. in
the”foregoing, and to'be described:in”more*detail herein—

'after at least as regards its principal features, is

- useful for _the functional and diagnostic testing of

digital printed eircuit boards and systems mixed digital

- and systems and micrOprocessor - based circuits and

systems.“ The. equipment is further useful for in-circuit

" stimulus’ and . measurement applications,.'and : nf be

utilized for”microprocessor emulation functfonS'uhere it

effectively replaces a microprocessor. fTHefequipmentiis

useful furthermore as a designer's’ prototyping tool .for

nted
t he

hus

vi a.-
nt

and analog printed circuits and systems, analog circuits.

onventional

o

is T
parti cul ardigitsaf ulcormon achimes ngtor apldowdi Ajigidalcs measunemenjyst em

of



the probes.to the anal og stinulus and neasurenent buses. bei ng provided,
and further advantageously enables two probes to be used in conjunction to-
per f orm i npedance nmeasurenent by application of a voltage stinmulus derived
ffromthe stimulus bus and neasurenent of the current response at the

measur ement bus. I'n operation of the automatic test equi pment, system _
software provides.an interfacing a-id toythe user so as to |ead himsinply
t hrough the stages required for creating an interface and for adapting the
systemfor the required signal l[evels. = The software also initialises data

for the requir'ed®t&yBlyaddosm ahd RRBIRAS t BVt helrloif | @dr ath®n far idddw e

pt i ided, with t ' ly hayj t fine eagh . si l.. t _
and TrhePsor ey ted' e oS tmB e i T EPBY s 4BaYRnnooRAd LapaaL s Agtan T °
interf i j . i fJ f : ired
Lo e oaet B, MSGALS 'y SSRGS o hVELoS o
graphi cs di spl ay agie’_s' »{11*1%.. hle@Qi nBPRer! PE. &Qéé”{‘ﬁ%é?gfs‘zi Wb (389 [ Rne

- i ~€rpret and enco the drawn materral into program "The

hardware of tha,gitedtere n@é(s@ee&@i@béﬁ'ﬁnhééo?&iﬁ?pEBQ.rt?z@mi'ﬁgeh%QBHaﬁﬁn"‘hi ch
provides two | evels of program . nanely a high Tevel to provide overal

~test control fiwyergawk awbtil Aewalitt arglevi testofUUT) din tdenamsérnbs
" stinmul us and nmeasur enent har dware. . The nodularity of: the hardware
may be suppordBffenent pwaysarkmclgdesnanenrgst awblighoareuiby meansoofart s,
nanely one part which perforns the actual ' _
_ . versatile test probes and by use of bed-of-nails type
'_Ku/ : testing__jigsr . These -latter .can, be- of convéntional
passivé-type,]or élternatively_and/or additionally can
cpmphiseJa §peeial-aétivg-jié.type, and permi; hapid-andi
reliahlegconnection to be made between UUT conneétoré'
pfdvided-ih_the automatic.test_equipment-and:the UUT via
wire_ wrap 'posts' within interchangeable and generally
vacuun operaﬁed :jig  fixtures. - Thé passive jig type
 pro§ides;a.straightforward ﬁeans of .connecting signals
from  the UUT cdnhectprs”_of-“thej-syétem.'to ~a printed
circuii_board,or the like under-test,'and-the;aetive jig:
fengb;gﬁ;the“répid scaﬁning'qtﬂa?numbev of test nodes
.tﬁﬁaﬁgﬁLthé:usé of relay,switches.aS:an:alternative to.
th;;ﬁéﬁpﬁlfprobing:of_npdes'and thus is particularly
uséfﬁl;{iﬁs;échieving' rapid.-diagnosticé.:- -The:isystem
enab;esg-hand  held test. probes, - guided by:;the‘ system:..
sofﬁwabe--viah.thez graphics display, to. be used for
étimulus»and;heasﬁnemght ofqultagéslwith rogtings'froh

the probes to the analog stimuius_énd measurement buses-



operations to convert synbols in the sour ce programto code values and a
part which defines the relationship .between source program

second
synbol s

and code val ues. This second part can be nodified by the end-
user, -or the systeml s manufacturer, to accombdate any new program
I nstructions which may be required in order to support new stinulus - or

measurenment facilities added to thegﬁyStenrby the fitting of a new nodul e
gure 3 illustrates an ‘exenplary nmneans- of identifying the -

type. Fi
nature o

Ml tiple

‘provi ded
depend o
catering
acconmod
expanded
“and corr
nodul e.

slots 31

f the nodul es incorporated at any tine into the equipnent
the | ocbheingsproividede rarspbefurbbenvddivan tiageoius lyy sererh lsssc kpk@ane.
xed n-bit code lines are wused in conjunction wth open
"col | ect oprebed| &0 ibfesusededoh einjungiuien i tg dfengrnm elppedaRee s| ot s

_'and_

-

i.n the sgséen1backglane. The_nunber. of ,code lines required wl |
r

Regagurepedk oHi 2pRLL

atpni Bhsat Bohkagst SFLAULRS dGFived bits
f r]_ppdul e options. . In Fi 3t .
Srog S { b LEvLe oR et s hanididaal bR, PRSI 71

“

f Y- nunper L ons. by i sase- of th mber of code i L
5eRRARPN b BFe Rea RBh Ry BTl oor Oct  ons avat abl e per |-
The cedCobdfieridl aldhdadtlhatlicntbstueguipdldts Bpstedl Mmodule

o) accessi e |

are s

y any of a plurality of nobdule types 32 each

of whi chgheRapYi R IMéS on UK EBErselegtatd €8 e uderoser aghtee di odes D1

lead him'simply~through'the=stage$ rgquired for_creatiﬁg

‘with the aid of the graphics display and the light pen,

.whieh;pravides two' levels of program, namely a high level .

an interface and for adapting the system for the required
signal levels. Thedeftﬁarefa13¢fihitialisesldata for
the required test program and adapts to the configuration

of ‘module options provided, with the user merely having

to‘define-eaéh.ﬁignél by tyyé_and'théfsbftware“aséighihgi.
aﬁpropriate'interfaee-lines'andléreating'an.interfaéé

line list. Where specific sequences or waveforms are

required to be created, they may be drawn in by the user

the software being arranged to interpbet and encode the

drawn. material into the-test-prdSram;-:Thefhardwafeﬁbf'

the Syétémfmay_be,eOmplemented by a programming language

to pPOVidé overalI’test'control-flqw{énd}a'mid ievél-to

providéléontrol-o€~the-systém's stimd1u$:ahd:méaSurgmént”
hardware.. The: modularity of ‘the hafdwaré' may be

supported by a prbgrémming'language'trahslafcb“builtfiﬂ

two parts, namely one part whiéh_performs'the'actual

R



35 D2, D3 the cathodes of which are connected individually for each nodul e
to a respective open collector tine of an open coll ector decoder unit 33.
I:n operation of the Figure 3 circuit, the nodule slots are interrogated by
vfrtue of the opencollector lines of the unit 33 being driven sequentially .
to connect the cathodes of the one or nore diodes of a respective
rodul e - plugged into a respective slot %% ground. This causes forward

bi assing of the respectlve diodes - wth the result that

correspondi ng &g?? h € ¢god AJ&? 8 Qmﬁﬁfssfﬁh % ea Voodtlcaeg rgarnpugg pl us 8

di.ode forward rop ra Herct ange
interpret suchgougl t%geu@*aan%e on thy |ddber 3%&1{ Ogd&fi:?é/§| Sty ch

provi de code nunber ntification on t code lines' 30 corresponding to

the nature of aemadubasaliuggedweé@ asd\ﬁ&wcbwgraﬁodw@oﬂ Olind aéodé he
sane tinme the -open collector - decoder uni t 33 provides  slot

nunber identifvaduesn ofTHix sSecépdapars| wanc e empdidiad by tihe resdective
okl e. By this neans selected optional nodul es can be plugged-into
t he system backgeane dm ting systegdsamianulacdurier,s sy eanmmmﬂam name -what
nmodul es-are assenbl ed and where they are 1located and adapt its operation

correspondi ngl pevw pRegEamntiastayatilonsoihdcly say Reatrean féﬁﬁba#% erder al |
d | t | t +V di t di od

oi'mg provs dod Eor uBeyRtte dbve ‘SHBHISE"0h hedaetetat Pasli Ebtetiadhedl

I's enpty and h%% @Re"gggtgmptngEg f@t%ihg of a new module type. .

U _ Figure 3 illustrates an exemplary means of
identifying the nature of the modules incorporated at anyry
time .into the equipment and the locations ot the_
respective modules in the system backplane. .Multiplexed
n-bit code 1lines are used in conJunction with ~open

fcollector enable lines to each of a plurality of module
plug-in slots prov1ded in the system backplane. The
.number of code lines required w1ll depend on the number
_of module options to be catered for, with n-bits catering
for (2n-1) module options. In Figure 3, the arrangement
for accommodating up to seyen Options is illustrated but
: this is readily expanded for any number of options by
'_“increase of the number of code lines and correspondingly
:of the number of diode connections available per module.
| The code lines are designated 30 . in Figure 3 and a pair
of module slots 31 are shown accessible by any of a-
- plurality of module types 32 each of which is prov1ded

thh a unique selection of one, two or three diodes D1



Fi gure-

4 |Ilustrates an exenpl ary digitally controllable

pr ogr ammabl e maveforn1generator whi ch can constitute the maveforn1generator
21 of Figure 1B and which is capable of -generating both sinple and conpl ex
waveforns at variable frequency and anplitude. As shown, the progranmable
-wavef orm generator i's constructed around a digital function RAM (random

access nenory) .40, the data conten wher eof can be | oaded by the user by

use of

whi ch have been onmtted fromthe figure for the sake of clarity.
vari abl eppat §3¢lupek GIHSRIO o hdeh VeRe f EOANBcBagi enhitghatiaggyency cl ock

S|gnaI|

S controlled I n dependence upon a digital rate input and the

A

vari abl e fekroekclhutgdiile staEpiriespdat ivec ampearerc ol exdor ddneoofoanr ol

~ addr ess

sequence of .the function RAM 40. The data output bus of the

~appropriate. data entry. -ffeans. which can be conventional and

t he

functi onopém 4®Jleatarpl ddcodpr umitth33ei rclint opeFatiion i the-to-anal og
converter 44, and the output of the_ latter is coupled via a |owpass filt
circuit EESPBeainHKHQRSﬁngt@$gP?ﬂPlﬁoskaﬁﬂ(ﬁfe tohorregztededyt he

fact or

oper ot o LFERe. ofc e Spehideriarter (Lot af obhe, W EF I3LbetngsTrod

scal e

v

resol g S?sﬁﬁd%éeﬁéitif%lha#eﬁzeé s PR R 0 of82 BHalgfl [he full
describe thg “@xséesm 5pr 2 fvéseﬁieéeyveé %cﬁue rblesgmymo a

respective slot to ground. This causes forward biass1ng

of _ the respective diodes with : the result that

corresponding ones of the code lines 30 are set to a
voltage of ground plus diode forward voltage drop. rather

than +V. _ The system is arranged to interpret such

.voltage changes on the code line 30 as logic levels which

provide code number identification on the code lines 30

corresponding'to.theinature of a'module plugged into a

'.respective module slot; at the -same time the open

collector ‘decoder unit '33 ' provides lslotd number

identification of the'hackplane slot cdrresponding to the

' respective module. " By this means selected optional

modules can be plugged into the system backplane in any
configuration and the system can determine what modules
are assembled and where they are located and adapt its
operation correspondingly. Where 1nterrogation of a slot

location reveals that all codes lines are at a voltage +V

corresponding to no 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.

-



steps as may be necessary. The counter clock is then set via the digital
rate value input in order to give the desired period/frequency using the
nunber of steps |loaded in RAM 40 to describe the waveform To achieve a
gl ven out put peak-to-peak voltage, the digital -value fed to the

mul tiplying. digital-to-analog converter,. 46 is set to scale up or down
as required fromthe fixed |evel -afore- @@ntloned adding in a fixed DC

of fset as necessary. The waveform generator as thus described is

capabl e of attainipgg@rdi gy degreetratedCCcUmCy exdhplhpgar dsig it 1y
~periodicity and frequency of the derived waveforns on account % its

oper ati onal basostrolliple aprpgdammabdestwpeefara ngenaeraver i ahlieh radre
clock divided by rate nultipliers, and as regards the resol uti on and
anpl i t ude conteemsbitute tbspmavamm geoeralioscridbedf Fhgueéor® and
gener at or coul d further conprise:- (i) a selectable ROM (read only
menory) in par%piel $pt sapapde f#nc&?%ﬁrams hethaﬁdmpééntaéﬁdnlwgnpslt%dard

wav-ef h f t f t
(T ol Ther  anERvsront A € AR dhirancs and ARR1Ebess, Aaions,

UPTTue of el nipdoy B Pk RBmESE rabsvgk*g?s %'e%te'r%%@ PS PRI AIA © by

virtue of being abl the C ers,
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 means which can be
conventional and which_have been onitted from the figure
for the sake of clarity. A variable rate clock generator
41 driven from a basic high frequency clock signal is
: controlled in dependence upon a digital rate input and
.the_variable clock output is applied to_a.counter 42
coupled to control the address sequence of the functionzi
RAM 40. The data output bus of the function RAM 30 is
coupled via latch circuit 43 to digital-to-analog
converter by, and the output of the latter is coupled via
\~{ _ _a low-pass filter circuit 45 to a multiplying digital- to-
analog -converter RS the scale factor _whereof is
determined by a digital amplitude-control signal
o In operation of the thus_ described waveform
generator, the. - desired waveform shape is set ‘up in the
function RAM 40 taking account of the full resolution of
digital to-analog converter uu in order aocurately to

describe the waveform for a fixed level output—in as many'_



(i) an.

a given
detail f
or nore
out put

stinul us
sever al

respecti

extended wdth function RAM40 to hold control data allomdng'

| evel to be held for a nunber of counter. clock cycles enabling fine
roma limted RANIdepth; (iv) a facility whereby the output of one
mavefornl_generators as described my be nodulated by the.

of another. such - waveform generator, or from the
bus, so as to achiev nmodul ati on cross-coupling
maveforn1generators or betfween the waveform generators

ve buses.. I n- one exenplary progranmabl e wavefor.m gener at

- anal og
bet ween
and the
or nodul e

accordlngteb& asheayi beenecessarywo Theogoanhebl eleakeisrthemyesd at or

channel s’

are provided with the required maveforn1shapes defin

ed -under

sof twar e vdentths 6 bg htail gr‘aﬂiged'alf\tﬁr rﬁ’(‘)PuF hdnAGARY 2 B8 &ilyst atr’f’ceaneous
wavef orm anpl'i tude at ' uence- T equl i'nt
The' sequéesdred &ﬁﬁllio@ud'é‘e\ﬂa‘l ”§iﬁ’§l shen E/Fﬁnﬂ}sgfe ?q#%ﬂ,

sequence,
t hen be
program
circuitr
scal i ngs
permtti

s WL S A e A B 8, ARl o Ty

3,9,6 ! pe %a%% %@gkg%ﬁfg{ digly ﬂ&ai %s&aaaksdwnfw

each St fer nt Step rates

@&%ﬁa:&zgetaiﬁ%@?%&*&g gl ot ol wth vo
scale up or down as. required from the fixed level afore-
mentioned adding 1n ‘a fixed DC offset as necessary.' Ihe
waveform generator - as thus deseribed is capable of
attaining a high degree of accuracy ‘as- regards the
periodicity and frequency of the derived waveforms on

account of its operational basis in digitally derived

steps using a _variable rate clook divided by rate

gh in.
ich may

contrm
ude
uting

multipliers, and as regards the resolution and’ amplitude

control of'its*output
 THe above-described waveform generator " could

-further compr1se~-

(i) a seleotable 'ROM (read only memory) in parallel '

._with the function RAM uo and containing
ﬂ"TT?standard waveform shapes, for example sine

*:7waves, triangular waveforms etc.,

“ (ii) either another oounter multiplexed in, or a

parallel waveform generator, for generating
accurate phase relationships between signals

- by virtue of,being able to preset the counters,

-

&



t he anal og stinulus bus or the anal og neasurenent bus, and furthernore each
‘channel may be anplitude nodul ated fromthe other channel on the nodul e or
~ fromthe analog stimulus bus. The nodule further provides a facility

VMhereby either channel may be reset on a selected SYNC, and either output

channel may be routed onto -the anal og stinmulus bus or onto the anal og
measurenent bus. The - TTL digital inpu@éoutput modul e 20 and the anal og
stimul-us/response-nodule . 23 have been brirefly described in the foregoing .
and may take any convenient form For exanple, the anal og o :
sti mul.us/ response-1fidi)eai3 sdteddddis didtpr foaicpabnf UREM | A0 otoseididg up
DC and AC voltage. levels for testing circuits may.conprise an appropriate
array of. anal og-to-digi t ebnéndlddgtaabaliowingadogicemvievelsto bethekd
considered that no detail ed description of these nodules is necessary for
a full understanding of fRB Bnwambiesn of wewntar, ¢loclarcxsksplenabbingti cal.
embodi ment  of the TTL _giﬂital inpgt/outpr: npdul e 32 di screte digital

| Naés with active |evel staR8rdetaiisepom 2otimited RAMQeRthiong  sinilar

0101 tar |ings was | S0 Budhr SN OV ENS Uiticr KBS E f o BN Fol SR { her

as an input or.aSGan=0#%93?orman%§ %9ﬁkgrsalégﬁéfﬁeQX?fgéﬁarHgYChQngd

under program controf. . e drscre I nes, wh configured as I nputs

or as outputs, could be ysagiheegengyat ¢naYNoutput F HHi tdithdl Gudpttern
mat ches, 'and out put states. _ | o | -
' - : - waveform generator, or from the analog
Kg‘ _ .. stimulus bus, so as to échieve"mbﬁulation
| "éross-coupling -§etweéﬁ-" several waveform
‘“generétors or between the wa#éférm generators

and the respective buses. = |
'In' one éxemﬁiary' programmable waveform generator
module ' according to the invention, . two programméble
waveform' generator: channels are provided with the
requiréd'wéveforﬁ shapes defined under software control
in La-'digitised form of the normalized instantaneous
ﬁéiefdrmf.amplitude ‘at a ZSéquéngq"éf' regu1ar step

..”fﬁ'éfﬂélsﬁﬂthejsequence of amplitude values is held in

and :Sﬁ'ebped' through in éeqﬁe_hc’e, with the values
b ng: '-_:"éaq.'vert'ed into analog. values which may then be
éﬁpiitﬁdgﬁscéléd and/drrsubjedtéd"to'Défoffset'ih each
dése*undér*prdgham'contrdl._'Ea¢hjchadné1 of the module
has-éépﬁbétéﬁRAM and control éibcuiﬁr& enabling each to
be”éét'tbhdiffebént step rateé;'ambiitude scalings and DC
. offsets.’ Thé“outﬁuts are reia&’isblated'ﬁith'rbuting



and changes of

The input/output 1ines furthernore could be routed onto a SYNC |
directly to enable a signature to be taken fromthe respective |ine by

means of a signature analysis and frequency neasurenent nedul e installed

ne

| nput /out put states could be arrahged to occur on a SYNC

in. the system  Likewise, in an exenplary practical enbodinent of the
anal og stinmulus and response nodul e 23, a bC and AC vol t age neasur enent
capability was provided enabling voltage neasurenents to be taken from any
i nput -l'ines or fromthe anal og neasurenent and/or stinulus buses.

per Bt himgise biher alsingl AL 22 Res rap§6dcap‘a@| %“dfel’bpt i onal | y

o ok T iBat Srnpualitio R BN VA end e S R, ol ol -
for exampl gy CPARERSEmotE Bch! AGIRYS WgTRI 0%4@;9%& anodd G Py
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control li

out put s

opera ons on t e extensi

- perforneds r f a
nodul e 23 rl.?née ¢ %the f‘é‘%e%hgﬁ \t;'grel gxgﬁulet weg%%/t{ﬂgvg%{ %S%
i nput / out Pt muTWSlUbLAs. 25 Thé”mo@%leexml?éb’ pPb#¢lksala efdodi f@|Nt,

provi des

16 discrete digital” lines wth varlable active | eve

n1ght

ol t age

ed to be

onse
ital

Is

-

Each-

of the l6uikreseteithaweschmynendnaydbel beske omnfd weXsbtani BYNGpuUt or as

an out put under program control,

one to ammdeeitineer optpgtanhanneﬂ.olmay \bee rqur eyt comtenl e eamalqggit, the
thresholds for all the lines ° :

stlmulus bus or onto the analog. measurement bus.

The TTL dlgital input/output module 20 and the

analog stimulus/response .module 23 ;have been briefly

described in the foregding and mayztake any oonvenient

form. For example, the analog;stimulus/reSponse module

23 which has the principal function of setting up DC and

| Aczvoltage'leve;s for testing ecircuits may,comprise:an

appropriate array of analog-to-digital and'digitaleto-

analog oonverters._ It 1is considered that no detailed

_'desoription of. these modules is necessary for a full

understanding of the inventlon._ However, in an exemplary
practical embodiment of the TTL digital input/output
module, 32 discrete digital lines with active levels

charaotenised ~for TTL logic .and sim;lab logie

'arrangements (inoluding CMOS logic) were provided. Each

of the 32 digital lines was individually configurable

under software control elther as an input or - as an

output, and could also be dynamlcally changed under _

program control. The discrete 1ines, whether eonflgured

and may be dynam cally changed from



may be set to give a mninmumvoltage level for a logic.1 and a maxi num
voltage level for a logic O, to establish test criteria for the |ines.
Pgsitive logic is assumed throughout, with the restriction that the m nimum
logic 1 i nput- voltage is always nore positive than the maximumlogic O

i nput voltage,  and the logic 1 output voltage is always nore positive than
the | ogic 0 output voltage When programed as an out put the voltage |evel-
for. legic 1 output: and for logic O output ey -be set under program control
“for all .the lines.. -Any SYNC nay be generated onaOtolor altoO
transition on an 9|screte WAON! |rresBect|ve of whether-the line is

set up as an inftt 1BPULR 85tﬁ§t°“PHB éioF@ o8t BBt uUBednEPt FepRrake YNCss

1ihes. o s oBR, EFAnRIY I8 B, slahe” AN TR o dbI R e

oper ated s ei t Aoy GAARERECeL Ml ﬁ%"?ﬁﬂ‘f Yrardh oL SRS BL 20
on“only the nexbpepakt i) HBiSHNr transi ihBﬁt?B@tp&tr 1199R's edtdmﬁfeémor

generatlng ‘a SYNC.on every pattern match>of | nput transiti.on

"may  also be eouledbentmptedNentbna Chimtii/néOdi?Beblﬁ 0SinABhe tO
be taken fromthe Iine, using a frequency and .Si gnatur.e analysis nodule if

installed in thsisnatune Bs banthkehh@romn&h@grespbcmuhuSﬂﬁm%pQWSQmaﬁxhﬂe
23 abovenentioned, - the “variable  threshold/level .digital .input/output
nodul e mi ght coﬁﬁraséiapetelpauanelaaiayendf frequency measurement module

Y ._installed in the system.__ Likewise, in an exemplary
practical embodiment of the analog stimulus and response-
_module 23, a DC and AC voltage measurement capability wast-

| .'provided enabling voltage measurements to be taken fromf

\4’__.. | '}any of eight input lines or from the analog measurement

.zand/or stimulus buses. This analog stimulus and response

'Tmodule 23 was also eapable of optionally controllilng up |
to four analog stimulus and response extension modules
'23' and making measurements through them. The extension _ |

'modules 23' 'might for example comprise 16 DC or AC :

AN _ ._.'measurement channels and 8 DC voltage outputs. '_A‘ll

ons on the extension modules 23' are arranged to
errormed under " control ar”' the analog
:;stimulus/response module 23 itself.i}dtﬁ S

" Similarly, the variable threshold/level digital-
winput/output module 25, “inu-ant exemplary praotical_
5embodiment, provides. 16 discrete digital lines with
variable actixe levels. Each of the 16 discrete lines

may individually be configured as an input or as an
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anal og converters coupl ed with threshol d/|evel determ ni ng

ors in a logical structure enabling the relationship of an input
el ative to upper and * lower . limts to be positively. determ ned.
abl e threshol d/ | evel digital 'input/output nodule m ght

wi ndow conpar ator techniques to neasure digital levels as true §
. logic levels to their full specificgtion, e.g. logic 1 defined as above X ~
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X and Y volts indicating a | evel between X and Y as a poor or indeterninate

AV RRRAR

ally 24 will

escri bed |n genéral and mnthIPartlcuIarlt with reference to .-

phangesC fnam e Eo Angih

RRoERamFont Ity i Bf this

-

gfl:odea?h@‘ vef orm recngutﬁlﬁoz f ‘{’]f Ki gg? #f]chaé{a%%oetn%gf CI_I‘ cull t
effecteg)
a

Ir}%ci’f boescéhet attooﬁi S %i aniévéi‘ férsﬁ.

I’'ng waveform. and - ubjectlng

gltlsed sign

nafdir$ ﬁﬁﬁiﬁ&hsveuagéeie%nvw &0 W IANG) tiONeseutisgy type of

lon tec

I que Signat ur e -anal ysi-s con5|sts of. a feedback shift

regi ster ganeratitér pﬁ&'ﬂdﬂhéamﬁﬁé‘sSGQPQBQQ.itvhatldﬁoa furgdsumedf the

input s

i'gnal - sequence at- :specific -clocked ¢tine intervals.

By using

a start Sﬂtﬂﬂﬁiglimztﬁlmltai Itzm tries tehiicfttion exiast ¢he alidimam Yogpe bignal to.

capture

'logic 1] input voltage, and the logic 1 output voltage 1s'

t he-

‘input voltage is always more p031tive than the maximum'

Valways more positive than the 1ogio 0 output voltage.

a 0 to 1 or a 1 to O tran51tion on any diserete I/O line

When programmed as an output the voltage level- for logic

1 output and for logic 0 output may be set under program

.control for all the lines. Any SYNC may be generated on

Y

(irrespective of whether the line is set up as an inout_'

or an output, therefore output transitions as well as
-input transitions can cause a SYNC),' or on a pattern
match on the I/O lines. This pattern has a separate

ENABLE term, active High and allous individual bits to

-be masked in or masked out. Such generated'SYVCs may'be'

operated as either one-shot or retriggered one-shot mode'

| generating a SYNC on only the next pattern match or

"transition and retriggered mode generatmg a SYNC on

'every pattern match or input tranSLtion. I/O lines may



I nstant aneous pattern of data within the shift regi ster, repeatable
patterns are produced for identical data- streans enabllng recognition
of incoming data streanms to be effected with data conpression. Transition
- cbunting uses a digital counter claocked on each transition of an incom ng
data. stream -to assenble a -count which  is repeatable for identical
data streanms and.  thus provides a means oﬁldata stream recogni tion which
‘agai n .uses data conpr.ession. However, both signature -analysis and

transition counailgg tREIFBEEIRS bREoUR astRE0aNie Ol Pawer i Ead\éaa ages in
that signature analysis does not detect glitches (transients)

transition counsiggapupelutesbeertpklentifiram resel §inel, uesingata m&aqu#hdyo

di stinction between different waveforns having the same nunber of

transitions. Toandv8iguature Rnainsis defduliecrid dasttiad liedvént the systeases t o

~enpl oy a conposite arrangenent for waveform recognition wherein 5|gnature
anal ysis and tréfsi tWidi cotiRei nganalegini gfdaulase negpongae y medwde ned@3 so

to obtain a nore distinctive S|gnature f or gartlcular si gnal

| isequenlcle nb#hevemw%?ﬂ? %po‘é%% ab}t?lge@'“ye Boldfinnel o digdkal of
i ITustrated schaRREPCaRtghe, ﬁ@fﬁ‘ RIGE cqdiiiioe AGFMELTe At B 0
(1) Figure 5A g@g%af te&&mg%a{vm B L8 WPELRT thidkhd 1I6ATVYY data

streamis provi
' determining comparators in a logical structure enabling

the relationship.of an input;signai_relativegto upper_and
._1ower_1imits_to be_positivelyideterminen .. The variable
_ threshoid/level' digital . input/output module  might
.utilize Window comparator techniques to measure digital':
';ievels-asjtrue iOgic ievels_tqﬁtheir-fuilssgecification,
e.g.l 1ogic 1 defined as above X uolts,7logic.0.defined
as below Y volts, with the window comparator set to X and
;Y volts indioating a level between X and Y as a poor or
_indeterminate level |

The signature analysis and frequency ‘measurement

— o __-_.-:':moduleﬁ_ 24 _will now be described in general and with
| ’ icularity with reference to Figures 5A to SC 6A to
“and 8 The principal funetions. of this. module
'_;reside'in waveform reoognition for checking the operation_
. of circuit modules etc. and in frequency counting and
.:i'timing for. checking the operation of oscillators etc.:u
l} Waveform recognitionrgis:hcomnonix_ieffectec by
digitising the 3signa1__waveform lanqi;suojecting the
digitised signal to a signature analysis orgalternatively

to a:transition_counting type'of recognition technique.h

~



both to the signature analysis shift register 50 and to the transition
counter 51 and the outputs of these two together constitute the signature

pr oper

of the data stream this technique provides the highest

of signature distinctiveness but with the need. for  double |ength

si gnal

processing and storage; (2) Figure 5B illustrates a bit-

excl usive OR techni que wherein the oypgputs of the shift register
counter - 51' are individually tested; this provides a conpact

of - the

systembut_with a | esser degree of si

'Fi gure

arrangerrents 0
i'n an aut QiRldraiast egyi RiMMg |4 staRECHIEHAAC t4 t inl BeEaDISECRhel NVeNti 0

by- bi t
50 and

veness;: and (3)

degree

..

{our héflaqaiwﬁ Tys)s tﬁ%srsﬁ SLGPE hsney dfdehgﬁg.lﬁterhe out puts
t t t 5

o the, shiddndiedl 310 805800 06105 ¢ S840bREe gt 3 S 3 e BRIy 20950
Lhe recul iy soghal uedepd tgsgagnggtcoul S0P § Utk T

ures SA, 5B

Thus for exanple different channels could be provided in a si

anal ysi s rmsdifite afdga:ngm:f-tmzwrfar mssbgnaisigaaanalkysi eab@uﬁeffehent degr ees
of distinctiveness. Such a signature

instantaneous pattern of data within the shift register,

'vrepeatable patterns,.are produced for identical data

' streams enabling recognition of incoming data streams to

be.effected'With3datafoompression;' Transition.counting

uses a digitaI"oounter clooked_on'eaeh transition of an

gnat ure

incoming data stream to assemble a count which is

‘repeatable for identical data streams and thus provides a

means of data stream recognition which again uses data

~compression, However, both*'signature analysis and

transitionroounting'teohniques'for data_reooénition;have

glitches (transients) and transition counting produces

very limited result values that provide no distinetion

‘disadvantages in that signature anglysis does not detect

._:between different waveforms having the same number of

_'transitions.'

To overcome the above deficiencies the invention

proposes to;empioy a_composite arrangenent-for-waveform

recognition 1whenein signature analvsis7“andlﬁtransition.

counting techniques are"logicaliy 'comoinedﬁ'sof as to

'signal sequence. 'The ' invention_ proposes : three

:obtain a more ‘distinetive signature for any particular_

. -

e used alone or in conblnatlon

“



anal ysi s nodul e coul d even include channel s operating in accordance wth
“the conventional signature analysis and/or transitien counting methods
menti oned above. In order to .provide the greatest degree of signature
di'stinctiveness, the feedback shift registers 50 in the arrangenents of
Figures 5A, 5B and 5C need to provide a maXimal |ength - sequence for
steady one or zero data inputs. For an n-bit shift register, the

. maxi ml sequencalkepghbifer adyisneass shilbgieagigt eredmbidioig | FHptiadupie @
'16-bit shift register, a sequence length of 65535 is preferably used.

“wi-1 | be appreci anedybyst hosed podsessdd ioin t heoappiogri aés skilussiratidier e
are nunerous - feedback arrangenents that can provide this sequence |ength

and Figures 6A Schemafdcatly| Rastrigureshrdde nBi aaR S6nisifexiney @T&mnt S

whi.ch can be used; the operation of these arrangenents will be clear-
wi t hout need tBPmFﬁYther expl anation, it belng seen that the |ncon1ng

bits of the data st I OR gat h th t f nd
exefusive R Sa?es_héﬁﬁ‘gafﬁsﬁ%é B, Show S Eeatingfinp, of difiaasendbise "
i ti : In Fi 6 f d 60,
he T1irst exclusive CR galetT & Bt Snarsq Ml %a%%%%%%%%hisxiﬁ%“i&s%"
gate is-designated 62. gggugg thb'@qihh%hﬁé qméﬁvggyagﬂ/ gEy - for

frequency drift detectlon whi-ch convenientl'y be -1 nc u ~1n the
- signature analysis and 567 eauenny El@élnt?ahbﬁtﬁbnmdbdrﬁ:e%‘l 91 Ehaurthe 1A

or in any other _
: outputs of these two together constitute the
1% | _ - .signature ~proper of the data stream-'_ this
M technique provides the highest degree._of
signature distinctiueness but with the needn..'
..for_.double-_length signal “processing ~and
o torage- N .' L- . j_ H:. | .:" E
~ﬁifé) .Figure 58 illustrates a bit-by-bit exclusive
| "OR technique wherein the outputs of the shift
register 50 .and of the counter; 51 are
individually tested, this provides a compact
'system but with a lesser degree of signature
?;f:fdistinctiveness, “and N . _ o
iJiﬁ?Figure 5C illustrates pap binary addition
:fgutechnique wherein the outputs of the shift-

'1;register 50 and of the counter 51 are added in
:Trtinary adder 52-: this provides a compromise
.between the degree of distinctiveness of the
fresultant signature and the amount of storage'
'required _ ..
The arrangements of Figures 5A SB and SC could be" used

“ alone or in combinatlon in an-automatic test equipment in



nmodul e.
transitions, for exanple of a clock frequency wunder test, occurring

As shown, a counter 70 is used to count the nunber of clock

in a -predetermned tinebase wi ndow. = The counter output is then stored
progressively  in 1latch circuits 71 and 72 -every N neasurenent

- Wi ndow periods (N being a nunber depegdent upon the percentage change in
frequency to be regarded as a frequen
| atches 71 and 72 are conpared in conparator 73.

The conparator 73

y drift), and the counts stored in

provi des aaédsiedmics akBen i titk Coté Denf invédt jomi t MTBusnBdt dxdmplance

acceptabl e due to jitter

det ecti on 3pakyshe QQQQ&RHﬁﬁpaQEﬂﬂﬂt° pegﬁoreha&sna#éspaeeelynys
frequency clock and the tineb

| d | t
di vi ded byd ig\gerewtdegreg%toglsgéaﬁg ’r"? e%%ﬁe d“rﬁ%‘aradt% qq‘}u ?Sﬁdl (r:Z![ 2 AL

Fguro o 2PalysTE REALS cooid ROt lndd BaEina De Dibata ERE LA 0T
realisati ogc?%d?lgenf r‘eg ncy gon‘f-. 41?151‘19186“ g{ﬁg{@igma}lms«a whi ch

consists o lgured In a variety of

tica CII’CUItSt at can be.co

ways to peaﬁ@?&atﬁhﬁit)ié&'édun@ingazﬁésﬁhods'rﬁentiéﬁéé a’mﬁbéhe

conflguratlon required are as

In order to provzde the greatest degree of signature

distinctiveness,_the feedback_shift registers 50 in the
"arrangements of Figures 54, SB and'SC need'to'provide a

'maximal length sequence for steady one or zero data

inputs. For an n-bit shift register, the maximal
sequence 1ength for a linear shift.register 1s_(2“-1).
Thus for a 16-bit shift register,la sequence length of
65535:iS'preferahly used. As will be'appreciated by

| those possessed of the aopropriate skills, there are
| numerous feedback arrangements that _can provide this
'sequence 1ength and Figures 6A,_6B and 6C 1illustrate

'three minimal complexity arrangements which can be used;

the operation of these arrangements will be clear without

__need fpr further explanation, it being seen that the

'incoming bits of the data stream are exclusive OR gated:

with the output of-a second exclusive OR gate having

 inputs from selected shift register -posxtions. In

Figures 6A GB and GC the shift register is desxgnated

:60 the first exclusive OR gate is de31gnated 61 and. the

second exclusive OR gate is de31gnated 62.

in the counts since the frequency under test wll
be asynchronfferent h chemnelsebasslieaber nanidgchddn. . aThelanatuntar dvare
arrangenent as is shown.in Figure 7 may al so be enpl oyed for n155|ng pul se

hi gh



(1) Frequency and waveform peri od neasurenent - The circuit is configured
by the system processor such .that the clock input multiplexer 180
selects a pul sed input of sufficient frequency to give an acceptable
accuracy and resolution to the measurenent to be performnmed. The set and
reset input nultiplexers 181 and 182 Cspecthvely are configured to
rpute the required signal to the set and HYeset termnals of the single
peri od detector 183. The set and reset edge polarity signal s

applied to exclusiwgdtedate311484radtd ahS%xoifi1 e t BerS8E@ment AE*BPV an
initial reset to the single period detector 183 and initialising of the

pr ogr anmabl e coufrtezjueh®y vide iSaf t datecedohr ovhithe ddy Stcot@nientilge ségnal

to be nmeasured (via the set 1/P) will cause the output of the single

period detectorinciggled o imnakhe ttignategeanaidikysisovatér fregbenchich

wi || be decrenented by the clock input. When the second edge of the
i efy Fimeryrmodyle ?He efesEigunputlA tor éot ARY opther

signal to
' siﬁg* perlod det ctor 183 will go low and remain | ow regardl ess of what

occurs on its s& |ﬁ§ut%h°"n01€e°ﬂ’1‘é‘ &8t piR ﬁis“@&ﬁe Hgounte t
Egﬁg{ arrrr:agl € CO%thb 8§f ]!oc(i(eaﬁgarcxoﬂlogg orrd ex _Sle roefSUI tan.Il,ock
frequency under_ test, occurring .in a predetermined
' timebaée window; ._Ihe counter output_“is-_then__stored
_progressively_:in .latch' circuits: 71 and T2 ~every N
measurement window periods (N beingla_number dependent
-_uponlthe percentage change in frequency_to_be regarded as
a frequency drift),.andlthescounts_stored in latches T1
and 72 are compared.in comparator 73._ The comparator 73
provides a true or false indication 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 window.: o N
' '; The same hardware arrangement as is shown in Figure
.k,» - .l.T may also ‘be employed for miss1ng pulse detection with

' frequency under test input replaced by a high

-:Tgﬁwu

: .yfrequency clock and the timebase window replaced by the

;input pulse train div1ded by two. with N,set to equal.

'unity, fthe comparator will indicate if‘a.pulse has been
missed by showing differences in pulse separation.

| Figure 8 is a schematic circuit - diagram of an

rexemplary practical realisation - of a,_frequency and



prOportiohaI to the period and therefore propoftional- to
1/ frequency. H gh accuracy frequency neasurenent can be achieyed by the
t echni que of neasuring the period of a nunber of cycles accurately, -
allowwng an optimal trade-off between accuracy and speed of *
- measurenent. (2) Phase difference - the circuit is configured as for
frequency/ period neasurement but, whh the set input.nultiplexer 181 and
the reset input nultiplexer 182 selected for different inputs. The _
resulting count will be.proportional to the difference in tinme (and hence
phase) besigepatiuhe anskystsedodukelgasich cfonsiEtih of waveiden®ical .
Alternatively the signal period interval .and the .interval between repective
zero croseingeibs thas cangbgl sonfdguried imeaswantiety ef wawssetdifference -
between the_ - two 's&gnaLs-_being cal cul.-ated fromthe ratio of the two _
results. PRYTOPR| & RRALAPLILALYCiQuitBSKS .confiffur EBSKE A&d (theput with
reset edge larity.set to the. __opposite of the set edge polarity, e.g.g
if the se oggb%uﬁﬁgé??t§eﬂﬂéﬁ?di§r80%?iEﬁféaw?Or a rising edge trigger and”
the reset edge; pol akity. ] t ';Hg for..a falli. ‘trisgger, the
counter 186 Wi W?bgﬂé%%/?ég&)gnﬁg&)%% 'S _°%8%§i%r§a?’eﬁgﬂﬁﬁ§§9§na.. ‘J(“ﬁ% resul t ant
count will be  4ipouit is configured by .the system processor _ -
" such that-,the clock input 'ﬁultiplexér :180
 se1ec€sﬂa:puised input of sufficient freréncy )
~to givéjan'acceﬁtabie aécu:acy and resolution
to the measurement to be'pérformed; The set
'and reset  input multiplexefs ‘181 ‘and 182
" pespectively are configured to. route the . \;i7.
'réquired signal fd_the'set'and reset terminals =
‘of ‘the single period detector 183. The set and
reset edge polarity 'signals applied to
éxclusive OR gates 184 and 185 must be the
same. After an initiéI #esét'to the single
period detector 183 and initialisihg of the U
: brdgfahméble counter 186 Qia:softwabé control,
! the first edge of the signal to be measured
' (via the set I/P) will cause the output of the
Sihgle:-period detector .183'_to_ ehable ‘the
pfégrammable counter 186 "whiéh' will be.
_decremented by the clock input. When the
Sécbnd"'édge of the signal to. be measured

occurs, via the reset input;_the output of.the



proportional to pulse width. (4) Counter (or transient signature analysis)
-the circuit is configured so that the clock input multiplexer 180 routes
the signal line to be nonitored to t he cl ock I nput of t he
‘programmabl e counter 186, and so that the "set" and "reset" becone the
start and stop control -signals for the counter 186. The resulting count

w || equal the nunber of pul ses on-the_nbnqgored I'nput between the start
and stop signals. - If the start and stop signals were the same as for the
state signature analysis described below, then -the count could be -
regarded as a transitidifglesi gasiade defestarsdBizbedi her gonbkéwr ahd (5)
State signature analysis - Wien the set ‘and reset nultiplexers 181, 182 are
sét to provide an enabl'e glR%&R olo¥e reéganddessseet hehahawasumis| on " its

si mul t aneously enable a 161%} f eedback ghift regi ster 187 to characterise
the data stream present ed Y0 i8S hptRPULS . (6)0n4g s&hRg AR deazcePBa -

Coar o Sueceest oo 1 oackRACVEnE) oS ABBRDEH, Ml i L SEenTR’.

| equal to the_pU|S¢'trai”'H%d%%ﬂHEﬂt(Hﬁﬁt' the resultant count is

proportional to the period' and therefore
. proportional to 1/frequency. ﬁigh  accuracy

o frequency measurement can be.achieved by the

K¥:' technique of measuring the pepiéd of a ﬁumber
of .éycles accurately, allbwing an optimal
trade-off between_,accurécj ‘and speed of
ﬁeasurement. _

(2) Phase difference - ﬁhe cifcuit is configured as
for frequency/periqd.measurement but with the
set input mﬁltiplexer 181 and the reset input
multiplexer 182 selected for different inputs.
The resulting count will be proportional to the
difference in time (and hénce phase) between
lthé selected .edgeé- of both waveforms.
Alternatively the signal period interval and
the iﬁterval between repective zero crossings
of the sighals can be méasured, the phase

_.difference betweén the tﬁo - signals being
caléulated_frqm the fatio 6f thé two results.

(3) Pulse width - the circuiﬁ'is configured as for

(1) but with reSet'edgé pQIabity set to the



on the clock line to the 16 bit feed back shift register 187 and appl ying
the pulse train to be nonitored to the data i.nput, the output of the bi nary
counter 188 will go high indicating a nmssing (or number of nissing) -

pul ses. 7) Short termdrift - by conparison of successive results for any
particular function, drift, be it short termor otherw se, can be
noni t ored. Wen such a nDduIe is provided in the automatic test equipnent,

the inclusion of sync lines and the a¥al og nmeasurenent bus al |l ows cascadi ng

cof timng function, for exanple t he tlning of four consecutive wave periods

RS R AR A IR 2 R BT BN P ?‘éhﬁency
T atra s provs SR ke BB %%%8 BRI 8 e

provi ded and that thf-ﬁa@ Euge! ko ngebt ahaegﬁ,@yréé*%wﬁa@ow% ribed

coul d be obtained by nea of “sof e contr

~equi pnent can furt heqnp@EPTddr fgiesnicpsp ANUp#EL Dind0ddLe - ltfrfi w)g a
plurality of digital input/output bits individually- con |gura e as inputs

matcest S,
O

or outputs capabl e otheucsunteir ré#l wiille bactactiivie onlfhehiasgosheof the - t

sequence.enul ator. is to provide patterns of data at real-tine and to
capture data froma eilgoailt is high and the resultant count will be

proportional to pulse width.

(4)'.Counter (or transient signature'analysis) -the
eireuit.is'eonfigured.so'that'tbe clock input
multiplexer 180 routes the signal line to be
umonitored to the - elock | input of the

programmable counter 186, and so that the "set" o

”'and “reset“ become tne start and stop control

signals for the counter 186 *'ihe resulting
_'count will equal the number of pulses on_ the
| monitored . input between _the start and. stop

';13551s. If the start.and'stop signals were

'-"theisame as for'the_state"signature analysis W/

ﬁﬁfﬂldescribed below, then the -eount could be

ﬂﬁ:regarded i as_ a" transition ' signature (as
uﬁﬁdeseribed hereinbefore) |

.65)' State signature analysis -'When the'set and

| .'”lreset multiplexers 181, 182‘5}é set to provide
ﬁean enable pulse to the eounter 186 the enable

'will simultaneously enable a 16 bit feedback

'shift register 187 to characterise the data

stream presented to its input.

-



under test. The enulator nodul.e can also be used as a logic state

-anal yser or programmabl e pattern generator. Figure 9 shows a sinplified

bf ock .di agram of an exenplary enulator according to the invention with the
means; of loading and retrieving data into and fromthe RAMonmi tted for
“clarity. In ~operation of the illustrated arrangenent, the
séquence controlier 80 provides RAM addrgsses in the order required for a
gi ven sequence the RAMs' are then read and®™ heir data' held in | atches 81,
82 and 83. Data from the control 'RAM85 is wused to detern ne '

whet her the respecti(6d ddiszsliinge pud sie0 detebtddnas &R iksNRHh Bk A&haBvedt put.
If the data line is to be configured as an output both of the tri-state
buffers 87 and 88 are .endhl ¢swoamdytshe data from | atch 83 appears on the
data .line . If the data line is to bée configured"as an input, only buffer
88 is enabled.' At the end of 3@ &ycl ecenfiguring opesat iaon ¢eurps:rf oramdl on
the data RAM 86 which captures data fromthe data line if the line is an

i npUt .and ot herwi se rewites CORPFrdRE FHCE8FLdNLs r¢RE1AESHS apBdar ound of

the data fromlatch 83. Thi ap- ar.ound feature can provide: the
advant ages of a reduction in M&Qcﬁ§h%ﬂﬂﬁtaa§rﬁﬁ8395ﬁe SnekPafe @Red f

of both input and output data . rovide e st .of .the syste
Additionally it allows for anygggﬂaQPi*@gtiuggaahyﬁﬁgu%? éﬁ %ﬁ?bg ?eg} bot h
as a bidirectional . line. FigyhethQ iohlodgt ; Stal kM, ng. n
~alternative to the describe mm§%-§}8§§d1?§§tSPe?ESegggg?g ﬁgf%fﬁ%and

- shift register 187 and applying the pulse

~ train to be moditoreﬁ to the data input, -
" the output of the binary counter 188 will
80 high indicating a missing (or number of
W, o missing) pulses.
7) :Short term drift - byﬂcompariSon of successive
.results for any particular func;ion,_drift,_be
it shortzﬁerm or otherwise,_éan be mbnitoréd.
When such a module is provided ih_the automatic test.
.lequipmeﬁt, the inclusion of Sync lihes énd the_agalog
'Ly/ ' ~ measurement bus allows cascéding of timing function, for
exgmple the tiﬁing of four consecutive wave periods for
,véry_short term drift or jitter anélysié;_ It is to be
'éﬁ:ticularly:_understood_.that_lthe _abové, description
rélates to énrexemp;ar& frgquency and signaturé analyéis
module and thét'many differént and vé:ied.cqnfigurations
_ providing. the same or dif:erent: faciiites. coﬁld be
' _prbvided _and. tha; the same fuﬁcﬁions _obﬁgined 'by the
_ harﬂware.describéd could be obtaiﬁed by'means of softﬁare

contrbl.



data-out RAMs may be provided. The sequence controller 80 in Figure 9 can
be either sinple or conplex.. In its sinplest formit mght consist of a

counter producing sequential addresses and some logic to indicate start and .~

fini sh of sequences, and need not include a sequence RAM In a nore
conplex formthe sequence controller. mght for exanple be structured as .a
m croprogram controller . providing: for . exanple, subroutines of test
sequences, conditi-onal testing and I§bping test sequences, and/or
variable length cycle periods, all pomErfuI and useful test facilities.

Figure 11A illustrates a nodif tio he _Fi 9
to which the e%BSCPBH°BéFa°fk8%1:ﬁhPEB %agaﬁe ugig&aabhﬁg ?%gn%a?gcggﬁ:gg

to be read out into | h. 8 i an
excl usi veseRIGIPE ub E4 64 o F0fs ARG Fthe'd Bl obRethlo 20
o et he ' i S t agped. |If
this Ieveﬁnﬁgtpgﬁtage p?gs &?ggfﬁgaggg eﬁgg%gg%tF%&etgsaéﬁ§hf8n%§condlt|o
it would Bﬁﬁgutﬁ '%%%"l’w biRisksl Ur t ReadoeimeeREL I9fity. Qheen event.
Al ternative evel were arranged as in Figure 11B to be fed back
to data RARB 86set ban tree shirerRA ¥Euldtepnisi Bo' proivddat pactemnsi x with -
|l ogic one"s Indicating tests which have failed. Treating the  control.

and dat aofRANtac et avelad -tdmeraind cles, capture edatanfronngesdgenithi t nunber

and RAM address and referred to as CNIand DM reespectiyvely, and
: under test. The “emulator module can also be used as a

~logic state analyser or programmable pattern generator. _;) _

_Figure 9 shows a simplified ‘block - diagram of an exemplary
emulator aceording to the invention with the means of
loading and retrieving data into and from the RAM omitted
for elarity. ' In operation "of" the illustrated
'arrangement,"the sequence _oontroller--80 provides RAM
' addressesfin the'order”required'for7a'given’sequence;:the
RAMs are then read ‘and their data held in latches 81, 82
‘and 83. Data from the control RAM 85 is" used to

determine uhether-the respective data line is to be used

as an input or as an output. If'the-data.line“is to be S/ .

':oonfigured as an output both of the tri-state buffers 87
'and 88 are enabled and the data’ from lateh 83 appears: on-_

theé data 1iné. If the data liné i{§ to be configured as an
input, only buffer 88 is enabled.- At the end of a'eycle.a
tyrite" Operation is performed on the data RAM 86 which
captures data from the data line if the line is an input
and otherwise rewrites its prev1ous contents via a’ wrap-

.around of the data from latch 83. This wrap-around _ N

o



with a 1in CMcorresponding 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:-- 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 elenments. |f the arrangenent of
figure 11B is used, then the data RAM 86 ¢f|| contain the signature matrix
~at the end -of an.operating sequence. |If Sis a NULL matrix, the sequence

of . tests has been passed; otherwise it will contain conplete infornmation
as to the fail $P8$UrRaCaRaPECYALHr B RIVansases QifagnsstietppacinshAY.

e byt S e kRS 330 Gk cyike K, ph5RS, WaatSlfd Too o RBUE™ "
enul at or Sub-=Sus r quirdes hi e nal el .digi i npyt/ out put
and' gi ves acongﬁﬁakﬁgﬁugfgéggé-gﬁ?pb?ggégggaga%%%gt&?3?_ogT%ﬁé ﬁﬁgyﬁﬂ‘usgd_
for patternAddQ?E%hﬁﬁi9niEOalh895Cfor ah$! 8ata®A3h¥Std be28H input

mi\er opr ocessor enul ati on. r pattern genération. the emulator acts’as

out put only, gemercitpit: Sesriepser ak RANAld Bled¥ildiINStine ] N P4 g C1ot ate
. anal ysis node the enulator acts in an input only node capturing parall el

data as a functilaustiraties®e bheextfmimg.cl o@ls an nadteraa8Rvecessorthe
emul ati on. node the enulator acts as a conbination -of ‘input and output
si mul t aneous| ydeseribed wrap-around feature, separate data-in and
" data-out RAM's may be provided. o .
\,x' | - The sequence controller 80 in Figure 9'ean be eithef
| simple or complex. In its simplest form it might consist
eof a counter producing sequential addresses and some
logic to indieeﬁe start and'finisﬁ of sequences, and need
not include a sequence RAM. In a more complex form the
sequence controller might for example be structured as a
micrdprograﬁe controller- providing  for: examele,
subroutines of test sequences, conditional testing and'
loeping .test. sequences, and/or -varieble length cYcle
periods, all powerful and useful test facilities.

Figure 114 illustrates a modificeeieﬁ of'the Figure
.9fgrrengement according to which the expected data from
an input may be loaded into the data RAM 86 to be read out
into lateh 83 and compared with incoming data using an
exclusive OR gete 89. The output level of gate 89 then
will Dbe indicative of.whether of not a-given-State has -
eeeﬁ_regched or the test passed. If this level were to
be fed inte the Sequence controller es a juﬁp condition;

it would then be possible to wait fob_the occurrence of a



i nes
The act

abl e to change bet ween i nput and output dynanically.
ual mcroprocessor emnulation sequence is based on the

enul ation of tthe followi ng primtive mcroprocessor bus cycles: Menory Reade*

Menmory Wite I/O Read 1/O Wite Opcode Fetch Interrupt Acknow edge or any
ot her type of cycle required. These cycles may be individually actioned,
ursts of real-time bus activity, or strung together to give lengthy .-
s of real-tine activity. The enulator itself, as shown in Figure

giving b
. sequence

12A,  is
for sequ
“.separate

Sl 'ave Ema%t bR sF

- Enul at or
associ at

split into two interface&b nodule types,. a ™Master Enulator”

ence. control and a "Slave Enul ator” for data 1linés, and a

"Pod" for microprocessor  signal buffering and close tolerance
timng. -©heedhevert EmiAhternabivedy¢Fifukcbis2tpvaidywebat aoraggedo four i
Sl ave Enmul ators £Figure 12D),. via a daisy, chained

G A Eb s Eofbind” e AT AUDBED FBBL a0

SRS RIS AL T T TR RN N A
provides (heonkkola £ LLEYs! Bh14R hEvEOFRBhaYe Emul ator modules

Treating : the contrel.-and' data RAM cqnténts"as

- matrices,. with eléheﬁts‘indexed by bit number and RAM

address and referred to ‘as CM and DM1respectiVely;.and

with a. 1 in CM corresponding to an input and .a 0

_'co:responding to - an output, then . if "R. is the

corresponding- ﬁatrix'-of ‘expected data, the Signature

matrix S may be defined as:-

_ 'S = (CM.AND.DM).XOR.R

where.AND. and .XOR.frepresent'fespectively the bit-by-
bit.;ogical AND and exclusive-OR of ccrrespondihg:mgtrix

elements. If the arfangement of-Figdré_11B is'uééd,_theh _

the data RAM 86 will contain the signature matrix at the

end of an operating sequence. If S is 'a NULL matrix, the

:éeQuenceﬁbr-tésﬁs-hag been passédg“otherﬁisefi; will

" contain complete information as to the failures that have

occutféd*fbr*use-in~diégnostic-prpceSSing.

_:Referfing"now “to FigﬁreSi 124 througn- 12D,.:théée

illustrate an emulaﬁor Sub-3ysteh;'cons£itdting ‘the

‘modules 27 and'ZB'_in Figure 1B.
. The j_emulatér'-fsub-SYStem _proVides "highjx'speéd
parallel_digitél-input/output-and?gives”a‘coﬁbinatibﬁ of

data putpuﬁ"and.datascapture. This_may bé'used for

O/

F



and as- such only has one direct input line for an external clock.

The nodul e provi des sequencing of the pattern steps to the Sl ave Enul ators
and responds to the detection of conparisons or "stuck-at" faults on the
Sl"ave Enul at ors. The ste.p rate between patterns is determ hed by the
Master- Emul ator as either 8WHz or 10MHz, or by an external clock of up. to
10MHz " which allows synchronisation with tfie unit under- test (UUT). The
foll owi ng control operations-are provided: 1. Run enul ator from one step
to anot her. 2. 'Start run on SYNC, Trigger Pattern (fromword conparators
on the Slave EmPRMUErE) organfratifnect pPo§eam cdmteol . SalySinp ramdon
SYNC, Trigger Pattern, mismatch of L UUT states any step nunber or under
direct program &3FPBFOCESSPRe sthAEI M so felfor RALERENSIERNSNARIAN oFheany

m smat ches and. l..cou m.smat.ches. . as a _fast .nmeans of checking a
UUT response. '%RL?%?Q oaf%4§£m° U5 Qb nGR0Era thag b%eqé‘l%’r"tf@'.&rhe
Sllave Enul at or . Fi.quhg D) vid i.qh-.s ed
digrtal. /0] n@'é?‘ahégéh p?iter?gr#éy bé’f'*’c%aﬁééég gf"%%r% %ﬁﬁlﬁ'\é b"?‘g& ofRut

or vice-versa @¢wagkeal lavts e éwd%suﬁo%igg%nw iﬁf)ﬁﬁiﬁé‘tpipéu?@fg

patterns of information on each |ine and may st eppe etween patterns
using a mninumdaght e &t eRnelt1bA0Nse Eamb IdrO bkBErha1PQlR.ed gaaidst

m suse by a series .
microprocessor emulation mode the emulator acts as

comﬁination of input and .output simulﬁaneously, with
— lines able to change between input. ‘and. output
dynamically. The actual microprocessor emulation
sequence is based on  the emulatipn of the following
primitive microprocessor bus cycles:
' Memory Read.
Memqu Write
I/0 Read
I/0 Write
- Opcode Fetch
Interrupt Acknowledge ..
_ oriany.other type_of“Cycle required.
These cycles may be individually actioned,'giving bursts
_of réal-time bus activity, or. strung together to give
lengthy sequehces.of real-time activity. .
. The emulator itself, as shown in.Figure 124, is.
split into two interface module types, a "Master
Emulator" for 'sequence control and a "Slave Emulator" for '

data lines, and a sepdrate "Pod" for microprocessor



t herm stor. Addi tional features include self-checking of the output lines
to’detect "stuck-at" faults and a word conparator allow ng each line to be -
~conpared with a stored word which may be selectively, bit masked. The v
enul at or ~ subsystem thus brings t ther two techniques, nanely. bus =~ °
- cycle emul ati on and RAM behi nd the pt™hs function testing. Bus cycle

~enmul ation enulates the relatively few types of data transfer instructions
that .a pronasoowEfdwing andl d16wd | tobérimed i bpmimgd h RN behived the pins
i nvol ves injecting patterns into a board froman array of RAMs. As shown
i n Fi gur ErhPRtdre Mbahd & [ FlilgarRAVRC)smayr cohbredl up sactowr Biavehat t here
is a segment containing the pattern or pattern sequence corresponding to
each of - tBrulshiors r@Haune i @Rk udiiaoss daisy chainedtrihbop aablesof t war e)
decides which. of _the segnments to output depending on which data -
transf er 78A4iring| staveo EMAars %9e bat instRkirRficAddacenrbmbicat e a data

transfer jnsiruction e  for from a set of ~mgerq- )
i nstructi E}}stff_rf"t%*é'.%’r?{ﬁﬁ ﬁam;é@%ﬁ:%ﬁeﬁ% i thany g l'éts}teé's of M
I ndi vi du i Lhes..in : Jence. _kequl £,ed m NGl o :

m cr opr oca:%%"gfc#]%lei %ye%ﬁ'a{'é%&ffgg{éf %?ﬁhng#%%ﬁﬁtg%ri E %o(‘{}%é: es?l ave) -
wherein | O . LLO'line and associated circuitry is.shown it can
be seen ﬁia*ée);%ﬁe%uétg%br Jline is backed by three 2K RAMs 221, 222 and

223. RAM 22XryHy M i it lsitdi méduld (E1Bare MOO) v eddd affes the
response and RAM 223 controls the. direction of the buffers 224 "on the
fly” control cireuitry for up to four Slave Emulator modules

-

-and: as such fohly' has'"one_ direet input 1line fér an
 external clock. The module providesfseQuencingqu the
péttern'steps-ﬁd the?Slave Emuiaéors ahd'resbondS“tofthe'
-detection. of comparisons or "stuck-at™ faults on the | ;_)
lSlave Ehﬁlators. " The step rate- bétween':patterns is |
determined by the Master Emuiator: as either 8MHz or
10MHz, or by an external clock df ~up- - to -10MH;_:whieh
allows synchronisation with the unit under test (UUT).
The follqwing.contfol.opérations'éreaproéided:- |
1. Run emulator from one step to another. : .*;:/'

_Qstabﬁarunfon”SYNc,.Trigger7Pattern (:rdm word

_ﬁébgﬁarﬁfofsvcn the - Slave Emuiatofs)-orlunder
 ’¢a&iﬁé¢§f§Fogram'éonﬁfol." _

3. .Stdﬁ ruﬁ'ongsxgc,'Trigger'Pattern; mismaﬁéh*of

..Uﬁf'st#tes; any step number or uhdéhfdifeet

© program control.



for each clock state in . dependence upon whether the |ine should be reading
or -witing. The address lines. of the RAMs are. dfiven in parallel froma
eounter which in turnis normally clocked by the UUT (unit under test)
cPock. - This provides the possibility of a new pattern for each clock
state of the unit under test(UUT). Conparators 225 are provided to detect-
di fferences between data fromthe UUT and data. fromthe stinulus RAM 221.
This can be used for (a) checking for stugf faults on. the UUT when in a
wite state. and (b) conparing received data fromthe UUT with expected
data stored in the stinulus RAM 221 when in a read state. A ‘conparator

226 is also ProvIeiyle talseomeandpaieesie onumbereadl anproisaatehas h. a -

preset word and?wegg(ﬁlgytalofcddw b¥ ffﬁi@@&é@ alshea MARERR &eﬁsow ol
Figure 13 1 1 ustPeRiing 0T ReFeensay b 250kt Sf crdiih bRt R seshy
_pk;éalléyf of _nmmmens mauxhs storled) gnated 1.... N nmay be sggeﬁtgvely
RSN T L TN AT S CL s s e M A
change- over swibkigiesspaed sRAMhbawkedndigital iﬁ@ iécsﬁd s@h@btddDSMmﬁwhes
111 and 112 proysde ch@hgadvar brbu ofime%bonsod@pwe B?desvice@vetr%*a
L1las shown enap o fodby " e hodu1d eoabaihs'Ralossre SE1 &5t For bous
patterns of information on each line and may be stepped
between patterns using a ninimum pattern step of 100ns.
_\/: . 'Each-I/0 line 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 comparatob allowing each line to be compared with'a
stored word which may be selectively, bit masked.

The emulator subsystem thus brings together two
tecnnlques, namely bus cycle emulation and RAM behind the
pins function testing. Bus cycle emulation emulates the

- relatively few types of data transfer instructions that a
processor performs and functional testing with RAM behind
‘the pins 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 wéy 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
output depending on which data transfer it is desired to
‘emulate. The pattern sequence to emulate a data transfer
instruction may be formed from a set of micro-
‘instructions in the ehulatér RAMs, such codes defining

' the states of individual .signal lines in the sequence
required.tb_mimic the microprocessor being emulated.



operation of a respective one of switches. 110, to be nade relative to
ground, to.stinmulus line 3, to stimulus Iine 4 or. to isolated |ine 2.
Switch 112 provides for the |oading of conponents or interconnection
~of signal sources, to nane but two exenplary possibilities. The -
arrangenent -shown by utilizing threaded through chains of smntches 110 in.
~the lines 1 to 4 provides safety aggﬁnst shorting of test. nodes one to
" another, provides the possibility 6f utilizing floating |oads and floating -
neasurenents and enabl es | oads and/or signal stimuli to be applie€d across
the nodes. |f RRESPRINE| i Biworl R 1A tX1er q X whexsdneRBAY PREative to
.an isolated |line s nqt required racgtical enbodl nt of gelay

matrix modigktak [éPaying t"tﬂﬂ n@sﬁ‘a‘(’f‘ﬂ(egf ci‘é‘cplllrré'g 1 £S99es L& provided

for general uerpos type

| Predt" T Ean TR PR Ky e (el o, AR diF BhRiesl By HBrae 3V Peat oa
at each gx}ﬁméoxgﬁ ngg% t}ﬁ{cwegﬁ;the p?mnﬂgg( b'ﬂa%ﬁde@abdqéigsemufggb' nationg

of conne onsTo’be Set up ween an I nes any

line, or LipesensAS HAM azézareoyﬁeétes ﬁm@ FWishehised &M bhg 1ines can
be used for -tan-1'n or fan-out ‘appli-cations. Two- types .of ‘bed-of-nail. '~

jigs cancomErolisethet aipeaRiORERIE thife. BuUnEe 8N 228s " gry Stiesn AxTger di ng to
the invention and to enable rapid and reliable connection to printed

circuit bﬁ@rde@mbe@bbcbsstaﬂefinsdepgpéeméejugonswhetpessthe"l;ng mhlch
sinply provides a straightforward .-
should be reading or writing._ ” . |
The address lines of the RAMs are driven in parallel
from a counter which in turn is: normally clocked by the
UUT (unit under' test) clock.eti This provides the
possibility of a new pattern for each clock state of the : F!Q
'-unit under test (UUT). ; o |
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
:on ‘the UUT when in a write state and (b) comparing
_received data- from the UUT with expected data. stored in | C;
lthe stimulus RAM 221 when in a read state.i o o
. 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.8. for SYNC generation, or:forlstartinézor
stopping the run...

Figure 13- illustrates a patch sw1teh1ng relay marix

arrangement whereby a plurality _of circuit nodes



means of connecting a printed circuit board or other unit under test (UUT)
to the interface connectors of" the test system the passive jig conprising
a vacuum oper ated device for probing predeterm ned.circuit nodes of the UUT
by neans of pin arrays which are. interchangeable to suit the particul ar
unit under test, the respective pins of the arreyabeing coupl ed via ’

one-to-one conductors to the test system uch™ passive type bed-of-nails
jigs are known in the art: The inventi ‘contenpl ates the. use also of
a second jig type, an "active" |jig, which provides all of the
functions of tHkesignaited jilg.andNi nmagdi bieon splecitdeely anccaskednt fer
probing- facility equivalent to rapid manual probing, plus a limted in-
“circuit neasur aeasureagali andjorFi giirulud prupgses. t Hach aodenpaayfogr
drawi ngs schematical |y illustrates the switching operations which can. be

perforned by t#¥iiehiliaes; dndiyddupddyefsene idied 55t thhbly brguesns enf
circuits for _explaining .the -gr!ncL%L%s of, i mpedance and r-sigtance
nmessur enent byrﬁégﬁgtgf’et gBanger¥er; gwitehgs 4Q \283RoyRy Redaftnst
enabl t i t] _Cl it f Na.to b
cnabl es U9, 1° 3R, Wb SRS 2601 Pnac1Aq e oE D 522,
three conmon 'kz'&%ieﬁ&ﬁ?f%fé’céior&é_@&}nﬂ lhddbd! 9WA teh? 113" §sUSRGwA O

stinul us, neasure erence, measur enent purposes

respectively. en§bh€§|@SdHQSM%erdESé&”éVﬁgspé@ﬁPUSthHéﬁeééﬂgétééoﬂ}the
anal og stinmulus bus of the :

_ ' operation of a respective one of switches 110, to be made

\ ; . . .
B relative to ground, to stimulus line 3, to stimulus line

4 or to isolated 1ine 2. Switeh 112 provides for the
loading of _¢omponents .or interconnection of signal

| sources, to:name but twp exemplary possibilitie;. The

..arrangemeﬁt shown by utilizing threaded throﬁgh chains of
switches 110 in tpe lines 1 to u.provides safety against
shorting of test nodes one fo énother, provides the
possibility of utilizing floatiﬁg.-loads and floating
measurements, and enables loads and/or signal stimuli to  .
be applied across the nodes. If.desired, line 2 could be
omitted_if measurement relative to.an isolétéd line is
not required. 1In a practical embodiment of relay matrix
module, a reléy switching matrix'of 10 lines to 4 lines -
is provided for general purpose use. There are 4 'Y'.
type 1lines and 10 'x? - type -linés- in the matrix.
Individually conrolled.felaj~sﬁitches are lpéated at each
créSsover_node between the X and Y linesaepabling any

combination‘of connections to be set ‘up between any X



sytemor froma current source 140 provided within the active jig itself in

dependence upon the condition of a relay switch 141. The current source’
- 140 provides a neans for Ilimted in-circuit .conponent neasurenent. »
.Common line Il conprises a reference line for nmeasurenent and nmay be '
utilized to enable differential voltage neasurenent. between -circuit .
nodes or to enable single ended nea e wth the line Il connected to
signal ground, the relay switch 142 enabling sel ection under software .
control between the two nodes. The neasurenment line |11l enables voltage

- measur enfiine AR linesjdend amotemind, dwvideldyar iaplre1agis axleage 143
under software control to enable a w de vol tage neasurenent range, the
vol t age usedyasmadreussd tdhbing elmtet orithe tlhinesnaaog beeamede fort  bus

within the overall system  Common line Ill" can al so be used as' a 'guard
l'i ne wherfameldimm@n fanciouduiapplbiea tiemsr ements. - The current injected when
a ' voltage source is being used as a stinulus input on.line | can als QE)

nmeasured by vil#oue t¥PeShe Ofr oPee-04 -8R 1kesildB88ncean44be igedisd®. f or
in-circuit type neasurenent the active jig may be.used in one of two ways,
firstly. comPAGTSnICEYo| ARG Lian bbeRby| FEREOR 1 BECOTRINBodkR RS the - -
resultin rh Syr.e: | N ( asur t. Wi th conmon :
ne 11 vgrsTeh SBRHES Raahad Vol IR VAR R o8 e s

shown i1 JEiiGited b3house68arkYasdenBlTbaN PEEMSE BfpdYr TG Tsocted as

Il lustra
' - .a "passive" jig which simply provides a-straightfdrward

means of connecting a printed circuit board or other unit -4.
 under test: (UUT) to the interface_conneétor§fof the test
systém; the passivé Jig-_compbising_ af'vaéuum operated
deviée_for pfébing.pnedetermined.eircuit hode3~of the uuT ._kn;
by ﬁeang of pin arrays which are. interchangeable to suit i
" the partiéul&r.unit;under test; the.respéctivé'pins of
the.array ﬁeing,coﬁpled.Via_onéato;qne conductors £o,the
‘test system. Such passive type bed-of-nails ins;are
kndwn_in the ari.;' The inventioﬁ dOnﬁemplates the. use
also of a second jig ‘type, an "active" jig, which - Q:;.
proVidé§ all_of the funcﬁions of the'p3831ve jig*and in
additioﬁsffprOVidés. an.’ automatiéﬁ probing: - facility
equivai;;ﬁ;ﬁo rapid-manuél probing,*plus a'limited in-
eircuit measurement capability.
. Figure 14 - of the accpmpahyihg-f arawfngs
schematiéallyfiliustrates'the sﬁitchingﬁopéfati§hs which
can. be pefformed'by the active jig, and*Figubes-1§A'and |

'15B  show. -equivalent -circuits' for 'exﬁlaining - the



Fi gure 15B to allow straightforward resistance neasurenent.

Bet ween t hese nmet hods resistors, capacitors, inductors and di ode or
transistor junctions nmay ‘be checked requiring the Analog.1/0 and Sine
Function Cenerator Interface nodules to be present.-in the systemfor full
capability. . The routings provided wi t hin e g6t em bet ween such an
aGtive jig and the anal og stinulus and surenment .-buses can further
enabl e the use of inpedance neasurenent over a range o.f frequencies, or
frequency sweep Prti@cdpdesct ef i Aapedemcs | 2pd cineadistasicenemea sk ndnts pabl e
different parallel elengnts to be analysed according to _their .
different fredl$&%y PesphBfis@&ctivey éégt ech@udstdyf bbigisddingboavedg

i b %fnab'i% ?J‘E% TERE hER R BRChopkRoRiRs "Scripanit node
el ements. gaﬂy b@eiﬂﬁﬁbidgagfgc hqhgﬁgdal(Ntﬁ{F%C%ﬁﬂganin al

represent the characterl tron may a rernarter

mamuf act uri ng dafieels vl y&ﬁtwd@é‘”h@nt?el ""Ilix%tsfeatﬁ{jr assﬂ% yif)xes,

designed to enable in-circuit testing of a circuit boar

det ermi nation oldesdgubaeiduri pg 1defH5d s ITUCiMS FIBARe CiyCUhbe, UJACKESS
faults, ms-inserted and/or m ssing and/or out o t ol erance conponents, and

the function of stiaulusyal measegearcad ci reffierencect C. andr at h@astiPedeh O
functional testing of the circuit board assenbly as a whole. In addition to
there being a requppeﬁemrqsneqnﬂvely. Stimulus (line I) is derived,

" 'through buffering, from the analog stimulus bus of the
sytem or from a current source 140 provided within the

'active Jlg itself in dependenee upon the condition of a

relay 'switech 141. The current ‘source 140 prpvides_a

AN - means' for limited in-éireuit"component ~measurement.'
‘Common 1line II comprises a reference line for measurement

and may be utilized to enable differential veltage

- ‘measurement between circuit nodes or to enable single

'ended measurement with the line II connected to signal

ground, the relay ‘switch 142 enabling selection under

\v{. | software control between the two nodes. The measurement
'"line III enables voltage measurement and includes .a
‘.potential divider/variable gain stage 143 under seftware-
control to enable a wide voltage'measurement.range; the
voltage to be measured'fbeing~-routed onto the analog
deasurement bus within the overall system. Common line
III can also be used as a guard 11ne when making m-

~eircuit type measurements. The current injected when a



functional testing of «circuit board assenblies etc., which is

princi pal

function of the automatic test equi pnent- herei nbefore de

there also exists a need for  relatively i nexpensive testing
desi-gned to enabl e manufacturing defects to be identified prior. to full St
-functional testing. This need stens fromthe fact that it has been
that by far the majority of function fal ts originate as manufac

def ects such as those nentioned ab

t he
scri bed,
apparatus -

f ound
turing

.~ An acceptance rate of 90% and above

can be obtained on full functional testing if-a prelinmnary rudinmentary
faul't | ocpbipagessehrest 9 bagag ueea hacat s@imafiudBnubact dhi ngndef ects.
The provision of a manufacturing defects analyser nodule can thus usefully
- conpl enent ead allEvceet heagurned yopf virdwwut offatthe tmsév egiopnedt

‘according to the invention. Referring’ to . Figure 16 which :
schemat i ce¢sistancetiies a bidirectional switching network utilised in the

manuf act-uri ng def ects anal yser (MDS) module; the network will be seen. to‘_)
conprise fourWperiweedHoR| inve inglelt desrgmaasurementy the aghivgd 234 =8

i nt er connect ed as_shown w.th each other and mL?ﬂ%so rce +, _’sourcge.
$k §§5

Doi Bt (oS B PRouSEAaiE Ont R i HAX B

YiedP ghGr 88

ively.. C I rninal s d -~ al '
eopect | vERbEage, ST e ARk T1ET dedsitn 10 mdfer WB S el RBsuliTha,

the S“‘tcggir%%gugégéureﬁytﬁFl f&éognoﬁdﬂgaiﬂuetﬁ%£g£¥%mg§9’wggﬁ.

swi t ches

can. be rendere

common line III providing guarding.“ The equivalent

circuit of this mode is shown in'Figﬁre.ISA. 'Secondly, a
qonstant_DC current_can b§ injgcted as illustrated in

Figure 15B  to allow straightforward resistance

,measurehenﬁ.- _ Between these methods _resistoré; :

capacitors, inductors and diode or tréhsistdp;junqtipns

-, test
to 239.-
ed - o
d 232 and -

exanpl e,

R

may be checked requiring the Analog I/0 and Sine Functidn :

GeneratorfInterfage modules_to be present in the_system

for full capability. The'roﬁtings provided within the

system betﬂeen_such an active jig‘gnd:the_anglog stimulus

and measurement _bu;es can fﬁnther- enable the use of

_impédanca_meaéuremgnt over a range of frequencies, or

 frqu§n§gjswéep,“to characterize a parallel circuit

_éleménﬁjanﬁiphus enable different parallél_eleménts_to be

‘analysed acqording_ tO-.,their;_.diffe;ent  fpequgnéy

responses. Also techniques can be used iqvo]_.v.ing__!:he-

separation Qf'impgdances heasured wi;h.positive and with
negati#e current - flow to :identify jgnétions 'ip such

parallel -circuit elements. The wuse of network



conductive so as to connect test point (node) 237 to the stinulation source
+ termnal 235 and. to the "positive" neasurenent term nal 238. | f

control termnal 241 is selected, then switches 233 and 234 are.
-enabl ed to connect .the  test point: (node): 237 to the source - :
term nals 236 and to the "negative" measur mento Aerminal 239. The network
shown in Figure 16 is but one of a large er of parallel-connected

net wor ks each individually addressable via its control to connect its

tive test 4 Qi . ' ' tQ. t i, houl .
Lerminal 535 andoriptivBOdTkorTchlS! to' SeghdSent! Y Uhar8RULRTation

termnal 236 anghaly0ARASHeeHBAY term nal 239. A conponent on a printed
circuit board, for exanple a resistor whose resistance is to be verified
as being wthin spedereddarterer@@sesived iid Sanmdmiatadfirithg CaBrbets
contacted at .one of its ends by neans of a probe or a -pin of the

af orenment i oned angilyserr mpdsdievd njoitgsillomstptadred tim Fhgurée3B) pesbgned
(Hde) of any one switching network and can be contacted at its other
end by neans of t@ ﬁmébéeoﬂnrpgPpuﬁtcéspﬁéGStGftHecﬁesuiﬁobnarqnedeymblyany
ot her switching network, and the two switching. networks in question can be
“conitrol | ed by aggrogetarainagiesspfigmanufpeiturdsg: dgfectpnsuahsasoshont one

st PoLT (Mol SRREe L0 e PPl ke SRl Sl COuPled oLl

MDA modul e Or“tgﬁd/or out.of toieranée'cbmpbnents, and the function of
\ ) individual integrated circuits, etec. ratheb'ihan fqr

| functional testing of the circuit board assembly as a
whole. In addifion to there being a requirement for'fuli:
_funétional testing of circuit - board éséemblies' ete.,
which is the principal'fuhction of the automatic test
equipment hereinbefore descbibed, there also exists a
need for vrelatively inexpensive' ;ésting abparatus

~ designed tq enable manufactufing defects to be identified

-'prion“to full functional testing. This need stems from
‘the faét that it has beenifound that by far the majority
of.funetionél-faults originate as-manufaéturing defeets
suéh.as.thOSe mentioned above. An acéeptance rate of 90%
and-abo#e can be obtained on'full:functional testing if a

.-pbeliminary.rudimentary fault location is effectgd based

" upon lbcation'of manufaéﬁuring defects.: The provision.of
.a manufacturing defects analyser module cah thus usefﬁlly
complement and enhance the utility of the automatic tgst

equipment according to the iavention.



anal og stinulus bus of the automatic test equi pnent) and to one term nal of
a vol tage nmeasurenment device provided in the MDA nodul e or coupled to the
anal og neasurenment bus, and the other test point (node)- coupled to the
ot her- end. of the resistor is coupled to ground and to anot her term nal of
t he vol tage nmeasurenent device. A current pulse supplied fromthe stinmulus .
~source to ground via the resistor will set up a correspondi ng voltage
across the resistor which can be ne‘?ﬁpredu)ﬁ)_the vol t age neasurenent device
to enable the resistance value of The resistor to be conputed and, as
desired, compared with its. nominal value to enable a decision to be taken:
as to whether erBpbihg resbst apgguval ueths winidm ascheasptiallleyt ol erance .
range of the nominal value. As wll be well understood, the addressing of
the contr@litserhnabs adf bidtrenttiohahg svethairkeg nebworki mitigisedd the
nature -of the stinulus applications and of the nmeasurenents may _
advant agedaslthebaamufac tauring | defectie svapuser i(MDSHe mpdudest ithet est W,
equi pnment so that a nmultiplicity of' conponents in_a.printed circuit =
board fonetegakplwilkaype pseetostad eemRRbEtcafIYr Bifirgeddrdadce with

2 PLEP QTR T QULLncs Ehouis Loalons s he Pl e atle
231 232 4 280 EONRASES Rl ARE LERR, B, o BRI, 9
term nal S'te-sgl}goin't (nqde_) land_ two separate measurement terminals _ o
| | desigh_ate_d 235 to 239 r-espéct_iv'ely". '-Control_terminalé o \.J
240 anld. 241 aJ_.so' are provided ‘respectively for
determining _the operation of t:h-e. switches 231 and 232 and
the switches 233 ,234. By selection of control ‘t:et'mi_'nai'
240, for example, switches 231 and 232 can be f"e‘ndered |
conductive_ s_o- as o c'on;xect test point;-'(node)' 237 to _the
~stimulation source + terminal 235 and to the- '."pos_itive"_
_measure:ﬁent terminal 238. If control tefminal 241 is
selected, then switches 233 and 234 are. enabled to
connect the test point (node) 237 to the source -
: t_ermj,na],s-zé's and to the "negative" measurement terminal
239. | |
"____Th_e'. network shown in Figure 16 is but one of a iarge
. 'numb'er of bafallel-connected _ne_t"works _each individualiy
-_addr'essab],e.-__via ‘its contr’pl ~to connect _itS respective
test point (node). ei-thep to the ~stimulus _source +
- . terminal 235 and ‘to measurement terminal. 2_'38. or _.to the
source - (refer.'enc_é.) . terminal 236 and to meaé:uremeht

terminal 239. A component on a pr"i.nted eircuit board,



and 241 coupled via inverters to the gate el ectrodes of respective pairs of
the gates 231, 232, 233, 234. Wth the arrangenent shown-in Figure 17 and
wrth a resistor, for exanple, to be tested coupled between test points.
TP1 and TP2, ‘the application of. an 'input to control terninal 240 of
the switching network associated with test point TPl such as to render
switches 231 and 232 of that 'network bidirectionally condurtive,-apd ]
the. application of'a corresponding input to c rnol- termnal 241" of the
sw tching network associated with test pokﬂ?’Tnggﬂbh as' ‘to render
switches 233 and 234 of that network bidirectionally - conductive, wil |

bl ‘ nul . d th gh,t i stor-and the
cor respondi ng_vA sk Hel8) BoraELRFRR Rt "B LpERnPE LS (R B e L bedueen
- .. i nner er., components -
gﬁgﬁurggeggpagﬁggfs?ggﬁﬁﬁgﬁgﬁgax 39%%@?3@?rZ%g???%ﬁgesetéf 18 ggmlPﬁited

by, application vale, $8hebedontalite@NhkYSnk2ee fiQAUSRGY v3! hTULi gpdLor
conbl nati ons thg?éof’and'obsersgtion gfhthgh%egﬁfégﬁtgﬁggrgﬁt#ggbfaég a

response of thepmeﬁpeﬁw\&Byiﬁﬁwmeﬁhé-dﬁdﬂéﬁédﬁi6HH&M%é€¥bQQQFrFESQEG&“it
arrangenment of an exenplary MDA nodule according to the present Tnvention.
Ref er ence nungigls cl2Bpleddetognthes test mupdimt exiodeP"Wf SEAG &ne

plurality of the swtching-networks described above with reference to
Figures 16 and BFitchisg netwopkeroed ca®i behadntipc texkcct at bl other eghd h
' by means of a prdbe or jig pin coupléd.to the teSt'point
N\ ' (node) of any other switching network, and the two
. switching nétwobks in question can be controlled by
appropriate addressing Qf their control terminals so that
one teét point (node) coupled to'oﬁe end‘of.the resistor
is coupled to.the stimulus source (for example a constant
current _generator provided in the MDA modulé or thé
‘analog stimulus Bus of the automatic test equipment) and
to one terminal of a voltage measufement deviee_prbvided
in thé’MDA_hodule 6r coupled tq_tbe analog-measgrement
bus, and the.other test point (node) coupled to the other
_end.of.the resistor is coupled to ground and to qpothér
;érminal,of_the voltage measurementldeviee.' A curreat
:pulée supplied ffom the stimulus source to ground via the
.resistor will set up a_cqrresponding voltage across the
resistor which can be Measuréd by'the vqitage_measurement
déviee to engble the resistance value .of the resis;of_to
;be'eomputéd and, as'desired,_comﬁared with its nominal |

‘value to enable a decision to be taken as to.whether or

not is resistance value'is within an acceptable tolerance



address Dbuses 'designatéd 240' and 241' for conputer

c

ontroll ed

addressing of the control termnals 240 and 241 of the _
and further having terminals 235, 236', 238, and 239

net wor ks
correspo
(referen
239 of t

connectabl e via a sw tching deV|c 252 controllable from the
ng unit  (not shown) of -the automatic test equipnent
with volrbage ofCheehomidad vialrmglendys wikbue€easelRahdetmtonnd 255

processi
respect i

ext er nal
enabl es

swi t chi ng

ndi ng. respectively to the source # term nal 235 t he source -
ce) termnal 236, and the respective neasurenment term nals 238 and
he swi.tching- net wor ks. Th urdePterninal's 235 is sel ectiively

centr al
system

vely all conprising integral parts of the nmodule or derived from
t he ‘anal ddues tiddiress ilmgs odf tihee couttoradt nnememaqutbnﬁm syidringand with an
term nal . A standard resistor 256 in the voltage source |line
megworkisue £Bei stHRing o and né-&@ur@%lt“f‘¢hé’frre§§9r WYY i nal s

238',239' of the nultiplexer 251 are oupl e to- i nstruymentation
anpl i fi e@PPddRatdions andkidhatae mZG?“"@S‘ﬁEEI%lW qq’ﬁféﬁ‘iﬁé’e buf ersu

- 258 and

anplifie

[err]

diff t | fi 259 d th f
besindar ceprealves e, compitir: dh F AP tieo s marator -
t 260 f " M I .
ar rangemenl. 260,10 2 SOWA SQN i byl ol e " piberEhesenge d evel s

pro C rrespon

rng inputs to logical

C'fcu't%r%%%ewooéﬂtﬂﬂi £hi gBard "ifbr ObxambP¥ QHYPULE rteerwéaentatlve of

t he rel ationship

nmeasured val ue of -the conponent in
automatically in accordance with a preprogrammed

routine.”-' _ _
Figure 17 shows thesactual_makeQup'ofdtherswitching
network of Figure 16. As shown'in.Figure 17'each~of”the
switches 231,_232;[233,'23h comprises a bidirectional
analog transmission gate, and the -fourn'gates are
connected-as'shOWn-to define two control terninals'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 coupled betweeén test

points, TP1' and TP2 the application’ of' an ”input"to

‘control: terminal 2“0 of the switching network associated

'application of a- corresponding input t6 control terminal'

with test pcint TP1 such as to render sw1tches 231 and

‘232 of that netwcrk bidirectionally conductive, and the

;zu1 of the switching network associated with test p01nt

' TP2 such as to render switches 233 and 234 of that

‘network 'bidirectionally conductive, will enable a

P



guestion to a. predeterm ned tol erance range associated with an acceptable
The output of the instrunmentation anplifier
te. a display databu$ 262 via an anal og-to- dlgltal converter 263 fed via a
swi-t chi ng. devi ce 264 controllable fromthe centra
ei ther the direct ‘output of the instrunentation anplifier 257 or with the
out put of an RMS-DC converter 265. The switch gé is al so connnected to -
‘receive a signal representative of the vouﬂageq%

resi stor 256 afore- nentioned in order to neasure source currents. A
digital -to-anal og - converter 267 enables- .a negative reference voltage

conmponent .

V- to be selectPV@P?népMWL§9\ﬁQiQQMP%@§E¢MFQCQNQ®8tMQ résiseéeramdethe
term nal 236’

of multiplexer 251, the D-A converter 267 and the switch 268
bei ng controlIaBPErFFBRPFHESCEﬂ%F%Sep?%%%%%??@;%ﬁqu%ﬁtnﬁh€e§aﬁéﬁﬁtF@ Pest

qu&fﬂi?foﬁpﬁﬁriéﬂébaﬁﬁnﬁﬁiéﬂ%aé AR RoBSE o pAeth 34 emIn
ding to the;RigaaNnd ANEN | iy ﬁgmgsﬁaﬂksffguéﬂﬂﬂ 35 BRFLPERaTS,

phi | osophy underlyln the i nvehtive

251 above descqhgggtbssshqw@b@gQV|@y
A\

1,2,3, .
240' , 241",
neasurenent

I on

Sy ity Of

as wel 4s "the contr l ternlnal selec?lon i nput

andapbﬂ@cat@&hce o&eferéimébted(gr@Hﬁﬂent/vaﬂgage7f$bquency

nodes 235',236',238' and 239" aforenentioned. The nmeasuriement
- stimuli and/or combinations thereof and observation of

the résultant eurrent/voltage response of the respective
components. |

Figure 18 shows the general'circuit arrangement of

an exemplarj MDA module according ”to: the present

: inrention. o Reference numeral '251. designates a

multiplexer comprising a pluralitv of the switching

networks described above with reference to Figures 16 and

'17, the multiplexer 251 having associated therew1th |
address buses designated 2#0' and 241' for computer_
'eontrolled addressing of_the'control:terminals 240 and

241 of the sw1tching networks and further -haVing

terminals 235' 236' 238' and 239" eorresponding

._respectively to the source + terminal 235, the source -

}(reference) terminal 236 and the respeetive measurement
:terminals 238 and 239" of the sw1tching networks. The
'souree terminals 235' is selectively connectable via a
switching deuice 252 controllable' from the central
iprocessing unit (not shown) ofiithe' automatic test

equipment System' with voltage, current and frequency

257 is also applied

-processing unit with

r] derived across test

OO RUBRLATOgPS

~



system designated 260, as nore particularly described with reference to
8 responds to input-data fromthe central processing unit (not
shown) of the systemregarding the neasurenent type (e.g. *voltate &tinulus,

-Figure 1

current

stinmulus, frequency stinulus), the duration of any stinul

_ s pul se
to be enployed, the tine at which any neasurement is to beé efggfted,

and hig
the resu
providin
Wi | st

illustrated in t

‘possesse
exenpl ar

h and- |ow thresholds to b oiggaked with nmeasured val ues,

It of a measurenent effect: upon a conponent is capable
g. neasured value outputs and a conponent status i ndi

%80 -aHs. %@?9 fagy ahaaw%%pe'&\i%lpfe_me%d&%i'

of
cation.
ei'n and

e acconpanying drawings it will be clear to the reader

dnebgrahepamts 9¢ |de hédile StEhdespeetf ifeomathanGeiEIIs
y only and that various .nodifications . and alterations could

ar e

-

be nade wtihaltsdepar ofr ¢hfer autidm tdendreat adhitpmentt ey stremgntanan which is
<

"to prov

faci | i t ywithemablextennsk tersbnilgurd thhandareneasisbosuirbb Hins

parti cul

nmodul e i
appl i cat.
provi ded
user to

ide a nodular automatic testing equiprment which has

t he

ar purpose by selection of the appropriate interface nodul es

froma s&heowoditagearsPurpfl bine £pabLagelighcValiies rasdatorisntter f ace
ML e T S N
Eﬁgﬁzgﬁﬁgkérpbhﬁ%dﬁmgpet oéogll)iggdy t.'onSta%l | efjngcﬂrrugnlje'r}tra\éi%rﬁabl ing the

amplifier .generally designated 257 gomprising high

impedance buffers 258 and a differential amplifier 259,

and the output of the instrumentation amplifier 257 is

coupled via a two way switch 266 to a_window comparator

arrangement 260 for comparison ‘with "high" ahq "low"

reference  levels VH and VL-_in: qrder ~to. provide

'cbrresponding inputs to logical ci:cuitry 261 providing

"high", “in"_ or "low" Qutputs_ represéhtative of the

relafionship_cf,the measured value of the #omponeht_in

_qtiesi:ion _tb a. prede_tex‘mi_.ned ‘tolerance r_'ange associé.t_ed

with an acceptable component.

- Ihgzouﬁput of the instrumentatioﬁ amplifier 257 is

_aisofappiiedito.é_display databus 262 V;a an ana;ogfto-

digital converter 263 fed via a switching device 264

controllable from the central procgséing unithﬁith_either

'.thg'direct output of_the instrdmentaﬁ;onfamplifier 257 or

| 264 is also connnected to receive a signal_represeqtgtiye'

with_the.output_of an RMS-DC_conGerter 265. The swipéh

of the.voltage.vi“deyived across test resiStor'ZSG afore-

mentioned in order to measure source currents.

W

‘and as ..



his own nodule froma starting point of easy application design into the
syst em backpl ane signal structure.. The system could furthet be nodified for
exanple so as to include a facility for hahdling out of range sensed

vari abl es’ sych as by neans softmaae oz ol I ed potential dividers
of preset scgaling’factor being caIIed I nt peratlon as and when _
-approprlatg/ such a facility coul d be provided in aSSOC|at|on with both

direct and opto-isol ed |nEg éog Hlnes % Aut omati c test
equi prent for the fu t|8ﬁ§ g ?H@ 85 el YN %f(n RBdi ¢ < n%ﬁﬁ?ﬁ a

automatic test I sing -
audl gi ti’i| corrpu?l}g%a\ﬁgﬁ fge;’/'b@glard an ‘f m% ?eﬁ%?t ?eh’gt Ifl)rg

the connection tyasSaib 90 IBcheR wttrh@ |r9erf'e9'fen%ep| i) @Eshea&»' ng

devi ces such as power supplies and external specialist instrunmen-"tat

second means formiltd pa@XRICEEAN tReSPLA PSREEREEr 20T Qi e Iswart caf ggauser
configured plurality of test- ing devices sai'd second means conprising a

pl ality of furingn comhrtelablecfron ShieeoqnirndXeprotesdingiuawit NBEI C
t est eqU|pnent wi th each of said connection sites being capabl e of

recei vi ng any ortheofaudomatkial ity tofeqdiifpmendnappamrattiusn nodul es of

predeterm ned type de- signed to be controlled by the controller, a
user - con- - Figure 19 'is a general representation of the

. combination of an MDA module with an automatic . test
~equipment system éecording to the present invéntion and
is useful for understanding thé philosophy-underlying the
inventive. cqmbination. The muitiplexer 251 above
- described 'is shown providing_a plurality of measurement.
.\v/ ngdes 1,2,3, f...N, as well as  the control terminal
selection input buses 240f,241', and ﬁhe source,
reference (ground) and 'two meaéurement nodes
235' 236',238' and 239' aforementioned. The measurement
system, designated 260,_as more- particularly described
" with reference to Figure 18 responds to input data from
the.centpal proeesSiﬂg-unit.(not shown) of the system
.feggfding-the measurement type (e.g. voltage stimulus,.
_cﬁéfgnt stimulus, frequency stimulus), the duration of
_ﬁnj"stimﬁlus pul;e.to be employed, the time at which ény
measurément is "to be effected, and high and low
-chfesholds to be compared with.measured'values, and as
the;résult of a meaéurement effected'upon:a.cbmponent is
éapable of providing measured valué-:outputs and a

éomponent status indication.



figured selection of function nodules conprising a plurality of such.

modul es. being received in use in selected ones of said connection sites,
each of said function nodul es being adapted to be control1ed by the
controller in the performance of predeternined specific ciJcuit
testing operations and including neans to enabl e the function nDduIe
type, ‘as regards its functi onal capablllt to be deternined by the con-
“troller; connector neans for couplifggTsa plurality of function modul es to

an electronlc circuit to be tested; and = 71 a bus structure
|nterconnect|n said plurality of functlon nmodul e connection sites mnth
each ot her - kst sHar ipwyr aapedl ficomroangements shaved beswmurce

- arrangenent prOV|d|ng fqor direct nopdul e-to-nodul e. comuni cati'on, said bus ~

struct ur 1§3fT kRRhgherejin ang cHﬂJd%ﬁ"e‘r'aB%‘? atds FBP ARRRARAB¥ 188 con- trol

data fro the controller to the unctk dules for controlling the

oper at i o TGV RS 1 élﬁct"ffo]ﬁ B &uI SR g Port Sg??'l%eﬁl @PFéles&épa ‘?% and from

t he functﬂ rngﬁgﬂf§&i 1$ﬁlﬁbat b gbgg gul ?g éﬁé ggtlo bus for ™=
A  GukHFSbegLE Frage

enabl i ng control IVI Unctron Hodul e types

ang asceré,@é,,;bltg}ey g,,p_pﬁt [ Qﬁl& | Bpaai d v}&quro%lg thﬁifﬁ%ﬂfbr@”% i on 5| tes;
" alterations could be made without departure from the

general ambit of the invention which is to prov1de a

_.modular automat1c~ testing equipment which- has the _ Q_;
'faoility'to enable-a ﬁser to confignre'the'equipnent:to -

‘'suit his particular purpose - by selection of the
apprOpriate' interface moduIea from a set of standard
modules. - For easeS-wnereaa'standard_interfaoe module is
not available or 'is not suitable for the _deSired
application, a standard ppotptyping”_board _interface
module may be provided with a'limited'amOunt'of already’
installed circuitry enabling the user to design anoabuild
his own module fromfa atarting point of easi application
deeign'into the'system baokplane'signal structure.
| The system could further be modified for. example so -
as to- inelude a facility for handling out of range sensed
variables such  as by_ means of software controlled

.potentiai'dividefs'of presét scaling-factor'teing oalled
into operation as and when appropriatejfauoh*a”faciiity

.eould'beaprovided in association with both direct and

opto-isolated3input/output lines.



(rii) anal og stinulus and anal og meastrenent—buses enabling the sharing

of anal og resources within the automati by di rect
conmruni cat F on =bet ween- functi on nodul es ﬂﬂig “*ﬁﬂu“ﬂrﬁﬂ connection. sites
of anal og stinulus and response srgnal aghakl c test equi pnent as
claimed in ¢laim1 wherein for enabling the controller to determ ne the
type of functron nodul e associ ated with any oi sai d nodul e connection
'sites typé identifying code means are aSﬁﬁcrergk wi th each of said nodul es,
and neans in said controller are arranged for interrogating said nodul e
connection sites . to ascertain the nature of the code neans. associ ated

wi th nodul es rEbAIMEd therein whereby to assenble in said controller a
“map.indicating what. nodul e type is received i n which connection site. 3.

and arranged sden  RaEomaPRe chERErPu et Fogt e kgt emben:

provi des a Iagueeremécthonequcnmmw\a tdn il Wwftersrtsecuepl-ons
déx¥ved on a QHSEE'8B Bpg f&gmer basis and designed to | ead the user

t hrough the operatrons re urred for creating- a required interface with a -
unit under test andadeRrognapmatde cqontrdliest compyisdings.a dAgidedtic test

equi prent as_chggRbel "aPing! kéPSodfd sl Nl SHRIyTddLIAURLALI on wi th one

or nore signal neas nt nj ect.or. "probes incl udi'n an’
_ 9 girgg means for the connection to said prog%amm— '

. able controller of a plurality of testing devices such
as power supplies and external specialist instrumen-_
N\ - tation; _ )
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-
'matic test equipment with eacn'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 controller, 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
funetion modules being adapted to be controlled_by_the
N controller in the performance of predetermined
speéific” eircuit testing operations and including.
means ‘to enable the function module type, as regards
 its” functional capability, to be determined by the con- .
troller-- o |
connector means for coupling said plurality of
function modules to an electronic circuit to be tested;.
and - : : .



integral display for indicating to a user of the equip- nment information
such as, for exanple, a designation of the next point to be probed in a
sequence controll ed by the system software. 5. Aut omati ¢ test “equi pment o
as clainmed in any. of the preceding clainms wherein the keyboagd :
includes. a plurality of special fupgction ‘keys the operations whereof |,
are changeabl e under software congFol Nd t he display facility is arranged. -
to provide to a user an indication as-to the current functions of said

speci al functd omkestructure Antenraannectdng aaignpdured idlyaiofed in claim s
wherein g ﬁ] ﬁa&ﬁiel conﬁﬁaﬁibﬁ”sit'é%ysuitlr@ré‘ach eéﬁﬁeﬁ“ sllgncti vely

coloured and e dis | nged t.Q i nclude a correspondlngly
col our editritizaid |1?F"F5'Fé¥ ](%t‘?%ff ﬁ\ﬁ e‘g‘ 52‘ & TESOUREe:ur r ent
functi oratapederspecppdvidingi Olﬂokeydi?'ect Autcdiulie-¢ o-moidud@ui pnent  as

cl ai nedséwjh‘g%%%gag%aeffcgw strﬁ.{caﬂdpe \Mﬁruealglé said display facility

I ncl ude he conpu i's ‘arranged to-enable a user to dra~)
in signal seq&b hces ahdcampuien rdatabushfars commund caddamg eomre  testi ng of

an e|eCtt551Cd£taCFr$m Bhe c@HtPHEiéF tSSthéqQbﬂ%%ﬂbna%d@u@e@Ed in any of
| east .one nulti-bit --.

t he precgdin n_sa dul es .i.ncl de at -
digital f 87%%? iﬂ%dgﬁﬁ ﬂﬁsrétgg utR dpnetion modules | jnes  are.
|nd|V|chEndyfor passing digital data to and from the function _

modules, _ _
(ii) - a function module 1dentification bus for _
enabling the controller to identify individual_; | N

' function module types and ascertain their locations in
said plurality of module connection sites, and '

(iii) analog stimulus and analog measurement'_
buses enabling the sharing of analog resources within_-: _ :
‘the automatic test equipment by direct communicationf o "fj' ‘
between function modules received in said connection. |
sites of analog stimulus and response signals.__;_ '

2. Automatic test equipment as claimed in claim 1

wherein for enabling the controller to determine the_ﬂ'

type of function module associated with any of said

module connecticn sites type identifying code means are:g_ _ -
associated with each of said modules, and means ‘in said'“. | o/

controller are arranged for 1nterrogating said module_.

connection sites to ascertain the nature “of the code

means - associated with modules received therein whereby:

to assemble in said controller a map indicating what-

module type is received in which connection site.

3. Automatic test equipment:as claimed in any of.theg'_
'preceding claims adapted and arranged'such_that, in
operation of the equipment, the eduipment.provides a



configurable as an input or as an output and afe—dynanngLLx~gﬁgpgeabIe

t hrough operation of the pro- grammabl e controll Aut omatiT test

‘equi pnent as clainmed in claim8 wherein said nul ﬁi H ﬂ”ﬁ” put / out put
modul e is user configurable through operation o I b ' _
controller for determning threshold Iezg%_ gg | ogi c one aﬁd Poglc zero
i'nputs and outputs. 10. Automatic test ui prrent as clained in-any of the

precedi ng cl ai ngsehIge] fhéaeqlufm&@swiml aldgeghieheasof onEst Bt Bicis | 0gi C

digital input/o dul e 0 ra &t | ogi ¢
nput o and a pidRiYed, S = arse108: ang: AgPESTnPant? srdrae tERed i o
outputs. 11. Asdahmtthe tesérediinought &heclepemationsnyeqhirkd pfaredi ng

clai ms wherein sal g %Lﬂ Pedheics Atoh PR ADENTLINA Yottt pdd el €

pr ogr ammabl e mave en- generating user definable-
anal og wavef or MRhAsSdinne the £§QEFP§G|FeﬁﬁsPrﬁgr?ﬂputs 12. Automatic
test equi pnent as cl ai med |n cIa|n111 wherein said dlgltally control | abl e

progr anmabl e e- far.m tor Ie C ri ses.a_rapdom access nmenory
devi ce the' dg?g cort Hﬂﬁ% 3& 8&” B@nggggd°g§159& {kEﬁRYt%fdﬁﬁh-
pperatlon of t lprexeding béaima inreailhinatadton elidhk ogener anore coignail | abl e
in dependence ettt IAAI/BNAOLE 1808012 pRoBRE! UMY dd VoN DY
the out put of sald variable rate cl ock™generat _
. integral display for indicating to a user of the equip-
ment information such as, for example, a designatlon 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. keyboafd includes a
Plurality of speclal 'function “keys the operations
whereof are changeable under software control and the
display'facility_is arranged to provide to a user an
indication as to the current functions of said special
function keys.

6. Automatic test equipment as claimed in claim 5
wherein said special -'fhnetion keys are each
distinctively coloured and the display facility is
arranged to include a correspondingly eoloured indicia

':in the indication provided to a user of the current
_function of eaeh special function key.

7. Automatic test equipment as claimed_in any of the
lpreceding claims wherein'-_said display . facility
includes a light pen and. the computer is arranged to -
enable a user to:draw-in signal sequencés and waveform-'



providing a control input to said random access_nenmnry device, a |latch
circuit coupled to the output of said random access nenory device, and

a nultiprying di gital -to-anal og converter coupl of said ~
| atch circuit and having a nultiplying factor mﬁﬂmmmﬂ“ﬂﬂtmm e-in s
dependence upon a user deter- mna didital sighal® Alit otrati ¢ test
equi pment as clained in cIa|n112 mh rein.a user-selgctable read onIyd :
menory de S o¥i,d I ai b r menory de-
vi ce and- gggg?% ;ggrgﬁng% 4%35 t@n {heggtggké&Qﬁﬁg ®tandard :
wavef or m ehapeit. Autonatlc test equrpnent as claimed in claim12 or 13
‘wherein first and second counters are provided and eacg is - capable of
" independegt |y I n the |on a sai. d random access nmenory
- devi ce, ﬁe ar%éﬁ%ﬁﬁéﬂ# ?é%ﬁr eéiﬁﬂQ?éﬁﬁ§ G&¥eP4t B8 of first and
second srgnad:edmgrmmzphdweim esariad anomessrﬁrmldﬂbeem Eledsaccordrlgg to
t he user t ek leal S t ec. counters

689! iTkabs o citg i, thoRRyBubbliel AL IHG-EO

Aut onatic test eq ui prrent as C a| s wherein
sai d rroduple‘sr‘ﬂqbfmde af |e§§tsnerle anlaiw sti aheus/ riodgmigea&@orul e. 16.

Aut omat i /Cccbleﬁigtﬁeh,bm% asnclinpey bg ;:égij nlSOWegﬁgr rhndsahgllel a[}f" 08 a' -
t I r e 0 e controll abl e by
aseputﬁfo%§ﬁ£ofc ' a?ﬁ%ﬂg%?és'idgggﬁgpoﬂaﬁr dﬁ%r?%%sp§°ﬁlurallty :

grammable controller.

9. Automatic test equipment as claimed iﬁ claim 8 '_ | l;J _
wherein said multi-bit digital input/output moduleée is
user configurable through operation of the programm-_
able controller for determlning 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 include at least
one isolated logic - digltal input/output module pro-
viding a plurality of opto-isolated logic inputs and a
plurality of single-pole 51ngle-throw isolated relay
switech outputs. '

11. Automatic test equipment as claimed in any of the Y,
preceding claims wherein said modules incIUde'at_least't |
one digitally controllable programmable waveform gen-

erator module for generating user definable analog'

waveform shapes for use as circult testing inputs.;

12. - Automatic test equ1pment as claimed in claim 11?

wherein said digitally controllable programmable ‘wave-

form generator module.comprlses a random access memory'
~device the'data contents whereof can be loaded by a



of digital-to-analog and anal og-to-digital converter_channels 17—
Automatic test equipnent as clained in any of the preceding clalnsﬂgﬂgre

sai d nodul es include at |east one nodul e adapted for l“mm“ and
si-gnal se- quence recognition. 18.  Automatic test e din
claim17 wherein said maveforn1analy5|s andqgignal seqtierfce - rec- ognltlon
npdul e i s adapted to performat |east ' a signature anal ysis
technique, a tran5|%|on countin tech% and. a Jo |calli conpi ned
signature anal $3¢% Lhnonsinoperakiogu qé"? cBPREERELSNo @ XKATOARLRC test
equi pment as craterdlodk CGgerepafbrmimimtiroldablecdn depdadanser aponta be . :
- recogni sed by p {0 dbgc t t adapt ed .
to generate a %géﬁdgggg}ﬁ%%gggg 8{%?9%% ?fgﬁgf f%né ngé%fdgﬁgéﬁnggt dat a
stream at specth¢c°utpuke9ftﬁ@éd|Wﬁﬂ%ﬁhﬂ%§Pa%ﬁuﬁl@°%l56n88%%®fléﬂd to a

'dl gital count %roﬁidﬁi@eﬁ cdritrd¥ i ke sai Ha%%ﬁ”%%ce&g héﬁaﬁgt i ons
the incomn ack

ata _stream and the o t fee
Ot reghor teViats S atatet Fineolt cetmeLed £8) the Shutihcar Seb
constitute arapdomni aabeessi geabnrye. dawicewﬂ(xnulcatemhlemplvmﬁgt as

Claimed in cl am}@ PRECSUL I OUhPUHEof" sBbTelotd e Bidhut cgEster and

of said digita Count er are froc
concat enat i on, Saigr Jadsed oeirguity apid: }@(‘lil@ﬂ ugi visulggplying nfactend. a

process of  bihibl-bstesulbdixible in dependence upon a user deter-
' _ minable digital signal.

U

13. Automatic test equipment as claimed in claim 12’
- wherein a user-selectable read.dnly memdry device is
_provided in parallel with said random access memory de-
vice and is preprogrammed with a plurality of predeter--

o - mined standard waveform shapes.

14. Automatic test equipment as claimed in claim 12 or
13" wherein first and second countefs are provided and
each is capable of independently controlling the
operation of a said random'acdess memory device, the
arrangeﬁent being such as to enable the generation of
fifst and second signals having a phaSe'interrelation-
\ ship dete?mined according to the user controllable set-
~ ting of said first and second counters.

'i15.ﬁ Automatic test equipment as claimed in any of the
preeeding claims wherein said modules include at least
one analog stimulus/response module.

- 16. Autqmatid';est eqﬁipment as claimed in claim 15
wherein said analog stimulus/response ‘module is
arranged to be digitally ‘controllable by a user through



21. Autonmatic test equipnent as clained in clains 19 or 20 wherein said
feedback shift register is arranged to provide a maxi mal | ength sequence

for steady one or zero data inputs. Aut o “M“u(ﬂm“ﬂltnt as
clainmed in any of the preceding clai ms “wher ei :nm“w | ude at
| east one frequency neasurenent nodul. =23. Aut ofat tc Pest equipnent as .
claimed in claim22 wherein the f,kque measur enent nodul e i ncludes a _
frequency -shift detector conprising a counter arranged to assemble a count
of the nwﬁé@-atqtncwl gaiaf caatransﬁrraﬁa bomppesey sipIakaDLOYrring within

a set meas eri flrst nd ,sec l,at ches erially
connecte&’ g’t%ng%ttﬁff %rt"["d;réft@llrlﬁ Y& E Tount

accumnul atcédnnelsai d counter to sald first latch and’ for transferrlng_the'
contents of said first latch into said second | atch once every N _

measur enent periods, N being an.integer of _at |east one, and a com parator
for conp&rlngAPW@“@@HFeﬁF§tquPﬁBmP§ cABschaimed ¢ int #RY e hebhend prOV|d|ngHz

an Olut pUtpé'lelc@d(iﬁfgl ¢2a@hsdehepeed dgiaeme?amés 2ﬂc|:1u&elt@ﬂald ¢dst elst equi pment
as clainmed in wavef or-m ana I S, an SI nal sequence
rec- ogni®tf ﬁ’b‘gﬁl 3338%5 ﬁ%g ua ?{R%{? |W1(Yf31§ata§%| ApEpal 'CLOCK i nput .-
mul ti pl exerencae BEGognibtiomdl ti pl exer, and a RESET input nul tipl exer

coupled to said data inputs; a single period detector having a SET I|nput

coupl ed tq the output of the SET.input nul tiipl.exer :and .a. RESET i n-
_ P % Automgtic test equipment as clgimed in claim 17

wherein said waveform analysis and signal sequence rec- : .
ognition module is adapted to perform at least one of a | o
signature analysis technique, a transition counting B
technique, and a logically 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
said module is supplied to a feedback shift register
adapted to generate a pseudo-randomlseQuence that is a
function of the input data stream at specific clocked
time intervals, and is also supplied to a digital
counter arranged to be <clocked in response to
"transitions of the incoming _data stream, and the
outputs of said feedback shift register and said’
digital counter are .combined to constitute a
recognizable signature. '

20. Automat1c test equipment as claimed in ‘elaim 19
wherein the outputs of said feedback shift register and
of said digital counter are combined by one of a"
'process of concatenation, a process of bit-by-bit ex-
olusive' OR gating, and a process of bit- -by-bit
addition. : - S



put coupled. to the output of the. RESET input—muttiptexer: a

progranmabl e counter having a CLOCK in- put ceupled to.t t t he
CLOCK i nput muliplexer and havi ng an ENABLE i nptﬂ‘m.‘mm\ﬂmmﬂ out put
of the single period detector; and a feedback shift er ncoapled to the
out put of tHRe progranmabl e counter and havingdan.ENABLE I nput coupled to

the ENABLE-input of the programmable coufit er’ a--CLOCK input, and a TEST
DATA T nput. 25.21 AUloiFdnat 1l Hestd ntS o ATRhdd) G ATAGs wprein

edge polarity etérn1n|ng'gat|ng nmeans "are--- _coupl etween the outputs
of the SET and GRESST whenein gaddefeedhgckhahbfy pagisterciy anpangeds t he

single period drf grovide’@ maAim@NBlefgtRSEe§A&hOHEENér OStEddy NG idh Cl @i M
24 or 25 wherein. a ?- aré COM ter providing a mssing--pulse detection.
output is couM%ﬁfﬁ: Av&c e He ENABLE input fromthe single period S
detector, the CLOCK input to the feedback shift register, and a CLEAR input-

coupl ed to the2BEST sbihbhatiRUtelt bhRibReAPAES 81hihed €0A SARY of the ,
Axt-omati c test equi pnent as clainmed’in any of the preceding-‘claj ns wherein
sai d nodul es | RNSFRAIRE |cdadms,Bergin g @%ﬁ'&%ﬁge oA b %
provi ding a pl wn ifirequieneyt meauttepehsl modpbél out put i ndividually
configurable as inputs or outputs capable of bursts of real tine activity.
-28. Automatic test equipnent as claimed in claim 27 N

_ 23. Automatic test equipment as claimed in claim 22

wherein the frequency measurement module inglu_des a
_ frequency shift detector comprising a counter arranged
N to assemble a count of the number of cycles of an in-
coming frequency signal occurring-within a set measure-
ment period;..fipst and second. latches  serially
conneéted_tofthe.counter'output,'means for transferring
‘the count accumulated in said counter to said first
latch and for transferring the contents of said first
latch into said second latch once every N measurement
f_periqu; N being an_intéger of at least one, and a com~
parator .for comparing the conteﬁtsfof'the-latches one
. with the other and providing an output indicative of
deteeted di£febenees. ' o

24, Automatic_test equipment as claimed in claim 17
. whefein said waveform analysis and signal sequence rec-
- ognition module comprises a plurality of data inputs; a
_CLOCK‘Input multiplexer, a SET input multiplexer, and a
'RESEIiinput”multipléxer coupled to said data inputs; a
single'pebidd detector having a SET input coupled to
the putput-qf the SET input multiplexer and a RESET in-
put Coupledf to the output of the. RESET input
multiplexer; a programmable counter having a CLOCK in-
put.edupledﬂto-the output-of-the CLOCK input_muliplexer



wherein said sequence emnul ator nodul e cOnpr+ém5%rrwau- uunl access

menory structure- for st or age of mcrg |on data and--

m cro-instruction codes are stored in jm(l i‘m &“v“ s menory DI
structure, said codes deflnlng the dat sist¥ uct i,ons of the-

m croprocessor to be enul ated. 9—-‘ Automatic test equipnent- as clai neg

in claim28 wherein said rando ccess menory structure conprises ,stifulus;
response a dj rectl rrol RAM.s and said mcro-instruction codes
conprls%nQQEﬂEhﬂé NH&&EL#H§“§tGPHH§ S £ gpﬁ °%£R%€ é ® defining the
state s)ingmilpenlilod deteetor; nandi a fleedbagkesbd fte gt or t he
respectiyGofipl ebl SR Bepubl BTHI drtir oot el Gted 11 clalm 27

wher ei Sequence € conprises a digital
'sequenc@attnSramlEN&BEEséquehceouahddntacébssENéBbEyi@@Vtc@fand an

associ atisl babghamRadlei dotriied y SaCRORR! NVt Samd aeaugace controller,

a contr 4ando access nmenory device, a data random access menory deV|qe£
means f *and retrieving data into and from said random access '
menory devi ces, a second | atch associated with said control random access

Termory gy Cht Snd 1 & Iek8tCqbinmeht! b 'eiduagd difatsatandam access memry -

.devi ce, first -gatin evice operable to condition an out put of said flrst
| at ch a%h%ﬂhebm M’tgec Poéaﬂéﬁi | Jefeerml g n §a§idNEn GueRNS é“'@perabl eto-

enabl e ¢ehpléd Opetiredh titiel dutputisO ofethe SET and RESET multi-
plexers and the SET and- RESET inputs of the single =
period detector. : N _ | : \,}

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 - \'? :
feedback shift- register, and a CLEAR input coupled to . '
the TEST DATA input of the feedback shift register.-~

27. -Automatic test equipment as claimed'in_any of the- ' -
preceding-elaims-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 TN
real time activity. - ' '

28. Automatic test equipment as claimed in claim 27 | J—
~ wherein said sequence emulator module comprises @ ran- | o -
~ dom access memory structure- for storage ' of‘_ '
'microprocessor emulation data and mioro-instruction
codes are -stored in said random access memory
structure, said codes defining the data ‘transfer
'instructions of the microprocessor to be emulated.



witten into said data random access nenory device and into said third

‘latch, and direction control |ogic for determ ni ng—t—he—cm#dﬁrm'r—of—sald

gating devices in dependence.upon an output froms said -
sequence controller being arranged to provide ranﬁ ﬁm E“ bew ce.
addresses to said control and data random access

det er mi ni ng the operation thereof. Pgut o‘m%l c test equipnent as clai med
in claim30 wherein ans, are pr Vld tt by said

# ?‘Pd t? out py,
third latch w 1 ‘dafd*PRESAEnFeREOf RP%%ﬁaa Cr3lRetheln feadPr £genent
bei ng such t hawhésednc @aids pandon R deast hﬁmcﬁ-&p@ﬂmﬂ:ﬁur@mmx!ﬂm nmay be

| oaded | nt o the 3l JpandGUaEEE eIk ION SRoRAl RAHFL S AAua (e

third latch for Pi son” w ac I ncom ng da of sai d
conparing rreanstitellrer-ébytbnchgonnqq:@ets|mm‘ismes&cmemqemsﬁ ;pat@tam@n t he

actual and expegbedddatia IAid Atntmsat ifforl ©de FAHINETEHeAS stlatieedei N Claim.

3 wherein the %g ggt of said arlngid}rrei]s i's coupled as_ an |r}0ut to
dat a randdRd gé‘?lm,sﬁ'm 2 cRABARRY ?hEFgPﬁrgd ‘@Fat ure

rratrl X i ndi cat ithe respestive émulattowf circuit tests. 33. Automatic test

equi pnent as clained in claim27 wherein said enulator nodule conprises

a naster enul ator and a gl urality of slave emulators controlled _
Automa ice test equipment as claimed in claim 27

wherem said real time sequence emulator ' module -
comprises a digital sequericé 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 data random
access memory device, means for loading and 'retr’*ieiring
_ data into and from said random access memory devices, a
o/ 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 line, 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 -.eohditibn’ of ‘said gating devices in
dependence upon an output from said second latch, said
sequence controller being arranged to providé' random
' -acdess-niemorj’ device addresses to said control and data
random ‘access memory devices for determining the
'operation thereof.. ' C S

31. Automatic test equipme’ni_‘. as claimed in claim 30
wherein means are provided for comparing data outputted |
by said third latch with data incoming from said data



by the master enulator, the master enul ator conprisimg—eentrol _circuitry
for up to a predeterm ned nunber of sl ave enula sl ave enul ators .
.each conmprising a plurality of RAM backed digit 'yl ' F |nes each

dynanlcally changeabl e between i nput and out put st onatlc.- e
test. -equi pnment as clainmed in cIa|n133 mhereln each dlgltal |nput/output v
line of a slave enu ‘lator is bac @ stinulus RAM for provi-di ng test =

i mul us RAM t f t
e B8 e REC e PCIRG] ACE bSO oo
writing ingt &o @matbhexmtcdt ifrom jane ingmt mauttheatlaadaistiml:mi pment as
clai med iheChatd anﬁr&weé@emédavyﬁ ! taha@ﬂ&éfﬁwﬁ% comprise . .

conparators for effecting. at |east one of detectin erences between
data r ecé?’?ed’l’ﬁrr&n datant f@ﬁde@‘ﬂé&}ti% whth ﬁﬁéﬁgﬂn ti@tpmk&ﬁn a respective

sti mul us dEAhll, 4hd. cabppar ongsdaaaempasmg meand et 15d sy

g OF
t/ou t t. on r tern1 d data atte
Aot | dBpacpbasd Sr bpd, redatioBaR g’ F5VERR, 1E%, AR A o e wher ei B
sai d nDdGK§§°tﬁ§Idé§aat | east one switching nDduIe enabllng sel ected-

circuirt nodes of a unit under test to be accessed selectively for

nmeasur e t and,sti | u rposes. 37. Autommtic test equi pnent as cl ai ned’
in any ggarheﬂutoma c:ié%tlzquipment as claimed in cf%id)31

wherein the output of said comparing means is,coupled'_
as .an input to said data random access memory device_ _
for assembling therein a signature matrix indicating - \,/-
success or failure of circuit tests. ' '

;33' Automatic test equipment as . claimed in claim 27_T'

wherein said emulator module comprises a master :
emulator and a plurality of slave emulators controlled . N\
by the master emulator, the master emulator comprising '
control circuitry for up to a predetermined number of

slave emulators and the slave emulators each comprising

a plurality of RAM backed digital input/output lines

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 a direction con-
trol RAM for determining the reading and writing states
of the respective line.

35. Automatice test'equipment as claimed in claim 34
wherein the slave emulator modules further comprise



precedi ng clains wherein said nodul es include at |east one active'jig

I nterface nodule for connection to a unit under test by nmeans ofa——
bed-of-nails type of testing jig, said active jig interface ul e
~conprising a plurality of controllable switches for mmm!\

C L

nodes of a wunit. under test toregﬁect@gones
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stinmulus and reference lines. 38. AutGmatic test equi'pnent as clai ned-in

any of thé pre L. | el&d t | east of _sai | e nprises
a manufacturi ng?ggge?aeg -rgég%gméeﬁ%o tﬂée ??)r lgggfl r?g -h‘gf Cla_gglefgﬁégof ' :
conmponents on glﬁhmww petwgen dgdar drecsived nfuerea jyrditudnraderan
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efining a tes oi nt . for connec n to node o printed citcui oar
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either to a stinpwtibostpmielines oiith ateleast onppipnededierained data -

si-mul t aneousl y,,g¢e@n. t 0 @ corresponding input of a measurenment facility.

3%~ Automatic test equipnment as clained in claim38 wherein said switching

networ ks each conprise four bi-- directionally current conducting anal og

. switches each B6upristogaticotdsy e@iipienyad @laimed af aApubrMelebe
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pat h connect edone switching module enabling selected circuit 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 clainis_ wherein said modules include at least
one active jig interface module for co_nnectiori' to a

\_/ : unit 'un.der test by means of a bed-of-nails type of -

- testing Jjig, 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'wﬁerein at least one of said modules
'comppiges_a manufacturing. defects analyser module for
testing,the'viability of components on a printed cir-.
cqiﬁf:board,_-said module including an array of
_bihiréctiohaily current conducting switching networks
' each defining a test point for'eonnection to a node of |
' a printed circuit board-under'teSt-and connectable by -
control of the respective switching network either to a
stimulus source or to. a reference 'potential “and
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el ectrode connected to a first selection termnal, a second of said

having its current conduction path congmumum“mmnmhd 't est
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ment ter
term nal .

Autonatl
smntches

equi pment,

SPEREEro B FeEErRdng DS  PURRERY. . I o nge.

with ref

40. Automatic test equipment as clainmed in claim39 wherein saLd
first and9sai AutAmAlisecltesti wauiomantal asr eladmadnlip cdadect3d, and sai d

second apHesdilfl £a¥4t BwsehRthi OHeéﬁwwa{eaasecm st ed. 41
tes ment as alne claim 39 or claim 40 ‘wherein

5'88%”85:98 surrgny; fonductdng ansdiasy swidiehaswash gate.

42, Autouuprdsﬁagtaecpnqnuﬂnekenuﬂcnenua wniehaaﬁwinpmﬁ wd}erse n t he

condition of the respective switech, a first of said
switches having its current conduction path connected
between a stimulus source’ terminal and the respective

test point and its control e;ectrode connected to a
first selection terﬁinal, 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 electrode

connected to a third selection terminal, and 'a fourth
of said switches having its current conduction path '
connected between said test point and a second measure-
ment terminal and its control electrode eonnected to a .

fourth seleetion terminal.

40. Automatic test equipment as claimed  in elaim 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 es'elaimed in claim 39 or

claim 40 wherein 'said switeheSj'eeeh comprise a

bidirectional analog transmission gate.'
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142.__ _'Automatié test equipment as claimed in claim 1 and
- wherein the e_quipmént incorporates functional modules -
- substantially as herein described with reference to any
of Figures 2 to 19 of the accompanying drawings. -




