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WD 2006/ 102325 PCT/ US2006/ 010233 TI TLE: SI MULTANEOUS
CORE TESTI NG I N MULTI - CORE, | NTEGRATED Cl RCUI TS
WORBAPKIEREOIND OF THE | NVENTI ON 5 Techni cal Fi el 8CTA0@p/010233
THIIE: SENERTANEOVSCOBE FEETMCONMBLTI-@ORIE 8Y THERAAYPDaCIRGUITS
circuit testing, and nore parti cularly, to structural
testing of multi-core integrated circuits, such as
mul ti-core m crofrEEERIERR. IH}, EENON ¢ 10 [0002]
ICs of low to noderate conplexity may typically be
Technida£S4i€d usi ng functional tests. In sone cases test
vectors may be devel oped to exercise all of th
(00011 ¢ |,y e awafr“ma: Ras e te e §f111 pigintegratecy firouitdpsting prd moge P&W@u*%fe@ structural
testing ofimultieruhtegitedcirtigs, beh vahiltatremieagbeesBist . Many | Cs,
such as chip multiprocessors (CVMP) may be too con‘pl ex
for this approach, and the collection of functional
Backerquad prty ect ors t hat woul d be required for functional

[0002] t esticng lovery mb&ardﬁ&iﬁfilplerht@(ﬁla& @bl%yﬁ)@{est@i\i@hé 2 tiBnapiddid MREBR cases test
vectorstn?a?t beec?\%ltp fto ergeg;‘;ls:fl:z )a{}.] égl e[ 8 910t1al charaacten ggs (ﬁ’ dtﬁ%?] tspec1?c and used in

quaslt -
manufagtyrig tq hdle hoek sMadeCEIs pucky @n@é{p mutﬁlstoaqweécm’) meerype ke complex for this
approacmlﬁl@ thekdlieioR Bi’ ﬁiﬁdﬂmﬁﬁt&s& V&@Cshhabtv&ﬁd(beﬁﬁfp@é@&eﬁl%ﬁmfaﬁtwﬂﬁi may be much

too largh [%r ?vmlggﬁe autmg Lhe, eq{nglg% $W) whole. This test method is

SEYUET because it tests whet her
[0003) cj r Mﬂ)ﬁttlcstwmeurceléeclhmwé infrpenders o qued-iridgpenrim fradnalibiedks and in some

instancek Bt ma BéjﬁﬁreEfﬁcié‘ﬁ&cf Q4 @acﬁ blbdGEMAERLy, fa@St hAGes@Y R bh Gs a Wl e. This test
L] ate test vectors to the

metod e i B e G B BT OB . I
order torpgeferint strigure Udsingt on aN@Qy the heilgy ure Sipwrale apgreghate Oesbectors to the structural

block tﬂapﬁ @d‘ Eeetgstédrgﬁ@ olEtQE thb ges?\é% &IE)@CC ' I'flé%pﬁjuétyre ﬁg&ptg rb%) 615 i ed into the IC

SSD scan cel

fo
Spemﬁ“éltyrtctlsé‘i’*{?i’té?smtge@f "é‘a‘ﬁ{ﬁifMHf‘:Péhb‘iSDtséan\?@H fy that al I
{0004} st r Gictcurrad kesd Inag ligen@N @ ki thah bIE EtEONREEILIXO AR theinwRemections between

blocks J?é ngzklﬁicﬁ{eﬁ thBgE}Hzf a[?sgn%r eggteﬁgvglprggnlzsgntauyf? Lg @ﬁ% tan au%mgted fest pattern

representa

goneratqs AP TREP) nay laneihaicgly celantpeytiney for f@@tfqﬂtlwrvcégﬁ qugh I — design
structurd® ahay bk ads@d.S tfhd'fhﬂililbﬁsxffyozrnd GROLT @kibrbhs e e@ntﬁiﬂ@l@‘ §rﬁabbserving" each

structuret &%eeflmé(le{hrtlia cultd%o st me}{cfhog :gg}ml'slr 'esg’an XI%‘FB anc{ ' ;ang?ﬁl }eatrnlg ﬁl&y. be selected

depﬂﬂdlwon fb‘b@(@rﬁv%twg”f t@aﬂemnngegwe&ct ur e exceedl ngly

[0005] dl f fnl fﬁlUicﬁn testM@ s&)@@et eld¥RA Qﬁllﬁlll AQLeE: uncﬁxct%@ (ﬂ[ﬁ§ TGk colbted together
e sel.ecte

into one or mor gcg]%%h%?% '121? A?E@%e&tgrgf 16?.?/ tie Stoxg,g mttlée t%)s eamextl(%b%p 11 X}TEIFh %he ATE may
output flfeule¢t0rsm@rthet adrsif waigg 2 sinteay eardlcbswenthsinaniFadwrnsutine addiwtiilge of chip /O

pins, avéiﬁﬂ@t'jf of R8§lr G(IMD ahioh- cp r&l‘a &ﬁée@@n c%&tﬂ}%ﬁamihg‘&&agg Qﬁments in test
nor e G atterns may be stored

scan c
mode RSy B BTGP U b 1 ATE mmy  out put
[0006] t heThegatdom sesi métmdblbgy applice tindomU®T psguda-rmumema@fﬂues to the design-input

nodes, tcth{Er@tL)J (%%h s%r%%e S’lnlﬁe' c@§gn (Fl%gfé 9 I a%d(?hld? t‘onﬂﬁhi%va% tslé/m)o&gls method

@ I nNs, aval tester c anne
may Yie'SHet Friepy it B%Pflu“ﬁij“gé?fﬁ’@%%‘?‘i“&?f scl%iug@ambrwcﬁwnqlwfgw%@@m patterns
may be BERRBRINVIS thdcubtBs tdesigh DO BF IR Ylinpdrdie:badk dhififedist@d) a.hch;ﬁxaﬁléﬂhaﬁ Desired

segment?ét tﬁ‘e a@ﬂlaﬁlggnl {f'o?n {9((1&8 ageaipaykﬂ;g ﬂéjélqug b),: gocpn tl(lf-li,l}gl'( w@g n%e[-,“m seeds from

which l‘bléfﬁrép%‘ﬁlﬂu%m{“@nt He %% |(rglﬁtlﬂlwpamt sig W@H@Sﬁ u-qez@ nesy e gisgsleto capture the
reaponae@&&ikkrﬁﬁﬁlﬂgzttﬂéfue in the desi gn (in effect, randorﬂy

oo} 70 S P SFBalRPCHERe PEET PRy TGP RGP r g desns s
points msvu aded asbmeamﬂ te gmpraivh gongrabilityyand bbspryehilo planeoshsipatureer Hsthe BIST
35 may be increased with the custom design of LFSRs
(l'i near - Feedback shift regqi %ters) and phase shifters.
Desired segnents of the avail able random pattern
space may be generated by | oading the LFSR with
specific seeds from which to start pattern
generation. A M SR (nultiple-input signature register)
may be used to capture the responses to the random
patterns. [0007] However, some designs may unsuitable
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40 points may need to be inserted to inprove
ntroIIablllty and observability of interna
“’%P‘r“’ufd??{}?bs In the BIST | WD 2006/102325  PCT/US2006/010233
(built-pETif-ERPOOBILO L0 2AB3lozi¢, Wi LIERiand BESH miegtimenstt hddokiogiself. BIST may
1mpfufi@1[ a hﬂ@éaﬁ melabB 1okl BRpAR %an%tt@iﬂ)ﬂatQ %Qﬁploﬁggt;uctgxfe T Crehitecture may

i tself | -sca
o bRy BT 5851 BTy e BT BOEE e Hdt b ceHE HOPB o
[0008]st r u’éjtpuplér lofih BB Taises éah eclinaiogy avaty basal A RREGE (pseudoaaioiPdirn generator)
replac@%rdélnjmﬁllmtwc@ﬁﬁ} & E&bﬁé ﬂmb@%”&% ’hlg%e)ét ﬁ@err&a%? Fer m}h{f%i%u Qe scan chains
P to_chi pi ns. [ 0008] I ca T
and th%fz(éel- ogrg eagd grb%hSRt (E\EHJHEP@&/Sl%mqetrglwst@ay Aupﬁp@oliect the responses. All
circuit(ypseird der izt be patit BUSRpeR 0¢ atitddded oibihe @l EaBsidal test-pattern generation

and reéﬂ%@—&ﬁ?}rﬁé :ﬁ&y‘r&luﬁTEF tt nﬁ&ho%ﬂ%{ tl% the test patterns. The

test patterns nm ut through the scan chains
[0009]5 g ?fﬁ@f LoFrertigdiues of §,I-§3(p B PRACSRUGH Famitest natigrns pifhe rated functional speed
of the ghifpgumadr tese whietghgtve br)lclﬂ'ﬁb’r the-skts@d: Jcﬂgrﬁso BtaGt bdihRst-pattern generation and

respongeeﬁﬁ%lﬁ?x%tlon'so‘lrés%le glll :i?b%ért %e A%EUI crm 36 e&q{ed n%'&%&Rgﬁ tes?an therefore, its

on t
limitatiopsgpay et QO@q,Erﬁn ¢Fetrraseatidoo Alowayd tl}e@glpmq S@a.démmaylgrrdg/amyded to the chip to

perforth eMpfeﬁenkﬂtetHIB'EmEEﬂﬂ@fo}thrﬂe the ATE. [0009] One of the

. t t bi, | t
e R TR —

examp]@ ﬁ,n}yltitﬂq@e:pcrg@cg:pssormy mqiuﬁqyyulmée owgtdial cofygex general-purpose processing core
where éabmregﬁiaﬁdni in&’e%exﬂ&ﬁ’l& %p%arlﬁﬁ@e@&lﬁ%tlp Qi]tc i dufeplordd af"rgcgtlro%lly, structural tests

ener at.ion. a ysi.s functions resid
hve DERESERT 5, Y AR RSB Ry P@&drnr%f&ni 57 PiggeraF prssyedat fe.
and therefore its limtations may not constrain test

executi on.  Fonever piscios MUl Aimad || onal har dvar e

add eg er orm a hensi ve Bl ST may
[0011] be IﬁB?ﬁs Biirllfoidwnts [)fd@eirgfis Fsteps) FPﬁ Pigy tap@slwggpmg)@u[npie cares included in
an mtegjgs:h ogndretdpelpsad | o de ambbditglk, an hepiaes c1ﬁfut Aayf ikNGE tv@d@leore logic cores.
The IC mangé% nQ:[udé:Qx{I&uralE&Ex test]h§ﬁd§r§‘§% &4 1% rgs Tﬁ? btmct}rral scan test hardware may

m Croprocessor I NC e Ccop
be it e&uft@é riealps! prmso@e Blootws seglrrgrs cepsdnhEr esce a6 e logic cores
simultagotsty dxetnedgiagis dsnahepenge Eﬁr&synchﬂéd A QRN Yand ﬁdﬁﬂﬁ@dﬁ%ﬂllﬁ of the scan
fests foﬁxfﬂull:iﬂ? cggetrs_;] '&)e gg%&gc?%st e%lqp%}%}ltt(!&?% ml%ftgnre%usé'e Er%ynrgtgxlglf%glmeﬁueéements of the
results pfgesfiieror) lr"rﬁpteér%fﬁ%’ be Grb-fivisior mulplexeray 2 fesle @ptidde aibh at an element

of test resuliBata M@UR@m@ﬁt &MEME' Alind @ t[l@zgﬂ]:*]&unh@ééh%ﬁ%e wmdow

{0012} enb? n@?nrg ?%r»ent tgeitg Cr)nraé éncﬁl‘ %rs goen%r}%r wg{r? ﬁfsnlf:‘tgcr)g%%d%? Eﬁn the multlple logic
cores ar@, dpe@;gpqturfé paan @ptéﬁgﬂdmg@ dior prampla ¢hed@pwy inpledeta, communications controller and/or

memors tht&)ﬂ&%toﬁ%wﬁi thCddeb arﬁ@éét Haﬂl%llé dg bBMQen%BmMsethL, Qs (fnay be x86 processor
o include structural scan st

cores AP RGP b e EB 6T St b gl Srpueh wich e
cores mie arcesh ppid wasyetenranemortye Dl!a@bkt&xc@ﬁtwln nigUitier Rgdvae:aiincti@S tnay be tested
amultaﬁé%ty%th %E@es' il Shpddid el ' vﬁﬁ € fnsotléﬁﬁ%gr lm@'} l?eqesygld EQ} c%%%gently In one

of I C_ Ccores, Sl m.l,| t aneous executing a
embodupcgtélthe Hle){ ﬁréotz'm&?gxin@/ laeoﬁai@;gd IVC R RedY in ﬁhrfhh@eﬂ @ noanraeract or interact only
minimaljutigubd dorgdirietest@sddbitios. Dfthik Wey GEaTRc2 5 th@HbBtidh QF the other functions on

the test FM&E &f‘?lle%orgﬁﬁ%%e Ll%ﬁtﬁyetd%%%%% d;‘}l elsﬁtotlsgeu ibg rmg] tts tqléa‘ l%lc-sEL%t?]%f test segments in

si mul t aneou
which the gpamtipof g o{h@rsftu}cﬁ(gls fndpenppg the cpP @sw}t@mgsbemre@@ the ATE.

[0013] t i NBr-sehnyénshodiedid) i Islﬂlc@(iﬁﬂza@ﬁst&ar&krﬁgln% QKR 'dttesrjhrh(ﬁl@ séfée!f%h The test
from eac C

maode seEelat‘&tma ele%l be%ex1 vanoris verﬁonﬁ ﬁelfeo cgnotuﬁgt ﬁéoraﬁrmfuﬁraﬁ éeétgxﬁ to c{etermme the
mode ‘ﬂé"thlcb B@Inﬁﬁsﬁﬁéwted[f‘@@@@reﬁl rfoorremg@ervsetharentoncirvat nha@esnmy one core may
i nclude one or nore hardware functions other than the
multiple logic cores and the structural scan test
hardware. For exanple the I1C may include a
conmuni cations controller and/or 30 nenory controller
along with the cores and test hardware. In sone
enbodi ments, the cores may be x86 processor cores and
t he communi cations controller and/or nmenory controller
may provi de a nechani smthrough which the cores may
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the test results of the cores nay be m nimzed or
W elim nat ed. In other enbodinents, the results of test
OIS in which the operation of the ot hePCT/US2006/010233
be tested a1 p Ot orsSherelffd enbrieessuith @ong osigly @subay $e najabb @fidr greb fe@@xecution. In
other cagy attch?mﬁ-rlﬁ ex&%gdl&] eac!hrboé(g%lteﬁxmgg'aH@QEn?gIe Jenﬁ" ﬁ{.tﬁﬁé& teﬁ r@s‘.llts output
scan test ware may include a test node se
per testepfutiglast  npde sel ector nmay sel ect between vari ous
{0014] VerBﬂmmSCQﬁmhﬁthu&ﬂﬂ&uﬂﬁeﬂmh%mmhﬂﬁﬂmﬁﬂﬂﬁﬂbi?ﬁ@mkesm&ﬂ@ybyﬂm
structura'i &agggt(ﬁgrg&npg totdlgtﬁ eméQherng%grE srlhe\f\é% &'& OIItS{% ok ﬂ\%ciﬂ%u. For example, if an IC

conducte cores or exanp
includes f¢heoges Al irarreml fogp afggculabfﬁqnyeut@ﬁ de éa@traé, theaggme 2 ﬁvDogic level may be output

to the A’%ﬂ GddLer2 e @rﬁ%ﬂt UERORE[ ) 10RA3dhcEn Mﬁ&lttﬁﬂesaﬁs fé atphdiiBuled Blelnent of the
test d1ffer hi Ec‘]%ncglfragc ¥el Xlayt' I%S(}uﬁut%g h’ll S\%E 0 111 16'1? tha OF th(% %re% mn'\gl}(ave executed the

each test execu
teste*ema“tt“@sft%%y be execut ed on each core SI rrul t aneousl vy,

[0015} an dIn@thSli cﬁﬂiuﬁens 85t nQbesCOMRINetbt 88 borésasN bt SmOUbiRH anulﬂﬁ(fxed onto an

utlon 0 n so ncurrent test
ot 308 PRI L PP CoF BEVA BE KOMSSE FRTITDFyees or
test resu}lwfrogmch Wredoma pattigra testsdeananttes be featrio ha e E voa seflegharinglen a period in

which oﬁl?% &%@Sﬁﬁ@ lﬁ%mt Jﬁ@ rc@rgfwo@lﬁ q)e QtsBited ARdel @ﬂérct@sg h'xr@ﬁbs "_I(Hfb t1me division
cores e res

multlplezfu&gr ggfgesb gttsliltl eéemegtf rnéy él&g'nzin %?nexit%mt eé%pt COLg, t& nguté%ﬂlé AT& on a single
channel fuiring b sttobgivmddve VB ATEymalp eongutepiettest tealttchraredTiont aich core to an expected
valug std\;’\éﬁ;&qh %@E (?nel:nbr? d@xg{gqmme vgxfldo&fhg.x& Qéh!ént at dLgA nb%&?zﬁé:@ﬁh Llhg]e*{pected

he résults for a particular_ elenent
result m%%‘ecata PhpFoag of the carabgyprytef 6’@%?@ tipudag (Pt clvpent FEPRERltpUt to t he
ATE to indicate that one of the cores may have

execut ed the tﬁﬁﬁ«:r%ﬁ@ﬁf?nbﬂ%ﬂw&’cs 10 [0015] In

ot her concurrent test nod m t he
10016} ¢o r% et prdsitapdingaofiihy iosheah inatien gﬂnéﬂs@é&taﬁlﬁ% eyh%mthe Giepipg detailed
descmptd)ﬂ xm&mﬂd{héedluﬂp)tijhndum \Oithaheﬁtl&ﬁfﬂx@ kra@fngd, hevhRE. For exa rrp l e

[0017] i f IJIE e1 1|liu tr?tes SP/S c'-:en? fotr qum an 1ntsé%ratecrI cmouay\%cf‘luda nl‘j,r ?tlpIecfc%{c cores, according

te M each™cor'e
tooneﬂfwoéiﬁ’@ﬁt may be sent to the ATE on a single channel in

[0018] a rml DusteRles MBAHRIRR: Y BnuHil-Hd 1€ c&ﬂicued b rs@m lﬁ%exﬁ@lﬂ@ple modes of

e Bl T e e Lt e TS
(0019 mayFial § dinstates e¢0@1¢emb0ﬁln@m0éamhlite®reeiq @nfmrqdnrp stlect getwdam multiple
modes oATxEchﬁl s@an%ésﬂ%l iR lulityg @ DeHIRRhe £ | '\aﬁ‘xg;h RsiSthd QRE 2 tﬁgQ%s:oIhﬁlltlplexes

the test 1 0yd ngg%rethetest result elements from each
16 e r?%fseac‘f ! SERE ™ val ue stored in ATE menory during
[0020] t he'18t 4 Gbeflavclwdiont. a Asilyoddbrerasting tht MAIT adediechiotFIG.ojpasingultaneous or

concurreWrrtoGe E&Sdﬁég%ﬁé odJngﬁu't may i ndi cate that one of the
res execut ed at_particular test el enen

co
00211 g r%ﬁesolagwgﬂmgslﬁﬁﬁm hastng BT FOP kP TR M@ﬁal'z@uoﬁ%m& tept sigoals,
accoxdln@etomﬁfmbud‘iﬁmt standi ng of the present invention can be
[0022] Obtl‘% }éme%%né Jllﬂ%.()li r%!:x tgf\%nﬂgl c% Ielc!)xﬁgurle g’?f&ec! !B egnr}nu[t‘?' le modes of
In conljunc ron wt oW ng draw n
Sfmc"“fa‘i Sﬁa‘\miﬂ@hmhﬁwwﬂﬂp Fra@ounentiniofgist r at es a system for
[0023] t esHdYs ﬁﬂbwrcﬁalrﬁgﬁ i@k i Joﬁﬁglulﬁugl tmbsuﬂb&getmcﬂrhtdah@ of 8 bodiment

of FIG. 6%1) T,e?ect’amg‘r?gcseverall SQI%G n%l%c ort‘e%t eqt% aCCOr;'rtFnlI]l'ﬁ t{) one o 8d1r;ixc G 2

esS one €& o1 %4
[0024]  corf§.gulusthies @nes@be@menbefta\m@hcomjﬂtc@r@g@em shdest bgfweend@ultiple modes of

stmcturaﬁs&z{nld&&déﬁ@lludﬁlg SdnbSnd TEL t@ﬂhm afy pakr Bttofegneous or

ent ccor to on odi ment. [00191
o2t 2R £l RS GR oo Sl Bi e G i b o eiment as
ﬂluStratetl @Ftﬁb Afin gder @dcttvate g plréoler ot weemumant TP lteet madohesiy ofre or core pair.
structural scan testing including a concurrent node,
whi ch test the cores and tilne-division nmultiplexes
the test results, according to one enbodi ment. [00201
FIG 4 is a flowhart of a nethod for testing the DUT
enbodied in FIG 3 in sinmultaneous or 30 concurrent
node, according to one enbodinent. [00211 FIG 5 is a
timng diagramillustrating the relationshi ps anong
several structural scan test signals,
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accor ding to one enbodinment. [0022] FIG 6 illustrates
ne enbodi nent of a nmulti-core IC configured to sel ect
WOD@P%’@?F’HUI tiple modes of structural scan t &&Tili$go06/010233
[0026] i ncFigdilovgilinarhtts gk emboicur sfentultrogel: codBeuf@0@3] mddk 6 stfctural scan

testing :hc%df-i’lg Ecln@tl’éﬁﬁ%‘i\d Oindor %Peﬁ&q t\IreroreQ %gdr@rﬁfy'd&%gtamﬁ’l‘ﬁ ﬁl%Ee wmdow
sel| ector C|rCU|try of t eerTbO Imen

0027 o Bt B gresaetiaint et grdl ce A t%éﬂf@%b*’é@ multiple modes
of struct&@iCsodndésngg ifiodidmp eonenteadiDieriting POORAir JEbdBs o8 TDMItesg:tzrofites than two

corescogﬁgen%g?Q%%FWﬂqs%ﬁbe a,(gg‘[vtl -core I C configured to sel ect

g{ﬁo of structural scan testing
[0028] § ncFielt ity Sotserof eriethorBseiesits 1gH BPdcAng yias ¢ Yt B iCggntizurd to
select b&t\%ﬁ&ﬂltl[ﬁ& fmdeSofisBacrat dobld t&tlhg’;lbic&dilné lowsd Eﬁlﬂ}bdllﬂglt t he

[0029} r eqyllg %pa.h?&«s a b%ocl 88{1:??1 '?)F ? e{ne dl?men! ?._fq%%xegl%{aw%om%rter system which may

include gtmqegg@cbc:raulbaq{qdm@ uuHipledesiq ogles enfigyeida plﬁ@}ﬁq{leww%tél@tmcluded cores,
accordm geaae Eodidldy. core or core pair. 3 V\D 2006/ 102325

[0{)3(}} %@Sﬁ%gﬁ/ 011900? ﬂlmg El OOE%“!; gm})% n& Hﬁ aa ﬁ}reéua}ap com%uteﬁuyétem ‘f/illch may

include st intagratery wuttstefatnimgmﬁtoled@lq ek puifiggedcio sioultaneqysty FEVRe included cores,
accordink @5dubtg «@fodiREe than two cores concurrently during an

o DS SO LSBT R o 55 B M, s
embodinpgts Ween! au bioip be wapefesampdd insher dyotings ahd widldureingds tdpsagped in detail. It

should l:le %9!1@%@}0&‘ Go % RBC Hlsﬁtrtﬁé’]&a*\;q%yl ah@@édﬂ&gde@(fnp%ythe‘?@d fre Qdt iGQUESto fimit the
DM t’est |n nor e cores concurre

mventmra lEﬁ 1ﬁ g’algﬁﬂ%‘fﬁn’sq%‘:}?ﬁ?@ Wt I’?(’I}Otw c&tngwgfle Ig]teg_nonl 18 :fo c%veram lmod1ﬂcat1ons
equivalehts, auntdiamitivaffalitmemphin dd sfitranéebeot ihe grekntti@sitionmdiefiah bl the appended

claims. W§tth&? r%g%é goir 8[%8{2%10':15' pﬁr?gﬁfeé cgw a%g alre got n‘?&grtt ?ocl;e upegtté’\@n%por interpret

structu scan testi n accor di ng
the descp@,tloérpé cliEs o divpespore, [r@tgztg:it the) wprd {maxd Hgweed qug@lp( this application in a

permissith &g{e&m Olfawﬁ@ e Q}H@ﬂﬁl ﬁBB&ngO;bee&ﬁ) Q&mhxﬂﬁtyry&al’m Utee fnust), The term
mcludes anﬂ df:réj atué\a@ herle(%t me%él “1ricﬂllgm% %gt 11%{1111’2‘11%8 ?og’r ‘?ﬁeﬁf‘ C‘lt: rnﬁ'eltue " means “directly or

es confi
lﬂdlfectlswﬂﬁcteé’r’]@éwlt@ymt@Sﬁledt h'éanﬁ ‘r‘f&qeqjiderdm@@ptg'szoup!es!o accordi ng
to one enbodi rrent [0030] FI G 13 shovvs a bl ock
di agr am of . ] nput er
system whi €fr1r Siv ¥IO%Dcw t
[0032] | ncFigGdi Agstnted ztaymma folr @‘-gtme ag mreerste@: orefiit gleirlféng tpugtiple logic cores, according

to one e:ﬁ&omrlrlehta RERAMShYditE S hd dBGicd uRGd: %@QgU’@Qﬁa@%e a clﬂ?ﬁﬂﬁ-gﬂo&ﬁhoﬁ #d cores 0 —
1 on

l e
omy RO TR0 B Rbishe i Pl er DA RS eyt e DT
may inclidrratsidgispreddfmeporykbntetiodibnwihics ntchdiogdlfe carceto stvesam clymon memory
or other rcgsf I§ les% ﬂh@batmla gorg {hﬁmﬁ Iglgéat@ﬂg th\é’ln'!u{n claf%rlﬁmnal?%ave been included

escrib houl d be under st ood,
ina pf@"r?é}ﬁié%?bi’e? fyiggle- fqﬁ%fcd F%ng%e 2 FTOBRPSTOF P IEIg oy fhg pre 0 and other
functiont FledkebabalD el Rot havdiieemtiedousl® ploditked anklated hangait dudmatbdtest equipment
{ATE) sﬁotlr% qu%t II (fryéua{cageg tmag lm’?&esn?a%?@d teskl) %& P ul;kechecfgfg dsE 1Y test the previous
ntention 1s |ca I ons,

IC with fée}m%wm tg hardspgep ond 0B HaERdWE 1P AICTRTEP W PAHFR velpRe o testing time.
[0033] Spi Fnlohc at[bdd@&{t) pe pofr rﬁab%e @fﬁs%ﬂbﬁndr W&Bﬁﬂu@xﬁpxa&ssd@ﬁb Beé may be x86
or other g%e uonrf.zsz.c.:,:l ?I ona dl'mﬁ:?cbng éﬂélg mc[u et aedomaqumcauce)r% c%rﬂ%gcé z cir m%%mry controller.
During tegt @@:cqt@n [thie rpithier @pcuprmr@qyme éqsteQ Ginumeqialy eyith Fﬁl{q qg¥§s @y some embodiments,
while in 6hets 1By mdyWwk t-0ey m&cur&ﬁﬁﬁ IE) &@temﬁdmﬁnéﬁﬂﬁéjotheﬁﬁlﬁcuohﬁnayS@ﬂaeed into a
mode in (JVFJGIéﬁIlgth%g‘ltltl %faac? ﬂgl? % glﬁ{r Jin%imakl%wxa}btg%) ?’?@ rsngl%?llé\t/efet ejsﬁe%utﬁ)g 't In 25has way the
effects ofitam dta0onof e nther ffrctians on il gatt)resuﬁﬁrmétht—: eqren may b einipdedd opglichinated. In

derivations thereof nean |nclud|ng but not limted

to." The term "connected" nfans "directly or

indirectly connected,” and the term "coupl ed" neans

"directly or indirectly coupled. 25 MODE(S) FOR

CARRYI NG QUT THE I NVENTION [0032] FIG | illustrates a

system for testing an integrated circuit including

multiple logic cores, according to one enbodinment. In
one enbodi ment, the device under test (DUT) may be a
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N may be identical. The DUT may al so include ot her
C|rCU|try not included in the cores. For exanple, the
WO 1033%” i ncl ude a bridging and/or menory coRETIS2006/010233
other erfigrigento the reshiiscl teprasgnahth owhichdiecprraion bdhage Ssct@noofmmes the core
results fERBREhoradoythe QR BFne FRSRME GRSor thdd 68 QIR (CAE Tre tc‘étmr:odpﬁ§w{i/1%h a given

core that is replicated in the multi-core
test is exsaitsd apd e rQyrdle ap*i"’PP“ﬁteEfté?ﬁFl&ﬂ%‘WAﬁével oped, single-core
{0034] | C. TRoOATEXxaNRI designad mompﬁtpﬁzmcees@arto thh DT d’lalhel_mii?l’lﬁgﬂ_m’llnys and clock

this dataL Hc@ e glﬁ" le 1t§§gAIQN1FLES usxtxér,J [34109195 ese clo%f: nqg%ay be used

ave been previ ous pro Uce USl
to contrgl e HELERR| 1olos 1S TGP prREHId pAEYORS WWth?fnﬁl’PF*@S 2 scap ghains. In one
embodiiBdh€ BnCaIRSs cldcks gmgtathﬂjyd&SATEiiﬁﬁﬁactl@ut ©She s ExocQua-Iedttﬁl MEE test mode

selector Qrﬁ? se’lb‘l_t'%e enhvaltmgx %er&ons Etgvgth Q?nt%urregt a%d nongc)ncurtreﬁt testm% tn'%etermmu the mode

in whtc!} tﬂstxp@§ porﬁaqtqde Pre ﬁ}@qtigm@f thaprtest wede ﬁcﬁ@t(}f inpppbe tgg)ul{e @g}g@ﬁ ﬁqxrnthe cores and

other ﬁxﬁuﬁensadsr‘&@ diuTesgANCIE 1EA!eJ§F TRBYeIRd @ﬁtp@e&ﬁayoc!e 1%h%rthet ANP¥EorOfie DATAIN
cr oprocessor or, oth

t h o
lines and con éas d th afpﬁctédo cwgsr st? tﬁi&ntﬁrni% Igen}?ggltoldﬁtginﬂrgz 1§t 1er fIaL}fte gxlst within the

DUT. comTunl catl ons controller and/or nmenory controller.
[0035] DUr #ia02 18 Sihee£o68 M ddPRALP LML RGE 1 WRGHFQ RS BRYetP 1 multiple modes of

structurag ﬁ%tt ¥ deillﬁi{rr"lé | alt s?rwﬁli%#sg&s?/% Vyar%cwéegllgg?q%grvscﬁgégn 5)2011? ggﬂfoganeut Although for
simplicifyonky dem gqussraeerneblyted hd tionehee flpedisnendmitidie the tilseribed embodiments may be
extended 4 %t tés@ﬁlsof rf@sywx}ﬁxeanp Inﬁﬁ)%xdof'cgrresoang har M@tlo sﬁbpm krz%t]ustotﬂlgy ﬁlﬁjcgons XOR

funct gq& [%égjgt or_interact onl cores
noton o) i TS BctoR G0 G conpepi SR,y ot gl T tigmode selecr
may be ¢ongoliopier tht dtanofofe MOBESELAET lidet molkdcated below.t e sthe st the MODESELECT

lines ma?%@ U«Jntrgﬂcﬁ)tv g gsg log?:%icfﬂ%ﬂg{lég%%%giog% el?ll)(;d egtgtvﬁlQe in others the

state maéPﬁf@Eﬂ"H@rﬁYé’fhe‘ttFFé"“fCé‘%Pltl@u@f test segnents | n V\,hl ch the
[0036] Opematdp@iion for tdwtrg Obdn @k tofsag b mmad ﬁ'cfhﬁ {hu AITE @ffo thRarCoi of the DUT

using thd ﬁfﬁrﬁ‘?’me{p%hg ethc 192%915%? the tht Eec%fs 1stqﬁmplfte %Ee vaI?lcaq omlﬁg ﬁV\RES%LECT lines

may detgsmigp {ig Fode ig WC#‘! gstigg é@w@eﬂ ankxpreple gt ¥R83%pt optidchtheoutput of
either cokeBdr c6r€ S, nb@cdn&rﬂéﬁt%r Akt test{nQQg’flx]ly b-Eh’a&w@eIcE [5@1’)4 Re executmn one or more

oo S AER | R QRN ARG bETNTE bl AR, s T O s e

selected jcprg mBCANRNMildbleye shauginny of en dringdrasio fhe SICALIROUS | lgesal By, selecting the

ouiputs &m%ss@an(éhﬁ:%&o&! BR3hs c%Ms@th@ﬁ@@ﬁs}ﬁ@m&hﬂ@&m&ﬁﬁxg D230, the test
he cores and ot her

rsilts G QRLPIoGHS R EL PG 1 AL PahE oo R o inds st el
stored imBTE nehog lKdsrirgendr atted cloyk ¢yble, sAT Endivaty alp enqrrﬂ;pmltt:oh o/hénhtde actual and
expectedt Bslts Hﬁ@fgx‘e \ﬁﬁénecﬁct Qgtmg -ghgn Hrt; 1s m%te %e@g %Gttng dtfe?eﬁ %%35 for the

et ween various versions of concurrent a
MODESR G e e inguplethory’ R A S R —
of anothdr @@t inmygbeir@ited itk IETIR6hd tHORE! ré-1i &t dbaf taf redulefot B8 toreyOde

foe3n S el ﬁl%%l?godmt cﬁ’ %Id 9 n(ag Hﬁﬂj%ﬂ%w&%é glq'n@%hé’og&ni%n silng ltaneous

unctions to
modes O%t&%t“ﬁ&:tlg 2iepgurisat tPshigode: 48 of Here AOTE Veiieh iriae bDATAs Ao trsrahlessmg a single
set of tesBRSioS QR BE eaed/uuﬁdma@wmtmegmé ﬁﬁabl b tSit @166l Eﬁe@ﬁﬂﬂih@ MODESELECT

signals t(%ﬁ{i.lmlr F&B Gétglegﬁé%gefurr 1on ¥ou§ ULO/IIE%\ Zgﬁ,llt)oot I REM {To]lf' 1153 the concurrent
mode of gefp tebtng oo b Clegtohf lndius @@Idetae ingthq moptcorigestopemerie et vicjotsanay by loaded

into the SIMNABAnsQF cacB b hChiE Ab thb SSANINink. ”Whéd@le@ﬁste@n c‘idcﬁ%laﬁlﬁi@@t@ WR cores, test
results mﬂ? ?ﬁ??g%lé'# % Ilesxf%ate IS??E (F:I?ag]]g g)r ea \?\%d% (irgag AE‘E éo evaluate the resuits of
the testingepp bath edesainchlttrdeensiot mevut{ﬁl&mﬁ tixe @fws clalme fayrbthtces masthe input to XOR or

descri bed enbodi nents nay be extended to the testing

of 1Cs with any nunber of cbres and hardware to

support various other functions. XOR function 220 and

MUX function 230 may be conponents of the test node

selector of FIG 1. The node selector may be

controlled by the state of the MODESELECT |ines as

descri bed bel ow. The state of the MODESELECT |ines

may be controlled by registers in test |ogic included
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may determ ne the node in which testing is executed.

For exanple, if the MUX 230 is set to select the
WORHUESS  either core 0 or core 1, a non- coRETUSANE/10233
other cgnpagen ifiambtion @31 anditd euipryoulpé tatbt BUATET liddar [ongfedtasit configuration may
compau@ BRGLL ﬂeﬁns &GN gcr@@ arﬁQBr@ l%gal&\s &Qlkotﬁér gﬂptguﬁyut {nrkgoxugéi&gorpwhen there is

system cl ock | 1ed | ogi c
diasroSiat (i CPRGLPPLLGREI LS e g RgF eds S Bt Bl GPEyouing the
test residicougv@iof @t eredso tdﬂ@arﬁbﬁ ipgit Baeipacafrsdbal wgn bihinpudie hd@me, and a

d1fferen§ﬁ‘g§%}lngégr% zlnkf Ql§§t dlfﬁ}{‘i ﬁ%ﬁql a%f Bég%rgrg)ﬁl{] :I{or\{\g%'f %g}e%éggr_%&r %ﬂwh each core

produceg fhg ﬁﬁ?@c%wf f"b‘f Wﬁ istiax bodiesed peig tftl@gﬁtﬂwdﬁ»l@@m ts for
[0038] t hatin eDkIRrmARy elih&odhﬁbldl, ag &cﬁbck&l%sdﬂ-ﬁlaygbenpétﬂa r@s&’ers whose outputs are

availabl QJT&%éﬁatEP id]d%y o thie chlp sulp{)oerts testm% h]Surmg teecigﬁ%p ion t%e lf{?:&t rgsults from each

ock
core may Fejcqmaerpdiathe "f"a’PPt@F‘PSE)‘FS W@tblnéhetqtk’fn Tmmpftrh@ captitel mhy iarndn 80 low level
$0 iongea)é peCiceal meSebisl Aiuld 8t in YWhemedth8dtsR8dH BQ 188 I@%?ozﬁ@ §€the case of

e LI SR PN T e
The ATEmapp grltwgettahselllxlémle@i toef SGAND fiblihe asefaple of ov¢ gradrsof thetperes without the

posmbd@}u(makﬁsmg &B‘scr@él:phh%gatg@lftﬁe ﬂF@YoupﬁanQHsEﬁd to the ATE and
re-run oo ain test resulésfor that cor

[0039] [ OO§£ﬂe %fﬂlgtr%ﬁbagﬂ K odzﬁenw @ multi ﬁ‘ﬁrﬁ caisyed e cttbatween multiple
modes of efnstal fcpomstionvclolingnpeueon moder ©lith text the bored ahdirreddigision multiplexes
the test FEQQ[@ Sacc‘af'duﬁg %)S(‘J'n'e @xgbod!rr[énta A‘&Qd’ﬁgly fof Qﬁfhchfﬁly &B@%es atré’\@:plgt%d and the other

ores entical or testable usin
funcnong Iarﬁ &ngted §15 d{ésgtbecb?mbpéglfntwtbs F\stend‘??ﬁ?/ thE) testing g 1g with any number of cores
or core hirvLHIdng @D isityare) ®i sagpott Reridia Biberd Mptinst Q@STX idetody $20 a3y 330 may be

oy= signals to couple the output of
Componé%t&fkh@%s“%ﬁ% |on%%[§%rhr ough MJX 230 to the SCANOUT

[0040] | i the FrbOEBHE phrii@Agnon- ﬁ%‘&i‘é‘f“’@tfm‘%%fﬂéy feesgleqiqddpy retpetile mode select lines
to feed BECERESBUECT HodahinSughdMe 39 té Me et mmfbfmmvc U0 @Rd st @se core select

signal tﬁeg%{%y %&{nﬁg %/h%y thQ¥est restuﬁe% I nt ﬁlo core Can u&g? EéAISg T As in the

cores via e SYyS
embodimpqnpfiFEC-2s haspis seed therﬁé:wsﬁnesmftbe sl mﬂetﬁéfﬁrmﬁl e analyzed for

fault 1nd&ﬁﬂjnls ahbe 380 oW de $éu&rh%twﬁ@iur§(‘séﬁal @chtﬂé Qz&ctfiﬁ}fut ﬁm GO @his may cause
e ol B G 4R S et SriAiTeeonty G STROE it e 5 o et

below. t he scan chains for both cores may be input to XOR or

[0041] 5 VﬁGZQQ@A ﬁ%%ofp Qét“ﬁzigr Qstﬁé gte]D@F gx?lbogle@ﬁrhﬁh 3 u} sﬁmultaneous or

ri onfuncii)do 220 ag its out rout ed
concue S ARBRT T R, YRR PO et Sfhi OGN | e e cupit e
MODESEbRpAre COPRESEBEET sigslyl tigpufting rhiscdiracin® teendUT @rae sdect the test mode, as
11[ustrate§%i&§t¥0(ﬁ aﬁlnsn QEJh%gue@%e; &ﬁm%ttesﬂ& 0?5&9 Eorésré cﬁx@eln I)p ﬁlg\@lgg Byr the test

ere is_ . disagreenent. i's concep
veators W el &t *H@w%ff TR T 1408 oo £iogh %‘ﬁEFltf’é‘ﬂ’ébﬁJ’%T’%/ as shown in
block 410y Tho MUDEIELIE signeiShayrbeselis rcmmttmmm{cmméaamm@h |rvnf)o33o to the
elect in 1. S t] 1 8]} 1PISXT neuryei! eaSmoe I One
select mmm@@ hgsgl{@ DAt o OHEAKER d%ﬂg{ﬂﬁﬁ Tf)eve? Heh: @l node. 1

puts are

enbodicgeip tfe CHPPR G G 1y SRR of Hpte oL e Esnoreigl & tho ATE usd t
clock vebtadd lidto &@RGH df Itlﬁ l'd&ed Nn WRHGNer@R8ifet Q’L‘}’_Q)CKWJ‘[QGMQ%S d&r&1 from the system

o QUL SRl 252y BLHER, LS 28 BLLAE S

DUT. the expected resul ts may be input to registers whose
[0642] OUtIﬁUﬁ@ tefng, on@&qﬁdr@-@kl@s 4@ &9&&9@5&%@:&%&@@9% A1 o %e applied to the

t ot Du t est t
s, ot SuSUBBSE kSR B S5t SO TR e

into the enep elptne driqras tebtteseowion hiap bt legerdDidTon bFhig: poiwWeerand casulting values may be
outputs may remain at a low level 10 so long as the
actual and expected resultsf are in agreenent, and
switch to a high level only in the case of
di sagreenent. The results conparison outputs may be
CRed together to formthe SCANTQUT signal to the ATE.
The ATE may interpret any high | evel on the SCANOUT
line as a fault of one or nore of the cores w thout
the possibility of aliasing described with regard to
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or core pairs along with hardware to support various
ot her functions. MJX functions 320 and 330 nay be
WOBHRA# it s of the test node sel ector of FI G PET/USRU6/010233
latched jhQQdPYt chahst theomirbed ntdendores af-dpEad on mmmﬂdxrpawaraemuimmgy Upon

the oonc;‘[\?i Qfetﬁs§ %ﬁ%ﬁ %{%2%{! Ilmgfg)etc ?{SE@ &f §§|D%g‘tan!i knﬂ)e e At® for analysis.
When regeitiggcthe reﬁ&afrm@fteswh%@g'f mr’ﬁ%MsO@t&tlféenbfesttﬂr?ée é*t?r%”ffis@we’@towmd in

window Slo@ah winheNmemYytha LT ]BfnﬂSl Repahat ke ﬂﬁrhﬂiletfﬂﬂt to ﬁtﬁ&b&c’te& test result value
over a pér%(%ﬁ% %{eongf {or_a% %.rste cﬁJe wnri,c]igw :agcg %ﬁn?rgtté rgt(l) &r{or algrtlal if tlﬁa mpup d1¥fers from the
expectedSEANDETY tisarugnathystigee Wader. AgirelserindTE man ehcwivagealuring each oycle of the

data clodknal yzed for fault indications. MJX 330 may al so

[0043] 3231I t§ \é\nwtg;%uh ! Q‘%‘E@’ allflth 6816t clgng ﬁ{ig dl?l'glt% eacgg?t% 10%( cg/?l#%( tl}e test result
from the eprdgenayi hegtingtidivisanomulfipidxed pite sbe b COMOY Tt Ines, SCANGUS T blopke430. The

CLOCK@'@L Q&%Qﬁdy@@@erﬂv@i fgﬁ; tﬁé ATIZ LalRw SIJHQQ&G%II’I&E[I@&H! éd§c é@curs at or near the
wchart  of @Ir{ testin o K

it o SoRe RS s U OF S0 GG HT HERT Lo FEOE Bl potion o
the strobe dadivrad tis, restiesfrond adra 1 ayngi netard @oniad ofeBe ftobe window. Each of the

SCANO’[I’? 9116% tnfé{/ 8o Eotﬂf?gctcﬁ’ bt aoslﬂ{gle 1!1])% ch%%ﬁtlc %@E aid txm§ﬁﬂﬁ%iexed result

I's. Inputting this data into th sel ect
data xnpu(t Hléeaflé‘g{E ‘ﬂ”ﬁ‘ﬂ%‘ maé@ e g:p}*tpfn]eql @§fppa?déegulit%tomd&tke ﬁ'ﬁ%m@rw}é rPYrips a given
strobe winSovdl @$dl¢ eI EF fhe hddults i@ mt s@Bdr ictrg 0 0f cddot hre @OT tBSsame as the expected

results tH& %I:}%lllx{ag ﬁ&érln}ﬁe tl#paefaﬂﬁg %e{gla Br@ %f hE Eo'fes Ql'fepgn%)o 11tsb g'l("} results from

cked intot sScan chal nS USl ng
three or la?raaqzesgwgPﬁ;ﬂmf%wttwénpw,durag t@ﬁtﬁ%ﬁ window.p| oc k 410. The
[0044] ma_ﬁ@[mﬁdggﬂ%}a:ﬂﬁﬂ%trhﬁg 88 treldtiOnshipiling Berertll CXIET Iscan test signals,

acccrdm% 538) bodlmerlx‘églfh MFP&)C?? %Q%ztalontmty %g tha ﬁa%ll cqocgc ﬁenex%{“J {1 b)P fhe MI‘E( and input to the

I'VISIO
DUT to goﬁ@pw;hed@ﬁ@gl pi}tgqqtfecto@g{zto fealeliaing priog ppdest exatyéier znaéme retx@eﬁ@ of test results

from theWést SIoREes DORYy lkéehfaouq)@tr frovedhd MRl Dbctthecad aélﬁin ¢ k&eKscan chain.

Likewise, Lﬁ‘&gﬁﬁ? ener at ed{ltﬁr}e/ fr818 Ié?melle ﬁu glﬁaéffrﬁlé(r‘e ﬁ%goga%ﬁ an cEam S'Note that the
change l@h@ﬁ@ﬁtstMynab eoint@ie iwith the fisiarpdgavé ths (5P €kvizel od klalsbegwaﬁl valid/stable

a short saﬁﬁgner%g?g%ggrogﬁe tufage &@&%ﬁh@ be T %”%mhocﬁéfﬁ%hur ¥Yach CLOCK
oxco prigyp [ GO f bgc%ﬁ@ 8P graet e buodr gl ﬁv@@%g@é loues witin

the strobg @mmesvatddn by etb@!lindehE prediyeblyén @ppiiced diecairbirevindowor 8By caapdt may be

applied t!) Q:ar?c,cﬂgﬁs 1@(!1@19@ Lk BF tﬁe Mgkb%l: LEfS‘ﬂﬂﬁIeé ‘ﬁ)rtlganpfe hin the DUT,
as indicated’in he val ues ¢l ocked 40 into

(00451 { e B 0 M OO R GRHER Erg ple et al of MUK

320 the copetrodihe sbathaibyofdbred dnd catviatiag barndied BRUEHNITY 32ab SRANOER alternatingly

accordm%?o the 1&%0?99@61&?&? Z@Etﬁ (2};1- c&é@ %ngggq%)%%%%L ngf?atl ggggm% Q&tIQn the strobe

window, gpfh rhﬁ ertrselgIiiopypat m\éa@ral @We W@tﬁfeté%wmﬂwgbtswe indowperiod.
This is slmne{ th!&lb@é’ﬂ pOiiod &3ile c:ﬁmm@ﬂaﬁmf Fityes. asd tdt @Sk E@smﬂx/e Bfbbe windows

the outp ocgﬁle $n gnams otf bo%hlncl;ores are Elrfssten 1rf trﬂﬁt:o %}}@ T%alf E)runrﬁtﬁe tyrgt %Mwmdow
the resulicad rﬁetlmn@mA Eoecsatre (hig@kand thq cosy T totprpativit Pof@e?oaet el 1} may be applied to the

ATE mpW RERWLAROG. S&Bhd%rm%m andipg o) e 'ﬁ&)/enp Oﬁﬁﬁxﬁs% it @ third strobe

) I IEICT E RETRT! S

shown atBHfdNG&Aer hding catputen p drst girignal the firobdhreindaypat thdirdsflefosa gt eagment for

care 0 1stsln>$m a?ﬁ%@%%&[?gc WY QL&Q&d%EmW tﬁe sii¥be Mdb»@ gInthﬂﬁr éﬁb%@tgglts this order may
w ndow. robe w nd Oow may occur once durln

be reverseci, dp gbpdimepishavipg pgre thag bpo cotee Gg}g] orders 06}1:6%511“@16\1 %H%eémg of results in
a strobe Wihdwdhady &e iseddm nore t han one core during each data
clock cycle, the test result fromthe cores may be
time-division nultiplexed ohto the SCANOUT |ines, as
shown in block 430. The 10 CLOCKCTL signal may be
derived fromthe ATE data cl ock signal such that the
falling edge occurs at or near the m ddle of the
strobe wi ndow. This may cause MJX 320 to out put the
results fromcore O during a first portion of the
strobe wi ndow and the results fromcore | during a
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SCAN(lJT lines may be connected to a single input
annel of the ATE. The tinme-division nmultiplexed
WQ’%’Q?I 1432%data i nput on each ATE channel may b&CEFBIFpM6SH233
(00461 t 0 @pEctagidstobsuindasy, stcibpitde vatet e thAdlanik By be cobartdg tige expected
result f&'t%?ﬁ)r&o‘ﬁ ot QQeIf\Mem%Wet(:&syac(lﬁer&Ee @Me SéiNé&tfgpust gnrgriéhe expected

resu fromeither core or core | are not
test resultat gopy @oxét)gﬁ@@f,ttléedtroqe FEgpy-dt ntaﬁ Gonprpie UL Aérdiphisrnsiofed with that particular
test segienitl BechuBSe p¢ ©8 @ilts from Bclﬂﬁicc@efs ateR@mREAL @She elxlﬁbc@d 2@ Fesults rather than to each

other dtgmp Qﬂh r&gl i Jltb &n gr? 'fjrxdxc mn mg}%de Léex'?errzgcs% Qbn %tﬁ goxgds %h‘%‘é same test

gi'on mJ Fe Sstro
segmen| @dhmammn@.ﬂnes Tas gay Pfrﬁ’w& o Gy almrm Rsgstated tith ghet ieyiously described

concurrén® hﬂﬂibdbﬁ)‘@fﬂ ivRSciRE0NGst SBME hl coSipdidaad Uxfeaihlo tBg.alh dre Sinbodiment, this time-

divisiont m&%ﬁlﬁxfc'nﬁac)f 9% %%tqresglg ugngotr troge Wil ow m@g/beetei)]c e%é) the aunultaneous

geneéerated
testing pfly ppreg By Pﬁéidingeutwelﬁcéom@ﬁviﬁb [feedipyp th @%N@@Tdfﬂe tthag s configured to

altemat&tﬁ@ﬁ Qfitbutd Mh§&§fbl1ﬁxﬁ%f iﬁ@N@&rb&Qﬁ:rlﬁg@aﬁh@&&be exAeMt i on and

t he est results

00471 BRI B8 PR Ba R AT et P P e modesof
structurdd ggn tegiglz linclugingmeltple@nairan motirai fn,this ¢ubkdineg.che GORECSD@bine the test

modes déﬁﬁbéa%vxth hﬁpe@ﬂ-ﬁ& Prdt. 2f4f r@a@b@ tﬁ%lcfrﬂeﬁl@i is §§1£Mm Bre BC @EG Q@J o flowchart of
can chai e ln hese

o motog oSt O g o PTG S e sl
structurCh@CKst siogwadccondng tneny ehigdipwet. val | d/ stable a short

(0048] Set il Héagloﬁ bl'&@k 7‘06‘%? ﬁ@ﬁ)g% BTG &t tBQ*%f‘gh‘{\évE‘ldﬁE"m%P{ﬁe XOR gate 520

tinme during eac

ey bo R Bt R oS SCASICRG Btge PITIeTIRE fi P8 of cores 0 o 1 may

be carrideni osaalénrlp fn delo oK waikieBard DFLG. 21281 hadatel BYbleatgeo. e SCANOUT signal
may assMJ {ﬁlé’fl ! lhﬁ'xei? Ehg %Q ?csms ijc%vg Oadr}‘% hcl;]m &)108% opcnpeqdl nent,

&f ah ﬁ’é e center robe w ndow. Th| S
[0049] ¢ on%\ﬁﬁ M ﬁSlﬁeECTéﬁﬁftu%lowéevgle%m mémiapfri\é% A6 meH hegouesd trapgh MUX
550 to t@fSCIARNOUVUD Dife olpSbF MyESs) mrinfe el APt £15:H B8 Thal scan cell of the core 0

TR e i ——
370 maygy epepfl uoh ghe gletg pt EWOEESF&EC@Q)Wml ag regregentedin dpqijon fylack 720 of FIG.
7. Wheh &Hbﬁﬁ)ﬂsﬂtmmigm 282 Qul 10/ SLANCUEk athit %Eiﬁ% MOQL"M) ma3Be routed to the

select i mf)‘f’] 09 @J&%&T%he 8];0&5{3[{2 nggﬂ:}i,rqcklm@cgm (}?tatl éev;glfs Yo B@y be {Ieuved from the

ATE-gengratrd WO CBolgnal tstwd tabibe tcﬁecsultStﬁs’mfcpmm adrlede mmﬁdmmlehulumyed Both
test resut@semziyrhﬁlk&r & Qxe Bllﬂﬁjt @le\E:UWSsO dnfd 1@reRl 08 S@hf\]@@@ 1A mg%\fhe strobe window

SIS wn in the | ower portion of
porod of ﬁ%ﬁ% i’ 8§4°§nY”b“P%ﬁFC§°d‘5351eMdt”§s ThEE" difkiY e SRgaE iR ywlivlexed,
scan testgtodoiney wiselgedss intliceddutilplit’®0. of t he scan chai ns of both
[0050] COr g Snlake ﬂ[e%%ﬁ@l&ObESéL%T@%@Wt §#ugp %vel @E&nﬁ;«gncw&l or serial test

first strobe wn st segnent
maode m%yol?eeselﬁctf(dAe)whgh awttqﬁterewg%g?r? ORgf ortﬂ@é:ttheg%{'gtheewes A Pypd teél}eeSCANOUT
signal lide. (RAfejringayce Agnirep Pid. @dihd OORERELBET Al is Attt thrvfgh MEJX 570 to the select

input of g/HfX 53 \tvlnﬁ-x r%gc%gs% Q%l%[ltol?O%’l %&919 Xgag of%qgerg re HH y 0086 to ba seét through

present rd Strobe W ndow
MUXs 5ﬁ0 ?‘F&y‘”%@ biewmgtSC{\HOVﬁeTlpgrEIect@p ay hiprerresepiag in FIG. ﬁ|b@decg10n block 740.
When tht CORESSUHCT sfofdl isdod, @BtIC ﬁiﬁg U@&bﬁlﬁiuﬂaﬂ t€ 04t Borb 0 lirSserid ROWbdAas shown in

block 75§%§gﬁ%ﬁr&9\t}v bag%ﬁlti% i ulIS gig? 61}6%%11\?}@ retcorgggﬁéﬁttestfcg?e I in serial test

mode, acihpwen @ blogk SHoWfeteghnt ﬁlepwgold@rteb der therMEXs shoomth TI6r ¢ nordiffd from the
iltustratet! BRbAnkRD EFMEREOW.in AlAmeH A6 4R @ Ao A RAEI Sor RO SERH B8 F0 ARYselect the

erse | n embodi s hav nore than two

oM e, G B i B B PR AN il 1 pl ext ng of
results in 40 a strobe w ndow may be used. 7 WO
2006/ 102325 PCT/ US2006/ 010233 [0046] During each
strobe w ndow, each of the ¥alues on the channel may
be conpared to the expected result for that portion
of the test. If the ATE detects a difference between
t he SCANQUT input and the expected test result at any
poi nt during the strobe window, it nay generate an
error indication associated with that particular test
segnent. Because the test results fromboth cores are
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di vision multiplexing of core test results during the
ATE strobe w ndow may be extended to the sinultaneous
WORLY1%Sof N cores by providing output sel ecPEByS2006/010233
[0051] Ci I ElGL & Hystrhieaslk agbotifientSCANDEork ihenfidaat tol sSledt bitfdeg itigple modes of

structurail gcan klgmgmgﬁﬁ Qagogcuhgh% TH tl(gngéjgfsfm aﬂ&‘t EJP& g%«%{} agﬂff é{s]ts%ocglg selection

eac St ro
logic mqy|ﬁ|1qg@tnragﬂk§guslyﬁ@thé ﬁ‘ﬁwiw FI6k 3 wyitlrihp Pqtpué R aqy@arncular stage serving as

one “cor@’oﬂﬂlﬁult BUK-80bstQens &ég@crorﬁﬁaﬁﬂ@féﬂﬂe (BUb[:IuI df e @taﬁ'éﬁﬁﬁﬂm@f:ore n-1 may provide the
second ¢ cme mguf:’u xatlh% %nglﬂxcl%:?%plopegl tI' RIC t9 isa trugl tzmbjc 11{1ustpat1f1%t%c9 Qaﬁggr%fg sgates for the CT

e Circ
and Sel tnh@ intoedst to apfiydie s pefbadsr iaqaeldarmr@threntéfwé@tt ntOée for @y corp oyfoore pair. The

CT linedTRY axﬂ%gém %MMELEO’@ 1iSd STHI® INUintdrdeE QF Rschife inRkel th€ selection of
or configuring the test

potioni oo HErLPom o bR BF e emboi ent of FIG 6 to
[0052] sel Erdctigntipmgn-severslor sefid testmade fouroad 1, S & litefot cachtigsmay be sct to a

low IeveQQQthéjthé’lﬁl E:%a@ ﬁﬁ%%mg W&itlplixgg ﬂ)&ﬂle s@lgct %th st tﬁ@hppﬁ!r %ﬁxplexers as

evel, the_o

shown “b#IGt Eh &OW”&‘;%I& t]nggst r%g}' tlﬁ:éabﬁé)gl['lgdg ’(uﬁlfﬂé a'ﬁ tw Gél‘g@;ng%must be set
to 0. TielSel IBGCANGIH sthde Resept [t ftrd eaydbe st logus Blb¢kaie, outphiefrdetBd ¢orgfor that stage
and aquf th& Q;E%ﬁ Qc}n@'ﬁg }lremy sta?@ toC?Js:r 'th?&élglp lt}ﬁe @9@}01“1[[{ lﬁé}txjs yan@%ltlmately to

escr | r egar d i ndi cat ed
SCANOVIO Agafi ghe §€AN@H’f ﬂ@ﬁﬁwaﬁ FIGnﬁWé?%%ﬁPFé thy 2jhpg) ﬁlgvmst lvaﬁ@ rﬁo o for i
test modeli @nck @8 butful 8lthies 1OfpeBad & thh 1ok frgut 1 thouppdrimBiplead ofsape!, Sel_1 may

also be b\lsﬁoxg% r{mq f!e? Jo?th%gE( %ﬁg %Hgg@%ﬁ Zlgxiére 1% e tr@t%givtgé %ble of FIG. 9

indicates;thpt thpall %ﬂm&ﬂbq $hied tC’Fﬁ@/aTG the pritel %Fndwwea%ﬂ e fBresore L.

[0053] ei thRls dbdied o Bftiite fhé QRkREndde RRh pSiEalr GRlJ|theafT |-hEneGRY B set low to
roufe Sep { tott}{elug;% %Bsélg\gbo%gl%%ﬁa 1rs1’c [ ing : eng]e %%E]g]ll &?y Qe?[%ﬁ{x E') selc{ct th% output of
core j to f rom«o SSADORREY Tinﬁlsnrwlrcntectﬁeﬁ@rmle@ﬁﬁﬁﬁ} ? biea bingheeolpn fon &eu -1 and Os
in the %NQ@@E&E@]&%&&@Q@M &fpel. A OHL Elﬁc%@m'o@tpxﬂ?ﬁd@ r@aﬂou'@ k@ Kare blocked by

of FIG MODESELECT
e oo Gl PGB 1989 Sl CRRETE PRBORET (PPRRS 7o hay/" Do P BTLEAPY * o G
truth tableo dt e 25 sel ect input of MIX 560 The CLOCKCTL

[0054] s. gmldar t§§cuda%@&ﬁeut}@rg thir dehddd fo1 tﬁelaaﬁl FcoBBe Bk off signal may
d fromthe ATE-generate

uch
be mw Héhetssgctf inpRof e EPrey BHRIRIGFEY 1 Saw el de Eld?% t%éﬂ%ﬁfﬁﬂ@ﬁ%% core. For
example¥lwére pdsieedediest Batd? ant! @Sthe Cledkudtt signatenay ppaad to ate stldﬂ:@mput of the upper
multlple:%yt)f)t]ﬂé st%% tMclé%g c@@g tTh.l@ ﬁcrv@ e ocaﬁlutddt %esﬂ%m&r&ﬂ%re 1o be time-

rin w ndow peri od E
division tphlgpl@qa@}véh et ot 1e predes gtég&@ C’D(hxspsl 1pfgc§teg|,néhq t% of FIG. 9 by a | in the
column csytré‘ﬁﬁdirﬂag] &:thSCT firie a2 -ti6h Hh&d vinbaad] cbie P ABX @igh, outpBioa the to@Sit numbered core

must be 06%§ z! Z@Eé t%\/\ﬁél%? n%nﬂog}e%g%/ﬁﬁﬁg%oﬁ)ﬁa égigin’g %9 lme high and

routing 1& tohtih@ Pﬁlqcbv@it ot thaewprd Fultiglee freitee Bpludng ey ﬂOWPrewberﬁGb efée This is
indicated VR Yhe BB 1eS€ l:m:b @da it fu W btbnd daﬁ‘esb(ﬁﬁﬁlg folBd el Bnelt6:QN8 164@ n@fibered core.

Note cor‘é Pgs ﬁlrg F:\rc]:v]%rtmr%f ca%gafel% ?s?crmergspéonntél é{tlme mayobe se't_.ﬁ& gglz\x&%péewous example, the
outputs RAREGE ECT tosthay frgluding thP datee du“%bhil’e@) Eﬂj‘h arf/bICIE T @ndt thergfpre the CT and Sel
setting fo? eb&Ghiges kidPMbeaPls JMbS’ t@ﬁ@ re%éeﬁt@d W@@L@ uth ARe.0Ut put

romthe scah, Cha ns er cor core 1 to e
100551 & el bl GO StEaanY S8 BatE: SOty o fshown in

FIGs. 8 gd|9edt ieomormyelelter mepipese it @@V moBt Gat tHishyordbai i$p ogres concurrently.
FIG. IOAleIQﬁgtes &40 em[?bgm\é\vﬂt% a tc&@en%ﬁ%ﬁ% n?&ly g@@sled {O%OILI&\% thd J@ﬁlts of one of

may be configured to test cor in serjal st
the cores%raéle reé‘gltqgﬁ@mpﬂieiacmedpﬁﬂgd 1715]@ IC. 'Filg@wgé ‘hWﬁ’é ﬁontseﬁl@m circuit, En XOR,
may be RORMSH HCTuysit oithd fiktcoRivilag alt dvees b€ iEyectnent e@nhdydid e tpiosite of the

test core |l in serial test npde, as shown in bl ock
770. Note that the control %evels for the MJUXs shown
in FIG 6 may differ fromthe illustrated enbodi nent.

For exanple, in another enbodinment a high |evel for
MODESELECTO nay sel ect the TDM node. O her equival ent
| ogic may be used in other enbodi nents. 8 WD

2006/ 102325 PCT/ US2006/ 010233 [0051] FIG 8
illustrates one enbodinent of a nulti-core IC
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one "core" input to the subsequent stage. For exanple,
out put of the stage |nclud|ng core n-1 may provide
“K¥W@75” Scond "core input" for the stage |ncIB§Tﬂ@ﬂwéﬁénﬁ
output off the BfsGoreQvhesthaowmtdfhnetoa lmbie of thd aigt coads idisgrebhe@thrtiequiipniedhe first core.
Note th§tt ﬁgh&%h fdQ:r 1115@%@%1!3091&91“%%%' dnﬂreﬁ’)ml Eheddr gg fEn t)@)@&t’#xﬁ( %a? be readily
particul ar serial or concurrent TDM test™
e“m“mﬁﬁfpﬁﬁf@r%W“EHFeﬁﬁ%FT The CT lines are anal ogous to
[0056] t he KHMPESERECTimehtnRe Bft olldGeledor ntag b tadi@fied tOotRSOE tehft fobne of the
cores (ad %Fs@lc!)re} 1'11% ﬁs@%o@&o‘iﬂo?{ﬂ gg)be Q%ﬁot\xl CIHJr §£ %gegéz'ii png%b(g é e sl;f_obe window, the

several” exa presente
test modg g¢lgoipg m@)h%ltmbﬁ%&s#@aﬁ?rémoﬂ & pomparisPRpf theaasplt Fygencl @fﬁheé@raemg cores

to the redylt df e c&?a_ thktivACodAE dueidCihe ﬁzﬁt@@ﬁorﬂa‘ﬂm REobS Sindé WRr exllQplle @Mhresult from
each adclxt?qn?l core gmy 19 u%%ra%epy%((%d %h Ig resu?t ﬁIOII;llrﬂ%LfQSIp F]c!:réq aend the resu[t used to provide the

complerpanf £f @p@)@@ptsof thes ﬁrsgmgthqnnthe:re@tlts f a@ppef s p;gqqgj ﬂﬁ@rey This may be
1ccompl‘ish@1 tfyltKeSHn X oMbk ok B@axf&cﬁbﬂﬂﬁre@fd i b@ 1@% | I@Qiy@@fh@%th@ﬁ@%s disagree with

the ﬁrst cg t?%} tg gwcgécz% é%lfe clf R% f%r?t FEE I‘Gb%v oBtgut dgnimgl tgwefo&d B?rSc&;kofnthe strobe
windowy W}eclbwtlipqawse filreofR lrew orfeilufeor THishiatt retiagey alednat hewwoheres to be
concurrédthf Rttd é%@mtitenﬁolﬁr\ﬁﬁ/doﬁ Wit [:2A6 bﬁ@im%%? at’II‘HI\@ Ugi&/otras@lt sets. In some

tipl exer and ultjmte
o8 L e i SITE TOF Y P A St 88 g ey dtc
errors refufit@ng dilon tiBdtivi o matloSthenoss abeliseinstiroesn fio¢h dlkorss @ibintl@sime way. In
cases wl{g%dc%res @ll&%nttlngrs@ HZL’@HH a@cfulo%?tsgecltlw@arf?ag %rotugedqg e‘b&@the test for each

l'exer o
core Palhﬁ’\gﬁ aaﬁféﬁlb%f%gﬁ DN POIE e Cst tediina £16 o‘Pﬁqﬂl“SﬂﬂwS one
embodinp@t & almuttocoSTANGIHT uredTib eleef atw@en tuhigb!d mddsd of soMtuer schilvesting including a
mode i \%Qiheallogorcj: Ig% cogcurrénlag té&t@& dgsgx%ed (FGEIél 032 oxggl @4!&te%§£ of cores are

e set actl e seri al "boundary scan
Concu"fel‘f@b‘é“qdé‘r‘s d&%‘i“@d fpr FIFO@53] I f it is desired to activate
(00571 th eFISETII i€ fidveBdrt olHDﬂ&hcfdQ‘dSr sélecif 4 ths€ bR andedig: 4 mulGlk®e IC configured to

select begeeh mul nﬂlf {n%de]s oy stru&ur%l Sfaﬁ testu%gaaccor{hﬁ%ﬁto%aestaexllbvb:mentt JRt ftaloc% 1000, the test

exer o
vectors ag@(pr_’m AT hvmgy bggor@gpedrﬁ)rg&p dpweds@qit oefe. ch@x@m:{lep vrluep for scaOchain elements

that conteR kR niulttp(émb@off t&Uieﬁﬂi ohiButs>iNEdL:. ﬁﬁr Roerd eubbdRein€ @Ig@ﬁs éeﬁbrated by the
In.the co

ATE ma}élae e{% Bueﬁtlyf cﬁétroég?t r%%g%tlﬁple&chﬁ u%ik‘lo%xlu bgﬂglsoig dlg ﬁ]fpr 1ately configured
test vectars age e ciNdedkintorb seai ¢haies ¢fHE @b pr the DiilorWipn ¢hen dagisvectors have been

loaded, St %gﬁ@reQ?s@enpcl,l&ﬁ kegls I'BM% bd Eb%midl%’ ek o & 'e@cﬁé( Bk tteleg Qaemcglgtted in block
0ose Sstages a

tin 0 a
1020. o s o | IO e PR SRR P &1 of DD S sl on cch
SCANOUT terfranocagiobicwtie DUD meuier temdferrF DN tiea'SHE do@deadh@pclaof the data clock for
compans%ﬁ) %hfekﬁec@@l“egultg Tn@goﬁ@ %TEtvn&:log a@gé% xﬁéde :elrsm;ttem bio&sl()g If it is

ed. t e sel ect |nEut 0 t1plexer o
determing d%CfS&)g‘é"% ©h pirrercrasmedids %ﬁ#@ﬁwewerh%ﬁﬁléf*%e e e sl
on each BRANPUE lind fonde ecrcbasdy be d'aﬁsfénécﬂstthe(}@m?ﬁﬁuxﬁ.’g aﬂdcyﬁl,e of & data clock, as

mdwatedc%1 %E‘)gk—ﬁkb %{ @P%Lse %X:oz%?an oglilt% P{T% ntial}qahz)@fo? d] in gQ[%tal I%de If it is

|'exer
determingt atﬂﬁflgm’a?ip%@q r#e i@af(p’etmetfmw és Wﬂegtwb rthep Wi alithe e‘;ﬂs‘éts on each
SCANOUD lilefidnl MK@partﬂ:th @teQiht th] tEthela|nﬁ¥ Bﬁttéﬁhf&]&bdtt@ﬁe At Riting b4 BYole of the

data cloc Iaé:rﬁﬁaetvcl a? gl%ﬁ!( I.tOta)IgeI ﬁm case a che%l\ %srl]nade a%tdeec(ljsa)ln rl;log hg)’?é ﬁ)béet%ﬁ%e whether

ol'um™ correspon
the resulfs |aﬁﬁrémfndhe lesheorio Qheﬁednﬂ#bfehlee neigheecase A gst ptohfeme dptrpngétedofn the next
cmgﬁﬂkhﬁﬂh@%@&ﬁﬁunbered core 30 nmust be routed to input of

th t er. nunbered care by setting its .
{0038] cor Ilé %gﬁxa Elgcgc[ cp qg?aweotl,ﬂmé ﬁml%ﬂq@entr (% Gt SR ut?rtsys[tegn ?Wg that includes a
microprogasfoe £150 ceplad togfvartehfe)f shpipe conmahdnispiraxer bifs bridgs tl Bige Microprocessor 1150
i ncluding the | ower nunbered core. This is indicated
inthe table of FIG 9 by &% in the colum
corresponding to the Set |line for the | ower nunbered
core. Note core 1 is an exceptional case and its
corresponding Set line my be set low As in the
previ ous exanple, the outputs fromstages prior to
that including the | ower nunbered core are bl ocked and
therefore the CT and Set 35 setting for those stages
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9 WD 2006/ 102325 PCT/ US2006/ 010233 out put of the
first core when the output of one or nore of the other
WOBEYI P sagrees with the output of the firstPEBUS2006/010233
may be hotii-cohaticrepdrdckreurgind ndyendlldk est¢nmbatieeht efred mnntlcgdrangescrived above.
Other ex@@dﬂnyﬁt?b’[{ a cgrgﬁu?e? sym‘ém%re%Hssﬂgggn@doﬁtngﬁlgtedrT@x}’thp@epircé‘:?%tleé{ a mam Memory

nded perate for an nmber of cores
1104 is 6%@13%19&’h> bélﬁ%?dd?%ﬁtlgh oY Lithaw St SRtrqlggy ! peis coupld to bus
bridge 063 thgngdat SGB btspLIt0.t BeeheBUI deviteart 1 XA 1TMB 4rkh eouplod @OKUE Sridge 1102
through(aq’%fbhr ?’Itlf% %%%@o%da‘r{‘b& glh%sft}.@ Qb } Elgnb pro\llclég t(ﬁgccomn%gate an electrical

a secon

intrtog faponey BSTOTBAG. Sl fokowal S dipishtoncEIS G bcbgendanls cxample
microprotp@e: [@50A0IFPRAEd 15 BR bAdgetl e tl[r@.%hlh trl pRMRasdto of oﬂuhﬁl L2 cache 1128. In
some en{bg{mkr{y ggm%%ral%?ﬁsor &Otxnlg? m(:lg(?e?an Eute%ta%e& pﬁcaCI% (r?ot %10\%{1& \rqggw
100391 For Besdaidgs! 1e0% Qxi@ucit,@wpq_erfafcp biveep aidckppepdior i bﬁanaucml@mﬁw graphics
controllRQ 1@e A AL RS MtaéﬁQR%d’OMbﬁJql 1th eWﬁ&SaH |0§cr§t16@mr$caeedfﬂoﬂr§1ne of the devices

e G088 300 I AEBLL D25 1L 95, L SOTP! B O o
the case of PGl fyas lé b tiet tebi g gty see PCITHYE &1 Iﬁﬂaﬁutimdﬁ@l lpowesphd apbrahn ythe targeted

device, @h@brﬁ&ﬁ@géﬁé&ﬁhaﬁ@at@ ah %etaﬁ@h i‘Mrﬁ Jﬂe ﬁr@gé‘brl ted B f J: Qurcé §Bice or bus to

he ot her cares

a t he
e el G0y s ERU PRSP dn < TR Bre e prtes [V g with v
microprgcgss@utPut during the second portion of the strobe

[0060] W' nﬂ%ﬁméﬁ’m Ellaw}ﬁhé hn ﬁéHa?c‘é‘ o JBGLS&E%AF s BT fus1@ 4' %&E&daxy bus bridge
s test ow nore than two Gores

I
1116 i GhRRwPRE ﬁi‘q‘%Pnﬂl F SRRt ol 1P CHEW SEYBLSE (5 BT Aefaer from or
integrated nish sseshdainychudviidfeor1 1§ ndPMisofbetivudeeslilid cehusr S}IsiﬁmSIOﬂfEto provide
opcratloﬁamgdnr@ﬁ 1 bo[‘u]a %n(ﬁtgglsg@]}i?. gmxa\raﬁalu% Qc%alr a%?rggrsll%l pm s, t zk«:'n external cache

first core O expect res

unit (RolFREvER may Ssoe'?ercﬁlfpéEdrt‘é‘EW bysrig2it KN e S anaﬁys bgifize 1102 in
other enbBBM@GI Bertbival ik e@6mdl B&hﬁﬂ@eﬁ chupledMdl badibriakd 1 1omﬁxﬁs‘zacﬁa¢olmrol logic
for the %aqerﬁaf%%§$g§¥ \G@){ntcg g ﬁto g’bn eI IZO%:OI-LE ac?le WHS 15 ﬁown m a backside
configurpop ifj r@l@dpf@%sswéé@atﬁ i hféﬂdtﬂ@éw faghe &Y bwpfeat@&m micrpprepessor 1150,
mtegrate&&tcﬁa&ﬁﬁﬂidg@@@ f1e1 Jdrbi6r A)8diin 1R n@LRIH A & WRH iR B8R 8IS semiconductor
a| lure. FIG 1OB illustrates one

f"a nulti-core |C configured to sel ect

[0061] betmememlywm & mogesryoll wiithuwblisidh memamst s sthrg and from which

microprdc&dr U Qi' Hmakl m%s 'R SMM@ i |trlem&9r1 ﬁﬁ n?alj'/ %cﬁ@er@m @Iﬂ}ngﬁﬁc Random
as escri bed sel ected pair

st
Assess YERl JbF Spe SOP g a? bask 4,51 6nprieo g SEA G DRaM
(RDRANBIn@y b8JuitablD0571 FI G, 1is a flowhart of a nethod

[0062] f Ofpc§ Qieﬁ&zg 'I'ﬂﬁAai 15'%3518 rmtg@atiQQ Qf tl%itle'tyngf &rﬂ%h‘i Ide‘gc%{ gucil (;rs network

configured t sel ect between multip
o o Gt AP P Yy hag g éPB’IYﬁ@’ktdt}“’ér?é dgypror et SCST (Small
ComputeAByshn® GkerfAQD Baptérh endtt@glony\e@ad atiSilaands Qdeviche! }A_Eﬁilﬁmytwb ©f various
[t I
oo FOOLLIUE £, LALANE 5L 5 o S5APRL s o o
or field biyj jrieifase e¥dng of test result outputs may be set. In
[0063] anadics enbadi nents pr@idmalcamg&ﬁﬁreﬁk@d oDYext @ indipesAR B display 1126.

Grapmcsngliy lt'oﬁersl?és ma emhsd?f caF%v,reHJ acc%(eet?sf%‘fgl%ra#};‘&nown in the art to render three-

dimensiogg) ﬁietmswtwsetha} S0 feff@meéosmﬁ@@gto aybfeomsin preyorhé10d] Goklge controller

1108 may MRt R 1Sl & D@Phrb%s of1 8 tnh@xatqgcfaﬁ &q&fst dodd ?ecMaccer@ B target interface
S ave een

within ol [ 8be Bl A Sl dortes o Ben GBI St & P b bus sccommodates
rapid retwd@ﬁﬂaea fdremtiemtmorp $ 104 n Bercatagcbpemtidod, @rlhics LOROler At08 may further be
deci si on bl ock 1030, if TDM concurrent test node is
sel ected, the one bit of the test results on each
SCANQUT |ine fromeach core of the DUT may be
transferred to the ATE during each cycle of the data
cl ock for 30 conparison with expected results using
t he ATE wi ndow strobe node, as indicated in block
1040. If it is determ ned at decision block 1030 that
concurrent node is selected, then one bit of the

substrate Wi llﬁhc? mmnﬁatroce
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data clock, as indicated at block 1060, In this case a
check is made at deci sion block 1070 to determn ne
WORMBYHE!?S the results are fromthe |ast core PETHE2006/010233
configitreisib @ehera@PA pibtodd ir@saecSoni @t Adihus ¢ AI9e The AEP tn@sfhce of bus bridge 1102 may

thus m@é&fﬁgﬁg?&e ghtyg @%ﬁ %M?%GQ %ﬁoﬁouﬁ 6151%)(%10 lcaggvgll % fI’CtI F%touﬂar%ag)and initiator
transacienyo Hispiant 1285 28y elertrpitin @wlaw@qna‘h@m@mtgﬁafttvﬁt A hycbengented. A suitable

d:sp[ay4®2mmrdapzrdama5$@nuba +BRTgQuilie sy 0 dighiyanicetyet0f sy St e m

v SOTBPISHE L GHAE 540, B B0 5101 B P2 i 0

above dppgrip} 1czncwé>uqﬁr@1rt@pre@ ey boyubstitd pagesiradc Kiusiiirtlen noted that computer system
1100 reRphedi ﬂﬁﬁﬁrod@ism@ cbxﬁ}ﬁﬁex R ﬁﬁllldﬁﬁta@&u@xﬁl g%?oﬁxrobéé‘s%g ?o\@cmpmcessor

1150a sgmafn as nt %)%or}ag?omgonew of tcwénuigg tglfl eli%i gﬂqcé%cs:asp ?ﬁ)a may be similar to
MICTOPIYEITEIF §/150 1M@I¢ pirticugdy phte@rqccﬁsctywsﬁﬂb mmdfq@n e 0R=l tcbpryml glvra@rocessor 1150

in one EHEHABYnt bb*ﬁcr@pl&@sor ANa Aoy ARMEGR t&ﬁﬁﬁ)ﬁ&lﬂ I %f% vg)a]ag%dép%ndent bus or may

bus bridge 1102 throu Al
sure BB 351 1 i 1 SO PR BRI Bt B e o anopton
L2 Gacligrlillﬁgsmmzir@ﬁ%:a@hrl mdgh a PCl bus 1114. A secondary bus
[6665] b I‘ i Gkgﬁlmé 113’@ tol FRY. @la:%?hep&nbgﬁﬁgﬂt gﬁ%o&&t@%%%%@ﬁ&@n%e an embodiment

c QF]C rical interface to one or nore
° atcsbl‘@ é@?t%ﬁ‘@sﬁ“ﬁ‘?‘i&%ﬁ isgheviny ey apbofpentaroppssitipandgprgemplated. In one
embodigxan@meyter systan apluds assal pibdbbhsiwdeaaplsed2 s, tmsc bc‘ﬁlﬁ dgeD. Each

process%&quetnmir%légnm@ti 9? L’{n&%g rr%e}% oraolalgr ;antl %Slre 98}1 al?lg maé mclude a test mode

ts, the m cr opro
selector) etrEgrdi Aieveu acaorHe gedet B aoEled G HePCHt m&m@v\mm 1214D via a
memoryl 05 LerBus! 1DAIIBIGED 1ihekZied Wivhi0d @Scha RespBia@l ba&side hwRen2124-1212D.

st BB 56730, K308 B TETBLHES: U Gy e
processiph @ipden f 2 Fek2EAn. o fior e @Fogeeng peskn 8. flutoh éretBed s 12154 for

comuﬁ&ﬂﬁ@@ttlﬁﬂmbe@sn@Uﬁad@fﬁlﬂgQntérﬂa@ezlog@U@lS@rﬂ)tdQﬁmﬂdﬂ%mﬂ with processing node
i.,es.th t 1 0oNn

1212C, ICz)mcF nglurlc}l:rgxrarfa QE%E for ?ﬁ)mﬂiuﬁl% Lg g/g B?t ag,%fer gﬁ)ges%%)de {not shown).
Similarly hegecesshe np@rl@é’etﬂ m@m@nm@@tce gs 1218D1)1218BUsIdBR 1 3gBrodtDR node 1212C

included’ 1Qt'é1tfe%§ Ichr&elZWﬁriﬂtSHoﬁd tl@le r:lﬁd hrddeaek Qe 9 ﬁ@ude?%rfacc logic 12187,
ates an operation fro

m t he
oo i 88, Mgl i 1%&% & Q& R@YF V8 Pl of Bt devces
(e.g., depicot 192W-12281 ¢h Ebf;ﬂlstf liguirt (an@tattcd@\/la Gigerface Iogis 121R SGMEprocessing nodes

may corRQg W@cﬁ‘t}tﬁer /BUSikE fnqgﬁuiar]fgl?noxrgy be integrated wth

the_ 15 m croprocessor 11 060] In addition to
(00661 GFGRII AFFeT rELHY R 18P B} SAPEReRBhis offr Peprbiiesing node
communltﬂiﬁnlih I8 deqndat y‘mﬂ@d@eﬂm‘ thél ek is dpldmeRBy asl sa1€ Of ﬁ]ﬁd‘u@&tﬁnai lines {e.g., lines
12244, a?éjlglcci éo%@l@sln pﬁlcrll&g F&Q &Ioéegsk’nlg AF: 1?%%0%1%% %nogeo {])tl Eé)and I{Iﬁ 1224B are

el ther exte
used to Banss a%f#ifs 218 POFISTREEIOde] IPB2B fperjocatsion nese I?Hép u@@@f ks toﬁlliﬁfs 1224C-

1224H €OBPLLD @hnsSif $ﬁoﬁm Bibh dtir ﬁf)&‘sfsﬁn@ Qode@ﬁkﬁﬂlﬁ&dt@lﬂﬁltl(ﬁ WP Ahdrally, each set
or various s

of lines {ﬁﬁ m%y 58%{%% 23L& mac‘)?eddata ue% eonei oF mon=1 cﬁ‘ock f i3, cog@spondmtg t(t ﬁ Oci%a?al lines, and one

par a ernal” cac
or more §%’€9\Hf}w aafkgé}@ tire obwsekst ewthe tovGRY) Tha dinkihdv bt ofyettsdaemcache coherent

fashion f&t &fnﬂ@tﬁ@ﬁ@ﬁ SéB‘K/eeﬂ- &5&:@@%&9& iR haloRnelhPRstid for@bABhnication between a

proces 01 ¢ 1 i 5 G e ESRE B Pt sgrien e PCT b
or ISA fugr Ifthtéereweehhm btk macherpeyd ber tontcelgreat Behionniiog busisy-chain structure
between Y0 @08es b §dwo L B Lscxﬁa%h %ag-é]-ga%kelt & RIGYRided fx@m%@é:ﬁ%cgﬁlg node to another
nfiguration to m cropraocessor 1150. i's noted -t hat

may pasy Grogite Ay %ﬂ@b dPRPEmyp 6r#’f‘°r’f“‘rté'iafb“ﬁ’n“8é BeEsgressng node 12124
to proce§siEOpde 1212 gravsd thratiocidiecaskssing gede(1 1R or Bcddsind n@fe 1212C. Any

slot A) with the m croprocessor, or even integrated

onto a sem conductor 25 suBstrate with the

m croprocessor. [00611 Main nenory 1104 is a nmenory in

whi ch application prograns are stored and from which

m croprocessor 1150 primarily executes. A suitable

mai n nmenory 1104 may i nclude DRAM (Dynam ¢ Random

Access Menory). For exanple, a plurality of banks of

SDRAM ( Synchronous DRAM or Ranbus DRAM (RDRAIV1) nay
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interface cards, video accelerators, audio cards, hard
or Ppy di sk drlves or drive controllers SCsI
“KV@WﬁWPz‘Conputer Systems Interface) adaptersPERES2006/010233
suitablg eehtép kigerjthie andis, us@i Mitleagnbp dimbiBAofdievbomitct ikBminSy include more or fewer

procesdidglnbl®t hat he/@wdim@sbOVs rid Ypes of peripheral devi ces,
a sound card, and a variety of data

such, as de
[0067] acq lﬁegerrtlgf tHD;@g{erk dnay Efctf?“%tteépf e ogypore ?%qméps Puibe fings B2 hetween nodes.
A bit tiga mdshe t!&515@@6}6€m1g@ﬁ@phthe slodkGiahdl 64 fhetorrdshOing SloqhITRMI dﬁ’«ﬁpackets may
include! chn?rlQl@‘iJEcQéts ﬂ)hﬁttt&tﬁg gﬁ( 5dcBShs ngobg geféf(ets%nriﬁa&ém%acg%o%g fc& and response

ics contr
Pa"“’“&&?b‘r“@&‘?“d’@? a@rﬁbesaﬂ%@ee%ts ator generally known in the
[0068] ar t Prapeskiequchéds 12zt ltm&ISan@alnerﬂtﬂ} @n@&li%ﬂ'b(ﬁ@ erﬁ&eﬁcj@@t may include

ne or m S t :f taeq-o Lot ono e mc 11
0 ﬁﬁ'@ Q?o& ]::J IBYO%JIH g+ 1|g o cisﬂs% ad lt Fté?ag;roge groaror}éssor and may

CS CO
OPHOﬂaHSégLEIg&ilﬂ %Pelﬁ@cqygglleg_@lgoquwtqch@g thh acmtoneqrde}g@r mpid as desired. More

particuliiBC @dell @ttﬁ@;ﬁiﬁ@ flodt Q2 @Atlallmtnajr MoRAd BeCor Mrd BipRs Qyﬁucroprocessor 1150,
Extemat{ff%%&% /&% ttnc(::l Jegl%rtgtte)x a5e otgr%l ng& gn ﬁ?rbgiratrgglgrgihgse t}:rtr%?}izrepry controller
216 retri eval of data fronrnaln menory 1104. For certain

[0069] Ope ivatnb R 2140 P4 &Ry &Rk ol é%[tabicllqgnmﬁevﬁcysrt iatﬁrexgﬁple a memory

102325 P 102 f
o E110, 0990083, KT BA0OR R0ERe) SO N on,

RAM, Gr‘heTiﬁt@idreBﬁt feJncfearcf eopffutdp yestpr 1dgie dbABR amdy mdubbs imed-uren, Each

processindl ARGt 1OPAL1I Y L8 1§dﬁ9i99rntlen Jﬁnﬁ% e} rdgt&rgxﬁtglwhtch ac&lresses are mapped to

as pr ot oc ol
which meﬁrlop?sa]?g}t Bﬁi}[g %ﬁeqc% H)Swhrﬁ %rﬁﬂegyng 111@612'1%& 52%}) a memory request for a
particulig ladsicdsy bl beckivgipl diy ong p@bodiiing khe adiheteﬁﬂi@emﬂbr an @¥dres€ afthnbﬁc computer
system P hE %%H&r? gontrcﬁlels f‘ﬁll&@m IgD cgﬂp%@ oo n%‘ezllitl%g' Ci ort%gl bg%se c?o,t % ng ?0 tFe address,

t ube
In othcrgrtc%is the r[tqﬁt(jugﬂﬂontfc%let lglqtfso}( P tngtJonerﬁ ifdr @nsping tlptgach lp@lory access (o the

correspagthice mSrorp 12 1IEA-SA 4busass iﬁ&V@c}b&Sl&reﬂﬁﬁﬂuoﬂS t\@i@ﬁmoaﬁ)ubrﬁl 1216A-1216D
may mcmace con@’ploé{x% g)e P& IlltB‘E!Olg% to 1n? orles ?%1?{\%914&)6 C%tcllejdgtm{lﬂlg,t t¥1f:mory controllers

t1tuted her
12 16A—!@b@Pprmyéqwh§§/§ﬁl§?ﬁqueFfdﬂ qHepe b@mary mybastpr ocessi ng

[0070] CoNpee (G eIN-i2Ng] ughi iﬁgucﬁ@dJahétpmJuffm Eok %Q&@&gefa%tssﬁom the link
and for lgu%f‘exgﬁg ﬁ)agpe {oob%rtr%gs%%? 8 Iapog qu%,] i’lio%mjnp&%ﬂsgsp %’I(f’gg’?é ARy suitable flow

fco
control mef%ﬁm ﬁﬁy“aﬁ@ﬁ@igmﬁqkﬁ-ﬁ ) exanmh:,r g preobgiomt, d4b GierfMona@ic 1218 stores a

count of] &&ﬁﬁlﬂn@dﬂ bdadiytypel¥F GIFRPHAGESS RbeivklR 0R o[ﬁ@ﬁ/enﬁgf t%mk%\@lhéhctﬁalt interface

1150, 10
o s G L GLGRSEEE 0L IS0 10 LD S BRI s o
buffer toptp@2hafiagketa ds i2 e pagioéint is Bers bp routiry pa{ﬂil&taﬁreartﬁﬂid rdabiSing thdace logic
transmitdM hilsa02 @rﬂﬁggﬁﬁﬁ%%?face]@gﬁpto ittt her iﬂp Btﬁ% {?9 Prre% g%& a mechanism
mavh %gﬁg % coup | ed to an optiona L2 cac 2
R o ‘BWE?'FE%ﬁﬁmT128 [ 0065] Turning now to FIG
{0071] 13, I/Ca¢mrc¢aez°oerﬂzm et agfsuiable DOPEIRS. By Shiag, t/batmcra&ayzzoA 1220B
may mcl{:cfé(alamg fo@E‘omrﬁEgrggtl; %ﬂ#oth&%o%r.h&%}stegﬁ(g elhl egh gevtces may be coupled (e.g.,

descri bed above 1s s men
network wggqeﬁ;ﬁrgs Frierdesnt ghsﬂqergtog.‘d /O |dgvigsh é220¢§2@@b@@| mpétdp video accelerators,

audio cadQ Mg befloppy Sikledrivesne |dl:idﬁf‘@nt§ﬂ¥r€ rsast @Er@@ @&ﬁtbuﬂag SR8 Sater face) adapters

and telepgﬂ%} gcﬁﬁs s:!)gttld%%tls ;n%]a vaﬁertﬁ ogrgaota:tl' a%:ltglsextéoér 8?1-88 SH 1? ﬁg&&s ﬁﬁg? PHS &Serféce cards,

Itis notera@ir; ihe derm é[ﬁadqmg}' apchtécp t@@e"pmpﬂtggltdewa @e inrded mtbo Eynagymous herein.
[0072] desGhibdd @r@l’etﬁ,h&\/t@rms Easdh c?cﬂe@ GE Q%bl@’gef@rotg &n lnBr&QRLEh \Ll‘f?(ih&ﬁze various

ve nmeno menory contro

sages of 1 SR o TR PR G SRS W Gt Fpipuid vaues e cptued

processi ng node 1212A-1212D. Additionally, processing

nodes 1212A-1212D include interface logic used to

communi cat e between the 20l%rocessi ng nodes

1212A-1212D. For exanpl e, processing node 1212A

includes interface logic 1218A for comunicating wth

processi ng node 1212B, interface |ogic 1218B for

comuni cating with processing node 1212C, and a third

interface logic 1218C for comunicating with yet

anot her processing node (not shown). Simlarly,
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(e.g., devices 1220A-1220B in a daisy chain
configuration) via interface logic 1218L. O her
“wawﬂgg§?ng nodes may conmuni cate with ot her PEFQS2006/010233
by med@yictmsnty fuch as irggisleasror fangi ©rprdife00 G6JlocPrRee 8&inhg ROARR oycle, For
cxamp[t]: Zajn%ﬁo&%ﬂ:g\at hﬁpéwgﬂ}%gtvalée RAG tt6 Q@ﬁsﬁﬂ ol ank% {{]jgg of the oIoclc signal,
i nter-processing conmuni cati o
[0073] & vy S "a"‘i‘tﬁ’és prdRodifigatiopspyil ﬁ@ﬁfl%appa@té%fh@%#ﬂﬂed o tho art onco the
above digeloglir# @ Glllly @fpAdcialel NRSs i(endgd thatltieTBBHwing Qlath’ 24 Atdfr@edrS @flbrace all such
packets from processing node 1212A to
mem%QMQgggﬁﬁg&ﬁode 1212B and |lines 1224B are used to
(00741 ¢ ¢ 5 rfdifipuel slackisd sinf tho oo et 8BiHy! Hefite the 1Bloged inventive devices and
techniqds @R BSApPlGd RQAEURr ek 2A00nculkdd Bting B rSuliRle chie\@&h 2} 22dfen testing or BIST.
1224H are used to transmt packets between other
processing nodes as illustrated in FIG 13. Cenerally,
Industrigldemliggliity of | i nes 1224 may include one or nore data
| THEiBvent@A S1aP EenBBI e GhpREHIc d IS t&QEARIRGRAI Ng to the
data lines, and one or nore control |ines indicating
the type of packet bei ng conveyed. The |ink may be
operated in a cache coherent 35 fashion for
conununi cati on between processing nodes or in a
non- coherent fashion for comuni cati on between a
processi ng node and an 1/ O device (or a bus bridge to
an |1/ 0O bus of conventional construction such as the
PCI bus or |ISA bus). Furthernore, the |ink may be
operated in a non-coherent fashion using a daisy-chain
structure between I/O devices as shown. It is noted
that a packet to be transmitted from one processing
node to another may pass through one or nore
i nternedi ate nodes. For exanple, a packet transmtted
by processing node 1212A 40 to processing node 1212D
may pass through either processing node 1212B or
processi ng node 1212C. Any 12 WO 2006/ 102325 PCT/ US2
00 6/0 1 0 23 3 suitable routing algorithmmy be
used. Ot her enbodi nents of the conputer system may
i nclude nore or fewer processing nodes than the
enbodi nent shown in FIG 13. [0067] Cenerally, the
packets may be transmitted as one or nore bit tinmes on
the lines 1224 between nodes. A bit tine may be the
rising or falling edge of the clock signal on the
correspondi ng clock |lines. The packets may 5 include
command packets for initiating transactions, probe
packets for nmintaining cache coherency, and response
packets fromresponding to probes and conmands. [0068]
Processi ng nodes 1212A-1212D, in addition to a nenory
controller and interface logic, may include one or
nore m croprocessors. Broadly speaking, a processing
node i ncludes at | east one m croprocessor and may
optionally include a nenory controller for
communi cating with a nenory and other |ogic as
desired. Mdre 10 particularly, each processing node
1212A-1212D may i nclude one or nore copies of
m croprocessor 1150. External interface unit may
include the interface logic 1218 within the node, as
well as the nenory controller 1216. [00691 Menories
1214A-1214D may i nclude any suitable nmenory devices.
For exanple, a nenory 1214A-1214D may i ncl ude one or
nore RAMBUS DRAMs ( RDRAMB), synchronous DRAMs
(SDRAMs), static 15 RAM etc. The address space of
conput er system 400 is diviléled anong nmenori es
1214A-1214D. Each processing node 1212A-1212D may
include a menory map used to determ ne which addresses
are mapped to which nmenories 1214A-1214D, and hence
to which processi ng node 1212A-1212D a nenory request
for a particular address should be routed. In one
enbodi nent, the coherency point for an address within



correspondi ng menory 1214A-1214D occurs in a cache
coherent fashion. Menory controllers 1216A-1216D may
i nclude control circuitry for interfacing to nmenories
Ché 4A-1214D. Additionally, nenory controllers
6A-1216D may i ncl ude request queues for queuing
menory requests. [0070] Interface |logic 1218A-1218L

L. namhhn@hggﬁmaﬂwaﬁhggM of buffers for receiving packets
fromthe lin ﬂ for buffering packets to be
e

tréH@WQWFg&éﬁﬁﬂﬁ t i nk. The conputer system may
enproyesanyvsuichuabll © tfelpbivlityookgit alesirechani sm for

traﬁ%mnt\tlﬁe sEhg te@@g{tlﬁ@&g‘ts (EQ('UI%gnpl e, in one embodi ment,

each interface 17218"Stores a count of the

nunber dfp“é%i@ﬁcsf @f P‘Eiﬂ‘ffff ¥rogfficetstn t he receiver at

t he ot hexecennd sai tedt bethé piakiich 68 [(\Ml:l Glds slnhlﬁt%ncbﬂtyed’nfj ace

![ ?glncml tSou%Qtrch]a%CtgsFQmItTJat% i:lo{ﬁttﬁerplﬁgl% (\)/f?g) 1c|<:(r)11 s to 8rgattfdot&sit 8quipment
has a free Bﬁfﬁb@m%wméxore the packet. As a recei vi ng

buf f er Iv&enfeﬁ&ﬁalqﬁlyscﬁlﬂéﬁ lcﬁlﬂ} d@ta n@%@ttesﬂﬁwgﬁs c‘bm%uted to time-division
recei vi ng i nter ran@mts

the sendi ng Inhlilt iple f(g ? h(é scgn 98¢ R 8%15'5? t!ﬁiéfﬂ fﬁ%léent of the scan test
buf fer has be@n“@W%ﬂﬂﬁem$wéheaummzhﬁﬁWQNESﬁav%M®nmxmmudwmwlm
referred to ag g &QUARLASELY oSistigm [00711 /0
devi ces 1220A-1220B nmay be any suitable I/0O devices.
For exanple, 1/0 devices 1220A-1220B may i ncl ude
2. devircesghiod cicomyuritgial eaiw It furtizen adniy@singCoBPUb®@E hasygitedimctions other
an 10 p1RG Be bICHS YGRS TR RRugOUP! €d (e g.,  network
o Ferlgce %a?)s or nt IwFurtherm)re 1/0 devi ces
1220A—12208 may i ncl ude V|deo accel erators, 35 audio
3. carmdsintepardcignit fslrap@yin diaisk2, dhdrdie Sie 0fic @l Flod@ardware functions comprise a
conn&ﬂmitgogé éoﬁtr cﬁlm §8;’§Jme §§%!nltlomgﬁéjwhelcm%al o?mes lomgtco?c-[ 1saacpu)cesson core.
adapters Ad 1 ny car soun nd ‘&
variety of data ach|S|t|on cards such as GPIB or

4, f i al hddmbngted ﬂicﬁf{f isat@eLiadmm 2, thIaxeth She RGH &G ltamarﬁletish:%nft@:remo test the
er devi ce" are

one or ;jn{ng had vafa (i uncblons anatthenplmaﬁux F]é’l’cé?l 3 snm?%%ﬁy As used

hereln the terns "clock cycle”™ or "cycle" refer to an

5. I ntrgy Ml@i’,lat@dc cntc!unﬁ 1&cﬂed\"m bgih 1, %ené’@ﬁ]‘e QR lest?ﬁ@?ﬁ@ 13%51%[{00& to prevent
ete hei r ask

e R RPN R o AT B BEEe R0 Sobb e sopes Pty o
logic 2@66/ 102325 PCT/U82006/010233 by menory el enments (such
as registers or arrays) according to a clock signa
deflnlng the cl ock cycle. For exanple, a nenory
Hed 58P 84%t ure a val ue according to the rising or

f ainbmtlmg sedget o ddydudibyo logs kgaabmpr{s@OMB]n aNutpe mewsed circuit;
valj.ahihPNS . a0d,, Ll pparent to
those s %W % (ghLagﬂﬁk%E%m@hhmmgsggcgmglscIosure i's
f uP‘ltFi}‘“%B‘iaé &?F*a?SélaEiatq ffon e plpplén dleheic lsares tp Reonfagsid [asigiamigment (ATE)
cl ai s haam@m@rpreted to enbrace all such 5
\é:gf%e?efni)% ou r{)u? promgnies ?me 9 1510 &nﬁlg %‘eréﬂwt Sé%]t tgsﬁ éesulrt (ngl such that an
dlsclos@ﬂ“¢mW@WﬁPWéﬂ@ewHé@%ﬁ@mdwhQ%@hﬁv@@@ﬂkmaymbesm%mﬂonw
appl i edinb@ clabheh ife MBI 2 GRBE W& il ng of
mul tiple cores such as function testing or BIST.
Industrial Applicability 10 This invention may
7. geheradtiof apeccagiphickabbewlicoin ht éyrateddirgitrfothet co@gies Rg. or more
hardwhd fideMnMBiner tl'lan’/'m: ﬂl@&l%ggfq$ ’(?deoge's Fabd bv]::etenﬁ:ﬁlgpzfel 0?':1{3& hafiware functions

plurality of |ogic cores; and scan test hardware

coupled to the plurality of logic cores; wherein the

scan test hardware is configured to: input scan test

data to the plurality of |ogic cores;



execute a scan test on the plurality of |ogic cores

si mul taneousl y; and out put scan test result data from

t he pIuraIity of logic cores to automated test
Comptqse a commul %a&(aléEgnttol eﬂgz%vog Sﬁ&?ésc{muﬁg{] gﬂl}\lgﬁ" 8F glél% ﬁ% ‘h uoragd;oles is a
mowaompme d|V|S|on multiplex (TDM the scan test result

data such that an el ement of the scan test result
o @ n1each gf the plurality of logic cores is
. pr eSEpet ]8?1 '1%1H:czfe ﬁ'hf“”@h ﬁH@qcmtrBe mteHétququemamx hﬁgco%ipnses one or More
hardsiure dloetions prdko\wao the tphieali&TE logi2. corkh alcnmiﬁg fiath@ doGirisiagl tektin@ She one or
moré ?a@vaa%C}uHc{bnginﬁltlgbﬂarahEHFIEQ@EO!G@ Ot nc?olu{f one or nore

hardware functions o han t urality of logic

cores and the scan test hardmare 3. The integrated

9. Ci rodistethas as ecitetl @dclhim (Q|vale1mnahc Wwhghied Htcﬁthﬁutﬁ@&:o@ﬁt istE0dn€ or more

hald%r %Wé[ ﬁe thléptﬁ%l tﬁ%%?LllcﬁWll’Ol‘*%%OI%r 1%1? 11}%?{11 &Xdl C\Aﬁpusm{, ﬁaevemlnls_.‘ testing the

one @tfmqa ‘Her d[Wél@ fiactieny feo qffgcilav *bp Fepex @ﬁllll@@tﬁ &om thg plurflig of logic cores.
integrated circuit as recited in claim2, wherein the

10 scapmtsshncmntane is configured to test the one or
nor'e hardwar e’ functions and the plurality of |ogic

coramgidied camoeusiiE: a8l The integrated circuit as

I ecd de@6k chid: @it@bm)%@up}é@%ﬁ@ Are be TR est hardware is

configured to Erevent the testing the one or nore

hardmarém‘U%@F BN P EiTodt e et ?%@Skﬁe scan test result
data fromthe plurality of logic cores. 6. A nethod,
. coqpﬁhgmﬁgcw&mggﬁﬁﬁng scan test data to a plurality of
cores conprised within a single integrated
C|ﬁ%UWWW°f@%é8h%1%6 a scan test on the plurality of
Iogmmt@@ﬁe@mscmmwdmneemahwpfmgdumwtputt|ng scan test
r e%\”‘llcltem tscadn feEt‘BHh\LJ“&s Q(lnH&?%&_ﬁ%y of logic cores to
aut omat e concurrently; wherein
sai d outsii%?f t"i“?fg“- @%*p?ﬁt &elamqdp gia BinvPRslismt et IMofpfrax i plgrality of test
t hencg@anhd@sh tkeeStutrerdl@bian& b drhade anhe Bln@ eRatarofrudiby Rly tested
al%sult data fromeach of the plurallty of
Sis present on an input channel to the ATE
dlnlng AUt sesh desivierid gia difomt thep TRy of7logiT haesrre fiftgohtcdgest equipment
r eght®dodetiretlydi m 6, wherein the integrated circuit
further co ses one or re hardware functions
ot her  t ASHCP HeBRGFRIT G diten C5 i R ol foime-diisio
t henutinex GiDMitreecdnagsthwaiit datf siic thaton slemdd oﬁxmmoaml t@erequlicia from each
MR ﬁ@&hﬁl%m@&f&%&@é ik seﬁ%ﬁé%pﬁaﬂ%%o &OATE gut IHQE sty ogg\gmdow of the
wher ei n each ogic cores is a processor core
8. “the nethod as reC|ted in claim®6, wherein the
integrated circuit further conprises one or nore
2, har’l'qm{eﬁattad"a&& L&r}&ft&it h%lramI ﬂtheﬁ (nt?thp (lsfnrc%ncuuynt %%t 1110(89 scan test result
cores, her conprising t
dmaBPmmﬁﬁ?%oﬂbWﬁﬁHW@mWﬂﬁbﬁﬁ@ﬁ§maﬁﬁf%ﬁ@w5W9Tal|ty of Ioglc
cores S|nultaneously 9. The nethod as reC|ted in
13. cl %hﬂnt?%gt&%cﬁzc@ as :cclEed in Clﬁllﬂgl(r:] leu}( the ncunﬁnstlgca thoedre 5{2}111 test result data
ﬁm“Pﬁé“ﬁP@ﬂé@?Pyc@W“Wﬁ@m@m@@wegmwwﬁ@mm@mhG@U$Mw&®e@hwmewmmW1
conpr|5|ng preventlng testlng the one or nore
14 rfgen g e<{J i ul 5 d l 11 1 g, Lhe scan test resul [
© dat & FFETTHE ‘pﬁ °r°é"| ’? a‘B‘f r %foeé“ tB%?"@%““C‘Zfé“f RO test Rl data
from g3l pEIFYp oampelitwiloey: cosau{s ontptt ediitedtisi@quilgpiming duiridd Eaxh cycle of a test
clockand

Sc%otwunenttlyé



a device under test (DUT) coupled to the ATE, and

conprising: an integrated circuit as recited in any

of claims 1-5. 11. An integrated circuit conprising:

Iuralltg of logic cores: and scan test hardware

couﬁi‘f’éﬁée St et gF (P it W'Bf2 Ly ygfict coubr dy hardipre et piier than the
plurgdiyast Ibgs torbamdwar ean ©st dadfvirguwhedintae osabect tei @ity & test modes
comﬁeaqgruru%% hb@Ske QQHGOr @ non-concurrent test node

froma plura ty of test nodes, wherein in the

concurrent test node two or nore of the logic cores
16. ar ex séthadebralnk:y tested concurrently; and out put scan

;E%Eoiﬁc%x?f§ ?g e}t m%?t c%mp!ts%(mn arb ut{? /l;x ;t_]elstlcrso&réiesacfp? ns?llrg %nccocl) rmo:c concunent and
one Qa@mtﬁﬁobmnmg calrest r@gc{es ){ne@ml to tephgng or mﬁ@ofsadag.mlfgyeg 1[001c co; es comprlscd in
anm&@mawakatis configued to tine division mul ti pl ex

of "o BT PRIl B &% P e Snial
p| wptaitine yasbsfesqn@igtp dog theere dr gxowroégle plraim oflpgi¢ ¢ppagtin accordance with the

selecEed X MRde Io@uiﬁlhzﬁecNEquﬁ%émgﬂ@) Shéebgyw ndow of the ATE.
12. The |nteﬂ8§te circult . as recited in claim1l

VPR St RS GO P Bt CBA BB S BEAH PGt Beieh that an
elemefabBthé Saowdt putlt dardmmonathyof daeluafity hiegipkaresad jrésynt of ad iogit channel to
the AR EiSheR&hobk mo%@&ufwron 13. The integrated circuit

as recited in claim1l wherein the concurrent test

node, scan test result data fromtwo or nore of the
17. | oghe medrdes rdcBeddn aipiar Bolwlhdtth hesluthiitg o kst G@ﬁ@ammg:s laSion-concurrent
test l%%ite RH&@WSE&% es?t%&lﬂ éigtgﬁtouﬁﬁq"%%to 18/%11 Mha [.)TJIS (ﬂ‘tlo gr%rcmcs a er each test

circult as recit In claim1 i Wher H’ ncurr ent
execytiggt npde, scan test result data fron1each of t wo or

nore of the logic cores is output by tine division

ﬁlerﬁetpo)g a{s] gecgelérm 8191111.6 whechn tlhe leailt¥ 011 tes§ modcis cc)nrlﬁt 1ie]s_ a6concunent test

modef t‘rhﬂtlweﬁcalc @ﬁmw tsqiatvgﬁ el wanee §fi wlmﬂﬂmfrblnsof d)ftghemeSt Ieampprdand wherein
the rq@hid b Brhé doyhp@fng kiQQiitbut GRE 8Sh RMEkeLSABr. SCaN test hardware,
wherein one or nore of the plurality of test nobdes
conprises testing said hardware functions. 16. A
19, metlhodeticdrprerigd myelaig éb.exditkin ghe alutadg tof o dedes omaniss @ d Divhconcurrent

test lﬁ‘odﬁ’l \H{e@‘ni st t@;ft etsﬁtsciatqr%qpt%o GPRBL .0$ ih@ghﬁ%ﬂ@ PhoofIREEs is output by time
concurrent. and one qQr nore non-concurreént test nodes

mvaﬁmWHP8ﬂ*#%“¥%@?’%ﬁﬁffﬁpﬁﬁﬁﬂ% of a plurality of logic
cores conprlsed in an integrated circuit; testing one

20, Of 15‘33;%% 9 as Jca%d pll lﬁﬁlﬁl]d Xcralfl thl 919:}, Qte§:81r391§co|m uste{'l%rd are functions other
d t tputting t data

sel ecte
than fhe glyatity af leﬁ%c%ers a%\f/l@mﬁafong P\‘é“oﬁ)q qﬂlmpiutcyltyd)f tept@g}p@ cpIpirises testing said
hardwa taga@kdance with the selected test node to
aut omat ed test equi pnment (ATE) concurrently; wherein
sai d outputting conprises tinme-division nultiplexing
21t hé 'seaen estriviesul t data such that an el enment of the
SC&[ﬂmﬁa%@Eestreaﬁbthm datpafa om each of t Ee pl Iur al it yhof ATE
es channel to the
ao bisE P ER bR ARER e BF TR aEb S The ot hod - as
re@pm@Mypﬂ0$¢QMﬁwmﬁ, wherein the plurality of test
m3Qcﬁlgtm‘ﬁps@ﬁ%s%l%%w@re'&@tmkg Qﬂﬁ‘el—brlurrﬁmof logic cores;

wherein the structural test hardware is configured to:
select a concurrent or non-concurrent test mode comprised in a plurality of test modes; and
output scan test result data from the plurality of logic cores to automated test equipment
(ATE) concurrentiy;
{7



test node, wherein scan test result data is output
fromonly one of the plurality of logic cores after
each test execution. 18. The nethod as recited in
claim16, wherein the plurality of test nobdes
conpri se¥" L uRr e Estits. W%H@‘“%ﬁ@@e%&‘%%&%ﬂté§tW“@mW$mt
r esulltiplekath@scir toametunala® suchbiaeanofentehie f pl: lstﬁatelsttlysuloﬂqtd @i Ech of the
COr g% alﬁl?oﬁ&m@%ﬁigpl@s&q WSE&& Sha 1%1”(?{[15 &3 dun‘?’w Z?S{IOEC indow of the ATE,
conparing are output after each test execution. 19
The nmethod as recited in claim 16, wherein the
22. pl urlal sydreyn @ﬁltc& e&tlaunczde\sheﬁaﬂﬂﬂﬁé blﬁﬁﬁty afr EQM]&M%&ES@@&HC or more non-
con{trjglr?rté teg%ﬁ E}r%gaft' 3G Qsp! Eafa i3 outpu?’}J ome %n 3{ q:t’tc 8(f [m ﬂaﬂla“ﬁ/y()f 00%01 es after
“dH?%?§?%ﬂ‘nult|pleX|ng durlng each cycle of a test
cl ock. 20. The nethod as reC|ted in claim16, wherein

25 o e SRR R BB F5751 i 8BS bl Bamana iRe: sineuent s
‘mménewemSWDﬁ@!@ﬁ“ﬁ%%&p1MWalmmy06$eMesmydeﬁsmeenpmmﬁeSmm»mumn
the e@84 dr i) c&t@daﬁtg zshﬁprIVm& %ac%%t%%c@ﬂﬁ 21. Atest system
conprising: autonated test equi pnent (ATE); and a
devi ce under test (DUT) coupled to the ATE, and
24. confe ssiemgs reciged pl alriraR 1, twpereih te pOiratity@d re@Syod@nrt@mprises a TDM concurrent

e eu ifcar Reg a ofe O R & sicPlol 1'|oiﬂt ime
tst§ba GhddiplcaSEa &ﬁiﬁ Mﬁt@%ﬁiﬁtﬁ<Hﬂlj; %8f&ﬂe H%%%%arg%twt

di g%kc cores; erein the struct

"”Si“’é1 neSRErigTEEe Pdovdetiadst ik oncur rent or
non- concurrent test node conprised in a plurality of

25. L 0Sthe ARAASS @Y n QHAOH!coiEAMERh.E B5HID RSBl TRTLLAS of tci

coreg W‘F‘Eﬁe %‘BﬁﬁﬂrSFaéﬁtSF Yardwire, Whestie pie ar Gnoturf pt@t pitswnofttessmodes comprises

testingesithirsyard hetigiean test hardware is configured to
time-division nultiplex the scan test result data
such that an element of the scan test result data from
each of the plurality of logic cores is present on an
i nput channel to the ATE during a strobe w ndow of the
ATE. 22. The systemrecited in claim?2l, wherein the
plurality of test nbdes conprises one or nore non-
concurrent test nodes, wherein scan test result data
is output fromonly one of the plurality of logic
cores after each test execution. 23. The system as
recited in claim2l, wherein the plurality of test
nodes conprises a concurrent test node, wherein scan
test result data fromtwo or nore of the plurality of
| ogic cores is conpared and wherein the results of
the conparing is output after each test execution. 24.
The systemas recited in claim?2l, wherein the
plurality of test nodes conprises a TDM concurrent
test node, wherein scan test result data fromtwo or
nore of the plurality of logic cores is output by tine
di vision nultiplexing during each cycle of a test
clock. 25. The systemas recited in claim 21,
conprising hardware functions other than the plurality
of logic cores and the structural scan test hardware,
wherein one or nore of the plurality of test nodes
conprises testing said hardware functions. 18



