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FCR AUTOVATI C TEST EQUI PMENT specifically to high- speed general putp
automatic test equipnment. 5 Autonmatic test equi prment (also known as a ~DG 4
"tester") is comonly used in This invention relates generally to omatic
test equi pnent, and nore processes for manufacturing sem conductor vﬂﬁ_ey[mai
to determ ne whether the manufactured devices are defective. Testers '
general ly include conmputerized control circuitry that controls vario

types of i nstrunentsH]@&SEEEDeRiEdrImTﬂﬁEt STAREIINTERCGNNBCThg si gnal s a
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testers. Furt herA“t?Wéu%f?éE‘EﬂmH@ﬁgﬁ AUR Y B BFIET J ShHEATRIORLY 'b‘F fhese
devi ces gelibﬁdo%bsley fdnﬂﬁﬁmﬁ'sstuﬂng berniconductondevivestar deterniine whethaethdevi ces.
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i 112, 114,
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group of vecto s. that con Iet t est raII known as a
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109. The |§$‘3 rﬁﬁgl on may al so direct the AC instrunent 108 to apply and
capture an I& gnal s at anot her node of the DUT 109: Further, the
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each test cycle. The information on the state bus t 20 therefore defines
the status of the tester 100 during each cycle of te r operation.

Al though the tester 100 has been successful IAMENBEQI est many conplex 2 0O
m xed- si gnhal devi ces, "we have recogni zed several shortcom ngs. In

particul ar, there has arisen a need for testers that can test conpl ex

sem conduct or devices that are sonetinmes_galled "systens-on-a-chip." These
conpl ex devices are generally highspeed, high-density, m xed-si gnal devices
that require an even higher |evel of operator control and programmi ng
flexibility than can be achieved with the conventional tester 2 5
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includes a plurality of nodes or, nore precisely, link interfaces %iﬁ% P 2002
t hrough 225. In the preferred enbodinent, the network 220 incl udes %ﬁ Q
interface for each element in 3 0 the test systemthat is connected to it, |
and a central link interface. Because the tester 200 has four (4) elenents ,
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 sd&dirmglactypisghtestrgssion adestsnginesrsises ttemcgkmtmnmmctfyerrents

connected § gn &iFoperatif condiﬁoﬁEEn@QP&n&Qa%%ﬁét%%Pc&’ﬁ(ah@91-‘&8%91 tHhor k 220
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di stribut i QBnfrEEHITR gmemeh @lsin G Pe aBhEVEIWith thee Gorfvbhtiorbtestnber
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peripheral link interface 222 and the 10 central lin interface 223; |inks
230 and 231 interconnect the peripheral link interface 224 and the central
link interface 223; and, |inks 232 and 233 |ntercon t he peripheral 1ink
interface 225 and the central |ink |nterfacep&mND hs of the

uni -directional |inks and corresponding data rates ‘can be selected to
obtain a desired | evel of functionality and performance. In an illustrative
15 enbodi nent, the uni-directional |inks mght be 26-bits wi de and m ght be
cl ocked at about 100 MHz. Accordingly, each uni-directional |ink m ght
reserve tmenty three {23) I|nes for state |nfornat|on and perlod
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This const'itutes the worst-case delay through the network 420. Bec
general ly passes through three (3) link interfaces in the network 220 of
the test system 200, the test system 400 can sonetinmes have | ess pipeline
delay 5 to the DUT than the test system 200. Neverthel ess) timng
considerations are generally sinpler and nore determnistic in the test
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each node adj us he att onmtic test
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2 wher pect S ‘are couple 0 a cen 6. The
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and) the at d, mswmé EHHEBRELna R n%&&k%ébﬁ&énhew n§t6§1"eﬂﬁ§t{rdd{e§1t£‘%h35 by

way of a pal un -d tion

Ic . test e ment
as recited CPWPBPﬁ%th?c cmsrreqweéafehiﬁeaem%%eg rTEiElSIF threng ou
synchroni Z'ﬂE&Jsﬁ&Erii Rx\fdmt ﬂﬁﬁbflb&tbbﬁﬁ&e$1fﬂ&mt&@ér§sumﬁmmt @ﬁnhm-&hil east
one sequencer W em cl oc omatic tes ment as
r eci teg S5in EF‘é‘?WﬁateadZt + n}rﬁm[eﬂélé% g%’ ﬁ?}?‘ﬁ PéPP%&P? q‘%gﬁﬁgi& 52 FI FO
1 9. The aut orratRmthteshavmngawmhama‘amrcemdcuohsmadbsicrrgehprany\nmnethatt he
nodes are I, i i r
991 53330 P%{ﬁli%@g%%ggs é@%ﬁk@%ﬂﬁ%ﬁaﬁe ity ea °a%ﬁ gard "]“ﬁg é@@r %s%egol n
claim1, 2 differentlavelfie theqipeling: §‘¥§hﬁeﬁ@§ﬁa‘-‘fﬁ1ﬂplhlsrﬂieh§a’éb Hfigt tor implementy 7
The aut Omatah& nbe&dsil§ auaﬂé@f&tegﬁlgnﬁgh-tsﬁ&d, mgﬁldensnylsys@nmkmebmpeach node

The"au?enatlc te °—r‘i'ﬁ:;F';'°fﬁ'§"'§¢l 7(*1W‘*" PSTIIEY, W ‘enabl i ng

circuitry ispeqd; hiphedemsity,enixéd-5Rmallseeniconduntat d@vxtasstThmqlastprrwnnldéxavcam ted in
claim 12, W@A@E&tﬂ%ﬁ&@%ﬂ&eﬂr&ﬁﬂﬁ%ﬁ th 8l %‘51:95%@%&1 téml start of a

t est cycle e automat) c test e t_as r dinclaimi1, 2
wher ei n eaMﬁﬂEhaF PF@I"lﬁiéﬁle*&FnF’é%?ta“éﬁéluﬁ bIté""fHJ E’é daerail}e

el enent, 3 tghavela WERF Habhidweeltka puigvse ughscatble dckitectge.adj ust ed by
programming the at least 5 one pipeline delay element. 1 15. The automatic
test equipnment as recited in claiml, 2 wherein each node includes
circuitry for conbining data. 1 16. The automatic test equi pnent as recited
in claim13, 2 wherein an output of the conbining circuitry is used for
indicating a halt-on-fail 3 condition. 1 17. The automatic test equi pnent
as recited in claim13, 2 wherein an output of the conbining circuitry is
used for indicating a branching 3 condition. 1 18. Atester, used to
determ ne whether an electronic circuit is functioning 2 properly)
conprising: 3 a test conputer; 4 a plurality of sequencers; and -171 SUBST~
SHEET (BCOLE 26) 2 SEP 200Z WD 99153330 PGI/US99/08130 5 a plurality of

poi nt-to-point links interconnecting the test conmputer and the 6 plurality
of sequencers) 7 wherein each point-to-point |ink has a programuabl e del ay.
1 19. The tester as recited in claim16) 2 wherein each point-to-point |ink
i ncl udes at | east one progranmabl e pipeline 3 delay elenent for progranm ng
the delay. 1 20. The tester as recited in claim16) 2 wherein each
point-to-point link includes circuitry for inhibiting the passage of 3 data
bits through the link. 1 21. The tester as recited in claim18, 2 wherein
the inhibiting circuitry is programmabl e) and 3 wherein the inhibiting
circuitry is progranmed at the start of a mQQNDE&é%ﬁEfl 22. The tester as
recited in claim16, 2 wherein each point-to-point link carnes a plurality
of data bits in parallel) and 3 wherein shch point-to-point |ink includes
circuitry for conbining at least a 4 portion of the plurality of data bits.
1 23. A nmethod of operating a tester, used to determ ne whether a device
under test 2 is functioning properly, 3 the tester including a test
conputer at Ieast one sequences) a netmork of nodes 4 |nterconnect|ng the
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2 ~ pl 2ppp i %PﬁEdeS‘F?ék{L eﬁ GRFERCONNECT FOR AUTOVATI C TEST
EQUI PwENT Thi swhereianhe mﬂaseaka&mggéneaaﬂafyortﬁguaaﬁamatr c test equipnent, and
nore specifically to high-speed, general purpose, automatic test equi pnent.
o The follow ng backround art caa be rearded _as useful for understaadr ng

Cor 123 Ap“ | v&%?:?intheresﬂeoﬂvenodes are coup'led’to_a ccntral nodeT{(e.g:, 2'23t)~ Y .-~y
Automatic test equipnent (al so known as a "tester") is commnly used in

processes for manufacturing sem conductor devices to determ ne whether the
manuf act Bt ed dfheianeanatictestejeipmeneas reeit¢cinclgantral |y i ncI ude conputerized

control 10 ci r%lﬁgaéﬂéﬂédeclﬁahﬁg circ éﬂi;’ t§%ﬁc¥9§£{ éd'aﬁ 9} s used to

peyformtests ap& Sl e un est det ecting
si'gnaBPs produced byexehanggdbe eBrﬁ'@RaIiCStt(‘@WUt%Ir@é ﬁ’?ﬂa@ﬂr lhsgo UgNEEENEt er S

rel at gd the devi ce yiadgkydtéfitclockhe conputerized control circuitry then
general ly conpares the detected signals and nmeasured paraneters with stored
expected val ues, thereby determ ning whether the device under 15 test

cont ajns édef elhe. auﬁma'mastwqmpmeﬂeas' regedimyclainci,ude digital circuitry,

analog circuitr og and digital

Ci rcu?try are"éqv)ew %/g;élg ° @gca‘i'pgrt‘émgé F@?E 2E§ne testers that
test themare commonly call ed m xed- si gnal testers Further t he speed,
densi |y, sand eyRifldmafieleyipthenl od 260 fepliep generally increase 2.0

wi th successive genera i ons evices. Accordmy, it is ncreasng y
unpo ? that t@dessis thenadesarearranged ina seriabeonfigairatios: * cont rol  and
programming flexibility in order to test these devices thoroughly. FIG 1
shows a ester 100, t hat useful for testi ] xed-si gnal devices such as
a devi ce®under hgég{oraqﬁsﬁs%ﬂglprqeﬁtwpgr}i@pﬁaﬂmﬂ,e tester 100 includes a
test 2 5 conpuiteteid thk mmiep brecartanged merng cadighd®ionnd a plurality of
instruments such as a high-speed digital (HSD) instrunent 106, a precision
AC instrunent 108, and a precision DCinstrunent 110. T test conputer 104
is typically housed in a workstation (not shOV\nmENﬂE .al |y provides
signals for controlling the sequences 2 and the instrunents 106, 108, and
114. Further, tester pins 112, 114, ant? 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 | O by way of a test conputer (TC) bus 122. Simlarly, the
sequences 102 is coupled to the instrunments 106, 108 and 110 by way of a
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2'wherein each node includes circuitry (e.g., 252-256), coupled to {ik SiP 2002
| east 3 one programmabl e pi peline delay elenent, for combining data. 1 |
14. The automatic test equipnment as recited in clai m 13, 2 wherein an
out put of the conbining circuitry is used for indicating a halt-on3 fail ‘
condition. 15. The automatic test equipnent as recited in claim13, 2
wherein an output of the conbining circuitry is used for indicating a
branching 3 condition. | 16. A tester (200), used to determ ne whether an
el ectronic circuit (218) is 2 functioning properly, conprising: 3 a test
computer (204); 4 a plurality of sequencers (e.g., 202, 203, 205}; and 1
~  AMENDED ~Hifle automatic tgst spwipmenpagregites) inrcdaint §, of poi nt -t o- poi nt | i nks
(e.g. 9 221- 225 et mp%? I ty of
sequencers 7 \lﬁ#gfgen?%%ac 1h{|:'lg§[iésp§r &Sf){me% 10k asg fg%gggggg%m#%{ie | ay,
each phint-to 8 pai getathigu ggﬂi k¢ nedeng at | east one programmabl e pi peline
deI ay elenment 9 (e g., 248-251) for programmng the delay, and -- ~ 10 ~~ w

- - " -wherein each progr ammabl e- pi pe] i ne- del ay el enent. del ays.
a- d| gt al L0y pdie antomatictest equipmeRtas-sgited 19 mmmabt e -nunber of- ¢l-0ck -~ -v - oo
cycles; 17. Thehkfst ge engbh@Etit@stry & prb amxﬁ&leZ wher ei n each
point-to-point link includes circuitry (e.g., 252-256) for 3 inhibiting the
passage of data bits through the link. | 18. 'The tester as recited in claim
17, 2 mhelki n The autohiatic tést gquipment dsrgcitesl inrctegmal@yabl e, and 3 wherein the

i nhi bi t| ng cir t %E%Hg? mg 19. The
tester as reci f\ﬂ-gxeﬂfoﬂnﬁnﬁhg (%l?gér’ I'n ea% pe(?:a% (E)l‘?%fcl)]r%#t{hg aH-tcarn es a
pi uy ality of data bbfateshcydde.al lel, and . ... eludes circui for combinin
e.g., 256) at 4 Ieast a portion of the plurality of data bits. t 20. A

met hod of oper 'gta t.ester ‘5]200% used t.0 Eet er m ne whet her a device 2
under kest2-(21 e?‘ opgHE §shAd tcﬂféF‘F‘]Pfhgc bester including a test

cogputzﬁr ]g204éwhar(eiﬂ edchlnody uﬁﬂu&equbamm p&@rgmma?wmpéhriwdhlayzaahfna .

net work of nodes (e 2 in uter an

t he pl3ur ality of se&%%aggésﬁz%dfrﬂ%ytégﬁl@gﬁgéhﬂgq QM%&&“?&S%W) 20b, 208,
210) ooupl ed bet weeprogsashming theat jsestrameipineliot delayslpmenteand and t he device
under fest, s e‘r‘i{éhcﬁ%? lamabu aq&eédaéy él@ﬁﬁﬁtdyi'ﬁs&rd? #AThERR! € pipeline

del ay el ement 9 for ad n ay. tinme through the
networﬁk and for %ﬁﬁﬂ Yr?gp"a’ §balBI“ %\&%3% %‘fcsdata t hrough t he
_ roramn ng the at_

| east one

progr mnaﬂe pipe . t Jed 18

t he nz\t ‘E@ré‘k)‘gg‘&gﬁ‘@ no glqgllﬁgﬁstgﬁle 4 I t 8i gnal progr ammabl e
nunber2 of cl ocwhelybui @s:h nodguyludescwmhvwe, 5&256) COUPJCQ“SEP at legst;

15(b) setting up theoﬁé@%ﬁﬁﬂnﬁblé‘fﬁﬂe’hwdé c&ﬂ%ﬁh%réﬁﬁﬁiﬂ%@a@ta to the at
| east 16one sequences;|7(C)operating the at |east one instrument to send
test signals to the devicel8under test in accordance with the selected
data; 39( dnper phe ﬁhgomaﬁcwsté@ﬁﬁhemmrédi&tlﬁwmhﬁ 18p receive signals produced

by the- -3ow -
test - i?n-resp Onglgel?sgn %%ut{) Sqf thn'I: %o 0 1mn%c\ff§(ﬁﬁnpig 464 for md1cat1ng 2 halt-on

- - -.3 _2 t(e)conpafailmpnditions ecei ved signals with expected val ues,
t her eby22det er mi ni ng whet her the device under test is functioning properly.
-~1DED ~ht FE' ~
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_A. _SGA E(A. L[ ih&kih dnl diithet of@le ddnrbiiny Cirdhitry/Aklusdl fcyﬂniﬂldhttﬁﬁ adranching _
c[ p>~yt oj e [V]ca] ca%%@} %] cal ca]ca]calcaUca]c
ay ca] cRa] ca] cRa] ca ca]cal ca] c
a] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca]ca! @ gw5 X

a] ca]$c}a](§a ga]z‘%:g]afﬁ%]c(gla?)gafﬁ? fe?&aﬂﬂ ﬁt@%}a@%{]ﬂ ]‘&Z‘%‘%ﬁ?ca@%g&&& "8()

* +P++j2- 0C1 D334t GHBgBIPPSBROTOMINGINRY| ca] cal] cal] ca]c aU c
a] ca] ga] ca] ca] ggk p@ﬂrﬁﬁh ]zgqaj,ca] calcaUlca] c a]ca]ca]ca]ca]ca]ca]ca]calca]c

a] ca] ca] cal P67’>88& <h==z C3
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[ VRVKVWWYYY. ZO\ ] K] 1rr~ M " " aa&abl bc{vpke [ V] ] ca] ca] cal] ca]c

al] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal ca]c

aU| ca] ca] ca] ca] ca] ca] ca] ca] ca] cal cdf QLiy7i_j CkM YKAMENDED SBEETAt xuuv&v2v @ ovw

wwBy=GSa~yt oj e _Zke ' [V]] ca]c alU] ca] ca] ca] ca] ca]ca]cal ca] c

aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ¢ aU] ca] ca] ca] ca] ca] ca] ca] ca] ca
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