;«e3eZIPPQ48TTZ6FZTZ WO 99153330 ' H GH SPEED, REAL-TIME, STATE II\I'}E?R&E\?NIQMZ
FOR AUTOVATI &v@ B833386U1 PVENT specifically to high-speed, gener CTAiS9p0813)
automatic test equipnment. 5 Autonmatic test equi pnment (also known as a
"tester") is comonly used in This invention relates generally to automatic
test equi prment, and noOHEGHSREEDR READ/TIMIE STATEINTBREONNEQTuUCt or devi ces
to determ ne whet her the ma i ive. Testers
general ly include conputeri ze wﬁﬁAﬁﬁrﬁﬁq ﬁ@i{“ﬂmnt rol s various
types of instrunefhis inemntion selpies genemllyde tagtomatit tail equipmeity ambmeignal s to a
devi ce under ' under 10 test,
and neasuri ndg anyaup)gféa@g{’eg d?g‘%{%?i‘ ?uﬁ{o?ggxggo?%agxl}%%@ﬁﬁﬁ Mkﬁte The

conput eriSzed cont Asitopaticctgst equinmeah (aleerknoain ag actasteal )escommoobt@cdem signal s
and measur ed,RRL AR Jﬁad«facturﬁtg%ﬁﬁtoﬁw&st a’étlct@w@aémtd;@tvﬁéme.d&ter m ni ng

whet her the device under .test cantains fects. Sem con uct or devi ces may
i ncl ude di gi manufactuggd devices at%‘ifé‘?f"t‘!? r S Estens genegallyinginde qompyserized contrgl

Id ncl ude bot gct tﬂla?adnt%lgw%ﬁctusqypﬁdsldiﬁﬂsﬁuﬁﬁﬁs ﬁmfﬂe)ffolﬁrlﬂhéﬁﬁmﬂhgﬁ@ si glnal
evi ces, an e es a e s C n cal l,ed, m.xead- Si na
testers. Fur® %E%@gcv‘ﬁ%ﬂg etr&e ?g"rg"' ﬁ% ‘Zt?s E%ﬁ'b‘feg)!tyt gevies,

devi ces lgenetest, layd msmmmanaMS eclated chegleniee ande.mestofl‘he lcemglateriead .

Accordi ngly, t evel -

of oper ator Eirdiaireily Al At CBAbMAR e itbuc gl b iga Bardplilny 07

devi ces thor wgmqred Exgscted @h@&stherebedctemmm “thhtiller th§ dwxsﬁumdﬂdcstt esting

m xed- si gnal ?gf sidch as a device under test (DUT) 118. In particular,

th tester 1 0 I nc ges a test conmputer 104 coupled to a sequencer 102 and
lurality of i nSemifepApciondeyicesgnay ipglude digiabeirenitsy.aaplog eyt ne ‘PQIhent

106 a [rseci Dmaemat ingludle BB ankId§ and dikital ¢ifcaitiysdre® aomonly&aﬂ&f’nm%l

PCTNS99/ 0813 e | h d
in a workst aff (ﬁ'gf%gqeer a%gﬂs g ‘raté?lsct?m%‘gg algesdW&ﬂéts%’t?t%%tC%Ont/ro?hsﬁg

t he sequen c eFuﬂ;m ﬁnctped:de dcmttyr andmnesalll@ﬁtplekﬂg pf these dévices [generally inctease er

pins 112, i ;,’11;,%,0

respecti veI y h%gﬁ%%t@? %ﬁggﬁlgfdgfﬁéygﬁmif?%ﬁé%%%% tetr 104 i's
coupl ed to t¥Hat seétfaeawrdemgwrdet#@nef%«frrqmﬂk@d@rogrmmaﬂe’u ilisin110 by
way of ad esprdepiPtdsethefeldevides thokdwghlyel M | arly, the sequencer 102 is

led to the i ts 106 d b f a.st b
Bur i ng a Lypi cal FAGt ) ShR iesten 10 tnaf Wl ol mbtesigd 6ucid et

speci fy var i adeviopendsritesy (DOHYi118 o s particulam therester mmdudestaassmmnummnds

F | L
be. appiiod + L0REohded t%*gégﬂéﬁ‘%f?@’ 2PF BhierofiShkes Soch o0 pioted 128 10
val ues that diggak@ED) ngaument 196 p@aP‘leF’é’@PzﬁC instrurgent 10§y pregision DG sep

nj

200Z PCHSCLSERtrihérO1 toesrheptml cdniputer 404 lieh Imukémm \aérkﬁtatwﬂﬁd!r " and a
group of vectoors .t hat con |tut gﬁ ete ener‘ra‘li2 flown as a
"pattern.” THReWYAn é‘?ﬂfr PrqY ﬁs‘l.gﬁf I°I°9t“? ege FLr 6 % nmenory

(not shown) instrhmee 106, 108; asd dI@.nFaethet O@stenpineht2 1144, canddrbGenedndad tlet art t he

turi ng oach Fadhiichi 1067208530 116, [ERLAME T, dEcnbdl bR eE DU FEL 1Ot Of
state bus 120. Théyma@sawwu@all%!slq@@p’adé%tm@mepm 1\93|aaéshqnétrura¢@5to be
applied 37y depeCrozdahy 1 6®by Way”' ofa&tst b’(ﬂﬁﬁﬁt&r (ttm)lbammtsmaﬁ édiidnédie

ti mes when these val ect ed eIa ve the start
L Tes NEN 068 Bmelstnig theipusunence TR, 15, BB g o b tiﬁg
i nstrument 106 t o Dapfgya @pf&alotette;etsloii, gnésabngnegmdes tied waﬂasaﬁenut s;bdwyDUT

109. The infornation eAC| ns r unent fo a

capture anal 8@’ %‘f %au%tcogﬁgnp H%?“ ‘85’&‘ °6f""“i‘?+}§ cf&m“é Fﬂre?xa%i)m% tﬁ

i nformation mycngmmmawwemaNSthnm drtiovatvues &phpd spplied tmamhdﬁeetpdam fied
| evel s st r f

typicall as; inC olll}aggq\slgﬁl 10133 ?Pg eﬁélﬂ@st ]c i[ﬁgw(‘;%%ﬁ ?{%r@Eﬁcﬁeﬁ%ﬁ&? Qm%ﬁg
used by the test conputer 104 and the |nstrunents 106, 108) and 110 durlng
each test cycle. The information on the state bus t 20 theref

t he status o ter 100 during each cycle of tester ope ﬂﬂj BM“‘M‘T‘ '
Al t hough “mm E\%@\ﬁ“ 00 has been successful,ly used to test 0
m'xed-5| ces, we have recogni zed selveral short com ngs. | ri66166*
particul ar, t¢&ePrE has arisen a need for testers that can test conpl ex

sem conduct or devices that are sonetines called "systens-on-a-chip." These
conpl ex devices are generally highspeed, high-density, m xed-signal devices
that require an even higher |evel of operator control and programmi ng
flexibility than can be achieved with the conventional tester 2 5

conf| gur at| on descrl bed above For exanpl e, |n or der to t est corrpl ex

o e e -, o o v o T




Furt her, having dai sy chain bus connections in a tester generall 1n%a$igp 2002
that slate i rWOMO3336n is distributed through a pipeline with THU$92(08130
cage in the tester at a different level in the pipeline. Such a
configuration is generally difficult to inplenment 15 and not easily adapted
to testing hiteftcygeart, coﬂeqivebdﬁ@mswsrpm”@nd a-groumof Yectaxs that constituésor e
be desirabl e tgQ @té%tfs n#ﬁl%wﬁﬁé"at‘ Satferg@Pl €, high speed)

bi gh-density, m g conduct or” devices. This tester woul d have a
way of distributi ﬁEheé@ FEE‘&FRf thernypically loads2 patiern ntq o meraerydne showa) t est

systemin a Wﬁhﬁtse@ﬁ&iébndm &Y ets Hb&ﬁhﬁn&@@sﬁﬁhtﬂ&i@b'?hﬁgbﬂﬂl It
woul d al sg be desirable fo % ég % ester that .has S&;ﬁ‘qneral E?pose and
scal abl e 2r cGAYsEs the sequenser 102 ¢ P t\Xestey C SERe-(Rd BACSUMVARY
OF THE | WENBh@JiéM&dlfrbhﬂhé @eagm mghbatat@mum) l'lrherdatwltypichlly mcmaesliutﬁct of

theinventio 0 fester th d

m xed- si gnal Yﬁ'l@??%‘ﬂ f ?‘ or tF?te FP%? eég ﬁ%s‘?cwf}%ntlon
to provide aahés;heemnd:smhedﬂssaav@mnereaﬂo huappb&hoadnie@crateimve tanhﬂntareof thee.

It is still 5?‘% obj ect of the invention to provide a tester with an

i nproved state ribution scheme that maintains coher encel of state

i nformatl®n. The flor example, the infermasionangycdirest thed1SI2 instument HoGtot applycand

having a t estdefeemg&ars}%naﬁ a@al%ﬂé 8f thwm 199988 (ﬁ%ﬁmﬁm%w Ad am:cpihe
i nstrunents novel state d

tributiopn and reconbi nation rk that

i ncl udes a pﬁf? gasmwflqs tmappmaaﬁfaet@ge an soﬁx@a&%aepmhﬁodoqqﬁ PO
CO][YDU'E er, t thQB(Fdﬁﬁ&eﬂ& mﬁﬂﬂaﬁdlﬁnhﬁﬁir@idﬂ R DE lﬁStﬂiiﬂéiﬂvm. erlet@hﬂ_)lgbﬂnﬁishﬁ
i nfor mat i on spect i t : i ch provide
bi )dl recti oné%"’c\ﬂ%‘é lﬁY"‘q%s@glaﬂ?t &b n‘?tlctg? ﬁgﬁa@g’?v\een the tester el enents.
15 In a pSef erred Beistdd buniz0 ﬂmtwhsﬂyhmdBSVMMCIwkp@abwdswqﬁMers

d the test {
D ine § oSt gl Ry y B0 0sdd ¥y (hE BAPBGAPiRe IGN AR HsRubneARA0B! 1Y, and 110

information b respective ectlon interface

the |ink int&UFiBg éschetﬁss casslsa?{@emfpmmsqnéhe seahqsd@a'mrsf?rfﬂﬂ%ﬁr@s Hhet he
respective lIsfdtusmﬁéfeaeesoemh@mhtcbae%ms&r aibher information through

a central link int fac to one eature, of the inyention,
each link interfa l}ngthfetgstFﬁ\Wﬂqs&sg&%r %E%“’FW‘%‘P rﬁﬁ?g"rf from at
| east on20 seomiget:signal Aevices) wechavo rexngiilned sdveaﬂ shcnrtcofnmgse In paxtichlan thereach
link interfa m&b I LT\ er,

del ays are ag‘gﬂste ?%ljmgrﬁg{t e sta:tgxewépgéﬁ@gﬁg?{gg&aﬁlg recgﬁ‘gﬁﬁg{%gn

net wor k by sép@etwgcae\leé usystemmscoranchipg u Theseorpmales deviges are gensrally hight aces

and by progr eremmght&nﬂtypﬁiﬁdaesngﬁl dyviedsaRR e guireSin dvien hifhehRVel¥fjopératorand

dvant der at f.1h

eseri poron el s o aating hexitiff) Bafeib bty BuBlne i Bfiiotal8uen e 1 5

BRI EF DESERI Rohfipurafonddsciibet\b®@S The i nvention will be better understood

b f to thg,f ¥ i t

0 ani ngs 1 whi ch TEF Gl Bbrd S o£AFLGinpled GO D che Syl A £ RRERY | 1O
?t er: 5 FI yould\be desirablgite élpvedatesm Jdth raergFeaRnneersa Thisds becapsecyehor ati ng a

st ate distri hidviced aiaﬁhuwamgﬂaiermnnat Jfodel, hnd CheREfdANE Breviel Buibé& dr esent
i nvention; FIG ZB is.a di ag}% 533’ the FI G, ZM&BM atus showi ng a
detai |l ed vi eiogFs ?Pféatglgaﬁté' r%‘ltrdia fe5n By RIOBTANERIRG 5 SSRIERESFILOi nei udi ng
a plural Boy Idperdte hecokdingntcedifferzastestcyele tihes; thetestfengineat would behble t@fest s a

ErG 58 appariptifle by Aifiting 38 Biftrorh Wia sl lliEhi AsR?, et st
showi ng a detth¢ Ptberi @W‘Iﬂeﬂeﬁtegﬂwﬂm%nﬁns thefdisttibutinneafstaie mvmbuon tm and

reconbi nati Orthéﬁxsﬂﬁﬂx\éﬁ&k and FIG 4 is a block diagramof the FIG 2A
apparatus showm ng a detailed view of still another enbodi rregt of the state

di stribution and rdtéeseiibesabgve.tbe {gster 100 inalndes a spqugneerol@g shafdisshutess3 30
PCTNS99/ 8813Gt£6 SERmRToRb G it F0%808 EMARION Y ay-6fa st2@ bus 120. Ina

conceptual block diagramof a tester 200 in accordance with the pr esent
invention. The tester 200 includes a test conputer 204 and preferably at

| east one hi gh-speed digital (HSD) instrument) such as an HSD instrunent
206; at least one 5 AC instrunent, such as an AC instrunent 208; and, at

| east one DC instrument, such as a DC instrgypent 210. This is because t he
tester 200 is primarily neant to be used for testing conplex m xed-signal
sem conduct or devices, and these instrunents 206, 208, and 210 are
typically used for perforning tests on devices containing conplex anal og
and digital circuitry. 10 The instrunents 206, 208, and 210 i ncl ude
sequencers 202, 203, and 205, respectively. This significantly enhances a
test engineer's ability to control the tester 200 by way of a test program
For exanple each of the segencers 202 203 and 205 - may be progranned to

o o o, s r r b o o o M




3*5 control nore than one instrunent. Nevertheless, it should belL&héﬁgtzm@
t hat hi gher -wo0995380SEP 2002 WO 99/ 53330 PGINS99/ 08130 | evel s pET/USYVE3
control and programm ng flexibility are generally achieved as the

i nstrument -t o-sequences ratio is decreased. In conventional testers, such
as the test ertygiol tesi@vdonfiguratich, the instrtuaeits ammwnged iresesergleand eages ANl the

ik T i
i nstrunents a 0 S ager conpenterbta cages chain; t he
sequences 102, a”dAftﬁb% ’tﬁé &g&gﬁ%ug‘éoﬁ%&gign%{h ihifle fe@t%r ?66‘9&&&&913, o the

state bus 120. Thi's co ur van requi rirng a’m ni mal
armount of 5 hardisteibeses gateii tiomizemithgyseguenaer éﬁ%m ﬂnemtmn@ntSelQﬁ $08tanch 100.

Hovever, it al1powadavd tt%ogtﬂzéa hadhy Aohdfot 8k ageﬁtagle%t%érw&' méfe

perfornance due’ primarly bus contention, especial In those tester
confi gur at i orf§qYaREErs; H‘@rsuﬂbec&uteahag@sm&qtﬁmﬁrﬁé’fq’%’dmcgﬂy FERBIrg Masat | on

tenfls to %ﬁt SYHé bgssweﬁb ﬂ%fﬁcr%eﬁﬁgfﬂﬁ@lﬁﬁlbaf &m;i%dnéc@llolﬁm\/tﬁﬂiﬂsﬁﬂﬁign%s]fﬁlﬁ t
systens. IS IS eca eren ncer.s | eren
Suts of st at SOMMITTBIRG HOCENE reird F ethpsne B RabRivS Frdhen

programm®d t chogysten.eltiwould derefareche more[diffichlt 60 ensurd that statymifmtmswast hese
different set fol Vi e I tlnes
during a test %nﬁ{mrig%n cﬁ?etﬁée 5r e oecéarrg lvdeél’ &?ﬁ (?X@#’ aﬁdﬁa dg‘ltt%tlhﬁlis
coherence between Eutﬁxeall@mgtdslsmthmhmnmmnsu@stesmygpmdlytmeansnhztl ude

bus connect i Qg sitGiRion idist Bt tRRALH ) pifliné GRh3hci?ORd LAl SRreRePatp!

gte di stri bution an [ econmbi nat at_ el mnates t

advant agesdlfétreetdﬁvﬁém the pipeling, s%!&équ@gpat@n isngenerally difficulttodmplement he
t est conpyt erand dét a4y h&@te@wﬁﬁtﬁ@rtﬁgt?-gﬁzdmgh-daﬁwcy%%eﬁ-emaw connect ed

oy, ne ner ek 220 g b B e ST T o Y,

sequences 203peed dighkdensityy mixedesigRd Semiconductpradeaices eThis tmter woaldahm@ of the

test 2 5 syst pr oduced
by the sequenc rgﬂg(ggﬁlﬁg%é}& ﬂg%&ég@t mﬁr@%@%t& Eﬂ*gﬁﬁ&?ﬁﬂhé {b&f;gyg?g i

di stri but i on TBamer dabpisvides deterministie and adjustable delavss 14 womldralso ‘?eyd"éffa‘ﬂsd@s

or, nore2pr edag€hYestdrithdt adh @eheralgfurposé ahl sedlstle 2réhitechite! he preferred
enbodlnent t he network 220 |ncIu es ome link interface for each elenent in
3 0 the test systemthat is connected to it, and a central link interface.
Because the tester 200 has four (4) elements connected to the network 220,
the network 220 includes four (4) peripheral link interfaces 221, 222, 224,

and 225 and a central link interface 223 for a total of five (5) link
interfaces. It should be understood that the test system 200 is scal abl e
such that alternate enbodinents with nore el enents connected to the _ 7

~ ~ SEP 2002 WO 99/53330 PCT/ US99/ 08130 network 220 have state distribution
and, reconbi nati on networks 220 with correspondingly nore link interfaces.
The link interfaces in the state distribution and reconbi nati on networks
are preferably arranged in a "star" configuration. For exanple, the tester
200 includes the 5 test conmputer 204 and the sequencers 202, 203, and 205

t hat exchange data with the peripheral |link interfaces 221, 222) 225, and
224, respectively. Further, the peripheral link interfaces 221, 222, 225,
and 224 are coupled to a central link interface 223. As a result, whenever
data is passed between any pair of points or elenents in the tester 200)
the data may pass through the sane nunber of link interfaces. For the
illustrative 10 exanple shown in FIG 2B, this nunber is three (3). For
exanpl e, information produced by the sequences 202 for distribution to the
test conputer 204 passes through the link interfaces 222) 223, and 221.
Simlarly, state information fromthe sequences 202 may pass through the
link interfaces 222, 223, and 225 to reach the sequences 203. Further,
state information fromthe 15 sequences 202 may pass through the |ink
interfaces 222, 223) and 224 to reach the sequences 205. This neans that
state informati on produced by any one of the sequencers 202, 203, and 205
and distributed to any other elenment in the,test system 200 is subject to a
predi ct abl e amount of -del ay. Accordi ngly) s%ate i nformati on produced and

di stributed by the sequencers 202, 2 0 203, and 205 by way of the network
220 is subject to delays that are determnistic. It wll be described bel ow
that these delays are also adjustable. As a result, the test conputer and

t he sequencers included in the tester 200 can view state and ot her

i nformation produced by any one of the sequencers 202, 203, and 205 at a
predlctable tlne and preferably at essentlally the sane. tlne 2 5 ThIS |s a

. e o b o,



3 0 informati on between the central link interface 223 and the pé‘r i2p§r§fa?uuz
link interfawo®2a3sothe |ink pair 230 and 231, which carries i RCIUSRYPHZ0
between the central |ink interface 223 and the peripheral link interface
224; and, the link pair 232 and 233) which carries informati on between the
central link interface 223 anﬂUNﬁﬂAWOFI‘HﬂE[[NMENKI‘IONerface 225. State and

other informatio t j nk 3 5
interfaces 222, %91 tggﬁoreg&ggggtg(g?suex@% \Ie fé’%m't')?etcﬁgﬂchg% t'°+l
interface 22¥ovideagestentaomnieszomplex, ggbspenm nEGH-4iged sosicanducton her

state and ot jgt.einformation PO, P1l) P2, and P3 are applied to FIFO el errents
242, 243, 24 and 247, respectively. As ment i oned above) the

uni - di re8ti onal | JtAxanotherobisst afthednventiomtp BF@HIdGaR'&StPéﬂ@!;haSWEﬁI ngly, the

information i ogglmdlgga]a@agmﬁﬁe&aﬁe a selected width and the 5 FIFO s 242,
243, 245, and 247 are.t heref Oh@cgeﬁét to depict nulti-bit FIFO. s. Thjs

depi ction nerely Iéllsnﬁlq gnother O FrH’tVFE“%‘h'@vm'OVﬁ’elﬂltéterz‘@tﬁﬁﬂl“PE‘OY%r efore

shoul d be ursta&atsmdniohathahé ﬂfaﬂﬁiaﬁntduﬂ’ﬂﬂoﬁﬂﬁﬂ&ﬁbf state ifforinbgor;| FO s are
possi bl e. Further h El FO

selected fr equenchécs ﬁg?é“% c?<th Qq\iéq(g%a'ﬁ FF#'I'EY‘?‘* % %gg%%‘?nq %Eﬂ??ﬂ'i?fr d
dat a PO10OP 1a pletilityneoftseR8ericatsoa phuwrality BOnstr@ments, dhd2xidoveP stbie distdb®ipn andnd t he

clock CLK i t hrough the FIFO s
242, 243, 2ng?“f*'“ﬁﬁ'%“*‘i'\?ﬂﬂhggﬁ@“&%?%t@“%"’%“* BARES O and 247
preferably have tionefmbodunems, the fest somputer, dhesequencers ang theansfruraents 243,
245, and 247c1dcﬁa:@€%ﬁi’téihﬁd/ot‘ﬂ€pﬁ&'fdﬂﬁhoﬂB?'Wa I réspBEtive LinkGhleffBCBRWhicRf t he
test system For ﬁ IQ)QI;taIe data nay Dbe, distyributed at aJ[Sveryfast
rate t hr oughPToKde b?&%‘ BOINf{R-POin emmupicalion heyween the tESr SlemEnt-« ~ sone

el ement 35i n t he tinsd prefestedrentddirhem)the instramentstane respective sequancdrs,tang that a.

ger t glnz r22‘;1%&%@&&%3)flﬁ)f&hﬁgnctepsaéxch%ﬁe(1?3% Qx?d( 8% § ﬂ? ljr:x{ag gn %y ?«g of 243,

Nevert hel es sresnenevq)bwmncyow rhpbsn,tetfaces hEutherGhe link interfaces amaransn@l a7 s

to synchroni g% BénfidupdtRnaWiErSiRE rdspdctiveRAl Miterfdces eXthangd the sBRYAR dtBerd.

PO...P3) wth the S em cl oc a result, synchronized data SYNC_ PO
SYNC_P1, SYWW‘%‘%@"W?@‘?%W %9&d at the outputs of the FIFO s

242, 243p 245, anMcétdingrespe fdatwreloy thefifeention seablilink Rifeifacedmiudes dogiofor

progrannable d 4 C n a delay and

reconbi nati O%&%q?@gkgt‘%h%ﬁ%o%}ha%g?iﬁMat ﬁgt netée'dg% ‘P1) 2 5 SYNC P2, and
SYNC P3 are appl |A¢qrdmgrtogn@mmafsa@r@omb inventies, &pclehmlhmtnr@cqmludgso and
251, respect Ugl§th

data SYNC POt) l)()EYNC P1, ﬁ%ﬁgﬁ%&ﬁdﬁ%&%mc Pelrrhéﬁeﬁt e%gsrre%%ot rﬂ?gaﬁt dat a
PO, P 1, Pp2,distrutian afdgecombinptionaetyork by 825?1“‘%*?‘% car%"rrea pi ct
mul ti-bis plﬁfﬂrfa@&ﬁandeﬁ'ogﬂat’minhﬁItlitspxpé‘lﬁeﬁeh?m&mshmhovm in FIG 2C 30

but it should be gifele th na enent of .t Irnes
are possible. Fur#@gﬁ“ &ﬁgﬁ] pi %}e‘flrgﬁ‘tém?agg e@? E‘ad_%gﬁm‘t%hg

used for cl wﬂ«hqgnsuhtgdﬁ,smmmshawmga through the pi pel i nes 248 through
251. Bl ocks 240, 241, and 244 are al so neant to depict delay and

reconbi nation bl ocks |ike the block 246 and therefore preferably include

t he sanme functional elenments 35 as the block 246. This neans that the data
SYNC PO, SYNC PI, SYNC P2, and _ - 10 WD 99153330 GL 2 SEP , 2D02
PCTNS99108130 SYNC P3 are al so applied to respective progranmabl e pipeline
del ay elenments in these bl ocks 240, 241, and 244. However, the details of

t he bl ocks 240, 241, and 244 are not shown in order to sinplify the
schematic of FIG 2C As nentioned above, the delay through the network 220
is not only 5 determnistic but al so adjustable. There are two ways that
this delay can be adjusted. The first way is by selecting different
configurations for the link interfaces 221 through 225 in the network 220.
Al t hough the star configuration shown in FIG 2B is preferred) alternate
configurations are possible and sone are descri bed bel ow. Arranging the
link interfaces 221 through 225 in the star configuration neans that data
10 exchanged between any two elenents in the test system 200 nmay pass
through three (3} link interface nodules agd is therefore subject to the
del ays contributed by These interface modul'es. Another way of adjusting the
delay is by programm ng values for the depths of ") the pipeline delay

el ements in the bl ocks 240, 241, 244, and 246. Al though the actual 15
programmed val ues are general |y dependent upon the technol ogy used to

i npl enent the circuitry in the link interfaces 221 through 225) the

sel ected configuration of the link interfaces 221 through 225, and the
trnrng requrrenents of the systen1 it is expected that an upper limt for
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Instead of using the gate 256 to conbine fail flags, the gate 25h2w§@P 2002
alternativelwows/sazsed t o conbi ne condition flags. For exanpl e, PCRAISOHESII0
200 may be easily programmed to branch to.a different point in the test
program whenever a 3 0 particular condition is detected at the conbi ned
out put of the gate 256. | BRIEFUDESCORIRTHON OFTHE DRAWINGS! i nk i nterfaces

221, 222, 224, a 225 0 ed fqr branching on a
particul ar condl?ﬂb el‘ﬁ e“p@ﬁr‘%}t@ [fdé}' ?Cp@f%'fh r“hcﬁq?h%ﬁ’@gfvg’rgqﬂ are
meant to be detdﬂadﬂcmmenandlamnpanymgﬂmgvmgm whiclt es of the enable signals
PO EN, P1 EN, P2 fied at the start of
each test cycle. FE? ﬁgqé’gﬁ?a@l&m‘%ﬁzﬂngf?E&%Fh&i‘?&%ﬁ ~12 WD 99/ 53330
‘1 2 SEFP2002 PCTHilGs@duis 8 cenceprualdiackaiiagsamiof a¢ster incorporating a Miatest at e and
other data that it nee&t&rmﬂnan su&tc%ohtsﬁmﬁéﬁna%ttém alsebraaﬁeerwtﬁ Iuegﬁeéenﬁ
distribution of state and other information throughout the test system 200.
Each of the |ink interP¥eMON21 through 225 preferably includes the

circuitry 5 showFIG)2B ifa bldek dlﬁgrﬁﬂtrdfltﬁdlm ,2Ae apardthd dhowit aﬁaﬁﬂedﬂs&rudes
FILFO's 22, 243 25 ShHe S dripihon e Erorg %‘t%wwﬁa? G MY ate
di stribl®i on and recondtﬁlnktmtmfamstmr“kta(bcqﬁgux}aupml i ne del ay el errent s 248
thr ough the bt wdp (5 1o PR bctiyBBP dathaR B ORAS i it BcerBb it 0" °
conbi ni ng state and otqhgﬂﬁagﬁappargtus, gat e 256) i:urther the li nk
interfaces that Q‘I@TB% S%]d‘&k%iﬁ%'o‘fﬂ’{!m CI a‘fuééﬂo‘%vli}?géé’e‘"t&l ergBI y

(eyg., the peripheral n aces_22 224, a
have two pairs of uni ‘Ht F’@’Hgmqr‘itﬁf('iefstﬂ‘e ibutign ay F@OE‘EH“‘ Ther data
bet weemi®ne of the el exgtwbsk;and a central I|nk interface (e.g., the link

i nterface 223). n the |ipk
interface 223) p?liﬁvg ?éﬁﬁgs l% %@%ﬁ%ef%ﬁin 8}@‘?'1{303%8?’“1(% Eh%‘sf&'{eg v(bew 0Fhe
links 226 and 227, t hestillanethep 2etbadignenapof the statd distributiDangingcorbipationd t he

l'i nks 232 and 233) forpde@ppIni cating with each peripheral link interface in
the network (e.g., the link interfaces 221, 222, 224, and 225). It is
important to note that the link interfaces 221 through 225 are nmeant to be’
2 0 general purpose. For exanple, the configuration shown in FIG 2C for
the central link interface 223 m ght al so be used to inplenment each of the
peripheral link interfaces 221, 222, 224, and 225. Any unused |inks m ght

t hen be connected to suitable |evels for safely disabling those |inks.
Further, for test systens that require link interfaces with nore link
pairs, circuitry for synchronizing, delaying, enabling, and conbining 2 5
data m ght be suitably added to the configuration shown in FIG 2C From
the foregoing description, it is apparent that the present invention offers
significant advantages over conventional test systens. For exanple,

addi ti onal sequencers are easily added to test systens designed in
accordance with the present invention, and state information provided by

t hese sequencers can be distributed in a 3 0 way that is not only fast but
al so ensures coherency of the state information. Al so, the architecture of
t hese test systens is easily scaled for achieving additional functionality.
Also, it is also easy to dedicate sequencers to particular instrunents for

i ndependently controlling the instrunents. These advantages nake test
systens designed according to the invention suitable for testing conpl ex,

hi gh- speed, m xed-signal sem conductor 3 5 devices. -13 WD 99/53330 r~
2 SEP 20D2 PCT/ US99/ 08130 Havi ng descri bed one enbodi ment) nunerous
alternative enbodi nents or variations mght be nade. For exanple, it was
described that the link interfaces in the state distribution and

reconbi nati on network 220 are preferably arranged in a star configuration.
However, this was nerely an illustration and other arrangenents are 5
possible. It should be noted that these alternative arrangenents generally
|l ead to trade-offs in performance and manufacturability. For example) FIG
3 shows a tester 300 with a network 320) which includes link interfaces 321
through 324 in a serial arrangenent. This arrangenent is sinpler and
requires | ess hardwar& than the star arrahgénent. This is because each |ink
10 interface in the network 320 has at nost three (3) pairs of |inks
communicating with it. Al though the network 320 has a sinpler |ayout, the
del ays between elenents in the test system 300 generally can no | onger be
adj usted so that they all have the sanme value. This is because data
exchanged by elenents in the test systemmay pass through different nunbers
of I|nk interfaces. For exanple state data paSS|ng betmeen t he 15
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4 at 'l east one sequencer; and 5 a network of nodes interconnecti nbzt hc,gp %[]UZ
conmput er andwad®e9/53830l east one 6 sequencer, 7 wherein the del ayPEWVUS?40813kch
node is adjustable. 1 2. The automatic test equipnent as recited in claim
1, 2 wherein the at | east one sequencer controls a particular instrunment. 1
3. The automatic test PESCRIRTHON ©OF EHE{RREFERRERIBEMBDDIMENT ei n t he nodes

d i t.] {est | t
ecited n el ai m HOZARA CBUEM G dingham (13 AUk P foroRRncE TR ™ 2
sequencer arpresant pl\@dtlom 'ﬁhe @sqge 209 mludgtiescst gorpputertk4zand (pm;ferabl)t atdeast
equi prent. asoddXbh Shedd i (HSf u%tr“ﬂﬁm@kﬁhhtﬂednr}@ﬁﬁhfﬁ@nt%egt A& g1l od

to a central I'TB.'[IC ést _equi ecite am4

2 wherei # t hACGiiasirurpenipinch jas %Aqwrﬂéﬁ&m@n@t lg@iqgm@@rm%mmmmbd to

their 3 respgcd Deenstadfsnt 21 0atisaf b@eaﬁ.@d dheQéstémo@LJ ;ﬁﬁﬁéruy)ﬂ@hm' tbrﬂé-%se& 7.
The aut omatlﬁt est eqw ment cited in ereln eac node

c
i ncl udes ci rfo5itestips cemp ?‘gﬁgﬁ EIRduGior dﬂ%@%&n%mm@mem 20@st
conput er and208)and 210 aastypiealty & a e eeforivirizheds 6l 8évides ebRaifinglcdmpidbe

automatic test, e prent  as eC|ted in claim7, 2 wherein the synchromzmg
circuitry i ndPifk q@d‘im ﬁé@"c‘i The automatic test equipment as recited in
cI aim 1102 wher ei Th¢ mstmmeats 296,e208|; axh@ Hilinclnde ssmencats 2020203 andt206n. - - 16

'1 2 SEP 2 5 t
as reo ted nesburelys TH5grircally Sulicelh o clpinklls ik PG ied B B! PITET
conf i gur at i o#00 by way ofméesantqzmu For example; eaginefithe sequenseist 292, 2%@&.2@51) 2
mer gl n gac B@ptTdhg%mﬂxtea t&?ﬁé‘rﬂﬂtetabb’orﬁﬁlrg tﬁmrédigespé)%?@ﬁﬂet QfTﬂ?hiéaﬂd]”" rl Ough

node e onatl C | S recite |
whérein the é‘ﬂ%’g‘f’ t?tﬁer 91y|a§ F@ﬁg‘?ﬁ%té’ efenf § ec*ﬂ‘fg“!iﬁF Prgi‘ H]EV’F%st
equi pner.msdasmdec tdseand m differient dafa rafesfoeehmotib.e Also othk iterg) pri g axl inhdy)conSist

rogr anme a a 11 G test
nggpmant aS}’t;’Steeggr %@Jé}at&}n aﬁﬁéﬁﬁfe\)ﬁ\ﬁ%rg%?m L%d Qcﬁﬂeﬁgag?cgtwﬁ east one
pr ogr anmmabl empingries (not ghgvey) of temsequencers202, 203 and 305 Thie mgansthat theough each

node is adj Ugki@snihts ROSTRMANEI0 & Riconksfidd ﬁdﬁi&ﬁd&ﬂtl?%é&gy QH‘A@M el ement .
1 15. The autgmatlc t est ﬁgﬁeprrent as rgmte clarm er el gveach
y

node i ncl ude@deRengentiGoptrp SRt ped der-perfprming @ﬂ@gaﬁd@ﬁﬁmestf ‘e
equi pre0 asa highiléved of operhi Bortdol and pheyrammirg lexibiljty is impottire foonbi ni ng

[ It d f dit 1 17. Th
automat 1 & ¢ CLBREEhe s LRI Ao bt W Raberd SR " ol put ot ¢ he
conbi ni ng ci rcui t Testespins 22,234, andd l6aonnert thebinsinmients 208, 20H@ndi230, 1 18. A
tester, usedpds Icg@%lgrmé]@ctﬁ@ﬁh@&sd?'ﬁlﬁk@&%{gﬂﬂ' vnEé rfdékies#ﬁ)ﬁ'?ﬂﬁw Ofhog 2

properly) co ut er sequencers; and

ur a
-17 SUBST~ 204ap the ping2 2. 234 7and? SBMI%WQM/%S hesprier 5
pl ural i s of aloThE sécreRcErs 202, lzobsandnzosrﬁﬂrmeﬁtsurmemme 208, #A10teE aked t he

6 plurallty of ncers 7where ach Ilnk
r ogr anmabl e sa%'ﬁ%?@yﬁl ?g’c)afﬁge PR, ng‘é& 'PQ# Pﬁ’?f ege p&ﬁ@?el n each
nt - t 0- poi imventionk eachcieqamneer202, aa&tanda@s [ontgola Amespeative urpmumet 06i G208y
eI enent for E’(f]d)ﬁ(f"m“ ng the delay. 1 20. The tester as recited in claim16)
2 wherein eac p0|nt to-point link includes circuitry for inhibiting the
passage of 3 dat aFBither, eachdegiencerds prefarably siuatedroppthe samepoggd ap s t ed in

clhal m ﬁ& é) 2 Yd3péceive msh@menhl heddrmﬂglyl the ldécideﬁcdr&OE ﬁsq&éfémwm@hteam tﬁe wher ei n
the inhibiti gg‘?een Cl& % F%I‘é WITE 6 ?1:[!8 geqﬁen%’e%(b is prere raﬁy s1tu%c on tl‘iLe 22.

The tester a
same board as the AC mstrument 208; and, the sequencer 205 is preferably situated on

the same board as the DC instrument 210.

However, in alternative embodiments, at least one of the sequencers may
35 control more than one instrument. Nevertheless, it should be understood that higher



2 wherein each point-to-point link carnes a plurality of data bi 42 i SEP 2002

parallel) aanc};g%gj‘pl n each point-to-point link includes ci rcp&mgg,ggwo
conbi ning at | east 4 portion of the plurality of data bits.

nmet hod of operating a tester, used to det erm ne whet her a devi ce under t est

2 is functio t | east
one sequencegl)vagogé \AgHE)ég éd%,ﬂ?@ 't |gconnec nge %‘ﬁaﬁ]?’% @ conp gr and
the at | east insHBmeRtcfQeSequeNCeRrAtiods Qeql‘@’é%‘i one instrunment coupl ed bet ween

the at |east one ﬁﬁ@dfeemamam&mu&.&qué &eteymdegh&\ﬁﬁﬁ\mé Whetegi N each node
I ncl udes prograrrmable clrcul ta[#gg&r & gstlnc delay time 8 through the

networ k and FYPPEAR BISEALLISER @%Fﬂ&&%@@dﬂﬁmd}?sm@
network, 510 gsvepil bodseg AbshdinePSFIF. 1]the (&} competef Y04) the dequélRbAY02,ial8 the

L oudh *he BECURFis 106 1) 07110 39 BhudS B TRPRE Whe 30 LI s RlGrPE° L 00,
26) WD 99| 533320d thelin¥nGacht2 006, IIBEIdndSQQIdﬁBMiﬁleMd ¢m:)hecspﬁe bts h20.t Thisat
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wth expect ed val ue ere etermnin Vi Ce un er t est
i s functioni BpepRllyBrthgse tester q@ﬂgﬂ@%gw sibatindpge-g- largg pumbes pf instumenisENCER
102 TEST COVPUTERrh@énﬂdmnk@mslt Iﬂubﬁwmﬁm‘sar&ﬁﬁeﬂd& ar@@dded tBUS 122 AC

114 TEST 11 SGMeTEA IeoL Nipy This kg dficterl sgispesrsgvRealygrod oopureR

204 200 SEQUEIfeEeRt setHSﬁstﬁ(&anermmﬁﬂiRgMﬂHEr decauze theSequenCers g HEl ON

e YRS pon e AR g s e

WO b n O w 6etaof state information may become available at different times during a test. It can
therefore become very difficult to maintain state coherence between the elements of
conventional test systems that include bus connection schemes.

For this reason, the tester 200 includes a novel state distribution and

20  recombination network 220 that eliminates the disadvantages of conventional bus-
based testers. As shown in FIG. 2A, the test computer 204 and the sequencers 202,
203, and 205 are interconnected by the network 220, which has features that ensure
deterministic and adjustable delays between the test computer 204, the sequencer 202,
the sequencer 203, and the sequencer 205. This guarantees that elements of the test

25  system 200 has a consistent view of the state information produced by the sequencers
202, 203, and 205.

FIG. 2B shows that the state distribution and recombination network 220
includes a plurality of nodes or, more precisely, link interfaces 221 through 225. In the
preferred embodiment, the network 220 includes one link interface for each element in

30 the test system that is connected to it, and a central link interface. Because the tester
200 has four (4) elements connected to the network 220, the network 220 includes
four (4) peripheral link interfaces 221, 222, 224, and 225 and a central link interface
223 for a total of five (5) link interfaces. It should be understood that the test system
200 is scalable such that alternate embodiments with more elements connected to the
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link interfaces 221, 222, 225, and 224 are couplegvii@ ¢edtral lin® ip@rface 223. Asa
result, whenever data is passed between any pair of points or elements in the tester
200, the data may pass through the same number of link interfaces. For the illustrative
10 example shown in FIG. 2B, this number is three (3).
For example, information produced by the sequencer 202 for distribution to the
test computer 204 passes through the link interfaces 222, 223, and 221. Similarly,
state information from the sequencer 202 may pass through the link interfaces 222,
) ) 223, and 225 to reach the sequencer 203. Further, state information from the
15  sequencer 202 may pass through the link interfaces 222, 223, and 224 to reach the
sequencer 205. This means that state information produced by any one of the
sequencers 202, 203, and 205 and distributed to any other element in the test system

200 is subject to a predictable amount of delay.

Accordingly, state information produced and distributed by the sequencers 202,

20 203, and 205 by way of the network 220 is subject to delays that are deterministic. It
will be described below that these delays are also adjustable. As a result, the test
computer and the sequencers included in the tester 200 can view state and other
information produced by any one of the sequencers 202, 203, and 205 at a predictable
time and preferably at essentially the same time.

25 This is a significant advantage over conventional bus-based test systems in
which the elements of the test system are interconnected by a daisy chain bus, and state
and other information is distributed through a pipeline with the system elements at
different levels in the pipeline. Because the information must be clocked through the
pipeline, the elements of such a test system generally cannot view the state information

30 simultaneously.

Further, such bus-based test systems are not easily scalable to provide the
performance needed to test complex mixed-signal semiconductor devices. This is
because additional sequencers would generally have to be provided along with
additional daisy chain bus connections, thereby further complicating clocking and state

35  distribution requirements for the test system. Even if a sufficient number of sequencers
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ensuring state coherency.

The link interfaces 221 through 225 are interconnected and coupled to
elements in the test system 200 by pairs of uni-directional links. For example, links
226 and 227 interconnect the peripheral link interface 221 and the central link interface
223. Similarly, links 228 and 229 interconnect the peripheral link interface 222 and the
central link interface 223; links 230 and 231 interconnect the peripheral link interface
224 and the central link interface 223; and, links 232 and 233 interconnect the
peripheral link interface 225 and the central link interface 223.

Widths of the uni-directional links and corresponding data rates can be selected
to obtain a desired level of functionality and performance. In an illustrative
embodiment, the uni-directional links might be 26-bits wide and might be clocked at
about 100 MHz. Accordingly, each uni-directional link might reserve twenty-three
(23) lines for state information and period synchronization, two (2) lines for *“fail” and
“condition” flags, and one (1) line for a system clock. However, it should be
understood that the actual values selected for the widths of the links and the data rates,
and the actual assignments of data, flags, and clocks to lines in each link, are not
important to the invention. Also, communication between the test computer 204, the
network 220, and the sequencers 202, 203, and 205 is controlled by a coherent state
controller (not shown), the implementation of which is also not important to the
invention.

FIG. 2C shows a simplified schematic diagram of a preferred implementation of
the central link interface 223. The peripheral link interfaces 221, 222, 224, and 225 are
implemented in a similar manner. In particular, FIG. 2C shows the link pair 226 and
227, which carries state and other information between the central link interface 223
and the peripheral link interface 221; the link pair 228 and 229, which carries
information between the central link interface 223 and the peripheral link interface 222;
the link pair 230 and 231, which carries information between the central link interface
223 and the peripheral link interface 224; and, the link pair 232 and 233, which carries
information between the central link interface 223 and the peripheral link interface 225.

State and other information PO, P1, P2, and P3 passes from the peripheral link
interfaces 222, 221, 224, and 225, respectively, to the central link interface 223.
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D6 02- 1997USS646521408s 7> 10 EFBRA B 1o/ M %o A IR A 04 Rulio
Al4- 06- 1994 UBkRR4 1iB6 ficblock Z%M&?ﬁﬁ& preferalily inthedd Groaugdesntjonalielébent9 92 DE
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29- O1- 1996US 5499248 Al12- 03- 1996DE4305442A01- 09- 1994JP6342036A13- 12- 1994
Form PCTI | Spl Zt O (patent fam |y amsa) (July 19B2) ,~ ~ SEP 2002 PO _ DG 7
2 ~ p~ 2ppp i H GH SPEED, REAL-TIME, STATE | NTERCONNECT FOR AUTOMATI C TEST
EQUI PMENT Thi s invention rel ates generally bo automatic test equi pnent, and
nore specifically to hfgh-speed, general 6 pose, automatic test equi pnent.
5 The foll ow ng background art caa be regarded as useful for understaading
the . . . S invention' ~lt~ 0. 9 12254 A (C}edenc stens
Cor , 3 Aprll 1997 _~, 4 " Y N~ Y -~y,

Aut omati c test equi prment (also known as a "tester” ) is connDnIy used in
processes for manufacturing sem conductor devices to determ ne whether the
manuf act ured devices are defective. Testers generally include conputerized
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.2 0 with successive generations of the devices. Accordmy, it is easny

unpo f that WO9988330pr ovi de a high-1evel of operator control aP@T/US99/08130
programming flexibility in order to test these devices thoroughly. FIG 1 |
shows a tester 100 that is useful for testing m xed-signal devices such as [
‘a devi ce un@aNEeBY afeliRo appjjsd ta respextive prdgeammatile pipekneedeldyOdlements irdes a :

Lest 25 comgul Biock934508 th 580 HBGRUETBERANL 0PI okl 9481141 o 204 |

. nstrunents such as a speed di runmen a precision
ACmstruneﬁtellQIEﬁhO&’ﬁdHQf(iﬂTé@Fl@mBﬁ’ schematic 9ERIG 12@ The test conputer 104

is typically hous,@sdmbﬂnﬁwta%tssé hd @l S,(mfaugﬁtﬁtvmwaﬂ@zm@%%ﬂy provi des

signals for controllin % he sequences 102~ and the 1 nstrunents” 106, 108, and
114. Fur? hedetermpuustic byt glso féwstahlfzt Therecprg two wags thehthisdelatranbsadjustednt s

106, | 08, gmnd f&stlw@ xsrbgseleatngvcﬂftvrcnt conBik@atibnscol tHEQH&S:rx]t@ffaédﬁQ2Moﬁ§§ The
108, and 1 P2othiegrpen 2t Afhough i gt orapuritian Spwn BEID, 2B the
sequences 1@x?efexsed;mlqahmtb ¢tanfighmtionsire poesitle addsonidire damhbédﬂelbw way of a

2 égts IeO 2 - 1%2}'&%?;16 er Elg:(g%ce% %21 thro@h{sﬁt% lg %%t%OBHg?&lé%ﬁegﬁgsthé %&%t in g

condi t ibhs axchangedbetsiecn any tynselements in e teshsystem mex amltbroughehmest
engi neer na)(s)smﬁ&.htaffaae hﬁﬂhleﬁ)iﬁ& B thirdRore8fb; e\éatma dE mte@ﬁy tHes@nd
e val ue a

detected fro during each test cycl e. t are
speC| fied f&t‘eqa@fﬁaﬁi‘i%ul ar test cycle are coll ectl vely known as a

"vector," and a gxxmmero&ay/mtdwsﬁng ﬂ%tdelayqs_&n "gl'énkihﬁg&aﬁ%.ﬁﬁ.tﬁ@&ﬁitﬁs éfest

ener al | oatter er. then
b cal |y | iiREpa ey ke Hﬁmwwe?%a i 248, hiigh S Foruaine
sequencks 1@Rogranmedtvahues arecgmmmﬂyl dependeém nipoh te tbeinblogijhlsed teingplerhdry causes
t he sequenc 02.10. dyr.i and
pl ace g o] dﬁ§ é“g% W“{d&?rom“{i ec\ggeg?%rs&%’?%zﬁe&setsa cetg @Sitmﬁ&ltget
typically |hakwe@aqsé@ﬁltthreumiz%entlHmtuamsrtqvnﬁewaquﬁlvosy&tpnwtlect ed by

certain inseg ﬁm@'h&ih r AnditSot tHe)pt b?aﬂﬂﬁd%ﬁe&bﬁlﬁﬁeﬂ%ﬁﬂoﬁ@&%ﬁr&’@' ues are
to be applie te(ﬁ)ﬁ relative to the start of the test cycle. For

exanpl e, thewFWcﬁ‘ may direct the HSD i nstrunnent 106 to apply and 15
detect 208 gi tal siTraleptiatofahepigelinefdelalyeleidhtstih the Hm:si%DpfzmaMmrﬂmftGal so

direct the ' ot her
node of 't ne TRl BRerhifiel & BRGerluliacbalh 1ring WBLERa AR . BT
110 to appl yysem00s Haweyssdhe testenginger glamcmgrmn thepipeline melqmcntm DUT.
109. The st §bgeshity altéPpéweCup.ypi cal Iy includes various clock signals and

Cest cycle. The b %%92&#‘@%@?@%%@% P lhsked ovatidefne
status 28 t evel efthe pifelifiesi248, 249 250Nand/23 I¢ respedtivelypandthen agiplied to gatehough

Lhe tester 39 49 BschenncRaptuhii, YAl Qehfiho B0V CRDHAXER J5d- o1 gnal

deyi ces, ave reéecogni era ere 2 5
has arisen J’3aEbHar§@PPll@sttOéh%8%tn&252;3§3t%ﬁt ,écéps@wﬁb'otmq@bbrpad@gf:ces
that are sogpihdEsirdspbnd sﬁ%mda&aasmt@o PRl $x devices are

general ly high s ed -"de nal vices that require an
even higher |evel }Eﬁ"’\? %M%emgﬂ—éﬁﬁm RN hays the; samewidh n can
be achimed aw'tttd’symbﬁromza&aattalmc P@tireu mtﬁc_qmra?tﬂsmaﬂemat a]bsﬂseadmae 30
For exanpl e

it would bebbteg r osyggétepgo% e??mei%# ?ﬁéﬂ@/ g-écm >

because suctpashathrngh tgegeuea%&thrawgh 205r eat er nunber of nodes and

therefore a greatigin RHERET 5 QlediOfiGme QAL Hdbld%i C%Jal Pof Eﬁ %3 gﬂa?:? RiL&GS. By

programm ng nul tipl'e sequencers to operate ac din 4 ar test

cycl e ti mes P3EN maybe pregrameed i pasg ltﬁessematsdtsmlewel duta§YNGIPS, nodes

oper at i ig atSYNCf | eS‘YN@.ﬁPﬁ J@W@PMB%QHH hﬁé 25Dy 054, drrESBe%é 419

AMENDED SHEET - E.' 2D02 the nunber of sequencers generally

conpl i cates the dlstrlbutlon of state information to the instrunents. As

descri bed above, the tester 100 includes a sequences 102 that distributes

state information to the instrunments 106, 108, and 110 by way of a state

bus 120. In a 5 typical tester conflguratﬁen the instrunents are arranged

in several card cages; and the __ _ _ _ _ _ _ _ s_equ_enc_e r 102 is

i ncluded on a board in one of the card cages. Further, the state bus - . J
120 and the TC bus 122 are connected to the card cages in a daisy

chai n~fashi'on. ~~ Although the dai sy chain bus connection used in the

tester 100 effectively distributes state information fromthe sequences 102

to the instruments 106, 108, and 10 1 Z 0, we have recognized that it would

not be as effectlve |n a tester mnth nmore sequencers. Thi s |s because

o o o .. o o



networ k 420. Because data generally passes through three (3) link 12 SEP ‘ZDUZ;
i nterfaces i WM work 220 of the test system 200, the test PEFAISSHOUZD
can sonetines have less pipeline delay 1 o to the DUT than the test system
200. Nevertheless, timng considerations are y ) generally sinpler and nore
det er mi ni st i xesulhy thitalatewouldyhetappli?o dgatadSfeanthwanlgqasy wichmgedsbrmgh thieough

t he sane nurr%f{ 89§t6 H}klm!k grfaces in the network 220. Therefore, the

invention sh |mte onIy by the scope of the a ﬁpended clains. -15
.~ 2 SEP zoo2 EPQAltemnatively, all or@zubses obthpyeaable sigapls PReBN, B1_EN, PARN.mad; ¢

EgitS) e?g' 82}315‘3 EN @by el Gﬂaﬁﬁmﬁ%%&‘tﬂg%gg&:ﬁ&?es?néﬁéﬂxféh%%l zg'ﬁlalozurgﬁ/!tce
of sequeﬁcergﬁf‘fg—gl §%SE'~( lP% g?d%}:gg%, E’Sr%rough gates(z%% %53 234 fnﬁs\?m a of Y

nodes (e.g. re?uﬂﬂ,-tﬁéi”data Wb@lﬁqja lidd taghé pate 266 tané @oMbined syictroniRddata 6 | east
one sequencerb wher ei.n th through each node is adjustable, and the
test conput eV glﬁd:eé)rf)wgecbp% f sequencers are coupled to respective

nodes by way of aA9 dp-nbeabﬁbom; eathpuerizedicahtrol crﬂmxt(}egayne:aﬂgaﬁmpﬁ-ai) 1 2.
The automat i gL &sd slgﬂédé B{Haﬁ%asﬁ drpeagénﬁgrs'Mth%t&&eﬁ‘e%(?ec%? r f‘e%gh of the
ns

plurallty of “sequenters con ment
(e. 406, mgmmg)whelhes a deyiee undes iest centrins def@qrm b ntocassorae@pt gwwn)

cl a| m1, 2 V‘B@lﬁﬁéd‘uﬁt'ﬁ@ uﬁ&qﬁﬁn@??ef@zrabﬁr&ﬁgrm @a&to?rcogmgﬁ{ﬂgg UA@édr@iﬂglxt

zprmasr y - wherei n espective no sarec

node (e.g. %ozmaredlmsnalvﬁearametﬁriﬂp%nqtéa%tclbq E?'ﬁﬁsé’ﬁ{’ ing expectadcyslen thenay m 1,
2 wherein eaﬁi]p?&iﬁsdrﬁﬁ]l urrdmtémvsﬁyxett ANfagl N8k Eaitoned aBove, 823) 3
exghanged beﬁn en g er ?E??Yeﬁﬁ’g?u 1, ;é@of sequencers with a
syétem cl ock’ elorbea h’é“ ’6?"(5 s 1atdlag oq in claim 5,
wher ei n1the synchhtasirequegtly nemsairy;o stop hmchesvtnnﬂeF@lqlﬂ Bilyre3sidgtectdd.7. The
automatic t W{q&{ es are
arranged |ne’?ﬂl§§%g &?’?‘gﬁ{rsgﬁapgdél%qﬁfh’gkéﬂyﬁha IC tﬁb (%E e %mant as
recited in cthgrefore ma!cemprré@sﬁ efficient yepcef test dimg:  Bing iscpre feason whg the cnable
confi ggrat | Ogignaty/ PP~ N, P2_ERO and 3 E’mfl@u& FeprAfimb & &6 piRFide Blnet 255
o e HERSRTDIET F Yo g
.- 20, systeizﬂzomcanbchmbmedtbgrthNgatetZéél T«hq;mmsﬂtat He-tester 200camrbec| ai m
9- erein
the enabl | ng C|¥BU|gE Istopsrtggrazti%l‘enevefl—aﬂ Iﬁeegeg egn%tﬂlleccot%bs e((%q’lu pnment
as recited i9fthegaie256. Afailure detgctedibing failipseceserrin anpinstsurpentanthertestt he
enabl i ng ci rgieim 20@&ar¢dn@reﬁiraeﬁusa aQbst o k©p t'I‘hYSCJk%omiln - callé® a BRdlOSRELP t est
COU T S U bl U5 e ) LA AR, S
each no@& bemnlydagpusttmbba'fdnyn the samg ‘eombining® fimction hethstgater256pndeknne del ay
elenent and |peI|ne del ay el ement del ays a
?ltal |npu't %ﬂmgnaé} gaﬁpmgro rarmag'*aﬁnnunber of cl ock cgcles. | 13. The
omatic test eqmssnadmfuasgﬂ@cga@@astmqgr@bmnmﬂags.\mezasca @mal node

' ncI udes ci rEltHrﬁitWe[ sed £ éombifie corfdidH Bis! Fok le, |tE@fe§te32@@ﬁm
pr ogr anmabl eg%ge |ne Hg el enent or conbj nhegcs at a. 14. T e

autonatic te HEH%?I'EH’F brapeh to-4 diffsrent poipt inf) m@mw FISYEE But of the
conbi ni 13 ci patichlay comlitivheis détected atihe oimbihed ohqhit of the gatd 256 Apghduldbe 15.

Toe o e A R T a0 S Y, 1L,

16. A t est er pYoge@hmed fardranching toaraparticuliratonditionn Theseatxamples ftm rcw t (218)

o ural ity of PRRRaRh: {“‘e‘fW%*&?*’%ééb%'&fﬁ"‘@%“‘“%%‘% MENDED, ~HEE' -

The states of the enable signals PO_EN, P1_EN, PZ_EN, arid P3_EN are
35  preferably specified at the start of each test cycle. As aresult, each element in the test




+1 Z'SAP Zao2 5 a plurality of point-to-point links (e.g., 221-22%)2 SEP 2002
i nt er connect wopshaset est 6 conputer and the plurality of sequepCemnss9/oéilo
wherein each point-to-point link has a programmabl e del ay, each paint-to 8
paint link including at | east one progranmabl e pipeline del ay el errent 9 l

(e.g., 248- 25itbmi 200 prefRedbAyTEcENed the sAtd &4 otBétdata tirat kGeeds o 4 ?de -by-

V\/nereln each- bl el i.nes eI Iemet del
_input_ _ cycle a519 3‘;{6% elfﬁ} s D QiR rm 81’166 %mbaé?n b@yg@out 17.

The tester athet&csyswnlzmcl aim 16 2 wherel n each poi nt-to-point |ink

bi st hrough t he Heh@Ttpe B midREt i rtugh 223 arbtFioly ol AR IALE G0 2, |
the inhi bi tishgwoiis EG12G. Ispptiogan endidink, interfaceinaludesetirenithefor nhi bi ti ng
circuitry is yﬂéﬂ%%ﬂg%& V\i‘&n& Bt%exs&ﬁﬁﬂvnﬂf %st%ﬁ?élo&é’{é' Il;'\lfol?242T hastepter as

recited in cl ern eac carrlesaplurallty

of data bit andR43hfor adjpstingelay time thécmgbébe s;tmecdmnbwométrpmrn leatgm 256)
at 4 |east gepRbik (e§ éﬂh@ deia TeRichts 208 tBRugh 25t 5 foﬂexﬁﬂhng%ﬁm&és
A

operating a tester to det ne whet her a d er test
(218) is furkRasagaPh tﬁ% asai*ﬁela%ég% Betwork (¢,8+ sgtcagﬁeﬁ?

(234) (a0pl lmizﬂgjlgichﬂﬁtombﬂﬂfgmaé&nf ether ?%Q@g tgaﬁcﬁb) 205), a ge': \r/]vor kI of .
nodes (e onnect | e tes \n ral i
of sequeager s, r%’@er’etgg 493 ﬁ%ﬁ%‘?ﬂ‘m‘émf%mé"“‘%ﬂ}‘ﬁﬂ?@ fh 3 %pl ed d
bet ween eac hsystbnt(hg phelpadlpheyaldﬂxk terfapee 25222224, tand 285:)@m£crahigdhavettwst s
vvnerel n eacgbagig%?u Sﬁ Hkd ﬁg?%ssﬂ{étestﬂégﬁrlil Ebﬁb@w& IRE offledy €l ement

e.g. orajustln fhe network and for 1~

en bl i ng anoplan@mnd@cm@éhglemmrfm(egswm&meﬁecm%r k, 11 corrprl si ng
the stepsg of 12 (Mbrmgrtmnmx ﬁxh@ine&fab@es% %MMH&!H@QB sre@éraa hBe

del ay el enent eC| f e del mﬂl %hwﬁb@ &ﬁeby

del ayi ng a oft B't ““iﬁ' ff
cycles; _ 1 links 230411&23135@111&&1@ 232-and 23Her comnmnicalily with eachgpariphérak

22332%225: it theiface’h (B8 BRI b ik Rbiaced 20102 DETBISNE i
to the devi ce18url@@rnnm§ttantwm%emmdekmtsﬁaqeh@%éhreeslem-‘daleaneam to be

19(d) opQroat Igeaextahanabsé ela&texﬁﬂﬁle' ﬂﬁtcbuﬁaﬂhu&psﬂoeﬁﬁh\msm Té¢ the Remeli el by
t he- - dev fe under t egt -r e“? ns #he-t est
si gnal s andmterface 223 mxght a]so be used to 1mp ment each of the pcnp F“gj E‘b"r‘?%?&?ﬁ ng the

recei ved si O2¢H|, 2231221, enxp223. eﬂnyaﬁusea linkshaighbthe R e conmecteidng sukabidlevels he

d d

T no A A ety Reablif o R, PHRRE! bk tect bR Al oy ik erfaces

A _S(A E(A withampelink paifse cinggitrfor spephvonizing Adqlaymg gnabling, Audgompiging
c[ p>~yt gjse’” [ k& alghe be dhiay addealts Alechfigttation Shown in FIG. 2C.

Z]U]? g? L g?? ]i]c gL]C Eg} ﬁrgh@%&g%egg{l]ﬁ%@l@{lbwpgem that the present invention offers
' $$} xsni dsighlificani advanedgeabvet|conyentibaal jiest kystdihs: aferaddamplec addifional

el el i gty o e )

a] ca] ca] ca] ca]lmiboaﬁ}ndaqmta]mfa]ma]oma]road@d:hj thesd sm[]lcnqemaqana)]tcﬂas]nﬂa]tcm]ncaaU] calc

IR
Eé][)(c::zé]gca]?’ I%):] %E@Ea ‘% ]en?] ca ca J‘{ al caj.ca] calc
a] ca] ca] ca] c#Hchitesiure of %‘]"8&]‘%@“]5 %1]‘ G»i::{'éﬁs UUVA#V
I VRVKVWWYYY. ZRb) iKlskilgo ety to aedieded b:ﬁ.\ ¥idets to'\fl a}ﬁtﬁﬁ&ﬂﬁﬁﬁkﬂdﬁﬁﬂ i@r independently
c

Ul Cal cal cal COIEIREIRE RpUARERp: JPEaea Ty S EHRUERSRS Srimed SRR @ o

wwBy =GSa~yt ogoethe'i keventign suddablecfol teal]:t@mn;]l@a]@]—s;m]m‘,ahlke@:]slgnal semiconductor

aU] calc a]ic%g] ca] ca] ca] ca] ca]cal] ca] c aU] ca] ca] ca] ca]ca]ca] ca]ca]ca
ap9( Xmxdq ]? 'c"Yke [V]]c]ca]ca] ca]ca]ca]ca]ca]ca]calca]c”a]calca]ca]c
a] cal ca] c aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca

GOLKO+f 8Xc~&Od:{ vgl gb] X] ]] ca] ca] ca] ca] ca] ca] ca] cal] ca]c"a] ca] ca] ca]ca]ca]ca
]calca]cal] c"a] ca] ca]calcallcalc"a]ca]ca] calca]lca]calcal=]n!'slClNhl~ytoje [V
]]1ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca]l%a] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca
U ca]c )

aU] calca]calcalca]calcal!%, 6: NP b{vpkfa\We [V]]]ca] ca] c2a] ca] caU] ca] cal] c
a] cal] ca] caU] ca] ca] c$a] cal ca] cal] ca] ca] c$a] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca]
cal] ca

bf *2@.Zzi m } xsnhc”"Yje [V]]]]ca] ca] cal] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] c$a] cal] ca] ca] cal] ca] ca] caU] ca] ca "$& Qu{

(?Gw | ga\Wihc”Yj e [V]]]ca] cal] ca] cal] ca] cal] cal] ca] ca] cal] ca] c4al] ca] cal] c
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91094 & () - SWOWHEN5E ) - & &S, z#10%| & ()-s! " &S, z#109F7& () -s! W ASTAKINIRNMS. (

) - s! p&S, Z#109@?& () - s c~_@ 10% ()- 100 ()-SI{03%B10% ()-10% ()- |
104| 104| 104| #710%| & ()-[p+sT[9~ @' ~ 9g#10%EE&’ ()-!}9g#10%]1& ()- -

109&' () -, L&#10%Hafing 'deka&ib%ﬂl&ﬁﬁb&lbbﬁﬂﬁe;n&zﬂirﬁ%ds&]témam}éhﬂmd@ém@&0%& O-'
s L*-#10%b& 'L* # ] ) 0Y& e s%F wuVv7!
% 10% () - @ ]18(%( r%c&: ffa} fbamplg it Wid 3eibed thgtgﬁfé‘ Rriinfekta Ct;{ug

10! X9109&' () statt, diﬁtﬁmu(r) angaecembinatioynet ook 220 4o preferably arranged in a star

Tooe ()1 - Lotgbilon, Mg %3, ﬁe ARl otherlamiifennt e (-
109%& () - BoMrpessible. Ttss mldb& fedfthats ma&vq rrgngemargsgenerally iepgi101 000
1000\ 910%00¢ade- oﬁfs%peﬁo@Mée dndrhiiifadirabiidf%d d & ()- @ 10%& () -y&10%& () -

f
100 ()-y109%& () - For example; {6, Rishgws adesier 300 withnapngewenk 330, whighdngludes () - 1y ~#
10%[& ()- Hmﬂ@ﬁﬁerfake@@f’/ﬁqréd mmwm é?hé@ This 4t AR %npler | HQ

é?lo(yfog/é ]E)argi& loty%g/é})efs) ag%x%;%@e,s@}'fg%e# gxé ﬁ%%gause eéc}ulmk 10%& () -

)r)) **yZ@P7! incerfacéd Wﬁie(xﬁetwmas Jat st tﬁ&‘c({%@p:{h)sof links co&rir\dniicaging with it.
T&10YA&' - @ T .
0 e wctwgfko%%ﬁ agsirppler Jayont, the delays botyssp.cfe tb nsin 107

10Z the test system 30 generally can n onger be adjusted so that they all have the same

910‘%2& () + vmcl@mw 6! P exchibidd )e1émei s%ﬂ‘%ﬁé‘ t@st(sgstéﬁ%glﬁs@‘ﬂfr%u%{\ s'1

-1 0%9JUL' 0%® 45Y
u un S 9'1 qnk npEnbars: %3@@ l%)csf Eer@%naé ttﬁtelqatwmbﬁweynés S10%
%LJSL EJ ) - 7 5%%’/5 B@MBEBQ é}ncg the sequen(r):.(t):/r 203 passes fg%opgx the twivg (;2) link m%%fgg/es 322
67788, 998 1 | 3. yép‘”&?/?fog}é“’y s ?99 En @e-ﬁe&’)&ﬁgﬁl\?&’é s sequey
s- 10%& ()-205 passw/ﬂxr@g(n)th&e (30 hﬂmtamml 303, q1d 024" b" & () 1 x09%&10fye
2; & () - 9%&10% " &pfhnd Qae %kgs/%ﬁi%bét%eey ii‘xe‘:#sl@o/ﬂlgu]}ﬁgﬁd@and thé ddeiiedr 805

>@g@g@r 9Y+88310fV 10" 10"
|- 10% & ((%F _G%asg%ﬁ_@m Mnterface (3}21 322, 323, and 324 This constitutes the

20  worst-case delay through the network 320. Accordingly, the programmed depths of

the pipeline delay elements in the network 320 are restricted by this worst-case delay.
Because the corresponding delay through the network 220 (FIG. 2B) is
proportional to the time required to pass through just three (3) link interfaces, the test
system 300 generally has more pipeline delay to the DUT than the test system 200.
25  Although the network 320 in the tester 300 has a simpler layout than the network 220
in the tester 200 and is therefore generally easier to manufacture, the tester 300
) generally has lower performance than the tester 200.
FIG. 4 shows another tester 400 with a network 420, which includes link
interfaces 421 through 424 in a “ring” arrangement. This arrangement is also simpler
30 than the star arrangement in that each link interface in the network 420 has at most
three (3) pairs of links communicating with it. However, once again there are trade-
offs related to performance and manufacturability.
For example, state data passing between the sequencer 402 and the sequencer
403 passes through the two (2) link interfaces 422 and 423. However, state data
35 passing between the sequencer 402 and the sequencer 405 passes through the three (3)



CDCC} A2~ _@9Y, 10% & () - y#10% & ()-t! y#10%&' ()-t!y#10%& ()-t, @03/52&' %P g%z

% & () - CODDBWOM9P3I6 @, #10% & ()-!°, PCT/US99/08130

#109%&' ()-,'10% & ()-'e "10%& ()-!"10% L& ()-@
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whercm the at least one sequencer controls a particular instrument.

1 3 The automatic test equipment as recited in claim 1,
) 2 wherein the nodes are arranged in a star configuration.
1 4. The automatic test equipment as recited in claim 1,
2 wherein the test computer and the at least one sequencer are coupled to
3 respective nodes.
1 5. The automatic test equipment as recited in claim 4,

wherein the respective nodes are coupled to a central node.

1 6 The automatic test equipment as recited in claim 4,
2 wherein the test computer and the at least one sequencer are coupled to their
3 respective nodes by way of a pair of uni-directional links.
) 1 The automatic test equipment as recited in claim 1,
2 wherein each node includes circuitry for synchronizing data exchanged between
3 the test computer and the at least one sequencer with a system clock.
1 8. The automatic test equipment as recited in claim 7,
2 wherein the synchronizing circuitry includes a FIFO.
1 9 The automatic test equipment as recited in claim 1,
2 wherein the nodes are arranged in a serial configuration.
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4 wherein the delay through each node is adjusted by programming the at least
5 one pipeline delay element.
1 15. The automatic test equipment as recited in claim 1,
2 wherein each node includes circuitry for combining data.

1 16. The automatic test equipment as recited in claim 13,
2 wherein an output of the combining circuitry is used for indicating a halt-on-fail
) 3 condition.

1 17. The automatic test equipment as recited in claim 13,
wherein an output of the combining circuitry is used for indicating a branching

w N

condition.

18. A tester, used to determine whether an electronic circuit is functioning
properly, comprising:
a test computer;

F I S

a plurality of sequencers; and

- -17-

SURSTITUTE SHEET (RULE 26)
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