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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 prent, and noHEGHSREEDR READTIVSTATEINTBRCONNBQTuUCt or devi ces

to determ ne whet her the ma I ve. Testers

general ly include conputeri ze téy{(?ﬁAm rﬁﬁ@i{lﬂmnt rol s various

gyp_es of :jnst r uneThis mwﬂonmelp@s genenallydto tagtomatit test ngnpmgltyanrgnnd;ragn%st t ot a
evi ce under under es

and neasuri ndg any p)gra d?g‘%{%@"?uﬁ?ggglg\;&?%agxﬁ%%%fﬁﬁxkﬁte The

conput er i5zed cont ﬁoutorowmt@sttqqymmm(wwmﬂayaé‘mm ")eis comgonlit useddnl si gnal s

and measur ed,RRL AR Jﬁad«facturﬁig%ﬁﬁboﬁw&s; a’&c)s@w@aémm@{vﬁémend&ker m ni ng

whet her the tevice under .test cantains defects. Sem con uct or devi ces may
i ncl ude di gi manufactuged devices amiféfgftw r S Estens genegallyinginde qompyserized contrgl

Id nclude bot gct tﬂlafadnt%lgk/%ﬁtus(tyﬁdﬁldiﬁﬂs&uﬁﬁﬁs ﬁmfﬂe)ffolﬁrlﬂhéﬁﬁmﬂhgﬁ@ Si glnal

evi ces, an & es at. te re c n cal lied, m.xed- si gna

testers. Fur® %E‘é@gcv‘ﬁ%ﬂg ef&le F;{iﬁg“ ﬁ% @SR%%‘P%H% gevies,

devi ces lgenetest, la;ld msmmmanaMS eclated chegleniee ande.mestofl‘he lcemglateriead .

Accordi ngly, t evel -

of oper ator e girediy A et CBphAR e Stbech 3l Sl RAA A Ballfiny O

devi ces t horwgmqred Exgcted @h@&stherebyedctemmm “thhtsller th§ dwxsﬁumdﬂdcstt esting

m xed- si gnal ?éfggﬂgch as a device under test (DUT) 118. In particular,
0 I n¢

th tester es .a test conputer 104 coupled to a sequencer, 102 and
lurality of i nSemisepArciordeyices gnay ipglude digiabeirenitgy.(aaplog GBEyity nek ‘PQIhent

106 a [rseci Pevidesthat ihglude BB ankldg, and dikital ifcaitiysdre Bo%only?caﬂ&f’nm%l

PCTNS99/ 0813 2 5 e | h d
in a workst aff (I?ilgftt"gqeer a%gﬂs g :ratéglscémg‘gﬁ 5@‘?W&ﬂéﬁ%’t?&%%tcﬁo&/ro?rlsﬁg

t he sequen c eFuﬂ;m ﬁnctped:th dcnnétlyr andmﬁemlll@ﬁ;plekﬂg pf these dévices [generally inctease er

pins 112, [ ;,’11;,%,0

respecti veI y héﬂgﬁ%%t@? %ﬁggﬁgfﬁﬁéygﬁBm@fhé%%%% tgr 104 S
coupl ed to t¥Hat seétfa%awrdemgwrdek#@nef%«frrqﬁ»nﬁﬂk@d@regrmm&ﬂe’u ilisin110 by
way of ad esprdepiPtdsethefeldevides thokdwghlyel M | arly, the sequencer 102 is

coupled to the in nts 106 nd b of .a.state.bus

uring a typi cal AT ShR bietes T el Beblop ool by gl e et
specify vari mdsvm@en@aritcsg (DUAYI 118 o bs particulam thertester M includestactestanompusrands.
For exanpl e, Iy ues to
be appl rgd to and’s %%teogé]% Ggﬂgrmmﬁgiwﬁfgﬁ@nﬁﬁ%&egc thggltdsé@é:l e. The
val ues t hat ab(FRID) ingtgurpent 196 p%lP‘leF’é’@PzﬁC mStrurment 109andoy precision DG sep

200z PC"lﬂsplsﬁﬁerﬁéapl Ioesrheptml comiputer 404 liwh |hbukémm Wérk@tatlﬂﬂﬁd!r " and a

f t t hat t t t
PogiLern. * THETRAR SRR raViER sByfF Eé’ncﬁyt?? e g0 2105 emor y

(not shown) instruments 106, 108, and 110. Further, tester pins 112, 114, and 116 connect the
instruments 106, 108, and 110, iespectively, to electrical nodes of the DUT 118.
The test computer 104 is coupled to the sequencer 102 and the instruments
30 106, 108, and 110 by way of a test computer (TC) bus 122. Similarly, the sequencer
102 is coupled to the instruments 106, 108, and 110 by way of a state bus 120.
During a typical test session, a test engineer uses the workstation to specify

nj

various operating conditions and to enter various tester commands. For example, the
test engineer may specify a test cycle time and values to be applied to and detected
35  fromthe DUT 118 during each test cycle. The values that are specified for a particular
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included in the sequencer 102 and enters a command to start the tész SE‘% 25902
general ly 5 cWO9883Bhe sequencer 102 to read a different vect orPEFSNEIBACH
test cycle, and place data derived fromthe vectors on the state bus 120.
The data typically includes both the values that are to be applied or
det ect ed by d¢eat cyéle areroollectivght knoshay asrag ‘vactoad iand g greupelivectass thatreenstituses
these val ues ,asndide bRt ﬁ%%éx%ﬂyﬁﬁoxﬁlﬁﬁse&t‘ epgbative to the start of the

e

test cycle. 10 For_exa I nformation may direct the HSD i nstrunent
106 to apply and Jaxeée&t epgigeardhenstygicailisloads & pafiars inse amemoRytnaigiownhe

i nf ?r mation lrﬁ?duc%&ise tlj{ilh seqséncenhmmd dhbdrt o e?gxg:aag %o %%n&ﬂ@kéﬁt anﬁi? geﬁrw

anal 0og signal s at another n ur, er e |I.NTor I on may
G reos + e heanss the iaAmosn B4 1 T Jirent YScior AUERRCACh ) CYload e of ||
anot her node dafa defivedom th@Qectdlﬁ; ofthe Stadd Bushil29. e cﬁtzﬁ(yptc)ﬂby ineludys boik| udes

various clock, s and. ¢ hat  ma sed, b e te
conputer 104 tla%gaq éﬁ?tr‘i’g? F(h pil ‘?B{Sdetfggs‘hﬁﬁanﬂél 8%‘5%% aq Cj?/cl e.
The i nf or nat iaod thentimésewlsdnetheseinadues agotot ecapplied er dhléctaksclative te thet sﬁan of thehe
tester 100 dygd @?ﬁfach cycle of tester operation. Although the tester 100
has been successfully used to_test many conplex 2 O m xed-signal devices,
we have }@cogni zedos evample, thp énferzrationgnay direcphthetHY instrument 126 toapplranden a

need for t esrd‘éfe%t 441 sl 'af 5 o8O BPHHE DI oSO THY B mal o BPalld Witech i

sonetinmes cal € on- a- chip ex deyices, are ¢ rally
hi ghspeed, Hﬁgﬁmtyl%%ﬁpmbﬁnsﬁawumafw%matraaam Bods pLahORUY gher
| evel of operlemeuﬁhfﬁ; ﬂﬁlmmﬂaﬂiﬂmmaﬁma%e‘ DE&ih&thinmdny 1108 appy obmesubd eved

wi t.h the conventional .tes escri bed above. For
exa}rrpl e, in OPH ecflgve[lseittsth@&%ﬁhg&n fgﬁ%ﬁluﬁgoghe systens-on-a-chip) it
woul d belBlesi r abl &hectarabes H2G dsa typically includesvariogs elocksignal§lang comglitimc ause
such devi ces fﬂEQ?faﬁngggb@ﬂy&i ﬁé tat e&gﬁ&gievm Qéd A SEFruni lfoBeiéﬁ 3h&170

greater nunber-of nodes o er In rent data rates, fp ramm ng
nul tiple seq@éﬁ&%f’%dlttés‘@ye‘eoﬂ@? Qrmationom; the stats byist 120, theref %§? megEee tines,

g h?fteStteggftsfh@ﬁ(t)ﬁ/bﬁélleﬁtebQOGBhﬁng@ach tle &8 tésteR loperatigss opte[]atlng at f
ifferent data ra a wever cre e nunber o
sequencers general‘&@l (o3 qteg'f%@%b&f’%f‘ﬁcﬁ{?ﬁﬂ& ??cg{]gt[lgaq IO8R¥tion to

t he i nst20nemised-signal devices) et habhoreepghibed seyetad shar@Omimgs! Jol partivulsr dherecer

102 that dis I 108, and
110 by way e ams?%"ats‘e'éﬁéfgtg‘%&s t%%w ?St QMBXE% E%E&%%E%Q%%ssso
PGT/ LIS99/ 08 59metimigs ealled { ‘systeams- Q,‘bﬁ‘lch@ur Tihessrcomplex deviges arreasnsrally Bighr r anged

i ][1 Sﬁver al dcapéi-,dqagﬁsaenﬁﬁdxﬁm -l aaﬁeés tﬁﬂa'eépﬁrd dicevet rxeﬂleaclmap&atdi one
of the car ca

Eurt her h u
Connoct ed + o PRESLaNA e pinonine felydyat fan 6F schibed Win A SRITRGAESar o,
chai n bu25corosfigurationudesdribad dbove.t est er 100 effectively 5 distri but es state
information fromt Vg -Tats msloSa- 110, we
hawe recogni zed tr@?eﬁ %qﬁ?d&qgéé?géa@fckgﬁ%ve |ntﬁgt$§ester S'v."t rmre
seduencers. ™oud be desitablgde have2 testerwvith merg sequencersndiisds beggnseaucy require

st r ament s adees ““*““Z?““é T e B T Jlond.
instru s 0 [ ui I sti

adj ust abl e dé\°§ 15%“ ri’ﬁ dlaf?e'aﬁeﬁs% m&“‘ﬁ@? %quF%Feb‘emrmr e

di fficul BOt 0o opesate ecc*ohﬁng &4 differentfest eyelel times it testrengineeraveuld be ablaeo test

i nstrunments ] . I IBR her,
havi ng dai syjtg uP éq‘g %%ﬁ%té’%ta?ghfg@ﬁ%a at%%tsg{rg‘ﬂleaﬁ%@gw yﬁénsang "F‘#E%sm | at e
i nformation ithe oumberiafsequencers genpmally qomplicatee tlw distribution ofastate indereation the

tester at a Qhéf:ﬁfrﬁﬁxkntkeva in the pipeline. Such a configuration is

general ly diffi cuIt to inpl enent 15 and not easily adapted iﬁt testing

hi gh- speed, hi gh- ddhdssesibed ahoxenthe fester dAP nclydes gsequencerelO2tbat disdbtess 1 abl e
to have astesitfté iifbAhatien o HRShstARAGHIE X06, 108 NarkP Dby WaPHF Heaeibuy 120. Ina

m xed- si gnal sem conductor devices. This tester woul d have a way of
distributing state and other information to all parts of the test systemin
a manner that provides determnistic and adjustable delays. It wuld al so
be desirable to 2 0 have a tester that has a general purpose and scal abl e
architecture. -9
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-3 )~ 2 SEP 2002 WD 99153330 PCTNS99/ 08130 SUWMMARY OF THE INVEI\I"IZO&E\R' ?RUZ
t he foregoi ngwisesdksgzzound in mind, it is an object of the inventPOrMUS9/08130
provide a tester that can test conpl ex) high-speed, m xed-signal

sem conductor devices. 5 It is another object of the invention to provide a
tester that hgpical tegeerasonfigmationthe msiturments atd aranged int seoéral card tagessarsd the |

anot her object of the.J.nyention t Vi ester w.t i gproved state
di stri buti on “SEE Wa&s erglfdﬁﬁgpﬁgoog%cﬁ Y %‘003 € g%?ﬁ?%g 51 EF %5%{%%!‘6 $H§

f or egoi ng and26tdndithoBCdus 422 are comheatedtd fha card eageein ddariyrchaia fashion.
conputer) 10 a plu | rali J ; and a
novel state distribu (%u?ré t@%@%@%}? |m?)enc'9i hgtu\%ébdrt'@%geg{e?mq%&gly
pluralitySof distrikutesstatefinfosmatiomiremdshesequenaeed02 ta the mstrumenisrifior €08, ande
sequencer s, @, iyahabd b HTRA i SRR b 2k B le th s WidifiBlel 0N bY way

i
of respective link 1 nterfaces, I ch provi I-directional, polnt-to-point
communi cat i ofeARANGEEn Thisds becapiss, havimg moresequancers would typicallerequire :areent |

t he i nstrunentfe bayes, tRaGeRCintréasinChid DREBES of BidCohhcttiofsto the Hatiiflen@dt he

sequencer s exchange. st at d ot her .i.nf or mat.i.on b spective

b1~ rect | on SPRBHRNE G FipgRne Feqbip fdhdetatimiptt apt afplbraple deBSE Ritohgiom g
in a "sthd" chasysgam. altiwouldtiersefore belmorealiffiealt to ensurethad stite infformeionwizange
the state an . rdrat i Q0 I i i .

Accor di ng to%gir)l&eﬂﬁ%%dtt%{rtgto e "Ggﬁgﬁ%{’%} glg(g%@hé{hﬂ%}r# g&’féﬁ‘i"gg@%‘ﬁﬁgés

| ogi ¢ for conbi ni riprthenthavingidaisyrabdinhus canmections dz 8 teston genasajlyeneans that
According to Simatof i di i i i hJats i udes
pr 3gr anmabl e Si?zlﬂge I.ne ﬁgﬁﬁiﬁgﬁ {eltﬁggl:ﬁg hg%ﬁ?ﬁ?gﬁe “@gﬁgglﬂséag#g@a%dﬁ E%f%?% E‘r:%)ugh
th

state di Shkfersuilevsl inthe PinslingrHPeek: 3 eonfigurajion is gaperally diffiqulitodmplameng| o
confi guragi oran@fot B&ily bddpted fo tetingrHighegseed iz einitgGyaems-og-atdhip. pi pel i ne

del ay el enents. Stil|l t her obj.ect ngd _advant a w |l becqne.,agparent
froma considerat ifbﬁ’°8j&1‘§"ﬁr§?°éﬁg’ﬁidﬁﬂm§& 8%&? Pgﬁgeﬁgﬁéﬂ\tﬁ%@(’gﬁg’h hlém ~12
SEP 2002 WO $pe&h hitth-deasity,ptige b Egi0 s@hiconduoksCleviess. CRhiDiesErHwoDiNIVE@S The

i nvention wl : : A re
detai |l ed des c‘irﬁl1 p(t?fl (gﬁhgﬁg‘_gﬁégg%‘?ﬂﬁ@ﬁ%@%\%&?ﬁgwﬁﬁéﬂﬁe I:clgdéﬁij‘wgi{;npart i al
bl ock di agr arfsmenthabprpyides detsrministie apd adjustalie delays. Sit woulkialsope dgsirpble dx

di agram pd a Ha0& heéstdrRRhash akndial purpdselafid deAdbid Aiehiteppurand recombi nati on
network in accordance with the present.invention; FIG 2B is a bl ock

di agram of the FIG 2A apparatus showi ng a detailed view

)
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of the state distribution and reconbi nati on network including a Lgr §IEP 2002
10 of link i wOo99s3338s in a "star" configuration; FIG 2Cis a p*s:wmsgs;msrso
schemati c diagram of one of the link interfaces included in the FIG 2B
apparatus; FIG 3 is a block diagramof the FIG 2A apparatus show ng a
detail ed vi ew of anot her enboSUNMMARIY OFI‘H{EIINNEEMI‘KINi bution and

reconbi nation 15 S f

appar at us show ngﬁglth\gﬂ% Fgﬂg% L&goémgtlf'?‘f'm qp% %%ngg}& "Négn&j' &ne state
di st ri but i orpravide raéessmmaaandnstrfemp&mkhngh-sp&d m@i—sgﬁmzmomm 53330
PCTNS99/ 0813{%%CR| PTI ON OF THE PREFERRED EMBODI MENT FIG 2Ais a

concept ual ock diagram of a tester 200 in accordance with the present

i nventiof. The teldenoshey abject afiths ipveption tacpreyidecy testonthahbasy gamerabpl y at

| east one hi &%q sgﬂmléa}ch(tgéi@)e instrunent) such as an HSD i nstrunent
206; at |east one AC instru uch as an AC jnstrunent 208; and, at

| east one DC i nStI{tM anothsE Q Egt aftﬁemﬁ%tﬂ%mpwm teser With an gaprgveds ¢ he

tester 200 igatpdistfibiution soReand tHaonfamtams&si)hE&hcy efitardnfopnmpliex M xed- si gnal

duct dey, dt t t
Cypl cal Ly used T oforsai i obet Rt HE et A ey ROdAfteliopers
and di gilpal a:plnrallt)t ofyscqnﬁxcﬁsea iphuality of inssuROits, 8613 neveli statealistribiticoeand
sequencers l?ig&ror?Mwaﬁéeha{ &é@ﬂ&%ﬁ i{ﬁlra)ﬁty J%ﬁh&ﬂb@é cantly enhances a

test engi neer |ty to contro e test of a test program
For exanpl e, eac hinggnet Wﬁc’é‘PéeSQGQmPLZBB thﬁmuzwrmy the ipstoyReted t o

oper ate aCCCUx‘éhﬂ%ets&tdhﬁcf SthePinforaitiof B¢ wWaylof F&pective Ik TRRfcds'Wwhichhe tester
can applsﬁl yﬂ (ﬁtect agnals at . di ferent el ectrical nodes of a device

15 under t eskToXiAR bhfiregtional, BRINt-L0Pgin corpRURiGAtion, RetwreR e tofief Flements. ¢ og¢

progranigay consikia plefesrdemnbtodinmeait, theidseangntsdiase cbsﬁécaive Réqueacdrs,@ad tiey NS

be | oaded_i ' ' 202,
208) and som R EIRE e LuRREN o Ehle Hnd Yol BURTYANTE
control | ed itespegtivelbirdirastions] dink yterfades WFurgheryitheJinkdutarfaces drs aranged in a
I nstruments “éﬁﬁdc&ﬁf uPzﬁfJn%ﬁErEiﬂ tRE AlsPtiod Hnlé intérRles Eﬁ‘cﬁa.ﬁ%e the State?arfd Giher

hi gh- 1 evel oerat ntr rogrammng flexibility is inportant for
t hor oughl y t &%‘1‘%@ ’@SE‘g‘fE‘FF&?“%em conduct or devices. Tester pins
212, 214p and 216Acmdmgttobhefeana’erotﬂnwih&nﬂeﬁ each @ink imerfatk(ncludes pegi¢ forel v,
to eI ectrica I e [ test (DUT) 218. The test
conput er 204&5%5(‘}1%?;38{' ns%ﬁ%?f&?ﬂl&%?éﬂ segﬂglg%ssentl ally the sane as the
prior 2 5 art. Thecmqmemen@thgo’@atumefthamem zach linleintartace inehdes 206
208, and 21 Bt detly ferhéifs. SPUREcR IR o AdjlstBd iproldhvRY Gire

t he pref errg%rag d| me T i ;BPS e onl‘éix

of thé invention, each ces 3, and 205
control s a r&ggh E‘t“?’%/%“q recombinatien pesworkpysse %Hﬁg?ﬂ? Lﬁﬁf’?‘i‘fé&mm@& thedifkences
i's prefesabl y,t@faemlﬂmmommagm&mmeaalayue:&n& respective instrunent.

Accordingly, the ces 202 I3 situat e% {}le d as
t,he HSD i nstrunen &g efﬁglegtgqueﬁg gw becrggfee c;?}pgr?: L og'gl‘ag‘%g%e
sane board aefthhensu@gdﬁscmmtmmndzhwmgmd t he sequences 205 is preferably
situated on the sane board as the DC instrunent 210. However, in
alternative enbodi nents, at |east one of the sequencers nmay 3 5 control
nore than one instrunment. Nevertheless, it should be understood that higher
-6 1 2 SEP 2002 WO 99/53330 PGINS99/ 08130 | evel s of operator control and
programming flexibility are generally achieved as the

i nstrument -t o-sequences ratio is decreased. In conventional testers, such
as the tester 100 shown in FIG 1, a test conmputer, a sequences, and a
plurality of instrunents are connected to one bus or to



5 several busses. As shown in FIG 1, the test conputer 104, the‘geéﬁghzgg
102) and t heworestssasoent s 106, 108, and 110 are connected to t heCTUSHUESINZ?2;
and, the sequences 102, and the instrunents 106, 108, and 110 are connected
to the state bus 120. This configuration has the advantage of requiring a
m ni mal anmount of har dwar BMEFDES@RMH%EOF@EWW@N@&S in the test
system 100. Howe it als he 1 sadvant a a | ow- | evel
.of performance du e,plfll %Pl"l‘gmrb&%ﬁ& %[5% sg%?qag‘hr,e?eég'g éf’é]i‘elé’\ﬁ HOYE test er
confi gur at i cletaileti desdriptivn ded acécanppaying dbawings iniwhith unent s. The situati on
tends to get V‘Drsﬁd"’{ﬁga'ﬁgﬁf&gﬁﬁ%‘a of"ﬁ@orﬂgﬁﬁgnatl S:(,9.|1vent|onal t est

systens. This is because erent equencers yprcal Ty produce different

sets of 3tate i nflIGx@A i conentialbjockdliagram of héesterduconperatingra glate be 15
programmed to operate kg RaHoH Qﬁd‘Fc%ombithx&i hdr8oR0in dceéﬁaﬁee%m ePrssent NESE

different sets of state informati on nay becone avail abl e at ent tinmes
during a test. It can KeNor e becone very difficult to maintain state

coherence bet weerFIGeBsk armdmcsm@graﬁwf\twm@rm appRidtusSsibwaiBa Bétafled viewude
bus connection schenes. £ kb %e the tester 200 |ncIHdeséﬁ gﬁvel
state distribution ana‘)é &St H IeSPmpBinaLion yetyrk; ingln wality, o
di sadvah@ ages of conveusﬁhnknnﬂcrﬂaceshnaé‘stat’bmﬁgsrauén; shown in FIG 2A) the
test conputer ected
byt ho. networ k2300 ah s PR Seteilafic SBrarfBPond WKing i Bidircly FERGANS

adj ust abl e del ays betwﬁmﬁqﬁthﬁ@Bmﬁﬁﬁnputer 204, the sequences 202, the

sequences 203, arpct Bes & BHERMHATaROF the IS 20 t@?fu&%o& aeéﬁggela%a%rgdbggd

t 2 5 system 200 has n tent i.ew of tate
be?t he sequencers 202, 3"2‘8‘? HPS?G%]%’S“O ihe stajgsdisyr °'Pﬁ%ﬂreFﬂ@ wation,
di stribusion and recormstwam andnet work 220 includes a plurali ty of nodes
or, nore precisel i.nk e the ferred
enbodi nent, the rgpv\ér’f( ?%ﬁ((ﬁ{g@ﬁlﬁ ﬁlge#gqq&%%*%é%sgg@ véervéﬂgnt in
3 0 the test systemthsiiilamtlmnnbodmntgfﬂm;stamwstalbummremmlnnatmmrface.

Because the tester guﬂagﬂgour (4) elenments 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 enbodi nents with nore el enents connected to the _ 7

~ ~ SEP 2002 WD 99/53330 PCT/ US99/ 08130 network 220 have state distribution
and reconbi nati on networks 220 with correspondingly nmore 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 conputer 204 and the sequencers 202, 203, and 205

t hat exchange data with the peripheral |ink interfaces 221, 222) 225, and
224, respectively. Further, the peripheral link interfaces 221, 222, 225,
ang 224 are coupled to a central link interface 223. As a result, whenever
data i s 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 information produced by any one of the sequencers 202, 203, and 205
and distributed to any other elenent in the test system 200 is subject to a
predi ctabl e amount of delay. Accordingly) state information produced and
distributed by the sequencers 202, 2 0 203, and 205 by way of the network
220 is subject to delays that are determnistic. It will 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 nformati on produced by any one of the seqgencers 202, 203, and 205 at a
predictable tinme and preferably at essentially the sane tine. 2 5 This is a
significant advantage over conventional bus-based test systens in which the
el ements of the test systemare interconnected by a dai sy chain bus, and
state and other information is distributed through a pipeline with the
system el enents at different levels in the pipeline. Because the

i nformation nmust be cl ocked through the pipeline, the elenments of such a
test systemgenerally cannot view the state information 3 0 simultaneously..




Further, such bus-based test systens are not easily scalable to p}(;visgg ?99%
per formance weeaped3loo t est conpl ex m xed-si gnal sem conduct or BETAUSEH081I| s
i s because additional sequencers would generally have to be provided al ong
wi th additional daisy chain bus connections, thereby further conplicating
‘cl ocki ng and state 3 SDHSERIFHION OF THERREFERREDEMBODIMBENT syst em Even
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Simlarly, lin I nterconnect the peripheral |ink interface 222

s 2
and the 10 c Qe q‘ Hf‘é‘W‘ace 223: links 230 and 231 interconnect the
peri phedd |ink |'ﬂhenfssrume406,ri208t,hmiﬁm1mchﬂe hequknoerstsz 203 and205and,

i nks 232 Lot 0 | th
cent rar 1 nidespeivelll HARAanh EnRREC R Unglndh Aol Hd it i @R e
cor r espondi n%OQJIlEBt\HaY af a test prpgpun.s Epexample, gaddfihsseguensersr202, L% and 205

f unct i onal i t yapBe i@ﬁﬁamsperhﬂe aeeoruidgttsfdifpéreﬂteesil RN, PG mehfke
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However. 1 ¢ Shssvrial et aefims, pREGireRNF e Bac sl 15 BneB rBRBLER O, T
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data, flags, ma?ﬁn&lt%bé 308, Lﬁd‘?ﬁ) édn tﬁ%ﬂtrbllé&(md&kﬁdéﬁﬂg thémgil the po the

i nventi on. é éommnl Cg(zé bet ween .t he test "co et WOI’ k
220, and t helndeRFadentsoatre mitwe%l&eééq omramlpéan% g&ales%r Reh st ate
control Rer (ahighdévelMoy opérbmr wmhﬂrmdtpadgmmmfg fidxibility isimpbsantrfot i nmpor t ant

to the i i on. E f t di f
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link interfaces 2Testerpifls 21224!14aami 2Agz0anest thephgnments2060288, sindi218s manner .
I'n particul ?{es?ééhgblgztg éé}fm@al h@ﬁ: ldf'ﬁ‘i‘mﬁ@c} Elggﬁﬁcﬁ@gurﬁ%z tesl"gjlgji’) 5. r'ﬁﬁé state

and ot her i Ink i ntertface

peri pher al Meﬁkcqrm%ﬂ?é@eanéﬂepwa 2414, and 216xarg essputially the sameas tbfapmres 30
i nf or maison &e! PaeBequeficet©P02,203] and05Mindrthemetrdmenta20b, £b8, aparalohes alsol i nk

|nterface 222: th I|n air, 230 a n between
Z central Fss ?ﬂ%“'ﬁ% é%pﬂora“? héoﬁgf DWE'F% em-.g ef";ﬁ’f’g‘ﬁ rrgéf 4; and,
li nk pai mvetsbnan@bmel)enmm 203,rand 205 cbnirola qirespedsive insemment: 206 2082
link interfage; g3 and the peripheral link interface 225. State and ot her
i nformati on PO, Pl, P2, and P3 passes fromthe peripheral link 3 5
i nterfaces 222, ZEE“h?zﬂaChéﬁGP%Qg is prederably sipeat °‘l@°tsﬁ§° Beard ARALs| i nk

L 50 22l s A zthssa,%sa%g 2DET pERARIAR B ithe .
state an other Jn I n ar el.enents
22 243, padebrid s e 38D nieny 206 e seanens b 3R Bratsrehih gniated of e

uni - di r ect i osarhe boand as evAC sistraaieat208; dhdsha sedjueinen205ds peeferblycitdated oy, t he
I nformation | ected width and the 5 FIFO s 242,
243, 245, anggfﬁégpggq sg@g g&?rﬂerg% 2’?9 depict multi-bit FIFOs. This
depiction nerely quﬂvcr,mesltmws&n@ndm@tshblmt one ¢f the scqueneeds mayt her ef or e
shoul d be; undgiisd) atte R ordl h@FRnE NERCIEREL, 418 b funlii bl d highe

possi bl e.” Further, each FIFOis provided wth clocks DCLK and th

sel ected frequenC| es. The clock DCLK is primarily used for |oading valid
data PO, P 1, P2, and P3 into the FIFO s 242, 10 243, 245, and 247, and the
clock CLK is primarily used for clocking the valid data through the FIFO s
242, 243, 245) and 247. Although the FIFO s 242, 243, 245) and 247
preferably have the same depth, the actual "depth of the FIFO s 242, 243,
245, and 247 is generally dependent upon the
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di stributed @ogosssssp Very fast rate through the network 220, bpErRIs9§68130
processi ng ta(ks may inhibit some elenents in the test system 200 from

having a consistent view of the data. For this reason) it is expected that

from one ( TieytIRSt Dhoralot cfitol @id brodelmmi ey e enk Al alhibybdsipg ON0°
FIFO s 242, m@umzmso-saqaewrat@ is @%@Aﬁ@ﬂarom ze the state and ot her

i nformation at 2 ﬁl&éﬁbﬁtlérlwtgs&riﬁu&astﬁ’é}csteP?Pbomév}hﬁ\'ﬁGs sf @ cl ock CLK.
As a result, nchroni zed dat a, SYNC PO, _SYNC C P2, and SYNC P3 are

provi ded at ? PYER gsequesces gad theﬂgy 2&’23‘%@‘5 Qrwon%ﬁ%edzt@wnemg PE&R i vel v.
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i er| enentations o | nes. are OSS eac pel 1 ne is
provi ded wi tPﬁpewalbkmcsme ‘ﬁﬁF&?Pf!ﬂg“@é’éﬂs qhetrmelp%mﬁ@c RuEbes Of IMHEREBSd dat a

t hrough the pi pel lI‘ﬂesnl.?aﬁ&nttéﬁdﬁltG@eQﬁ&rseWh@ﬂhﬁ)r@éﬂ&ltleﬂc@ﬂsaraﬁﬁﬁ% are al so
rreant to depict -del ay. a ecom &Pgon bl]?f:ks le ﬁ6 and
Tt ore oPedtelSad e Sl Capge HRBESRL Feafns 2dM46: bl ock
3 Thi s nedifferanh sts bhistatddnformatiin. Ayrthely iecavise tlsmﬂ‘ndﬁm;rs anght be- 10 WO
99| 5333 I
respect ﬁvflpﬁggw %‘gtglﬁ?%%&d gﬁégﬁggge%erﬁt@st@# ese th& dﬁ.fgejgnt 241,
and 244. Howestepf stmenf@motsmaybqwmva‘&abb M@Tergnimaﬂunmatweltrm shown
in order to gierdtbielbeching vé hit §o ﬁﬁnﬁ@sta&@oh&%nmwgélﬂﬂe afemedts dfhe

del ay through the ne work determ ni stic but al so

adj ust abl e. §PRveRts S&Ws‘hi‘%a‘f uqlqﬁg °881“-‘§§'°Eé?? B¥S-adj ust ed. The first
way is by sel ecti Fgr this feasom)thectestes 20 intlndessa rovel stite distrithationtand f aces 221

thr ough 22025 thﬁan?ﬁ Wr@ %?0 tﬂt%@ﬂ&%s ll}edls%td%n&%e@fo% Qégrf\éhh&ﬂ(}l ppun in

FIG 2B7s erre e con sone are
descri bed bebamd tosteran gs shown én FiGhi2A, meetpsta;@wumzoﬂ prdthgisequencers 208e st ar

tcgnIl gur?te Im OQOMBQOSQ%mEB’#é&mE&eSEr gieam»dox:keznzgewmcg?.]gs fc‘g&rx;f)gdtﬁlﬂgéﬁsﬁré n the
S SYyS | | u S I S
therefore su f@E’[’mingéWia‘gB?té@g I&Efﬁﬁ Detweare £t copuputer eﬂ?eas&@“‘?ﬂ‘iﬂhf&r
Anot her way die sequences 2Q8, ahe tibesegyericer 205. mﬁggmamcag that leleerentscof théeestlept hs

|
Al thbugied he ST 200 5al F%ﬂgfsge?}‘?r&?f & heSald oS Badoiprodicha v il stnt® |
t echnol ogy ué’r@%I.ZQS ﬂnﬁﬂ&mnt t he ci rcwtry in the I|nk |nterfaces 221

t hlough 225) the meﬁ‘%ﬂo\@ﬂfat EHe"spdté QiStrbhitidh'End reBémbiRhtiin REWSrkZ2dh t hr ough

e P e e o el ks s

twenty- ei ght pfefdi2éd embodimditg tmerm\hsrkcﬁzmdmdes pae linieintktfagy fotl caok Blementint he

account 107 feaigpagm Bils famegied Bin o Scontal GICHSRRE Blsallttfie el o

engi neer nay 200 hasfpua ) dkemgitpedninacted &b the netwmkﬂaﬁ thé netawork 220 ynchidesr

power -up. SYN.R %%fe lﬁﬂuﬂﬂﬁ each 2
5 level of the p(lQ %ﬁ%ﬁgﬁ%ﬁ( g%%gﬁzszdyéxZﬁ@z%?ggc‘%ﬁve a%lcrliﬁb?]
applied to gg@égogq;@tal'pg@vc £9inkiptgriacss, Itr$§b'é‘ch°|“ﬁéﬂ§t°°ﬂl§h%tﬁg¢ testssygieam s
PO_EN, P1 EN2083s hlabRtc thabhltéthfte 2RBb iR ns it oG Rentdconné&tdd ta fie.  and
255, respectively, to enable passage of the correspondi ng synchronized data
SYNC PO t hrough SYNC 3. The enable signals PO EN, PI _EN, P2 EN, and P3_EN
have the same width 3 o as the synchronized data SYNC PO t hrough SYNC 3.
This nmeans that all or selected bits of the data in SYNC PO, SYNC P1,

SYNC P2, or SYNC P3 can be allowed to pass through the gates 252 thr ough
255. In particular, a selected one of the enable signals PO EN, P1 EN, P2
EN, or P3_EN may be pr-ogranmed to pass its7associ ated synchroni zed data
SYNC PO, 35 SYNC P1) SYNC P2, or SYNC P3 through the gate 252, 253) 254, or
255. As a _ -11
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applied to awgpdesszfwd and woul d pass unchanged through t he gat eciaisodosidie
link 232. Alternatively, all or a subset of the enable signals POEN P 1
EN, P2 EN, and P3_EN may be programmed to pass their associ ated

‘synchroni Zegeflgbrk DYMavE'State>disthibtidtl andébbmbidaticisktwahks 228 i ough t he
gates 252, 253, 254 r 255, As a result, that data would be applied to the

gate 256 an&OFquqm?%Vﬁmmféﬁcﬁata woul d be provided on the link 232.
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uni -directi j }m',sof [ : [
frequently (r%g%gté gd gr@ hevltggugttg gspﬁagﬁﬁsé?gﬁrg#gt er sfggﬁl t_%&f‘ %&Pﬁétg# i'i‘he_c}gstteer ted.
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and t her @f orekamiple8fowh o FIG.12B: fthis aubér iytige®{3)t €st time. This is one reason
why the enable signals PO EN, P.1 EN, P2 EN, and P3 can  be, progranmed to
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256. This . : r : i I p a test
whenever amtzg#? ol Qﬁéag%ﬁ%oér?@éc?eg@e%? %re%cao% ﬁ%g k’%’ﬁ?%@‘gé’?ﬂl@gﬁ%‘g 25256. A
fallure det 828eahdf25doiraadh the sesyenesr 203. Fnthérn statelinformation from thest syst em
200 can &gl el R HRayPpds® Birobsh e Bl irkbhfivels 2297980 find/ 2504 Rilcifithe

f

"halt-on-fail" cond]ti od. be under st O&glct hgt the lipk Interfaces
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... Instead of i t he te, 256 to conbine fail flags, the
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o gnal e PO SROTpAtion propsedty a3 pnbSt i Hiendcts 2D2ca® e J0S bt PreEHRIE ¢ e
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state and other data t n a cycle- yw%/ )asl s.
sinplifies tWackithsiclanpamts ¢fithe test system angdntgraancdted by #daishehaimbus, gdstate: he

te It 3 yst frTa&aQ;mdiagbnﬁégidnEEdismvmdglr%ﬂﬁ g@qflipaa& v{ilfhrtﬁél%téiﬁéleﬁfelﬂfs&ﬁ ably
i ncl udes €.l rcuitry. 5 shown i . N particular, in
i nterface i MierRSeYaY infhe ppekns; r}%fg‘fﬁ‘dsﬁr‘gﬁ i e st b o hropghfte, 1, .
syst em cl oclkpipeling, the Elefriehts of 4@ch 213t syRien) gemerhlly £dnnot fview thejstete¢ informbtiony
time th§8ughs- %&tlrf di stribution and reconbi nati on network (e.g.,

EMEIMM S

pi pel i ne delay e 248 through 2S 1 ), for enabling or disabling
passage of st at e Busthenisnel batabased rasbsygtemsase net mﬂ:ksqah.bg. to pgavide ties2

through 255)perfaftlankd efded tBQEsﬁ%bha}S]lceQQﬁR&JlEi falSkRicdndittorddiles bR i€ € -

gate 256). Further, the link interfaces that communicate directly with

el enent s i n Reganse additional sequeneers would,genseally havs tg be prakided plopg Jitls 221 222)
224, and 22%ddpionhrday chaiidae coiiectitns, thepéby fiithél dogsplicating clodkingSaridostate

"t or {928 (oSl B PG IR R € Arvteadm

pent s and
e igiber Af Feaenern,
interface (e.g.) the link interface 223) preferably has a pair of
uni -directional links (e.g., the links 226 and 227, the |inks 228 and 229)
the links 230 and 231, and the links 232 and 233) for conmmunicating with
each peripheral link interface in the network (e.g., the link interfaces
221, 222, 224, and 225). It is inportant t$-note that the link interfaces
221 through 225 are neant 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 inplenent each of the peripheral link interfaces 221, 222,
224, and 225. Any unused |inks mght then be connected to suitable |evels
for safely disabling those Iinks. Further, for test systens that require
link interfaces with nore link pairs, circuitry for synchronizing,

1 . M
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enbodi ment) WeeRssp al ternative enbodi ments or variati ons m gleeTherosiso
For exanple, it was described that the link interfaces in the state

di stribution and reconbi nati on network 220 are preferably arranged in a

star configu ' 3 boVi ' Mol er
bl !bx%rbonh%‘ﬁi@ werél Pﬂo’il;]déﬁi%g&gfeeélé{c%gg {)ﬂﬁg{éﬁ% ﬁi’éré ealv@d} FhePbfd

arrangenents are 5 possi bgﬁcmp snou (53 noth ese alternative

ar r angenent sbased dgshpysiems of guantes ptate; Gohsrenee betwaenkthy gystem elements.
nmanuf act ur abNbi bily i testenPi0egasily ScalaBleByaivapls aHginp dink &erfaves, buditARbWOr K
320) which includes,|ink i nter({g&eiﬁ)ﬁZé lthrgy{g‘g 324.in a serial
ar r angenent . Mpfains deterministic and adiustaple delays hewtthe tqs%glgteﬁhithﬁ%t}ye t han
t he star 5arr emgfingstate ddliesenicg. because each |link 10 interface in the network
320 has at nost t z | ' onmuni '_ Wit h i Al t hough
t he network 320 hgéggmé@rtr%ﬁ%reg?%15E)hﬁ%‘?é]{(%zesc%fg}%{?rgg@‘ief\[}%eaﬁnggﬂé%fos in the
t est syst em dedenfeirethel test systam 200 hyrpgiss ofunisdijegtionad links. tHoaiexamply, lisks have
t he sanme val hB7 B : Har I |
955 arlf 27 inferEGRECe Pofifhe P 1R RETadd23 SRR cenlefl ik ndefiile

system may pass through ditferen unber s Ink Intertaces. For exanpl e,
state data pa&hi Pigibeylinks 228 and 229 intereprnest thg peripberalink duterface22 apd she
passes tlLU ?uaémtapm iveerfatk 2&3111211& 786 lhﬂc?ﬁ?ﬁ inferéorieet the ggriﬁsemmﬁk tinﬁ&"fzﬂ:%ﬁ data
passi ng be sequences ) sequence asses roug
Phree 23y 1 1 T mid B RERd 185 Sndeadge . 0 SBERE SR Ref AR b bt ween
the test conpetipherablivk imerfidec22S amyd elrceentraDinkniatesfase 228.ough the four (4)
link interfaces 3%k 323, . i L,{ ut trcase
del.ay through the%g%h%%%ﬁh%%ﬁ&%%ﬁ%@?%P ﬁ'géb?))&)g%‘ ggn%gégg‘e:%f ﬁ%é’é’g{cﬁ% e
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wor st - case  dghBYdimBRC MkSEnildhRcictal BRRGMHZhIGE ﬁbﬁwﬁd&%&?xﬁgﬁt"ﬂg@ c'ﬂfck!@éﬂ‘ 220

(FIG 2B) is proportignal to the tine required tq pass ough just three
(3) 1ink intahousd8e MHRe Acgardingly each ulirgetionahimk might reserve tRemkithree  del ay
to the DLIT {Id33ninésfor seaté inforpiatioh 2R peribdsyhtlirofidstion, Beo (Blies for 38" afid t he
tester 300 haséﬁgm | er Ia ouk thaﬁ t he &%tévprk 20 in Ith@tytl ter 200 and
is t her ef or e GEGHPY" flagy aod gpe (1) Iing for 4 Sysipm clogl, Howeyer, it 5 ‘S eral ly has
| ower per f or medersood timt theeactend valneoglected for the widthef dredinke and detdeta @S, i t h
a net worg 420ug Wiiabhal AGHHRS drditd, BARY AAPESCKIAD S 840 Bl alenct ' 11 NO”
arrangenent. This arrangenent is_also Sinpler than the star arrangenent
in that eachimpariant tq efmnyention. Also, pemmpprKkatiorpbatweenthe fgst compyter:2dzthen i r s
of | | It ngst CO”B&?O?]@!ZMLQm‘dﬁ tgb sécfue?ddeymt ap?,%iﬁezogg@édhﬁdneﬁu By abtehétrénﬁgﬁfteé fs
related to perfor c n nuf acturability. .For exanple, s e, dat a
basel ng_ bet vERHHALRE (1o shwnl dhe enatiton' il aB5 FEBmesBhCiotht ough e
two (2) |inkinventgont aces 422 and 423. However, state data 3 5 passing
bet ween e seque S . e
(3T 45T SN oBIETAG gRowsd sygRESHERRHF B RgE LS ARt hplen RRbRED
423, and 424thegenyaldinkdnterfaee323. nEh prripherahlink intarfages 3210 23h 22/ canded2Rar
42t- Bﬁcgggehﬂﬁ%ﬂeﬂfdlﬁgﬂkhﬂapﬁﬁﬁﬁ&z .;ﬂﬁ&ﬁt@ma%mlee#%h?ém{éﬁhmpﬁfz{asaﬁdiﬂ the
net wor e test. system .the tes ste S | ave
ese bl pel i nd2bapbich §5tigS Yals Uiy o FpR L VesaBh it B R 275 o
Ei m'tng consi dmiﬂteiperiphmblix?ein&rﬁbé 22 K itheplindkr pan2R §hamde229e whichicairiesi ¢ i n tpe
est sy m . 0
|k e T SRR ASBu A o BARGH AL 1 BARE 335 bl B Ferb - AER TR 0
limted onlythelinkipair230 and 231¢ whichsarries infaemationcdetieeendhecengral link ingrface

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

35 interfaces 222, 221, 224, and 225, respectively, to the central link interface 223.
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odes interconnecting the test conputer and the at | east one 6
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timing requirements of the test system.” For example, state data may ntnbuted ata

very fast rate through the network 220, but other processing tasks may inhibit some
elements in the test system 200 from having a consistent view of the data. For this
reason, it is expected that the depths of the FIFO’s 242, 243, 245, and 247 will vary
within a range from one (1) to three (3). Nevertheless, the primary purpose of the
FIFO’s 242, 243, 245, and 247 is to synchronize the state and other information at
their inputs (e.g., PO...P3) with the system clock CLK. As a result, synchronized data
SYNC_PO, SYNC_P1, SYNC_P2, and SYNC_P3 are provided at the outputs of the
FIFO’s 242, 243, 245, and 247, respectively.

The data SYNC_PO is applied to a programmable pipeline delay element 248
included in a delay and recombination block 246. Similarly, the data SYNC_P1,
SYNC_P2, and SYNC_P3 are applied to programmable pipeline delay elements 249,
250, and 251, respectively, which are also included in the block 246.

Because the data SYNC_P0, SYNC_P1, SYNC_P2, and SYNC_P3 have the
same width as the data PO, P1, P2, and P3, the pipelines 248 through 251 are also
meant to depict multi-bit pipelines. This simplifies the schematic shown in FIG. 2C,
but it should be understood that alternate implementations of the pipelines are possible.
Further, each pipeline is provided with clock CLK, which is used for clocking the
synchronized data through the pipelines 248 through 251.

Blocks 240, 241, and 244 are also meant to depict delay and recombination
blocks like the block 246 and therefore preferably include the same functional elements
as the block 246. This means that the data SYNC_PO, SYNC_P1, SYNC_P2, and
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hni? interfaces 221 through 225 and thc timing rcquxremcnts of the system, it is

expected that an upper limit for the programmed values will be about one hundred
twenty-eight (128).

20 The depths of the pipeline delay elements in the blocks 240, 241, 244, and 246
are preferably programmed at power-up to account for the worst-case delay in the test

system 200. However, the test engineer may reprogram the pipeline delay elements if
necessary after power-up.
SYNC_PO, SYNC_P1, SYNC_P2, and SYNC_P3 are clocked through each
25  level of the pipelines 248, 249, 250, and 251, respectively, and then applied to gates
252, 253, 254, and 255, respectively. Further, signals PO_EN, P1_EN, P2_EN, and
P3_EN are applied to the gates 252, 253, 254, and 255, respectively, to enable passage
of the corresponding synchronized data SYNC_PO through SYNC_3.
The enable signals PO_EN, P1_EN, P2_EN, and P3_EN have the same width
30 asthe synchronized data SYNC_PO through SYNC_3. This means that all or selected
bits of the data in SYNC_PO, SYNC_P1, SYNC_P2, or SYNC_P3 can be allowed to
pass through the gates 252 through 255.
In particular, a selected one of the enable signals PO_EN, P1_EN, P2_EN, or
P3_EN may be programmed to pass its associated synchronized data SYNC_PO,
35 SYNC_P1, SYNC_P2, or SYNC_P3 through the gate 252, 253, 254, or 255. Asa
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) line on each uni-directional link may be reserved for this fail flag.

15 It is frequently necessary to stop a test whenever such a failure is detected.
This avoids continued testing of a device that is known to contain a defect and
therefore makes the most efficient use of test time. This is one reason why the enable
signals PO_EN, P1_EN, P2_EN, and P3_EN can be programmed to provide combined
data on the link 232. As aresult, the fail flags produced by each sequencer in the test

20  system 200 can be combined by the gate 256. This means that the tester 200 can be
easily programmed to stop a test whenever a failure is detected at the combined output
of the gate 256. A failure detected by a fail processor in any instrument in the test
system 200 can therefore cause a test to stop. This is commonly called a “halt-on-fail”
condition. It should be understood that the link interfaces 221, 222, 224, and 225 also

25  include gates that perform the same “combining” function as the gate 256 and can

therefore be programmed in a similar manner.
Instead of using the gate 256 to combine fail flags, the gate 256 may
alternatively be used to combine condition flags. For example, the tester 200 may be
easily programmed to branch to a different point in the test program whenever a
30 particular condition is detected at the combined output of the gate 256. It should be
understood that the link interfaces 221, 222, 224, and 225 can be similarly
programmed for branching on a particular condition. These examples for
programming the tester 200 are meant to be illustrative and not limiting.
The states of the enable signals PO_EN, P1_EN, P2_EN, and P3_EN are
35  preferably specified at the start of each test cycle. As aresult, each element in the test



‘AC | NSTRUVENT 108 DC | NSTRUMVENT 110 FIG | - PRI OR ART PI N DEVI CEJPR NSERDHHE?
114 TEST 1l 8w 99RB3go~0 www O n ~ON~DO mwO NO O N O PERUSSAYRITER
204 200 SEQUENCER ~ HSD 202 ~ | NSTRUMENT 212 206 STATEDI STRI BUTI ON

&~DEVI CERECOVBI NATI ONSEQUENCER- , ACP~UNDERNETWORK203~

1T NSTRUMENTZ| sgﬂiﬁﬁmq)rcﬁmﬂ&ﬁmgﬁte 43Rt hEiOduta tHHSIW@ch-@— 2A W w
wObnow broubh i 220
~ LI NK | NTEFSYS! a§4:2—'ﬁns-snnphﬁenhe-dtstrrbunon-ofstate-mdmhermfonmnont oug out

the test system 200.

Each of the link interfaces 221 through 225 preferably includes the circuitry

5 shownin FIG. 2C. In particular, each link interface includes circuitry for

synchronizing state and other data with a system clock (e.g., FIFO’s 242, 243, 245,

and 247), for adjusting delay time through the state distribution and recombination

network (e.g., pipeline delay elements 248 through 251), for enabling or disabling
passage of state and other data through the network (e.g., gates 252 through 255), and
10 for logically combining state and other data (e.g., gate 256).

Further, the link interfaces that communicate directly with elements in the test
system (e.g., the peripheral link interfaces 221, 222, 224, and 225) preferably have two
pairs of uni-directional links for passing state and other data between one of the

) elements and a central link interface (e.g., the link interface 223).

15 Moreover, the central link interface (e.g., the link interface 223) preferably has
a pair of uni-directional links (e.g., the links 226 and 227, the links 228 and 229, the
links 230 and 231, and the links 232 and 233) for communicating 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 2235 are meant to be

20  general purpose. For example, the configuration shown in FIG. 2C for the central link
interface 223 might also be used to implement each of the peripheral link interfaces
221, 222, 224, and 225. Any unused links might then be connected to suitable levels
for safely disabling those links. Further, for test systems that require link interfaces
with more link pairs, circuitry for synchronizing, delaying, enabling, and combining

25  data might 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 systems. For example, additional
sequencers are easily added to test systems designed in accordance with the present
invention, and state information provided by these sequencers can be distributed in a

30 way that is not only fast but also ensures coherency of the state information. Also, the
architecture of these test systems is easily scaled for achieving additional functionality.
Also, it is also easy to dedicate sequencers to particular instruments for independently
controlling the instruments. These advantages make test systems designed according
to the invention suitable for testing complex, high-speed, mixed-signal semiconductor

35  devices.
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state distribution and recombination network 220 are preferably arranged in a star
configuration. However, this was merely an illustration and other arrangements are
possible. It should be noted that these alternative arrangements generally lead 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 arrangement. This arrangement is simpler
and requires less hardware than the star arrangement. This is because each link
interface in the network 320 has at most three (3) pairs of links communicating with it.

Although the network 320 has a simpler layout, the delays between elements in
the test system 300 generally can no longer be adjusted so that they all have the same
value. This is because data exchanged by elements in the test system may pass through
different numbers of link interfaces. For example, state data passing between the
sequencer 202 and the sequencer 203 passes through the two (2) link interfaces 322
and 323. However, state data passing between the sequencer 202 and the sequencer
205 passes through three (3) link interfaces 322, 323, and 324.

Further, data passing between the test computer 304 and the sequencer 305
passes through the four (4) link interfaces 321, 322, 323, and 324. This constitutes the
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.
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
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
passing between the sequencer 402 and the sequencer 405 passes through the three (3)

i
i
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220 of the test system 200, the test system 400 can sometimes have less pipeline delay

5 to the DUT than the test system 200. Nevertheless, timing considerations are generally
simpler and more deterministic in the test system 200 because data generally passes
through the same number of link interfaces in the network 220.

Therefore, the invention should be limited only by the spirit and scope of the
appended claims.
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1 1L Automatic test equipment, used to determine whether a semiconductor device
2 is defective, comprising:
3 a test computer;
4 at least one sequencer; and
5 a network of nodes interconnecting the test computer and the at least one
6 sequencer,
7 wherein the delay through each node is adjustable.
2. The automatic test equipment as recited in claim 1,

2 wherein 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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wherein the nodes are arranged in a ring configuration.

The automatic test equipment as recited in claim 1,
wherein each node includes circuitry for enabling passage of data through the
node.

The automatic test equipment as recited in claim 11,
wherein the enabling circuitry is programmable.

The automatic test equipment as recited in claim 12,
wherein the enabling circuitry is programmed at the start of a test cycle.

The automatic test equipment as recited in claim 1,

wherein each node includes at least one programmable pipeline delay element,
and

wherein the delay through each node is adjusted by programming the at least
one pipeline delay element.

The automatic test equipment as recited in claim 1,
wherein each node includes circuitry for combining data.

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

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

A tester, used to determine whether an electronic circuit is functioning
properly, comprising:

a test computer,
a plurality of sequencers; and
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;~ ~ SEP 2002 PO _ DG 7 2 ~ p~ 2ppp i H GH SPEED, REAL-TIME, STATE] ? SEP 2002
| NTERCONNECT 565,853 OVATI C TEST EQUI PMENT Thi s invention rel at ﬁbﬂk#y
to automatic test equi pnent, and nore specifically to high-speed, genera

pur pose, automatic test equipnent. 5 The follow ng background art caa be

regar ded useful (fyor . j : : . .

i nventi onl:aé.s. ~lt ~_O£é)_9_~%g§§§é 2‘1 dd{ % é%%%cl?gtﬁa%m&%?enmgﬂiﬁrﬁs t‘iélbeﬂevfs , 4,
"', " "5~y ., undertestin accprdance yithhe slesteddatasst  equi prent (al so
known as jg "tester'(d) i S Jperiig the 4033t orik IREAGARES 86 rdceive SRRANE PeSdickd By the |
sem conduct or devices to deter&%ne whet her thﬁynanufactured evi ces are |
defectivet? Testers generd§Vics URGEE testiin respnise &9 thedest SigRRlEANA10 circuitry that

conlt rol s nari olus E!@eSdQBpipﬁﬁﬁgtglﬁﬁéﬁeWed%@éla{sWi?ﬁxfp%t&lWﬂ|&é§ thdtgéwdi ng .
applying sjgnals to a deyjce.under tes etectjng signals produced by e
devi ce un]dder test, and r?lé’f%%‘"éﬂberﬁh‘? &F,’gf%?'@ef %s%isgﬂ"cttﬂ‘?&g‘gé\f?}&eég’under
test. The conputerized control circuitry then generally conpares the
detected signals and neasured paraneters with stored expected val ues,

t her eby determ ni ng whet her the device under 15 test contains defects.

Sem conductor devices may include digital circuitry, analog circuitry, or
both. Devices that include both analog and digital circuitry are conmonly
cal | ed m xedsi gnal devices, and the testers that test themare conmonly
call ed m xed-signal testers. Further, the speed, density, and overal
conplexity of these devices generally increase 2 0 with successive
generations of the:devices. Accordmy, it is ncreasng y unpo f that testers
pravi de a high-level of operator control and progranmng 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 device under test (DUT)
118. In particular, the tester 100 includes a test 2 5 conputer 104 coupl ed
to a sequences 102 and a plurality of instruments such as a hi gh-speed
digital (HSD) instrunent 106, a precision AC instrunent 108, and a

preci sion DC instrument 110. The test conputer 104 is typically housed in a
wor kst ati on (not shown) and generally provides signals for controlling the
sequences 102 and the instrunments 106, 108, and 114. Further, tester pins
112, 114, and 116 3 0 connect the instrunents 106, | 08, and 1 |1 0)
respectively, to electrical nodes of the DUT 118. The test conputer 104 is
coupled to the sequences 102 and the instrunments 106, 108, and 1 I O by way
of a test conputer (TC) bus 122. Simlarly, the sequences 102 is coupled to
the instrunents 106,108, and 110 by way of a state bus 120. AVEHD~D SHEET
-1 ,~.2 SEP 2002 During a typical test session, a test engineer uses the
wor kstation to specify various operating conditions and to enter various
tester commands. For exanple, the test engineer may specify a test cycle
time and values to be applied to and detected fromthe DUT 118 during each
test cycle. The values that are specified for a 5 particular test cycle are
collectively known as a "vector," and a group of vectors that _
c_on_stitute.s a co nplete test i_s generally known as a "pattern.” V ~' ~
~The test engineer then typically |loads a pattern into a nenory (not shown)
~~~ included in the sequencer 102 and enters a command to start the test.
This generally causes the sequencer 102 to read a different vector during
each test cycle, and place 1 o data derived fromthe vectors on the state
bus 120. The data typically includes both the values that are to be applied
or detected by certain instrunments during a test cycle and the tines when
these values are to be applied or detected relative to the start of the
test cycle. For exanple, the information nay direct the HSD i nstrunnent 106
to apply and
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15 detect digital signals at a node of the DUT 109. The infornatiagzn%if 2002
also direct the AC instrunment 108 to apply and capture anal og I
anot her node WP 9¥F3bUT 109. Further, the informati on may di re@&%”&”
instrunment 110 to apply or neasure spedlﬁled | evel s at still another node
of the DUT. 109. The state bus 120 al so typically includes various clock
signals and condition 2 0 flags that nmay be use y a a conpu er an a ,
during each test cycle. The information on the state bus 120 therefore
defines the status of the tester 100 -dUM™M~g each cycle of tester operation.
Al t hough the tester 100 has been sy y used to tcst many conpl ex

m xed- si gnal devices, we have recogmp eral shortcomngs. In
particular, there 2 5 has arisen 4 esters that can test conplex

' ed "systens-on-a-chi p" These
conpl ex devices are generally higf 8h- density, m xed-signa

devi ces that - of oOmerator control and
programmng flexibility thapZcan be aclhi eved wi t\ the conventional tester
configuration descri bed ghOve. , IMorder to test conplex
devices |like the systews-on-a-chip, i able to have a tester
W th nore sequeweay s~ is i Sty i pai=gl | y have a greater
nunber of nodegg - cl=dper at i ng at

di fferent dat g P operate
according to df | idellflwoul d be able to
test 3 5 nul ti\yl ) 4i mul t aneousl vy.
However, increall ! Aunber of
Seéﬁencers generdlrly conplicates the dff'stri bution of stdte information to
the instrunents. i 100 incljudes a sequences

By progranninm
Nt test cycle tlf]

i nstruments [y ] Ar

_S_equ_enc -I Qﬂ i he card fages.
Furt her, thel 42 a conhect ed tqgthe
card cages i d |dagsy chpi n bus
connecti on upglg i{put stafe information
fromthe seq tndmﬁll 7 0, we ive
recogni zed t 2 ulid not?Z bemas : tesaw't h| more n
sequencers. is#s bedaust Bgve & seqdencers ul&typifkally reedire
nore | statel b ' X ections,go
the instrunek ermni sgc
and adj ust abl € g

dtted to the
; q mes. Further,

di ~cult to ens
pans t hat state

DO

i nstninments 106
hayi ng dai sy ch|
information is ¢ =Saet=icrrsugir—ampilierne—pt=eaesir—=car d cage in the
tester at a dif‘ pnt | evel in the plpe\lne Such a configuration is

general ly d|ff|t : to inplenent and nofl easily adapted to testing
hi gh- speed, hlln ENsity systems-on-a-glpp. 2 0 -~ wo ese ore a ~ ave a ,

speed, high- ; gd- si gnal gereimemy devi ces. This tester woul d
have a way o di stributi g state gnd other infofmation to all parts of the
test system |ﬂea§¥uwmw fhat provildes deferm niptic and adj ustabl e del ays.
It would al sp be Qesirablfe to havd a tesmer thaf has a general purpose and

scal abl e ar chi tecﬁtgte. ~f~C ~GEC $~- ~EETS§I
e

&<

p=
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.., ~'~2 .SEP D02 thrce (3) pairs of links commnicating with it H%Wbﬁﬁﬁ.ﬂm?
once agai n thgpeoaigetradeoffs related to performance and PCT/US99/08130
manuf acturability. For exanple, state dﬁta passi hg between the sequences f
402 and the sequences 403 passes throug two (2) link interfaces 422 |
and 423. Howcver, state data S paget et ween the sequences 402 and the l
sequences 405 passes through the ree (M ~~—-- ~~ '"luik --interfaces 422;
-423; and 424: T-his-constituteg- U -.case_delay thxQU~the_ _,

I __, network @28 E*S data general |y passes through

t hree (3) Ti nk |nterfaces inth 0O of the test system 200, the

t est systen1400 can soneti nes e | ess gline delay 1 o to the DUT than
the test system 200. Nevert ess, ~ArNg congiderations are y ) generally
sinmpler and nore determnigtic in the test systhem 200 because data
general |y passes througt he same nupber of IinkN\ nterfaces in the network
220. Therefore, ention s elimted y the scope of the
appended cl ai ns. .~ 2 SEP |4ad0 O- DG 1 ~. . Loco What is
clainmed is 1 1. 28 ic test i t (200), Ef determ ne whether a
sem conductor 61 |23deli ce (218) | Eﬁ ctive, coQ &ihg: 3 a test conputer
(204)' 4 a pidralipy of sequégcerg (e.g., 20 20 205); and ' ~"5 ~ .

~. ~~a networ nodes (e.g., -22~) interc cting the test
conputer and the-at~ 6 | east one sequencer, 7 whereih the delay through
each node is and t ut er plurality of
sequencers are respp by W air of
un%—direction Ijllnkﬁz(e ., 2B, 231. 1§2. Th

s recited in Ia|n1 ere eac of he p

controls at |eg i cul d

The automatic iest % % nt a rec«‘.t cﬁr cI atn 1,8 ein the nodes are
arranged in a ftlar cépfigpratipn. es &l ui gm as; - B2 whgrein the
respective nodgq arezoupfed tp|fa cergr al gnode|] 3 g.,4223]).

aut ti g test equi pment
al i tfg of fsequencers
- 0. , 1208, 210). 1 3.
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1' 5. The autonatic test equipnment as recited in claim1, 2 wherein HaghSEP 2002

node i ncl udesyid §gaassd Y for synchronizing data (e.g., 223) 3 eXphpugsfosizo ,

bet ween the test conputer and the plurality of sequencers with a system :

clock. 1 6. The automatic test equi pnent las Pecited in claimb5, wherein the )

synchroni zing circuitry includes a FIEQ (e.g., 245). 1.7. The automatic

test equi pnent as re:_gi;&ed in claimgﬁ wherein thegcﬁles are arranged in a

serial configuration é 8. The autoratic test equi prent as recited in claim

1, 2 wherein the nodésgare arranged @nfa ring conf@dmpation. ~W ENCEO ~H-~
-16 9. The advdietic test eqdifrent as recitdd ¥ claim1, 2 wherein

each node includes & rcuitry (e.g., 4252-255) for en#dvling passage of 3 data

t hrough t he node. _2 . SEP 200 S Q: w ---The

- aut omaMc~-t e - as- rlge eyl | i M e T

) Ner ei e enabling circuitry is

o t
ifc teg equi pneptl as %cited in claim10, 2
gra ng fhe ¢gablingdcifcuitry at the

q

i\

an

progr anmabl e.

[
further conprifs (g
start 3 of a f¢ 12.11Thead agef i ¢ ti9t e gpgnt as recited in
claiml1, 2 whg pde |4l ude &l | east||ane P apgi grmabl e pi pel i ne
del ay el enent 1. th& delhy thildugh &ch jnode bei ng

adj ust abl e by }4 at | st pne el i n& delfay el enent, and 5 .

ne del_ay _El en% _delays_4 digital input 6

=

signal by ap
equi pnent as

(e.p., 252- 256
el eément, for
recited in cla3
for indicating
as recited in
used for indical
det er mi ne what her
conpri si ng: dat

Jr a ble]
eCit

ofﬁflock ycl | J13. THe automatic test

, whergg n e neale i ngl udes circuitry

% B onel Jpr o 4l e pi peline del ay
fli c &t dqqui pnment as
coining circuitry i s used

i
m 1

at st
14 Qhe huto
1N gtput Df t
ongi tion.] 15. [ihe gitomatli c test equi pnent
{n_an out put of Yhe conbifing circuitry is
_albranchi ng SACTfi Lion. | 16AA Jesier (200), used to
| ect r oni e=—es tﬂ‘}_ (218) 1s 2 fufpctitoni ng properly,
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4 a pturality of sequencers (e.g., 202, 203, 205}; and _ 1 ~ _ AVENCECSEP 2002
~HEE' ~' 1 Z SAP Zao2 5 a plurality of point-to-point links (e.g., ;
221-225) i ntWOMBABOt i ng the test 6 conputer and the pluralityP@f/US99/08130 ,
sequencers, 7 wherein each point-to-poisf |6nk has a programuabl e del ay, }
each paint-to 8 paint link including at Legst one programmmbl e pipeline

delay elenment 9 (e.g., 248-251) for grogdanmi ng the delay, and -- ~ 10 ~~ w
"wo- " -wherein' each-progrgpnabl pi pel one- del ay el ement . del ays.
a-digital _input_ . .gsi gnalgf @r ogr am*ragf e nunber of cl ock
cycles. 17. The tester as recited,i rgcgamnl6, 2 whefein each
point-to-point link includes & \ r 3 inhibiting the
passage of data bi : g ited in claim
17, 2 wherdin the inhibiting circ! dnd 3 wherein the l
inhibiting|circuitry i s progranmeg .t 19. The
tester as recited_in_claiml16, Z wherein_each point. i link clarries a
plurality qf data bits in par al l, and . ... elude$ cirgui for conpbinin
e.g., 256) |at 14 least a portion of tHe plurality of:data,bits. t 20. A
met hod of (penating a tester (200§| sed to determ pe mh;ther a devi ce 2
under test |(248) is functioning pro icl udi ng a |t est
conmput er (304), 205), |a
net wor k of gagput gr and
the plurali @, 2qb, 208,
210) coupl ¢ At he |[devi ce
under test, nmabl e pipebine
del’ay el ensg hthe
net wor k ang gsgh tlhe .
net wor k, east| on&D
pr ogr amma i i ng i 4 ay tinme throu
t he netwo ; i By a programranl e
nunmber of;g T SEP . ~o00z
15(b) sett f ppssi nQi sel ecfed data tq the at
| east 160ngy Teas @ng instrunent to |send
test sign gceqgridance wsh the sel edted
data; 19(d :' [ ngﬁ dﬁtecéﬁ e signal s [produced
by the- - -ghder O Z &
test-in-r 19 B --{---S--.-- - - =
- - -, _25|(enc 1 i vert—si_gnalstw-t h_expect j'ed val ues, g —_
thereby22%§tern1 ler the deji ce undef_test is fulhctioning prgg 5.
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S The following background art can be regarded as useful for understanding the
.- ....invention: WQ 97 12254 A (Credence Systems Corp), 3 April 1997. B
Automatic test equipment (also known as a “tester”) is commonly used in
processes for manufacturing semiconductor devices to determine whether the
manufactured devices are defective. Testers generally include computerized control
10 circuitry that controls various types of instruments used to perform tests including
applying signals to a device under test, detecting signals produced by the device under
test, and measuring any parameters related the device under test. The computerized

D U

control circuitry then generally compares the detected signals and measured
parameters with stored expected values, thereby determining whether the device under
15 test contains defects.

Semiconductor devices may include digital circuitry, analog circuitry, or both.
Devices that include both analog and digital circuitry are commonly called mixed-
signal devices, and the testers that test them are commonly called mixed-signal testers.
Further, the speed den51ty, and overall complexity of these dev1ces generally increase

-, 20  with successive cneratlo ‘devices. Accordingly, A
that testers provide a high-level of operator control and programming flexibility in
order to test these devices thoroughly.

FIG. 1 shows a tester 100 that is useful for testing mixed-signal devices such
) as a device under test (DUT) 118. In particular, the tester 100 includes a test
25 computer 104 coupled to a sequencer 102 and a plurality of instruments such as a
high-speed digital (HSD) instrument 106, a precision AC instrument 108, and a
precision DC instrument 110. The test computer 104 is typically housed in a
workstation (not shown) and generally provides signals for controlling the sequencer
102 and the instruments 106, 108, and 110. Further, tester pins 112, 114, and 116
30 connect the instruments 106, 108, and 110, respectively, to electrical nodes of the
DUT 118.
The test computer 104 is coupled to the sequencer 102 and the instruments
106, 108, and 110 by way of a test computer (TC) bus 122. Similarly, the sequencer
102 is coupled to the instruments 106, 108, and 110 by way of a state bus 120.
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5  particular test cycle are collectively known as a “vector,” and a group of vectors that
constitutes a complete test is generally known as a “pattern.”

The test engineer then typically loads a pattern into a memory (not shown)
included in the sequencer 102 and enters a command to start the test. This generally
causes the sequencer 102 to read a different vector during each test cycle, and place

10 data derived from the vectors on the state bus 120. The data typically includes both
. the values that are to be applied or detected by certain instruments during a test cycle
) and the times when these values are to be applied or detected relative to the start of the
test cycle.
For example, the information may direct the HSD instrument 106 to apply and
15 detect digital signals at a node of the DUT 109. The information may also direct the
AC instrument 108 to apply and capture analog signals at another node of the DUT
109. Further, the information may direct the DC instrument 110 to apply or measure
specified levels at still another node of the DUT. 109.
The state bus 120 also typically includes various clock s1gnals and condmon

20  flags that may be used by the test computer 104 and the in =082
during each test cycle. The information on the state bus 120 therefore defines the
status of the tester 100 during each cycle of tester operation.

Although the tester 100 has been successfully used to test many complex
mixed-signal devices, we have recognized several shortcomings. In particular, there
25  has arisen a need for testers that can test complex semiconductor devices that are

sometimes called “systems-on-a-chip.” These complex devices are generally high-
speed, high-density, mixed-signal devices that require an even higher level of operator
control and programming flexibility than can be achieved with the conventional tester
configuration described above.

30 For example, in order to test complex devices like the systems-on-a-~chip, it
would be desirable to have a tester with more sequencers. This is because such
devices generally have a greater number of nodes, and therefore a greater number of
nodes operating at different data rates. By programming multiple sequencers to’
operate according to different test cycle times, the test engineer would be able to test

35 multiple nodes operating at different data rates simultaneously. However, increasing
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5 typical tester configuration, the instruments are arranged in several card cages, and the
sequencer 102 is included on a board in one of the card cages. Further, the state bus

120 and the TC bus 122 are connected to the card cages in a daisy chain fashion.

Although the daisy chain bus connection used in the tester 100 effectively
distributes state information from the sequencer 102 to the instruments 106, 108, and
10 110, we have recognized that it would not be as effective in a tester with more

sequencers. This is because having more sequencers would typically require more

") state busses, thereby increasing the number of bus connections to the instruments and

complicating the clocking required for deterministic and adjustable delays throughout
the system. It would therefore be more difficult to ensure that state information was
15 communicated to the instruments 106, 108, and 110 at proper and predictable times.
Further, having daisy chain bus connections in a tester generally means that
state information is distributed through a pipeline with each card cage in the tester ata
different level in the pipeline. Such a configuration is generally difficult to implement
and not easﬂy adapted to testmg thh-speed, hxgh-dcnsﬁy systcms-on—a—chlp

speed, high-density, mixed-signal semiconductor devices. This tester would have a
way of distributing state and other information to all parts of the test system in a
manner that provides deterministic and adjustable delays. It would also be desirable
to have a tester that has a general purpose and scalable architecture.
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220 of the test system 200, the test system 400 can sometimes have less pipeline delay
10 to the DUT than the test system 200. Nevertheless, timing considerations are
o ) generally simpler and more deterministic in the test system 200 because data generally
passes throngh the same number of link interfaces in the network 220.
Therefore, the invention should be limited only by the scope of the appended

mte aces in the network
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What is claimed is

Automatic test equipment (200), used to determine whether a semiconductor
device (218) is defective, comprising:
a test computer (204);

[P e meamden o e S S memAnS S e e

a network of nodes (e.g., 221-225) interconnecting the test computer and the at
least one sequencer,

wherein the delay through each node is adjustable, and the test computer and
the plurality of sequencers are coupled to respective nodes by way of a
pair of uni-directional links (e.g., 230, 231).

The automatic test equipment as recited in claim |,
wherein each of the plurality of sequencers controls at least one particular
instrument (e.g., 206, 208, 210).

The automatic test equipment as recited in claim 1,
wherein the nodes are arranged in a star configuration.

8.

wherein the respective nodes are coupled to a central node (e.g., 223).

The automatic test equipment as recited in claim 1,

wherein each node includes circuitry for synchronizing data (e.g., 223)
exchanged between the test computer and the plurality of sequencers
with a system clock.

The automatic test equipment as recited in claim 5,
wherein the synchronizing circuitry includes a FIFO (e.g., 245).

The automatic test equipment as recited in claim 1,
wherein the nodes are arranged in a serial configuration.

The automatic test equipment as recited in claim 1,
wherein the nodes are arranged in a ring configuration.

- AMENDED SHEEL.
-16 -



£21090& ()-Y fZ1099& ()-Y hLO4f Z109& ()-Y fZ1090& ()-Y fZz1099& ()-¥ 2 SEP 2002
fZ1090& ()-Y fZ109@& ()-Y &#3X MXF Z1098& ()-Y % d@4f Z10%t3X
MXf Z1099&' ()-Y fZ10998&' ()-Y fZ10998& ()-Y fZ1099& ()-Y #3X
MX (*2@ZcB04f Z10%t " y&@ 109B& ()- " &@VLOYB& ()- Y& 109B& ()-3 s&L0WE& ()-
ffZ10%9& ()-Y fZ109®& ()-Y Zin|[:04f Z1 - &L0%S>7S& ()- & - &L0W& () - &
- &10%BA7SE () - && - &10YB& () - && - 10%B>7S& ()-9' - 1090& ()-9|[: 04f Z1
<1099& ()-4& S> 10998 ()- & 0S>91090& ()-c& 81098& ()-& 8109E ()-&
71099&' ()-:0S; 4f Z1 c& FYL090& ()-: FYd0%0& ()-c: FYA0%& ()-: FYL09®& ()-
<1099& ()-tx" D4f 71
: FOd09B& P) - c: e @upenatic-test squippen{ 3s ool doddin ).~ : FY090&! () - x\ @H Z1
 FYL09%! () - 9 V08 (. 0 ') Z1
Ry 2o 0)- aa}gg%gg fode QN8 & %cil S R %35‘555 ré%\%%?%@ssgé%
: FOL09& () - ¢: FYd 09@iata( ous%t.m/a@e() c: FYd099& ()-: FUdl09®& () - sSW4f: FYd090&
' ()-: FOL09B& ()-c: FYA09R& ()-: FUL0YR& ()-c: FU/0%& ()- |}pcVs
10%<& () - 1091091090 FYL099& () - c: FUL0%8 () - FYL0%& () - ¢l Q| [: pcV5
10988 () - {1095t e&ut@}naum%t—egplpyxenﬁqw R cl g 09x& () -
U&g10% & () - | [ ipeMéin theld¥bing dircuithy’ afnmablé. Y109<& () - | Y10%<&! ()-
| YL0% & ()- 1097& ()-?GXY| [ ?pcV5 109%8; & ()- u I!109%8; & ()- | FHI0%& () -
) 3YRL0%<& ()-3 3Y&10986$&' ()-3 ,: 10%<& ()-YZ al mo{nN. cV10%; & ()- 109;
- 10981 K ()Tﬁ@%ﬁtp&a(n):-tés‘j(é@ﬁﬁm&h(és-réﬁw i'claim{10, ~pP4cV10%; & () - 10%$;

Aia's 0 ottty mondRY B i

098 % () v cUfROTEERIR) - 1008, & (). 109 & (- y1008: & () - 1098
210% & () -1 LOGVIOoE: & () 1098: & ()-' y10%; & () - 1096: & () - 109

- ymQ cV10 o & () - 10%: & 0, & 1096;
- riMckﬁCyloa%e 8?‘%’%"39%%‘ &‘l‘P;’ B%f&‘“t"fl ‘2‘9 g 8 )%% & ()-rV6cV109s;
- 098, & () whefdii éich)nody ifkHides af Jeasdtib p&ogr}zmixﬁﬁﬂh ﬁpél)nem%ﬂhwﬂl&%m

i AT e O

-'wl/g%i; E&)() 109@%&@@%@&&@@9@@@@@@)&&@% () ylo%i;

- 0, &

&Y 1098 & w;' Q’J%%/ﬁ“ %)ngrgRUenc% 3%&“%3% dgnd 356 93(2 “109& ()-9
LRI o ém‘éfr B

$10 & ()- 00/@&5'65‘ 3S9°5~f 10%& ()- r&
& 6100 - &a031006& () - & S8NI0%& () - %5) 10%;& ()

210%#8#& L 10 10<10<T0<& .= O PR ) e
10%:& () - 1@é;LFl\uf’P} {ﬁ"‘%ﬂ%"&h el A5 % o} % ()-S&  10% & ()- S&
1098& () - 1oherein gacknode inshesigircuitry (e. g 252-256) coupled to the at least

10%6,8 10% & fye
g{ L% g 3& (@; 6 &A FoiPithfable pi@elildtéiad kiefhenFor & Bining data.

' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
() -

VVVVVVVVWVVV
1

'QMQOQOQOQOQOQOQOQOQOQQQOQOQO

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

16. A tester (200), used to de_tcrmine whether an electronic circuit (218) is
functioning properly, comprising:
a test computer (204);
a plurality of sequencers (e.g., 202, 203, 205); and
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